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ADVERTISEMENT. 

Tue Royvat Society or Epinsurcs having re- 

folved on an annual publication of their Tran- 

faGtions, it has become neceflary to make fome chan- 

ges in the arrangement of the volumes. The Pa- 

pers, whether Phyfical or Literary, are now intro- 

duced promifcuoufly, without being diftinguifhed, as 

before, by thofe feparate titles ; and the divifion into 

PART JI, PART II, &c. is to be underftood as re- 

ferring only to the order of time, according to which 

the different collection of Papers, that are to enter into 

the fame volume, fhall happen to be publifhed. At the 

end of the laft Part of each volume will be given the 

Hiftory of the Society, including, as ufual, the Bio- 
graphical Accounts, the Lift of Members, and fuch 
details concerning the proceedings of the Society as 
it may be thought proper to lay before the Public. 

Epinsurcu, 
Aug. I. 1799. 

x*x The General Title will be given along with the laft Part of the 

Volume. 
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I. INVESTIGATION Of certain THEOREMS relating to the F1- 

cuRE of the Eantu. By FoHN PLAYFaiR,¥.R. S. Evin. 

and Profefor of Mathematics in the Univer/ity of Edinburgh. 

[Read Feb. 5. 1798. } 

1. "PF HE obfervations which have been made to determine the 
i. magnitude and figure of the earth, have not hitherto 

led to ‘refults completely fatisfattory. They have indeed de- 
monftrated the compreffion or oblatenefs of the terreftrial fphe- 
roid, but they have left an uncertainty as to the quantity of 
that compreffion, extending from about the one hundred and 

feventieth, to the three hundred and thirtieth part of the radius 
of the. equator. Between thefe two quantities, the former of — 
which is nearly double of the latter, moft of the refults are pla- 
ced, but in fuch a manner that thofe beft entitled to credit are 
much nearer to the leaf{t extreme than to the greateft. Sir Isaac 
Newron, as is well known, fuppofing the earth to be of uni- 

_ form denfity, affigned for the conipreffion at the poles —, near- 
230? 

Part I. fon odh-2 ly 



4 INVESTIGATION of certain THEOREMS 

ly a mean between the two limits juft mentioned; and it is pro- 

bable, that, if the compreflion is lefs than this, it is owing to the 

increafe of the denfity toward the centre. Boscovicu, taking 

a mean from all the meafures of degrees, fo as to make the po- 

fitive and negative errors equal, found the difference of the 

axes of the meridian = ort By comparing the degrees mea~ 

fured by Father Lzrscanic in Germany, with eight others 

that have been meafured in different latitudes, La LANDE finds 

1 . . 

ae and, fupprefling the degree in Lapland, which appears to 

err in excefs, 5 for the compreflion. La PLace pee it 

—; SEJOUR = and, laftly, C recy 

TueEseE refults, which reduce the excentricity of the meridians 

fo much lower than wa’ once fuppofed, agree well with the ob- 

fervations of the length of the pendulum made in different lati- 

tudes. Were the earth a homogeneous body, Sir Isaac New- 

ron demonftrated, that the diminution of gravity under the 

equator would be.= at expreffed by the fame fraction with 

the compreflion at the poles. M. CrarrauLt made afterwards 

a very important addition to this theorem: for he fhewed, that, 

if the earth’ be not homogeneous, but have a denfity that varies 

with any funétion of the diftance from the centre, the two frac- 

tions, exprefling the compreffion at the poles, and the diminu- 

tion of gravity at the equator, when added together, muft be of 

thé fame amount as in the homogeneous {pheroid, that is, 
2 Se 

mnt ee, == ae acter Now, the fecond pendulum is con- 

cluded, from the beft and.moft recent obfervations, to be rigaca 

at.the pole than at the equator by = Pore and. this, taken from rT 

leaves or for the compreflion at the poles. 

a, But 
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2, Bur though = =, or fome fradtion not very different from 

it, fhould be aon as the moft probable value of .the com- 
preflion, or ellipticity, as it is called, of the terreftrial {pheroid, 

it fill remains to be explained, why all the obfervations, confi- 

dering the care with which they have been ‘made, do, not agree 
more nearly. with this conclufion... Among the caufes that may 

be afligned for this inconfiftency, though unavoidable, miftakes, 
and the imperfeétion of inftruments, muft come. in for a part, 
there can be little doubt that local irr egularities in the direction 

of gravity have had the greateft {hare in producing it. Of thefe 

irregularities,’ that which arifes from the attraGtion of moun- 

tains has had its exiftence proved, and its quantity, in one cafe, 

-afcertained, by the very accurate obfervations of the prefent 

Aftronomer-Royal at Schehallien in Perthfhire. We may trace 
the operation of this caufe in many of the degrees that have 

been actually meafured. Thus, in the degree at Turin, when 
divided into two parts, and each eftimated feparately, that which 

was to the north of the city, and pointed toward Monte ‘Rofa, 

the fecond ef the Alps in elevation, and the firft perhaps in 
magnitude, was found greater in proportion than. that toward 

the fouth, the plummet having been attra€ted by the mountain 

above mentioned, and the zenith made of confequence to recede 
toward the fouth. There are no doubt fituations in which the 

meafurement of a fmall arch might, from a fimilar caufe, give 
the radius of curvature of the meridian infinite, or even nega- 
tive. paid |: : 

_ Bur there is another kind of local irregularity in the direc- 
tion of gravity, that may alfo have had a great effect in difturb- 
ing the accuracy of the meafurement of degrees. The irregula- 

rity I mean is one arifing from the unequal denfity of the ma- 
terials under and not far from the furface of the earth; and 

this 



6 INVESTIGATION of certain THEOREMS 

this caufe of error is formidable, not only becaufe it may go 

to a great extent, but becaufe there 1s not any vifible mark by 
which its exiftence can always be diftinguifhed. The difference 

between the primary and fecondary ftrata is probably one of 
the chief circumftances on which this inequality depends. The 
primary ftrata, efpecially if we include among them the granite, 
may often have three times the fpecific gravity of water, whereas 

the fecondary, fuch as the marly and argillaceous, frequently 

have not more than twice the fpecific gravity of that fluid. Sup- 

pofe, then, that a degree is meafured in a country where the 

ftrata are all fecondary, and happens to terminate near the 

junétion of thefe with the primitive or denfer ftrata, the line 

of which junction we fhall alfo fuppofe to lie nearly eaft and 
weft; the fuperior attraction of the denfer ftrata muft draw 
the plummet toward them, and make the zenith retire in the 
oppofite direction ; thus diminifhing the amplitude of the celef- 
tial arch, and increafing, of confequence, the geodetical meafure 
affigned to a degree. From fuppofitions, no way improbable, 

concerning the denfity and extent of fuch maffes of ftrata, I 
have found, that the errors, thus produced, may eafily amount 
to ten or twelve feconds. 

3. WHILE we continue to draw our conclufions, about the fi- 

gure of the earth, from the meafurement of fingle degrees, there 

appears to be no way of avoiding, or even of diminifhing, the 

effects of thefe errors. But if the arches meafured are large, 
and confift each of -feveral degrees, though there fhould be the 
fame error in determining their celeftial amplitudes, the effect 
of that error, with refpect to the magnitude and figure of the 

earth, will become inconfiderable, being {pread out over a great- 
er interval ; and it is, therefore, by the comparifon of two fuch 

arches that the moft accurate refult is likely to be obtained. 

But, in purfuing this method, fince the arches meafured cannot 
be 
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‘be treated as finall quantities, or mere fluxions ofthe earth’s 
circumference, the calculation muft be made by rules quite dif- 

ferent from thofe that have been hitherto employed. Thefe > 
new rules are deduced from the following analyfis. 

4. Let the ellipfis ADBE (fig..1. Pl. L) reprefent a meridian 
pafling through the poles D and E, and cutting the equator in 
Aand B. Let C be the centre of the earth, AC, the radius of 
the equator, = a, and DC, half the polar axis, = d. Let FG be 
any very {mall arch of the meridian, having its centre of cur- 
‘vature in H; join HF, HG cutting AC in KandL. Leto 

be the meafure of the latitude of F, or the meafure of the angle 
AKF, expreffed, not in degrees and minutes, but in decimals 
of the radius 1; then the excefs of the angle ALG above 

AKF, that is, the angle LHK or GHF will be = 2, and there- 
fore FG = = 9 xFG. Alfo, if the elliptic arch AF = z, FG = 

z= 9 x FH. 

Bur FH, or the radius of curvature at F, is = 

eta. oot Se AREAL == rl (@ —a@ fin? + 2 fin 29) — 4, as is 
(a” —a’ fin?9 + 3° fin® 2) 

demonftrated in the conic fections. Therefore, if c be the 

compreffion at the poles, or the excefs of a@ above 43, 
b= a* — 2ac +c’, or becaufe c is fmall in comparifon of a, if 
‘we reject its powers higher than the firtt, b> = a* — 2ac, and 

FH = @? (4 — 2¢) (a — a’ fin *o+ @ fin *@ — aac fin*g) ~* = 

4} (4 — 20) (a* — 2ac fin 9), 

Bur (a? — 2a¢ fin *9) aa m= MC oa = fin + 7 ke 

ya (x + fin a) nearly, rejecting, as before, the terms that 

“involve c?, &c. Hence FH = (a — 2c) (r ite 9) = 
a— 2 i: 3¢ fin *¢. 

Now, 
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Now z = i x FH, therefore z = Q (a — 2¢ + 3¢ fin *¢) 

= (a — 2¢) 9 + 3¢ 9 fin 29, But fin? = sae there- 

fore x = (a—2¢)9+2cp—32 cof 29, and taking the fluent 

c z= (a—<+)o—* fin 29. To this value of z no conftant 

quantity is to be added, becaufe it vanifhes when z= 0. 

THEREFORE an arch of the meridian, extending from the 
. ‘ c 

equator to any latitude ¢, 1s = 49 — > ( + Z fin 29. ). 

5. Turis theorem is alfo eafily applied to meafure an arch of 

the meridian, intercepted between any two parallels of the equa- 

tor. 

Tuus, if MN be any arch of the meridian, ¢ the latitude of 

M, one of its extremities, and ¢” that of N, its other extremity, 

we have AM = ag’ — £ (¢’ +3 fin 2¢ rs and 

AN = ay’ —< (¢” +3 fin 29” ). Therefore the arch 

_MN =a (9’— 9) —$ ((0” — 9) + 3 fin 29’ —? fim 29’). 

6. Ir, therefore, MN be an arch of feveral degrees of the me- 
ridian, the length of which is known by actual meafurement, 

and alfo the latitude of its two extremities M and N, this laft 

formula gives us an equation, in which a and care the only 

unknown quantities. In the fame manner, by the meafurement 
of another arch of the meridian, an equation will be found, in 
which a and ¢ are likewife the only unknown quantities. By 

a comparifon, therefore, of thefe two equations, the values of 

a and ¢, that is of the radius of the equator, and its excefs above 

half the polar axis, may be determined. 
Tuus, if 2 be the length of an arch meafured, m the co-efh- 

cient of a, and 2 of c, computed by the laft formula ; and if /’ 
be 
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be the length of any other arch, m’ the coefficient of a, and 2’ of 
ee Oe a in the fame manner, we have ma — ne = /, 

and ma —iae xml’. 
T—nt ‘]— ml! 

Whence 7 Blac ps oalaalig ae = — and = = 
mn'—m'n? mn! —m'n nl — nl” 

a! 1 — ml! 
It 

may be ufeful, in the numerical calculation, to obferve alfo that 

ps 

7. THE arch of the meridian, which was meafured in Peru, 

compared with that meafured in France, will afford an example 
of the application of thefe formulas. 

THE amplitude of the arch meafured in Peru was 3°. 7’. 1’, 

’ and its length 176940 toifes. To reduce this to the level of the 
fea, above which it was elevated 1226 toifes, 66 toifes muft be 

fubtracted, and again 12 toifes added to adapt it to the mean 

temperature of the atmofphere. Thus correéted it is 176886 : 
toifes. The arch meafured begun 36” north of the equator, and 

extended to the parallel of 3°. 6. 25” fouth; we fhall fuppofe it 
to have Rehe aoe the equator, and to have extended to the 
parallel of 3°. 7’. 1”, a fuppofition which. can produce no fen- 
fible error, and will peewee fimplify the calculation. . Thus 

in the preceding formula, is an arch of aout at. Gai ia alee, in 
decimals of the radius 1, and fo we havem =, 0544009, 2 = 
-1086408, and i 176886. 
’Acatn, the amplitude of the whole arch meafured in France 
from Piss to Perpignan jis 8°. 20%. 2”, and its length 
475496 toifes. The northern extremity of this arch is in lati- 
tude 51°. 2’. 1”, and the fouthern in 42°. 4. 584. Hence 
%’ = .8907045, and ¢ =.745 2459, and therefore m’ =.1454586, 

w= .0585735, 1 = 475496. 
THEREFORE, 4 = aa = 3273325 toifes’; 

m1 — ml’ . 
Cm = 110917 toifes, ; 

Se nearly. - 

Part I, B Wherefore 
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Wherefore alfo the longer axis of the meridian is to its conju- 

gate, or @ is to as 300 to 299. 

Tuts proportion agrees well with that which was already 

pointed out as the moft probable refult, from the comparifon of 
fingle degrees, and from obfervations of the pendulum. As 
thefe conclufions are obtained by different methods, they tend. 

greatly to confirm one another. 

8. From this too it feems highly probable, that the uncertain- 
ty which yet remains with refpect to the true figure of the 

earth will be entirely removed by the meafurement of fome 
other confiderable arches of the meridian. Such an arch will 

be furnifhed by the furvey of Great Britain begun by General 
Roy, and ftill continued in a ftyle of accuracy fo much fuperior 

to any other fy{tem of geometrical operations that has ever yet 
been executed. In drawing the conclufions from obfervations 

made with fuch’ exaétnefs, it may be neceflary to employ a 
more accurate approximation than has been done in the prece- 

ding formule, by retaining the fecond power of c. The equa- 

tions to be refolved will thus become of the fecond order, but 

as the unknown quantities can be nearly found ‘by the folution 
of a fimple equation, the farther approximation to their true 
values will be accompanied with no difficulty. 

g. GoncERNING this farther approximation it may be ufeful 

however to remark, that if c* be retained, its coefficient in the 

formula of § 4. will be = (0 ab ap > fin 4@) 3 

and therefore in the formula of % 5. it wall be: 

2 (er — @ + "5 (fin 49” — fin 49). 
Ir then the quantity 

te (¢— 9 +15 (in 49” — fin 49)), 
computed for any arch of the meridian, be put = g, ay i 
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fame, computed for any other arch, be = g’, the equations of | 

: 6. will become, 

file — tag [= = get = tang 

m'a—n'c petit ae ihe r 

to. Here if we put d for the value of 4, as given by the for- 
1 ni—nl' 

mula sr ; and / for the value of c, as given by the for- 

m!I— ml! ; 

mn! — mn 

for the correction to be made on 4, fo thata= d+, and 

c= h +41, by fubftituting thefe values of a and ¢ in the two 

mula alfo v for the correction to be made on d, and zu 

b 
laft equations we have mv — nu + eGru — = 0, and 

mv—nu 4 G4, — ON 
d+v 

Hence, rejecting all the terms that involve v*, #*, or uv, we 

have dmv — dnu + gh* + 2ghu = 0, 

and dm'v — dn'u+ g'b+ + aghu = 0. 

T herefore, v= ba ik A = aPas rE alfo 

_ gh® (dm + 29h) —gh (dm! + 29'b) . 
. = aa (dint gh) da (dei + 1g)’ 
And, again, by rejeéting thofe terms that are {mall in compari- 

fon of the reft, v = 7 ane, and 

— # (gm—agn') 
ns al (2! m — nm) 

Tuusv and w are found, and of confequence d +vandh-+uz, 

that is a and ¢, without neglecting any terms that are not 

of an order lefs than — ; and when it is confidered that 

lec 
= 3s lefs than =— . = it will readily be allowed that it is quite un- — 

neceflary to carry the approximation farther. 
Be 11. THE 
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tr Tue fame thing that renders the comparifon of large 

arches of the meridian ufeful for leffening the effe@t of errors 

arifing from irregularities in the direction of gravity, makes it 
ferve to diminifh the effect of all the errors of the aftronomical 

obfervations at the extremities of the arches, from whatever caufe 

they arife. They are all diffufed over a greater interval, and 

have an effect proportionally lefs in diminifhing the accuracy 

of the laft conclufion. 
12. THE meafurement therefore of large arches of the meri- 

dian, efpecially if performed in diftant countries, is likely to 

furnith the beft data for afcertaining the true figure of the 
earth ; and on this account extenfive and accurate furveys, fuch 

as that above mentioned, are no lefs interefting to fctence, in 
general, than conducive to national utility. The furvey of this 

Ifland, when completed, will furnifh an arch of the meridian, 

beginning at the fame parallel where that meafured in France 

terminates, and nearly of the fame extent, fo that the length ot 
an arch of more than 16°, or almoft a twentieth of the earth’s 

circumference, will become known. © The different portions of 
this arch compared with one another, or with the arch meafu- 

red in Peru, will afford a variety of data for determining the: 

true figure of the earth, 
Bur furveys of the kind now referred to, afford likewife 

other materials from which the folution of this great geographi- 

cal problem may be deduced. Thefe are chiefly of two forts, 

viz. the magnitude of arches, either of the curves perpendicular 

to the meridian, or of the circles parallel to the equator. Exam- 

ples of the firft of thefe have been given by General Roy and 

Mr Daxsy ; the obfervations which follow are directed toward 

both. 

13. Wit refpeé to the meafurement of arches perpendicu- 

lar to the meridian, it may be obferved, that the directions of 

gravity 
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gravity at different points of fuch arches do not interfect one 
another at all, unlefs the diftances of thofe points from the faid 

meridian be very fmall. On this account the meafurement of 

a large arch perpendicular to the meridian would involve in it 

confiderable difficulty ; to avoid which it is neceflary that the 
arch meafured be but fmall, or one that does not greatly exceed 

a fingle degree. Such meafurements are of courfe obnoxious: 

to all the errors that arife from the defle¢tion of the plumb-line, 
and cannot therefore furnifh data for determining the figure of 

the earth, equally valuable with thofe which may be derived 
from large arches of the meridian. The method of determi- 
ning the figure of the earth, from degrees of the perpendicular 
to the meridian, is not however without its advantages, and in 

certain. circumftances is preferable, to any other that’ proceeds 
by the meafurement of arches equally fmall.. This method is 
twofold ; as a degree of the meridian may be compared with a 
degree of the perpendicular to it in the fame latitude ; or two 

degrees perpendicular to the meridian, in different latitudes, may 
_ be compared with one another. ‘The advantages peculiar -to 
each will appear from the following inveftigation. 

14. Let it be required to find the axes of an elliptic fphe- 
roid, from comparing a degree of the meridian in any lati- 

' tude with a degree of the curve perpendicular to the meridian 
_in the fame latitude. 

Ler the ellipfis ADBE (fig. 1. Pf. I.) reprefent a meridian, of 
which a degree is-meafured at F. Let the perpendicular to the 

meridian in F meet the lefs axis DE in R. Then R will be the 
centre of curvature of the circle cutting the meridian at right 
angles in F; for at any point in that circle indefinitely near to 
F, the director of the plumb-line, or of gravity, as it always. 
pafles: through: the axis s DE will cut DE in R; it will therefore 

“alfo 
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alfo interfe@t FR in R, fo that R is the centre, and RF the ra- 

dius, of curvature of the perpendicular to the meridian. Let H 

be the centre of curvature of the meridian itfelf at F: draw FO 

perpendicular to DE, and let the latitude of F, or the angle 

OFR=9. Alfo lee AC=a,CbD=4, and a — b = ¢, as be- 

fore. 
: i a’ cole 

Tuen from the nature of the ellipfis, FO = Ya col" + 0" inp 

and becaufe fin FRO: 1:: FO: ER, that is, 

cofo:1:: FO: FR, FR = PETE ACY ho and this, there 

fore, is the radius of curvature of the fection of the {pheroid 

perpendicular to the meridian at F. But the radius of curva- 

a’ B 
idi i a OOOoownaemaeaa ture of the meridian at F, that is FH Jaratte Pinte 

2 z bt 

therefore FR: FH > 4 te eend 
(a? cof g* + 3° fing )* (a> cof@* + 4° fing*)* 

dividing both by —_____*__——_., we have 
(a? cof o* + b fing’) 

FR: FA::@cofe +h fing: 2. 

15. Ir then D be the length of a degree of the meridian at F, 

and D’ the length of a degree of the circle at right angles to it, 

, 
D’ a’ colo” +3 fi 2 

D:D::@cof?+h ing: 2, andy = ESEP. CY Ine, 
3? 

2 

D' 
y 

iF os cof¢'+ fin*g. Hence; — fing = * cof g* and 4 ie 

—— fin ", 

col 9 

Tuts laft formula, therefore, gives the ratio of a to d when 

D, D’ and ¢ are known. | 

16. To find a and & themfelves, if m = 57.2957, &c. or 

the number of degrees in the radius, fo that mD’ = FR © 
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2 

a 

(2 chiara fing’)? and fince it- has been already fhewn that 

az = ——, ore + pete therefore my’ = 
?* 

a” a 
TTS — or pa aes . — 

a cole” + pte cul ee: x fin 9? cofie { 1 +  foe* \* and 4 = 
‘ D fin 97: D’ pHi ee fin 9? 

x me 
U mD' cof wh +p 

| =—fin9? 

Dp 

fit D ’ 
Now, 1-57 = 5 = p——> therefore 

; i— ps ?* 

17. Turs value of a is very convenient for logarithmical cal- 

culation; for if fing ve be computed, it will always be lefs 

than 1, becaufe D’-is greater than D, and. therefore may be ta- 

ken for the fine of an arch »),.of which arch eta fin 9? will. 

D’ cof 
of courfe be the cofine, fo that a= ee a 

Tux fame snemiod may be ufed. for finding ¢ from the for-- 

mula in § 15, 

In the fame manner. that 4 has been found, we will obtain. 
A a = cof p? 

$y (x Fi OWE a \v> =~ 

Ip we examine thefe formulas in the extreme cafes, viz.- 

when 9 = go°, and when @ = 0, we fhall have in the for-- 

mer cafe @ = =, becaufe cofg = 0, and alfo D’ =D, fo that 

Le 
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bo 2 fia? = 0, Here therefore a is indefinite, and may be of 

any magnitude whatever ; and it is evident that this is the re- 

fult which the formula ought to give: becaufe at the pole, or 

when @ = go°, the perpendicular to the meridian is itfelf a’me- 

ridian, and therefore the mceafurement of the two degrees, D and 

D’, is but the fame with the meafurement of one degree. 

WHEN 9 =0, that is'at the equator, the circle perpendicular 

to the meridian is the equator itfelf, and we have then 4 = mD,, 

a being determined in this cafe by the degree of the equator 
19), ee ee 

alone. Here alfo we have = Yx, which is known to be b D 
’ 

true. 
18. Tue preceding formulas may be rendered more fimple, 

if we aim only at an approximation, which indeed is all that is 
neceflary in this inquiry. Since c denotes the compreflion, or 
fince a— c = +, and therefore a*—2ac = 0” nearly, confe- 

quently the radius of curvature of the meridian at F, that is 
a’ (a— 2c) 

a} (2—= fin 97) 
a 

a* (a? —2ac) 

(a* — 2a fin ey 
mD = a 

z 

a = 20) (1 —¥ fin &), or mD = a—2¢ + 3c fing?. Inthe 

fame manner mD’ = a + ¢ fin g*. From thefe equations we ob- 
tain, rejecting always the higher powers of c, Me 

_ m(D'—D) = , m(D' —D) fin o? ec, D'—D 

of a'Colo* 1? a= mb — 2 col 97 ? and a —~ 2D‘ cofg?" 

Tuese formulas may be transformed into others a little more 

convenient for computation, by putting fec ¢* inftead of Pa) 

fin @* 
; we have then, and tan @ inftead of =e 

(pie =(D' — D) fec 9’, 

a= mp — = (D’ — D) tan ¢*, and 

< = —— fec Q°. 

19. Wr 
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tD: We may apply thefe formulas to the computation of < 

&c. from the degrees of the meridian and perpendicular, mea- 
fured in the fouth of England. We find, in one example, 
(Phil. Tranf. 1795, p- §37-), that D. = 60851 fathoms, D’ = 

61182, the latitude, or 9 being = 50°. 41’. From this = = 

D—D _ 331 
2D’ cof*"g — 2x 61182 xX (cofso0°. 41’)* ~~ = a5 4 which is nearly the 

fame refult with that deduced in the paflage juft referred to. 
Indeed the folution of this problem, contained in the Trigonome- 

trical Survey, is quite unexceptionable ; and the theorems here 

offered are not given as containing a more accurate folution, 

but one that is in fome refpects more fimple. 

TuE above compreffion, if the remarks already made be well 

founded, is much too great, being more than double of what 

was obtained from comparing the whole arch of the meridian 

meafured in France with the whole of that meafured in Peru. 

At the fame time it is right to obferve, that all the other com- 

- parifons of the degrees of the meridian, with thofe of the 

cufve perpendicular to it, made from the obfervations in the 
fouth of England, agree nearly in giving the fame oblatenefs 

to the terreftrial fpheroid. For this circumftance, it is certain- 

ly not eafy to account; the unparalleled accuracy with which 
the whole of the meafurement has been conduéted, makes it 

‘in the higheft degree improbable that it arifes from any error ; 

and even if errors were to be admitted, it is not likely that 
they fhould all fall on the fame fide. The authors of the Tri- 
gonometrical Survey feem willing, therefore, to give up. the el- 
liptic figure of the earth, (Jéid. p. 527.) ; but before we aban- 
don that very natural and fimple hypothefis, it may perhaps 
be worth while to attend to the following confiderations. 

Part I. C In 
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20. In the part of England, where the meafures we are now 
treating of have been taken, the ftrata are of chalk, and though 
of ereat extent, are bordered, on all the fides that we have accefs 

to examine by ftrata much denfer and more compact. Toward 

the weft the chalk is fucceeded by limeftone, and that limeftone 

by the primitive fchiftus and granite of the weft of Devonfhire 

and of Cornwall. On the eaft we may fuppofe-that fomething of 

the fame kind takes place, though the fea prevents us from ob- 

ferving it, as the chalky and argillaceous beds extend in this di- 

rection to the coaft, and probably to fome diftance beyond it. 

Now the meridian of Greenwich may be confidered as dividing 

the tract of country, occupied by thefe lighter ftrata, into two 

parts, in fuch a manner, that the plummet being carried to a 

diftance from it, either eaft or weft, approaches to the denfer 
ftrata, and is of courfe attracted by them, fo that the zenith is 

forced back, as it were, to the meridian of Greenwich, and does 

not recede from it, in the heavens, at fo great a rate as the plum- 

met itfelf does, on the earth. Hence the longitudes from this 
meridian, eftimated by the arches in the heavens, intercepted be- 

tween the zenith and the faid meridian, will appear lefs than 
they ought to do; and too much fpace on the furface of the 
earth will of Bante eee be affigned as the meafure of a degree. 
In this way D’ is made too great ; and ‘we may fuppofe the cir- 

cumftances fuch that D, on going north or fouth, is not enlar= 
: : D’/—D _. 

ged in the fame proportion ; hence —5-— will be augmented, 

and of courfe < will be reprefented as too great. This explana- 

tion may perhaps appear very hypothetical, and it is certainly 

propofed merely as a hypothefis. It is a hypothefis, too, that 
lays claim only to a temporary indulgence, as it is propo- 
fed at the very moment when it may be brought to the trial, 
and when, by a further continuation of the furvey toward the 

north, 
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north, it will probably be determined how far the diftribution , 
of the ftrata of this country affects the direction of gravity. It 
will indeed be curious to remark what irregularities take place 

on advancing into the denfer ftrata of the north, The limeftone 
and fandftone ftrata of the middle part of the Ifland will fuc- 
ceed to the chalk of the fouth, the primitive and denfer ftrata 
ftill occupying the weft, at leaft at intervals, as in Wales, Cum- 

berland, and Galloway. Further to the north, that is, beyond 

the Tay, the {trata become entirely primitive, moft of them of 

the denfeft kind, and in the interior of the Ifland, with a very 
few exceptions, continue the fame to its moft northern extre- 

mity. . In the furvey of Britain, therefore, feveral fituations 

muft occur where the plummet, pafling from lighter to denfer 
ftrata, ought to give indications of fome irregularities in the 

’ dire€tion of the gravitating force. It will be feen hereafter. 
how far thefe conjetures are verified by experience. 

21. A REMARK, that is in no danger of being reckoned hypo- 
: thetical, is, that the conclufion derived from the comparifon of de- 

grees of the meridian, with degrees of the circle perpendicular to 
it, becomes of neceffity more liable to error as we advance into 
higher latitudes. The reafon is, that whatever error is commit- 

ted in determining the magnitude of D’—D, muft be multi- 
plied into the {quare of the fecant of the latitude, in order to 

give its full effect in changing the value of the fraétion a For 

it has been fhewn, that . ee -(P 5) fec*9 ; now, if we fup- 

pofe the error committed in afcertaining D’ —D to be in all 

cafes the fame, the error of the fraction a ee will alfo be in, 

all cafes nearly the fame, the denominator D’ being but little af , 
fected either by the fuppofed error, or by the change of lati- 
tude. But this error, which may thus be confidered as a conftant: 
ad C2 quantity, 
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a oh tee 1 is ae cy 
quantity, when multiplied into = fec’9, gives the variation or er- 

ror in <, which error therefore increafes, ceteris paribus, as the 

f{quare of the fecant of the latitude, fo that, on approaching the 

pole, it increafes without limit, and is ultimately infinite. Com- 

parifons of this kind may therefore be expected to give refults 
the more accurate the nearer they are to the equator, under 

which circle they will be the moft accurate of all. Here, 

again, however, another circumftance muft be taken into con- 

fideration, viz. that the method of afcertaining the differences 

of longitude by the convergency of the meridians, fo conve- 

nient in furveys of this kind, is applicable only in high latitudes. 
In a trigonometrical furvey, therefore, of a country lying much 
farther fouth than Britain, a different method of afcertaining 
the longitudes of places muft neceflarily be adopted. 

22. THE theorems, which were next propofed to be confider- 

ed, are thofe that determine the figure of the earth from the 
meafures of degrees of the curve perpendicular to the meridian, 

in different latitudes. For this purpofe let D’ be a degree of one 
of thefe curves, in the latitude 9’, and D” a degree of one them, 

in another latitude g”. Then ¢ being the compreflion, as be- 

fore, we have by § 18. mD’ = a+ ¢ fin’¢’, 

and alfo mD” =a+c fino”. 

Hence m(D’—D”) = ¢ (fin 79’ — fin*g”), and 

therefore cruz (D’— D”) 
fin 29’ as fin 9” ° 

Tuts formula may be rendered more convenient for calcula- 
ae : . — cof2’ 

tion, by confidering that fin79’ = oe, fo that 

ra 2g) easy’ ry 29! = I —cofl2? = rt + cof 29’ ole cle — corae But 

cof 29 — cof2¢’ = 2 fin (¢' + ¢’) x fin (¢' — ¢’),. wherefore 

fin 
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fin*9! — fin?¢” = fin (¢ + 9”) X fin (¢’ — ¢’), and 

m(D'—D”) 
= fin + 97) xfin (9 — 07)" 

23. In the fame manner, becaufe mD'=a+c a 29, a 

fubftituting for c, we have 

WD! = 44 OSH TROT 
a= mp’ — RO ROY 

24. LastLy, fince mD' = a + ¢ fin’9, 

and mD’ = a+ ¢ fin’9’, : 

dividing the firft of thefe equations by the fecond, and rejeét- 

ing the higher powers of c, we have 

» and 

Shes =1+- < (fin 29’ — fin’9”), and ge 

D 
—tI 

; = fin 79” — fin?9”* Hence alfo 

/ 

ene Ber. : 
a fin(c’ +) x in(e— 9")? 

or more conveniently for calcu- 

A ages e 4 D/ — D’ 
lation. by logarithms, i: D’ fin@’ +7) xfn@—oy 

25. We may compare this value of = with that obtained in 

§ 18. from other data, in order to determine which of the two 

methods of finding £ is to be preferred, under given circum- 

ftances. Suppofe, for inftance, a degree of the curve perpendi- 

cular to the meridian, in the latitude ¢’ to be D’, and a degree 
of the meridian itfelf in the fame latitude to be A’; it is requi- 
red to find in what other latitude 9’, a degree D’, perpendicular 
to the meridian, muft be meafured, in order that the compari- 

, fon of D' and D’, and of D’ and A, may give values of a in 

which the probable error is the fame. 
/ HERE 
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Herg, agreeably to an obfervation already made, we may, in 

. 
. 1 1 

order to eftimate the error produced in =, in confequence of an 

error in the determination of D’, and D’, and A, fuppofe the er- 

ror to affe D’—D’, or D’ — D’ only, without paying any 

regard to the variation of D’ in the denominator. _ There- 

c  D'—aA . 
fore, fince by § 18. we have> = 37 carzg and again, by § 24. 

¢ D/— D” if fused . : = i= aes we {fuppofe equal errors in determi- 

ning D' — A, and D’ — D%, and alfo that thefe are the only 

errors, their effet will be the fame, in both cafes, if 2 cof” 

= fin (?9' — fin*¢’). Now, if we fuppofe 9” the quantity 

fought, and add cof to both fides of the preceding equation, 

chen 3cof*9’ = fin79’ + cof9' — fing’ = 1 — fin*e’ = cof*¢’, 
The latitude 9” therefore muft be fuch, that cof 9’ = V4 X cof 

If, therefore, ¢’ be fuch that cof ¢ = ar the cofine of 9’ will be: 

= x, and ¢” therefore = 0. Now, 54°. 44/18 the arch of which 

the cofine = Dr nearly, therefore, if a degree of the meridian; 

and of the perpendicular to it, be meafured in latitude 54°. 44’, 

the comparifon of thefe with one another will give a refult as 

accurate as if. the degree’ of the perpendicular, in that latitude, 

were compared with the degree at the equator, and more accu® 

rate of confequence than if any other degree of the perpendi+ 

cular to the meridian, were to-be compared with D’. 

26. Hence, alfo, the comparifon of the degree of the meri- 

dian, and of the perpendicular to it, in the fouth of England, is. 

better than if a. degree of the perpendicular meafured in that 

latitude were compared with a degree at the equator. For if, in, 

the equation cof oe” = (cof, g') X 73, we make o' = 50°. 41, (or 

any thing lefs than 54°. 44’) 9” will come out impofhible. ° 
Pig 6 
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27. IT may be fhewn, too, nearly in the fame manner, that 

_if a degree of the perpendicular to the meridian were meafured 

in Siberia, as far north as the latitude of 70°, fuppofing that to 

be poflible, and compared with a degree in latitude 45°, or even 

confiderably farther fouth, it would not give a refult fo exact as 
the degree of the meridian and perpendicular meafured in the 

fouth of England. This fhews, that the method of afcertain- 

ing the figure of the earth, propofed by the authors of the Zri- 
gonometrical Survey, (Phil. Tranf. ibid. p. 529.), as a fubject of 

future inquiry, is lefs exact than that which is founded on their 

own obfervations. 

28 We may alfo afcertain, by the fame means, the relative 
accuracy of the method of finding the figure of the earth, from 
the comparifon of a degree of the meridian with a degree of the 
perpendicular in the fame latitude, and of the method of refol- 
ving the fame problem by the comparifon of two degrees of the 
meridian in different latitudes. 

Ir, then, D be a degree of the meridian, and D’ of the per- 
pendicular, in latitude 9, and if A be a degree of the meridian in 
a different latitude ¢’, it is required to find whether the moft ac- 

curate value of ‘ will be found, by comparing D and D’, or D 

and A, 

SINcE we have, by what has. been already ftated, § 4. 
» mD.=a— 2¢-+ 3¢ fin*9, and 

m& = a— 2¢-+ 3¢ fin’¢', we have alfo 

z= r+ < (fin *9 — fin *¢’) and therefore, 

a@ 
D—A 

— 3A (in 29 — fin*9’y° 
_ 

Now, it has been already fhewn, that, by comparing D and 

D’ we have £ = woe Suppofing, therefore, equal errors 

te 
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to be committed in the determination of D — A, and of D'— D, 
and alfo paying no regard to the inequality of A and D’ in the 
denominators of thefe fractions, as it is not fo great as material- 
ly co affect the quantity that is fought for here, we fhall have 

the errors in < nearly the fame in both formulas, when 9 

and ¢' are fuch that 2 cof7@ = 3 fin*? — 3fin*¢’, or when 

5 cof ¢ = fin?e — fin’¢’, that is, adding cof*@ to both fides, 

S cof *9 = fin 79 + cof*¢ — fing’, and, therefore, 

= cof 79 =1—fin *¢ = cof 7¢, or cofgy’ = (cof )v 5. 

29. Ir, therefore, cof? = vs cof. O/= 19, that is 7 =o. 

fo that. A, the fecond of the degrees of the meridian, muft 

in this cafe be under the equator. But vy: is the cofine of 

39°. 14, in which latitude therefore if D and D’ be meafured, 

the refult, by comparing them with one another, is as exact as 

if D were compared with the degree under the equator. Hence, 
if D and D’ are meafured in a lower latitude than the above, 

the refult will be more exact, than if D were compared with the 

degree at the equator. 
Ir we fuppofe D and D’, meafured in the fouth of England, 

fo that @ = 50°. 41’; then we will have ¢ = 35°. 7', fo that D 
muft be compared with a degree of the meridian as far fouth as 
35°. 7, in order that the refult may be as good as when D and 

D’ are compared with one another. 
From this it is evident, that the method of comparing de- 

grees of the meridian, and perpendicular in the fame latitude, 

has even an advantage over the comparifon of degrees of the 

meridian in different latitudes, unlefs thefe laft are taken at a 

confiderable diftance from one another. 

IN 
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In this way may many ufeful conclufions be derived con- 

cerning the degree of credit due to meafurements already made,. 

as well as with refpect to the felection of the places where they 

are to be made hereafter. On thefe I fhalk enter no further at 
prefent, and fhall only add, that, befides the advantages or dif- 

advantages which the method of comparing together degrees of 

the meridian and perpendicular in the fame latitude has, and 
' which are fubjects of calculation, it has another advantage, which 

in the cafe-of the Britifh furvey is undoubtedly very great, viz. 

that all the data are furnifhed from one fyftem of trigonometrical 

operations ; executed according to the fame plan, with the fame 
inftruments, and by the fame obfervers. 

30. ONE other application of geometrical meafurements to dif- 

cover the figure of the earth yet remains to be confidered. This is: 

the comparifon of an arch of the meridian with an arch of a pa- 
rallel of latitude which croffes it. The meafure of a parallel of lati-. 
tude can be executed readily, and is not confined to a {mall arch 

as in the cafe of a perpendicular to the meridian. The plumb. 
line, while it is carried along the circumference of a parallel to. 
the equator, tends continually to. the fame point in the earth’s. 
axis, fo that there is no difficulty in afcertaining the amplitude 
of the arch meafured, providing there be no unufual difturbance. 
of the diretion of gravity. As an arch of a parallel to the equa- 
tor, however, is not the fhorteft line between two points on the 
furface of the {pheroid, the meafurement along that furface will 
not give the length of the arch truly. To obviate this difficulty; 
it is only neceflary to follow the method fo properly introduced 
into the Trigonometrical Survey, of reducing the meafures, both 
of lines and angles, to the chords and to the planes of the recti- 
lineal triangles contained by them. In this way, the chord of 
an arch of a parallel of latitude may be determined, however 
great the arch ; and it is worthy of being remarked, that, what- 
ever be the defleGions of the plumb-line at the intermediate fta-. 
PART I. D.- tions, 
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tions, when the reductions are all properly made, the length ‘of 

the chord meafured will not be affected by them; the amplitude 

of the arch indeed may be affected by fuch deflections, if they 

happen at its extremities; but the effect of this error will be 

rendered the lefs, the greater the arch that is meafured. We 

may fuppofe, therefore, that the chord of -a large arch of a pa- 

rallel of latitude is meafured, and the amplitude of the arch itfelf 

at the fame time accurately afcertained. This laft may be done, 

either by meafuring the convergency of the meridians, if it be 

in a high latitude, or by any other method of iafcertaining dif- 

ferences of longitude which admits of great: accuracy. ' The 

chord being thus given in fathoms, and the arch fubtended by 
it being given in degrees and minutes, the radius of the parallel 

itfelf becomes known. 

zu Now, if we would compare the radius of a parallel thus 

founds with a large arch-of the meridian, we {hall have by that 
means a determination of the figure of the earth, not lefs to be 

relied on than that given in the beginning of this paper. The 

inveftigation is eafy by help of the theorems in § 5. and 6. 

Let FO be the radius of a parallel to the equator, which paffes 

through F, the latitude of which is ?, and is fuppofed known ;: 

and let FO found by the method juft defcribed be = 7, then, 
a* cof? 2k pee 

as in § 4.7 = Yer col p+ bn ting? — 3 according to 
7 —* < fing? 

die capes of redugtion followed. i in ‘the wore te articles of 

an omer ya : 

this paper. Then, becaufe v1 — “fine* = 1 +-£ fin 9? near- 

ly, we have pz 0 « +é< eee ay acole+c fin 9 sal ts 

or if we divide ts, cof eee = t= =4 i ¢ fin o?. Let ae = /, then 

J2a+c fing’. 

o8 SES on "30, AGAIN, 
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32. AGAIN; if ¢ and ¢” are the latitudes of the extremities of 

an arch of the meridian, the length of which has been meafu- 

red, and found = J/’, then, according to § 5. we have, 

roa —o) —5(@— 9) +3 (fn 20" — fin 29)). 

If, therefore, m be the coefficient of ¢, in the former. equation, 

and n the coefficient of ¢; and if m’ be the coefficient of .4, i 

the latter equation, and »’ of c, we have, as in § 6, 

co al—al, i nll — ml Pes ete 

ont met and Oe oF fiince | Bees 8 2 

gos te Das 3-8 = NT ; ean 

- M4 la nt d ewe m1 — ze v alf £ 1% mI —T 

na Tat gr RBG oS Fas BNO Ta" 

33. In this way of determining a and c, the parallel of lati- 

tude ma ; Gither imterfeét the arch of the’ meridian meafured or 

not, If it interfeét that arch, this method may have the fame 

advantage that was taken notice of in another folution, viz. that 

the whole of the data may be furniflied from the fame fyftem 

of trigonometrical operations. Thus, in the furvey of Great Bri- 

tain, an arch of 5 or 6 degrees of a parallel to the equator might 

be meafured, and compared with the whole length of the meri- 

dian, comprehended between the northern and fouthern extre- 

mities of the Ifland, amounting nearly to 9 degrees. 

Ir is plain, from what has already been faid, that the refult 
“deduced from this comparifon would poffefs every advantage, 

‘and would be entitled to more’ credit, than any determination 

‘of the figure of the earth that is yet known. : 

“34. ON the fuppofition that, in a furvey of a country, the 

meafurement is made along a feries of triangular planes, all gi- 

‘ven in pofition and magnitude, there is yet another method of 

determining the figure of the earth, more general than any of 

the former. “On the fuppofitidn juft mentioned, it is evident, 

that the length of a ftraight line, or chord, drawn from a given 
EASTER F ) tu uf hom silt - y pee ? 

ee 1 ar 27 AE org i angle 
gon 
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angle of any one of thefe triangles, to a given angle of any other 

of them, may be found by trigonometrical calculation. Let the la~ 
titudes be-obferved at the extremities of this chord, and alfo the 

difference of longitude ; then, from the nature of an ellipfoid, 
the length of this fame chord may be expreffed, in terms of the 
axes a and 4, together with the latitudes of the extremities of 

the chord, and the difference of longitude between them; and 

this expreflion being put equal to the length of the chord mea- 
fured will give an equation, in which all the quantities are 
known, except a and 4, Further, if a= +c, and if the faid 

expreflion be reduced into a feries, with the powers of ¢ afcend- 

ing, that feries will converge very rapidly, becaufe c is {mall in 
refpect of a; then, for a firft approximation, we may reject all 
the terms that involve the powers of ¢ higher than the firft, by 
which means we fhall have a fimple equation of the form 
ma + nc = 1, where m and » are functions of the latitudes and 

difference of longitude, and / is the length of the chord. 
Now, if a fimilar equation be derived from the meafurement 

of any other chord, thefe two equations will give a and c in the 
fame manner as in § 6.; and thus, from the meafurement of 

any two chords, the figure of the earth will be determined. 

35. THE length of the chords, thus meafured, fhould be great, 

fo that they may, if poffible, fubtend angles of feveral degrees, 
and their pofition will be moft favourable when one of them is 

in the plane of the meridian, and the other nearly at right an- 

gles to it. The numerical computation will be found lefs labo- 

rious than might be imagined; but the complete folution of the 

problem, and the full detail of the inveftigation, I am under the 

neceflity of delaying to fome future communication. 
THERE feems to be but one difficulty of any confequence 

that ftands in the way of this method of determining the figure 
of the earth. It arifes from this, that the afcertaining the pofi- 

tion 
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- tion of the fuppofed feries of triangular planes relatively to one 

another, involves in it the allowance to be made for the terre- 

ftrial refraGtion, which it muft be confeffed is not accurately 

known, and is the more difficult to determine, that it is una- 

voidably combined with the irregularities in the direction of 
gravity. It is poflible, indeed, to feparate thefe two fources of 
error, but not without a fyftem of experiments inftituted diretly 
for that purpofe. 

36. THE determination of the dukes of longitude, which 

enters neceflarily into this problem, except in the cafe when 

both chords are-in the direGtion of the meridian, muft alfo be 

performed with great accuracy. Among the different ways of 

doing this, that which proceeds by obferving the convergency 
of the meridians, though the beft accommodated to the nature 

of a trigonometrical furvey, is not the leaft liable to objection. 
For, not to mention that it is only practicable in high latitudes,. 

we muft obferve, that it always implies a correction on account 

of the ellipticity of the meridian, which is therefore neceffarily 
hypothetical, and depends on the very thing that is to be found. 
This inconvenience, however, may be obviated by repeated ap- 

proximations, and by an accurate folution of /pheroidal triangles. 

On this latter fubject it was my intention to offer to the Society 
fome theorems, that contain more direct and fuller rules for this 

kind of trigonometry than any that I have yet met with. I am 
under the neceflity, however, of referving thefe, as well as the fo- 

lution of the problem above mentioned, for the fubjeéts of fome 
future communication. In the mean time, I think it is mate-. 
rial to obferve, that the principle laid down by Mr Da tsy, viz. 
that in a fpheroidal triangle, of which the angle at the pole and 
the two fides are given, the fum of the angles at the bafe is the 
fame as in a fpherical triangle, having the fame fides, and the 

_ fame vertical angle, is not ftridtly true, unlefs the excentricity of 

the 
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the fpheroid be infinitely fmall, or the triangle be very nearly 
ifofceles. The application of the principle may therefore lead 

inte error, unlefs it be made with due attention to thefe re- 

ftrictions. The gentleman, juft named, will forgive a remark, 

which certainly fhould not have made, if I had. been lefs in- 

terefted for the fuccefs of the work, in which he has aflifted with 

fo much ability. 

§; b iL 
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I. Account of certain PHENOMENA obferved in the AiR VAvULt 

of the Furnaces of the Devon Iron Works*; together 

with fome practical REMARKS on the mea cibala nilrunes of 

Biast Furnaces. By Mr ROEBUCK, in a LETTER ¢o Sir 

FAMES HALL, Bart. Communicated by Sir FamES HALL, 

[ Read, Fuly 2. 1798.] 

STR: Sakae : 

Have examined my memorandums, concerning the obfer- 
vations I made on the condenfed air in the air vault of the 

Devon Iron Works, near Alloa; and, according to your requeft, 
I now tranfmit you an secu of them; and alfo of an expe- 

riment I made, when a partner and manager of thefe works, in 
order to increafe the produce of blaft furnaces. 

THE two blaft furnaces at Devon are of large. dimenfions, 
each being 44 feet high, and about 1 3 feet wide in the bofhes, 
or wideft part, and are formedon a fteep bank, by two pits 

- funk in a very folid ftratum of coarfe grained freeftone. 
‘THESE pits were afterwards fhaped and lined in the ufual 

manner of blaft furnaces, with common bricks and fire bricks, 
and the hearth was laid with large blocks of the ftone that had 
been dug out, and which ferve the purpofe of fire ftones. At 
the back of he two furnaces, next the bank, the.air vault is ex- 

gif dost gt cavated 

* THESE i carat are on the banks of the river Devon, which runs into the 
Frith of Forth near Alloa. They are 3 miles from Alloa, and 8 from Stirling. 
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cavated, and formed by a mine drove in the folid rock, diftant 

from the furnaces about 16 feet. The bottom of the air vault 

is only about 4 feet higher than the level of the bottom of the 

furnaces. This vault has an aperture at one end to receive the 

air from the blowing machine, and has two at the oppofite end, 

one of which receives the eduétion pipe, and the other is a door 

to give admittance occafionally into the vault. As the rock is 

extremely clofe and folid, the vault is dry, except that a little 

water ouzes very gently from the fide next the bank in {mall 

drops, and does not appear to exceed an Englifh pint in 24 hours. 

Tues furnaces are provided with air, or blaft, as it is term- 

ed, by the means of a fire-engine of the old, or NewcomEn’s 

conftru@tion. The diameter of the fteam cylinder is 482 inches ; 
and the fquare area of its pifton being about 1866; fquare 
inches, the power of this fort of engine cannot be rated at 
more than 7 Ib. to the fquare inch, amounting in all to about 

13062 Ib. This power was employed to work an air pump, 

or blowing cylinder, of 78 inches diameter, and about 7 feet 

long. The number of fquare inches on the pifton of the air 

‘pump is 4778, and therefore this area, being multiplied by 2} 
will produce 13139, being a refiftance that nearly balances Bie 

above-rated power, and fhows that the air, which was expelled’ 

from the air pump, could not be condenfed more in the ordi- 

nary way of working, than with a comprefling power of about 

23 Ib. on each fquare inch. As the engine was not regulated, 

at firft, to make a longer ftroke than about 4 feet 8 inches, only 

one furnace being ufed, the quantity of air expelled at each ftroke 

of the machine was about 155 cubic feet, which it difcharged 

through a valve into the air vault, about 16 times in a minute. - 

When two furnaces afterwards were blown, the engine was re- 

gulated to work much quicker, and with a longer ftroke. The air 

vault is 72 feet long, 14 feet wide, and 13 feet high ; and con- 

tains upwards, of 13,000 cubic feet, or above 80 times the 
contents. 
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contents of the air pump. The top, fides; and’ bottom ‘of this 

vault, where the leaft fiffure could be difcovered in’ the beds of 

‘the rock, were carefully caulked with oakum, and afterwards 

plaftered, and then covered with pitch and paper. * The inten- 

tion of blowing into the vault is to equalize the blaft, or render 

it uniform, which it effets more completely than any machi- 

nery ever yet contrived for the fame purpofe. The air is con- 
ducted from the vault by the eduétion pipe, of 16 inches dia- 
meter, into an iron box or wind cheft; and from this it goes off 

-to each furnace, in two {maller pipes that terminate in nozles, 

or blow-pipes, of only 24 to 33 inch diameter, at the tweer of 

the furnace. 

WueEn the furnace was put in blaft, after having been filled 
with coakes, and gently heated for more than fix weeks, the 
keepers allowed it to have but little blaft. at firft, giving i a 
{mall blow-pipe of about 24 inch diameter, and likewife letting 

off a very confiderable quantity of air, at the efcape, or fafety 

valve on the top of the iron wind cheft, as it /is a received 
though erroneous opinion among them, that the‘blaft:muft be 

let on very gradually for feveral months. From ‘the conftruc- 
tion of this valye, it was impoffible to afcertain the exact propor- 

tion of the blaft they thus parted with, but I believe it was very 

confiderable.. The confequence was, that the furnace, after it 

had been in blaft for feveral days, never feemed to arrive'at its 
proper degree of heat, but was always black and cold about the 

tweer in the hearth, and oh tea in ack of choking, or Aine 
bing, as it is termed. i 
_ AFTER Various experiments tried in vain, wp the keepers 

and the Company’ s engineer, and others, (indeed they tried 

every thing, éxcept giving the furnace a greater quantity’ of 
air, which, as I afterwards afcertained, was all that it wanted); 
they concluded, that the air vault was the caufe of the whole 
mifchief ; and, to confirm their opinion, they faid they had 

Part I, E now 
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now difcovered that water was, in confiderable quantities, driven 
out of the air vault through the blow-pipe, which cooled the fur- 
nace; and they infifted, that the power of the engine was fuch 
as to force water.out of the folid rock; fo that this method 
of equalizing the blaft never would fucceed. The other mana- 
ging partner was fo much alarmed by thefe reprefentations, 
that he began to confult with the engineer, and others, about 

finding a fubftitute for the air vault at any expence, 
As the plan of the blowing apparatus had been adopted at 

my recommendation, and was now fo loudly condemned on ac- 
count of the water, I had other motives, than mere intereft, for 

trying to become better acquainted with the phenomena attend- 
ing it. I accordingly determined to go into the air vault, and 

to remain inclofed in the condenfed air while the engine was 

blowing the furnace. It is an experiment that perhaps never 

was made before, as there never exifted fuch an opportunity. I 

could not perfuade the engineer, or any other of the operative 

people about the work, to be my companions, as they imagined 
that there was much danger in the experiment. Mr NEIL 

RyR1E, however, one of the clerks of the Devon Company, had 
fufficient confidence in my reprefentations to venture himfelf 
along with me. 

TuE machine had been ftopped about two hours previous to 

our entering the vault, and we found a dampnefs and miftinefs 
in it, which difappeared foon after the door was fhut faft upon 

us, and the engine began to work in its ufual manner. After 
four or five ftrokes of the engine, we both experienced a fingular 

fenfation in our ears, as if they were ftopped by the fingers, 

which continued as long as we remained in the condenfed air. 

Our breathing was not in the leaft affected. I had no ther- 

mometer with me, but the temperature of the air felt to us the 

fame as that without the vault. Sound was much magnified, 

as we perceivéd, when we talked to each other, or ftruck any 

thing 5. 
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thing ; particularly, the noife of the ‘air efcaping at the blow- 
pipe, or wafte valve, was very loud, and feemed to return back 

tous. There was no appearance of wind to difturb the flame 

of our candles; on the contrary, I was furprifed to find, that 

when we put one of them into the eduction pipe, which con- 
veys the wind from the vault to the furnaces, it was:not blown 

out. There -was not the fmalleft appearance of any drops of 

water ifluing out of this pipe. The ouzing and dropping of 

water from the fide of the rock, next the bank, feemed the fame 

* as before the condenfation was made in the vault. In hort, 

every thing appeared, in other refpects, the fame as:when we 

were in the common atmofphere. Having remained about: an 

hour in the condenfed air, and fatisfied ourfelves that no water, 

during that time, that we could in the leaft difcover, was agita- 

ted and forced out of the rock and vault by the power. of the 

blaft, as was imagined and infifted on, we gave the fignal to {top 
the engine. As foon as it ceafed to work, and the condenfation 

abated, and before the door of the vault was unfcrewed, the 

whole vault, in a few: feconds, became filled with a thick vapour; 

fo that we could hardly fee the candles at four or five yards dis 

ftance. The door being now opened, the work people, anxious 

to know our fituation, and what had occurred, came into the 

vault, and prevented any further obfervations. 

I now endeavoured to account for this curious appearance i: 

the water, which only fhewed itfelf occafionally, in very {mall 

quantities, at the tweer; and at.a hole | ordered to be made in 

the bottom of the wind cheft to collec it more accurately, for 

it never was obferved, but either when the engine, after work- 

ing flowly, was made to work quicker, or, after having been 
{topped for a few minutes, was fet to work again. 

I coNSIDERED the vapour which we had difcovered in the 
vault to arife from the moifture of the fide of the rock next the 
furnace, which being expelled by the great heat of the furnace, 

E2 and. 
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and converted into vapour, was able to force its way through the 
pores of the rock into the vault, but that being in a manner con- 
fined within the rock, by the preffure of the condenfed air, 
it found itfelf at liberty to come into the vault, only when 
the condenfation abated confiderably, or was totally removed 

by the going flow, or {topping of the engine. It alfo occurred 
to me, that the air, in a ftate of condenfation, might poflibly 

be capable of holding a greater quantity of water in folution, 
which might precipitate fuddenly into vapour or mift when 
the condenfation abated. 1 imagined, therefore, that the very 
{mall quantities of water we at times difcovered, proceeded 

from nothing elfe but this vapour, in its paflage to the furnace 

along with the blaft, being condenfed into water, by the cool- 

nefs of the eduction pipe and iron wind cheft. The quantity 
of water did not appear to amount to a gallon in twenty-four 

hours. 

A Few days after I had made this experiment, the water cea- 

fed entirely to make its appearance, either at the tweer, or at 

the hole in the wind cheft; but the furnace did not come into 

heat for a long while after, and mdeed not till the keepers let 
much more air into it by a larger blow-pipe, and allowed lefs 

air to efcape at the fafety valve. It is probable that the rock 

was now become perfe¢tly dry by the continued heat of the fur- 

nace. 
My experiment had the good effect to remove all the pre- 

judices againft the plan I had adopted of blowing the furnaces, 

and likewife prevented the other partner from laying out a large 

fum of money, by ftopping the works, and altering the blowing 

machinery. Indeed, it has fince been admitted, by all who have 
feen it at work, to be the moft fimple and effective method of 

equalizing the blaft of any yet put in practice, 
Tuis experiment led me, fome time afterwards, to apply a 

wind guage that I contrived, to afcertain precifely the ftate of 
the 
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the condenfation of the air thrown into the furnaces. I found 

that a column of quick filver was raifed five inches, and fome- 

times, though feldom, fix inches, and, in the interval of the re- 

turn of the engine to receive air into the air pump, it fell only 

half of an inch. At this time only one furnace was worked. 

But when two furnaces were in blaft, the engine only raifed the 
mercurial guage about 4 inches, becaufe the Devon Company, 

for certain reafons, did not, while I continued a partner, think 

proper to allow the blowing machinery to be completed, by the 

putting to work their fecond boiler of 20 feet diameter for the 
fire engine, according to my original defign, which, by adjufting 

the machinery, would have enabled us to blow two furnaces, 

with two boilers, with as much effect, in proportion, as one fur- 

nace with one boiler. This inftrument had the advantage of 
enabling the work people to difcover the real power of their 

blaft, and know the exa& condition of the air valves, and the 

gearing of the blowing pifton ; for if thefe were not tight, and 
in order, (although the engine might, to appearance, be doing 

well, by making the fame number of difcharges of the air pump 
. as ufual per minute), yet the wind guage would not rife fo high, 

and would fhew that there was an imperfection fome where, by 
reafon of a quantity of air efcaping at the valves, or pifton, that 
could not fo eafily otherwife be known. This contrivance was 
confidered as of much ufe, and was afterwards always quoted in 
the Company’s journal books, to fhow the atual ftate of the 
blowing machine, in comparing the daily produce of the fur- 

naces. 

I noPE you will not think me tedious, when I explain to you 
another experiment, which appears to me to be of confiderable 
importance to all manufacturers of caft iron. 

I wap reafon to conjecture, from my own obfervations on 
the effects of blowing machinery on blaft furnaces, as well as 

from 
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from the knowledge I had acquired from my father Dr RoE- 
suck, and from my communications with other experienced 
iron matters, that a great part of the power of fuch machinery 

was mifapplied in general practice, by throwing air into fur= 
naces with much greater velocity than neceflary, and that, if 

this velocity was, to a certain degree diminifhed, the fame 
power, by properly adjufting the blowing machinery, of what- 

ever nature, would be capable of throwing into the furnace a 
proportionally greater quantity of air. For, “ Since the quan- 
tities of any fluid, iffuing through the fame aperture, are as the 

Square roots of the preffure ;’’ it follows, that it would require 

four times the preffure, or power, to expel double the quantity of 
air, through the fame aperture, in the fame time: But if the 
area of the aperture was doubled, then the quantity of air ex- 
pelled by the fame power, and in the fame time, would be in- 

creafed in the ratio of the fquare root of 2 to 1, though its ve- 
locity would be diminifhed exactly in the fame proportion. 

Again: I confidered that the quantity and intenfity of heat, 
produced in blaft furnaces, and confequently its effects in in- 
creafing the produce, might be only in proportion to the quan- 

tity of air decompofed in the procefs of combuftion, without 
regard to its greater velocity ; that is to fay, whether or not 

the fame quantity of air was forced, in the fame time, into 

the furnace through a fmall pipe, or through one of larger 

dimenfions ; for, in attending to the procefs of a common air 

furnace for remelting of iron, where there is a very large quan- 
tity of air admitted through the large ‘areas between the bars, 

it is well known, that a much greater intenfity of heat is pro- 

duced than takes place in a blaft furnace, and yet the air does 
not enter into the fire through the bars with increafed den- 

fity or great velocity. I therefore thought it probable, that in- 

creafing the quantity of air, thrown into the blaft furnace in a 

confiderable degree, although the velocity or denfity might be 
much 
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much lefs, would have the effect of increafing its heat, and ope- 

rations, and produce. And as, from the principles above ftated, 
with regard to the machinery, I faw I could greatly increafe the 

quantity of air thrown into the furnace, by enlarging the dia- 
meter of the blow-pipe, and regulating the engine according- 

ly, without being obliged to employ more flexes I was anxious 

to make this experiment. 
A fyftem of management, of which I did by no means ap- 

prove, was adopted by the other partners of the Devon Com- 

pany, foon after the works were begun to be erected; and, in 

the profecution of it, they ordered their fecond furnace to be put 
in blaft, without permitting thofe meafures to be taken that 

were neceflary to provide and maintain a {ufficient {tock of ma- 

terials; and alfo without allowing their blowing machine to be 

completed, according to the original defign, by the addition of 

its fecond boiler. As might have been expected, a trial of feve- 

ral months to carry on two furnaces, with only half the power 
of fteam that was neceflary, and an inadequate ftock of mate- 
rials, proving unfuccefsful, the Company, as a remedy, inftead 

of making up the above deficiencies, ordered one of the fur- 

naces to be blown out, and {topped altogether. This improper 
meafure, however, afforded me the opportunity of immediately 

putting in practice the plan I have mentioned. 

WuEN one of the furnaces was ftopped, the other continued 

to be blown by a blow-pipe of 23 inches diameter, and the pro- 

duce of the furnace, for feveral weeks thereafter, was not 20 tons 

of iron per week at an average. The engine at this time was 
making about 16 ftrokes a minute, with a ftroke of the air 
pump, about 4 feet 8 inches long; but when I altered the dia- 
meter of the blow-pipe, firft to 3, and immediately after to 3% 
mches diameter, and regulated the working gears of the engine, 

fo as to make a ftroke of 5 feet 2 inches long, and about 19, 
ftrokes in a minute, on an average, the produce was inmmediate-~ 

ly 
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ly increafed. It continued to be, on an average of nine 
months immediately after this improvement, at the rate of 33 
tons of iron per week, of as good quality as formerly ; for 
during this period, from the 21ft November 1795 to July 30. 

17906, this one furnace yielded 1188 tons of iron. No more 

coals were confumed in working the blaft engine, or other ex- 
pences about the blowing machine incurred, and therefore no 
more power was employed to produce this great effect. It 
is alfo of much importance to remark, that the confumption of 

materials, from which this large produce was obtained, was by 
no means fo great as formerly. The furnace required very con- 

fiderably le/s fuel, le/s tronftone, and le/s limeftone, than were em- 
ployed to produce the fame quantity of iron by the former me- 
thod of blowing ; and according to the ftatements made out by 

the Company’s orders, as great a change was effected in the 
ceconomical part of the bufinefs. 

From the fuccefs of this experiment, fo well authenticated, and 
continued for feveral months, I am led to be of opinion, that all 

blaft furnaces, by a proper adjuftment of fuch machinery as they 
are provided with, might greatly and advantageoufly increafe 
their produce, by affuming this as a principle, viz. “ That with 
the given power it is rather by a great quantity of air thrown into 
the furnace, with a moderate velocity, than by a lefs quantity thrown 

in with a greater velocity, that the greateft benefit is derived, in 

the fmelting of ironftones,in order to produce pig-iron.”? However, 

it is by experiment alone, perhaps, that we can be enabled to 
find out the exact relations of power, velocity, and quantity of 
air requifite to produce a maximum of effect *. 

But, an unfortunate difagreement among the partners of the 

Devon Company, put it out of my power to make further pro- 

grefs 

*Ir Q be the quantity of a fluid, iffuing in a given time through an aperture of 

the diameter D, V its velocity, and P the power by which it is forced through 

the aperture ; then the area of that aperture being as D’, the quantity of the fluid 

iffuing in the given time will be as VD’, or VD* =Q. 
: AGAIN, 
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grefs in this matter, by laying me under the necefflity, two years 

_ago, of withdrawing myfelf entirely from the concern. 

I have the honour to be, refpectfully, 

SIR, 
Your moft obedient fervant, 

EpIvBuRGH, 

June 30. 1798. 

Io Sir Fames Hall, Bart. 

Joun Roesuckx. 

Cm Se 

In order to illuftrate what is faid above, a ground plan of the 

air vault and furnaces of the Devon Iron Works is given in 

Plate I. ; of which the explanation follows : P 

ExpLANATION oF Fic. 2. Pu. I. 

ye The air vault, formed by a mine drove in the folid 

rock of coarfe grained freeftone. 

B The blowing cylinder. 
GC _ The pipe that conveys the air from the blowing cy- 

linder to the air vault. 

D The eduction pipe that carries the air from the air 
vault to the iron wind cheft. 

Part I. F E The 

AGAIN, this quantity multiplied into its velocity, will be as the momentum of 

the fluid expelled, or as the power by which it is expelled, that is, V*D* =P, or 

VD=vP. 

Here, therefore, if D is given, V is as 4/P, as Mr Roeguck affirms. Alfo, 

becaufe V = = and alfo V = “Bes Q=DyP, fo that, while P remains the 

fame, Q_ will increafe as D increafes, and V will diminifh in the fame ratio. 

Tue problem, therefore, of throwing the greatefl quantity of air into the furnace, 
with a given power, ftritly fpeaking, has no maximum, but the largeft aperture of 
which the engine can admit muft be the beft. It is probable, however, that there 

is a certain velocity with which the air ought to enter into the furnace; this will 

produce a limitation of the problem, which, as Mr Roezuck fuggefts, is not likely 

to be difcovered but by experiment, J. P. 



EXPLANATION. 

The iron wind cheft, (about 2} feet cube), in which 
is inferted a wind-gauge, reprefented in fig. 3. 

The two blow-pipes. for each furnace, which termi- 
nate in apertures of 3% inches diameter at the 

tweers of the furnaces. 
The two blaft furnaces, placed in two pits funk in 

the folid rock. 

The timps of the furnaces from whence the caft-iron — 

is run off into the cafting room, L L. 

The door to give occafional admittance into the air 

vault. 

The excavation, in which is placed the blowing ma- 

chine. 

ExPLANATION OF Fic. 3. 

A The end of the wind-gauge, (about 12 inches long), which 

is open to the atmofphere, being half filled with quickfil- 

B The end that is inferted in the iron wind cheft, and expofed 

to the preflure of the condenfed air of the air vault. 

Itt. 



—— ———————
————_ 

Ill, ExpERIMENTS 0” WuinstonE and Lava. By Sir 

AMES HALL, Bart. ¥. R. S. & F. A. S. Eprn. 

[Read, March 5. and June 18. 1798. 

HE experiments defcribed in this paper were fuggefted to 

me many years ago, when employed in ftudying the Geo- 

logical Syftem of the late Dr Huron, by the following plau- 

fible objeGtion, to which it feems liable. 

GRANITE, porphyry, and bafaltes, are fuppofed by Dr Hut- 

ron to have flowed in a ftate of perfect fufion into their pre- 

fent pofition; but their internal ftru@ture, being -univerfally 

rough and ftony, appears to contradict this hypothefis ; for the 

refult of the fufion of earthy fubftances, hitherto shined in 

our experiments, either is glafs, or poffeffes, in fometdegree, the 

vitreous character, od rs resi 

Tis objection, however, lofes much of its, force, when we 

attend to the peculiar circumftances under which, ‘according 

to this theory, the aGtion of heat was exerted. Thefe fubftan- 

ces, when in fufion, and long after their congelation, are fup- 

pofed to have occupied a fubterrancous pofition far below what 

was then the furface of the earth ; and Dr Hutton has afcri- 

bed to the modification of heat, oceafioned by the preflure of 

F2 the 
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the fuperincumbent mafs, many important phenomena of the 

mineral kingdom, which he has thus reconciled to his fy- 
ftem. 

ONE neceflary confequence of the pofition of thefe bodies, 
feems, however, to have been overlooked by Dr Hutron him- 

felf: I mean, that, after their fufion, they muft have cooled 

very flowly ; and it appeared to me probable, on that account, 

that, during their congelation, a eryftallization had taken place, 

with more or lefs regularity, producing the ftony and cry- 

ftallized {tru@ture, common to all unftratified fubftances, 

from the large grained granite, to the fine grained and 

almoft homogeneous bafalt. This conjefture. derived addi- 

tional probability from an accident fimilar to thofe former- 

ly obferved by Mr Keir, which had juft happened at Leith: ' 
a large glafs-houfe pot, filled with green bottle glafs in fu- 

fion, having cooled flowly, its contents had loft every cha- 
raéter of glafs, and had completely affumed the ftony ftruc- 

ture. | ; 
THESE views made part of a paper which I had the ho- 

nour of laying before this Society in 1790*; and about the 

fame time I determined to fubmit my opinions’ to the teft 
of experiment. I communicated this intention to all my 
friends, ,and in particular to Dr Hurron ; from him, how- 

ever, I received but little encouragement. He was imprefled 

with the fdea, that the heat to which the mineral kingdom 
has been expofed was of fuch intenfity; as to lie far beyond 
the reach of our imitation, and that the operations of nature 
were performed on fo great a fcale, compared to that of 
our experiments, that no-inference could properly be drawn 

from 

* PaRTICULAR reafons induced'me not to publifh this paper at full length; but, 

withing to preferve a record of fome opinions peculiar to myfelf which it containe 
ed, I introduced a fhort abftra& of it into the Hiftory of the Tranfaétions. 
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from the one to the other. He has fince expreffed the fame 
fentiments in one of his late publications, (Theory of the Earth, 

vol. I. p. 251.), where he cenfures thofe who “ judge of the 

“* great operations of the mineral kingdom, from having kin- 

“ dled a fire, and looked into the bottom of a little crucible.” 
But, notwithftanding my veneration for Dr Huron, I 

could not help differing from him on this oceafion: For, grant- 

‘ing that thefe fubftances, when in fufion, were ated upon by a 

heat of ever fo great intenfity, it is certain, neverthelefs, that 

many of them muft have congealed in moderate temperatures, 
fince many are eafily fufible in our furnaces ; for it is impoflible 

that a fubftance {hould congeal at a higher point than that at 

which it may afterwards be melted. If, then, thefe phenomena 
depend upon the circumftances of congelation, the imitation of 
the natural procefs is an object which may be purfued with ration- 

al expectation of fuccefs ; and, could we fucceed in a few examples 

on a fmall fcale,. and with ealily fufible fubftances, we fhould 

be entitled to extend the theory, by analogy, to fuch as, by their 
bulk, or by the refractory nature of their compofition, could 

not be fubjected to our experiments. It is thus that the aftro+ 
nomer, by obferving the effects of gravitation on a little pendu- 

lum, is enabled to eftimate the influence of that principle on 

the heavenly bodies, and thus to extend the range of accurate 

{cience to the extreme limits of the folar fyftem. 
EncouraGeEp by this reafoning, I began my projected feries 

_ of experiments in the courfe of the fame year (1790), with very 
promifing appearances of fuccefs. I found that I could com- 

mand the refult which had occurred accidentally at the glafs- 

houfe ; for, by means of flow cooling, I converted bottle glafs, 
after fufion, into a ftony fubftance, which again, by the ap-- 
plication of {trong heat, and fubfequent rapid cooling, I refto~ 

red to the ftate of perfect glafs. This operation I performed re- 

peatedly with the fame fpecimen, fo as to afcertain that the cha-- 
racter: 
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radter of the refult was ftony or vitreous, according to the 
mode of its cooling. 

Some peculiar circumftances interrupted the profecution of 
thefe experiments till laft winter, when I determined to refume 
them. Deliberating on the fubftance moft proper to fubmit to 
experiment on this occafion, I was decided by the advice of Dr 

Hore *, well known by his difcovery of: the Earth of Stron- 
tites, to give the preference to whinftone. 

Tue term whinftone, as ufed in moft parts of Scotland, de- 

notes a numerous clafs of ftones, diftinguifhed in other coun- 

tries by the names of bafaltes, trap, wacken, griinftein and 
porphyry. As they are, in my opinion, mere varieties of the 
fame clafs, 1 conceive that they ought to be connected by fome 

common name, and have made ufe of this, already familiar to 

us, and which feems liable to no objection, fince it is not con- 
fined to any particular fpecies }. 

Tue following experiments were performed with various kinds 
of whinftone, and have likewife been extended to lava. To invefti- 

gate the relation between thefe two clafles of fubftances, feems, in 

the prefent ftate of geology, an object of confiderable impor- 

tance; for they refemble each other in {fo many refpects, that 
we are naturally led to afcribe the formation of both to the 

fame 

* In the courfe of laft winter, when I firft thought of refuming my experiments, 

1 propofed to this gentleman, that, in imitation of a pra&tice, comimon in the 

Academy of Sciences of Paris, we fhould perform them in company. To this pro- 

pofal he cheerfully agreed; but, before any experiments had been begun, he found 

himfelf fo much occupied by profeffional duties, that he could not beftow upon the 

fubje& the time which it neceffarily required ; and we gave up the idea of working 
in company. 

+ In chara&terifing the particular fpecimens, I have adopted, with fcarcely any 
variation, defcriptions drawn up by Dr Kennepy, whofe name I fhall have occafion 

frequently to mention in the courfe of this paper. In the employment of terms, 

we have profited by the advice of Mr Derraziy, a gentleman well verfed in the 

language of the Wernerian School. 
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fame caufe, and to believe that whinftone, as well as lava, has 

been expofed to the action of heat. In the courfe of the paper, 

I fhall mention feveral accidental refults, which, if confidered 

feparately, might feem unworthy of notice, but which, by af- 

fording the means of comparifon between the two clafles, are 
of great fervice in the general inveftigation. 

Tue whinftone firft employed was taken from a quarry * near 

the Dean, on the Water of Leith, in the neighbourhood of 

Edinburgh. This ftone is an aggregate of black and green- 

ifh-black hornblend, intimately mixed with a pale reddifh- 

brown matter, which has fome refemblance to felfpar, but is 

far more fufible. Both fubftances are imperfectly and con- 
fufedly cryftallized in minute grains. The hornblend is in 
the greateft proportion ; and its fraCture appears to be ftriated, 

though in fome parts foliated; that of the reddifh-brown 
matter is foliated. |The fracture of the ftone ex mafé is uneven, 

-and it abounds in fmall facettes, which have fome degree of 
luftre. “It may be fcratched, though with difficulty, by a knife, 
and gives an earthy fmell when breathed on. It frequently 
contains {mall {pecks of pyrites. 

On the 17th of January 1708, I dhatecndsiatal a black lead cru- 

cible, filled with fragments of this ftone, into the great reverbe- 
rating furnace at Mr BarKer’s iron foundery. In about a 

quarter of an hour, I found that the fubftance had entered into 

fufion, and was agitated by a ftrong ebullition. I removed the 

crucible, and allowed it to cool rapidly. The refult was a black 

glafs, with,a tolerably clean fracture, sre however by 
fome ks 

In fubfequent experiments, I endeavoured, by flow cooling 

after fufion, to prevent the whinftone from becoming vitreous,. 
and to compel it to refume its original chara&ter by eryftalliza- 
tion. In this I fo far fucceeded as to obtain a fubftance, 

which was not glafs, though it did not poffefs the properties 

of 
* Catvep Bell’s Mills Quarry. 
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of whinftone. The production of this intermediate fubftance, 
which much refembled the liver of an animal, is accom- 

panied with fome curious particulars, which I fhall enumerate 
and explain in another part of this paper. On fome occafions, 
too, I obtained a vitreous mafs in which were a multitude of 

little fpheres, having a dull or earthy fracture. 
Ar laft, on the 27th of January, I fucceeded completely in 

the objeé& I had in view. A crucible, containing a quantity 

of whinftone, melted in the manner above_defcribed, being re- 
moved from the reverberatory, and conveyed rapidly to a large 
open fire, was immediately furrounded with burning coals, and 
the fire, after ‘being maintained feveral hours, was allowed to 

go out. The-crucible, when cold, was broken, and was found 

to contain a fubftance, differing in all refpects from glafs, and 

in texture completely refembling whinftone. Its fracture was 

rough, {tony and cryftalline; and a number of fhining fa- 

cettes were interfperfed through the whole mafs. The cryftal- 
lization was ftill more apparent in cavities produced by air 

bubbles, the internal furface of which was lined with diftiné 

cryftals*. 
Havinc fhewn this refult to feveral of my friends, Dr Horr 

regretted that the fubftance, previoufly to its artificial cryftalli- 
zation, had not been reduced to the ftate of folid glafs; fince 

the adverfaries of the fyftem might allege, that, during the ac- 

tion of heat, the original cryftallized texture of the ftone had 
never been completely deftroyed. Being convinced of the pro- 

priety of this obfervation, I determined, in future, to reduce the 

ftone firft to glafs, and to perform the cryftallization after a fe- 
cond fufion. 

For this purpofe, with the afliftance of Dr KENNEDY, to whofe 
co-operation I am greatly indebted for the fuccefs of all the fol- 
lowing experiments, I reduced a quantity of the fame whinftone 

; to 

* I sHowen this refult at a meeting of the Society on 5th of February. 
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to moft perfect black glafs. A crucible, filled with fragments 

of this glafs, being then expofed to a heat, which, from previous 

trials, was judged to be more than fufficient to reduce its 

contents to fufion, the fire was very gradually lowered tll 

all was cold. I thus expected to obtain a refult fimilar to 

that laft mentioned, but found, to. my great furprife, that 

the fragments had never been in complete fufion, fince they 

{till, in a great meafure, retained their original fhape. This 

extraordinary faét, which afterwards led to the difcovery of fome 

curious properties of whinftone, will be fully accounted for ina 

fubfequent part of the paper.’ 

. ANOTHER portion of the fame glafs being perfectly melted 

by a very ftrong heat, the temperature was reduced to about 28 . 

of WeEpGwoopd, and was maintained at that pitch during fix 

hours. The refult was a perfectly folid mafs, cryftallized to a 

certain depth from the outfide, though ftill vitreous in the heart. 

In another experiment, performed like the laft in all refpects, 

except that the heat was maintained at 28 during twelve hours, 

I obtained a mafs entirely cryftalline and ftony throughout, 

with facettes appearing in the folid parts, and {mall cryftals. 

fhooting into fome of the cavities. 

Soon after | had communicated thefe refults to Dr Hore, 

he performed, with complete fuccefs, an experiment fimilar to 

the firft, in which I had obtained a cryftallized fubftance, by 

the gradual cooling of the melted ftone. The fame was likewife, 

foon afterwards, performed by Mr Boswett of Auchinleck. 

My experiments, already defcribed, were confined to one 

fpecies of whinftone ; but have fince been extended to fix other 

varieties. They were all firft reduced to glafs by the application 

of a ftrong heat, and fubfequent rapid cooling. After a fecond 

fufion they were cryftallized, by being kept long in a ftation- 

ary temperature, between 28 and 30. This laft operation was 

 beft performed in a long and narrow muffle, wholly furround- 

Part I, PG ed: 
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ed with burning coals, according to a practice long followed by 

Dr Kennepy, by which the heat could be maintained with 
fo great fteadinefs as to render the refult almoft certain. 

Tue fufibilities were determined in an open muffle, in which 
a fragment of the fubftance under trial was placed contiguous 

to a pyrometer piece. As toon as the fragment, in confequence 
of the gradual rife of heat, had fo far foftened as to yield to 

the touch of a bent iron rod, the pyrometer was removed and 
meafured. The fufibilities, thus obtained, in degrees of WEDG- 

woop’s {cale *, have been ftated in a table, to which I would be 

underftood always to refer. I have diftinguifhed the cryftal- 
lized fubftances, obtained from the glaffes, by the name of 
cryftallite, a term fuggefted by Dr Hore. It may be obferved 

in this table, that the original whins foften in a range from 38 
to 553 the glaffes from 15 to 24, and the artificial cryftallites 
from 32 to 45. 

No. 1. Whin of Bell’s Mills Quarry. 

Tuts ftone was the fubject of all the foregoing experi- 
ments, which were frequently repeated with fuccefs on a large 
feale. od 

In trying the fufibility of the glafs obtained from it, a cu- 
rious circumftance occurred, which accounts for the unexpected 

we refults 

* THE meafurement of the temperatures may be relied upon as accurate; they 

were determined by two fets of pieces, one purchafed by me during the lifetime 

of the late Mr WepcGwoop, and the other likewife made by him, belonging to 
Dr Kennepy. The two fets correfpond exaétly ,; and Dr Kennepy’s had, at his 

requeft, been carefully examined by the prefent Mr WEDGwooD, who found them 
true by his father’s original ftandard. 
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refults already mentioned. ~ I had placed in the muffle a long 

and flender fragment of this glafs, with its extremities refting 

on two fupports of clay, and its middle unfupported. Having 

then increafed the temperature by flow degrees, I expected to dif- 

cover the loweft point of emollefcence, by obferving when the 

fragment funk by its own weight. The muffle having attained 
a moderate heat, I obferved the glafs to lofe its fhape a little. 

Withing to fee it completely melted, the fame heat was con- 

tinued, but no further change took place. The heat was then 

raifed feveral degrees, but without effe@. At laft, being urged 
ftill further, the glafs funk down completely between its fup- 

ports. The pyrometer being then withdrawn, denoted a tem- 
perature above 30. _ } 

Ir occurred to me, that, on this occafion, the glafs, by the 

firft application of heat, had foftened, and then had cryftallized, 

fo as to become hard again; that, in cryftallizing, it had ac- 
quired fuch infufibility as to yield to no heat under 30. I im- 
mediately confirmed this conjecture by the following experi- 

ment. 5 

A Prece of the fame glafs, placed in a cup of clay, was in- 

troduced into the muffle, heated to 21. In one minute it be- 

came quite foft, fo as to yield readily to the preflure of an iron 

-rod. After a fecond minute had elapfed, the fragment, being 
touched by the rod, was found to be quite hard, though the 

temperature had remained ftationary. The fubftance, thus 
hardened, had undergone a change throughout; it had loft 

the vitreous charater; when broken, it exhibited a fracture 

like that of porcelain, with little luftre; and its colour was 

changed from black to dark brown. Being expofed to heat, it 
was found to be fufible only at 31; that is, it was lefs fufible 

than the glafs by 13 or 14 degrees. 

NuMERouvs and varied experiments have fince proved, in the 
cleareft manner, that, in any temperature, from 21 to 28 inclu- 

Gis, five 
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five, the glafs of this whin pafles from a foft, or liquid ftate, 

to a folid one, in confequence of cryftallization ; which is diffe- 
rently performed at different points of this range. In the lower 

points, as at 23, it is rapid and imperfect; in higher points, 
flower and more complete, every intermediate temperature 
affording an intermediate refult. I likewife found, that cryftal- 

lization takes place, not only when the heat is ftationary, but 
likewife when rifing or finking, provided its progrefs through 
the range juft mentioned is not too rapid. Thus, if the heat of 

the fubftance, after fufion, exceeds one minute in pafling from 

2¥ to 23, or from 23 to 21, the mafs will infallibly cryftallize, 

and lofe its vitreous character. 

THESE faéts enabled me to account for the production of the 

fubftance refembling the liver of an animal, which I obtained 
in my firft attempts to cryftallize the melted ftone. Not being 

then aware of the temperature proper for complete cryftalliza- 

tion, I had allowed it to be paffed over rapidly by the defcend- 

ing heat, and I had begun the flow cooling in thofe lower 
points, at which the formation of this intermediate fubftance 
takes place. 

By the fame means I was enabled to explain the other unex- 

pected refult, which I obtained in endeavouring to convert the 
glafs of this ftone into cryftallite. ‘The fire applied to the cru- 

cible, containing fragments of the glafs, had been raifed very 

flowly, which I know to have been the cafe by fome circumftan- 

ces of the experiment. The glafs had foftened by the firft appli- 
cation of heat, but had cryftallized again as the heat gradually 

rofe ; fo that the fubftance confolidated, while ftill fo vifcid as 

to retain the original fhape of the fragments; at the fame time 
it acquired fuch infufibility as to refift the application of high- 

er degrees of heat during the reft of the procefs. 

No. 2. 
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No. 2. Whin of the Rock of Edinburgh Ca/file. 

-. Tuis is a bafalt of a blackifh blue colour. Its grain is fine, 
and its fracture uneven, partaking of the fplintery. It is in ge- 
neral homogeneous, although, in fome pieces, a very few mi- 

nute cryftals of hornblend are perceptible. It has fome luftre, 

from a number of {mall fhining facettes ; has an earthy fmell 
when breathed on ; and gives fire flightly with fteel. 
THE pure glafs which this whin yielded, by rapid cooling 

after a moderate heat, was cryftallized in three experiments, 
and produced mafles greatly refembling the original. In one of 

thefe, formed on a large feale in the glafs-houfe, the refem- 

blance is fo ftrong, both as to colour and texture, that it would 
_ be difficult, or perhaps impoflible, to diftinguifh them, but for 

a few minute air bubbles vifible in the artificial cryftallite. 
The glafs is lefs fufible than that.of No. 1. and feems not to 
poffefs the property of producing the liver cryftallite. 

No. 3. Whin of the Bafaltic Columns on Arthur's Seat, near 

_ Edinburgh. 

Irs bafis is a bafalt of a dark grey colour, and uneven fracture. 

It contains numerous laminar cryftals of felfpar, which feem 
to be almoft colourlefs, and have confiderable luftre and tran- 

fparency. It alfo contains fome black hornblend. It has an 
earthy {mell when breathed on, and gives fparks flightly with 
{teel. 

In the temperature of 100, or aH Laudtds the whole was chan- 

ged to pure black glafs; but in a more moderate heat, (about 

60), the felfpar remained unchanged, while the hornblend dif- 
ae and formed a glafs along with the bafis of the ftone. 

Both 
\ 
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Both kinds of glafs yielded highly characterifed cryftallites; that 
laft mentioned, having its felfpars entire, produced a fubftance 

like porphyry, in which the white felfpars were embedded in a 

black cryftalline bafis. ‘The cryftals formed in this bafis are 
fo complete in one example, that they are feen projecting in-. 
to the cavities, and ftanding erect on the external furface, fo as 
to make it fparkle all over. Thefe black cryftals feem to be 

hornblend of new formation. We have found, by fome late 
experiments, that they are confiderably more refraétory than 
the cryftallite in which they lie, and are equally infufible with 
fome fpecies of natural hornblend. 

Aa 

No. 4. Whin from the neighbourhood of Duddingftcne Loch. 

Ir has for its bafis a black bafalt of an uneven fracture. 
In it are embedded augit in numerous cryftals, felfpar in a {mall- 
er proportion, and difperfed grains of olivin. The felfpar feems 
to be greenifh-white, with confiderable luftre and tranfparency. 
The ftone gives fire with fteel, and has a flight earthy {mell 

when breathed on. Its, glafs yields a fine grained cry(tallite, 

like that of No. 1. 

No. 5. Whin of Salifoury Craig near Edinburgh. 

Tuis fpecies is an aggregate of black hornblend, and of a 

greenifh-white matter, both in minute grains. The greenifh- 

white matter refembles felfpar, but is much more fufible. The 

general characters are nearly the fame with thofe of the {peci- 

men already defcribed, No. 1. It has confiderable luftre, chiefly 

from the hornblend; an earthy {mell-when breathed on; and 

gives fome fparks with ftecl. Its glafs yielded a highly facetted 
cryftallite, 
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cryftallite, approaching to the ftructure of the original whin- 

{tone, No, 4. 

No. 6. Whin from the Water of Leith. 

Ir is found in great blocks in the bed of the river, and has 

been brought there no doubt from a mafs of the fame kind in 

the mountains above. It confifts of black hornblend, and of 
a whitifh matter refembling felfpar, as in No. 1. and No. 5. 
Thefe two fubftances are nearly in equal proportion, and are 

confufedly and imperfectly cryftallized in minute mafles. If 

the whitith fubftance were felfpar, this ftone, as well as that 

laft mentioned, would be the griinftein of Werner; but this 

white fubftance is far more fufible than felfpar, and melts at a 
lower heat than the hornblend, with which it is mixed. It 

~ has an earthy fmell when breathed on, and may be fcratched 
with difficulty by a knife. 

In fufion and -cryftallization it refembled the other whins. 
_ A fragment fimilar to this in all refpeéts, which I found 

in the neighbourhood of Edinburgh, manifefted fo ftrong a 
difpofition to cryftallize, that, though cooled in the open air 

after fufion, it was found ftony in the heart, with a vitreous 

outfide, When cryftallized, however, with every precaution, 
it yielded no remarkable refult. 

No. 7. Whin of the Bafaltic Columns of Staffa. 

IrEcEIveD this fpecimen from a gentleman who broke it from 
the original rock. It is bafalt of a bluifh-black colour. It is fine 
grained and homogeneous ; and its fra¢ture is uneven. It has 
a {mall degree of luftre, from a number of minute fhining points 
perceptible in a ftrong light. It gives an earthy fmell when 
breathed on, and may be fcratched with difficulty by a knife. 

‘It yielded a perfe@t and very hard glafs, which, in a regulated heat, 

produced 
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produced a uniform ftony cryftallite, greatly refembling the 
original, 

Ir has thus been fhown, that all the whins employed affume, 

after fufion, a ftony character, in confequence of flow cooling ; 

and the fuccefs of thefe experiments, with fo many varieties, 
entitles us to afcribe the fame property to the whole clafs. The 
arguments, therefore, againft the fubterraneous fufion of whin- 
{tone, derived from its ftony character, feem now to be fully 

refuted. . 

ree EO Sa 

Experiments on Lava. 

In the inveftigation of Dr Hurton’s fyftem, great advantage 
may be expected from an examination of lavas. ‘They have un- 
doubtedly flowed on the furface by means of heat ; and whin- 
ftone, according to his hypothefis, having flowed in the bowels 

of the earth by the influence of the fame agent, the two clafles 
ought to poffefs many properties in Saat by which the 
hiftory of both may be illuftrated. 

I HAVE been enabled to inftitute a comparifon between them, 

by-means of a cabinet of volcanic produétions which I colle¢t- 
ed in 1785, in company with Dr J. Home of this Society, 
on Vefuvius, tna, and the Lipari Ifles. On this occafion 

we were greatly affifted by the celebrated M. DoLomizu%*, 
who accompanied us in part of our expedition. This author 

complains, in his writings, that travellers, in colleéting volcanic 

productions, have brought away only the fuperficial feoria of 

lavas, which nearly refemble each other in all cafes, and convey 
no 

* Tuovucn I differ widely from this gentleman in many of his theoretical opi- 

nions, I cannot too ftrongly expref$ my admiration of his merit as a natural hiftorian. 
His defcriptions of countries, as well as of minerals, prefent the moft lively repre- 

fentations to the mind of the reader, which, in the numerous inftances I have witnel 

fed, are perfe@tly corre&, 
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no idea of the real character of the lava, which can only be feen 
in the interior parts of the currents. In forming our colle¢tion 
we fcrupuloufly avoided this error, and chofe fuch f{pecimens 

only as were the moft compact and free from the {corified ap- 

pearance of the furface. 
Wuen thefe folid lavas are compared with our whinftones, 

the refemblance between the two clafles is not only ftriking at 
firft fight, but bears the clofeft examination. They both con- 
fift of a ftony bafis, which frequently contains detached cryftals 
of various fubftances, fuch as white felfpar and black hornblend. 

The analogy between the two claffes feems to hold through all 
their varieties; and I am confident that there is not a lava of 

Mount tna to which a counterpart may not be produced from 

the whinftones of Scotland. 

Tuts refemblance in external character is accompanied with 

an agreement no lefs complete in chemical properties. But be- 

fore I mention the experiments which tend to prove this agree- 

ment, it will be neceflary firft to examine the opinion of two 
very celebrated authors concerning lavas. M. DoLomrevu and 
Mr Kirwan, though they differ widely in many refpects, agree 

in believing, that lavas have never been acted upon by a heat of 
fufficient intenfity to produce complete fufion ; and endeavour, 

each by an hypothefis peculiar to himfelf, to account for their 
fluidity. The opinion of thefe gentlemen is of fuch importance 

in the prefent queftion, and the arguments they have ufed are 
fo extraordinary, that I muft beg leave to quote their words at 
full length. 

M. Doromiev ftates his opinion in the following paflage, 
(Ifles Ponces, p. 7.): “ Ml eft efflentiel de conftater, par beau- 

“ coup d’exemples et d’obfervations, quelques vérités que j’ai 
annoncées il y a plufieurs années, favoir, que le feu des vol- 

cans ne dénature pas ordinairement les pierres qu'il a mifes 
en état de fufion ; qu'il ne les altere pas au point de ne pou~ 

voir les reconnoitre, de ne pas diftinguer quelle a pu étre la 
Part I, H * bafe 
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oc 

ec 

“ 

bafe des laves; que ce feu agit différemment que le feu de 

nos fourneaux, tel que nous l’employons dans la chimie et 

dans les arts; qu'il produit dans les laves une fluidité qui 

n’a aucun rapport avec la fluidité vitreufe, que nous opérons, 
lorfque nous traitons a grand feu les mémes matiéres qui leur 

fervent de bafe, et lorfque nous voulons rendre aux laves elles 
mémes leur fluidité. Celui des volcans n’a point d’intenfité ; 

il ne peut pas méme vitrifier les fubftances les plus fufibles, 
tels que les fchorls, qui fe trouvent comme parties confti- 

tuantes dans Vintérieur des laves 3 il produit la fluidité par 
une efpece de diffolution, par une fimple dilation, qui permet 
aux parties de gliffer les unes fur les autres, et peutétre encore 

par le concours d’une autre matiére qui fert de véhicule a la 
fluidité.”” 

Mr Kirwan cenfures this fuppofition as ftrange and incon- 

ceivable ; but in my opinion, that which he has brought for- 
ward is not lefs fo.. In the Elements of Mineralogy, fecond edition, 

vol. I. p. 396. he fays: “ Now, there are but three forts of fu- 
ce 

“ 

fion with which we are acquainted : that which produces por- 
celain; that which produces enamels and femi-vitrifications ; 

and that which produces glafs. By infpecting lava we {hall 

find that very little of it has been in any of thefe ftates ; fince 

therefore it has flowed, it is plain it has derived its liquifac- 

tion not from the fufion of its own materials, but from that 

of fome foreign fubftance mixed with it. This fact is fo plain, 
that it has even ftruck M. Dotomieu, in the midft of his 

prepofleflions, in favour of fome ftrange inconceivable power, 
which he attributes to volcanic fire, of melting earthy fub- 

ftances, without effecting an alteration in their fenfible quali- 

ties. “I hope,” fays he, “ to prove, that lavas contain, in 

their interior, a combuftible matter, which burns and con- 

fumes in the fame manner as other inflammables,” J/les Pon- 

ces, 10. Yet he neglects telling us what this matter is; though 

it plainly appears to be no other than fulphur and bitumen, 
5 the 

of 
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“ of which an immenfe quantity. is found in all volcanos, 

“ which liquifies in a low degree of heat, and caufes all the 

“ ftony fubftances to flow that are immerfed in it.” 

Tue fuppofitions which thefe gentlemen have thus advanced, 

and have ferioufly maintained in various parts of their works, 

have arifen in both from the belief, that, in our fires, nothing 

but glafs can be produced from a lava after. complete fufion. 

This being taken for granted, it would certainly be very diffi- 

cult to explain the phenomena of actual eruptions, by means of 

the known agents of nature. Recourfe has therefore been had, 

by one of thefe gentlemen, to a hypothetical modification of 

thefe agents; and by the other to the influence of fubftances, 

which have left behind them no trace of their exiftence *, and 

which, had they been prefent, could not have produced the 

effects afcribed to them. 

AccorptNc to both fuppofitions, the heat of volcanos is con- 

ceived to be of very little intenfity ; but the few obfervations I 

had occafion to make, which are confirmed by innumerable 

facts related by travellers, convince me that it muft far ex- 

ceed what is requifite for the moft perfeét fufion of the lavas, 

and of all the fubftances contained in them +; and the ex- 

periments already defcribed fuperfede the neceflity of fuppo- 

fing any thing different from the common courfe of nature 5 

for they afford, analogically, an eafy folution of the difficulty, 

by fhowing that glafs is not the only refult of fufion, and that 

whin, a fubftance like lava, when cooled flowly after fufion, 

Hi 2 re{umes 

* Nowx of the lavas I have feen contained the {malleft veltige of petroleum ; nor 

did I meet with any fulphur but what was evidently produced by the condenfation 

of vapours, rifing through crevices, long after the eruptions had ceafed. 3 

+ I conceEIvE, therefore, that the formation of the infulated fubftances contained 

in lavas, as well as the other peculiarities of internal ftruéture, pofleffed by lavas in 

common with granite and bafaltes, mutt be afcribed in all of them to cryftallization 

during flow cooling after fufion, as I ftated formerly in Spring 1790, (Lranf. Edin. 

vol. II[.). The year following, Dr Beppoes prefented to the Royal Society of 

London a paper, in which he alfo explains the chara@ter of granite and bafaltes by 

cryftallization, in confequence of flow cooling. 
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refumes its ftony character. But, not content with analogy 
alone, I refolved_to afcertain the truth of thefe conclufions in a 
direct manner, and performed the following experiments with 
fpecimens of fix different lavas, four of which, to my certain, 

knowledge, had made part of external volcanic currents. In the 

prefent ftate of geology, too much pains cannot be beftowed in: 

afcertaining that the {pecimens colleéted are really lavas, fince- 
this circumftance has been frequently overlooked, as I fhall en-. 

deavour to fhew, when I {peak of the differences between them: 
and whinftone. 

No. 1. Lava of Catania: 

Tuis is the celebrated lava, which, in 1669, laid wafte great 

part of the town of Catania. The interior part of the cur- 
rent, (accurately defcribed by M,. Dotomieu, Jfles Ponces,. 
p- 256.*), from which the fubjeét of our experiment was taken, 

confifts of a light grey bafis, interfperfed with cryftals of fel- 
fpar and of fchorl, (augit). It bears a general refemblance to 

the rock of the bafaltic columns on Arthur’s Seat, and exhibited 

the fame phenomena in our experiments. After {trong heat, the 
whole was reduced, by rapid cooling, to pure black glafs ; but 
when the heat applied was moderate, the felfpars remained 
unchanged, Being maintained, after a fecond fufion, in a 

temperature of 28, both thefe glaffes yielded ftony and cryftal- 

lized fubftances, fomewhat lefs fufible than the original ; and 
when 

*“ Bru eft formée d’une pate de roche de corne grife, a grains fins, mélée 

“« d’écailles, et de criftaux de feld-fpath de méme couleur; elle contient un trés 

‘* grand nombre de criftanx de fchorl noir, et de grains de cryfolites jaunes, les uns 

* et les autres quelquefois chatoyans, de différentes couleurs dans leurs fratures. — 

“« —_—_-_. —. — =. Cette lave a une caffure feche, et un grain rude, furtout dans 

“ le centre des courans ; c’eft 1a of elle a toujours confervé une couleur plus claire, 
“ qui doit étre celle de fa bafe; fur les bords es les furfaces elle s’eft fort noircie ; 

“ elle y a acquis une affez forte action fur Vaiguille aimantée que celle du centre n’a_ 

* prefque point.” 
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when expofed to a temperature of 22, they cryftallized rapidly, like 

mott of the whins, into the liver cryftallite. This laft property 

is common to all the lavas. ; 

No. 2. Lava of Sta Venere. 

Tus current has‘ flowed in the neighbourhood of a little cha- 

pel, called Sta Venere, above the village of Piedimonte, on the 

north fide of Mount fEtnas. Owing to the ftrong refemblance 
which it bears to ftones fuppofed not volcanic, we took care 

that our fpecimens fhould be broken from the actual current ; 

and to one of them, though moftly compact, is attached a 

{corified: mafs, which had made part of the external furface. 

The folid part is of a black, or rather dark blue, colour, very 

fine grained and homogeneous, having a multitude of minute 
and fhining facettes vifible in-the fun ; in this, and in other cir- 
cumftances, it greatly refembles the rock of Edinburgh Caftle. 
This lava is the fecond in M. DoLomi£v’s Catalogue, and is well. 

defcribed, p. 186 *. 
Tue pure black glafs formed from this lava yielded, in the 

_vegulated heat, the moft highly cryftallized mafs we have ob- 
tained from any lava or whin. 

No. 3.. Lava of La Motta di Catania. 

Tis is likewife compact and homogeneous, but for a num- 

ber of fmall yellow grains of chryfolite fcattered through it, 
(defcribed by M. Dotomieu, p. 19r t). It has been thrown 

up by a partial eruption burfting through the fandftone hills 
which 

*-«¢ Lave homogene noire : fon grain eft fin et ferré, il eft un peu brillant, comme 
“ micacé lorfqu’on le préfente au. foleil; fa caffure nette et feche eft conchéide 

“comme celle du filex,” 

+ Iv belongs to the fifth variety of his compact lavas. . 
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which furround Mount Etna. The fituation of this ,mafs is 

fingular: It refts upon a little hill, formed of loofe fcoria, the 

fummit and fides of which are covered by the ftony mafs, fo 

that no crater is vifible. It ftruck me on feeing it, and I found 

M: Dotomtev had formed the fame opinion, that the lava had 

rifen up in a perpendicular direction, and had flowed over on 

all fides. Its great thicknefs, and fmall extent, feem to favour 

a conjedlure which this naturalift has formed with regard to 

feveral lavas, that they were erupted at the bottom of an ocean 

which once covered Sicily, and, being quickly cooled by the 

contact of water, had been prevented from flowing far. The 

conjecture feems plaufible enough * ; and, having no proof that 

this fubftance made part of an external current, as I have with 

refpect to the firft two mentioned, I do not exhibit it as a lava 

with the fame confidence. Whatever be its hiftory, however, 
it pofleffes the chemical properties.common to whin and lavas. 

Irs glafs yielded a dark grey cry(tallite of uniform texture. 

Befide it in the drawer, now on the table, I have placed a cry- 

ftallite, formed from the whin No. 1. which refembles it in 

every refpect. 

No. 4. Lava of Iceland. - 

{ RECEIVED the fpecimen from a perfon who found it on the 
fpot; but not being acquainted with the circumftances of its 
original pofition, [ cannot be certain that itis alava. It has 
however every appearance of being fuch. 

Ir is a blue homogeneous fubftance, having fome chryfolites 

fcattered irregularly through it. Nearly half its bulk is occu- 
pied 

+ 

* M. Doromigu alcribes the formation of part of Mount /Etna itfelf to a fimilar 

eaufe. I shall have occafion, in another part of this paper, to confider that opi- 
nion- . 
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‘pied by large air holes, which do not appear to have contained 

any extraneous matter. 4 

Ir produced a very fufible glafs, from which was formed a 

cryftallite much more refractory than the original. 

No. 5. . Lava of Torre del Greco. 

Tuts lava, which flowed from Vefuvius to the fea in the 

‘middle ages, has been an object of much attention, on account 

of its confpicuous bafaltic form. It confifts of a grey bafis, the 

fra@ture of which is coarfe and rough, and in which are embed- 

ded large and well characterized cryftals of fchorl, (augit); with 

a few chryfolites, (olivins). ‘ 

Ir was found to be lef fufible than any of the others, yet its 

_ glafs cryftallized in a lower temperature. 

No. 6. Lava of Vefuvius, eruption 1785. 

From the circumftances in which the above five lavas have 

been feen to cryftallize after fufion, it can fearcely be doubted 

that the fame procefs takes place in a volcanic ftream, which, 

in confequence of its bulk, muft cool with confiderable flow- 

nefs, and that a vitreous chara¢ter would be aflumed by the 

whole mafs, were it cooled with fufficient rapidity. 

Tue truth of this laft opinion is demonftrated by fome facts 

which IJ accidentally obferved, long before my prefent views had 

occurred, when, in {pring 1785, I had an opportunity of exa- 

mining a ftream of lava, which flowed from Vefuvius. The 

eruption was comparatively fo gentle, that I was able, though 

not without inconvenience, to approach and examine the fiery 
ftream: 
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ftream on three different days. It was in general concealed by 
a thin white fmoke, which the wind blew atide occafionally, 

fo that I could diftindly fee the lava as it burft from the fide of 
the hill. It was then of a bright white heat, and flowed with 

the agility and rapidity of water, in all refpeéts refembling meit- 

ed iron running from the furnace. The liquid, at its firft emer- 

gence, manifefted a {trong effervefcence, which fubfiding as the 

heat abated, fhewed itfelf at laft only in the burfting of fome 

very large bubbles, accompanied with a white f{moke. Where 
I approached the ftream, it was full of a {trong red heat, and 
had the confiftence of honey. I thruft a fick into it with 

eafe, to the end of which fome of the lava adhering, by its 
vifcidity, allowed itfelf to be drawn out into threads, and was 

found, when cold, to have a fhining furface, and a vitreous 

fracture. 
Berne thus convinced that I had met with a lava of glafs, I 

prepared fome moulds of ftucco, in which I meant to take cafts 

with that rare fubftance; and with this view returned to 

the mountain. I found the ftream was not fo liquid as at firft, 
but I was able, by means of a ladle fixed on the end of a pole, 

to lift the fpecimen now before us in a ftate like dough, I 

then preffed it with a feal, by which means, though too coarfe 

to receive an accurate impreflion, it took the fhape it now 

bears, which is that of the ladle. It is very porous, one- 

third of it nearly being occupied by air holes. It contains a 

great number of fmall white cryftals of Vefuvian garnet, em- 
bedded in a black fubftance, which completely refembles the 
glafs obtained in our experiments from lava by rapid cooling 
after fufion. Befides all their other properties, it ‘poffeffes the 

fufibility of the glafles, fince it foftens completely at 18, that is, 
14 or 15 degrees below the foftening point of any of the ftony 

lavas. Being expofed to the procefs of regulated cooling, it 
gave the fame refult as all the other lava glaffes. In the lower 

points 
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points it yielded a liver cryftallite infufible under 30, and in the 

higher a ftony fubftance like a common lava or whin, and fu- 

fible only at 35. 
Wuar has been faid is applicable to the interior parts of la- 

vas ; but I was at a lofs to underftand the ftate of their exter- 

nal furface, which, cooling much more rapidly, might be ex- 

pected to poflefs a vitreous character ; yet glafs is not found on 

the furface of lavas, except in a very few cafes, and has occur- 
red only in a fingle fpot on Atna. This difficulty was remo- 

ved, however, by the following confideration: Though the fur- 

» face of a lava cools with far more rapidity than the reft of the 

mafs, yet, owing to the contact of the fiery ftream, that rapi- 
dity can never be very great; and we muft fuppofe that the 

temperature of the furface employs more than a minute or two 

in defcending from 23 to 21. Where this happens, we have 

fhown that the fubftance confolidates into the liver cryftallite, 
which completely refembles the {coria of a lava. A fmall frag- 
ment of the mafs, which [ took from the running ftream, being 
placed in the temperature of 22, loft its vitreous character in 
two minutes, as already {tated ; and had the mafs itfelf been al- 
lowed to remain but a very little longer in the ftream, it would 
certainly have acquired, as well as the reft of the furface, the 
dull character of {coria. 

THE fame preperty accounts for the cruft which is formed on 
the furface of flowing lavas, and’ which conftitutes fo remark- 

able a feature in their hiftory. Were lava to congeal after the 

manner of pitch or wax, by an uniform and gradual increafe 

of vifcidity throughout, no cruft would be formed, or if, by 

the action of cold air, the upper furface were to harden a little, 

it might be foftened again by an influx of frefh matter a~ 
very little hotter than itfelf. In lavas, however, as we have 

proved, when the furface cools down to 21, it rapidly congeals 
to a hard fubftance, capable of refifting any heat under 30. The 

Parr I, . I cruft 
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cruft thus formed ferves as a pipe, within which the flowing 
lava is confined. In feveral places on tna we meet with vaft 

galleries, along which, and out of which, the lava has flowed, 

leaving the cruft entire *. 

Tue irregular manner in which a lava flows, when not ex- 

tremely heated, may likewife be referred to the fame caufe. On 
the lower part of the running ftream a cruft 1s formed, fo ftrong 

as to retard its progrefs during a certain time, but the liquid 

behind, accumulating by degrees, at laft acquires fufficient 

ftrength to force open the cruft; the lava then flows out with 

rapidity, and continues its courfe till it is again retarded by the 

formation of a new crutt. 

THESE experiments feem to eftablifh, in a direét manner, 

what I had deduced, analogically, from the properties of whin- 

ftone, namely, that the ftony character of a lava is fully ac- 

counted for by flow cooling after the moft perfect fufion ; and, 

confequently, that no argument againft the intenfity of volcanic 

fire can be founded upon that character. We are therefore 
juftified in believing, as numberlefs facts indicate, that volca- 
nic heat has. often been of exceffive intenfity. 

In the comparifon inftituted between whin and lava, the two 

clafles are found to agree fo exactly in all their properties which 

we have examined, as to lead to a belief of their abfolute identity. 

This identity has been fully eftablifhed by Dr KennEpy, who 

has performed an exact analyfis + of feveral of the very {peci- 

mens of whinftone and lava mentioned in this paper; by which 

he difcovered, that the elements of the two clafles are the-fame: 

above all, that they both contain 4 or 5 per cent. of foda. Their 

agreement in this eflential circamftance feems to account for 

their common properties, whilft the varieties of proportion, 

among their component elements, correfpond to the flight dif- 
ferences 

* As at Malpertui above Piedimonte. 

} Aw account of Dr Kennepy’s analyfis is publifhed in this volume. 
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ferences of refult we have obferved between the individuals of - 

the fame clafs*. j - 

So clofe a refemblance affords a very ftrong prefumption in 

favour of Dr Hutron’s fyftem, according to which both clafles 

are fuppofed to have flowed by the ation of heat ; but the cir- 

cumftances under which they were expofed to this action being 

materially different, we have reafon to look for indications of 

that difference. Such are not wanting. 

Catcareous fpar frequently occurs in whinftone, either in 

veins or in detached nodules, but is never found in lava, and. 

could not exift in a volcanic ftream ; for heat, in fuch cir- 

cumftances, would infallibly drive off the carbonic acid, and 

compel the lime to unite with the other component elements of 

the mafs. In whinftone, which Dr Hutton fuppofes to have 

‘flowed, at fome remote period, in crevices of the earth, at a great 

depth below what was then its furface, the weight and ftrength 

- of the fuperincumbent mafs of ftrata has been fufficient to 

Pe refift 

* Tuoucn chemifts have hitherto overlooked, in their experiments, the mode 

in which bodies were cooled after being reduced to a ftate of fufion,; yet many re- 

fults, which we are now entitled to afcribe to flow cooling, have been occafionally 

obferved. The flag of a furnace bears a ftrong refemblance to what we have call- 

ed the liver cryftallite, and is probably formed in the fame manner. I have feena 

mafs pofléffing, in a great meafure, the ftony charaéter of whins and lavas, which 

was produced in a lime-kiln by the fufion of an impure limeftone ; and Dr BEDDOES 

has obferved a cryftallized texture in the flags of fome iron furnaces. I am informed, 

that the celebrated Mr Kiaprotu has defcribed fome ftriking examples of cryftal- 

lization after fufion, which he obtained in expofing various fubftances to the heat of 

the porcelain furnace at Berlin. 

+ Iv may be afked, what has become of this fuperincumbent mafs ; and by what 

means it has been removed. Dr Hutton anf{wers, that it has been gradually worn 

away during an immenfe courfe of ages, by the aétion of thofe caufes which conti- 

nue, under our eyes, to corrode the furface of the globe.: That the folid parts, be- 

ing conveyed to the bottom of the ocean, are there depofited in beds of fand and 

gravel, which, in fome future revolution, being expofed to heat, may be again con- 

- verted into ftony ftrata. 
: THE 
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refift the expanfion of the carbonic acid, and to conftrain it, up- 

on the principle of Parins digefter, to continue in combination 
with the lime. This compound feems to have entered readily 
into fufion, along with the whinftone, but to have kept feparate 

from it, as oil feparates from water through which it has been 

diffafed, thus giving rife to the fpherical form, which the no- 

dules of calcareous {par generally exhibit with more or lefs re- 
gularity *. ; . 

Tuts circumftance accounts for an appearance which has mif- 

led fome of the early obfervers of our minerals. Many whin- 

{tone 

Tue whole of this fyftem appears to me well founded, except in what regards the 

removal of the fuperincumbent mafs, which has been performed, I conceive, in a 
very different manner. I am inclined to agree on this point with M. Patxas, M. 

DESavussureE, and M. Doromrev, and to believe that, at fome period very re- 

mote with refpeét to our hiftories, though fubfequent to the induration of the mine- 

ral kingdom, the furface of the globe has been {wept by vail torrents, flowing with 

great rapidity, and fo deep as to overtop the mountains; that thefe torrents, by re~ 

moving and undermining the ftrata in fome places, and by forming in others im- 
menfe depofits, have produced the broken and motley ftru€ture, which the loofe 

and external part of our globe every where exhibits. 

In the Alps and in Sicily I have witneffed feveral of thofe curious faéts, upon 
which M. DE Saussure and M. Dotomicgu found their opinion, and which feem to 

juflify their conclufions. I have likewife obferved, in this country, many pheno- 

mena which denote the influence of fimilar agents. Lord Daar, who joins me 

in agreeing with Dr Mutton in almoft every article but this, has added great 
weight to the argument by fome general obfervations on lakes, and by fome 

very interefting fa&ts which he has obferved in the Highlands of Scotland. We 
propofe to purfue this fubjeét, and to lay the refult of our inquiries before the So- 

ciety. Dr Hutton, in the fecond volume of his Theory of the Earth, has taken 

great pains to refute all that has been faid about thefe torrents; but, in my opinion, 

their exiftence is not only quite confiftent with his general views, but feems dedu- 

cible from his fuppofitions, almoft as a neceflary confequence. When the firata, ac- 

cording to his fyftem, were elevated from the bottom of the fea, the removal of fo 

much water, if not performed with unaccountable flownefs, muft have produced tor- 

rents, in all dire@tions, of exceflive magnitude, -and fully adequate to the effects F 

have thus afcribed to them. 

* Tue modifications of the a@ion of heat, occafioned by preffure, which have 

been taken into account by no geologift but Dr Huttoy, diftinguifh-his theory frem 

all other igneous theories, 
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ftone rocks externally refemble very porous lavas, but when 

broken are always found to be quite compact internally, and to 

contain numerous round nodules of calcareous fpar. Near the 
furface, the nodules, being wafhed out by rain, have left the 

cavities which have given rife to this deception. The f{pherical 

form of the air holes in lavas, and of the nodules of calcareous 

{par in whins, feems to have been produced by a caufe common 

to both, the mutual repulfion of two fluids intermixed, but not 

difpofed to unite. 

Ir muft be owned, that this theory of calcareous fpar is as 
yet hypothetical ; but it is fupported by ftrong analogy, and 

promifes to be of fervice, by leading to decifive experiments and 

obfervations. I cannot help. believing, that, by a careful exa- 
mination of the volcanic countries, fats may yet be difcovered 
which will throw light on this fubject. In order to promote 

and direct fuch refearches, I fhall beg leave to ftate fome obfer- 

vations which I made.in thofe countries in 1785, before I was 
attached to any fyftem of geology. ‘ 

Ir is generally fuppofed, that fome lavas of tna contain cal- 

careous {par and zeolite; but this I conceive to be a miftake. 

It is true, as I have feen, that many rocks of tna contain thefe 

fubftances in abundance; but in my opinion thefe rocks are no: _ 

lavas, but have flowed fubterraneoufly like our whins, and are the 

fame with them in every refpeat. A particular diftri@t of Atma,, 

comprehending the Cyclopian Ifles, and the country round La 
Trezza, and the Caftle of Jaci, is decidedly of this defcription ;. 

and yeftiges of the fame kind occur in other parts of the moun- 

tain. In one place foffile coal has been found, and in another we. 

faw marine fhells. In the neighbourhood of Bronte we obfer- 
ved a high ridge formed of {trata of fandftone and limeftone, 

partly overflowed and concealed by recent lavas, but fo placed 
as to render it evident that its continuation formed no inconfi- 

_derable part of the mountain. Thus, £tna being- compofed, 
partly of the fubterranean, and partly of the external produc— 

tions: 
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tions of fire, may be expected to afford numberlefs opportuni- 

ties of purfuing the comparifon between thefe two clafles *. 

A most interefting fcene for fuch a comparifon occurs like- 

wife on Vefuvius. The hiftory of this volcano is fimpler than 

that of Atna, for it has been evidently formed, with all its ap- 

pendages, by the continued action of external eruptions, which 

have raifed it, at fome remote period, from the bottom of a fea, 

occupying all the Campi Phlegrxi, and wafhing the furround- 
ing Appenines. The whole volcano feems once to have con- 

fitted of a fingle large cone, the greateft part of which has funk 

during fome violent eruption, probably that which took place 
in the time of Priny, leaving a fragment of its bafis, now call- 

ed the mountain of Somma. This fragment retains its original 
fhape; and on the fide fronting the towns of Somma and Ota- 
jano, the external conical furface, along which the ancient lavas 

had flowed, is ftill entire. Fronting the centre of the:cone, 

Somma breaks off abruptly, and prefents a vertical cragg, 
fome hundred feet in height, which is concave inwards. 

From the gulf, produced by the ruin of the ancient moun- 
tain, though not exactly from its centre, have arifen the ex- 
plofions which, by repeated accumulation, have formed the 

prefent cone of Vefuvius. Next the fea, this cone has extend- 

ed itfelf fo as completely to cover all remains of the ancient one, 

forming a continued flope from the crater to the foot of the 

mountain. On the oppofite fide it meets the bafe of the craggs 

of Somma, and forms an angle, into which many fucceflive 

ftreams of lava have flowed, producing a narrow horizontal val- 

ley, in the form of a crefcent, called the dtrio del Cavallo. 

From this valley the craggs of Somma prefent a complete view 

of the internal ftructure of the ancient mountain, correfpond- 

ing, in moft things, to what might have been fuppofed. 

Tue various fubftances, depofited fucceflively on the external 

furface of the ancient cone, being cut vertically in this cragg, 

their 

* M. Doromiev has obferved this diftin@ion ; but {uppofes that the mafles which 

we conceive to have flowed fubterraneoufly were erupted at the bottom of the fea. 
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their fucceffion is diftin@ly feen, the fection of each ftratum 
prefenting to the view part of a horizontal circle ; the whole 
confifts of alternate layers of thin {treams of lava, and very thick 
beds of loofe frothy rapi/li, which laft being thrown into the 
air in a foft ftate, had fallen in fhowers on the fides of the 

mountain. ; 
Ln various places the regularity of this arrangement is in- 

terrupted by certain vertical lavas, from two feet to ten or 

twelve in thicknefs, which crofs the ftrata juft defcribed in an 

irregular manner, and pafs upward, without diftinction, through 
the folid beds, and through the loofe ones. It immediately 

occurred to us*, that thefe lavas muft have flowed in fiffures 

of the ancient mountain; and we accounted for them by fup- 

pofing, that a melted ftream, flowing along the external furface,. 

had met in its courfe with one of thofe crevices which are 

formed in all great eruptions, and had flowed into it fo as to 

return again into the heart of the mountain. This conjecture 

very nearly agrees with thofe advanced by M. Dotomigu, and 
by M. Bretstack, who both mention thefe vertical lavas of 

Somma f. 

I wave fince been induced to confider this phenomenon, 

which formerly feemed to prefent only an amufing variety in 

the hiftory of volcanic eruptions, as of the utmoft confequence 

in geology, by fupplying an intermediate link between the 
external and the fubterraneous: productions of heat. I now 
think, that, though we judged rightly in believing thofe lavas 

R apere to- 

* I saw this place in company with Dr J. Home in 1785. 

+ M..Dotomiev conceives thefe lavas to have flowed over the lips of the nee 

(Tiles Ponces, p. 100.) ; M. BREIsLack, that they had firft filled the open cavity 
of the crater, and from thence had flowed into crevices formed in its fides, “‘ che 

_ “una lava avendo riempita la cavita del cratere fi fofle infinuata per quefle fendi- 
“ture,” (Topograjia Fifica della Campania, p.115.). This laft mentioned work, 
publithed in 1798, contains many interefting and accurate defcriptions. Should the 
circumftances of the times permit, the author will have it in his power to follow out,, 
with every advantage, the hints I have fuggefted. 
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to have flowed in crevices, we were miftaken as to their direc- 

tion; for inftead of flowing downwards, I am convinced they 

have flowed upwards, and that the crevices have performed the 
office of pipes, through which lateral explofions have found a 
vent. This will appear in the higheft degree probable, when 

we attend to the known hiftory of volcanic-eruptions. It gene- 

rally happens, that the lava begins to flow from the fummit, in 

confequence of the crater being filled with liquid matter up to 

the brim. At that. moment the bafis of the mountain muft 

be prefled outwards by a very great hydroftatical force, equal 
to the weight of a column of liguid lava as high as the moun- 

tain itfelf. It is natural then to expect, that this preflure, 

aflifted by ftrong percuffions of explofion, fhould lacerate the 

body of the hill, and form great rents. The lava, urged up- 

wards by the fame preflure, would flow through thefe rents, 

and emerge at the furface with violence. The difcharge would 

continue through this channel till the propelling force had cea- 
fed, when the rents would be left full of lava; which, cooling 

in that pofition, would produce vertical lavas, fuch as thofe 

of Somma. This fuppofition is confirmed by various pheno- 
mena: The lava ceafes to flow from the crater as foon as a la- 
teral eruption has begun; when it rufhes with fuch violence 

from the fide of the mountain as to fly toa great height into 

the air, like a jet d’eau ; and it often makes its appearance, 

in the fame inftant, at various mouths, which are not feat- 

tered at random, but placed in one continued line, indicating 

the difcharge from a rent. Some circumftances likewife, which 

I obferved on a clofe examination of the vertical lavas, indi- 

cate that the crevices had performed the office of pipes. Fre- 
quently. the fubftance at the middle differs from that on 
each fide, whilft the fides refemble each other exa@tly. I explain 

this, by fuppofing that the lava, which had firft flowed through 

the pipe, and had coated its fides with folid matter, had been fol- 
lowed 
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lowed by a ftream: fomewhat different, which had remain- 
ed there on the cooling of the whole. In one cafe, I found 
lava on each fide, and in the middle tuffa, which is generally 

fuppofed to have been erupted in the {tate of watery mud. In 

another, the fubftance in immediate contact with the moun- 

taim is vitreous, the reft being common lava. This is fully ex- 

plained by our experiments, if we fuppofe the ftream to have 

flowed into a cold crevice. . 

‘To apply thefe obfervations to the general hiftory of the 
globe: It is evident that the vertical lavas bear the clofeft. re- 

femblance, in point of pofition, to veins of every defcription, 
“which, in all parts of the world, are found penetrating the 

ftrata, and which, according to Dr Hutton, have flowed by 

means of fubterraneous heat. ‘The veins, or dikes, (as they are 

called), of whinftone, which fo commonly occur in this country, 
differ from them in no circumftance which I had the means of 

obferving. It is therefore natural to expect that, if examined. 
- with particular care, their agreement will be found complete. Of 
this, however, we muft not form too fanguine expectations ; for 

though the vertical lavas of Somma have undoubtedly fuftained 
the preffure of a great fuperincumbent mafs, we have no proof 

that this force was fufficiently ftrong, as Dr Hutton fuppofes 

was the cafe in whinftone, to reprefs the volatility of carbonic 

acid. On the other hand, as we are yet entirely ignorant of 
the degree of force requifite for this purpofe, we have no proof 
that it has been too weak. All the veins of Somma I examined 
were abfolutely compact, except one which was full of pores. I 

am unable to determine whether this was the real porefity of a 
lava, or whether, as in our whins, it arofe from the removal, 

near the furface, of nodules of calcareous fpar. Granting that 
thefe pores were real air holes, the circumftance was peculiar to 
that fingle ftream, and may have been owing to an inferior de- 

_ gree of preffure ; salty in this refpect, we have reafon to look for 
Part I. K the 

\ 
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the greateft diverfity. Some vertical ftreams muft have flowed . 

while the mountain was yet low; others may have found vent 

at a low level; in both which cafes, the preffure would be 
feeble: whereas other ftreams, communicating with elevated 
lateral eruptions, would fuftain, in their lower parts, the full re- 

action of deep columns of liquid lava, and may be expected. 
to exhibit the effects of great preflure. Should any future tra- 

veller be fortunate enough to meet with a nodule of calcareous | 

{par in a lava, occupying the crevice of a mountain formed 
by undoubted external eruptions, all that has been faid of the 

effets of preflure would ceafe to be hypothetical, and this fun- 

damental article of Dr Hurron’s theory would be eftablifhed 
beyond difpute. 

I HAVE now examined the relation between whinftone and 
Java in various points of view; and the refult of the invefti- 
gation, by fhowing the intimate connection between the two 

claffes, tends ftrongly to confirm the ideas of Dr Hutton. I 

flatter myfelf, likewife, that the experiments, independently of 
the general views of geology, are of fome value, by account- 

ing for the {tony character of lavas, and thus enabling us to dif- 

penfe with the various myftical fuppofitions which have of late 
perplexed the hiftory of volcanic phenomena. 

TABLE 
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[V. 4 CuemicaL ANAtysis of TureE Species of WHIN- 

sTONE, and Two of Lava. By ROBERT KENNEDY, M.D. 

F. R.S. & F. A. S. Epin. 

[ Read, December 3. 1798.] 

N the sth of —Auguft laft, I announced to the Society that 
I had difcovered foda in feveral varieties of the whin- 

ftone * of Scotland, and alfo in lava from Mount tna; but did 

not defcribe the various experiments to which thefe fubftances 

had been fubjeéted in my examination of them. In the follow- 
ing paper, therefore, I have the honour of laying an account of 
thefe experiments before the Society. 

ANALYSIS I. 

Bafalt of Staffa. | 

Tue fpecimen of this bafalt, fubmitted to the following ana- 
lyfis, was given me by a gentleman, who brought it himfelf 
from the celebrated bafaltic columns in Staffa. A defcription 
of its external mineralogical characters may be found in Sir 
James Haxx’s paper, (p. 55. of this volume), to which I beg 
leave to refer. | 

Tuis 

* Tue name whinftone is nfed throughout this paper in a generic fenfe, compre- 

hending bafalt; trap, certain kinds of porphyry, wacken, and fome other ftones of 
the argillaceous clafs. 
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Tus bafalt, though reduced to fine powder, does not effer- 

vefce with acids. The colour of the powder is greyifh, and 

when wet greenifh. By being expofed to a low red heat, the 

colour of the ftone is changed to brown. It is not attracted by 

the magnet, either in its natural ftate, or after being heated red 

hot. x 

Irs fpecific gravity, taken in diftilled water at the tempera- 

ture of 60° of FAHRENHEIT, I found to be 2.872. 

Some {mall pieces being expofed to a low red heat for half 

an hour, loft 5 per cent. in weight ; and when the ftone was re- 

duced to powder, and heated red hot, she lofs. was the fame. 

I alfo examined the effeéts of high heat on it, in the following 

manner. - Having made fome {mall crucibles of the porcelain 

clay of Cornwall, which 1 ufed on account of its great. purity 

and infufibility, I baked them. in pretty ftrong fires, generally 

above 100 of WEDGwoop. As foon as they were cold, they 

were each exadtly weighed. A portion of the bafalt in frag- 

ments, alfo weighed, being put into one of thefe {mall crucibles, 

and,a pyrometer into,another of the fame fize, both were pla- 

ced in.a Heffian crucible. A fmall flat cover, alfo.made of the 

porcelain clay, was laid upon each;,and then.a lid was careful- 

-_ ly luted on the Heffian crucible with clay and fand, The ap- 

paratus thus. prepared was next fet into,a furnace ;, and the fire 

being raifed gradually till it appeared to have attained the 

pitch defired, it was kept as equal as poflible for about an, hour. 

The fmall crucible, and the melted bafalt it, contained, being 

weighed as foon as cold, it was eafy to determine how much 

weight was loft. 

In this manner fome of the bafalt was expofed to a heat of 

72 of Wepewoop; at which. it.was vitrified, and loft exactly 

the fame weight asin a low red heat. At 160 the effects were 

in every refpect the fame ; the lofs not being greater in that in- 

tenfe fire. The fimall crucibles, in which the pyrometers had, 

been 
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been placed, did not in thefe experiments lofe the fmalleft 
Weight. 

THE -volatile matter thus driven off by heat is partly water, 

as the following experiment fhows: I put half a pound Troy of 

the bafalt in fragments, into a fmall Wepcwoon retort, and 

luted to it a receiver, into an aperture of which was fitted one 

end of a glafs tube, the other end being adapted to a pneuma» 

tic apparatus. The retort was then heated flowly to rednefs, © 
and kept moderately red hot for two hours. In the receiver 
fome water was condenfed. Some gas alfo pafled over; but I 

could not afcertain with precifion either its quantity or its na- 
ture, as it was mixed with the air of the receiver. I have not 

made farther experiments on the volatile matter contained in 

whins ; but it deferves to be examined with attention. 

Tuts bafalt being expofed to heat in a mufHle, was found to 
foften at 38 of WEDGwoop *. 

Some of it being reduced to fine powder, was boiled in thir- 

ty times its weight of water for half an hour. After filtration 
the water was examined with different chemical tefts, but gave 

no precipitate with any, except-a flight cloud with nitrate of 

filver; and a portion being evaporated to drynefs, left only 

fome thin ftreaks on the bottom of the glafs. 
Havinc premifed thefe particulars, I proceed to defcribe the 

analyfis. 
1. ONE hundred grains of the bafalt, reduced to fine powder 

in a WEDGwooD mortar7, were mixed, in a fmall retort, with 

about 

* Tue fufibility of this, and the other fubftances to be afterwards mentioned, 

I examined with Sir James Hatx. For this purpofe, a {mall piece of each was 
placed, with a pyrometer as near to it as poffible, in'an open muffle previoufly heat- 
ed to rednefs. It could thus be feen perfeétly during the operation, and the fire be- 

ing raifed, as foon as it was found to be foft, when prefled flightly by an iron rod, 

the degree of heat was afcertained by meafuring the pyrometer. 

+ THE mortar I ufed was not feratched by any of the whins or lavas mentioned 

in this paper. 
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about 1200 grains of muriatic acid; and a receiver being adapt- - 

ed, the mixture was gradually heated till it boiled. It was at 

firft of a brownifh-yellow colour, but afterwards became brown- 

ifh. Part of the powder was diffolved. To diftill off the un- 

combined acid, the heat was continued till the mixture began 

to grow thick. It was then diluted with boiling diftilled water, 

and poured on a filter; and the undiffolved part, after proper 

edulcoration, being dried and heated red hot a few minutes, 

weighed 67% grains, and was greyifh-white. 

>. Tue filtered folution was of a faint yellowifh-brown co- 

lour. Being faturated with cauftic ammonia, a bulky precipi- 

~ tate was thrown down, which was carefully feparated by filtra~ 

tion. It had at firft a dirty greenifh-colour, which was after- 

wards changed to brown by the action of the air. 

3. Tue folution, after being freed from this precipitate, was 

perfectly colourlefs and tranfparent. I dropt into it a fmall 

quantity of fulphuric acid, which produced no cloud ; confe- 

quently the folution contained neither barytes nor ftrontian. It 

was then evaporated to a fmall quantity, and treated with car- 

bonate of ammonia. Some white earth was thrown down, ap- 

parently carbonate of lime, which after being wafhed, ‘dried, 

- and heated red’ hot a few minutes, weighed 6+ grains. 

4. THE infoluble refiduum, No. 1. which weighed 67+ grains, 

I mixed in a filver crucible with a folution of cauftic potath, 

containing as much alkali as was equal to twice the weight of 

the refiduum. This mixture, being evaporated to drynefs, was 

expofed for one hour to a red heat, in which it melted. When 

cold, the mafs was green. After being foftened, and wafhed 

out of the crucible with boiling diftilled water, it was fuperfatu- 

rated with muriatic acid, by which the greater part was diffol- 

ved. This mixture, being then evaporated to a fmall quantity, 

became gelatinous. It was next diluted with water, digefted, 

and filtered. Some filex remained on the filter, which, after 

proper 
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proper wafhing, being dried, and heated red hot a quarter of an 
hour, weighed 43 grains, and was perfectly white. To learn whe- 

ther this filex was free from every other earth, I mixed a part of 

it with four parts of carbonate of foda, and melted the mixture 
in a filver crucible. Water, being poured on the melted mafs, 

diffolved it entirely into a liquor filicum, which was diluted 

largely, and faturated exactly with an acid. No precipitate ap- 

peared, even after fix or eight days; therefore thefe 43 grains 
were pure filex. 

g- Tue folution, No. 4. (from which the filex had been fepa- 
rated), was of a light greenifh colour. Cauftic ammonia, when 
poured into it, threw down a brownifh precipitate. Having 
carefully feparated this precipitate, and wafhed it on a filter, I 
dropt into the remaining folution, which was now colourlefs 
and tranfparent, a {mall quantity of fulphuric. acid, in order to 

deteét barytes or ftrontian. No precipitate was formed. The 

folution was then evaporated to a {mall quantity, and treat- 
ed with carbonate of ammonia, by which a fecond portion of 

carbonate of lime was obtained. Its weight, after being heated 

red hot, was 9} grains. 

6. THE brownifh precipitates, thrown down from the folu- 

tions No. 2. and 5. by cauftic ammonia, had the appearance of 

argil mixed with iron. To feparate the argil, thefe precipitates 

were mixed together, and boiled, while {till moift, in a folution 

of cauftic potafh, in a filver crucible. A part was diflolved ; 

but a fpongy matter remained, of a darker brown colour than 

at firft, which was colleéted on a filter. 
7. Into the cauftic-alkaline folution I poured fulphuric acid, 

till lightly in excefs, and neutralifed it again by carbonate of 

foda. The argil was precipitated ; which being fufficiently 

wafhed, was rediffolved in diluted fulphuric acid. This folu- 

tion was then mixed with fome acetite of potafh, and gave, by 

fucceflive evaporations, {mall regular cryftals of alum, At laft 
: it 
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_ it became gelatinous ; and being évaporated to drynefs, and di- 

luted again with water, 1 grain of filex was left. The remain- 

ing folution produced, to the laft drop, cryftals of alum*. I 

diffolved thefe cryftals in water, and precipitated the argil 

by carbonate of ‘ammonia. After being carefully wathed, 

dried, and heated red hot a quarter of an hour, it weighed 12 

grains. 

8. Tue brownith matter, No. 6. infoluble in cauftic potafh, 

feemed to be oxyd of iron; and after having been heated red hot, 

weighed 24+ grains. I powdered this mafs, and poured on it 

fome acetous acid, inorder to dete&t magnefia; but nothing was 

diffolved. It was next treated with nitric acid, which diffolved 

the iron, but left 4 grains of filex. The iron being precipitated, 

dried, and. heated red hot, weighed 20 grains, and was magne- 

tic. Sufpecting that fome argil might ftill be mixed with it, 

from having efcaped the action of the cauftic potafh, I diffolved 

5 grains in muriatic acid, and precipitated the iron by Pruffian 

alkali. Having feparated the blue precipitate, I boiled the folu- 

tion with carbonate of foda, and obtained 1 grain of argil. 

Thefe 20 grains confifted, therefore, of 16 grains of iron, and 4 

grains of argil. 
THE remaining part of the iron was melted for an hour, with 

ten times its weight of nitre, in order to dete¢t manganefe. The 
mixture, however, when cold, was not greenifh; and water 

made a colourlefs folution of the faline matter, which did not 

become turbid, when expofed fome days to the action of the 

air t. 

art I. i, g. THE 

* Iv therefore contained none of the ‘earth which VAUQUELIN lately difcovered, 

and to which he has given the name of glucine. 

-_ 41 THIvk, however, it is probable, that this bafalt contained a {mall quantity of 
“manganefe, both from the brownith colour of the folution, No. x. and from the 

green colour which the undiffolved refiduum gave, by fufion, with cauftic potath. 



82 CHEMIGAL ANALYSIS 

g. Tus two portions of white earth above mentioned, which 

feemed to be carbonate of lime, weighed together 16 grains. 

To feparate magnefia, if any were mixed with this earth, I put 

it into a little water, and added fulphuric acid till flightly in ex- 

cefs. Sulphate of lime was produced. Having poured fome 

alkohol into this mixture, I filtered it, and wafhed the fulphate 

of lime with more alkohol diluted with water. The filtered h- 

quor was then boiled with carbonate of foda, but no magnefia 

was precipitated. 

THESE 16 grains were therefore carbonate of lime, of which, 

according to Mr Kuarroru’s calculation, about 9 grains were 

pure lime. 

One hundred parts of the bafalt of Staffa contain, according 

to the above analyfis : 

Silex, - (No. 4. 7. and 8.). - 48. 

Argil, 4 (No. 7. and 8.). oe 16 

Oxyd of iron, - (No. 8.). - - 16 

Lime, - (No. 9.)- - - 9 

Moifture, and other vol. matter, - - 5 

94. 

Tue fum is o4 parts; confequently there is a lofs of 6 per 

cent. 

Axsour a year ago I analyzed: fpecimens of fome of the whins 

in the neighbourhood of Edinburgh, and found, that the fum 

of the earths and iron, feparated by, the analyfes, never amount- 

ed to more than 93 or 94 per cent. ; fo that the lofs was 

always equal to that juft mentioned: It was this circumftance 

which firft led me to fufpe€t that fome faline fubftance exifted — 
in 
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in thefe ftones ; and their, confiderable fufibility favoured the 

fufpicion. 
Soon after ‘hele Satis bas were, made, I obferved another citr- 

cumftance, which amounted to an abfolute proof of the whins 

containing fomething of a faline nature, in combination with 

their earthy. bafes.. Moft of the artificial cryftallites, made by 

Sir JAMES Haun, which) I had always an opportunity of exa~ 

mining, threw out on their furfaces, two or three weeks after 
their formation, a white eflorefcence, which had a very falt 

- tafte. It) was in too’ {mall quantity to be colleéted and exami- 

% 

ned; but when wafhed off, it was often formed a fecond time, 
I was thus convinced of the exiftence of fome faline fub- 

fiance in thefe bodies, and made different experiments with fe- 

veral of them, in order to feparate it, and afcertain its nature ; 

and foon found that it was foda. 
I sHALL next defcribe fome of the methods by which this al- 

kali was moft eafily feparated from the earthy parts of the 
whins. 

_ Experiments to obtain the Soda, and determine its Quantity. 

Havine broken fome of the bafalt of Staffa to {mall frag- 
ments, I weighed 400 grains, and ground the whole with water 
to an extremely fine powder, in a WEDGwooD mortar. The 
powder, and the water with which it had been ground, were 

“then put into a fmall retort, and mixed with about 1200 grains 
of fulphuric acid, which I had carefully diftilled for this ope- 
ration. I placed the retort in the fand bath of a {mall furnace 
which I ufe for analyfes, adapted a receiver, raifed the fire till 
the acid began to diftill flowly, and carried on the diftillation 
to drynefs. Water was then poured into the retort; and boiled, 
the mixture thrown on a filter, and the undiffolved fefidiarh 
fufficiently wathed, This refiduum was next treated a fecond 

time : 
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time with a frefh portion of fulphuric acid; and afterwatds 
boiled with water, filtered and wafhed, exactly in the fame man- 

ner as before. The undiffolved part of the {tone was now al- 

moft white. 

Tue filtered folutions being mixed together, were evaporated 
to drynefs; and the faline mafs which remained was heated red 
hot for one hour in a clean and new Heffian crucible. When 

cold the mafs was of a brick red colour. Having powdered it 

well, I boiled it in water, poured the whole on a filter, and 

wafhed the reddifh matter carefully. This filtered liquor, in 
which all the foda, feparated from the bafalt by the fulphuric 
acid, was diflolved in the ftate of fulphate of foda, could contain 

only a fmall quantity of earthy matter; for the greater part of 

the fulphate of argil, and of iron, formed by the firft part of 
the procefs, muft have been decompofed by the red heat, to 

which the mafs was afterwards expofed. Accordingly, the fo- 

lution being treated with carbonate of ammonia, only a {mall 
quantity of a precipitate was thrown down, which was careful- 

ly feparated. The folution was then evaporated to drynefs. A 
faline mafs remained, confifting, in part, of fulphate of ammo- 
nia; to feparate which the whole was expofed to heat in a {mall 

crucible, and when it ceafed to emit fumes, the heat was increa- 

fed to rednefs. A fixed white falt was left, which weighed 25 
grains. 

Tuts falt I rediffolved in water, added fome carbonate of am- _ 

monia, and heated the mixture till it boiled. A {mall quantity, 
of an earthy precipitate was again thrown down, which being 
feparated by filtration, the folution was evaporated to drynedfs, 

and the falt which remained heated red hot a fecond time. _ By 
thefe fucceflive operations, all the earthy matter, at firft diffol- 

ved, was feparated. The falt now weighed 23 grains, andhad 

all the properties of fulphate of foda. Thefe properties were 
the following < 

Page tie 
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or. It was not volatile inva moderate red heat. 

_ 2. APTER being thus dried, it diffolved readily in about fix times 

its ‘weight of water, atthe temperature of 60 of FAHRENHEIT. 

3. Tus folution gave, by evaporation, cryftals exactly the 

fame in form’as artificial fulphate of foda; and thefe cryftals 

efloreteed.) in dry air. 
“4! AopaRT of ‘the folution of this falt being boiled with car- 
bonate of foda, gave no puaeibirs ts ras aise that it contained 

no earthy matter.” 
5. Some of the folution being mixed vith a very ftrong fo- 

Jution of acid of tartar, ae aa Gad 5 ; the falt therefore 

contained no potafh. (008 yo: 4 
6. Some of the falt being diffolved in water, was decompofed 

by nitrate of barytes; and the fulphate of barytes produced was 
feparated by filtration. The nitricacid, thus united to the al- 
kaline'bafis, formed a faline compound, which, in the next place, 

-was' mixed and ‘deflagrated with charcoal. By wafhing the 
-coaly refiduum, and evaporating the water, I obtained pure car- 
bonate ‘of foda, which efflorefced readily in the air. 

_ 9 THERE canbe no fufpicion of the retort which was ufed fur- 
nifhing any part of the alkali; for weighed it previoufly ina 
balance of great accuracy ; and after the operation was finifhed, 
found its weight exactly the fame as at firft, and the luftre of 

the glafs kar unimpaired.. 

_ THE ‘shin, ‘ghich, I next. fubmitted to examination, for the 
purpofe of feparating the foda, was taken from a quarry near 
the Water of Leith *. I ufed a confiderable quantity, 800 grains; 
which were diftilled twice with fulphuric acid, and then treated 
in every refpet exaly as the preceding. ‘The fulphate of foda 
obtained, BP OURIst to. 43 grains. 

I 
* lan ey is tie firf mentioned! i in Sir (po Haz’ s. ‘paper When pow- 

dered, iteffervefced flightly with acids. Tdid not analyze it; but, in the courfe of the 
procefs for dete€ting foda, one of the earthy precipates proved, upon examination, to 

be magnefia, It is the only whin in which I have found this earth. 
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[ arrerwarps fubjected fome other whinftones to the farne 
kind of procefles, and in’each fpecies found foda.' The nitric 
and muriatic acids alfo diffolve a certain quantity of the alkali 
¢ontained in thefe fubftances ; but their aétion is weaker than 

that of the fulphuric acid. 

By the experiments now defcribed, there were feparated from 

100 parts of each of the whins, between five and fix parts of 
fulphate of foda, which may be equal to two or three parts of 

pure foda. But as. thefe two or three parts, when added to the 
fum of the-earths and iron, did not account for the lofs of 6 or 

7 per cent. always obferved in my analyfes, I was fatisfied that 

the whole of the alkali was not obtained by the procefles which 
were followed; even although, in that with the whin from the 
Water of Leith, it had been expofed, in very fine powder, to the 

action of the fulphuric acid, at a boiling heat, for more than eigh- 
teen hours. It appeared neceflary, therefore, to try other methods; 

and after fome confideration it occurred to me, that if the pow- 

dered whins could be expofed, while red hot, to the vapours of the 
fulphuric acid, alfo'in a red hot ftate, ‘its. power in feparating 
the whole of the alkali from the earthy bafes of thefe fubftances, 
would probably be greatly increafed in fo high a temperature. 

I fucceeded in applying a red heat both to the powdered ftone, 
and to the acid at the fame time, by the following means. 

Some of the bafalt of Staffa being mixed, in very fine pow- 
der, with three parts of fulphuric acid, the mixture was evapo-* 

rated flowly to drynefs in a fand bath. The dry mafs was then 
heated gradually to rednefs, and kept in the fire for one hour. 
It was next powdered, and boiled in water; and the water being 
filteted, was treated with carbonate of ammonia, which threw 

down a {mall quantity of a brownifh precipitate. After fepara- 
ting this precipitate by filtration, the liquor was evaporated to 

drynefé, and the fulphate of foda, which was left, was purified 

332 in 
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in the manner already defcribed, and ie ted hot. It. a- 

mounted to 9 parts for every 100 parts of the bafalt employ- 

ed. 
In this experiment, the fulphuric acid was gobi aininésh to a part 

of the lime, of the argil, and. of the iron, contained in the f{tone; 

and afterwards, when the mafs was expofed to a red heat, the 

acid was driven off party or wholly from thefe, and applied in 

red hot vapours to every part of the powder; by which its ac- 
tion appears to have been rendered much more powerful, as 9 
per cent. of fulphate of foda was: produced: and by the fame 
procefs, fo fimple and eafy to execute, I got) from the reft: of 
the fubftances, to be mentioned in this paper, from 8 to: 11 per 
cent, of falphate of foda, although, when the were merely boil- 

ed in the acid, the quantity of this falt never exceeded is or 6 
per cent. ; 

As the proportion of acid and alkali in neutral falts has not 
been hitherto determined with certainty, the quantity of foda 
an thefe whins cannot be exactly known. But it is probable 
that 9, parts. of fulphate of foda, dried, by a red heat, do not 
contain, lefs than 34.0r; 4, parts: of pure: alkali* ; which muft 

therefore be, epafidered as, the weight in. 100 parts of the bafalt 
of Staffa,; and as. 35 or 4 parts of foda, when added, to the fum 

of, the earths, and; iron, amount nearly to the 100 parts of the 
ftone. employed in, the analyfis,, this calculation. may be reckoned 
very near the truth. For the fame reafons I think it likely, that 

the greater part, or the wholé of the foda, was obtained from the 
bafalt by. the proces; which hasbeen. laft defcribed. 

Ir is well known among the friends of the ‘late Dr Hutton, 
that he made fome experiments on zeolite; by which he con- 

: cluded, that foda pote into the compofition of that fub- 
' ame Dy ftance- 

iy 

* Tats is neatly the proportion’ given by Mr'Kinwawys °! 
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ftance *. He has not mentioned the circumftance in any of his 
works; but Dr Biack has been accuftomed, as he informed me 

himfelf, to take notice of it in his leGtures on chemiftry, for 
many years. It is my intention to analyze fome fpecies of zeo- 
lite; and if the refults feem of any importance, they fhall be 
laid before the Society. 

Amonc the experiments on the bafalt of Staffa, already de- 
fcribed, it has been obferved, that, when the powder was boil- 
ed in water, a flight precipitate was produced in the water by 
nitrate of filver, thus indicating fome traces of muriatic acid. 

As it appeared of importance to determine how much of this 
acid the bafalt contained, I fubjeéted fome of it to examination 

for that purpofe. 

Experiments to afcertain the Quantity of Muriatic Acid in the Ba- 
Salt of Staffa. 

One hundred grains of the ftone, in fine powder, were mix- 
ed in a fmall retort with fome nitric acid ; and a receiver being 
adapted, the mixture was boiled gently, till the greater part of 
the acid had diftilled over. The liquor in the receiver being 

examined with nitrate of barytes, remained unaffected; but 

gave a flight cloud with nitrate of filver, which fhewed that it 
contained fome muriatic acid. 

THE mafs in the retort being diluted with water, the whole 
was filtered ; and this filtered liquor produced no cloud with 
nitrate of barytes, but gave, like the former, a flight precipitate 

with nitrate of filver. 
In 

* In the 26th volume of the Annales de Chimie, p 119. M. ScHERER, in a letter 

to Van Mons, fays, that he was informed by Dr Brack, that Dr Hotron had, 

long ago, found fota/h in zeolite. In this ftatement M. ScuEreEr is incorrect; be- 

canfe it was foda, as above mentioned, which Dr Huron obtained from that fubftance. 
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In the next place, the undiflolved refiduum was mixed with 

twice its weight of very pure cauftic potafh, and expofed to a 

low red heat, for an hour, in a filver crucible. The mafs was 

then diluted with water, fuperfaturated flightly with nitric acid, 

and filtered. With this folution nitrate of barytes produced no 

effect ; confequently, thefe experiments fhow, that the ftone in 

queftion does not contain any traces of fulphuric acid. With 

nitrate of filver, however, the folution gave a white precipitate, 

more abundant than the two preceding. The different portions 

of muriate of filver, being collected, and dried on a fand bath, 

weighed only 4 grains. 

As a fourth part of muriate of filver confifts of -acid, accord- 

ing to the moft correét experiments hitherto publifhed, thefe 4 

grains confequently indicate, in 100 parts of this bafalt, only a- 

bout one of muriatic acid. All the whins and lavas, to be men- 

tioned in the remaining part of this paper, were found, by a fi- 

milar procefs, to contain about the fame quantity. 

Accorp1nG to the refults of thefe different procefles, there are, 

‘in 100 parts of the bafalt of Staffa, 

Silex, - - = 48 

Argil, es . 3 = 16 

Oxyd of iron, ~ - = 16 
Lime, - - - - 9 

Moifture, and other vol. matter, - 5 
Soda, about - - - - 4 

Muriatic acid, about - 7 = I 

99 

I nave thus detailed exactly the various experiments per- 
formed in analyzing this fpecies. As all the other whins, and 
the lavas, which follow, were analyzed in the fame manner, and 

Part I, M exhibited 
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exhibited nearly the fame chemical properties, the refults only, 
in each example, fhall be mentioned. 

ANALYSIS II. 

Whin of Salifbury Rock. 

Tuer f{pecimen employed was chofen from the fouth fide of 

the cragg, and was perfetly hard and free from decompofition, 
as the particular fpot from which I broke it had been quarried 
a fhort time before. 
A DESCRIPTION of its external characters may be found in 

p- 54. of this volume. Its powder is light greenifh-grey ; but 
after being wet, acquires a dirty green colour. When heated 
to rednefs, it becomes light brown. Though not attra@ted by 
the magnet in its natural ftate, it becomes magnetic after being 
heated red hot. It does not effervefce with acids. When expo- 
fed to a low red heat for half an hour, whether in fragments 

or in powder, it lofes 4 per cent. in weight. It foftens at ¢5 of 
Wepcwoop. Its fpecific gravity is 2.802. After being boiled, 
in the ftate of fine powder, in ten or twelve parts of muriatic 

acid, the infoluble refiduum amounted to 65 per cent. 

I ANALYZED 200 grains of this whin, and found that it con- 

tained, in 100 parts, ; 

Silex, - - - = 46 
Argil, - - - 19 

Oxyd of iron, - - . 17 
Lime, - - - a 8 
Moifture, and other vol. matter, viot 4 
Soda, about - - = 4.5 

Muriatic acid, about - - I 

98.5 
~ ANALYSIS 
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ANALYSIS Ill. 

Whin of the Calton Hill, near Edinburgh. 

Tue rock of this hill varies much in dito aaee ;_ but its 

general character is that of porphyry. The piece I chofe for 

analyfis was taken from the fouth fide, about ten or twelve feet 
below its higheft point ; and was free from calcareous {par. 
THE external characters of this particular piece are as fol- 

low : It confifts of a greyifh bafis, containing rhomboidal cry- 
ftals of felfpar of a light reddifh-brown colour ; and {mall {phe- 
rical mafles of green earth. The bafis, in its fracture, is uneven, 

and earthy, and has no luftre. It can be fcratched eafily with 

a knife, and gives an earthy fmell when breathed on. The 

green earth is foft, and is affected in. fome degree by water ; 
and being decompofed by the weather, as well as the veins and 

_ nodules of calcareous {par, which are very commen in this hill, 
the rock in many places is extremely porous. 

Tue fpecimen I have defcribed may be called argillaceous 
porphyry. It effervefces flightly with acids ; fo that the lime 
which it contains muft be united to carbonic acid. Its powder 

is light grey, with a certain fhade of purple. When heated to 
rednefs, it becomes of a brown colour. It is not attracted by 
the magnet, either in its natural ftate, or after ignition. By be- 
ing expofed to a low red heat for half an hour, it lofes 5 per 
cent. of its weight. It foftens at 44 of WEDGwoop. Its fpeci- 
fic gravity is 2.663, as nearly as [ could afcertain, from the ef- 
feé& which the water had in making it crumble down. 

M2 . ONE 
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One hundred parts contain, 

Silex, - . - - 50 
Argil, - - - - 18.50 

Oxyd of iron, - - - 16.75 
Carbonate of lime, - - - 3 

Moifture, and other vol. matter, - 5 
Soda, about = = 2 4 

Muriatic acid, about - - I 

98.25 

ANALYSIS IV. 

Lava of Catania. Etna. 

Tuts lava, and the fpecies to be next mentioned, were brought 

from Mount tna by Sir James Hatt and Dr James Home. 
At their requeft I analyzed fpecimens of each. Mineralogifts 
are well acquainted with thefe lavas, from the defcriptions 
which have been given of them by M. Dotomteu ; therefore it 

is unneceflary for me to mention their external characters. 
TuE lava of Catania gives a powder of a light grey colour, 

which is very little changed in appearance by being heated red 

hot. After it is wet, it becomes dark grey. When this lava is 
reduced to {mall fragments, fome parts of it are attracted by the 

magnet, and others are not. In fine powder it is but feebly at- 

tracted ; and after ignition its qualities in this refpe& do not 

feem to be altered. It foftens at 33 of WeDGwoop. The fpe- 
cific gravity of the pieces moft free from air bubbles, is 2.795. 

I Ave expofed this lava, in the manner already defcribed, 

to various degrees of heat, from rednefs to 158 of WEDGwooD, 

and conftantly obferved that it never loft the fmalleft weight. 
WHEN 



Of WHINSTONE ad LAVA | 93 

WueEN boiled like the whins in muriatic acid, the part re- 

maining undiffolved weighed 68 per cent. 

THERE are in 100 parts, 

Silexy 3) 5.'ho7 - - - 51 

Argil, - ~ - -— 19 

Oxyd of iron, - - - 14.50 

Lime, - ~ - - 9.50 

Soda, about - - “ 4 

Muriatic acid, about - - I 

99- 

ANALYSIS V. 

Lava Sta Venere, Piedimonte, fEina*. 

Turis fpecies gives, like the preceding, a greyifh powder, 

which becomes dark grey when 
wet, and its colour is fcarcely 

affected by being expofed to a low red heat. It is but feebly at- 

‘traGted by the magnet, whether in fmall fragments or in pow- 

der ; and its qualities in this refpect are not changed by low 

ignition. 

Ir foftens at 32 of WEDGwoop, and does not lofe any weight 

in fires between 150 and 160. After being boiled in muriatic 

acid, it left 68 parts per cent. undiffolved. Its fpecific gravity is 

2.323. 

In 

* Doxom1ev, in defcribing this lava, fays, that its fracture is conchoidal, like that 

of filex. The fpecimen which I analyzed had-an‘uneven fra@ture ; and its colour was 

blackith-blue : in other refpetts, however, it anfwered to DozomiEv’s. defcription. 
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In 100 parts I found, 

Silex, . - - = 50.75 

Argil, - - - - 17.50 
Oxyd of iron, - - - 14.25 

Lime, - ma - fe) 
Soda, about - 2 = 4 

Muriatic acid, about - 2 I 

97-50 

In analyzing thefe two lavas, I examined the different folu- 
tions, with particular attention, for magnefia, and fulphuric 
acid ; but could not deteét any traces of either of thefe fub- 
ftances. 

THE refults of thefe analyfes fhow, that whins, and a certain 
clafs of lavas, taken from remote quarters of the globe, confift 

of the fame component elements, united in each, nearly in the 

fame proportion. ‘The only circumftance in which they mate- 
rially differ, is the lofs of fome volatile matter in the fire, which 

is peculiar to the whins alone. 

WE need not be now furprifed at the facts mentioned by Do- 
LoMIEU, and others, of foda being found about volcanos, or up- 

on the furface of lavas; as it has thus been fhown to exift in 

thefe fubftances in combination with their earthy bafes. 

TuE faéts and experiments I am next to mention will prove, 

that whins and lavas are not the only {tones which contain fo- 

day 
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da; and will even render it probable, that this alkali is widely 

diffufed through mineral bodies. 
Soon after I firft difcovered it in whins, and had communi- 

cated the circumftance to Sir James Hatt, he fent me, from a 

high fandftone rock in his eftate, a quantity of the {tone decom- 

pofed ; and informed me that there was a faline efflorefcence. 

mixed with it, which was collected along with the loofe matter, 

and which feemed, by the tafte, to be fea-falt. The place has 
been long called by the common people the Salt Heugh. By fim- 

ply boiling fome of the decompofed fandy part in water, and 

afterwards filtering and evaporating the water, I obtained regu- 

lar cryftals of fea-falt, mixed with a t fmall quantity of fulphate 
of foda. 

HENcE it appeared likely, that common falt would be found 

to be one of the component parts of ordinary fandftone ftrata. 
To verify this important obfervation, I next examined two hard 
and folid fpecimens, taken from fome depth below the furface, 
and perfectly free from decompofition. The firft was broken from 

a quarry about two miles to the weftward of Edinburgh. A por- 
tion of it being reduced to minute grains, of fuch a fize as the. 

particles of the ftone feemed to have confifted of originally, was. 
mixed with fome diluted nitric acid, and boiled with it gently for 

three hours. The acid, after being filtered, was examined with ni- 
_ trate of barytes; with which it produced only a flight cloud. 

But nitrate of filver, when poured into it, threw down a copious: 

white precipitate of muriate of bivie, indicating the prefence of 
muriatic acid. 

Arter this precipitate was feparated by filtration, the liquor 
which pafled. through was evaporated to drynefs. A faline 
matter, remained, which, being mixed with fome charcoal, 
and heated, deflagrated like nitrous falts. Having wafhed the 
coaly refiduum, and evaporated the water, I got fome perfe@tly 
pure pronete of foda. hee had phere: therefore, in the fand- 

ftone, 
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ftone, fome common falt, which, by this procefs, was decompo- 
fed, and its acid and alkali collected feparately ; but whether 
the whole of the falt was obtained, and what proportion it bore 

to the earthy parts, I cannot determine, as the ftone itfelf was 

not analyzed. 

Tue next fpecimen was taken from a ftratum of fandftone, 

which lies below the hill of Salifbury Craig ; and I chofe this 

fpecies, becaufe the whin to which it is contiguous has already 
been fhown to contain foda. Some of it being reduced to the 
{tate of fine fand, and treated in every refpect as the preceding, 

gave a portion of muriate of filver, and of carbonate of foda. 
The exiftence, therefore, of fea-falt in thefe varieties of fand- 

{tone, is thus fully eftablifhed *. 

Tue celebrated Mr Kiarroru of Berlin has aecidy fhown, 
that potafh enters into the compofition of feveral ftony fubftan- 
ces; and by the experiments defcribed in this paper, the other 
fixed alkali, foda, has alfo been proved to exift in mineral bo- 

dies, as it has been feparated from nine different varieties ; all 

of which alfo contain a certain quantity of muriatic acid. 

As cauftic fixed alkali was much ufed in thefe analyfes, I 

fhall conclude this paper by defcribing, in a few words, the me- 

thod by which I prepare it; both becaufe its purity is of the 
greate{t importance, and becaufe the procefs I employ differs, 

in fome circumftances, from that of moft chemifts. Having ob- 

tained an alkali free from all earthy matter, either by burning 
white tartar, or by repeated folutions and cryftallizations of car- 

bonate of foda, I diffolve ‘it in a confiderable quantity of water. 
The requifite proportion of lime being flacked, and allowed to. 
cool, it is diluted with water, and then mixed with the folution’ 

of 

* SrycE thefe experiments were performed, I have feen feveral decompofed | 

fandftones, on the furfaces of which there was an efflorefcence of common falt. 



Of WHINSTONE and LAVA. a7 

of the alkali. This mixture is frequently ftirred during two or 

three days; for when no heat is applied, the lime requires a cer- 
tain time to attract the whole of the carbonic acid. In the next 
place, the mixture is filtered through a piece of linen placed in a 

funnel, and water poured on it till the whole of the alkali is wafh- 

ed out. As it pafles through, it is poured, at itervals, from the 

bottle which receives it firft, into a fecond that is clofely ftopped. 
In making the fixed alkalis cauftic, it is ufual to boil them 

with the lime ; but as moft kinds of limeftone contain a {mall 

quantity of filex or argil, and as thefe earths, when in a ftate of 

divifion, are foluble in boiling cauftic alkali, there is a probabi- 

lity, when heat is applied, of its being thus rendered impure. 

This is my reafon for carefully ayoiding heat in the firft part of 

the procefs ; and I have not found that lime made from chalk, 

or from the purer kinds of limeftone *, give any impurity what- 

ever to the alkali, when mixed with it cold. 

Tue folution, in its weak ftate, is firft evaporated in a bafon 

of hammered iron, polifhed; but when it is fomewhat con- 

centrated, I carry on the evaporation in a difh made of the pu- 

_reft filver, reduced from luna cornea. After being boiled to a 
fmall quantity, it is allowed to cool, and then put into a well- 

ftopped bottle for fome days; during which, if the evaporation 

has been continued long enough, the neutral falts cryftallize, as 

Mr Lowirz has pointed. out. Afterwards, the folution is care- 

fully decanted from thefe falts, and again evaporated in the fil- 
ver dith, till it acquires the confiftence of thin oil f. In this 
ftate, fo little water is prefent, that any part of the alkali, which 

Part I. N may 

* Mr Kraprortu ufes lime made of Carrara marble, which he boils with the al- 

kali. (Bettrage, vol. i. preface). 

+ Mr Lowrtz, in deferibing his procefs for cryftallizing cauftic potath, direéts the 
laft evaporation to be performed in a glafs retort. This method is yery erroneous ; as 

the alkali, when. heated and concentrated, will diffolve large quantities of the glafs: 
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may be united to carbonic acid, cryftallizes, and alfo any neu- 

tral falt that may remain; and the folution being decanted a 

{econd time, is obtained perfetly pure, colourlefs, and tran{pa- 
rent. 

In the laft boiling it is fomewhat difficult to obferve the ex- 

act degree of concentration at which all the alkaline carbonate will 

cryttallize ; and if the evaporation is carried too far, the cauftic 

alkali, if potath, cryftallizes itfelf: fo that feveral evaporations 
are fometimes requifite. 

¢ HEN no more water remains in the folution than is juft 
fufficient to hold the cauftic alkali diffolved, it contains nearly 

half its weight of alkali; but the exact quantity is eafily known, 

by evaporating a portion to drynefs in a filver crucible. Before 
ufing fuch a folution for analyfes, I afcertain its purity in the 
following manner: Some of it being fuperfaturated with per- 

feétly pure nitric acid, is examined with nitrate of barytes and 
of filver; with neither of which, if properly made, it will give 

the fmalleft cloud; confequently it can contain no fulphuric or 
muriatic acid. : 

ANOTHER portion being faturated exactly with a pure acid, 
the whole is evaporated to drynefs, and the falt left is rediffol- 

ved in a little water. If any earth were contained in the cauftic 

alkali, it would remain thus undiffolved ; but when made as 

above defcribed, I have never, in this examination, obferved the 

fmalleft fediment. | 
Arrer the alkali is purified from neutral falts, and from the 

part united to carbonic acid, it may itfelf be cryftallized by far- 
ther evaporation, as Mr Lowitz has fhown. But this procefs 
feems of no ufe in chemical analyfis, as the alkali is previoufly 

obtained altogether pure. 
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V. A New Metuop of refolving Cusic Equations. By 

AMES IvoRY, Esq. Communicated by “fOHN PLAYFAIR, 

F.R.S. Evin. and Profeffor of Mathematics in the Univerfity 

of Edinburgh. : 

[Read, 6th May 1799.} 

1. ¥ Divipz cubic equations into two varieties or fpecies : the 

one, comprehending all cubic equations with three real 

roots ; the other, all thofe with only one real root. 

2. Let 9 denote any angle whatever, and let r= tan 9, the 

radius being unity: let alfoz = tan’: then from the doctrine 

of angular feétions we have 

which being reduced to the form of an equation, is 

3 23 — 37rz*— 32 +r =0. 

Now, from what is commonly taught in angular fe¢ctions, z,. 

in this equation, may denote, not only tan és but alfo 

3) . 

tan Gr 120°), or tan (2+ 240°). It is to be remarked, 

too, that ahy value whatfoever may be affigned to +, pofitive or 
negative, and without limit or reftri€tion as to magnitude. The 
equation, then, has three different values of z for every given 
value of r; and it belongs to the fpecies of cubic equations, ha- 
ving three real roots. 

N 2 3. AGAIN. 
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3. Acain I affume this expreflion, 

iT _ G@—2z)! 

i-s--7r — (1+2)?" 

Ler there be conceived an equilateral hyperbola, of which 
the femiaxes are each equal to unity, and let a ftraight line be 
drawn to touch the hyperbola at its vertex: Conceive alfo.a 

{traight line to be drawn from the centre, to cut off a fector 
from the hyperbola itfelf, or from its oppofite, or conjugate hy- 

perbolas, and to intercept a part ¢ (eftimated from the vertex) 

on the tangent line: And, in like manner, let another ftraight 
line be drawn from the centre to cut off another fector, that 

fhall be one-third part of the former feétor, and to intercept a 
part z on the tangent line: Then the relation of r and z will be 

as in the expreffion here affumed, viz. 

pent wu Cty 
sag BAERS il i 

I suaxt not ftop to demenftrate this propofition refpeting 

the hyperbola : it eafily follows from the known properties of 

that curve)’ I mention it merely with the view of marking the 
ftriét analogy that fubfifts between the two varieties of cubic 
equations. It is fufficient for our purpofe to remark, what is 
indeed very evident from the nature of the affumed expreflion, 

that, whatever value be afligned to +, 2 has always one real 

correfpondent value, and only one. 
From our affumed expreflion we get 

pa Ot =-G—s)) _ ete, 
SEEPS) Oa eee? 1-32" 

which being reduced to the form of an equation, is 

Z3 — 3727 + 3%— 7 =O. 

Tuis equation has only one value of 2 for every given value 

of +; and it belongs to the {pecies of cubic equations having 

only one real root. 
4. IN 
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4. Ix order to give to the two equations, inveftigated abpve, 

the utmoft generality of which they are capable, I write j for 

7, and they finally become, 

I. Rz3-— 3727 — 3Rz+7=0, 

IL. . Rz? —372*,-+ 3Rz—-—7\=9, 

. 

in which two equations, R and + reprefent any numbers, ate. 

tive or negative, and altogether unlimited and arbitrary as to 

magnitude. 

I consipEer the two preceding equations as the fimple cafes, 

or fimple forms, of the) two fpecies of cubic equations: And 

the method of refolution I have to propofe is, to reduce. eve- 

ry cubic equation whatfoever to one or other of thefe two 

forms. 
Tue firft of the above forms is an. equation, belonging to 

the circle. It expreffes the relation between the tangent of 

an arch, and the tangent of the third part of that arch: and it 

has, in all cafes, three real roots. If we take the angle 9, of 

which the tangent is z, the radius being unity ; the three roots 

of the equation, or the three values of) %, are, tan a 

tan (+ 120°), and tan (+ 240°). ws 

Tue fecond of thefe forms is an equation belonging to 
the hyperbola. It expreffes the relation between the tari- 

gents of two hyperbolic fectors, of which the one is triple of 
the other; and it has, in all cafes, only one real root. From 

the expreflion affumed (Art: 3.) above, whence this equation 

was deduced, we get, wie <i ; 
yh ’ R—rt 

EN aa moe: erisige to icgs 
z= es: or, writing x for r, z = ———R_;: And 

a ee i+ Vie 

fo z is found be extracting the cubic root of a given number. 
THE 
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Tue two forms differ from one another only in the figns of 

their terms. The firft and third terms, as well as the fecond 

and fourth, have always unlike figns in the firft form ; but al- 

ways like figns in the fecond form. This property refpecting 

the figns of the alternate terms, by which the one equation is 

eflentially diftinguifhed from the other, I {hall denominate the 

“ CharaGteriflic of the form.” 
5. I PROCEED, now, to fhew, in what way any propofed cu- 

bic equation may be reduced to one or other of the two forms. 

Ler the propofed equation be, 

x3) Ag* = Bx + C= 0, 

where A, B, C denote any given coefficients, pofitive or nega- 

tive. I affume x = a : aand 4 being indeterminate quan- 

tities, and z a new unknown quantity. And it is to be obfer- 

ved, that the fuppofition of « = ste is always poflible, provi- 

ded a be not equal to 4: for if a be not equal to 4,a value may be 

affigned to z, fuch, that the fraction ste fhall be equal to any 

number whatever, pofitive or negative. But if a = 0, the va- 

lve of 5 43 ~ is not altered, whatever number z may denote. 

Ot fubftituted, and taken away the denominators, we 

get, 

(at2)'-A(a-+2)? (b-+2)-+B(e-+2) (6-42)? +C(0+2)? =o. 

THE 
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Tue terms of this expreflion are now, tovbe evolved-and ar- 

ranged, according to ee powers of 2: which being done, we 

fhall find, 

ah ee 1 3a* XS yak ah 1X24 

+Aa?sd +2Aabxz, + AbX2z?. | 

+ Aa?Xz +2A¢exXz? ea AXx2° | 

+ Bab? + Bb? Xz ees 

+ 2BabXz + 2Bbxz? | 

+ Baxz? + Bxz' | 

+b? 4+ 3Cb*kx +3Cbxz* +Cxz? | 

In order to reduce this equation to our forms, we muft e- 

quate three times the coefficient of z' to the coefficient of 2, 
either with the fame or different figns: and alfo the coefficient 

of z* to three times the abfolute term, likewife with the fame 

or different figns. For in the forms the coefficient of 2? and x 
are R and 7 3R: and the coefficient of x* and the abfolute 

term are, — 37 and +, Now, in the. transformed equation 

above, three times the coefficient of 2? is 3+ 3A+ 3B+ 3C, 

which I write thus, (3-+2A+B)+(A+2B-+ 3C): And in 

like manner, for three times the abfolute term, I write 

(34? + 2Aa?b.-+ Bab?) + (Aa?b + 2Bab* + 3Cb?). = This be- 

ing obferwed, we, fhall have thefe two equations for determining 
aand b: 

34-48 2 fo + 2Aaé + Bb? 

+A-+ 2B + 3C Aa? + 2Bab + 3Cb?, 

3a -- 2Aa-Ba ) 3a* + 2Aab + Bab* 

+ Ab+ 2Bb At § os: 4. Aa? + 2Bab+ + 30d. 
6. Iv is manifeft, from the manner in which I have written 

the two equations for determining @ and 4, that they depend 

upon 
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upon the two peak 1p more fimple equations of the quadratic 

form : 

3a* + 2Aab + BL? = > (3 + 2A+8B), 

Aa’? + 2Bab + 3Ch* = F (A+ 2B + 3C). 

For thefe two equations are no other than the two parts of 

the firft of the preceding equations: and if we multiply the 

firftt of them by a, and the fecond by 4, we fhall have the two 

parts of the fecond of the preceding equations. 
To determine 4 and 4, I now write M=3+2A+B; 

N=A-+ 2B-+ 3C; and ay=2: thus we have, 

x (3 + 2Ay + By?) = 3M, 
a? X (A+. 2By + 3Cy*) = FN. 

Muottirty the firft equation by N; the fecond by M; fub- 
tract the one from the other; and divide by 4’; and there will 

refult this equation for y - 

(3N — AM) + 2 (AN — BM)y + (BN — 3CM) y? =o. * 

AnD in this equation there is no ambiguity of figns. 

Ir we fuppofe y = 1, the equation laft found is equivalent to 

the identical equation MN-—-MN=o. One value of y is there- 

fore unity. But this is precifely the cafe of 4 =, which we 

have noticed above to be inapplicable to the prefent purpofe. 

Nor is it to be wondered at that this value of y is of no ufe im 

the prefent inquiry: for it is manifeft that it does not at all de- 

pend on the‘ given quantities A, B, C, M and N, but merely on 

the peculiar manner in which the equation’ is conftituted. We 

learn from hence, however, that there is always another value 

of y, whatever numbers A, B, C, M and N may denote; be- 

caufe every quadratic muft have two roots or none at all. 

© QuapRATIC equations, with one root = 1, may be fuppofed 

to be thus generated: (y—1) X (my—n) = my*—(m-+n)y+n=0, 

coq the 
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the two roots being 1 and =: Comparing this formula with 

our equation, we have s = 3N—AM and m= BN — 3CM: 
And fo we get, 

_ 3N— AM 
J = BN— 3CM' me % 

Now, a? = aap Ee and 6 = a y: therefore, 

— Cc = 7M 
a=(BN—3CM) x3 s¢pn=3cmy't2AGNOA My(EN- SCM) FEGNCAM 

b=(3N—AM) &£ 4/ Sgn =GoMFSAGNAAM)EN= GCN FEGNANT 
THE quantities a and 6 are therefore found by a fingle ex- 

traction of the fquare root : and they have each two values, one 

pofitive, and the other negative. It is indifferent which of 

thefe two values of a and 4 be taken, provided they are corre- 

fpondent values, fo thath=aXy. It is to be remarked too, 

that a and 4 have always real values, on account of the double 

fign prefixed to M ; for that fign is to be taken that will render 

the radical quantity pofitive. And it is to be carefully noted 
which of the two figns is neceflary, that a and 6 may have real 

values: becaufe on this depends the characteriftic of the reduced 

equation, and whether it is to be referred to the firft or fecond 

form, and, confequently, whether it has three roots, or only one. 

If the fign — is requifite that 4 and J may have real values, then 
the reduced equation will have the chara¢teriftic of the firft 
form, and will have three roots. But if the fign + is requifite for 

that end, the reduced equation will have the charaferiftic of | 

the fecond form, and will have only one root. All this is ma- 

nifeft from the ftatement in Art. 5. 
7- THE rule, or law, according to which the preceding for- 

mulz for a and 2 are conftituted, is fufficiently fimple and per- 
fpicuous ; and the formulz are therefore, in that refpeé, con- 
venient for practice. But in examining the expreflion in the 

Part I, O denominator 
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denominator of the radical, I find that it is always divifible by 

M, the quantity in the numerator: and that thus the formule 

may be exhibited in another fhape, having this advantage, that 

it will introduce fmaller numbers in the arithmetical operations 

requifite for computing @ and 0. 

I wriTE QX M=3(BN—3CM)?+ 2A(BN —3CM)(3N—AM) 

+B(3N— AM), and evolving by actual multiplication 

QxXM= 3B. N*— 18BC. MN + 27C>. M* 

+ 6AB. N? — 2A*B. MN 

— 18AC. MN + 6A°C. M+ 

+ oB.N?:— 6AB.MN+ BA* M? 
Now, the coefficient of N* is, 3B*-+- 6AB-++ 9B = 

3B (B+ 2A-+ 3) = 3B Xx M: dividing therefore by M, we get, 

Q= 3B X Nt — (18BE + 2A°B $+ 18AC + 6AB) X N 

+ (27C> + 6A°C + BA’) X M. 

And if for N and M we fubftitute their values (A + 2B + 3C) 

and (3-+ 2A +B), we fhall find, 

Q = raB ++ SrGh— sy ARG 12k C'— gAsbe 

all the other terms deftroying one another, except thefe five. 

Aut the terms in this value of Q, being divifible by 3, 1 

change Q, and put 

Q= "4B -- 27 tee ‘pence wan, 

or, Q= (4B: + 27C+) — 2AC (9B — A*) + A? (2AC—B?) 

And fince 3QM is now equal to the denominator of the radical 

in the preceding formule for a and 4, we have the following 

new formule, 

WHAT 
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Wuartr was remarked above, with regard to the double fign 
prefixed to M, is now to. be applied to the double fign prefixed 

to Q. 
8. THE preceding inveftigation fupplies us with the follow- 

ing tule, or criterion, by which to determine, whether any pro- 

pofed cubic equation has three real roots or not : 
THE propofed equation will have three real roots, when the 

amount of the expreflion : 

(4B: -++ 27G7) — 2AC (9B — A*) + A? (2AC — B+) 

is negative: But if this expreflion is pofitive, the equation will 
have only one real root: And, (as will afterwards be fhewn), 

when the amount of the expreflion is = 0, the equation will 
have two equal roots. 

9: Havine now found a and 4, if we fubftitute ots for x in 

the propofed equation, we fhall have an equation for z that will 
come under one of our two forms, and from which z (and con- 
fequently the root or roots of the propofed equation) may 
therefore be found. But fuch fubftitution is not neceffary. For 
if we goyback to Art. 5. and compare the transformed equation 
with the forms, we fhall find R= 1+A+B+C, and 

3R=M-+N: alfo — 37 = (34+ 2Aa+ Ba) 

+ (Ad -+ 2Bd + 304) = Ma-+Noé: Therefore 

— __ Ma+No 
R ee ONL 

Whence the value or values of x are found by what is obfer- 
ved in Art. 4. 

10. I sHALL now give the refult of the whole analyfis in the 
form of a general rule for the refolution of cubic equations, 
and add a few examples by way of illuftration. 

Let the propofed equation be 

x? +Aw+t+Br+Cmo, 

F I. Com- 
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1. CompuTe, M=3+2A+B 

N'=A+2B -+-3C oa 

m= BN — 3CM 

n = 3N — AM, 

And Q = (4B? + 27C*) — 2AC (9B — A?) + Az (2AC— B?) 

Awp let it be carefully noted under which of the two follow- 

ing cafes the equation comes : 
Case I. When Q is negative. 

Case II. When Q is pofitive. 
To thefe two cafes a third. may be added, viz. when Q= 0: 

but of this cafe I fhall treat in one of the following examples. 
+m 

2. ComPuteE alfo, 4 = —=—— 
aie ¥ $3@ 

peZt an — an 

irs mm 
_ __ Ma Nb 

and + = — M+ N 

3. THEN, if the equation comes under cafe I: Find the an- 

gle @, of which the tangent is z, the radius being unity: take 

% = tan tee Satan: (¢ + 120°), and z = tan (= = 240°) : And 

the three roots of the equation will a: fee * by fubftituting 

thefe values of z in the formula x = 5 += = 

4. Bur if the equation comes under Cafe Il. we muft com- 

pute 

bet rape 
4 a8 Vo —7 

And the only root of the equation wil be found, by fubftitu- 

i eae a 

. : 5 _ ates 
ting this value of x in the formula « => rap 

THE 
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Tue following examples are chiefly taken from Dr Hut- 
TON’s “ Lracts Mathematical and Philofophical.”” Trad 5. 

11. Example 1. Let the propofed equation be 
6? On. 11x —-.6, =o. 

Here, A= — 6, B= +11, C= — 6: therefore 

M=+2 

N=—2. 

m—=+ 14 
n=+6 

So that we have here Cafe I. 

6 
re WX4= V3 

2S — 2.473 

2—2 

Now, tan go° = «, and alfo tan 270° = ~: And we may take 
either of thefe angles for ¢: Take 9 = go”, then, 

and 7 = — eae 

a @ ° ae 
oped GLEN pee = 3 = tan 30 chaae 

2 = tan (f+ 120°) tan 150° =—tan 30°= — Fe 
3 3 

2 = tam (E+ 240°) = tanli27o* = ‘co 

7 I 
—- + — 

ww V3 V3 7228 = - THEREFORE ; 5 

> Wa ge 

alts aoe 

2 Y3—f_, 

¥3-— ” 
¥ 3 

Bete 
And fo the three roots are 1, 2, and 3. 

SINCE: 
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Since M+N= 3(1+A+B+C): it is obvious, that when 
M+N=o, we fhall alfo have 1 +A+B+C=o0; and fo 

one root of the equation is unity. It is manifeft too, that, in 

this cafe, the transformed equation for z becomes fimply, 

3z*— 1 = 0: whencez = + ae and confequently the other 

oT 42° I 
a+— — 

two roots of the equation are, « = v3) and x = ve) 

V3 v3 

Or, writing for a and J, their values ——5, tl A g Bi J a30 oy the 

Les el eS Di two roots are, * = 7477 — grand # = oe 

12, ExampLe 2. Let there be propofed 

7 Be Omi 2-210. 

Here A= —6; B= +9; C=—2: And hence, 

M-=.0 

Ns 6 

m= $4 
Wes al 

Q=—— tou. 
And we have here again Cafe I. 

(ie ae 

b=+1- 

(eS Sar 

Therefore ¢ = Arc. tan — 1 = 145°, therefore, 

x = tan £ = tan 45° == 

Zit (2+120°) =t. 165° =—t. 15° =— (2—/3), 

zat (2-+240°)=t285°=—t.75°=— (2ty3); 
HL ele in Sai THEREFORE, x = tpi 3 = 23 
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a3g—2ty af 3-bay ae at : ssteabyis yb tab asta 
And the three roots are 2, 2 + / 3, and 2 — / 3. 

13. I TAKE the following example to illuftrate the cafe of 

two equal roots. 
ExAMPLE 3. Let the equation be 

we — 7x7 — gx + 75 = 0. 
ee A=— we B=—5: C=+ 75. ‘Therefore, 

M = — 16 
N = + 208 

m =-+ 2560 

8 = 512 

Ooo iy 

SincE, then, Q = 0, it is manifeft that 4, 4, and + will be all 

infinitely great. But though a4 and 4 be infinite, it is to be re- 

marked that ; = =. 

SINCE r= ©, we have = 90°, or 9= 270°: Take 9 = go°: 
Then, 

@ I 
2 tan > = tan aS 

3 3° 73 

cay 2 o— ° I 
Pete n (2 |e —ta =— —} ta 3 120° tan 150 tan 30 Fa 

2 = tan @ +240°) = tan 270° = © 

WE have then, in the firft place, for two roots, 

And 
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And fince a and # are infinitely great, it is manifeft that thefe 

two roots are equal to one another, and each = c= 

WE can infer nothing with regard to the value of the third 

root, derived from the infinite tamgent, unlefs we can afcertain 
the proportion which that infinite tangent bears to the infinitely 
great quantities a@andJ. The general relation of r= tan 9, and 

° 
es od 

z = tan ® is thus exprefled 7 = ===: 
3 I — 32 

and + becomes infi- 

nitely great; 1ft, When 1 — 32*=03 2dly, When z is infie 

nitely great. 
Now the values of z, derived from the equation 1 — 327 = 0, 

rely = ae = 3: : nae are = + ZY and = vz: And thefe are precifely the 

values of % ufed above in determining the two equal roots. 

AGAIN, we have = = —: And it is manifeft that the 

. T . 

greater % is, the nearer - approaches to ri fo that, ultimately, 

when 7 and x are greater than any finite magnitudes, we’ have 
ele sem aes _ — Ma— NS 
= ee ane = 3r. But 7 = “MEN ; therefore, 

if 3Ma + 3NS 

ane — 3Ma — 3Nh ates = MN 
z= —\MoN and x = = F-pe; gMa-p ao If now we 

—  M-+-N 

write = for >, in this expreflion, the infinite quantity @ may be 

thrown out by divifion, and we fhall have the value of the root 

in finite quantities only. The expreflion being properly redu- 

_ 2Mm +N (32—m), 
ced, we fhal l have, x= M (Gm—n) BINGay 

Wuen, therefore, Q = 0, two roots are equal to one another, 

and each = =: And we have this formula by which to com- 

Mu +N — 
pute the third root, « = Se Mea 

APPLYING 
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- APPLYING this rule to our example, we have: 
“ aig hHeyGos ty 7 
for the two equal roots, x = > = 5 

: — —81920 —2129092 _. —294912 __ 
for the third root, x = SrabBesEadagge = 498304 —3 

int ExamPLe 4. Let the equation be 
x3 — 7x7 -+ 184 — 18 =, 

Hee A= —7; B= +18; C=—18. Therefore, 
1 Ns 

N =>—25 

m =— 72 

=— 26 

Qe 72. 
So that we have here Cafe II. 

Ye Sees —36 
« TWhv216 ~~ 3/6 

Pete ee 
/ 216 3V6 

Stave 

Thendore, Wig! = VavEgt = 206 
3/I—tT 

And 3 is the only root cr equation. 

- WHEN ¢ is a furd as Z ae the value of % (in Cafe II.) al- 
” 

ways involves radicals of this form, § jasr—t 33 out of which 

the root may fometimes be extracted; and fo the value of z will 

be exprefled by a furd of the fame kind as ¢. 
Part I, P THE 
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THE method I have followed to find when this can be done, 
being very fimple and itd in _ Practice, I fhall here briefly de- 
fcribe it. 

— . WE haves = = Se 

write ——— wv =» for 7, ears = 7, for 2: then 

rey a 

whence thefe two equations are formed. 

p= jr t pw 
G = tu? = 34,70, 

from which it is manifeft, that » is a divifor of p, and » a divi- 
for of q. I feek then amongft the divifors of p for a number 

v, and amongft the divifors of g for a number », that will fatis- 
fy the two equations above: or rather, that will fatisfy thefe 

two following, y 

yp ey deel 
—_ 37K 7] 

en Sa ° re 
If two fuch numbers are to be found amongft the divifors of p 

and g, then will z = sk : but if not, we are to conclude that 

the value of z cannot be expreffed this way. 

Tuus, in the laft example 7 = ae it is manifeft that 73 

admits no divifor but 1: therefore # = 1, and on trial I find 

» = 2, which two numbers fatisfy the two equations, and 

— i , theretone 3 = 76" . 

16. THE fame method applies alfo to Cafe I, For, in this 

cafe, 
4% — a} 

“5 — 32° , 

and 
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and fubftituting a for 7, and —— for x, we derive thefe two 

equations, 

p= 3rpv*? — p® 
- g = 103 — 3677, 

whence it is manifeft that » is a divifor of p, and » a divifor of 
gq, as before. It will be eafier for trial to write the equations 

thus : 
y mete 

id 3rK 

rp hie 
= 3y 

Anp let it be obferved, that we may here give to » and » any 

figns confiftent with the condition, that * = and ~—~ (the 

values of »* and g”) are pofitive numbers. 

Ir is to be remarked too, that, in this cafe, x has three values. 

If, however, we can find one value this way, the two others are 

readily obtained. For if v be one value of z, the two other va- 

lues are ches and ; a : becaufe thefe values are the 
wv 3 

_ tangents of two arches that differ from. the arch of which v is 

the tangent by 120° and 240°. 
TuovucuH this is a matter more curious than ufeful, I fhall 

add one more example for the fake of illuftration. 

Let theequation be | 
x3 — 39x? + 479% — 1881 = 0. 

Here A= — 39; B= + 479; C= — 1881: And 
M:=--F 404 

N= — 4724 
m = + 16976 
n=+ 1584 

= — 25600 
And the equation belongs to Cafe I. 
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oi 16976 __ 1068 
"| SOO\/S tam 120473 

fe 
Tay LOO 4s Ss ae LOLS 

oer ee 
— 4320073 $4004/3 

To find whether x can be expreffed by a furd as ant I write 

p = — 4879, g = 5400, and r = 33 and I have thefe two 
equations, 

Y= a 4879-3 a 

9M 
3 21 — 3¥3 — 5400 

Ved nara 3y 

I find, that 7, 17, and 41, are divifors of 4879. It is evident 
that + 7 would give »*? negative: I therefore try — 7, and it 

does not fucceed: Neither does + 17; but trying — 17, I find 
v* = 64, and confequently » = +8: And — 8 is found to 

facceed in the other equation: therefore « = —17» = — 8, 
too AG and 2 = 5-7 73 

atid T7SES We have then, = g~, on? 

pe ded’ tig ye | 
~ 19/3 25.73 

gL vwelsa/a oye iat 
Tae Baio aa at VS 

1061 Ee 17 ‘ ict 

; wos 873 _ 8488+170 _, 8658 _ 
THEREFORE, %& = Oe Tae a 9 

10 V3 3V73 
1061 > 

Lo/3 2573 _ $305 —14 _ $201 _ yy 
x= Somer oy 495s — 14 SE oom 7 495 — 14 4 

10/3 25/3 

1061 2.48 

— 104/73 9V3-= 9549—410 _ 9139 
SS ee ST le i=l Q- 

99 41 Sol — 410 481 

1073 9W3 
And fo the three roots are, 9, 11, and 19. 

END OF PART FIRST. 
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VI, Remarks on a MIxeED Species of EviDENCE in MATTERS 

“of History: With an ExaMINATION of a new Histo- 
_RICAL Hyporuesis, ia the Mémoires pour Ia Vie de 
PETRARQUE, by the ‘Abbé de SADE. By ALEXANDER 

FRASER TYTLER, Esq. F..R. S. Epin. Fudge- Advocate of 
“North Britain. sone 

; i 

[Read by Mr PLAYF4IR, Auguft 21. 1797. } 
r $23 ise8 iD} ho iss’ 2 ’ ch 

1N uae of hiftorical refearch, there is a kind of circum~ 

fear tial ‘evidence which arifes from the combination of 

Ehown ‘or authenticated _ fads, with critical argument on the 
im port. of doubtful paffages of authors, which the reafoner en- 

aes ours, to interpret, by. bringing together, comparing, and 
making the one ifluftrate the other; fo as to. draw from. the 
whole 2 a deg tee ‘of pofitive and | certain information, which thofe 

ape facts are not, “of themfelves fifficient to convey, 
which thofe paflages, taken feparately, are incapable of fur- 

ai) 

Eo. This com lex fpecies | of evidence, it mutt be, owned, 
of Osh ‘ 
is, with refpedt to its power « ‘of conviction, much inferior to that 
which ‘afifes from.t the ordinary proofs on which authentic hifto- 
ry depends ; : ‘for example, the teftimony of a@tual witnefles to 

’ Be, ie related or the 2 pofitive information of authors, derived 
eT Q2 “from 
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from clear and well authenticated records: But, at the fame 

time, as in matters of hiftory we have not always that beft kind 
of evidence on which to'found our belief, we are from neceflity 

often compelled to refort to this inferior, circumftantial and 

analogical fpecies of probation, in order to form to ourfelves a 

rational creed on many matters of doubt, on which the mind is 

unwilling to reft in abfolute uncertainty. 
Tus latter fpecies of evidence, too, has its recommendation, 

from that pleafing exercife which it gives to the reafoning 
powers: for there is no mental occupation which demands more 

ingenuity, if we conftruct ourfelves this artificial fabric of ar- 
gument, or requires more judgment, if we attempt to analyze 

and examine its foundations when reared by another. The 
ftructure of an hypothefis of our own is a delightful occupation 
to the mind; and a pleafure, perhaps very little inferior to this, 

is the critical examination of an hypothefis framed by another. 

We proceed to either undertaking ‘with a zeal, refembling that 

which is felt by the adventurer on a voyage of difcovery. We 

perfevere in it with an ardour which increafes with the difficul- 

ties we encounter. Like the adventurer, too, we find our chief 

reward in the refearch itfelf, whatever may be the actual value’ 
or real importance of its ultimate object. 

Or the truth of thefe obfervations I have myfelf had full ex- 
perience, while, at a feafon when I thought myfelf warranted in 

feeking an amufing exercife of the mind, I began to read over, 

with fome attention, an elaborate work that I had formerly but 

haftily perufed, the Mémoires pour la Vie de PeTRARQUE, by the 

Abbé de SapE ; a compofition which affords one of the moft 
remarkable examples of an hiftorical hypothefis, fupported by 
that compound fpecies of evidence I have mentioned, which 

confifts in the combination of certain authenticated facts, with 

critical reafoning on the import of various doubtful and con- 
tending authorities. As the examination of this hypothefis, and 

the 
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‘the evidence on which it is built, has afforded me confiderable 

pleafure, while, at the fame time, I have flattered myfelf that 

the refult of this examination has been a complete detection of 

its infufficiency, I am prompted to fubmit my remarks to the 

confideration of this Society, which embraces, in its comprehen- 

five inftitution, equally the fubjeéts of philofophical refearch 

and of hiftorical and critical difquifition. 

In the examination of this hypothefis, I laid down to myfelf 
certain rules, which, as they are of a general nature, may, as I 

imagine, be applied with propriety to all inveftigations of a 

fimilar kind, where the evidence is of that compound {pecies I 
have mentioned. Thefe rules are the following: 

I. WueRreE a doubtful fact is to be afcertained, by bringing 
together, comparing and weighing the fenfe of various paflages 

of an author’s writings, the conftruction put on ambiguous ex- 
-preffions ought to be fuch as is confonant with the fenfe of 
thofé paflages or expreflions, which, on the fame fubject, are 
plain and unambiguous. 

Il. WHERE a perfon’s eberieter and manner of thinking, 

feeling, or acting, are clear, from the general tenor of his life 

and writings, no interpretation ought to be given to doubtful 

paflages of thofe writings, which contradicts, or is inconfiftent 
with, fuch charaéter, fentiments, and condud. 

IM. Wuere many pafiages concur to eftablith the belief of the 
~difputed fact, a fingle paffage, though apparently contradi€tory 
to that fuppofition, muft not be allowed weight, if it is poflible 

' to give it an explanation confiftent with that opinion which is 
better fupported. > 

IV. In fach a cafe, where‘many paffages concur to eftablith the 
belief of a certain fa@, and there appear one or two paflages in 
eyparent contradi€tion to that belief, there is room to fufpect 

either 
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either an error of tranfcription or typography; or, if fach fup- 
pofition is excluded, interpolation or fabrication, 

V. In the fuppofition of interpolation or fabrication, there 

muft of neceflity be included a cogent and adequate motive ; 

and therefore, where fuch motive is utterly wanting, the fuppo- 

fition is not to be indulged. me 

VI. Wuere this motive is apparent, the prefumption of fal/e- 

dood is in proportion to the ftrength of the motive, the facility 

of executing the deception, and the weight of the oppofing evi- 

dence. 
VII. WuHere a paflage is fatpedied of interpolation or fabrica- 

tion, it is moft material to attend to the fenfe of the context, or 
what immediately precedes and follows the paflage in difpute ; 

as its confonancy or diffonancy is ftrong matter of corrobora- 
tion. 

Ir thefe rules of evidence are well calidon they. will, aford, a 

jut criterion for the decifion of all queftions of /hiftorical con- 

troverfy, where the evidence is of a compound, circumftantial 

and prefumptive nature; and where our belief is the confe- 

quence not of authority but of argument, Of, fuch a nature-is 

that hypothefis of the Abbé de BaP Es which I {hall now naan 
to examine. bau 

ET SPUCSC RTS cana GAR TIO 

Tue literary world owes. very high obligations to FRAN cIs 
Perrarcu; and it has been, laudably zealous in repaying them 
by a grateful tribute of admiration. and encomium,, There is 

no character among the moderns whofe talents haye been more 

the fubject- of panegyric, both among his. cotemporaries: and 
with pofterity; nor is there any whofe life has fo frequently 
employed the pen of the biographer... The Baron de la Bastie, 
one of the lateft of thofe biographers, enumerates at leaft four- 

teen, and moft of thefe authors of fome reputation, who have 
profefledly written biographical accounts of this eminent man ; 

not 
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not to mention | ‘a {till more Humerous clafs, who have incident- 

ally treated of his life and literary charaéter in critical differta~ 

tions, journals, and memoifts of the ftate of literature of his age’ 

and country. y 

Amipsr this variety of refearch, it is natural to fuppofe that 

much has been brought to light, and, it is even a reafonable 

fufpicion, that where there has been fuch ardour of inveftiga- 

tion, there can remain but little fubject of new difcovery. So 

‘thought M. dela Bastre, when, in the years’ 1740 and 1741, 

he publifhed his excellent Account of the Life of Perr arcu, in 

the Mémoires de 1’ Académie des Infcriptions et Belles Batvep hp 

He was not aware, that within a few years from the date of 

his own publication, the world was to receive a work, contain- 

img ‘at leaft ten'times ‘the quantity of all that had ever been’ 

written on the fubject of Perrarcu, ‘and profeffing to be a 
materials for the ‘compofition of a Life of this remarkable man. 

The work There allude'to, is Mémoires pour la Vie de PETRARQUE, 

by the Abbe. de'Save; a'book ‘which has ‘met’ with confiderable 
approbation f from ithe *publit;’ ‘and which’merits the praife it has. 
obtained’ as," ‘along with a‘ very minute detail of the life of 
PETRARCH ‘himfelf; ‘anid a very full account of his writings, it 

contains much curious and inftructive' information relative both 
to the literary and political hiftory’ of the! times which it com- 

memorates. In’ a work’ which is: extended ‘to: three large vo- 

hames in quarto, and which’ thas’ been the fruit’of the moft ela- 

borate ‘réfearch, not only” into all the printed works illuftrative 
of ‘the ‘manners and hiftory” “of the” 4th century, but into public 
records and the archives of private ‘families, i it cannot be' denied, 

phat’ much new fight has” been! thrown” on’ the priticipal ob- 
je@t “of that ‘refearch, the’ ‘biffory and’ ‘tharadter of PerRancu: 
But it will be a matter of regret to many readers, that the con- 

oe Ue Ate _ fequence 

* Vols, xv. and xvii. 
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fequence of thefe elaborate inquiries, fhould be a diminution of 

that efteem which the world has hitherto entertained for this 

eminent man, in the moft important point of his character, his 

morals * 

THE _—s of PeTRARCH give evidence of his ahiktics asa 

Politician, Theologian, and Philofopher ; and it is-in thefe cha- 

raters that he appears chiefly to have been diftinguifhed by his 

cotemporaries ; but it is not on thefe foundations that the laft- 

ing ftru€ture of his fame has been reared. It is to thofe incom- 

parable verfes, in which he has celebrated the accomplifhments 

and bewailed the fate of the beautiful Laura, that PETRARCH 

has been indebted for his permanent reputation. The hiftory 

of the poet’s paflion for his lovely miftrefs, muft ever be re- 

garded as forming the moft interefting portion of his annals. 

His charaéter, in fact, took its tone from that predominant af- 

fection, which influenced his ftudies, his habits of life, and all 

his purfuits and occupations. A love fo pure, fo ardent, and 

fo lafting, is difficult to be paralleled in the hiftory of human 

nature. PrrrRaArcH was the paflionate admirer of Laura for 

twenty-one years, while fhe was in life; and with unabated 

ardour of affeétion, he is faid to have bewailed her lofs for twen- 

ty-fix years after her death. 
Tue works of the poet himfelf bear the ftrongeft teftimony 

that this paflion, fo remarkable both in its fervency and dura- 

tion, was an honourable and virtuous flame. PETRARCH a- 

{pired to the happinefs of being united to Laura in marriage. 

We have reafon to believe, from the evidence of his own wri- 

tings, that the heart of Laura was not infenfible to his paflion ; 

and, although the term of his probation was tedious and fevere, 

he had grounds for a hope, approaching to confidence, that he 
was. . 

* Of this work of the Abbé de Sane, Mrs Dosson has given a very amufing 

epitome, in her Life of PetRarcu, 2 vols. 8vo. 
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was at laft to attain the endof his'wifhes,’ Such are the ideas 

that we muft éntertainy from: the writings of the poet himfelf, 

of the nature and objeat ofthis’ paflion ; and fuch has been the 

uniform and continued ‘belicf of the world with regard to it, 

from his own days to ‘the prefent.. “At length comes into the 

fieldia hardy but moft-uncourteous Knight, who, with a {pirit 

very oppofite to that of the heros of chivalry, blafts at once the 

fair fame of the virtuous Lavra, and the hitherto unfullied 

honour of her lover ; andj proudly throwing down his gauntlet 

of defiance, maintains,’ that) Laura was a matried woman, the 

mother of |’ “numerous family; that PetTRARen, with’ all his 

profeflions ofa pure’and’ honourable flame, had no other end 

in: his unexampledaffiduity of purfuit, than what every liber- 

tiné propofes to himfelf in the pofleflion of a miftrefs ; and that 

‘the lovely Laura, though never a@tually unfaithful to her hut 

band’s” bed, was‘ fenfible to the’ paflion of ‘her Civi/beo, highly 

gratified by his’ purfuit, and, while ‘the fuffered on his account 
much reftraint and feverity from a jealous hufband, continued 
to give him every’mark ‘of ‘regard which, without a dire 
breach ‘of her matrimonial vow, fhe could Betkodpiniyion him. 
Suth! isthe hypothefis' of the author of the Mémoires pour la Vie 
de: PETRARQDE, on the fubje& of the loves of PeTRarcn and of 
Lauwa ; and:the eftablifhment of this hypothefis, fo injurious 
tothe honour of both, is, im fa, the main feope of that moft 
dlaborate work. 
_THE principle of fympathy is a noble part of the conftitution 

of the human mind ; and is, perhaps, the bafis of all the focial 

affections, In ious our opinions of the characters and con- 
duct of,other men, we involuntarily place ourfelves in their 
fituation, and we judge of them as we fhould-with to be judged 
ourfelves in fimilar circumftances. Hence, in every doubtful cafe, 

where the condu@ of another is found to admit of oppofite con- 
ftructions, a candid mind will ever give its decifion on the fide of 

Vor. V.—P. IL. R virtue 
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virtue and of honour. . Hence, likewife, the warmeft indigna- 

tion arifes in every ingenuous breaft, on obferving in others a 
violation of this rule of candour, in a propenfity to form ~unfa- 

vourable opinions of conduct or of charaéter ; we are prompted 
eagerly to {crutinize the foundations of fuch illiberal opinions ; 

and we conceive it a duty we owe to virtue and to honour, a 

tafk enjoined us by the refpeét due to. our common nature, to 

refute the calumny, expofe the artifices of the aggreflor, and re- 
ftore the injured to his juft eftimation. 

PREVIOUSLY to the appearance of the work of the Abbé de 
Save, thofe authors who had written the Life of PETRARcH, 

had, in treating of Laura, univerfally acknowledged, that much 

uncertainty prevailed with regard to the real name, family and 
rank of this celebrated perfonage. In general, however, we find 
but two different opinions on this fubje@t. ‘The one is, that her — 
parents were of an honourable family in Provence ; and that 
her father * refided at a fmall country feat or village in the ter- 

ritory of Avignon, near to the fources of the Sorga: the other, 

that fhe was {prung from the houfe of SapE, a daughter of that 
family, which is of an ancient date, and confiderable rank in 

the city of Avignon. The former of thefe opinions, which has 

been adopted by almoft all the Italian authors, is founded on a 
variety of paflages in the writings of the poet himfelf, of which 

I fhall afterwards take particular notice. The latter opinion, 

which 

* To this gentleman VELOTELLO has given the name and title of Henr1 
Curasau, Lord of Cabrieres. This, however, is founded on too flender an authority : 

to entitle it to credit. It is, in fact, only a conje&ture of VELUTELLO himfelf, who 

was at pains to fearch the baptifmal regifter of the parifh in which Vauclufe ig 

fituate ; and, finding that a child of the name of Laura was regiftered as being born 

to Henri Curasau, Lord of Cabrieres, on the 4th of June 1314, he thence conclu- 
ded, there being no other regiflration of that name which could poflibly apply to 
the object of bis refearch, that this, for certain, was the miftrefs of PeTRARCH, / 

: 
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which is that which chiefly prevails at Avignon, where the poet 
paffed a confiderable pore of his life, is founded on the following 
circumftances. 

In the Ambrofian Library at Milan, there is preferved a ma- 

nufcript copy of VrrG1L, which is faid to have been the proper- 
ty of PeTrarcu; and on the margins of which are many 

notes, alleged to be in the handwriting of the poet. One of 
thefe, which is written on the firft page of the MS. is in the 
fone words : 

“ LAuRA, propriis virtutibus iluftris, et meis longum cele- 
“* brata carminibus, primiim oculis meis apparuit, fub primum 

“ adolefcentie mez tempus, anno Domini 1327, die 6. menfis 

“ Aprilis, in Ecclefia Sanéte CLarz Avinioni, hora matutina ; 
“ et in eidem civitate, eodem menfe Aprilis, eodem die fexto, 
“ eadem hora’ prim4, anno autem 1348, ab hac luce lux illa 

fabtraéta eft ; cum ego forté tunc Veron efflem, heu fati mei 
“ nefcius! rumor autem infelix per literas Lupovicr mei, me 
“ Parmez reperit, anno eodem, menfe Maio, die 19. mané. Cor- 
“ pus illud caftiffimum atque pulcherrimum, in loco Fratrum 
“" Minorum repofitum eft, ipfo die mortis, ad vefperam, Ani- 

R.2 “ mam 

* steel eee 

OR, Lavra, illufrious by the virtues fhe poffeffed, and celebrated during many 

years by my verfes, appeared to my eyes, for the firft time, on the 6th day of 

April, in the year 1327, at Avignon, im the church of St Claire, at 6 o’clock in the 

morning. I was then in my, early youth. In the fame town, on the fame day, and 
at the fame hour, in the year 1348, this light, this fun withdrew from the world. I 
was then at Verona, ignorant of the calamity that had befallen me. A letter I re- 

ceived from my Lupovico, on the 19th of the following month, brought me the 

cruel information. — Her body, fo beautiful, fo pure, was depofited, on the day of 
her death, after vefpers, i in the church of the Cordeliers. Hier foul, as Seneca ‘has 

faid of AFRICANUS, Iam confident, returned to heaven, from whence itcame. For 

the purpofe of often dwelling on the fad remembrance of fo fevere a lofs, I have 

_ written thefe particulars in a book that comes frequently under my infpe@tion. I 

have 
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“ mam quidem e¢jus, ut de AFRicano ait Senecayin coclum 
“ unde erat rediiile mihi perfuadeo. Hoc autem ad acerbam rei 

““ memoriam, amara quadam dulcedine {fcribere vifum eft, hoc 

*« potiflimtim loco qui fepe fub. oculis meis redit ; ut cogitem 

“ nihil eile debere quod amplius mihi, placeat in hac. vita,et - 

“« effracto majori laqueo, tempus. effe, de Babylone fugiendi, 

“ crebra horum infpectione, ac fugaciflima ztatis aef{timatione 

“ commoneat. Quod previa Der -gratia. facile erit, prateriti 
“* temporis curas fapearamoaas foes inanes, et inexpectatos exitus 

_ acriter et viriliter cogitanti.”” 

Tue evidence of. this note, fappofing. it authentic, a ae 
fixes the burial-place of PETRARcH’s Laura to have been in 

the church of the Fratres Minores, or Cordeliers, at Avignon. 
At the diftance of near two hundred. years from the death of 

Laura, (anno 1533,)°a Florentine gentleman, of the name of 
MANELLI, being at that’ time, at Avignon, amufed himfelf in 

making refearches into: every particular relative to the hiftory 
of Perrarcnu and of Laura; and, with the aid of two others, 

Maurice de Seves* and aM, Bontemes, who were inftiga- 
, a tae don etd 

Ay 

have thus prepared for myfelf a pleafure mingled with pain. My lofs, ever prefent 

to my memory, will teach me, that there is no longer any thing in this life which 

can afford me delight: That it is now time that I fhould renounce Babylon, fince the 
chain which bound me to it. with fo ‘tender an attachment, is broken. Nor will 

this, with the afliftance of Almighty Gop, ‘be difficult. My mind, turning to the 

paft, will fet before me all the fuperfluous cates that have engaged me; all the de- 

ceitful hopes that I have entertained; and the unexpetted : and amlicting pe 

of all my projects.” 

* PrRosapLy Maurice ScEVE, a French poet, “cotemporary with CLEMENT 

Margot, of whofe compofition, there, are, fome pieces in the 4to edition of the works 
of Maxot, publifhed at the Hague, 1731, by the Abbé Lancer du Farswoy, 
toes the fictitious name of the Chevalier PoRP A de Perce), 

spot 
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ted by a like ‘curiofity, examined every quarter of this church 

of the Cordeliers, in the hope of tracing fome memorial of 
Laura, whom, on the evidence of the manufcript note on Vir- 

gil, they believed to have been there interred. In one of the cha- 

pels of that church, called Capella della Croce, in which was the 
_ burial-place of the family of Sapz, they found a large flat ftone, 

which bore no infcription whatever. _ This, if it afforded no in- 
dication of being the. grave.of Laura, at leaft gave no proof 
to the contrary; they therefore opened the grave in queft of 

further evidence. At firft they perceived nothing but earth, in- 
termixed with fmall bones, among which was an entire jaw- 

bone. Examining, however, more minutely, they difcovered a 
little cafket of lead, faftened with a brafs wire, on opening 

which they found a piece of parchment, folded, and fealed with 

green wax, together with a medal of bronze, on the one fide of 
‘which was the figure of a very little woman, (figura d’una 

donna picciolifima), in the attitude of uncovering her bofom 

with both her hands; and around, in the way of legend, were 

_ only thefe four letters, M.-L. M. I. 
In endeavouring to. explain this infcription, it occurred to 

Maurice de SevEs, that the four letters might probably be thus 
interpreted, Madonna Laura morta jace. This was plainly no- 

thing more than conjecture; and, had the tomb contained no: 

other evidence of a more decifive nature, all hitherto difcovered 

had been of little confequence to afcertain the object of inquiry. 

The fealed parchment was, therefore, next examined ; and, al- 

though it is owned that the writing was at firft quite illegible, 

the characters being fo defaced, (as well they might, after lying 
two hundred years in the elves materials of a human body), 
yet Maurice de SEVES, by examining it expofed to the 

ftrong rays of oa fun, ‘is°'faid’ to eee at Jaft made out di-— 

finaly 



¢ 

130 EXAMINATION
 of an HISTORICAL HY POT HESIS 

ftinétly the following fonnet; of which he took a fair tran- 

fcript * = 

Qui ripofan quei 
cafte € felict of.

 

Di quella alma gentil
e € folain terra. : 

Afpro’t dur. faffa bor ben teco bai foterra 4 

El vero honor Ta fama e belta feof . 

Morte ha del verde Lauro fv
elta € moffa 

Frefea radice, € il premio de mia guerra 

Di quattro luftri s @ piu fe anchor no
n erra 

Mio penfer trifla ; ea chiude in pocha fol. 

Felice pianta - in bargo de Avignone 

Nacque € mori: € quicon ella jace 

La penna, el fil, 1 rinchioftra 
e la ragiones 

0 delicate membra, O viva face 

Che anchor me cuoci e firuggt, inginocchione 

Ciafeun preght 1s SiGNor te accepti in pace. 

; 
. Tris 

* Tue fonnet is here given exactly, as to orthography and punétuation, from 
the: 

eopy which the Abbé de SADE fays he took fro
m the original. 

Tus almott literally 
tranflated : 

Here now repofe thofe chafte, thofe bleft remains’ 

Of that moft gentle fpirit, fole in earth ! 

Harfh monument
al ftone, that here 

confin’ft 

‘True honour, fame and beaut
y, all o’erthrown 

+ 

Death has deftroy’d that Laurel green, and torit 

Jts tender roots
 ; and all the noble me

ed 

Of my long warfare, pafling (if aright 

My melancholy reckoning holds) four luftres-. 

O happy plant! Avignon’s favour’d foil 

Haas feen thee {pring and die;—
and here with thee 

’ ‘Thy poet’s pen, and mufe, and genius lies. x \ 

O lovely, beaute
ous limbs! O fire divine, 

That even in death haft power to melt the foul ! 

Heaven be thy portion, pe
ace with Gop on high! 
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Tuts fonnet is apparently written in the perfon of PeTRARCH ; 
but being, in the judgment of Bemso, BeccaTetit, Mura- 
Tori, and the beft of the Italian critics, very inferior, in’ point 

of merit, to the other compofitions of the poet, they have fup- 
pofed it the work of another, who had here affumed his charac- 
ter, in compofing an epitaph in honour of Laura. It is ‘re- 
marked, from the evidence of the note on Vircit, that PE- 

TRARCH was at Parma at the time when Laura was interred 
at Avignon ; and therefore, that this infcription, though written 

under his character, could not poflibly be of his compofition. If, 
however, fuch an infcription was actually found in 1533, in the 

tomb of the church of the Cordeliers, whoever was its author, 

it would feem very clearly to indicate, that this. was in reality 
the grave of Perrarcn’s Laura; and the place of her inter- 

ment, being a chapel erected by the houfe of SADE as a burial- 
place for all of their family, a {trong confirmation thence arifes, 

of the tradition current at Avignon, that Laura was of that . 

family ; and a reafonable foundation feems to be laid for that 
hypothefis of the author of the Mémoires, that the was thé fame 
perfon with Laura de Noves, who was married to Hucu’ de 
SabDE, and from whom the whole of the branches of that fami- 

ly now exifting are lineally defcended. i 3 

THERE are, however, many circumftances that nae to bring 

into doubt, or rather that feem entirely to confute, this funda- 

mental fact, that Lavra either died or was buried at Avignon.’ 
IF we admit the evidence of the note on VirciL, Laura was’ 

born at Avignon; and died in the fame place. THe! works of the 
poet, indeed, contain the moft pofitive information that Laura 
died in the fame place where fhe was born, and where fhe had 
paffed ‘the* ‘greateft part of her life; but es likewife furnith 
evidence that this place was not Avignon, but fome fmall village 

or country-feat in the territory of Avignon, near to the fource 
of the Sorga, or the fountain of Vauclufe. 

In 
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In the Trionfo della Morte, Part 2. the poet feigns that 

Laura,on the night after her death, appeared to him in a vifion: 

and, in the courfe of a long converfation, in which fhe acknow- 

ledges, that fhe had ever felt for him a mutual paflion, and en- 

deavours to fatisfy him, that every fingularity of her conduct, 
however harfhly he might at the time have judged it, was 
prompted by the fincerity of her ofan for him; fhe fays im 
one paflage, 

In tutte Valtre cofe affai beata, 
In una fola a me fleffa difpiacqui ; 

Che’n troppo umil terren mi trovai nata : 
Duolmi ancor veramente ch’io non nacqui 

Almen piti preffo al tuo fiorito nido ; - 
Ma affai fu bel paefe ov’ io ti piacqui. 

“ Fortunate enough I was in other refpedts.: this. only I 
regretted, that the place of my birth.was too humble: at leaft 
I had caufe to repine at this circumftance, that it was not 

“ nearer to the beautiful country of thy nativity. Yet that 
“ region was indeed fufficiently beautiful where I had the hap- 
*< pinefg to pleafe thee.” It, was impoflible that, Laura could 
have termed the city of Avignon wmil terreno, or that fhe could 
have been afhamed of it as the place of her birth, At that time 
Avignon was the Papal refidence, and one of the moft {plendid: 
cities in the fouth of Europe; a city,:indeed, where luxury, and 
corruption of manners had attained to fuch ajheight, that PE- 

TRaRcH himfelf chara¢terizes it by the epithet of the Gallic 
Babylon *. 

In the fourth fonnet of tae rft Part of his Sonettie Canzoni, 

the poet has the following remarkable allufions, which may per- 
ree 

“ 

“ 

* Erist. lib, fine tit, Ep. 16. 
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haps be thought to border a little on impiety. Divine Provi- 

dence, he obferves, has thought fit to difplay its wonders, by 

choofing its moft illuftrious inftruments, either from a fervile 

condition, or from a low and obfcure place of origin. Of this 
‘he gives for examples, the mean occupations of the Apoftles, 
the obfcurity of the birth-place of our Saviour, who, difdaining 
imperial Rome, chofe an inconfiderable town of Judza for the 
place of his nativity; and laftly, the humble origin of the 

matchlefs Laura, that refplendent fun of beauty, who rofe 
_ upon the world from a fmall obfcure village : 

Ed or di picciol borgo un fol w ha dato,’ 

~ Lal, che natura e *I luogo fi ringraxia, 

“ Onde si bella donna-al mondo nacque. Son. 4. Part. 1. 
WIS 390 ory 

‘Tur fituation of this picciol borgo, or {mall village, is dikewife 

diftin@lly pointed out. It was in the neighbourhood of the 
hills that rifeabove the fountain of Vauclu/e, the {pring of! the 
Sorga. The poet fends a prefent to a friend, of two birds which 
he had caught, and he accompanies the gift witha fonnet, in 

‘which the birds are fuppofed thus to addrefs the oe to obnin 
they are fent: 

A pié de’ colli, ove la bella vefta 
’ Prefe delle terrene membra pria 
‘La donna, che colui ch’ a te ne’nvia, — 

Speffo dal fonno lagrimando defta; > 
aere in pace tage oa ‘Son. 8. Part. 2. 

“ Ar the foot of thofe hills where that fair nymph was born, 
“ who oft caufés him who fends this prefent to pafs the fleeplefs 
“ night in tears, we once enjoyed the {weets of liberty,” 8c. . 

Vor. V.—P. II. Soyer I 
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In the 37th fonnet of the fecond Part, Perr arcu, addrefling 

himfelf to the {pirit of Laura, thus exprefles himfelf : 

Mira ’l gran Jaffa donde Sorga nafce, 

E vedravi un che fol tra L’erbe e Pacque 
Di tua,-memoria edi dolor fi pafce: 

Ove giace ’] tuo enn e dove nacque 
Tl noftro amor. 

““ Behold,” fays he, “ mele great rock from, whence the Sorga 
“ fprings, and there thou wilt fee a folitary being, who, amidft. 
“ the green fields and {treams, feeds on thy remembrance and. 

“ on his own forrows.. "Iwas there thy habitation lay ; and 
“ there our loves began.” —— 

In the 155th fonnet of the rft Part, (-A/mo Sol, ), the poet, ad~ 
dreffing himfelf to the fun, complains, that when his light is, with- 
drawn, and the night comes;on, he is deprived of . aghetihei ‘moft 

‘delights: in, the fhadow that falls from, that low hill, “,where 
“'fparkles thaw {weer fire ;: where’ ifrom ai flender: twig the beau- 

© reous laurel grew;” and he laments, that'the darknefs hidesfrom 
his veyes “that bleffed Lfpot; want as re his, heart. 

“ for ever dwells.” | sis yous 

O foley 

—F stb mi toi. “quel bhi av pik bramo : 

ZL) ombra che cade da quell? umil colle, 

Ove, Sfavilla, ilmio foaue fuged, 9 
Ove ’1 granlauro fe picciola verge § 3 

Crefcendo, mentr’ io parlo; a gli occhi tole 
ces dolce. vifta | del. beato loco, - a 
‘Ove ?h 7 mio cor. con fa a fia ae donna dhterga. ye 

3iG9 ons < BG 03-3 19 oTg ¢ as tuso tto ow? 

$6, in the adi “fontrer: sethiclna Pare the poer fays, «fig he 

re 
IAT FLL 

Quella per-cui con Sorga ho cangiat? Arno»; 
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a paflage clearly marking, that his Sertegs a ae ares = 
from LAurRA’s refiding on its banks.) .0- 

Tue 17th Canzone, Part. 1., (Di penf fer in doef er », furdithes a 

at inference : 
L vithels view. sPwoli! genigrrn : 

lod enw SPAN le uel 1 alpa, 

LG, dove *l ciel é pit fereno e lieto, 

Mi rivedrai four’ un rufcel corrente, 

Ove 1’ aura fi fente 
_ D’ un frefco ed odorifero laureto : 

Lvi.é?l mio cor, e quella che ’l m’ invola. 

6 Beyond thofe hills where the air is mild and ferene; befide 

“ the rufhing brook, where the gale wafts from yon freth laurel’s 
leaves its rich perfume ; ’tis there fhe dwells who reft me of 

“ my heart.” On this eee GESUALDO remarks, in a note, 
“ Era preffo -al fiume, ov’ albergava Madonna Laura, che fi 
“ dolce {pirava.” “ It was near the river where lay the refidence 

Soft ptt na, that laurel mets fragrance was to him fo delight- 

fal j 

In 38 sed reheey of a ‘ad Part, the. poet thus nig his 

feelings, on returning to Vauclufe, after ae death of Laura: 

Sento Y aura mia antica ; Spt abcd colli 

Veggio apparir ‘onde *1 bel lume nacque 

Che tenne gli occhi miei mentr’al ciel piacque 
Bramofi e lieti ; or li tien trifti e molli.— 

_ Vedove l’erbe, e torbide fon l’acque s 
warktvgnee a voto e bl I nido in it’ nm giacque.— 

“te "esta more : breathe — dear adeeb Tee air: Once more I 
“ view thofe beautiful hills, whence that refplendent. light arofe 
“< which once gave joy to thefe eyes; while heaven fo pleafed to 
« dlefs me wee her fight ; but now, alas! has fteeped them for 

$2 “* ever 
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“ce ever in tears. Widowed are thofe green fields,—and turbid 
‘© is that ftream,—and void and cold the neft in which fhe 

¥ lagi” 

Many paflages of the poet’s writings likewife very clearly in- 
dicate that Laura died in the fame place where fhe was born, and 

where fhe had paffed the greateft part of her life. 

Tuus, in the 53d fonnet of the ad Part: 

E quefto *l nido in che la mia Fenise 
Mife 1’ aurate e le purpuree penne ; 
Che fotto le fue ali il mio cor tenne.— 

E me lafciato hai qui mifero e folo, 
Tal, che pien di duol fempre al loco torno 
Che per te confecrato onoro e colo. 

Veggendo a’ colli ofcura notte intorno - 

Onde prendefti al ciel 1’ ultimo volo.— 

“ Here is the neft in which my Pheenix lay, and couched her 
“ golden and empurpled wings ;—and here fhe left me miferable 

“and alone. Thus, for ever a prey to grief, J turn me to that 

“ dear {pot of earth which fhe has confecrated, and which, on 

““ that account, I venerate and honour: I view thofe hills, now 

“ dark and defolate, from whence fhe winged her flight to 

“ heaven.” 

So, likewife, in that beautiful fonnet on his return to Vau- 

clufe, Valle, che de’ lamenti miei fe’ piena, &c. he gives the moft 

explicit intimation, that the grave of Laura was in that very 

place, and amidft the fame fcenes where he fo.often had enjoyed 
the happinefs of her fociety ¢ 

Valle, 
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Valle, che de’ lamenti miei fe’ piena ; 
Fiume ebe fpeffo del mio pianger crefci ; 

Fere filueftre, vaghi augell, e pefci, 
Che 1? una el’ altra verde riva affrena ; 

Aria de’ miei fofpir calda e ferena ; 
Dolce fentier, che si amaro riefti ; 
Colle, che mi piacefti, or mi rincrefct, 
Ov’ ancor per ufanza amor mi mena 5 

Ben riconofco in voi l’ ufate forme, 
Non, laffo! in me ; che da si lieta vita - 

Son fatto albergo a’injinita doglia. 

Quinci vedea *l mio bene ; e per queft ’orme 
Torno a veder, ond’ al ciel nuda é gita 

Lafeiando in terra la fua bella fpoglia. Son. 32. Part. 2. 

Thou lonely vale, where in the fleeting years 
Of tender youth I breath’d my am’rous pain; 

Thou brook, whofe filver ftream receiv’d my tears, 

Thy murmurs joining to my forrowing ftrain ; 
I come, to vifit all my former haunts again! 

_ O green-clad hills, familiar to my fight ! 
O well-known paths, where oft I wont to rove, 
Mufing the tender accents of my love ! 

Long ufe, and fad remembrance now invite, 

Again to view the fcenes which once could give delight ! 

Yes, ye are ftill the fame !—though here I meet 
No more that angel form, which beauty fhed 

On univerfal nature! Her dear feet 

Oft trod your paths :—here refts in hallow’d earth her head! 

In one of his Latin eclogues, in which the poet celebrates - 
Lavra under the fi€titious name of GALATEA, three nymphs, 
Nioge, Fusca and FuLGipA, are introduced in converfation, 
and one of them afks the others to point out to her the place 

where r 
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where GALATEA was buried ; which Foxretpa does in thefe 

words ; 

Carpe iter, qua nodofis impexa capiftris’ 
Colla boum, crebrasque canum fub limine parvo 

Videris excubias, gilvosque ad clauftra moloffos : 

Hic locus tua damna tegit ; jamque afpice contra, 

Hic Garatea /fita eff. 

“ Take your way yonder, where you will fee the oxen yoked 
“* by the neck, and the watch-dogs guarding the entry of a {mall 

“ houfe. That hides from your fight what you are in fearch 

“* of for on the other fide‘of it is the burial-place of Gaa~ 

Ae RAL me OeCs 

Ir is evident that the paflages above quoted from the writings 

of the poet himfelf, afcertaining both the place of Laura’s birth 

and of her burial to have been in the country, in fome {mall vil- 

lage or villa in the neighbourhood of the hills, and of the fource of 

the Sorga, {tand in direct contradiction to the manufcript note 

on Virgil*, and to the fonnet faid to have been found in the 
‘grave 

* Tue note on Virge/, when contrafted with many paflages of the poet's wri- 

tings, exhibits likewife other intrinfic evidences of forgery. This note bears pofitive 

teftimony, that PetrRarcu faw Laura for the firft time at matin-prayers in the 

church of St Claire at Avignon. But, from many paflages of the poet’s writings, 

it appears, that his firft interview with Laura was ina folitary walk in the fields. 

Thus, in the Sth Bal/ata, Part. 1. (Nova angeleita )> 

Nova angeletta fovra l’ ale accorta 

Scefe dal cielo in /u la frefea riva, 

La 'nd to paffava fol per mio deftino :. 

Pot che fenza compagna ‘e Senza fcorta 

Mi wide ; un laccic che di feta ordiva 
Tefe fral” erba, ond’ & verde 'l cammino: 
Allor fui prefo. 

So, 
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grave of the church of the Cordeliers.» The queftion, then, is, 
To which of! the ‘oppofing proofs’ are we to give our faith? To 
this queftion we {hall certainly not long hefitate to give an an- 

_ fwer, when! we confider, that the one clafs of proofs admits of 

no fufpicion: of fabrication or’ impofture ; while'the other is ex- 
tremely “fufpicious; “and” may “be altogether a forgery. | It is 
impoffible to: {uppofe, that’ numberlefs’ paflages, interfperfed 
through the’!works of) PerrarcH, indicating the place of 
Lavra’s birth ‘and ‘death, all’ naturally connected’ with the 
fubje& treated of} though fome: ‘furnifhing their evidence ‘not 
‘in: pofitive terms, but only -by-inférence, fhould: every one of 

~ them: be: age eee carat thatthe’ forger: — pee = able 
sored ib ods 3 piitoiis has gaod) 1-01 ovis 

SS, fief, ‘alia 4, oe ie! ee moteimzey boibadd ows i 

a Yo ‘3qitolnasm ids to-ohshog sit aot ressern aluaiftib 

{Aigison e3i co ad300, 88 wt jebates dy bist ei dot 
- Verde, m’ apparve con duo corna, d’ "ar 0, : j Apia sb 

ono Hors ohids: t tege’ 3! aay riviere a Z°0 imbra'd’ un ‘alloro. ee 
s doisdwe Lo aunwbard tet to nonstiont ni non leaoisibbe 
Aad yet Mens clearly, iginhe ad pf his Latin sclopnes so; Sb ibid vidied bus 

sis Gi rottitrer PME het Hit tam Wefesie 3 Gio Bae i to Stutnsm 

iIsive ain Lat paypesi ¢aadide Bormtaémne’ Deanne widerd 1 M0 90909 
sonr’sds ashieg riot dio IO’ snonnhotyitos sein tif 3 
ob evidence arin fro ie mites Parnency B34 Fe ean ee with his Saar: 
ASE E not ina ‘a hur ae in th , js,thus controverted by the Abbé de Sape. 

ei beste sth ts préfentent des ima ges. Tiantes de la cam pagne 
pa wa a hae ‘ou des charmes du’printemps, qai'elt 
ese ss deauelle ma ca vit Laure pourld premiére fois. “Convenoit.il 
e thparlét aa Ve Fea Gan en Tap nt He aisee pelceoaee de fon 1 [amout;? 

 poéte feed ces fes- ay eft bien-aife d’égayer. la fcene ; il n’ira, pas la 
er Gans une’ salle i une Shieh ied teportake en. a eas pea oit: 

ipascs’alflijettir ailaniv élitéchitioriqué | Al {© permet toutes es ions! Gui’ pelvent 
rendre fes vers agréables. ei fa otes, vol. i. p. 57). If this-mode of reafonting is tobe. 
finish Eat Saved are againft thpfe paflag which the Avbbé has brought i in 
fupport 0 is own 5 aS Ho which militate : apaintt it; and tends, indeed, 

# hb thvatidaré the oe RET from.the poems of A ear in proof of 
_ Sahly part of his hiftory. 
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to infert all thefe fabricated paflages in every one of the manu- 

{cripts of the author’s works which are to be found in Europe. 

Nor even, fhould we allow this ftrange undertaking to have 

been practicable, is it poflible to figure a motive capable of in- 

ducing to the attempt? For, what intereft had any man to shew, 
that the Laura of PergArcu was born and died in an obfcure 

refidence in the country, while nothing more was proved to af 

certain her origin. or connections? But this reafoning will not 
apply to thofe proofs which are brought ‘to fhew that Laura 

was born and died at Avignon... The’ manufcript note on Vir . 

gil, and the fonnet faid to have been found in the grave, ftand 

evidently in a very different predicament. Here the forgery 
was eafy ; the motive to it {trong and alluring. At the diftance 

of two hundred years from the death of PeTRaRcuH, it was no 

difficult matter for the pofleflor of this manufcript of Virgil, 

which is faid to exhibit a great number of notes on its margin, 

in the genuine handwriting of the poet, to have fabricated one 

additional note in imitation of that handwriting, of which he 

had before him fo many fpecimens ; nor did it require a great 
meafure of ingenuity to compofe a fingle fonnet, written in the 
perfon of Perrarcu, and that too perhaps of equal merit with 
many of his genuine compofitions. Of both forgeries the mo- 

tive was probably the fame, which has inftigated the Abbé de 
Save to the compilation of his elaborate work, the defire of 
vindicating to this houfe the relation to fo celebrated a perfon- 

age as the Laura‘of PErRARCH: though, as we fhall prefently 
fee, the Abbé’s hypothefis goes beyond the pretenfions of his 
anceftors, and much further than the evidence of this note and 

fonnet can conduct him; even foppofing both were of. art moft 

certain authenticity. 
WE have already remarked, that ce epee of the fearch i in- 

to the graves in the church of the Cordeliers, was to afcertain 
the 
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the truth of that,report, which gave the Laura of PeTRaRcu 
to the houfe of SapE. Two or three ;perfons, zealous in this 

_vefearch, unite their endeavours for'that purpofe, and their in- 
veftigation is naturally direéted to the family burial-place, 
which is a chapel of that church termed Capella della Croce. 
Among other monuments in this chapel a graveftone is difco- 

vered, which bears no infcription ; and,,on opening the grave, 

fome bones are found, and a cafket, containing a medal and a 

parchment. The medal has on it the figure of avery little woman. 

Here, fay our antiquaries, is, in all probability, the. figure of 

Laura*. Around the figure are four letters, M. L. M. I. This, 
fays one of them, (Maurice de Steves), is undoubtedly to be 
interpreted, Madonna Laura morta jace ; though it is confefled 

that monumental :infcriptions and the legends of medals are 
rarely found in the vernacular tongue ; and though M. L. M. I. 

might have been read twenty different ways, with as much 
plaufibility as in the way that Maurice choofestoreadit. The 
point, then, being already fettled that this muft be the graye of 
Laura, the parchment, to be fure, muft contribute its relative 
evidence to the fame effet. . This parchment, however, is found 

at firft to be utterly illegible : a fact not.at all furprifing. The 

wonder is, that the parchment itfelf fhould have been difcover- 

able: for, parchment being an animal fubftance, mutt, one 

fhould naturally fuppofe, have gone into total diffolution, in 
much lefs time than two hundred years, when inclofed in the 
fame coffin with a putrefying carcafe, from the juices of which 

a leaden box, fhut only with a brafs wire, would be a very in- 
fufficient protection. But the parchment is faid to have been 
aétually found. It could not, however, be read without the aid 
Vou.V.—P.I T of 

* We do not recollect any paffage of the writings of PeTrarcu which marks 
that Lavra was of {mall ftature: nor is it eafy to conceive how the medal, repre- 
fenting only a fingle figure, could accurately determine the fize or ftature of the per- 
fon reprefented, 
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of the ftrongeft light. It therefore was not read in the little 
dark chapel of the church *. Maurice de Seves, in all pro- 
bability, puts it in his pocket, and takes it home for his delibe- 

rate examination. He had already given his opinion on the 
legend of the medal, which afcertained Laura’s relation to the 

grave. His credit, therefore, as an antiquary, is at ftake to fup- 
port this opinion, by the further evidence of the rotten parch- 
ment; and next day he produces a fairly written fonnet, which 

he declares to have copied from the original, of which, with 

much pains, he had at length been able to decypher the cha- 

racters. The original is never afterwards heard of.’ A copy, 
written likewife on parchment, is preferved at this day among 

the archives of the family of SApvr, which they pretend to be. 

the original, found: in the grave, and regard accordingly as a 

moft precious document. But, though mutilated a little’ to give 

it the air of antiquity, as its writing is extremely diftin@, and 
may be eafily read, that circumftance of itfelf demonftrates, that 
it cannot be the parchment which, even two hundred years ago, 

was not without the utmoft difficulty decyphered by Maurice 
de Srves, with the aid of a very ftrong light. 

Tue fonnet or epitaph itfelf is generally efteemed a poor 

compofition ; and the Italian authors are indignant that it fhould 
ever have been fufpected to have come from the hand of PeE- 

TRARCH: but PeETRARCH’s compofitions are not all of tran- 

fcendent merit; and its intrinfic chara@ter is not, perhaps, of 
itfelf, fufficient to bring its authenticity’into doubt.’ The me- 
dal and the lead box are faid to have been feen about the mid- 
dle of the prefent century, in the pofleffion of the monks of the 

Convent of St Crarre; but there they are no longer ; and the 
Abbé 

* “ SacELLuM, in quoillud (fepulchrum) videtur, obfcurum eft. Siniftra ingreffus 

habet altare muro adftru@um, ante quod, fub grandi faxo, fine omni ornatu et, in- 

feriptione, Laura eubat.” Part, THoMASINI, Petr. Rediviv. p. 11. 
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Abbé-de SARE mentions a fhrewd, conjecture of the Superior of 

the, Convent, “ that they had been fold to fome Seigneur Anglois.” 

Monks are. very dexterous in the fabrication of all forts of re- 

lics, and it was no bad. policy of the Fratres Minores, to attract 

the notice of, ftrangers to their convent, by the exhibition of a 

medal and. a lead box, the evidences of a curious and difputed 

point | of hiftory : nor is it at all improbable, that afterwards a 

knavifh friar, more, ftudious of his own intereft than that of his 

convent, might have purloined thofe precious relics, and got 

his own price for them. 
_Sucu is the hiftory of thofe celebrated documents, which are 

faid to prove the place of Laura’s birth and death to have been 
_ Avignon, and to afcertain that her grave was in the chapel 

of the church of the Cordeliers i in that city, and in the burial- 
place of the family. of Sapz. Ihave ftated fairly the whole of 
this evidence, which refts entirely on the manufcript note on 
Virgil and this miferable. fonnet ; and I leave that evidence to 

be balanced by thofe numberlefs lacs of the poet’s undoubt- 
ed and authentic writings, which moft unequivocally affert, 

that Lavra, ‘was neither born; nor died, nor was buried, at, 

Avignon ; but that fhe was born ina {mall village or country 
refidence in the neighbourhood of Vauclufe, wher efhe pafled 

her life in tranquil and humble retirement *; that fhe died there, 

and was i ae in the fame BUF» If the proofs on both fides 
hy Bi gia are 

_* In nobil fangue Genet: e gueta, Son, 180. Part. 1. 

Non la conobbe il mondo mentre 1’ hebbe: 
Capel zo ob a paneer qui roma. Son. 67. Part. Qe 

With aheat propeiety,< or confiftence sali truth oul the poet have: thn expreffed 

himfelf of Laura de Novss, the wife of a perfon of high rank, and who had paffed 
the whole of her life in all the gaiety and fplendour of the court of Avignon? Still 
lefs would the pious PeTRARCH have borrowed a Scripture expreffion, addreffed to 
the Saviour of the world, (St Joun’s Gofpel, chap, xvii. v. 25-) and applied it, 
falicly too, to the objeét of an adulterous paffion. 
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are impartially weighed, I am’ much deceived, indeed, if any 
perfon competent to judge of this: fpecies of evidence, will’ he- 
fitate to decide that the latter is infinitely preponderating. 

Tue arguments by which the Abbé de SapE has endeavour- 
ed to invalidate the pofitive evidence’ contained in the writings 
of Perrarcu, that LAuRr«A was born, lived and died in an ob- 

{cure retreat in the country, are not undeferving ‘of attention ; as' 
they are ftrong examples of that laboured fophiftry, which is 
ufually employed when one endeavours to fupport a weak or 
falfe hypothefis. 

Avicnon, fays the Abbé, though a city of fome celebrity, 

was far inferior in {plendour'to many of the Italian cities ; and 
the mind of Perrarcu; being filled with the idea of their mag- - 

nificence, might not unnaturally have'termed the former ficciol 
borgo. Unfortunately, PeTRARcH at’ this time knew nothing’ 

of the {plendid cities of Italy, but by defcription, He was born 
at Arezzo, an inconfiderable town in the Florentine territory ; 
and he was no more than feven years of age, when he, together 

with his whole family, removed to Avignon. This city, there- 
fore, was at any rate the moft fpléndid he had ever feen; unlefs 

perhaps he had had_a tranfient glimpfe of Florence on’ arg jour- 
ney. It could, indeed, be only a diftant profpect ; for his father 

was then in a ftate of banifhment from that capital, and durft 
mot enter it. We may judge, then, with what propriety Pr- 
PRARCH could have given the epithet of picciol borgo to Avig- 

non, then the feat of the Papal refidence, the perpetual refort of 

the moft fplendid embaflies from all the fovereigns of Europe ; 
and rendered illuftrious, as the Abbé de Save himfelf informs 
us, by frequent vifits of the moft celebrated princes, many of 
whom had actually built: palaces there*’; a city, too, where, as 

the 

* « Les Princes, non contents d’envoyer des Ambaffadeurs au Pape dans les moin- 

dres occafions, ne dédaignoient pas d’aller fouvent en perfonne a Avignon, traiter 

avec 
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the’ fame’ author acknowledges, the vaft coricourfe of ftrangers 
had - neceflarily tapi: every {pecies of voluptuoufnefs and 

debauchery *: 
Bur fuppofing for a: moment that Avignon, thus populous, 

{plendid and luxurious, really feemed a picciol borgo in the eyes 

of PETRARCH, whofe mind, as the Abbé fays, was filled with 
the great idéa of the cities of Italy, (what we have indeed fhewn 
to be only an idea, as he had never feen them), we cannot allow 
the fame falfe eftimate in the mind of Laura, with refpec to 

the moft confiderable city which, for certain, /he had ever feen. 
If the had been born at Avignon, it certainly mutt have merited 

inher eyes a very different eftimation from that of an umil ter- 
reno, which fhe was afhamed to avow as the place of her nativi- 
ty. Yet fuch, we have feen, the poet defcribes to have been 
her eftimation of the place of her birth; the only circumftance, 
the fays, eeeenE: her origin, of which fhe had reafon to be 
afhamed yo 

Bur the picciol borgo ae the wmil terreno, fays the Abbé, was 

“not properly the city of Avignon itfelf; it was only.a fuburb, 
a fauxbourg of that. ft and thus pipe well have merited thofe 

: ; epithets. 
, 

avec Iui des grands interéts de leurs états. Le Roi de Mayorque et le Dauphin de 
Viennois y avoient méme des demeures fixes.—Le palais du Roi de Naples étoit ot. 

Yon voit a-préfentle monaltére. de ‘'S*® Unsure, qu’on appelle les Royales, parcequ’elles 
habitentle palais d’un Roi.. Um grand concours d’étrangers dans une ville, y entPine 

néceffairement la licence et la débauche,” tc: Mem. de Pet. tom. i. p..68, 

* Or the very great populoufnefs of this city at thattime, we may form a general 

idea from a remarkable and melancholy: proof. The peftilence which ravaged Italy 

anid ‘the fouth’ of France'in the year 1343, and of which Boccacro has given, in the 
introdu@tion tolhis Decamerone, a moft eloquent and impreflive'defcription, cut off, in 

_- the fpace of; three mionths, a hundred. and twenty thoufand of the inhabitants ‘of 
Avignon.  Hi/t, Piffol. Mem. de-PetR. tom. ii. p..456. 

+ SEE /upra, p..132. 
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epithets. To this we fhall anfwer by a fingle queftion, which 
has been well put by M. de la Baste, 2 thofe who contend for 
Lavura’s being born at Avignon: * Que dirions-nous d’un 
“ poéte, qui addreffant la parole 4 quelqu’un qui feroit né dans 
“ le fauxbourg Ste Germain, croiroit devoir le plaindre de ce. 
“ gu’il n’eft pas venu au monde dans une ville confidérable? 
“* Ceux qui naiffent dans ce fauxbourg, font-ils moins nés a 
RAE 

But, continues the Abbé, we find, in a fragment which is. 

printed at the end of all the editions of the works of PETRARCH, 
the following expreflion : 

Dove Sorga e Durenza in maggior vafo 

Congiungon le lor chiare e torbide acque ;— 
Ivi, ond’ a gli oechi miei'el bel lume nacque.— 

“That ‘beautiful luminary was born_ where the Sorga and the’ 
“© Durance unite their clear and turbid ftreams in a larger chan-— 
“ nel.” Can any thing, fays he, on more precifely the fitua- 
tion of Avignon? 

Tue anfwer is, fir, The snasidaekg of this siaencue’ is not ~ 
admitted. It is not found in the beft manufcripts of the works 
of PETRARCH, nor have VELUTELLO, GEsUALDO, or BEMBO, 

given it a placein their editions. In the fplendid edition printed 
at Venice in 1756, it is found in an appendix, which the editor 
entitles, “ Giunta d’alcune compofitione del PETRARCA che fi 
“* dicono da lui rifiutate.” It is therefore a document of no 
authority whatever. But, /econdly, Even fuppofing it genuine, 
the defcription there given does by no means mark precifely the 
fituation of Avignon. , The Sorga and the Durance do not join 
their ftreams at Avignon.” The Sorga falls into the Rhéne five 
miles above Avignon, andthe Durance fix miles below that city. 
Thefe rivers, therefore, though they unite their ftreams by both 

falling | 
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falling into the Rhone, do-not mark out Avignon as the point 
of junction, but rather mark the boundary of one fide of ‘a 
diftrict termed the Venaiffin, which comprehends the country 

for feveral miles adjacent to Avignon; and therefore, the de- 

{cription is equally indicative of Vauclufe and of Cabrieres, as it 
is of Avignon. ; 

_ Bur this paflage, fuppofing it genuine, will find its beft ex- 

planation by a fimilar one, which occurs in the toth of the 
poet’s Latin eclogues, entitled Laurea occidens ; in which he 
bewails the death of his miftrefs noel his favourite allufion of 
a Laurel : 

— Fuit alta remotis, 
Silva locis qua fe diverfis montibus aéti 

. Sorga nitens Rhodano, pallensque Ruentia mifcent. 
Hic mihi, quo fueram Tufco tranflatus ab Arno, 

Sic bominum res fata rotant, fuit aridulum rus, 

_ Dum colui indigné, atque operi fucceffit egeftas. —— 
Verum inter Jeopulos nodofaque robora Beene, 

* Creverat ad Pees fluvit pulcherrima Laurus : 
of “Hue rapior. — 

MS pg = “go delitias et apes, hac = putavi.— 
2 tél 

“Ina remote quarter ae that country where the Sorga and Du- 
“ “vance unite their ftreams, was a thick foreft, where, after I 
“<' was removed from the Tufcan vale of Arno, I pofleffed a little 
“barren country feat,—Here, amidft the rocks and thickets of : 
‘* oak, near the borders of the ftream, grew a moft beautiful 
‘« Laurel. This favourite object engroffed all my care. In this 
“ {pot was my. kingdom, and here I found my fupreme delight.” 
Nothing! certainly can more accurately picture the fcenery of 
Wauchifé and its vicinity, where the poet’ feigns his beautiful 
Laurel to » awe {fprung, amidft the rocks and thickets. 

LSE In. amt 
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In the 13th Canzone (Se ’/ penjier ), the poet addrefles himfelf 

to a beautiful ftream, on the borders of which his miftrefs was 

wont frequently to walk. The commentators, in endeavouring 
to identify the fcenery to which this poem refers, have, with 

great appearance of probability, fuppofed this rivulet to be the 
Goulon, which runs near to Cabrieres, where Laura is believed 

to have dwelt, and conclude i it to have been the fame rivulet in 

which he had once furprifed his miftrefs bathing, quite naked, 
an incident to which he alludes in the firft Canzone. But this 

fuppofition, contradicting his theory, appears to the Abbé de 
SADE quite unnatural and abfurd. He finds a bafon or pond 

in a garden clofe by the walls of Avignon, which correfponds to 

a miracle with every thing here alluded to. As to the rivulet 

of Coulon, fays he, it is no lefs than a mile and a half diftant 

from Cabrieres, a circumftance which puts its pretenfions out of 
the queftion ; as this would have been rather too long a walk 
for alady, promenade un peu forte pour une dame ; and PETRARCH 
himfelf muft have croffed a fteep hill, and walked at leaft four 
miles and a balf, before he could have feen her there. 

In a fimilar ftrain of weak and inconclufive reafoning, this 
author attempts to invalidate the evidence of the fonnet with 

which Perrarcu accompanies his prefent of the birds, caught 

at the foot-of thofe hills where lay the birthplace of Laura. 

Part of the city of Avignon, fays the Abbé, is fituated on a rocky 

eminence ; and although-the foot of that rock is now all built 

over, and comprehended within the precinéts of the city, yet, in 
thofe days it might have been open ground, and PETRARCH might 

there have amufed himfelf in fowling, and have caught the 

birds in queftion. 
So likewife in the 184th fonnet (Il cantar nuovo v0), where the 

poet defcribes the pleafures of the morning in the country, the 

valleys refounding with the fweet fong of the birds, and the 
murmuring 
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murmuring,of: thesclear rivulets *, and tells, that rifing early to 
hail. the morning rays; he had the fortune to fee two funs rife at 
‘the [fame ‘moment; 6 the fun that marks! the viciffitude of day 

and night, and Laura, who at that inftant eclipfed his radiance 
by her,own :/the,Abbé, with -his ufual facility of perverfion, 
cites. this- fonnet as aproof . that, PeTRaRcH ufed frequently to 

walk the. ftreets of Avignon | before. daybreak, to have the plea- 

fure’of feeing his miftrefs open her windows. 

. Bor the, moft amufing, inftance of this fophiftical perverfion 
of: an , author's:  cléareft,| ‘expreflions, i is to: be. found in the con- 

ftruétion..which \is attempted tobe put on. the paflage above 
quoted from the aa ss an sal GALATEA gt 

TK! oY way sy tas, sofheti you will’ fee the oxen yoked 
By the neck, and the watch-dogs guarding the entry of a fmall 

“hoi. On the other fide of it is the burial- -place of Gara- 
‘tea.’ "This has been ever ‘reckoned as one of the moft de- 
cifive teftimonies, that the burial-place of Laura was not in the 

or of Avignon, but in the country. It was neceflary, there- 

; fore, é; to bined a the 5 it of this ftrong piece of evidence. It is 
admitted,, 

enw silt i psonavorl 

at “boprterce 2 u Cantar nuovo, € 1 vnjciie de oli Linas. 

In Su'l di fanno rifentir Ze valli, MISIOMROY TIT. F 
; EV ees de’ liquidi criftall: 

anit cr 1-— f vy ¢ . 

oilt arorlw « - yin Git per lucidi frefchi rivi e frelli.— 
. t£9°¢ Soot ' Cost mi foeglio a falutar Ll” aurora,’ 
5 athy 2 to Stironk aie ch’ 4 feeos e piz LT’ altro, ond’ 10fust 

ow odd A y Ne prin’ anni | abbagliatoy: e fono ancora: 

I’ gli bo veduti aleun giorno ambedui 
noe udw. oil? be °° Tevarftinfieme, en un punto e’n un bora 

VATS ONG Quel, far le feelle, e quefto Pet lui. » Son. 183. Part, 1. 

ilote wr a ates 
‘Ses 5 fupray P 138. . ; 

Ri cits V.—P. Il. U 
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admitted, on all hands, that Laura is figured under the name 
of GaLaTEA: but the yoked oxen, and ‘the watch-dogs ‘guard- 
ing the entry of a fmall houfe, how can they poflibly be applied 
toa church in the city of Avignon, or indeed to any thing elfe 

than a’ farm-houfé’ in the’ country?’ Nothing’ is more clear, 
fay the advocates for this hypothefis; the oxen yoked ‘by’the 

neck are the friars of the convent, the fratres minores, qui ferunt 

jugum obedtentic, laboris et religionis ; the dogs guarding the door 
are the fame friars, (both dogs and’ oxen), who may well be 

termed dogs, becaufe they! bark fomich in their fermons ; fre 

quentes vigilias canum) predicantium feilicet et latrantium. 
I presume I have given a fufficient fpecimien ‘of the Abbéde | 

SADE’s ingenuity in accommodating and bending to his own 
purpofe thofe paflages of the poet’s writings which are in the 

moft dire@t contradiction to his hypothefis; nor would an-un- 

prejudiced critic defire a more fatisfying proof of its aie 

than the miferable {hifts to which its defenders are put in order 

to fupport ite This hypothefis, however; mutt. -yet be more 

thoroughly canyafled; and, for that Purple; I begin with: a 
briefidetail of its whole: particulars, Phe 

‘Tur Abbé de SADE endeavours to, proves, that: the miftrefs: a 

PETRARCH was Laura de NovEs, the daughter of AupiBerT de 

NoveEs, a gentleman of noble birth in Provence; that fhe was 

born at Avignon, in'1307 or 1308 5 \that: fhewas married, in 

1325, to Hucn de Sane, ‘the reprefentative of a very ancient 

and honourable family in the territory of Avignon, to whom fhe 

bore eleven children, that fhe) died..at.Avignon, in the year 
1348, and was interred inthe: ‘uriakplate of the houfe of SapeE, 

in the Church of the Cordelieis in’ that city. The Abbé, who 
is himfelf a younger fon of that family, has proved the whole 
of thofe leading circumftances, in, the hiftory of his progenitrix 

Laura de Noves, by authentic documents in the archives of 

the houfe of SapE; and he has particularly eftablifhed ‘the cer- 
" tainty 

o 
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tainty of: ‘thefe Far8ts, 8 that this’ Laura, thewife of Hucu-de 

“SADE, ” was’ born, ‘died, and was bilriad at Avignon.” - ‘If, 
therefore, itis” equally- -demonftrable that the Laura of /PE- 

TRARCH Was neither born, died, nor was buried at Avignon, it 
is plain’ ‘fhe was’ a’ different perfon from Laura de Noves. 

The evidence of thefe'Jatter’ faGts we have already feen.. “It is 
clear, pofitive, and unambigtous. It might, therefore, be-fuf- 

ficient to reft the matter here without farther argument; for an 

hypothefis mutt fall of itfelf, when the main props on -which it 
is built are demolifhed.. But I am tempted to goa great deal 
farther: “and,’ allowing that ‘the queftion as to the place of 
Lavra’s birth and death were {till a matter of doubt ; ; nay, éven - 

admitting, for the fake of argument, that «the Ta vid of ‘Pe- 
TRARCH “had, according to the tradition current at Avignon, 

been connected, in fome ‘way or another, with the houfe of 

SApe, and’ on that account'had been interred in the burial-place 

of that “fariily ; fuppofing, i in fhort, the authenticity both of the 
ndte on Virgil,and the whole ftory ‘Of the grave, the medal and 

the: parchment ; ; I fhall’ now proceed to fhew, and, as I truft, to. 
_ prove to abfolute conviction, that this Laura, conneéted as we: 

fhall fuppofe her with the houfe of Save, ‘vid buried in their 
Satan yer, was never married. 

-Anp here, I mutt previoufly.remark, that the report which, 
it is allowed, was current at Avignon, that Laura belonged-to 
the family of SADE, was not that fhe was connected by marriage 

with that family, but that fhe was herfelf a'defcendant of that 
houfe! The opinion that'fhe was conneéted with it by marriage, 
was hever entertained by any one of the family, till it found its: 

- origin in the. whimfical vanity of this author of ‘the: Mémoires, 
thé ‘Abbé de’ Save, who has laboured, in this voluminous work,, 

to. ‘convince the world, that ‘he himfelf is actually {prung’ from 

the ‘body of the ‘illuftrious ‘Laura. « That the was a daughter of 
the houfe of Sapz, had been a tradition, though, as we have 

U2 feen, 
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feen, a very ill founded one, for fome centuries. ‘ The opinion 
“ regarding Laura,” fays VELUTELLO,,“ which was current 

at Avignon, may have, in a. great. meafure, arifen from one 
“ GasrieL de Save, an old nobleman of that city, with whom 

I happened to conyerfe a great deal at two different, times, 
“© when I was at Avignon. . He fet. forth, that he was defcend- 

“ ed from one Hucu de Sab£, a brother of Joun, who was 
“ the father of Madonna Laura, whom he underftood to. have 

“ been the fame who was celebrated by Perrarcu ; and he 
“ told me, that this Joun de Save had fome alates at 
“ Gravefons, about two leagues from Avignon, where he lived 

always in fummer, but paffed the winter,at Avignon ; and 

“ that this Laura, the daughter of Joun’de Sank, was, after 
“ her death, interred in the family burial-place, in the Church 
“* of the Cordeliers. But,’? continues VeLUTELLO,“‘ what con- 

‘“* vinced me that this old man’s ftory was Slenecchen a fidtion, 
“ was, that being afked at what time this,Laura lived, he faid, 

“ that by a certain teftament which he had feen, fhe muft haye 
“ been a grown woman between the years 1360 and 1370: 
‘“*« Now we are certain,’ adds VELUTELLO “that, PETRARCH’ s 

“ Laura died in the year 1348.” 
I quote this paflage for two reafons ; A. To fhew that Ve 

LUTELLO, who lived within 150 years ¢ of the time of PETRARCH, 

who had been at the utmoft pains to inveftigate every trace ;of 
the hiftory of Laura, (a fubje&t. which he has treated in a fe+ 
parate diflertation), Mies who had. himfelf converfed, with this 
old gentleman of. the family. of Sape,, from whom. he fuppofes, 
the report of LAura’s relation to that family to have actually 
originated, did not himfelf give credit to the ftory,, but conists ; 

tured it to be:a mere fiction, and the offspring of the ‘old man’s, 

vanity ; and I mention it, To fhew, /econdly, that this report, 
thus traced nearly to its origin, did not make Laura a married 

WORM, or connected with the houfe of Sape by marriage, but 
a 
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a daughter-of oné of that family, namely of: foun de Save. At 
this, time; therefore; whenit maybe: prefwmed thé relation°in 

which.this, celebrated »perfon: ftood to: their houfe, if there was 

any truth insit at Jallyamuftyhave ‘been ‘better known: that it is 

now, we fiiid there» is «not! theo fmalleft»idea of ‘that hypothefis, 
which the prefent reprefentatives of this family are fo anxious 

toveftablith, namely, ‘that fhe ‘was connected: with them by mar- 

riage. Jnftead of ‘being ‘the ywife of a Mside: Sane, ‘and’ the 

mother of a’mamerous’ progeny,’ we’ find,'on ‘going back two 
centuries; thatthe! family:themfelves’ believe her to-have been 

a daughter: of one ofthat houfe:;' nor is it difcovered ‘till the 
prefent age, which is! aboverqoo! years'after this lady’s ‘death, 
that fhe wasthe wife of their ‘anceftor, the mother of all the fur- 

viving: branches’ of that houfe;»and > confequently, that from 

hei illuftrious bloddis {prung ‘the! whole ‘race, now ‘exifting, of 
that:family; dnd) among the‘reft the ingenious Abbé, the author 
of thisimportant difcovery, which ‘it ods been: at Tabout- of a” 

life to prove and:authenticate.))° 00" 
_On®: fhould have reasialigcabigined xt hai ie. ohetenans fo 
proud.ofihis:anceftry;might have remained content with that 
portion of renown which appears tohave fatisfied the vanity of 
his, forefathers;thé attributing: to their houfe the honour of ha- 
wing: produced this/illuftrious lady.» And indeed it is not  eafy 

to| conceive; how,.im ‘any. juft balance of moral eftimation, the 
one fpecies\of ad{cititious: merit fhouldvoutweigh the other.’ On 
the;contrary,:a rigid: moralift would: infallibly: decide, that there 
was more real honour that accrued toa family from having pro- 

duced the pure, the chafte, the coy, the maiden Laura, the 

model of female dignity and propriety, the object of an ardent, 
but virtuous affeAiontothemoft illuftrious character’of the 
apes” ‘than from’ having acquired by Ynarriage, a connection 
“with: a Tady, who, * a whatever were. her perfonal charms, had no 

| title to. the, praife a exalted virtues, or of true female dignity; 
ma 8 en who; 
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who, while joinediin wedlockito.a refpectable hufband, and the 

mother,of eleven children, continued, for above!twenty’ years, 

to put in practice every artifice of a:finifhed coquette,:toenfnare 

the affeGtions, and keep alive the paflions, of a gallant, whofe 

attachment, from the eclebiryi oa his oname, was nae oy 
her vanity. ipislv 

I. musv. indeed A that thefe notions, are drawn 

from a fyftem of morals, with »which «the Abbé de Save and 

moift of his countrymen are-but very little acquainted. . Lknow 

that, in the opinion of moft. Frenchmen, a handfome- married 

woman derogatesinot in the flighteft degree fromthe rules)either 
of virtue or of {trict propriety, while’ fhe amufes herfelf swith 

the gallant attentions of all:the young:men of her {acquaintance ; 

and the moft intimate reciprocation of »tender fentiments, while 
it is only an affair of the heart,lis termed wne'belle\paffion *..\' This 
is precifely what the Abbé de SApe. fuppofes: touhave been the 

conneCtion of PenRARCH and of (LauRAs.\PeTRARcH® belieged 
her with ardent and importunate folicitations, which had for 

their object the ordinary rewards of a lover. She never actually 
difhonoured -her ,hufband’s bed; but fhe madesno {cruple to 

‘avew.to her/lover that her heart :was)fenfibleo to: his :flame 3. 
though. at times fhe found’ it neceflaryito feign a rigour and 
coldnefs of demeanour in order |thebetter to Keep aliveithe:ar- 
dour of his paflion. “,Par.ce petit, manege,”’fays. the Abbé, 
“ cette alternative de) faveurs et: de rigueurs ‘bien ménagée, une 

“ femme tendre, etfage amufe, pendant vingt et um ans, ‘le plus 
*« srand poéte de fon fiecle, fans ‘faire lasmoindre’ breche a fon. 

© honneur.” 

* Qur author has,eyen. termed ;this amour, wxe)paffien ‘honnéte, (an: honourable 

paflion). Thus, in {peaking ef Avignon, :he fays:. ‘Une ville gmi fait ploire de 
Pavoir élevé dans fon fein, et d’avoir été le théatre d’une ibyfiion bonnéte, qui Ini,ain- 

fpiré de fi beaux vers.” ‘Mém. de PET. tom. i. p. 29. And the ‘fame expreffion, 

occurs, tom. i./p. £11. where the Abbé -propofes this paffion of the poet for the wife. 

of another man, ‘‘ as a model for. all tender and virtuous hearts.” 
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‘al thamaue? Mem: pour laVie da Peri Preface aux Frangois, &e. 

Andi in? the following: sages 4 et ae aa ag mance wore 

“particulary: 3 

vo Lure, quine edule ‘ni fe —s ae aij ni te perdre, n’eut 

«pas. ‘pluvdtappergu‘ des nouveaux efforts qu'il faifoit pour brifer 

 fes'fers,! qu’élle mit en ufage pour ‘Ty ‘ferenir ‘les. petites: rifes 

“ qui lui avoient jufqu’alors fi bien réuffi: ait moins févere, 

“ tepards-plus dowx; petits mots en paffant?” 8c. Méi. vol.“it. 

Pe grr Laure ne pouvoit’f r réfoudre a a perete: un amant 

“de cette! trempe; qui Paimoit: depuis Ontze ‘ahsy et qui faifoit de 

off beaux vers pour'elle*' lé‘réneontrant”un jour dans'les® yiies' 

“ d’Avignon, elle ‘ae fur lui un de ces regards qui favoient fi 

“ bien le ramener.” © Ibid, p 383. ui“ Ces petites’ rufes d’une 

‘eoquetterié: innocente, que LAURE favoit fi bien mettre en 

% e@uvre; eurent’ ‘bientbe: produit: lear’ A ae ‘ordinaire” Bid. 
p. 386s 1 .aamow Derrinn 8 'esw rad 4 

From thefe palliges we may. jee) duhati idea’ this Reweieila 

Abbé-has‘ formed to himfelf' of the charaéter' of a refpectable 

martied wornan,-and' the mother of a° family ; une femme tendre 

| ¢tifige, who-has! the art'to° Keep “alive; by ‘all’ the tricks’ of ‘a co- 

‘quette; the’ paffions ‘of her’ gallant’ for°no lefs than’ ‘twenty-one 

years: Vand all-this’/ans faire'la moindre’breche a fon bonneur. © Ob- 

ferve too, that, for the better’ part of this period of fafcination, 

the lady herfelf could? owe’ little of her’ power’ to’ her’ pérfonal 

elarme's! ft, if our author's: hy pothefis’ be' true; and Laura de 

_ Noves, the wife°of Hue@u de SApE} was the miftrefs ‘of "PE- 

©RAROH/ this lady mutt have been’a grown ‘woman’ before’ her 

tharriage in the year 1325 ; fhe had been married three years be- 

fore Perrarcu firft faw her ; fhe bore eleven children in the pe- 

riod’of ‘their acquaintance; and fhe’died when fhe was about 

forty 3 ‘years of ag ‘age, with all the Jymptoms of an exbaufled conffitution. 

Yet all, the while,,. this hackneyed and antiquated coquette, re- 

gardlefs:of: theveharacter sp a: seyesar and a — is’ Siar 
J HOAART AT 1 3 iva od i008 10 4 her 
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her petit.manege of alternate) favours, and. rigours ‘to; turn the 

head of an infatuated examorato, whofe: paffion was in\itfelf an 

affront to virtue and morality, and amufe him fora lifetime 

with the expeétation |of favours’ which fhe is determined never 
to grant. Such, in’ the fyftem of the Abbe de Sapk, is the alls 
accomplifhed,Liayr 4, and fuch the refpectable and. virtuous PE2 

TRARCH. ,How.abfurd, how difgufting, how, contemptible the 

: how weak, how culpable, how difhonourable the other! » 
ee let us now éxamine the particulars of that evidence on 
which this author has built an hypothefis, fo degrading to thofe 

characters whom the, world has. Br BENtS united to wenevate and 
admites) isp ef bo rt » 
Tue Abbé de Sans has, in a note at dibs end afi the fart vo- 

lume.of his work, given’a fhort abftract of the arguments which 

he has drawn from the, works of \the poet, himfelf,, to fhew that 

the Laura of PETRARCH was a married woman. i tha ee 
them in the order in which they are given *. 

“-Armosrt all the world,”  fays he, “‘ has believed chat Lau URA 

“ was unmarried : Pre/que tout. le\monde.a cru que LAURE étoit fille. 

** VELUTELLO lays it down/as a propofition abfolutely gus 

“ Per cofacerta-habbiamo da tener e,che.non foffe maimaritata.  Ne- 

“. verthelefs,” fays he “ it is an, undoubted truth’ ‘that fhe was 
a married woman. PeTRARCH himfelf exprefles it in- Hack a 

“ manner as. to. put it, beyond all|queftion.. ., 4) )...) 4): 
.“ yuo, In fpeaking of, Laura, he terms, her, in: his. Halle 
“works, always mulier and, femina, and ‘never virgo or puellas 

** and. in his Italian works, always madonna or'donua, and never 

pice ibe 

tASLLS 

TRARCH,” written off. ‘the sate: of thefe Remarks, and printed in re a pried 

fummary is given of the Abbé de Sape’s arguments _ proving Lavra to- be a 

married woman, to which the anfwers are in fubftance’ much the fame with what 

the reader will find jhere, though they are ; now given ina more ample form, and: 

ftrengthened by additional matter of proof from the writings of PETRARCH- 
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vergine, donzella, appellations always applied to unmarried 

women, and which found fo peculiarly graceful in both lan- 
guages. 
“ ado, Im fonnets 10. 162. &c. the poet fpeaks of the drefs 

of LaurA, of the garlands fhe wore on her head, of the jewels 
and pearls with which fhe braided her hair; and, in fonnets 

151. and 158., he mentions the magnificence of her garments. 
Now, in the age of Perrarcu, the young unmarried women 
wore neither garlands, nor pearls, nor jewels; they were 

dreffed in a very fimple oye ae and appeared very little in 
public. 

“ 3010, IN fonnets 162. aa 185. PETRARCH complains, that 

“ jealoufy often deprived him of the pleafure of feeing Laura, 

Some commentators have indeed fuppofed this to be meant 

of the jealoufy of her parents, watchful over the honour of 
their daughter: but this is a forced and unnatural conftruc- 
tion; for the term jealoufy, gelofia, has never been applied to . 

‘ the watchful care of parents for the honour of their. children. 
“ ato, Perraxcu, with the intention of celebrating the vic- 

‘tory which Laurg had gained over love, compofed, after her 
death, a poem, entitled The Triumph of Chaftity, Trionfo 

della Caftita. Jf Laura had been a virgin, it is clear that he 

would have entitled his poem Trionfo della Virginita. 1n this 
poem, too, he would have given Laura virgins for her at- 
tendants, and not married women. Now, thofe who follow 
Lavra to the Temple of Chaftity, are LucRETIAa, PENELOPE, 
Juprru, Divo, the Greek Hirro, Hersri1a, &c. all married 
women. The fingle exception is a Veftal Virgin.” 
Tuese, the author of the Mémoires acknowledges, ‘after all, 

amount to nothing more than ftrong conjetures. Now fol- 

“ 

~ lows, fays he, fomething more conclufive. 
“ sto, PETRARCH, in one of his dialogues with St AUGUSTINE, 

in fpeaking of Laura, fays, that her body was exhaufted by 
Vor. V.—P, I. ».4 frequent 
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“ frequent childbearing ; corpus ejus crebris partubus exhauftum. 

“ It is true, that the word partubus is thus abbreviated in the 

“ manufcript pros ; and, as it was formerly the current opinion 

“ that Laura was unmarried, thofe who. had the charge of 
‘* printing the Latin works of the poet, have thought proper to 

“ interpret the abbreviation perturbationibus, and to print it fo 
‘© in all the editions of thofe works: But it ought certainly to 

“ be read partubus, for thefe good reafons: /iz/, That the epithet 

“* erebris means a repetition of acts, and therefore applies better 

“ to acts of childbearing than to paflions. If the author had 
“* meant the latter, he would have coupled the noun with multis, 

‘* inftead of crebris. But what paflions can we fuppofe to have 
“ exhaufted the ‘conftitution of the moft prudent and modeft of 

“ women, who led a life fo fimple and fo uniform? In the next 

“ place, Meffrs CAPERONNIER, Boupor and Beyor, of the 

“ King’s Library, who muft be allowed to be good judges of 

‘“‘ the abbreviations that occur in old manufcripts, have de- 
‘© cided, that partubus is the proper reading.” 

Sucu is the whole of that evidence, drawn by the Abbé de 
Save from the works of the poet himfelf im fupport of this new 

hypothefis, that Laura was a married woman. On this evi- 

dence, which, it will be allowed, is of itfelf extremely inconclu- 

five, I fhall now make fome remarks. I take the author’s ar- 

guments in the order in which they ftand. 
1md, THE words mulier, femina, in Latin, and donna, madonna, 

in Italian, are equally applicable to married and to unmarried 

women.  Mulier and femina mark the fex alone, without refe- 

rence to the ftate or condition. Isrporvs, in his Origines, 1. xi. 

c. 3. fays: ‘* Dicttur igitur mulier fecundum femineum fexum, non 
‘« fecundum corruptionem integritatis ; nam Eva ftatim facta de 

“* latere viri, et nondum contacta a vireo, Mulier appellata eft, di- 

 cente Scriptura, Et format eam in mulierem.’ ‘Thus too, in the 

Roman law, where there is the utmoft precifion in the ufe of 
terms, 

ee 

> at 

ee 

a ee 
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terms, mulier and femina are indifcriminately applied to un- 

married and to married women. In the 17th law of the Codex 

de donat. ante nuptias, the title bears; “‘ Donatio ante nuptias 
“ fata mulieri in minori @tate, non indiget infinuatione,’’ Fc. Fa- 

BER, in his Thefaurus, obferves, on the word mulier ; “ Varic 
“ accipitur vox 3 aliquando enim communiter de fexu. dicitur, et 

“* omnem e@tatem ac conditionem ejus amplectitur ; itaque et de 

 puellis ufurpatur,” Sc. 
In the fame manner, donna and madonna are ufed by the 

Italians, when {peaking either of unmarried or of married wo- 

men. Every Italian poet terms his miftrefs donna and madonna, 
Thus, AriosTo, in the ia anid of the 35th canto of the Or- 

lando Furiofo, fays, 

Che falira per me, Madonna, in cielo ; 

and in his 1ftelegy, | 

Non e affai Madonna mefi e anni 
Eee é timor fin qui fofpefa? 

¢ . Z 
? 24 

Thus Guanmnnyj in the Paflor Fido, att. 1. 

La fede in cor di donna, fe pur fede 
In donna alcuna (ch’io no’l fo.) fi trova, &c. 

and again, | 

’ Bella donna e gentil, follecitata 
ci _ Da numerofa fiuol di degni amanti, 

on 5 9 Send?un folo e contenta, e gli altri fprezxza 
 O non e donna, O fe pur donna, e {ciocca. 

Thus too, Boccac 10, in the Introduétion to the Decamerone : 

Mad Gratiofe ¢ nobili donne, meco penfando, &c. 

X2 A 
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A thoufand inftances of the fame kind might be given, to fhew, 

that this criticifm of the author of the Mémoires on the words 
mulier, feemina, donna and madonna, has no folid foundation. 

2do, Tue author of the Mémoires, when he fays that, in the 
age of PETRARCH, the unmarried women were always fimply 

drefled, and that the ufe of garlands, of pearls, and of jewels, 

was peculiar only to fuch as were married, affumes a fact of 
which there is no evidence. Murarort, in his twenty-fifth 
differtation on the drefs of the middle ages, proves, that in the: 

north of Italy, about the time of Perrarcn, the drefs of the 
women was remarkably fplendid; and he makes no diftin@tion 

between the drefs of the married, and of the unmarried women. 

He quotes amonk, GALVANEUvS, who, inveighing againft the lux- 

ury of the times, fays: “ Mulieres fimiliter in pejus omnia mu- 

“ taverunt. Ipfe namque ftragulatis veftibus, fcopato gut- 

“ ture et collo redimitz fibulis aureis, gyrovagantur. Sericis 

“ et interdum aureis indumentis veftiuntur. Crinibus crifpatis 

“ more alienigenarum capite perftringuntur. Zonis aureis fu- 

“ percinétz, Amazones. efle videntur.” Murat. Antig. Ital. 

tom. ii. p.417.—If fuch was the fplendid attire of the women 

in the north of Italy, the Court, at Avignon importing thence 

both its manners and its fafhions, would not, it is probable, be 

behind their models in drefs, as in every other fpecies of luxury. 

We have the authority of the Abbé de Sape himéfelf for affrm- 

ing, that, under the pontificate of CremEnT VI., the drefs of 

the women at the Court of Avignon was fplendid and luxurious 

in the extreme, (V/ém de Per. tom. ii. p. 92.) ; and that this af- 

fectation had reached even the lower clafles, appears from a 

proclamation, which it was found neceflary a fhort time after- 

wards to iffue, prohibiting the ufe of gold, filver, ermines or 

filk, in apparel, to all women, unlefs the relations of the Pope, 

the wives and daughters of the Lord Marefchal and Lord Vicar, 

Pe) the: 
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the Baroneffes and the Ladies of Quality of the city*. Now, 
from the evidence of this document, extending the exception to 
the wives and daughters of perfons of a certain rank, we are un- 
doubtedly warranted to infer, that this fplendour and luxury 
of drefs of the ladies of Avignon, was common to both the un- 

married and married women. We know for certain that Lau- 

RA was a woman of noble blood. Of this the poet informs us 

in numberlefs paflages of his writings. Confidering, therefore, 
her rank and condition, her drefs will certainly appear to dif 
play no extraordinary magnificence. In the roth fonnet, (Se /a 

mia iaiieie poet fays no more than that his miftrefs wore 
garlands and green clothes+. In the 162d fonnet, (L’aura /e- 

rena,), he fays, that her hair, which formerly fhe wore loofe, 

was now braided and adorned with pearls and jewels {; a cufto- 
mary diftinétion of drefs, as CasTELVETRO remarks, between 

young girls (fanciulle), and grown women. ‘Now, if the re- 

mark of the Abbé de Save be juft, that this mode of adorning 
the hair was peculiar to married women, thofe paflages which 
indicate that Laura adorned her hair in that manner will prove 
a great deal more than the Abbé intends they fhould do: for they 
will demonftrate that PETRARCH was acquainted with Laura 

while 

m6 Quod nulla domina, feu mulier, cujufcunque conditionis exiftat, exceptis do- 

minabus de parentela domini noftre Papz, et uxorum ac filiarum dominorum: 
Marefchalli et Vicarii, et exceptis etiam dominabus baroniflis et majoribus in civi- 

tate habitantibus, nunc et in futurum.aufa fit portare in aliqua rauba feu vefte, ali- 

quem reverfum de fubtus nec de fupra, neque in martis variorum, erminiorum, feu 

quarumcunque aliarum pellium, feu. rerum, five de auro, de argento, nec de ferico.”” 

Praconifationes anni 13'72.—Mém.de PET. tom: 2. p. 92. 
¢ 4 / 

+ E laffar le ghirlande, ei verdi panni— » 

t £ ke obiome hor avvolte in perle, en gemme, 

Albora feiolte, &c. 
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while fhe was unmarried, as they prove, that he had formerly 

feen her while fhe wore no ornaments on her head, but appeared 
with her hair loofe, unbraided, and quite unadorned, as the 

Abbé fuppofes to have been the fafhion of the young unmarried 
women. Thus, in the 162d fonnet, above quoted, the poet 

fays: “ The ferenity of the air, and the return of {pring, bring 
“to my remembrance the time when I firft felt the power of 

“ love 3; when I firft beheld that beautiful countenance, and faw 

 thofe golden locks loofely waving in the wind, which are now 

“ braided and adorned with. pearls and jewels *.” And fo like- 
wife, in the 69th fonnet, P. 1. defcribing the time when he firft 
faw Laura, he fays: ‘* Thofe golden trefles were then loofely 

“ fcattered by the wind, which twifted them into a thoufand 

“ beautiful ringlets :” 

Erano i capei d’oro al’ aura Jparfi, 

Che ’n mille dolce nodi gli avvolgea. 
~‘ 

If, therefore, as the Abbé de Sank maintains, this braiding and 

adorning of the hair marked the diftinétion between the mar- 

ried and unmarried women in the age of Perrarcu, he muft 

admit, on the evidence of thofe paflages where her headdrefs is 

fo defcribed, that, at the time when the poet was at firft ac- 
quainted 

* ZL’ aura ferena, che fra verdi fronde 
Mormorando a ferir nel volto viemme 
Fammi rifovvenir, quand’ Amor diemme 

Le prime piaghe, si dolce e profonde 5 

E'1 bel vifo veder, ch’ altri m'afconde 

Che fdegno e gelofia celato tiemme ; 

E le chiome hor avvolte in perle e'n gemme, 
Alhora fciolte, e fovra or terfe bionde + 

Le quali clla fpargea si dolcemente, 
E raccoglica con st leggiadri mo: 

Che ripenf{ando ancor trema la mente— 

a 

he wl or ee” 
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quainted with Laura, and»became enamoured’of her, as fhe 

wore her hair in loofe ringlets, fhe was unmarried 3 a circum- 

ftance deftructive: of his whole hypothefis: ‘for Laura de 
Noves -was married to Hucu de Sank, as the Abbé has thewn 

from his-own family documents, in 1325; and PeTrRaRcH faw 
bis Laura for the firft time.in 1327... I fhall deave the Abbé 
to’ extricate himfelf from this dilemma the beft way he can: 

for my part l fee no poflible means of an efcape. 

Bur .the author of the Mémaires has, on the fubject of the 
drefs of Laura, either wilfully perverted, or moft palpably 
mifunderftood, his authorities. He has quoted fonnets 151. and 

158. in proof of that richnefs of apparel, which he argues to be 

charaCteriftical of her being a married woman. The firft of 

thefe fonnets is a comparifon of the poet’s miftrefs to the fabled 
phenix, which is thus defcribed by Priny: “ Auri fulgore 
* circa colla, cetera purpureus, coeruleam rofeis caudam pennis 
*« diftinguentibus.” Nat. Hi/. lib. 10. c. 2.—So PETRARcH, in 

this fonnet,, defcribes his beautiful Phoenix; her lovely hair 

artle/sly floating in ringlets about her neck, and thus forming a 
natural necklace of gold; her fhoulders covered with a purple 
garment | bordered with azure *; thus, in every point refembling 
the famed ‘Arabian bird. The former part of this defcription, 

which 

* Qnifta Penice del aurata piuma 
| 8 At fuo bel collo candids, gentile | 

_ Forma Sens arte un si caro monile : 

cn’ ogni cor addoleifce, ¢ *L mio confuma : 

Forma un diadema natural.—— 

Purpurea vefta d'un ceruleo lembo 

_ Sparfo di rofe i belli homeri vela ; 

Novo habito, e bellexza unica e fola. 

Fama ull’ ‘odorato, e ricco grembo 

D? Arabi monti lei ripone e cela ; 
Che per lo noftro ciel si altera vola. 

+ SonveTs 152. and 159. of the Venice editicn, 1756. 
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which applies to the hair, is evidently characteriftic of the ut- 
moft fimplicity of female decoratton, and therefore lends no aid 
to the Abbé’s laboured argument. The latter part defcribes 
only the colour of the garments of Laura, and might apply 
equally to a fine lady, and to a country maiden who wore a 
crimfon cloak with a blue border. As to fonnet 158. which is 
quoted as proving that Laura wore garments embroidered with 
gold and pearls, our author has fallen into a very grofs miftake, 

in giving a literal meaning to what is entirely figurative. The 
poet is there {peaking, not of the drefs or garments, but of the 
perfonal qualifications and fhining accomplifhments of his mif- 
trefs. j 

Vedi quant’ arte dora, e’ mperla e’ nnoftra 
L’ habito eletto.— 4 

This paffage CasTELvETRO thus properly interprets: “ Abito 
“ in quefto luogo fignifica corpo, che e come abito e veftimen- 

“ to al’ anima, il quale e ornato di maravigliofe bellezze e ma- 
“ niere, che egli fignifica, dicendo, che l’arte lo ’ndora e ’mperla, 
* ¢’ nnoftra, come si farebbe una vefte.” And fuch is the 

interpretation which all the commentators have put on this 
paflage. . : 

3ti0, IN fonnet 162. *, the poet complains, that jealoufy had. 

deprived him of the fight of Laura ; and in fonnet 185. + the 
female companions of Laura make the fame complaint : but in 

neither of the paflages alluded to is there the fmalleft hint that 

the jealoufy of a hufband was here meant. Unlefs, therefore, 

the author of the Mémoires fhall fhew, that there can be no jea- 
loufy except in the breaft of a perfon who is married, his argu- 
ment concludes nothing. The word gelofia, in Italian, is no 

more lim ited in its fignification than theEnglifh word jealou/y ; 
both 

* Laura ferena. : { Liete, e penfofe. 

eS eel 
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both meaning the refentment of every fpecies of rivalfhip. In 
.. the firft of the ,fonnets above mentioned, it is moft probable that 

the poet meant that Laura’s own jealoufy had frequently de- 
prived him of the happinefs of feeing her *... What .gives the 
ftrongeft fupport to this interpretations is the affociation of dif 

dain. merieowy joskiis ge 89m ern toilets oda pytisq 

E 1 bel vifp italiane m taste Bq tort to 

Ghe fdegno o selefi a celato tiemme, 
iyt 

Moqwr sved oniol tedt dai 
And we know, ‘from, fome ners ante of the life, of, reliant ag 
that Laura had fufficient caufe both of, difdain and jealoufy sf, 
It is in this mortifying feature, of an otherwife moft, virtuous 
and exemplary chara¢ter, that we are to feek for the true.reafon 

of thofe changes of deportment,. which Laura -manifefted 

towards 

* Ow this paflage CasTELvETRO. thus remarks: ‘ Si Suibcaity: intendere di 

Laura che, fdegnata col PeTRarca, gli nafcondeffe il vifo: O, perche foffe innamo- 
rata di fe fteffa, aveffe gelofia che il PeTRARCA la vedeffe : 

+ Se forfe ogni fuo gioia) 6) 1 OY noood 

i el fup bel gifoe flare sired oky 39 onigat ot bisk 
E di tull’ altroé e febiva, Canz. 13., 

Ma meglio é d’intenderede’ aah 5c io todigs and 

\ meee 13 YGid vsobin 1 3496 
: : ti Degliofe per et delee campaginia opt’ ¢ 

wis ‘Ia qn ne «feale sanidig e gel ofan ia— —_ Son..185." 
| Sab us PQs 

>} We learn from his Fang! that his paffion for Laura had not reftrain! 
ed him from the indulgence'of a meaner-amour, with a woman of ow manners 
and of adifagreeable temper; 2, paffion, of courfe, in which the heart hdd no fharé § 
and chat, i in confequence of. this connettion, which was:even of fome years duration, 
and” was a fource to him of much difquiet, he had a natural fon and daughter 5 5 of 
the former of : whom we find frequent mention made in'the vodtie of thofe’ ‘etters: 

> Mou. V.—P. IL Y 
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towards her lover, thofe alternate'marks of favour and of cold 

referve, and that tedious protraction of the final reward of a 

paffion, unexampled in its ardour and duration. 
In the 185th fonnet, where the female companions of LAURA. 

complain that envy or jealoufy had deprived: them of her com- 
pany, the expreffion may be meant either of her own jealoufy, 

as in the former inftance, or more probably, in this place, of the 
jealoufy of her parents. ‘‘ Re/lata in cafa per invidia o gelofia de 
‘ parenti,” fays CASTELVETRO: and the fame author remark- 
ing that fome have fufpected from this paflage that Laura was 

a'marriéd woman, acutely obferves, that the context plainly in- 
dictates that the expreffion will not admit of that conftru@ion : 
Her companions lament, that they are deprived of her company 

by that envy or jealoufy which repines at the happinefs of ano- 
ther, as if it were its own misfortune : 

Dogliofe per fua dolce compagnia 

La qual ne toglie invidia e gelofia 

Che d’altrui ben, quafi fuo mal, fi dole. 

“ The man who is truly jealous,” he well obferves, “ cannot be 

“ {aid to repine at the happinefs of another, as if it were his own 
“ misfortune ; for, in reality, i¢ 7s his own misfortune.” 

4t0, Tue author of the Mémoires is equally ill-founded in the 
argument he endeavours to draw from the title of the Trionfo 

della Caftita, as in moft of his other critical remarks. Ca/ita-in 
Italian, ca/fitas in Latin, and cha/flity in Englihh, are equally ap-- 
plicable to a virgin as to a married woman. DANA is cele- 

brated for her chaftity as well as Penextop£. Some of the 
Doétors have even limited the application of the term Chajtity 
to fuch as’aré unmarried. “ Caftus et continens, ” fays Aquinas, 
* BE PURE HAL, quod cafes dicitur ante nuptias, continens vere pot 

“cas. 

But, 
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But, fays the Abbé de Save, had Laura been a virgin, the 

poet would, in this compofition, have given her virgins for her 

attendants, and not married women. Thofe who follow her to 

the Temple of Chaftity, fays he, are all married women, with’ 

the exception of a Ve/fal Virgin. Here our ‘author is ‘guilty of 

a grofs mifreprefentation. In the poem of the Trionfo della 

Caftita, PETRARCH, fo far from citing examples orily” of married 

women, as Lucretia, PENELOPE, &c. fays: 

' Io non porria le facre benedette 
- Vergini ch’ ivi fur chiuder’ in rima.— 

“ I could not comprehend in rhyme all the facred virgins that 

“ were prefent :” and he enumerates the nine mufes, » 

—CAaL.iopse ¢ Cx10:con /’ altre fette *;— 

together with VircIn IA and the Veftal Tuccra. We have here an 
Ye example 

oT Am well awate Of the doubt that (hasbeen entertained by tertaiiié grave : 
aa learned authors, with 'regard’to'the virginity of the Mufes; As to Carrrore} 
indeed, the matter was paft a doubt ; for her amour with Giacrus, king of Theffas 

ly, was proclaimed by the birth of a fon, who made fufficient noife in the world, 
the famous Orrueus; and therefore BucHanan has very guardedly expreffed 
himfelf, with refpe& to her, in his epigram ; Be a 

ALLIOPE éongum celebs cur vintt in evum? 

Nempe, nibil doti cape oa pag ak erat. . 
is'no svilubaod asansa 6 1 da veld 

For this lady; though a mother, was pl evlebis or ‘unmarried ;; nie this is/ quite; 
fufficient to refute our author’s affertion that the poet had here given Laura an at-, 
tendance only of piace women. As to the other Mufes, whatever may have been’ 

their’ failings-in private, (and every one of them has fuffered from the breath of 
fcandal; fee Menagiana, t. 2.), their ftate of celibacy i is authenticated beyond all que. 
ftion ; 4nd I matt in con{cience believe, that “PETRARGH had never heard any of thofe 
curious ‘and fecret anecdotes ‘of the lives of thofe ladies, which the. Penetrating re- 

fearch 



168 EXAMINATION of an HISTORICAL HYPOTHESIS 

example of unpardonable difingenuity in our Abbé, which, oc- 

curring in an inftance of eafy detection, muft juftly render. 
fufpicious many of thofe authorities’ which,he pretends to haye 
drawn from private fources, fuch as the archives of his own and 

other families, where it is impoffible for. others to. follow. him, 

and ha: al the truth of his information. i 

Berore I leave this argument I muft obferve, indy by adiipie 

ing our author’s own mode of reafoning, the works of the poet 
will furnifh us with fimilar evidence, directly deftructive of his 
hy pothefis. If the ftate of LAura, whether married or un- 

married, is to be determined from ‘that of her companions or 

attendants, we find, in.many other paflages of the poetical works 

of PETRARCH, that he affigns to: her an attendance of virgins. . 

Thus, in the tath eclogue, in which the companions of Laura 

lament her death, casei ‘the name ced GaLATEA, one of them. 

fays: Re OAs" " 

_ Addam perpetuos celebret ques. mundus honores 3 
Virgineos addam caetus, ritusque verendos. 

And in the 3d eclogue, employing his, favourite allufion, the 
verdant Laurel, under. which: he. e- always figures his miftrefs, he: 

fays : 

Purpurea in ripa, Laurique virentis ad umbram, 
Virgineam a/fpicio, clo plaudente choream.— 

gto, THE laft of the arguments aaetated by the author of 

the Mémoires, which he gives as in a manner conclufive on this 

point, is that whichis drawn from the dialogue with St Auv- 
GUSTINE, and confifts in the interpretation given to the con- 

tracted. 

fearch and deep erudition of modern authors has brought. to light, otherwife he. 
would not have made them the ‘attendants of his, Laura, married or unmarried, to. 

the Temple of Chaftity, ’ 
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tracted word ptbs, which is found in fome manufcripts of the 
works of Perrarcn. Our author having frankly enough ac- 
knowledged that all the preceding arguments amount only to. 

conjectures, (ce ne font la apres tout, que de trés fortes conjectures, ) 
might certainly have included the laft with equal propriety un- 
der the fame denomination. His interpretation of the word 
ptbs is evidently: nothing) more than. conjecture; to fupport 

which we have only his own opinion, and;-as he fays, that of 
Meflieurs CAPPERONIER, Boupor and BEjor of the King’s Li- 
brary ; although, among the Piéces ju/tificatives, we find only the 

certificate of one of thofe gentlemen’ (CAPPERONIER) to that 
effe& ; and this expreffed: with fuch obfcurity and confufion of 
idea, that we cannot tell what are the characters in the two ma- 

nufcripts' he mentions *. But one thing is plain; before we 

can admit any conjectural interpretation of this contraétion, the 
Abbé de Save. muft prove, that-the two: manufcripts which 

bear this contracted word are the oldeft of all the manufcripts 
of the writings of Petrarcn, otherwife his argument concludes 
nothing ; for, if the more ancient manufcripts have the word. 

at 
ee S| 

* « Certreicat de Monfieur CAPrEeRonieR, Garde de la Bibliotheque du Roi. 

«Jz fonffigné, Garde de la Bibliotheque du Roi, certifie, que dans le manufcript 
du Roi, cotté 6502, contenant un ouvrage de PETRARQUE, intitulé, “ De confli@u~ 

“ curarum propriarum, ad AuGUSTINUM,” fol. 13. cot..1. on lit,.et qui ‘on doit lire: 

“ Et corpus illudiegreginm morbis ac crebris partubus exhau{tum multum priftini 

‘* vigoris amifit ;” lefquels mots fe trouvent encore dans le manufcript cotté 6728. 

eod. 19. pag. 1. oti ils doivent étre lus de la méme maniére. En foi de quoi, j’ai figné 
~ he prefent ee en l’hotel de Ja Bibliotheque du Roi, ce 16-Juin 1762. 

CABPERONIER.” 

It does not appear from this certificate that the two manufcripts mentioned bear 

‘any contraétion of this’ word at all; yet thefé-are-certainly the manuferipts to which 

the Abbé de Save here refers as bearing pts. When M. Carreronier, theres i 

fore, declares, on it, et on doit Lire, fo and fo, the expreffion is as obfcure and inaccus- 

rate,.as the decifion is dogmatical and prefumptuous. 
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at full length, perturbationibus, the abbreviation in the later manu- 
fcripts muft be explained in that manner alone. Now, the Abbé has 
not taken upon him to maintain, that thofe two which bear the 
contraction ptbs are the moft ancient of all the manufcripts ; 
and his filence on that material point is a prefumption of his 
knowledge to the contrary. But, even were we to allow that 
thofe two manufcripts were aCtually proved to be the moft an- 

cient, let us fee what could thence be concluded. All the other 

manufcripts, which we fhall fuppofe were copied from thofe two 

moft ancient ones, and all the editions of the printed works, have 

interpreted this contracted word, and written it at full length, not 
partubus, as M. de SADE would have it read, but perturbationibus. 

Now, it will not certainly be denied that the writers of thofe 

old manufcripts, and the editors of the oldeft printed editions,o f 

the former of whom many were probably cotemporary with 

the author, and of the latter all lived at no great diftance of 

time from his age, were much better able to read and to inter- 

pret the abbreviations of the oldeft manufcripts, than thofe critics 
who have examined them at the diftance of four hundred years 
from the time when they were written. Even adinitting, therefore, 

that the Abbé had proved his two favourite manufcripts to be 
the moft ancient of all extant, and that the queftion were fimply, 
What is the moft natural interpretation to be given to this con- 

traction? we have, in oppofition to his opinion, and that of his 
friends of the King’s Library, the direct authority of all the 

other manufcripts of the works of PeTRARCH, and all the print- 
ed editions, that the word ought to be read not partubus but 
perturbationibus. ~ 

Burr I fhall make the author of the Mémoires a {till more impor- 
tant conceflion; and I fhall even put the cafe, that inftead of two 
manufcripts, perhaps out of two hundred, which read the word 
contraéted thus ptbs, while the reft haveit at full length perturba- 

tionibus, the whole exifting manufcripts of the author’s works had 
borne 
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borne the word thus contraéted ; and that the queftion were, 

Whether it ought to be explained partubus or perturbationibus 2 
This queftion, it muit be allowed, would be beft refolved by con- 

fidering the fenfe of the context. Let us now,’ therefore, fee 
what is thence to be drawn. Perrarcu, in the dialogue in 
queftion, feigns a converfation between him Gif and St Aucust- 
INE, in which the latter is endeavouring to convince him of the 

impropriety of abandoning himfelf to the influence of a paflion, 
whofe imperious power had enflaved to itfelf, and rendered 
fubordinate, every feeling of his nature. Among other argu- 
ments, he urges the folly of fetting his whole affe€tion on an 

object of which death might fo foon deprive him. PreTrrarcu 

_anfwers, that he hopes he fhall never live to fee that day ; and 
obferves, that, in the courfe of nature, Laura being the young- 

er, ought to furvive him. To this St ies Beish maplies, that 
fuch an event is neverthelefs the moft probable: “ quod corpus 
“ illud egregium morbis ac crebris ptbs exbauflum multum priflini 
“ vigoris amifit.” Whether ought we, along with all the edi- 

tors of the printed works of PeTRaRcuH, to explain this con- 
traction by perturbationibus, frequent difquietude or confliéts of 
mind ; or, with the Abbé de SapE,-to fuppofe it to mean par- 
tubus or child-bearing? The anfwer immediately made by Pz- 

TRARCH, muft refolve the doubt. “ It is probable,’’ fays St Au- 
Gustine, “that Lavra, though the younger‘of the two, will 
* fooneft be the victim of death ;, for her conftitution, by much 
* ficknefs, as we as melberrng, has loft a great deal of its for- 

“* mer vigour.” —* I too,” fays PETRARCH, “ have had my fhare 
~ © of mental inquietude, and that more fevere than hers, and I am. 

“ confiderably more advanced in life: Ego quoque et curis gravior, 

“ et etate provectior factus Jum.” If we admit the common reaél- 
ing, the reply is rational and confonant: “‘ I have fuffered from. 
-* > the fame em and more than fhe has :” If we adopt the inter- 

pretation: 
“ 
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pretation of the Abbé de Sanz, the reply is equally abfurd and 
impertinent to the obfervation that precedes it. 

Wirn regard to the critical .decifion pronounced by the 
‘Abbé on the meaning of the word creber, viz. that it im- 
ports a repetition of ads, and that it cannot with propriety be 
applied to paffions ; it had certainly been proper that he had 

fupported this judgment either by fome authorities of profefled 
gvammarians, or examples from claflical writers. _He has done 
neither; and that for the beft of reafons: he had none to pro- 

duce. Creder, as we find from the beft authorities, is ufed pre- 

cifely in the fenfe ef freguens or afiduus ; and is therefore, with 

perfe& propriety, applied as well to paffions as to acts. He ob- 
ferves, that had perturbationibus been the, proper reading, the 

author would have coupled it with multis,and not with crebris 5 

a remark betraying ignorance of grammatical precifion ; for 

who is there that needs to be told that multus, applying to num- 
ber,.can with no propriety be employed to denote frequency of 

repetition? 
Bur the author of the Mémoires afks, What paflions we can 

fappofe to have exhaufted the conftitution of the moft prudent 
and modefi of women, who led a life fo /imple and fo uniform ? 

To this I anfwer by another queftion: How can we, ignorant 

as we are of the private and domeftic hiftory of this lady, pre- 
tend to fay what caufes fhe might, or might not have had, of. 

anguifh and difquiet? How many women of prudence and 
of modefty are, from unavoidable circumftances of fituation, 

the victims of mental inquietude; and experience, even in.a 
life of the utmoft privacy and retirement, the keeneft anguifh, 

from the turbulent paflions, the malice or the caprice, of thofe- 
swith whom they are connected. 

I HAVE now, as I truft, impartially canyafled the whole of 
thofe arguments drawn by the author of the Mémoires from the 

works 
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works of PeTRARCH himfelf, or what may be termed the intrin- 
fic evidence in fupport of the material part of his hypothefis, 
namely, that Laura was a married woman; nor do [| think I 

prefume too much when I fay, that I have fhewn their abfolute 

infufficiency' to prove that propofition. The queftion might 

therefore be fafely left here ; in the confidence, that an hypo- 

thefis which is newly brought forward * in oppofition to long 
eftablifhed belief, and the concurring affent, for ages, of all who 
lave been converfant with the matter of inquiry, and which is 

. fhewn’ to reft on no bafis, either of hiftorical evidence or of 

found reafoning, does not require the confutation of oppofite 

proof to lay it in the duft: But, as I have already had occafion 
incidentally to produce fome of thofe teftimonies from the works: 

ef the poet himfelf, which tend moft pofitively to difprove 

this hypothefis, and an abundance of matter of fimilar import. 
muft offer itfelf to all’ who have examined: thofe works with 

any attention, 1am prompted to draw yet a little more from 
this ftock of the internal evidence, before I take my leave of the 

fubjec. 

imo. PETRARCH has. compofed 318 fonnets, 49 canzoni or 
fongs, and 6 trionfi ; a large volume of poetry, entirely on the- 

fubje@t of his padflion. for LAuRA; not to mention a variety of 

paflages in his profe works, where that favourite topic is occa- 
fionally treated, and even difcuffed at very great length, In the 
Vor. V.—P. Il. Z. whole 

* Tus hypothefis may certainly be-termed a new one ; fince, although Tasson1, 

and fome of the commentators. on: the Sonnets of PETRARCH have, in-their obfer- 

. vations on certain paflages which the Abbé de SapE produces as proofs of his. 
theory, remarked, that a fufpicion might thence arife that Laura was a married, 

woman, none-of them have ventured: to affirm (as. our author) for certain, that 

fhe was fo. On the contrary, VELUTELLO’s conclufion, after’ confefling the very, 

imperfeét information which could be colleéted relative to the family, ftate and con-- 
dition of Laura, is: “ Per cofa certa habbiamo da tenere ch’ ella non foffe mai mari- 

“ tata.”—** We mutt hold it fora point abfolutely certain, that fhe was never.mar= 

ried.” 
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whole of thofe works, there is not to be found a fingle paffage, 
which intimates that LAURA was a married woman.- Is it to 

be conceived that the poet, who has exhaufted language itfelf 

in faying every thing poflible of his miftrefs; who mentions 

not only her looks, her drefs, her geftures, her converfations ; 

but her companions, her favourite walks and her domeftic occu- 

pations, would have omitted fuch capital fats, as her being 
married, and the mother of many children; married too, as the 

author of the Mémoires afferts, to a man who was jealous of her, 
and who ufed her with harfhnefs and unkindnefs on PerRarcu’s 

account ? 

2do. Woutp this harfh and jealous hufband have permitted 
this avowed admirer of his wife, this importunate gallant, who 

followed her as her fhadow wherever fhe went, and attended 

her in town and in the country, to fee her daily, and converfe 

with her alone, to write to her, to make aflignations with her, 

and to fend her prefents as tokens of his attachment? Yet, that 
PETRARCH enjoyed all thefe liberties, is evident from number- 

lefs paflages of his works*. That the poet and his miftrefs 
were wont even to walk together in the public gardens, is 

evident from the incident alluded to in the 208th fonnet, 

Due rofe frefche: A friend, who met them together in a gar- 

den, taking them both by the hand, prefented each with a 

rofe, declaring, at the fame time, that the fun never fhone on a 

truer pair of lovers. And that their paffion was the common 
difcourfe 

* Son. 43. Perch’ io t' habbia. Son. 59. Quando giunfe.. Canz. 14. Perché quel. 

Canz.15. Volgendo gli occht. Son. 49. Se vot pote/Pe. Canz.12. Perch’ al vifo.. 

Canz. 4. Nel dolce tempo. Son.19. Mille fate. Canz.8. S? é debile. Trionf. di 

Morte, cap. 2. &ce. &c. In the 42d fonnet, (Se col cieco defir ), PETRaRCH complains 

that Laura had failed to keep an appointment that fhe had made with him, and in 
which, he had flattered/himfelf, he was to be indulged in freely declaring his 

paffion. , 
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difcourfe of the public, appears from many paflages, where the 
poet dwells on that circumftance as a matter of regret: 

S2 come al popol tutto : 

a Favola fui gran tempo, onde fovente 

Di me medefino meco mi vergogno.—* Son. I. 

3tio. PETRARCH, in the 2o0odth fonnet, (Real natura) *, re- 
cords the following remarkable anecdote. At a brilliant af- 
fembly and feftival, given on occafion of the arrival of a fo- 

reign prince at Avignon, Laura was prefent, along with the 

_ moft diftinguifhed ladies of the place. This prince, whom the 

poet celebrates as a moft amiable and accomplifhed charaéter, 
curious to fee a lady of whom the compofitions of PETRARcCH 

had given him fo high an idea, eagerly fought her out amidft, 

_ the.crowd, and foon difcovered her by her fuperior beauty and 
the gracefulnefs of her demeanour. Approaching her with an 
air of gentlenefs united with dignity, and making a fign to the 

ladies who furrounded her to ftand a little apart, he took her by 
Ze 2. the: 

‘ f 

* Real natura, angelico intelletto, 

Chiar’ alma, pronta vifta, occhio cerviero, 

Provvidenza veloce, alto penfiero, 

E veramente degno di guel petto ; 

Sendo dt donne un bel numero eletto 

Per adornar il di fefto-ed altero, 
Subito fcorfe wl’ buon giudicio intero 

Fra tanti, esi bei volti il piz perfetto ; 
_ LD? altre maggior di tempo, o di fortuna 
Trarfi in difparte commando con mano, 

E caramente accolfe a sé quell’ una: 
Gi occhi, e la fronte con fembiante umano. 

Bacciolle si, che rallegré ciafcuna: 
Me empié d’ invidia 1’ atto dolce e ftrano. 
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the hand, and (after the fafhion of his country) faluted her, by 
kifling her forehead and her eyes: a mark of regard, fays the 

poet, which was approved of by all the ladies who were pre- 

fent, but which he himfelf beheld with envy. The commenta- 

tors are not agreed as to the prince of whom this anecdote it 
recorded. M. de la BAsTie is of opinion that it was RoBERT, 

King of Naples, who is known to have diftinguifhed PeTRaRCH 

by many marks of friendfhip and beneficence, and whom the 
poet has, in various parts of his* writings, celebrated with the 

higheft eulogy; and’ this is likewife the opinion of BemsBo, Da- 

NIEL, and others. The Abbé de Save, on the other hand, has 

adduced fome ftrong arguments to fhew, that the prince here 

alluded to was CHarves of Luxembourg, fon of Joun, king of 

Bohemia. The difpute, as to the perfons, is of no confequence ; 

the anecdote muft be admitted as true, and it has ever been re- 

garded as highly honourable both for the poet and his miftrefs. 

In that light we are affured it was confidered by the ladies who 
‘were prefent; and, as is it is no part of the female character, to 

view with complacency an unmerited preference fhewn to a rival 
in beauty or accomplifhments, we muft hold this as an une- 
quivocal proof, that they confidered this flattering mark of di- 
ftinétion as defervedly beftowed, and, of courfe, that they re- 
garded the attachment of PETRARcH and of Lavra as an ho- 

nourable and virtuous flame. Now, let it be fuppofed, with 

the Abbé de Sang, that this lady, thus highly diftinguifhed as 

the object of the poet’s paflion, had been the wife of a man of 
rank and charaéter, the mother of a family, is it poflible to be- 

lieve that this foreign prince, who is defcribed as a paragon in 

every courtly accomplifhment, fhould have thus openly braved 
every law of decency and of propriety, and, in a full affembly 
(met to do him honour) have infulted, not only the hufband 

of this lady, but every woman of honour or of virtuous cha- 

racter 
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rater who was prefent? | [8 it to be conceived, that the hufband 
of this lady, ftrongly impreffed with the feelings of jealoufy on 
the fcore of this ardent: attachment, as this author himfelf re- 

prefents him to have been, and who, in all probability muft 

himfelf have witneffed the incident here recorded, fhould have 

filently and tamely fubmitted to this grofs affront? Is it poflible 

to figure, that the whole affembly fhould have crowned with 

their approbation this glaring indignity and violation of deco- 

rum? 
4te. Wouv pd this jealous hufband have not only patiently 

witneffed the mutual expreffions of this ardent paffion for the 
{pace of twenty-one years, thathis wife was alive ; but have com- 
plaifantly permitted her gallant, or a friend under his character, 
to embalm the memory of his miftrefs by a rapturous love-ele- 

gy, to be inclofed in her coffin; the laft infult which the ho- 

nour of a hufband could fuftain? Yet this, we mutt believe, if 

we adopt the hypothefis of the Abbé de Sane: For, if the ftory | 

of the leaden cafket has any truth in it at all, (and its fuppofed 
truth is the main prop of that hypothefis), this elegy or fonnet 
muft have been written, either by PeTRaRcH niga ot by a 
friend affuming his charaCter.» © > ths 
“gto. Aw atmour'of this ‘kind, witha edie woman, the mo- 

elier: of a‘numerous family, under whatever ‘colours this reve- 

rend author, in the laxity of the morals of his ‘cowntry may 

choofe to’ palliate’and difpuife it; was in itfelf an’ offence both a- 
gainft religion and morality, and muft have been viewed by the 
poet himfelf in a criminal light. But the’general morals of Pz- 
TRARCH were exemplary, his virtue was even of a rigid caft; 

and, if at any time he was overpowered by. the weaknefs of hu- 
manity, his mind, naturally of an ingenuous frame, fuffered thé 
keeneft contrition, and prompted to’ anample atonement, by a 
fincere avowaél-of his fault. In this light, however,! he: never 

a confiders 
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confiders his paffion for Laura. On the contrary, it appears 
to have been his glory and pride, and to have exalted him 

equally in his own efteem and in that of others. 

' Anima 

Da lei ti vien l’amorofo penfero, n 
Ghe mentre 1 fegui al fommo ben t’ invia, 

Poco prezzando quel ch’ ogni huom defia : 

Da lei vien Ll’ animofa leggiadria, 

Ch’ al ciel ti feorge per deftro fentero ; 

Si ch’ i vo gia de la [peranza altero. Son. 12. 

Hence has.my foul her nobleft aims deriv’d, 
From that pure flame ; hence rais’d her thoughts on high, 
Indignant, fpurning what the vulgar train 

Of earth-born fpirits prize. O beft of guides, 

That chear’ft with hopes, that proudly lift the foul, 

And point the path to heaven! 

“ In amore meo,” fays PeTrarcy, in his dialogue with St Au= 
GUSTINE, “ nil turpe, nil obfecenum, nil denique preter mag-. 
* nitudinem culpabilis.’” Dial. de contemptu: mundi. “ Mla ju- 

“ yvenilem animum ab omni turpetudine revocavit,, uncoque 
“ retraxit, atque alta compulit fpeétare.” Ibid.“ Amore acer- 
“¢ rimo, fed unico et honefto, in adolefcentia. laboravi, et diutius 

“ Jaboraflem, nifi jam tepefcentem ignem mors aittaba, fede uti- 
“ lis, extinxiffet.” Epi. ad poft.. 

To any perfon who is acquainted with the writings of PE- 
TRARCH, and efpecially with thofe which were compofed after 
the death of Laura, it muft appear the moft bigotted perver- 

fion of ideas, to maintain that they are confiftent with the no- 

tion of his cherifhing .a paflion for a married woman, I fhall. 
- here tranflate a few paflages from thofe latter poems.. 

In: 
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In the 289th fonnet, or the 61ft of the fecond part, written 

_ after the death of Laura, we find thefe ftrong expreffions ; 

S’ honefto amor, puc meritar mercede *, &c. 

If honourable and virtuous love e’er merited a reward, and 

if compaflion can aught avail, I fhall obtain the recompence 
of a conftancy of affection, which, towards that dear object, 
and in the eyes of the world, was as pure as the light of 
heaven. Formerly fhe miftrufted that affetion, and was un- 
certain of the end and object of my paffion.. Now. fhe fees 
my heart and inmoft foul; and thence I truft that in heaven 
fhe now compaflionates my fufferings: for oft I behold her 

* in my dreams, regarding me with looks full of tendernefs and 
pity ; and I fondly hope, that when | too fhall have laid afide 
this garb of mortality, fhe will welcome me to thofe bleft a- 
bodes, where all true followers of Curt sT, and friends to virtue, 
fhall dwell for ever in happinefs.’” Can any perfon who reads 

this remarkable paflage, believe that the love of PeTRarcu was 
a criminal and adulterous affection? If he ftill hefitates on that 

point, 

* S’ bonefto amor pud meritar mercede : 

E fe pieta anchor pub quant’ ella fuole, 

Mercede havré ; che pit chiara che’ Sole, 

A madonna ed al mondo é la mia fede. 
Gia di me paventofa, hor’ fa; nol crede, 

Che quello fteffo, ch’ or per me fi vuole, 
Sempre fi volfe; es’ ella udia parole, 
O vedea’l volto, hor 1’ animo, e’l cor vede. 

Ond’ <” {pero che 'n fin al ciel fi dogha- 
Di miei-tanti fofpiri ; e cost moftra 
Tornando a me si piena di pietate s 
E {pero ch’ al por giit di quefta fpoglia 

Venga per me con quella gente noftra 
Vera amica di Cristo, ¢ d’ boneftate, 
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point, let him read the following ftriking apoftrophe in fon- 

net 302.: 

Donna, che lieta *, &c. 

O Lady, that now ftandeft in the prefence of Gon ; as, fure 
thy fpotlefs life has well deferved that place! O matchlefs pa- 
ragon of all that is excellent in woman! Now, with the eyes 
of Him who fees all things, thou beholdeft my faithful love, 

my pure and virtuous affection ; and thou feeft, that towards. 
thee my heart felt the fame emotions while thou wert ‘on. 

earth, as now in heaven. O, that, in reward of all my length-- 

ened fufferings, I foon may join thee there !” 

In the end of fonnet 303., immediately following, he thus ex-. 

preffes himfelf : 

Sol un conforto +, &c. 

“ My only comfort is, that fhe who fees my thoughts, may ob-. 

“ tain for me that mercy that I may foon be with her,” 
Soy, 

* Donna, che lieta col principio noftro 

Ti fai come tua vita alma richiede, 

Afifa in alta e gloriofa fede— 
O delle donne altero.e raro.moftro,. 

Hor nel volto di lui che tutto vede, 

Vedz.’l mio amore, e quella pura fede.— 

E fenti, che ver teil mio core in terra 

Tal fu, gual hora in cielo——— 

Dungite per ammendar la lunga guerra, 

Per cui dal mondo a te fola mi volfi, 

Prega, ch’ io venga,tofto a flar con voir. 

+ Sol’un conforto a le mie pene afpetto 

Ch’ ella che vede tutti i miet penfieri 

M” impetre gratia ch’ i’ poffa fer feco« 

Cee ee SO 

a 
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_ So, hectad in the next fonnet, 304. */ 

O happy day, when, iffuing from this earthly prifon, and 

throwing off the fpoils of mortality, burfting from this cloud 

of darknefs into the fplendour of eternal day, I fee at once 

my Gop, and the dear object of my love!” 

In his hymn to the Virgin, with which he concludes his fon- 

nets, and which is, perhaps, the moft perfect of his compofitions, 

where he confefles all the errors and weakneffes of his life; and 

when, from the nature of the fubject, he muft have deemed it 

nothing lefs than impiety to have uttered a falfehood, or even 

to have palliated or extenuated a crime, ‘he takes merit tohim- 

felf, in the fight of heaven, for his paffion for Laura ; and thus 

reafons with the Blefled Virgin, appealing to that clemency 

which he fuppofes her peculiar characteriftic } : 

“OQ Bleffed Virgin, paragon of clemency and humanity, 

let the example of the Almighty Being incite thee to fhew 

mercy to an humble.contrite heart ; and if with fuch ftrength 

and ardour of affection I have been capable of loving a frail 

mortal, what mayft thou not conclude muft be my devotion 

“ towards. 

* O felice quel di, che del terreno’ 

Carcere ufcendo, lafci rotta e /parta, 
Quefta mia grave, e frale, e mortal gonna.— 

E da si folte tenebre mi parta, 

Voltando tanto fu nel bel fereno, 
Ch’ io veggia il mio StGNORE, e la mia Donna. 

+ Vergine umana,.e nemica a’ orgoglio, 

Del commune principio amor ?’ induca ; 

Miferere d’ un cor contrito umile ; 

Che fe poca mortal terra caduca 

Amar con si mirabil fede fogho, 

Che dourd far di te cofa gentile !— Canz, 8. Part. 

Vou. —Bae Aa 

181 
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“ towards Thee, the bright example of all excellence!” In per- 
feé&t union with thefe fentiments of the poet himfelf, is that 
beautiful fonnet, which Boccacro, recently after the death of 

PETRARCH, compofed in memory of his departed friend. It is 
formed on that favourite thought, which is moft natural to the 

foul on the near profpect of death ; 

Or fe’ falito, caro Signor mio, 

-Nel regno al qual falir ancora afpetta 

Ogni anima da Dio a quello eletta, 
Nel fuo partir di quefto mondo rio. 

* Or fe’ cola dove fpeffo il defio 
Ti tird gia per vedere LAugeTta ; 

Or fe? dove la mia bella FIAMMETTA 

Siede con lei nel cofpetto di Dro. 

Or con SENUCCIO, e con CINO, e con Dante, 

Vivi fecuro d’ eterno ripofo, 

Mirando cofe da noi non intefe. 

Deh! s? aggrado ti fui nel mondo errante, 

Tirami dietro a te, dove gioiofo 

Vegga colei che pria d” amor m’ accefe. 

Now art thou gone, my dear mafter, to thofe blifsful feats, 

“ to which all the fpirits of the juft, the elect of Gop afpire, 
when freed from this abode of guilt. Now haft thou attain- 

ed that heavenly region, which thy longing defire to fee thy 
departed Laura had made the object of thy moft earneft 
wifhes; where my lovely FtAMMETTA fits, along with her, in 

the prefence of Gop. Now, with SeNuccio, with Crno, and 
with DanTe, thou liveft in the blifsful affurance of eternal 

re{t; and delighteft in the contemplation of thofe things 
which furpafs our weak underftanding. Oh! if I was ever 

dear to thee while in this fleeting fcene of exiftence, draw me 
now to thyfelf, where once more I may be happy in the fight 

of her who was my firft, my only love!” * 
610. 



Of the Abbé de SAD FE, 183 

610. Iw the dialogue above quoted, (De contemptu mundi, 
Dial. 3.), where St AUGUSTINE is introduced reafoning with the 

poet, and endeavouring to convince him of the errors of his paft 
life, and particularly to diffuade him from the indulgence of his- 

paffion for LauRaA, to which he was as much a flave after her 

death as he had been‘ during her life, the holy father makes ufe 
of every argument that can be drawn both from religion and 

morality: Would he have omitted the ftrongeft of all argu- 

ments? Would he have forgotten to urge that Laura was the 

wife of another ;, and, confequently, that his paflion was a crime 

both in the fight of Gop and man? Yet, to this purpofe, there 

is not a fingle ‘word in ‘the whole of that various and labour 

ed argument. 

7mo. Iv will be in vain for a difciple of this new hypothefis 

to attempt its juftification, upon. the principle that the love of 

PeTrarcu, being entirely of a refined and Platonic nature, 

might innocently have for its objet a married woman, and the 

mother of a family. The author of the Mémoires himfelf aban- 

dons that ground of argument*, which, indeed, cannot be 
maintained in any confiftency with thofe fentiments which the 

poet himfelf has avowed in many parts of his works. The love 

of Perrarcu was no otherwife diftinguifhed from an ordinary 
paffion than by its fervency and duration. He felt for Laura 
the fame emotions, which an ardent but honourable lover feels 
for a moft beautiful, amiable and accomplifhed miftrefs. He 
admired the graces of her mind, he reverenced her virtues, and 
he was enamoured of the beauties of her perfon. He owns, 
that he paffionately defired the reward of his love in the poflef- 
fion of this treafure.- The poet, who expreffes himfelf thus rap- 
turoufly in the language of ordinary human love, muft abandon 

all pretenfions to a Platonic affeGtion : 

Aa2 : Con 

* Mémoires pour la Vie de PETRARQUE, Vol. i. note 21. 
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Con lei fof’ io *, &e. 

© Would that I were with her buta fingle night, alone, in dark- 

“ nefs, where only the ftars fhould behold us; and might that 
* night laft for ever! Might fhe never afflume a borrowed ADAP, 

¥ (like DarHNeE), to efcape from my arms!” 

Deb hor fofs? io con vago de la Lunat, &c. 
. 

“ Ah that I were along with ENpymion, the beloved of Luna, 
“ Jaid to reft in fome green wood ; and that fhe who confumes 

“ my fleeting days were there alone with me, or attended only 
“ by love, for one fingle night! But might the fun remain for 

“ ever beneath the waves !” . 

So in the 58th fonnet, 

PicMaLion, guanto lodar ti dei t, &c. 

& 

ee with 

* Con let fofs’ io da che fi parte il fole ! 

E non ct vede/s’ altri, che le ftelle, 

Sol una notte ; e mai non foffe 1’ alba, 
E non fi transformaffe in verde felva 
Per ufeirmi di braccio. Canz. 3. 4 qualunque, &c. 

+ Deb hor fofs’ 10 con vago de la Luna 

Addormentato in qualche verdi bofchi . 
E quefta ch’ anzi ve[pro a me fa fera 

Con effa, e con amor in quella piaggia 

Sola venif[e a ftars’ ivi una notte ! 

E’ 1 di si fleffe,e'l fol fempre nel’ onde! } 
Seft. 7: Part. 1, Nog he it, 

{ PicMALIon, guanto lodar ti det 

Dell’ imagine tua, fe mille volte . 

N’ avefli quel ch’io fol una vorrei, 

How much, O Picmation, hadft thou reafon to be content ~ 



Of the Abbé de SA DE. 0. . 185 

“ with thy image, who enjoyedft.athoufand times thofe de- 
* lights, which O that I but could once tafte*.” : 
THESE paflages leave fio room for the fuppofition of that re- 

fined and Platonic affection, which it is pretended a virtuous 

young man may, without blame, indulge for the wife of ano- 

ther. .. I enter not into the queftion, how far even a theory of this 
kind is reconcileable to ftrié morality, or whether that {pecies 

of continued attention, that marked efteem and preference, 
which at leaft muft be rewarded. by a correfponding fympathy 

and regard for the perfon who expreffes them, is materially lefs 

injurious to the facred bond of ‘conjugal affection, than a plan 

of feduction purfued from its ordinary motives. A moralift 

might perhaps decide, that where the effec of both is the fame, 

the alienation of the affeCtions of a wife; the garb of virtue and 
of decency, aflumed by the former, is only a higher aggravation 
of its criminality. But the difcuffion of this queftion is fuper- 

fluous, where the fuppofition of a Platonic love cannot, as we 
have feen, be, admitted. 

-8v0. La/flly, As the love of Pretrarcn for LAuRA was an 

SGeanntle and virtuous paffion, fo the works of the poet afford 
fufficient evidence, - that he ardently defired to be united to 
Laura in. marriage, and was even in the near profpect of that 
baprinsl i 

Amor con quanto-sforzo oggi'mi vinci ! 
LEYe non ch? ‘al defio'crefce la fpeme-; 

TI? cadrei morto, ove pit viver bramo. _ . Son. 64. 

Gia 

* Ir is amufing to obferve, how even this ‘paflage has been ftrained to admit of 

an interpretation fuited to that Platonic affe@tion which fome of his commientators 

have wifhed to afcribe to the poet. The pleafures, fay they, which PETRaRCH 

here expreffed his defire of ‘enjoying, were thofe which would arife on finding the 

piture of Laura endowed, like Prcmaion’s ivory image, with {peech and under- 

ftanding. But they own, at the fame time, that, as PIGMALIoN’s enjoyments are 

generally believed to have been lefs refined, the poet has chofen an unlucky allufion ; 

and that the obvious fenfe of the paffage is rien moins que Platonique. 
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Gia incomminciava a prender fecurtade 

La mia cara nemica a poco a poco 

De’ fuoi fofpetti ; e rivolgeva th gioco 
Mie pene acerbe, fua dolce honeftade : 

Preffa era’l tempo dov’ amor fi {contra 
Con caftitate ; e agli amanti é dato 

Sederfi infieme, e dir che lor’ incontra. Son, 47, Part. 2. 

Tempo era homai da trovar pace o tregua 
Di tanta guerra ; ed erane in via forfe.. Son. 48s Part. 2. 

Tranquillo porto avea mofirato amore 
A la mia lunga e torbida tempefia.— 

Gia traluceva a’ begli occhi ’l mio core, 

ET alta fede non pit lor molefta. 
Ahi morte ria, come a {chiantar fe’ prefta 
Il frutto di molt? anni in si poche hore! Son. 49. Part. 2. 

In fupplement of thefe authorities from the fonnets of Ps- 
TRARCH, may be added that report which was current at the 

time, or at leaft among the earlieft writers who have given any 

account of the poet’s life, namely, that the Pope, who held Pr- 

TRARCH in the higheft eftimation, and to whom he was indebt- 

ed for feveral valuable ecclefiaftical preferments, was extremely 

folicitous that he fhould be united in marriage to LAura, and 

offered to give him, in that event, a difpenfation for retaining 

his church-benefices... If the ftory is true, the Pope of whom 

it is recorded muft have been CLEMENT VI., as he is the only 

one of the Pontiffs, who were PETRARCH’s cotemporaries, to 

whom thefe characteriftics could apply. M. Freury, in his 

Ecclefiaftical Hiftory, is certainly miftaken when he: attributes 

the propofition here mentioned to BeNnEDrcT XII. the préde- 

ceflor of CLEMENT; for PETRARCH owed no favour to that Pon- 

tiff, whom he has fatirized in’ many parts of his writings, as a 
» man 

EE 
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man of barbarous difpofitions, mean and fordid propenfities, and 
whofe erofs ignorance difgraced the high ftation which he oc 

cupied. The anecdote is mentioned by SQUARZAFICHI 5 as it 

is likewife by one of the oldeft editors of the poems of Pz- 

TRARCH, in the preface to the Venice edition 1473+ though 

the latter author erroneoufly names the Pope Ursan V. who 

did not afcend the papalchair till fome years after the death 

of Laura. This uncertainty with regard to the perfon is not, 

however, fufficient to difcredit the fa itfelf, that the Pope, 

whoever he was, might, from favour to PETRARCH, have ear- 

neftly defired to fee him united to the object of his paffion. 

Tue clerical character of PeTRARCH ought not to be confider- 

ed as affording any objection to the fuppofition, that he ardent- 

ly wifhed to be united to Laura in marriage. Though enjoy- 
ing ecclefiaftical preferments, he had never accepted of any ° 

charge which conferred acare of fouls. He had frequently been 
folicited with earneftnefs to accept of a bifhopric; but conftantly 

refufed it, either from a fenfe of his own demerits, when weigh- 

ed againft the qualities he thought requifite for that facred cha- 

_taéter, or, more probably, (as he himfelf indeed hints), from a de- 

fire to preferve his liberty, and follow, without reftraint, that courfe 

of life which he found moft congenial to his tafte. It is pro- 
bable, therefore, that his views with refpeét to Laura had their 

influence on this determination ; fince he was thus at liberty, 
merely by the facrifice of fome flender pecuniary emoluments, to 
change his condition at any time he might think proper. Ex- 

amples of this kind were at that time extremely common; and 
the ftory above related, if true, is a proof that the Sovereign 

Pontiffs were even in ufe to difpenfe with the refignation of be- 

nefices to their particular favourites in thofe circumftances. 
‘But, whatever weight we may be inclined to give to this 

_ anecdote, it is, on the whole, fuflicient to our’purpofe, if while, 
on the one hand, we have fhewn that there is not the fmalleft 

folidity 
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folidity in all that elaborate fabric of argument, which has been 
brought to prove that Laura was a married woman, we have 
proved, on the other, from the whole tenor of the. writings of 
Perrarcn, the only evidence that applies to the matter, that 
his affeétion for LAURA was an honourable and virtuous flame. 
On this fubject the reflection of M. de la Bastiz is equally 
beautiful, as a fentiment of morality, and juft, as an obfervation 

on human nature: “ Jl n’y a que la vertu feule qui foit capable 
“« de faire des impreffions que la mort w’efface pas.” 

VI 



VII. Description of an ExTRA-UTERINE Fastus. By Mr 

THOMAS BLIZZARD, F. R.S. Evin. LeGurer on Anatomy 

and Surgery, and Surgeon to the London Hofpital. 

[Read Feb. 3. 1800.] 

UCH light has been thrown upon many of the moftim- 
portant and intricate functions of the animal machine, 

by accurate inquiries into the proceffes of nature under extra- 
ordinary circumftances. The doctrine of conception, lately 
advanced, owes its fupport, in no {mall degree, to. obfervations 

made on cafes, in which, from adventitious caufes, Nature has 

been led out of her ordinary tract.. The following cafe appears 
to be of fuch a defcription ; and, as tending further to elucidate 

_ the fubje&t, may probably be not unacceptable to the learned 

members of this Society. 

THE woman, who was the fubject of the following inveftiga- 
tion, was aged twenty-eight, of a robuft form; had been fix 
times pregnant ; firft at the age of nineteen, when fhe was de- 
livered of a living child; fhe then had two abortions ; of the 
fourth pregnancy fhe was delivered of a living child; and of 
the fifth fhe mifcarried, about five weeks before her death. 

On the morning of the day fhe died, at about half paft eleven, 

after having gone through confiderable fatigue in cleaning her 
houfe, fhe was feized with a violent pain in. the lower part of 
the abdomen, which continued till her death; fhe gradually be- 

came weaker; her abdomen became more and more {wollen, 

and about nine in the evening fhe died. Having felt extraordi- 
Vou. V.—P. II, Bb , nary 
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nary fenfations for a {hort time before this attack, fhe exprefled 
to her friends a great defire, that, fhould fhe die, her body 
might be examined. 

Tue abdomen being opened, there appeared, proceeding 

from the pelvis, a confiderable quantity of blood, both in a 

fluid, and in a coagulated, ftate: two meafured quarts were 

taken from the cavity. - 

Tue fource of the hemorrhage was an interefting point of 

inquiry. This foon appeared. In the middle of the Fallopian 

tube of the left fide, nearly at an equal diftance from its fim- 

briated extremity and its termination in the uterus, a pouch 
was formed, about the fize of a pigeon’s egg, or a little larger, 
of an oval form, in the middle of which was a rupture, of the 

bignefs of a fmall quill, through which it was plain the blood 

had iffued. The parts were removed, for more accurate exa- 

mination. Having divided the vagina, I was {truck with the 
appearance of a quantity of jelly, extending from the os uteri, 
and alfo with the increafed fize of the uterus, which led to a 

fufpicion that there had been a recent conception. The na- 
ture of the cafe now began to unfold itfelf. It appeared, that 
an extra-uterine geftation had taken place ; that the procefs was 
going on in the Fallopian tube, the embryo having refted there 
inftead of pafling to the cavity of the uterus ; that the tube had 
enlarged to the capable extent, and then had burft. The fim- 

briated extremity of this tube was open as ufual, and its cavity 

nearly of the natural fize, perhaps a little enlarged. It poffeffed 
alfo the tortuous form, as is common, till it began to expand to 

form the pouch. The tube was of its natural fize alfo, in that 

half towards the uterus, and was alfo pervious ; for, quickfilver 

was introduced by the tube near the uterus, towards the pouch, 
which paffed readily, and infinuated itfelf between the pouch 
and its contents. The quickfilver pafled readily alfo into the 

cavity 
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cavity of the uterus; fo that there was no permanent obftruction 
to the paflage of the embryo into the uterus. 
HavinG carefully taid open the pouch, it appeared full of a 

firm coagulum,), Upon breaking through this, at the depth of 

about a-quarter ofan. inch, there appeared a membranous cir- 

cle, of a lightifh colour, about the fize of a fcarlet bean, and 

within this another fimilar membrane prefented itfelf, perfect- 

lydiftin& from the former; probably thefe membranes repre- 

fented the chorion, and amnion. Within the latter, mem- 

brane, nothing could be difcovered but coagulum. ‘There was 
no appearance of fcetus; but it muft be remembered, that only 

five weeks had elapfed fince the laft abortion. 

THE uterus was much thickened, being nearly twice its bulk 

in an unimpregnated ftate; and, notwithftanding the hxmor- 

thage which had occurred, its veflels appeared confiderably en- 
larged. The cervix uteri was entirely filled with a jelly, and 

the whole furface of the cavity of the uterus was lined with a 
foftifh glutinous fubftance, which feemed organized, and was 

-much redder than the reft of the uterus. Changes had been 

produced in the uterus fimilar to what are feen in ordinary 

geftation ; its parietes were thickened; its cavity enlarged ; 
its cervix fhut up with a jelly ; and the glutinous effufion jutt 

defcribed might not perhaps improperly be confidered as a 
“membrana decidua in its early ftate of formation. 

‘Tue ovaria were much veficulated, particularly the left, in 
which there was a corpus luteum of confiderable fize: in -the- 

right ovarium there was no corpus luteum. The velicles in thefe 
ovaria were large and much diftended. Their appearance was 

exactly fimilar to that of the ovaria of a young woman I fome 
“time ago examined, who had died from an accident, after ha~ 

“ving been married but a few days, in whofe uterus there were 
evident marks of impregnation, and in both ovaria, corpora 
lutea, two or three, lam not certain which, in one ovarium, 

Bb2 and : 
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and one in the other. The corpora lutea, in both cafes, appear 

ed to be formed by an effufion of blood, afterwards coagulated, 
into a burft veficle. The fe€tion which’ fhewed the corpus lu- 
teum, difcovered its internal fubftance to be dark, with a bor- 

der of a yellowish colour, as if formed of coagulating lymph, 

feparated from craffamentum. 
Tne very early impregnation, after the abortion, in this 

cafe, is a circumftance that feems entitled to remark. Only 

five weeks intervened between her laft mifcarriage and: her 

death ; and it muft be fuppofed that impregnation happened a 

confiderable time before her death, from the changes which had 
taken place. If I might be allowed to venture a conjecture of 

the caufe of thefe phenomena, Does it not appear that there 
might have been fome irregular contraétion of the Fallopian 
tube, which is probably mufcular, that caufed the embryo to 
reft where it did? It was proved there was no permanent caufe 

of obftruétion in the tube. | : 

EXPLANATION OF THE PLATES. 

Prare Il. fhews the uterus and its appendages, with the en- 
largement in the Fallopian tube, having a burft opening 
in its middle. The whole is drawn, as nearly.as poflible, 

of the dimenfions of the parts. By the divifion of the uterus 
may be feen its increafed thicknefs and fize, and an attempt 
to fhew the jelly occupying the cervix uteri. 

PLATE III, exhibits two figures: the one fhews the enlargement _ 
of the Fallopian tube, and the appearance 6f its contents as 
defcribed ; the other expreffes the ovarium of the fame fide, 
with a large corpus luteum. 

Vill. 
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VII Mereorortocicar Abstract for the YEARS 1797, 1798; 

and 1799. Gommunicated by FoHN PLArFAIR, ¥. R.S. 

Epin. and Profeffor of Mathematics in the Univerfity of 

Edinburgh. 
= 

[Read at the Meetings ‘in Fan. 1798, 1799, & 1800.] 

"N' drawing up this abftraQ, I have fomewhat enlarged the 

plan followed in thofe formerly communicated to the So- 
ciety. In order to reprefent more accurately the progrefs of 
the feafons, every month is here’ divided into three parts, and 

the ftate of the barometer and thermometer is given for each 
of thefe divifions. 

In the tables, therefore, that follow, the firft column contains 

the greateft height of the barometer for each of the above divi- 
fions; the fecond the leaft; the third the mean; and the fourth 

the temperature of the air in the room where the barometer is 
kept ; the fifth and fixth columns fhew the greateft height of 
the thermometer in the air that was obferved during the ten 
days to which the numbers refer; the next three give the mean 

heights as obferved at three different times every day, viz. at 8 
_ in the morning, r1oin the evening, and, as nearly as can be judg- 
ed, when the day is warmeft, that is, fome time between mid-day 
and 3 in the afternoon. The mean of all thefe three is taken 

for the mean temperature of the day, which being computed 
for each day, the mean of all thefe mean temperatures is fet 
down as the medium temperature of the air for every one of the 

thirty-fix 
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thirty-fix divifions of the year. The mean of the three divi- 
fions of every month is given in the next column, under the 

title of the mean temperature of the,month. 

Tuts arrangement of the meteorological abftraét has been 
adopted, as exhibiting the variations both of the barometer and. 
thermometer, and alfo their mean ftate, without either entering 

into particulars too minutely, or abftracting from them too 

much. ; 
Iv is prefumed that the mean temperatures, which are the 

points moft difficult to be afcertained, are given with tolerable 
exactnefs, as they are deduced from three obfervations made 

every day, of which the firft, that at 8 A.M. is itfelf not far 
from the medium temperature of the whole day, and the other 
two are as near as circumftances will allow, to the two extremes 

of greateft heat and greateft cold. 

Tue barometer of which the heights are here given, is the 
fame that was ufed formerly, (See Tran/factions of the Royal.So- 

ciety of Edinburgh, Vol. IV. p. 213.) 3. but in May: 1798 its» place 
was changed from Windmill Street to Buccleugh Place, about 
130 yards farther to the fouth; 3 feet lower than. before, or 
about 262 above the level of the fea. The thermometer is 
fhaded from the fun, expofed to the north, and about 30 feet 

from the ground: At this height it often ftands at 33 or even 

34 degrees, when a flight froft is felt on the furface, 

METEO- 



METEOROLOGICAL ABSTRACT. 195 

. METEOROLOGICAL TABLE For 1797. 

ean Temperature of| erc. in Barometer. 
Mean Temp. of the | Days of Weft wind. [Days of Eat wind Mean Temp. of every Month. ten days. Greateft Height of Barometer. Leaft Height of Bar. Mean Height of Bar. Greateft Height of Leaft height of Ditto. Mean Temp. of the Mean Temp. of Air when warmett. Mean Temp. of the Air to P, M. the Thermometer. Depth of Rain. 

34-5 |39-35]42-10]38-95]30.0 |, 
29.2 5137-97|40-12}38°75|38.94.40.35) 1.320] 1° 
35-0 [42-6614 4.50]42.50/43.22 mu 

33-0 |47-49}49.65)40.30/45 78 |Beb. 8 4 .0 138.1 5142.6 5139.8 5140.221) 3.19 

\ cy} 

f _pril, i : 
: 3-]30.104]29-428]29.6442]51.4 60.0 |40.50144.35/50.02/44.5 

Ei Div. 1.]29.974|28.97¢]29.4664]52-3 |] 58-5 |37-5 [46-1 |50.12)42.37146.19 
May, = 2.]29.919]29.22¢]29.5900154-9 164-0 |39.5 |52-0 |55-70|51.05|52.92 
|Z = 3-]30-116]29.310]29-665 4]59.7 5 5-68)60.38]51.8.4]5 5.97 
) Div. 1.}29.984|29.112]29-6400]57.4 
June, \ 2.|29.932129.432]29-7214]5 8.9 

ay es 

3.|29.886]29.484]29-7300|59.0 

Div. 1.}30.026,29.186)29-5944]62 4 | 
—— 2./29.838)/29.412]29.6188165 1 | 

Be poibstionens 29.7218 62.45| 66 5 
1.]29.764]29.060]29-4368)61.3 

ng: i) 

r j= 3-|29-722]29-326|29.5330|57-1 163-5. 145-75 §2:32|58.57|51-1 |54.0 
|p Div. 1.130.026)29.454]29-6810] 56.4 5] 59-75]45.25]50-82157-3 |49-5 |52.81 

it. {= 2 |30.088}29.02c|29. §44 7154.37 55-0 |34.5 |46.42/51.1 145.2 |47.84146.18 3-€97| 10 
3-|30-088]28.840|29.4912 43-66].47-0 |31-5 137-9 143-7 [37-8 139.8 fies ane 

43 1 51-0 45.3 [46.47 | 
1:245 10 

ve 

Diy. 1.)30.27¢]29 224|29.8097150.45 55-5 [32-5 
N 5160 132.0 139.17144-45]39-4 |41.01140.02 

° Inches. ° 

—— 2./3¢-296|29.096}29 7866)44.8 | 51.5 
— 3.|29.670|28.918]29.440¢]48.4 }] 52.0 

Div. 1 -}39:106/29.24 $|29.7442]48.1 37-0 |42.33/39.0 
2-]30.124]29.238]29.6432/48.5 |] 5c.25134 0 |39-3 [45-75]41°0 

—— 3-]29 922|29.038]29.5281]49.0 |] 54-5 |37-75/42-8 |47-0 4205 

Div., 1.}3¢.012] 29.31 5|29-61 5 4149-7 5] 53-0 139-5 |43-12150-0 [42.6 
2.129.094 2]29.276]29.5272150-3 1 5 5-50138-25/45-52152-50146.0 

39 44 
42.08 41.85] 1.030 

45-24 
48.01 
46.29 

46.51] 1.460 

51.69] 2.636) 

165.75|53-5 |S7-82/63.82/54.80|55.81 
53-0 158.5 5162.95]56.00159.17/58.95| 4-320 
§2.0 |§8.15162.34|56.06]58 85 

}3-5 [47-5 |53-65158.92|51-12|54.23 
}61.25147.5 |51.65156.3 |49.85!52.60 53-61] 3.265 

—— 2.]30.203]29.404]29.7576148.9 
-|29-704]28.658]29.44609144.0 | 43-5 |24-0 |32.05132.9 |32.67]32. 64 

29-424]28.610]29.2714143-6 144-0 [30-0 |35-17|37-57/35-07/35-77 7| 3 2.|29-751|28.563|29.0573146.7 |55.0 |30-5 |40.32/41.5 7142.52 41-13'39.87| 1-910 10 
—— 3:]30+104]29.080]29.718 7149.5 I] 52-5 135.25|42-84/42.95|41.66 42.72! Io} 1 

Total Rain, 25.360)2 56] 1c9| 
Mean Temperature of the Year, 48°.04 3 
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17 97- 

R) aM BA TRI KY S: 

Tuer is little in the meteorological hiftory of this year to be added to what is con- 
tained in the table. The winter was very open and mild, with a brifk fteady wind, 
for the moft part from W. to S.S.W. There was but little froft, and {carcely any 

fnow. 

In March, the eaft wind began to prevail; a pretty fmart froft was felt in the be- 

ginning of the month, and fome fnow fell on the 6th and 7th; the weather was 

cold for the feafon till April, when its temperature came up nearly to the mean. 

May, except at the beginning, when there were fome frofty nights, was favour- 

able, and the wind very often from the Ss. W. June, on the contrary, was cold, 
with a great prevalence of N. E. wind. 

Tuoveu in July and Auguft the weather became much better, yet the general 
temperature of the fummer is by no means high ; if we reckon the feafon of vege- 

tation from the vernal equinox to the 20th of Oétober, we thall find the mean tem- 

perature during that time 53°.32, which is under the ufual quantity. 

In O@tober there was a great fall of rain, with uncommonly high floods. This 
was preceded by the wind changing on the 19th from the S. W., in which quarter 
it had been for feveral weeks, to the N. W., accompanied’ with froft in the night. 

On the afternoon of the 20th, the wind came round to N. E. and E., blowing hard, 

with heavy rain all night. On the 21ft, the rivers were much out; the bridge over 

the Tweed at Kelfo was fwept away by the flood. The barometer, which had 
fallen very low on the 14th, continued fo till the 26th. 

On the 22d of November, a very fharp froft fet in, with the wind N. and N. W. 

Lhe thermometer, on the 23d at 10 at night, was at 24°, and nearly the fame again 

on the 29th: 

On the 4th of December, the wind came to the S. W., which put-an end to the 

froft; and about the middle of the month, the weather became uncommonly fine 

and warm for the feafon. The thermometer was for fome days conftantly above 

50°, and once as high as 55°, and this not at noon, but at night, on the 18th, with 
a clear fy, and a high wind from 5.S.W. The feafon, however, could not main- 

tain this temperature long; it became colder on the aft, and the year ended with, 

a flight froft and the wind from the N. W. 

METEO.-. 
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METEOROLOGICAL. TABLE for 1798. 

ght of 
meter, 

Mean Temp. of the Air1o 2. M. Mean Temp. of the Greateft Height of Leaft Height of Bar. Mean Height of Bar. Mean Temp. of Merc, in Bar. \ Leaft Height of Ditto, Mean Temp. of Air when warmett. Month, Days of Weft wind. Days of Eaft wind. Bar. Mean Temp. of the Greateft Hei the Thermo Air 8 A.M.» Depth of Rain. 
| —— I 

Di sls aPacionsttingh. 5 % % 

iV. I.]30.303|29.003]29.7 3 34]44-3 47-5 Asp 33-25)37 2133 42134 3, ° 
—— 2,]29.943]28.785]29. 401 146.5]! 50.5 135-0 |39-67/41.65140.67140.66/38.68] 2.31 

3-]30-104]28.424]29 49 36]48-41] 47.75]32-0 |40-17]4r.5 40.05/40. 5 5 
Div. 1.]30.490|Z9. ges 1968 [48.6] 50.0 |33- srs 25/44.50142.65142.47 

foal Ss a > a we 

Ht _ OOL\O. I 

2,130.02.4]28.952129.5955/48.4|| 51.5. |22.25'36-77141.62)3 5, 55|37:98)39-05]. .B0c 
—— 3.]30.043]28-Boo]29.505 [46.1}}45-0 [30-0 133 84]39.57]36-72136.71 
Div. 4.[39-023]29.750|29.8335|5,1-0l| 54.0 |32-0 32.0 |44 32/49. -85144-12146 o9| 

28.88 j]29.6801147-5]] 45.25/32. 75)34-2714%-0 137-07137-4 [44-15] 1-56c 
—— 3.]30-ToT}29. 29.489|29.7886 7886/49.7 g0.0 [32-50 50138. 38} -33/44- 44-1113 7-38] -9.96] 

iv. 1.{30- “1168.5 139-0 147-7715. 51.11/48 65/49.17 | 
19) 30.01¢]29.255|29.6738155.2 69.0 [40/0 |49-0 [56.6 146.9 [50 80]50-51) 1.825 

; 3-|39-052]29-734/29.8794 oo 93-25/40-5 |52-17155-57|48.0 [51.58 
02.0 [44.0 |49.22155-4.|48.45]5x.02| 
62-5 45-0 |51-6 159-1 |49.85]58.49]56.21 1.48] 

: 72:0 |49-75|58-4 [64-7154 15|59-11 
Div. 1. 30.282|29.461)29.9 560|61.5 74-5 [50.0 157-9 54-3 55:0 |59-1 

2.)39-14 5|29.382129.8000/64. 5171.25152.25/61.3 |67.3 |56.9 |Or 8 \62 24] 1.865 
29.79 56163-9]] 73-0 |§1-7 5161-82|66.75]59-05|6 5-82 

ee 1-|29-530|29.162129. Serpe 75-0 |55-5 [02 42107 45|58.65|62.84 

idee 

Call | | 

He HIOW 

1 VAO]|AQw | 

acd Fi eee 

~ 

—— 2]29-594|29.088]29.3430|62.6]66-7 515 3.25158. 52163.7715 5.32159.2 [60.58] 2.53¢ 
]29-93¢|29.380|29.609 |62.91/67.25|52.5 |59-72]63.10)56. 32159 71 

Div. 1.}30- }30.110|29. 374|29.7042|64.2 72.25/51. 25|60.7,| 7 5|05.02 0215 7.07|60.95| 
—— 2.|29.884129.364]29-7452|62.1|]66.5 
— 31130. 174129.451|29-9366|6 5.21] 74-5, seach S| ais 1.|29 804|29.062|29.4708|63.01170-0 149.2 5|59-1 63-45 “45(54- “37/58. 97 
—— 2.]29.888]28.722]29-5 516|63.4]153.0 |47.75|56.1 |6 

3.|29-728]28.924]29.3570|50.2|}65-¢ 

Lal ~ 

COtn = Repos & Blo oo 
ies see hie ie Godless os tes ao 

Div. 1.]30-110|29.216|29.8257158.3||62. 
{ 2.130.010]29.152|29. 1815]56 59-5 36.5 [40- Seis Las 2.105 

3.|29.611)28.97 5|29.3176|56.7||52-5 142-0 144-9 |48.9 146.02/43.04] 
3 Div. £-|29.786)28.588|28.9602|s7.0|| 55-5 |35-5 |43.52147-77|43-65]44 98] | 

‘[Nov. 2.]30-052129.438]29-7588/52.5 1143.0 |29-5 |37. 97/403 37-42139- HB 39} 2.250 
; 3-129-871|28.394]29.2345]/52.1]] 51-6 | 28.0 37-8 140.97/39-6 |39.4 

Div. 1.(30. 225|28.950 950|29-61 36|5 3.311 46.5 |35-0 |37-75/41-4 |38.92139.3 
2./30. shee -050129.5490/51.9]|44.5 |28.5 38 92139- 77138. 37139: zs, 1.66c¢ 

29.408130.022 148.01|44.0 |18.0 32.04) 

baal id an 

ate W bo 

en — 3.130.428 29-408130.022 148.0 1144.0 |18-0 132.04134.04132.45132-171 || 6! | x7 
) eee ka pels Seb Rain, 23.95 sasonre 23-85 s250]nz. 

Mean Temperature of the Year, 49°.28 
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1798. 

R;} E/M;A IR KS. 

Tux climate of this part of our Ifland hardly admits of a finer feafon than that of 

1798. The winter, though not altogether without froft, was on the whole mild 

and open. In March, indeed, the temperature was rather below the mean; but 

in Aptil it rofe confiderably above it, and continued fo till the end of Ogtober. 

Ir is remarkable of this year, that the temperature changed much more regu- 

larly than ufual, increafing gradually till the end of June, and diminifhing in the 

fame manner till the end of December, without any confiderable retrogradation- 

The mean temperature is more than 1°.5 above that of an ordinary year; and this 

difference fell chiefly on the fummer months, The mean temperature of June, 

July and Auguft, was 61°; the thermometer was often above 70, and never fo low 

as 49 degrees. The vegetating feafon, reckoned from the 20th of March to the 

2oth of Oftober, has for its mean temperature 56°.17, confiderably above the 

mean of an ordinary year; and, as along with this the rains fell feafonably, the crops 

of all kinds were very abundant. The fine weather of this year extended over the 

whole of Britain, and indeed over the greateft part of Europe. 

METEO- 
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METEOROLOGICAL TABLE ror 1799. 

ight of 

Greateft Hei the Thermometer. 
arometer. 

> fa 
J > & 
we 
3 
es 
£ S = 
| 
a 

2 
Te) ° oO ° ° ° Tuches. (es Pel 

28.0 |35.32/38.42|36.62|36.78 
38.5 143-27145-30|44-£0|44-18)37.62]  .335] 10 

Greateft Height of Mean Height of Bar. Leaft height of Ditto. Mean Temp. of the Days of Weft wind. Days of Eaft wind. Mean Temp. of the Month. Mean Temp. of Air Air 10 P. M. Leaft Height of Bar. Mean Temp. of the when warmeft. Depth of Rain. 

25-5 _}3C+30]33-05132-5 7/329 a8 

21.25]27.32131-97127-10/28.8 | 2 
28.0 135-97|40.09|37-47/39-8 37.60] .964) 5 

—— 3-|29-814/28.68 5]29.4205|56. 5 37-5 143-40|48.53143.60/45.18 si 

Div. 1.]30-148]29.500/29.9034|56-0} 40.20 317 
37-78/38.80] .695| 5] 5 

29.52:36|52-8] 49-0 |31-25}37-70]40.09 36.13}38.42 hes 

Div. 1.|29-860]29.072/29.4586]49-7]] 42-5 132-0 134-70|38.67|34.12|35-83 rl age 
April, ¢ —— 2.]30,080|28.666|29.2674154.4]] 50-0. 137-5 |42-67/47.12|42.02|43.9Clqz.91] 2.280] 6] 4 

3-|29-986]29-170]29.725115 7-01] 63-5 136-75]15-32/50.50]42.20 46.0 Lael ae 

Div. 1.]29.728]29.312/29.5605|5 5-7 52-0 [34-5 |42.57140.02|40.60]43.08 aj & 
May, (¢—— 2-|30-182]29.162/29.680715 7.1] 61-50/37-5 144-57159.45|44.05|46.02146.88] 3.355] 5} 5 

1 66.50144.0 |52.40/58.00]49.25]5 1-55 es ee 

6] 4 
52685]59-40151.02154.09)56.36] 1.335) 2] & 

. 57-12|05-17|55-32|59-20 Glas 
; 60.85]65.65)56.90]61.13] ° 8] | 
P 55-62]60.62153.45|56.56]58.00) 3.125} 5} 5 
. 5 67-5 1§9-75|§ 5-80]59-68]54.34|56.60 Pac 

166.5 [59-5 158.22159.4 515 3.00|5 7-19 
760|29.2750|50,5 164.5 150-5 |56.45|60-62]53.17156.74]56.81] 4.450 

— 3. 29/820 29.11¢ 29.5112|59.8 92.0 149-0, |55.63]60.20]5 3.70]56.51 

F iv. 9. 164]29-B00]30.0120|02.5 06-25151.5 |55.50162.00|54.52]57-34 
- + E— 2.]29.862/28.8 50]29.3300]60.3164.0 ]50.0 153.32157-17/52-8215 4.44] 54.26] 4-085 

.|29-720|28.912129,2634 58.0} §7-5 |44:5 |50-47]54-62]48.97|51.02 
29.640]29.010]29.3590}56.0} 56.25|38.5 [46.975 1.80|45.25/48.01 
29,786|29.210]29.5028}56.4}] 56.75|35-0 |44-17152.03145-75147-32147.01| 2.035 

30.012|29,012|29.5438]52.61 55-5 |35-5_ |44-4c]48.68]44.0 145.72 

| La) 

IP md ie ol Aw 
-|29-542)28.525|29.0798/56.5 152.5 133-0 |42.92]46-17|/41.0 43.36 

28.923]29.4466)56.5 | 49.75/34-0 |39-8c|44-75139-52141.02|42.70| 1.645 
38.7 2|42.27|41.17|40.72 

40-47]42-27139.50/40.74 
. -|30- : ‘ : +O 135.32137-37|30-20 30:29}36-52 1.370 

30.61136.20]30.80132.53 

Total Rain, 25.574/211|15 
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Mean Temperature of the Year, 46°.13 
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2799: 

Ri (Ee Me tA Reak «2S. 

Tse year 1799, though it afterwards proved fo unfavourable, began with very 
mild weather. January was uncommonly pleafant, and the wind generally from 
the S. W. 

In the beginning of February, the wind changed to N. E.; on the 7th, the ther- 

mometer ftood at 22°; and the morning of the oth was remarkable for the moft 

violent ftorm of wind and {now that is remembered in this country: the wind was 

a little fouth of eaft, and the thermometer as low as 25°. The fame day afforded a 

ftriking example of the viciflitudes in our climate ; for the ftorm, which began about 

one in the morning, having continued till noon, the wind foon after came to the 

S. W.; a thaw began immediately, and in the evening the thermometer ftood 

at 40°. The froft, however, foon returned, but without feverity ; the weather in 

the latter end of the month was mild, though the fnow, which had been much 

drifted on the gth, ftill lay deep in many places. 

Ow the 3d of March, the wind came to the N. E., and the feries of cold and dif- 

agreeable weather began, which extended over almoft all the remainder of the year. 

The winds, during the whole of March, were dry and parching ; the nights frofty, 

and the mean temperature hardly above that of February. 

APRIL was equally unfavourable ; it fnowed frequently, and the wind, though 
often in the weft, was always fo far to the north, that it was never accompanied 
with warmth. Even at the end of the month there were fcarce any figns of vegeta- 

tion, and the trees feemed hardly farther advanced than in February. 

TuroucuH the whole of May the feafon continued extremely backward; the 

wind, whether in the eaft or the weft, was always far to the north, and the medium 

temperature of the month about 3° lower than in ordinary years. 
June was a little more favourable; and indeed the only part of the feafon that 

afforded any thing like good fummer weather, was the laft ten days of June, and the 

firft ten of fuly. The mean temperature, during that time, was about 60°, and was 
not fo high, by feveral degrees, for any other period of the fame length in the whole 

fummer. 

From this time the weather became continually colder. There was little funthine, 

and a great deal of rain, during the remaining part of July, and the whole of Au- 

guft and September. 

THE 
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Tur month of O@ober was.in’ itfelf tolerable, and nearly’of the’ ufual tempera- 

/tures but*by:no means able to’make up the deficiencies of the former fedfon. © The 

harveft was not generally got in till the end of Nevers and, in high'grounds, 

hardly till the end of December. 

One of! the peculiarities of this feafon was, that the eaft wind continued to blow 

very frequently after»the’ folftice,:through’ the: whole fummer, and always from’a 

northern point. »/The:weft winds, alfo, were: generally far ‘to'the north, which fel- 
dom happens in’ this climate, from the:time of the fummer folftice tothe fetting in 

of froft in November or the latter end of Oétober. 

~Tue general impreflion which this year has left on every body’s mind is, that it 
was very rainy ; and yet it docs not appear, from the regifter, that more rain fell in 

~ 1799 than in ordinary years. The faét is, that the only rainy months were July, 

Auguft and September, particularly the two latter ; in thefe three the depth of rain 

was nearly a foot, which is at leaft double of the ufual quantity. This quantity, 

alfo, fell not in heavy fhowers, with intervals of funfhine, as is ufual in fummer, 

but in drizzling, long continued rains, with foggy weather, as in winter. Hence 
the amount of it was very naturally over-rated. 

‘Tue mean temperature of the whole year is 46°.18, more than 1°.5 below the 
ufual mean. But the mean temperature of the feafon of vegetation, computed from 

the 20th of March to the 20th of Oétober, is no more than 51°.27, almoft 5° below 

that of 17¢8. This deficiency of temperature may appear at firft fight hardly ade- 
quate to that deficiency in the crop which is afcribed to it; but. it fhould be confi- 
dered, that vegetation fcarcely proceeds at all with a temperature under 40°, fo that 

this may not improperly be regarded as the point of heat at which vegeta. 
tion begins, and the boundary, in as much at leaft, as refpeéts agriculture, 

between fruitfulnefs and fterility. Now, 56° is the mean temperature of a good 

feafon, in this country, as we know from the inftance of 1798, and therefore 16° of 

heat.is the whole diftance between the mere germination of vegetables and the 
fulleft maturity they can attain in our climate. A deficiency of 5°, therefore, 
which is nearly a third of the whole 16°, mult neceffarily be accompanied with a 
great fhortcoming in the maturity of all vegetable produ@tiions. 

WHETHER the quantity of the crop may be expetted to be proportional to the 

excefs of the mean temperature of the vegetating feafon above 40°, fo that the 

crop of this year fhould be to that of the preceding as two to three, or if it muft 
be ina greater or a lefs ratio, may deferve to be more accurately confidered. 

There is, however, reafon to think, that the variations of the crop, at leaft of the 

corn crop, will be greater than in proportion to the variations of temperature ; 

for, if the mean heat of the vegetating feafon were to fall as much below that of 

1799, as the heat of 1799 did below that of 1798, it would be reduced to 46°, a 

temperature fo low, as would certainly prevent the ripening of corn altogether. 

By 
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By doubling the deficiency of the heat, therefore, we do a great deal more than 
double the deficiency of the crop, fo that the latter varies in a higher ratio than 
the former. } 

Tue limit at which corn will not ripen, is probably higher than 46°, and may per- 
haps be ftated at 48°. If it be alarming to think that our climate has, in any cafe, 

come fo near to a line, beyond which the labours of the hufbandman are ineffectual, 

it is comfortable to reflect, that the refources of the country have been able to: 

provide a remedy even for fo great an evil, and to avert all its moft fatal effects. 
« 

{X. 



IX. 4 New and UNIvERSAL SonvuTion of Kert£er’s PRoO- 

BLEM. By Fames Ivorr, E/q. Communicated by FoHN 
PLAYFAIR, Profeffor of Mathematics and F. R. S. Edin. 

[Read Fuly 7. 1800.] 

ug EPLER, having difcovered the laws that regulate the 
motion of a planet in its orbit, propofed the following 

problem, for determining the 
true place of a planet at any 

given time: “ To draw a 

* ftraight line DE, from an 

eccentric point D in the 

“ diameter of a femicircle 
* AEB, fo that the whole fe- B 

M 

A 

*“ micircle may be to the : 
* fetor ADE, in a given E 
“ ratio.” 
In refolving this problem, we are to take the quadrature of 

the circle for granted ; and therefore, if C be the centre of the 

circle, and if the feétor AGM be taken, fuch, that the whole fe- 

micircle is to the fe€tor ACM in the required given ratio, the 

problem may be otherwife enunciated: “ To draw a ftraight 
line DE from an eccentric point D, to cut off a feétor ADE, 
“ that fhall be equal to the given feGor ACM.” 
Tuer given arch AM, or the given angle ACM, is ufually 

called the mean anomaly ; and the arch AE, or the angle ACE, 

the anomaly of the eccentric: the problem, therefore, is redu- 

ced 
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ced to this: “ The mean anomaly being given, to find the ano- 

“‘ maly of the eccentric.” ; 
2. Draw the ftraight line DF at right angles to the diameter 

paffing through the point E: Then, fince the fector ADE is 

equal to the, fector ACM, and the {pace ACE is common to 

both, the triangle EDC will be equal to the circular fector ECM : 

therefore, it is manifeft, that the ftraight line DF is equal to the 

circular arch EM. 
Surrose that the radius of the circle is unity; and let 

m = arch AM, » = arch AE, and « = eccentricity DC: Then, 

fince DF = « fin », we fhall have this equation, exprefling the 

relation between the arch of mean anomaly and the arch of ec- 

centric anomaly : 
m—mmefnw . 

3. In the equation juft found, let us put m = 2” and = av: 

and, remarking that fin w» = fin 2 = 2 finy X cof», we thall 

readily obtain, 

n—»y =e fin» X cof»: 

And, if we further fuppofe ¢= « X pa ets and, by means 

of this formula, exterminate e, we fhall find 

fin (2n—») = =e finy X cof». 

Ir may be remarked here, for the greater precifion, that, 
from the nature of the problem, the arches, m and yw, never ex 

ceed 180°;,and, of confequence, the arches m and », never ex- 
ceed go’. 

4. Ir we confider ¢ as a known or given quantity, it is evi- 

dent, that the equation laft found will no longer have the form 

of a tranfcendental equation ; and that the arch» will be de- 

termined, when the arch 2 is given, by a finite equation, refolv- 

able by known methods. 

In ftrictnefs, indeed, we cannot confider e¢ as a given quan- 

tity; for the exact value of e depends upon the arch », and 
cannot be known unlefs the length of that arch were known; 

in. 

a 

ee 
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in other words, unlefs the problem, of which we are treating, 
were already refolved. But it is eafy to demonftrate, that e¢ is 

always very nearly equal to the eccentricity «; and that, there- 
fore, we may affume ¢ = «, at leaft for a firft approximation to 

the value of ». 

For it is clear, from the moft elementary principles, that the 
. . i 

‘maximum yalue of fin» X cof» is equal to 5: therefore the arch 

n—y, determined by the equation fin (x1 —»)=efin» X cof», 

when greateft of all, can never exceed 5. It is alfo evident, 

from the mature of Kerxer’s ‘problem, that « can never be 
greater than unity; becaufe the point D is fuppofed to be al- 

ways taken in the diameter, and never without the circle. 

_ Therefore, even in the extreme cafe, when «= 1, the arch 
‘ I 

” —» can never be greater than >. 

But fmall arches of a circle are very nearly equal to their 

fines ; a propofition that we may extend, without great error, 
to all arches not exceeding 30°. Now, we have fhewn, that 

the length of the arch » —» can never exceed = >, and there- 

fore, that arch will always be lefs than the arch of 30°, the fine 

fin (2 — ») 
of which is $. Therefore, the fraction will always 

be very nearly equal to unity ; and, confequently, the value of ¢ 

fin (n —») 
ivy 

determined by the formula ¢e = ¢ X , will, in all cafes 

whatfoever, differ but little from «. 

AssuMING, therefore, ¢ = ¢, if we denote by + the value of 
» correfponding to this value of ¢, in the equation fin (n — ») 
=efiny X cofy; we may confider s as a firft approximation 
to half the arch of eccentric anomaly. 

5. Havine thus found one approximate value of », it is eafy 
to find as many others as we pleafe, by means of the formulas 
already inveftigated. 

Vou, V.—P. II. Dd For, 
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imate value already found, be fubftituted for », and let ¢ denote 

the value of ¢ that will refult from the fubftitution ; or, which 

For, in the formula e = ¢ X 

is the fame thing, let é = « X ae And further, let ¢ be 

fubftituted for e in the equation fin (x —») =e fin» X cof», 

and let < denote the correfponding value of »:; then will be a 
fecond approximation to the arch ». 

In like manner, + being fubftituted for» in the formula 
fi ses 

e=sex mu), will give a new value of ¢, denoted by ¢’: 

and, by means of the equation fin (z — ») = e X fin » X cof», 

this new value of ¢ will give a third approximation to the arch », 
denoted by x”. And it is manifeft, that the feries of arches, 
x, 2, %, &c. approximating to the value of », may be continued 
indefinitely. 

6. I now fay, that the arches z, 2’, 7’, &c. which conftitute 

the feries of approximations to the value of », are alternately 

too {mall and too great: that 1s, the firft, third, fifth, &c. terms 

in the feries are all lefs ; but the fecond, fourth, fixth, &c. terms 

in the feries are all greater, than the exact value of ». 

For, if, in the equation fin (” — ») =e X fin» X cof», we 

write fin 2 cof » — cof 7 fin », for fin (n—»), and divide both fides 
by fin » X cof », we fhall get 

mina 2" Coby 
—_— fin » St ge! Goky . 

in this formula ¢ vanifhes when 2 =»: and, fuppofing the 

arch » to decreafe, it is manifeft that the pofitive part, a will 

; : Got 7 use 
increafe, and that the negative part, oar,” will decreafe : there- 

v 

fore e will increafe when » decreafes ; and the lefs the arch » is, 
the greater will be the value of ¢. This, it is evident, mutt alfo 
be true, when taken inverfely; that is, the greater ¢ is, the lefs 
will be the arch ». 

LET 



Of KEPLER’S PROBLEM. — 207 

LET us tow confider +, the firft term in the feries of ap- 
proximate arches; this arch is the value of yin the equation 

fin (n — ») =e X fin» X cof », when « is fubftituted for e¢ ; but, 

x fin (n — ») 

n—y 
and confequently » will be greater than =. 

AGAIN, take 7’, the fecond term in the feries of approximate 

arches. This arch is the value of » in the equation 

fin (n — ») =e X fin» X cof», when ¢ is fubftituted for e: Now, 
lta, fin (n — z) eg —») 

7 

bess 
1 — iy 

fince we have e =< , itis evident, that ¢ is lefs than «, 

yande=«¢ ; and fince » has been 

_ fhewn to be greater than z, it is evident that » — 7 will be 
greater than » —»: but the greater arch has to its fine the 

fn @—*), will be lef than greater ratio ; therefore the fraction ’ 
T 

the fraction fis aad confequently ¢ will be lefs than e; and 

therefore z’ will be greater than ». 
fin (7 — y) 

AND, in general, if, in the formula e = « X » we fub- n—y 

ftitute a greater arch for », we fhall have a value of e greater 
than its true value; but, if we fubftitute a lefs arch for », we 

fhall have a value of ¢ lefs than its true value: but we have de- 
monftrated, that, in the equation fin(m—») =e fin» X cof», 

the greater ¢ is, the lefs will the arch » be: from which confider- 
ations the truth of what we have afferted above is evident, viz. 

that the arches z, 7, 7’, &c. continued indefinitely, are alter- 

nately too fmall and too great. 
7. LET us now compare together the alternate terms in the 

feries of approximate arches; and it will not be difficult to per- 
ceive, that the firft, third, fifth, &c. terms, which have been 

fhewn to be all lefs than half the arch of eccentric anomaly, 

continually increafe; but that the fecond, fourth, fixth, &c. 

terms, which have been fhewn to be all greaterthan half the 

arch of eccentric anomaly, continually decreafe, 
Ddz2 For 
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For, it is obvious, that the greateft value of ¢, in the formu- 
fin (n — ») 

na—y 
therefore, the arch ¢ will be the leaft of all the approximate 

arches, 7, 7,7", &c.: therefore = is lefs than 7’, the third 

fin (n —-z) 

JajemeX »is when # — » = 0, in which cafee =: 

term in the feries. Again, we have ¢ =«¢X , and 
n—o 

fin (n— =’ ‘ ; 
"= X ) : and fince = is lefs than x”, it is manifeft 

that » — + wilf be greater than »— <”: confequently ¢ will » 

be lefs than ¢”; whence it follows, that 7’, the value of » corre- 

fponding to é, will be greater than x”, the value of » correfpond- 
ing to¢”. Thus, then, we have fhewn, that the firft term in 

the feries 7, 7, 7’, ¢’, &c. is lefs than the third term ; but that 

the fecond term is greater than the fourth: and, it is clear that, 

by a fimilar mode of reafoning, we may prove that the third 

term is lefs than the fifth; but the fourth term greater than the. 
fixth ; and fo on. 

8. Ir has now been demonftrated, that the arches in the 
Series x, 7’, x’, &c. are alternately lefs and greater than half the 
arch of eccentric anomaly ; and further, that the terms in the 
feries, lefs than that arch, continually increafe, while the terms 
in the feries, greater than that arch, continually decreafe ; 

whence, it is manifeft, that by computing more and more terms 
of the feries, we fhall have the value of the arch of eccentric 

anomaly within narrower and narrower limits. The arches 

x, 7’, 7, &c. form a feries of approximations, converging to the 

true length of half the arch of eccentric anomaly, and erring 
alternately in defect and in excefs. 
Anb here a queftion occurs. It may be afked, Do the terms 

of the feries +, #, «, &c. converge flowly to the arch fought? 
or, Do they converge rapidly to it? According to the anfwer 
that we fhall be able to give to this queftion, our method of fo- 
jution is to be reckoned more or lefs perfect and valuable. 

WE 
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We have hitherto confidered the feries of approximations to 
the value of » to begin with the arch z; but, in effect, the feries 

may be ae to begin with the arch z._ For, if in the for- 

fin (1 —») 
ny» : 

of e will be ¢, to which the arch  correfponds in the equation 

fin (x — v) =e Xfiny X cof» It is clear, therefore, that the 
arch xz is derived from the arch 2, precifely in the fame way 

that z is derived from z; or that any other term in the {feries 

is derived from the term that immediately precedes it. 

Tue error of the arch 2, confidered as an approximation to 
y, is m—u»: taking the extreme cafe, when ¢ = 1, (in which 
cafe the convergency of the feries is evidently the floweft), the 
length of the arch 7 — », when a maximum, is (Art. 3.) equal 

to +, correfponding to 28° 39 nearly. Therefore the arch 2, 
confidered as an approximation to », is very wide of the truth: 
And, if we can prove that the error of +, the fecond term in the 

feries, is neverthelefs inconfiderable, we fhall be entitled to con- 

clude favourably with regard to the convergency of the feries. 
Tue error of the arch 7 is »——, and we are now to in- 

quire, to what degree of magnitude this arch may attain. For 
this purpofe let us confider the two equations, 

(27 —v) =¢ X finy X cof », 
fin (2 — vr) = « X fing X cofz, 

by means of which the arches » and # are determined when the 
arch # is given. Itis clear, that the quantities « X fin » X cof» 
and ¢ X fing X cof x are evanefcent, when » = o and z = 0, and 

alfo when»=go0° andz=go°: therefore we fhall have 
a =»= 7, not only when 7 = 0, but alfo whena = go®. It 

has alfo been fhewn, that the arch » is greater than the arch 7: 
therefore the quantity » — z vanifhes, when 7 = o and when 
n = 90°, and between thefe two limits it is always pofitive ; 

mulae = X , we fubftitute a for », the refulting value 

. confequently there is an intermediate value of 7, where the arch 

y— @ will be a maximum. 
SINCE 
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Since 2 finy X cofy = fin 2, and 2 fin x X cof ¢= fin 2z, 

the two equations become, 

; fin 2), a—v= 

fin (x — r) = § fin 27; 

take the fluxions of thefe equations, making 2, », and  vari- 

able ; then, having brought # to ftand by itfelf on one fide, we 
fhall find, 

i (1 + « cof 2»), 

: : . € col 27 
2= 7 (1 + aCe Ng 

" whence, by equating thefe two values of », 
? g e cof 2x 
» (1+ ¢ cof ar) =a (1 cot eae 

Now »—-z is a maximum when, — z= 0, that is, when 

» = 7: therefore, if we divide both fides of the preceding equa- 

tion by the equal quantities » and +; and further, reje@t what 
is common to both fides, and divide the remainders by «, we 
fhall have, in the cafe when » — is a maximum, 

cof 27 
cof (x — x) : 

If we combine this equation with the two equations that ex- 
prefs, in general, the relations of ” to », and of 2 to , we fhall 

have three equations fufficient to determine the three arches, 
n,» and z, in the cafe when »—-z is a maximum, But, as 

one of the equations is tranfcendental, this could only be done 
by the method of infinite feries, and would lead into very per- 
plexed calculations. We may; however, by an eafy formula, 
determine a limit, which the quantity » — 7, when greateft of - 
all, cannot exceed: this will be fufficient for the purpofe we 
have at prefent in view. 

2 

cof 27 = 

From 
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cof 22 

cof (x — #) 
Se (cof ? (2 — 2) —cof* 27) _ — Vin * ete ey 

fin 29 = vy col (7 — 7m) : cof (7 — 7) > 

From the equation cof 27 = , we readily obtain 

but fin (2 — x) = = fin 2, therefore, by Saber 

fin 27 
fin 27> = —_——_- col Ga 4 aban 

Multiply both fides by =; and fubftitute, for _ 2v, its equal 

n—»; and for = fin 2, its equal fin (x — =), and we fhall 

have, 

Lin@=2) =F 
or haa rig eae 

Subtract both fides of this equation from x — z, and, remark- 
fi = 

ing that tan (a —r7)= any there will refult, 

pcan, ca as oe ee y—a7 =a —a—tan (2 z)xa/I - 

To fimplify this formula, I put » — x = e, and a =a/ » — = : 

and fo, (in the cafe when » — x is a maximum) we have 

y—7 = e— 4tan e. 

Ler us now confider the funéion g—a tang: becaufe 

4s Vx = is lefs than unity, it is evident that we may take 

the arch e fo fmall, that @ tan ¢ fhall be lefs than ¢; and, that 
there is a value of ¢ fuch that ge = @tan ¢: it is alfo manifett, 

that between the limits e =o and eg = 4 tan g, (in both which 
cafes e — a tan g = 0) the function e — 4 tan ¢ attains a max-: 
imum value. © 

Ir, therefore, we can proye,-that the arch » — = is always 

between the limits ge = o and ¢ = @tan e; it will follow that 
the maximum value of the function g — @ tan ¢ is greater than’ 

_ the arch » — =, even when that arch is greatelt of all. 
Now,, 
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Now, fince fin (x — 7) = fin X cof, it is evident that - 

fin (27 — =) can never be greater than 5. Alfo, if g = atan eg, 

we fhall have fin g Latane; therefore ok = cof e pa 
ae 

ety! ia . Ft - 

therefore, fince a = f 1 — ~ it is is manifeft that fine is great- 

er than =: ‘Whence it is obvious, that 2 — = is lefs than the 

arch g, determined by the formula ¢ = a tan ¢. 
Ir now remains that we determine the maximum alee of 

the function g — a@tan eg: forthis purpofe, let y = tan g, and 

J 
Dieta 

fince e = , we fhall have, by the ufual method, 

I SSS 7 ore 

i+y Re 
whence y = tane=V (=— 1)- 

- I 

' THEREFORE, if we take tang = \ ge. nigh. 1 the arch 
4 

y — = can never be greater than e — @ tan ¢. . 

Ir we take ¢ = 1, we fhall have tan e = WF — t), whence 

eg = 21°28’ 14” nearly, and ¢ 1% tan e = .03411, which is 

the length of an arch of 1° 57’ nearly. It is therefore certain, 
that, even in the extreme cafe, when ¢ = 1, the arch + cannot 

differ from half the arch of eccentric anomaly, more than 1° = j 

a very {mall error, confidering that the firft fuppofition of 2 = 

is very wide of the truth, We may therefore conclude, “a 

the feries z, 7, 7, &c. converges to the true length of half the 

arch of eccentric anomaly with uncommon rapidity. 
g. We have now fhewn, that, by means of the finite equa- 

tion fin (n—yv) =e fin » X cof », together with the formula 

y¢ fin fin (x—») 
a— 

very rapidly to half the arch of eccentric anomaly. The rea- 
fonings 

f=" , we may deduce a feries of arches, converging 
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fonings that have led us to this conclufion are quite general, and 
hold good in every ftate of the data of the problem. To have 

a complete and univ verfal folution of this famous problem, it 
only remains, that’ we inveftigate a rule for computing the arch 

», from the equation fin (x — 1) = e x fin» x cof», fuppofing x 

and ¢ to be given quantities. This is what we are now to fet 
about. F 

THE given equation, 
fin (n —») = ex fin yx cof», 
is eafily transformed into 
this, (Art. 6.) 

Pine eon Fe 
~finy ~ cofy 

Let ADB be a femicircle, 

and let the diameter DC be 
drawn at right angles to AB: 

Take the arch AM = a, and 

in CM produced take CF = © 

> x CA: From the point F 

draw the ftraight line FGH, 
fo that the part GH, inter- 

cepted between AB and CD, in the angle DCB, may be equal to 
GA, the radius of the circle: and, laftly; through C draw CN, 
parallel to FH : I fay, that the dfen AN is equal to ». 

From the two triangles FCH, FCG, we have 

; : .. FC. _ L. . fin AM 
fin FHA : fin FCA :: FC: FH = FC x =x, ‘ 

fin FGD : fin FCD :: FC: FG = FC x Sof AM 
cof AN’ 

Now, FH — FG = HG = CA, therefore 

fin AM __ cof AM CA= 5 
LP aa AN cof STAN) 

Vor, V.—P, II. Ee confequently, 
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CA. 
confequently, fince Gr = % we get 

eel fin AM _ cof AM, 

— fin AN cof AN- ; 

therefore, becaufe AM = 2, it is manifeft that AN = » 

Tuus, then, the refolution of the equation fin (2 — vy 

—e¢ fin n X cof », coincides with that cafe of the general pro- 

blem, “ De inclinationibus” of the aficients, in which the two given: 

lines are fuppofed to be ftraight lines, interfe@ing one another 

at right angles. If we take CF = . x CA, the arch AN, found 

by the conftruétion above, will be no other than'the arch =z, the 

firft term in the feries that we have already difcufled: and, in like 

“¢ I nt — &. 
manner, if we take CF fucceflively equal to ae Mews x CAS; 

ty ee =), x CA; «eS E — 2 x CA; and fo on: 

we may find, by the fame conftruétion, the other terms 7’, 75. 

a”, &c. of that feries. 

Ir, therefore, we are to reft fatisfied with a geometrical con=. 

{truction, we may confider KePLer’s problem as already re- 

folved. For, it is manifeft, from what has been proved, that,, 

by means of the known and elementary problem, “ De inclina-. 

tionibus,’? we may, in all cafes, approximate to the arch of eccen-.— 

tric anomaly as nearly as may be required. It muft be con-. 

felled, however, that a conftruction of this kind, let it be ever 

fo ingenious or elegant, is of no ufe to the aftronomer, who 

feeks fora rule by which to conduét his calculations, and who 

will not be fatisfied with a {peculation of the mind. 

10. The problem, “ De inclinationibus,” when ‘the two lines. 

given by pofition are fuppofed to be ftraight lines, is, in gene- 

ral, a folid problem. The geometrical conftruction cannot be . 

effected, unlefs by the help of the conic fections ; and the folu- 

tion, by the modern algebra, leads to an equation of the fourth 
power, 
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power, or at leaft to an equation of the third powef It is 
known, however, that in one particular fituation of the given 

point, the problem becomes more fimple. \ This happens when 

the given point is firuated any where in a ftraight line, bifecting 
the angle contained by the two lines given by pofition. In this 

cafe, the problem becomes a plane problem, and leads to an 

equation of the fecond degree only. 
Stnce, then, the ftraight lines AB, CD, interfe& one another 

at right angles, the plane cafe of the problem will happen, when 

the angle ACM is half a right angle; that is, when 7 is equal 
to an arch of 45°, or when the mean anomaly is a right angle. 

This cafe deferves to be particularly confidered, on account of 
the fimplicity of the folution it admits of. 

\ I 
‘Wuen n= 45°, it is obvious, that ing = cof” = emt and. 

2 

the general equation becomes 
niet a rad eohgrees fm y. 

Wei Viniancolyhs ya Sahin ere. 
{quaring both fides, 

1. cof?» + fin *y — 2 fin » cof y 

a fin *» cof *» 

but fin 2y = 2 fin» cof»: therefore 
; 1 — fin 2y 

fin? 2) 

Havine reduced this formula, we {hall find 

+ V2e-i t 
e* 

If we regard the problem, “ De inclinationibus,” independently of 
any application, and fuppofe that ¢ may have all poflible de- 
grees of magnitude, both thefe values of fin 2» may give folu- 

a 

1 — 2 fin» cof» 
er TF 

fin?» cof?» ? 

roxy lt 
——- xX 

2 

hes 2X 

2 2 
fin? 29 ++ = fin 2 = 3: whence fin 2» = 

‘ 

tions of the problem. One value, viz. fin 2» = po Ae Nene cr 
e* 

being always lefs than 1, will give a folution, whatever be the 
magnitude of ¢: it will even give two folutions ; becaufe fin 2», 

Eea being 
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being determined in magnitude only, will correfpond to two: 

arches, the one lefs, and the other greater than go®. Of thefe 

two arches, the former will give the pofition of the line FH, 

having the part GH, inferibed in the angle DCB, equal to CA; 

and the latter will give the pofition of the line FKL, having the 

part KL, infcribed in the angle ACL, equal to CA. ‘ 

—Y2e+i— Pp 

tasks 6 , 

will give no folution when ¢ is not greater that 13 becaufe, in 

/2e-it i 
e* 

Tuer other value of fin 2», viz. fin2y = 

that cafe, is greater than 1: But, for other va- 

lues of e¢, when —— is lefS than 1, this value of fin 2, 

will alfo determine the pofition of two ftraight lines, both lying 

in the angle ACD, that will fatisfy the problem, 

In the particular application we have in view, e being never 

greater than 1, we muft compute fin 2» by the formula. 

Ry Aa a i aa 
Ti ae 

by the confideration that 2», or the arch of eccentric anomaly, 

mutt be lefs than the-arch of mean anomaly. 

: “e YT 

Tue formula fin 2» = (AS a 
é 

fin 2»= and all ambiguity will be taken away, 

is not very convenient: 

in praétice: we fhall obtain another method of computing fin 2», 

greatly preferable in this refpect, in the following manner. 

ResuME the formula, 

1 — fin 2» 
2 oS x ao Say ee 

4 fin ? 2» 

Suppofe fin 27 = rae then, by fubftitution, we fhall: 

find 

oN 10 — cof A)x (t+ cof A) _ _fin* A 
= 

I 
= ——> =- xtan*A:: 

2 col? A 2cof*A 2% ; 

therefore tan A = eX \/2 =e X fec,45°. 
ALSO, _ 
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. P A : 

~ Aso, fince fin » = we have 1 — fin 2) = 

‘ A. 

es eet ai ee A, now let 27 = ~ = 90° — 20; 
Fic col Ae ah A Bi pr ehag= Fe A 
zi ; cof* : 

then 1 —fin2-=T — cof 2r = 2 fin? 2: therefore fin »= 

2 > 

-Invertenc this analyfis, we derive the following rule for 

Ao NST. A 
Bane Ye Beans as ashy aaa in ib ols tan — X ia an a x 4S 

- computing the eccentric anomaly, when the mean: anomaly 
is a right. angle: Take tan A = eX fec 4s? ; then fina = 

tan A x fin 45°, and %='9g0° — 2a. This rule would be ri- 
2 

gorous and. exact, if we could give toe the value it has inthe 

fin =e gg tie te 

- fornia e'= xX ————— : but as this cannot be done, we 

5 

mutt be content with approximating to the arch fought as near- 

ly as our purpofe may require. We will, therefore, by means 

of the rule, conipute a feries of arches, p, p’, p’, &c. by fucceflively 

Pe a4 aie fi Ye side 
fubftituting fore, the values ¢, « x—+, ex >, &c. 

es (en Sap) Pa eas 5b 

and the feries p, p’, p’, &c. will’ converge very quickly to the 
exact value of the arch of eccentric anomaly, erring alternately 
in defect and in excefs. For the arches here denoted by 4, 7’, 
p’, &c. are manifeftly no other than the double of the arches 

_ formerly denoted by. z, 7’, 2’, &c. refpectively. 
THE cafe of the general problem that we have here refolved, 

may. be thus enunciated: “ To draw a ftraight line from an 

** eccentric 
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“ eccentric point in the diameter of a femicircle, that fhall di- 
“* vide the femicircle into two equal parts.” 

11. LET us now proceed to confider the refolution of the 
formula, 

finn  cofn 
~ finy ~ cof y? 

fuppofing 2 to be any angle whatever not greater than a right 
angle. ’ 

From the point F, draw the ftraight line FKL, fo that the 

part KL, infcribed in the angle ACL, may be equal to CA; and 
put g = angle FKA. Then, by proceeding in a manner fimilar 

to what is done in Art. 9, we fhall eafily derive this equation, 

fe cofz _ fin xz 
PieGkege Ain, 94 

FurTueEr, let the ftraight line FQ be drawn to bifed the 
angle HFK: put ¢= angle FQA, and’) = angle KFQ= 

angle QFH: then, fince it has already been fhewn, that » = 

angle FHA, it is obvious that y= @ — Pandg=o++4Ws: whence 

we fhall have thefe two equations, for determining the two 
angles g and w, : 

finn cof 7 

°=fin(@— +) cof(@—¥)’ 
cof 2 fin n 

‘= tet a) ~ fin @ +0 
By taking away the denominators, and remarking, that 

fin (@ + ¥) X cof (p+ Y) = + fin (2g + 2) and fin (p — 4) 
x cof (@ — 1) = + fin (29 — 21), there will refult 

~ fin (29— 2) = fin nX cof (g — p) — cof nx fin (g— ), and 

< fin (29 + 2p) = cofz x fin(g + p) — finz x cof (e+). 

TAKE the fum and difference of thefe two equations, and, 

for the fums and differences of the fines and co-fines, having 

2 the 
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the fame co-efficient, fubftitute the produdts that are equal to 
them ; we fhall have, 

e fin 29 cof a) = 2 fina fin 9 fin) + 2 cofacof¢ fin J, and 

e cof 29 fin 2) = — 2 fina cof g cof + 2 cofz fin g cof y. 

Now, finn fin 9 + cof cofg = cof (9 — 2), and 

— fin 2 cof + cof 2 fin 9 = fin (¢@ — 2) + therefore, 
e fin 29 cof 2) = 2 cof (9 — 2) ae (A) 
e cof 29 fin 2p = 2 fin (@ — 2) cof 

Tf in the fecond of the equations (A), we write 2 fin J cof for 
fin 2, and divide by cof, we fhall obtain ¢ cof 29 fin) = fin (g—n): 

fin (g — 2) 
cof 29 ~ 

2, fin* (9 = 4), 
a: COL BO 2 4. 

cof 2) in the firft of the equations (A), and, after having redu- 

ced, there will refult, 

e-fin 29cof? 29—2 fin? (p—x) fin 29 = 2 fin(g@—z) cof(@—xn) cof2¢:. 

Now, 2 fin? (9 — 2) = 1 — cof (29— 22), and 2 fin (9 — 2) 

x cof (9 — n) = fin (29 — 2) : therefore, by properly ordering 

the terms, 

fin 29—e?7 fin 2@cof*? 29=fin 29 cof (29—2”)—cof 2¢ fin (29—27). 

But fin 29 cof (29 — 2”) — cof 29 fin (29 — 2a) = fin 2n: 

whence fin } = = x But cof 2) =1 —2fin*) = 

I— Subftitute thefe values of fin p and 

therefore, if we put « = fin 29, fince cof* 29 = I — x’, our 

~ equation will finally become 
3 4 (2-1) e= i fiton 

which equation will ferve to determine x = fin 29. 
We have ftill to find the angle }): for this purpofe I refume 

the equations (A), and ai la crofs-wife, and dividing by 

2e, there refults, 

‘fin 29 fin (¢— 2) cof 2¥ cof }.= cof 29 Seles c-ach fin 2) fin d, 
For fin 2) write 2 fin? cof: and for 2 fin? » write 1 — cof 2; 
then, having properly difpofed the terms, we fhall find 

# 29 fin (? oe tree cof (g—n)) cof 24.= cof 29 cof (g—n). 

Now. 
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Now, fin 29 fin (@ — x) + cof 29 cof (9 — see =cof (9 +2): 
therefore 

cof (9+ 2) X cof 2) = cof 29 X cof (9 — 2), 

whence, as 9 is now known, cof 2 will be found by this pro- 
portion, 

cof (@ +2): cof (g —n):: cof 29: cof 2. 

Havinc thus found both the angles ¢ and 4, their difference 
will give the angle » which is fought. 

In order to render the method of computation, derived from 

the preceding analyfis, as fimple and as commodious for prac- 
tice as the nature of the fubject will permit, we fhall change the 

letters @ and } to denote the double of what they have hitherto 
done ; and we fhall alfo put m for its equal 2: This being ob- 
ferved, we have the following rule: 

1. Let there be formed this cubic equation 
I _ fin m 

| we + i — 1) nes cee e 

from which «x is to be found: then « = fin ¢, 
2. STATE this proportion, 

cof PT 5 ¢ of 2—™ :: cof @: cof ¥, 

by which the irk t will be a. 
THEN 9 — } = 2» = arch of eccentric anomaly. 

Tuis rule would be rigorous and exact if we could give to ¢ 

fin ——* 
the value it has in the formula ¢ = « X ——: and if, by 

> (m— #) 
means of is rule, we, compat a feries i arches, p, p', p", &c. 

Li ttin eer Be 
by fucceflively fubftituting for e, the values ¢, ¢ X 2 a) 

5 @—e) 

ex 

o 
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fin’ a Boy -— 
¢ X ——_——_., &c.; A feries p, p’, p’, &c. will converge very 

= (m =p). 
aacety to the exact value of the arch of eccentric anomaly, 
erring alternately in defect and in excefs. For the arches that 
we here, denote-by p,/p’, p’, &c. are manifeftly no other than the 

doubles of the arches formerly denoted by 7, x’, #’, &c. re- 

{pectively. 

12. It is to be remarked, that, fince ¢ is never greater than 1, 
the cubic equation in the rule above, i is of the, form which ad- 

mits only one real root, fo that it may either be refolved by 
Carpan’s-rule, or by the ordinary methods of wise 

its root is always pofitive. 
Ir is to be remarked too, that in the fame cubic equation, 

Ea, wor fin os! when finm= 1; and, confequently, 

Q = go ° when m= = go”. Hence, it is eafy to infer, that the 

arch @ is lefs, or greater than a quadrant, or equal to it, accord- 
ing as the arch m is lefs, or greater than a quadrant, or equal 

to it. This remark is neceflary to determine 9, when its fine x 
~ is giyen,'on account.of the ambiguity of the fines. 

When m = 99; or fin m = 1, we {hall manifeftly have the 
cafe of the problem that we before (Art. to.) confidered fepa- 
rately. But though we have here fin g = 1, and g = go°, we 

fhall in vain look for a folution of this cafe from the general 
rule, (Art. 11.): becaufe the firft and third terms in the pro- 
portion for computing ‘cofxp become .evanefcent. We may, 

however, deduce the rule of calculation of Art. 10. from the ge- 
neral inveftigation of Art. 11. in the following manner : 

-Resume the firft of the equations (A), writing 9, and m, 

for 20, 20 and an, according td the change made i in ‘the nota- 

tion : viz. 

efin gx cofy = 2 cof 2 my fin 

Pant, V.—P.L Ey Suppofe 
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Suppofe cof} = ae : then, fince 1 — cof b= 2 fin? : ) 

fi iy , t bt ScofA a A 
we have 2 fin* > = [ofa > 7 A = tn* 

' cof. > 

therefore 

wv A foc 
fin a tan > Xe = tan > x fin 45°: We. fhall alfo have 

G ata ea = (t —cof A)? _| (1 — cof A)? 

2p Pe COA Ty leon Ait inedis Aye 

1 —cofA I 
fin M4 =—faT * we : Subftitute now, for cof ap, its value 

2 cof A iste niaed ei agen a and we 
= ar AS and for fin dl mane im A x Ta} 

fhall eafily obtain, 

a/2 x fing X cof A = sof FF “x fin A, 

; whence 

A 
whence = we 

Hence we have another general rule for computing ¥ when @ 

is given, which is this: Take tan A= x one x fec 45°3 

cof 

A 
then fin ee = tan — aie 44. 

et m= go°, and @= 90°, this nen coincides ‘irith 

that already given in Art. 10.: And it may be of ufe, not only 

when 7 is exattly a right gabe; but alfo when it is very ee 

fo. 

Tue detail with which we have difcuffed the rules and for- 

mulas of computation that have been deduced from the analyfis, 

leaves no difficulty in applying them to practice. Thefe rules 
are 
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“re fufficient, in all cafes whatever, for computing the eccentric 
anomaly, when the mean anomaly is given. They embrace 

the problem imits fulleft extent, and, in point of univerfality, 
nothing more is to be wifhed for. 
Tus, then, we have a general and direct method of deter- 

mining the motiotv of a body deferibing. af’ elliptic orbit,,whe- 

ther the eccentricity of the orbit be fmall or great. The me- 
thod is fo extenfive, as event to comprehend) the cafe, when the 

elliptic orbit, having become indefinitely flattened, the motion 
of the body is no longer in a curve, but in’a ftraight line, tend- 
ing to. the centre of. forces. iG Vide Prin. Math. lib.t. fect. 7. 

' prop. 32. et 36.) 
13. IN order to illuftrate the: method‘of computation required 

in the rules that have been inveftigated, I fhall iow fubjoin two 

examples. I have felected, for this purpofe, two problems re- 
-lating to the-circle, takem from,a work of M. Euter, (Jnt. in 
Analyf. Inf. lib. xi. cap. 22. prob. 4. et 5.) where they are refolved 
ey the mano of trial and error. 

x anarriih rf Prob. To dens a “chord: AC, fromthe eatrainiity 
of the diameter of |a femicirele, that fhall: divide the femicircle 
into two equal parts. 
Take D, the ceritre‘of the 

circle, and draw DE _perpen- 

dicular to AB: It is mani- faye § 
feft, that the feGtor BDE will ~*~ 

be equal to the feG@or BAC; 
and that BE, being the mean. 

anomaly, BC willbe the atie- ai 
maly of the eccentric. . Me 

have here, then, m= go° 

and ¢ = 1: and we muft compute by the fulé in Art. 16: 

Fi 2 - 1. To 
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1. To compute f, the firft term in the feries, approximating 

- to BC: Since e = ¢ = 1, we have 

N tan A = fec.g5° = 10.1 505150, 

therefore A = 54° 44. 

Then fina = tan 4 x fin 45°; and fp = go” — 22. 

Now log. tan = 9.7140051 

log. fin 45° = 9.8494850 

log. fin A = g.5634901 = fin 21° 28’. Me 

Therefore 4 = 21° 28", and p= 90° —2a= 47° 4 ; this value of 
pf is lefs than BC. 

inte 
2. To compute the fecond term ’, we have ¢ = « x ————— 

5 —?) 

_. fin 21° 28’ a2 f italien © oR" het 

Tamas Ibn ON Weds h weer aeet aR 
log. fec 45° = TO.T505T 50, 

log. fin 21° 28°= 9.5634335 

fum — Io= 9.7139485 

add conftant log. = 3.5362739 : 

13.2502224 

fubtract log. 1288’ (= 21° 28) = 3.10991 59 

log. tan A = 10,1403065 

therefore A = 54° 5° 54". 

Then, 
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i7 ot. no did syog? ou 
Then, fin 4 = tan = x fin 45 , and p' = go° — 2A; 

log. tan — = 9.7080866 

log. fin 45° = 9:8494850 

log. fin 4 = 9.5575716-— log. fin 21° 9’ 53”, 

therefore, 24 = 42° 19/46", and fp’ = 47° 40. 145 this value of 

pf is scchlsi than BC. 
"i—_ 

a fin z p 

3. For the third term p’, we have e¢=e Ree = 

: —(m— p’ 1 (mf) 
fin 21° 10’ ie i WS Sa ob 

5 Arexf eee °, 
arc 21° 10° and tan x tec 45° = ate ar vo x fee 45 

log. fecant 45° = 10.1 505150 

logs fin-2i*10' = 9.5576060 - 

fam — 10 = 9-708 12T0 

~ add conft. log. = 3.5362739 

T3.2443949 
- fabtract fog. 1270 = = 3.1038037 

pe log. tan A= To.T4o5gi2 

therefore A= sae 658", 

Now fin az tan Sx fin 45° ° and:p” = 90° — 2a; 

A 
His tan 2 = 9-7082530 

log. fin 45° = 9.8494850 

log. fin A = 9.5577380 = log. fin 21° 10’ 24, 
_ Therefore 24 = 42° 20° 48", and p” = 47° 39 12”; this value 
of p” is lefs than BC, : 

THE 
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Tue more accurate value of BC, according to the computa- 

tion of M. Ever, is 47° 39 12” 46”: fo that the Jaft approxi- 
mation is already almoft exact. This example is well fitted to 

illuftrate the convergency of the feries, p, ~’, ~”, &c. even in the 

moft unfavourable circumftances. 

ExAmPLE 2. Prob. From a_ given point A, in the circumfe- 
rence of a circle, to draw two chords, AH and AK, that fhall 
divide the circle into three equal parts. 

Draw the diameter 1 

AB, and, from the cen- 

tre D, draw the radius 

DF, making the angle 

BDF. = 60°. Becaufe 
the fegment AH is one- 

third part of the whole ~ 
circle, it will be two-  ~ 

third parts of the femi- 

circle: therefore the 

feétor HAB will be one 

third part of the femi- 

circle, and will be e- 

qual to the fector BDF. Wherefore it is evident, that BF, being 

the mean anomaly, BH will be the anomaly of the eccentric: 

fo that in this cafe we have m = 60, and ¢ =I. 

1. To compute the firft term p.: wehavee = 2 =r, rid he 

cubic equation becomes fimply, x3 = fin m; whence x = fin @ 

— 4/ fin m = 3\// fin 60° therefore 

log. fin.e = 99791769, 
and ae = 72° 24'- 

Now cof 2 ort. mM cof @— »: cof gs cof p, 

eof 

. 
; 

— 

ee 



/ 
Of KEPLER’S PROBLEM. 227 

log. cof? = 9.480538% 

log. cof — = 9.997453 

194779908 
log. cof et “= 9.6058923 

ae el = 98720985 
therefore | = 41° 51’, : 
confequently p = 9 — + = 30° 33’, which is lefs than BH. 

fin oe FE 
2. For the next term 1g we ies SUSE Ge ERIE 

=—(m—p) 
arg ° 43" 30" nn _ fin m 
arc14° 43 ‘30°? and x? <b G 1) ‘ 

log. fin 14° 43° 30° = 9.40514Iz 

_ add conft. log. = 3.5362739 _ 

tots - fum — Io = 2.9414151 

 fabtract se 883'.5 = 2.9462066' 

log. Aes T. 7.995 2085 

“Tog. = -= = 0.0047915 

| 2 

: log. 5 = .0.0095830, and A = 1.022410, 

alfo = 3 — 1=-022410=4. Now, log. fin m = 9. 9375306, e* 

therefore log. —_ 9.9471136, and ann = -885347 = b. 

The 
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The cubic equation therefore becomes x3-+-ax = 4: and it 

is manifeft that « is nearly = fin-72° 24’; and, having cor- 

rected this value, by the ordinary method, I find, 

x = fin-g = .9524420 
therefore 9 ='72" 15’ 314 

But, cof 22 : cop P—* >: cof ¢: cof 4, 

log. cof ¢ = 9.4839026 

log. cof 2 = 7a 9:9975102 

19.4814128 

1 ome! sah “= 96071052 

log. cof} =\ 9. B7ASO7e- it 
Therefore + = 41° 31’ 20°, and. 

_ confequently pf’ = 9 — $= 3e° 44't ae which is greater Mie 
BH. 

M. Evrer finds the arch AH =-129° 16:27’; therefore, 
BH = 30° 43° 33”: fo that the fecond approximation, /', differs 

little more than half a minute of a-degree from the truth. 
14. THE only cafes of KrrLer’s problem that are interefting 

to the aftronomical obferver,. are the two extreme cafes, when 

the eccentricity is very fmall, and when it is very great, ap- 

proaching to unity. The former of thefe two cafes is that of 

the planets, all of which defcribe orbits very little eccentric, and 

nearly circular; the latter ‘is that of the comets, which, on the 

contrary, move in very eccentric orbits. The principal object 

of this paper is accomplifhed in what has already been done; 

but it will be no improper fequel, to apply the general Leta 
to the two cafes juft mentioned. 

Tue fuppofition that the eccentricity is {mall, contributes 

greatly to remove the chief difficulties that occur in the folution 

of 
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of Krrxer’s problem, Indeed, it is only this particular cafe of 
the general problem, that we can confider to have been refolved, 

hitherto, in a fatisfattory manner. We already poflefs many 

excellent folutions of this cafe, fome_of them deduced from the 

moft elementary principles, and others obtained by the aid of 

the higher calculus. To thefe another may be added, derived 
as a corollary from the general folution contained in this paper, 

and which will be found not unworthy of the notice of aftro- 
nomers. 

_ Because the two arches denoted by » and pare the double 

of the arches » and z, the arch » — fp, which is the error of 4, 
.. confidered_as.an approximation to the eccentric anomaly, will 

be double of the arch »— 7: therefore, it is obvious, (Art. 8.) 

_that the arch «7 — p will never be greater than 

2(¢ — tan gf :—*), 
. — 

taking tan e =N / = bey A 
Ye hontrat 

i 4 7 wind . 
. Tue flighteft attention to the nature of this expreflion, is fuf- 

ficient to evince, that it decreafes very rapidly as «< decreafes. 
If we evolve it into a feries, proceeding according to the powers 
of «, that feries will contain only the third and higher odd 

_ powers. . Therefore, when ¢is fmall, as it is in the cafe of the 
planets, the amount of the above formula. will be inconfiderable. 

It may even be fo inconfiderable, that the error of p will be of no 

account in practice, and the firft approximation will give the 
eccentric anomaly with the requifite exactnefs. 

By means of this formula, I have computed the limit of the 
error of p, for all the, planetary orbits, and have arranged the 

__ refults in the following table: 

© Ver. V.—P. IL. Gg 
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Limit of 
Value of « the error 

Mercury, .205513 
Venus, .006885 
Earth, 016814 
Mars, .093088 
Jupiter, .048077 
Saturn, -056223 
Georgium Sidus, | .046683 

The infpection of this table fhews, that the error of the firft 

approximation, obtained ‘by the fuppofition of ¢ = ¢, in all the 

planetary orbits, is a very fmall quantity, and fuch as may be 
neglected on moft occafions. 

Ir is to be recollected, that the rule we have inveftigated for 
computing the eccentric anomaly, would give a rigorous refult, 

provided the exact value of e were known. But, as that value 
cannot be deduced directly from the data, the repetition of the 
calculation is neceffary to correé the firft affumed value of ¢, 

and to make it approach nearer and nearer to the true value. 

The method of proceeding that is direéted above, viz. to aflume 

at firft ¢ =, and from thence to deduce a feries. of approxima- 
tions to the arch fought, is perhaps the only one that will apply 

univerfally, and in all circumftances of the problem. But it 1s 

to be obferved, that the reafoning in Art. 4, 5, and 6. will’ re- 
main the fame, provided only that the firft aflumed value of ¢ 

be greater than its true value: and, if the firft affumed value of- 
e be lefs than its true value, the reafoning will not thereby be 

effentially altered ; all the change that will take place, is, that 

the error of the approximations will now. be alternately in ex-. 

cefs and in defe@&t. Therefore, in applying the general method, 

if we can take hold of any circumftances, peculiar to the parti- 
- cular, 
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cular cafe, from which we can directly deduce a nearer value of 
ethan the fuppofition of ¢ =<, we will avail ourfelves of fuch 
circumftances, and will thereby obtain a feries of approxima- 

tions, converging fafter to the eccentric anomaly. 
Resume the general equation of the arches of eccentric and 

mean anomalies (Art. 2.) viz. 
: m—woefine: 

it is evident, that the lefs « is, the lefs will be the difference of 

the two arches m and »; and that, when ¢ is fall, the quanti- 
ty « fin » will be nearly equal to the quantity ¢ fin m. There- 

fore, if we take an arch +, )fuch that 27= ¢ fin m, itis. ob- 

Fy gla 
fin vious that we fhall have 227 — ___? nearly, and, confe- 

s T I 

ANE ame, 
xy fin ¢ ; 

quently, ¢ = «xX —— nearly. To {peak more correctly, the 

error of the affumption ¢ = <, will be of the fame order with 
the third power of the eccentricity ; but the error of the aflump- 

tlonyisen= mn *,. will be of the fame order with the fourth ts | 

power of the eccentricity *. IB 
ike Gx 2 It 

* SIncE m— == e fin pw, we have, in feries, 
Pa nas 

8 fin @ me finm 1 efintye , 3 ei fin tt M __ &e, 
2 FR dT piles ie 4o 25 

: fine 2 4 

Thesefoie a= =i- = fin? w+ 3* fin4 wp — &e. 
I 24 640 

} 7 ew) ' 

‘ fin 2S . = \ 

and ¢== e %————— me —** fin? p+ ae fin* » — &c. 
1 (m—p) 24 640 : 

2 

_ fo that the error of the fuppofition e = «, is manifeftly of the order e. . 
= 

Acatn, from the equation m — w =e finu, we eafily derive fin » = 

“fin m — © fin 2m, neglecting the terms above: the firft order: and, fubftituting 
2 ! 

; bviss) this 
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Ir has been fhewn above, that the error of the firft approxi- 

mation, derived from the aflumption ¢ = ¢, is almoft of no ac- 

count, as to any real practical purpofe, in the orbits of all the 

planets, excepting Mercury: and much more will this ¢onclu- 
fin's 

fion be true of the more exact alEPP HOR 6 

Let us now confider the cubic equation which the rule re= 

quires to be refolved: the equation is 

a elon 
fa m 

x 

and, in the cafe we are now SeReaeA idk; e is fmall, being 

nearly equal to the eccentricity. Multiply all the terms of the: 

equation by ¢*; write fin g for x, and cof* 9 for 1 — x*; and. 

we {hall eafily obtain, 

fin 9 = fin m + e fin ¢ cof? ¢. 

~In this formula it is clear, that the term @ fin 9 cof” ¢ is incon- 

fiderable in comparifon of the other two: therefore fin 9 = fin m 

nearly ; and, confequently, the two arches ¢ and m will differ 

but little from one another. From this confideration, we readi- 

ly derive a feries of approximations, 9’, ¢”; ¢, &c. converging 
very faft to the exact value of 9; viz. . 

fin ¢ = fin m + ¢ fin m cof? m 

fine” = fin m + é fin ¢ cof? ¢ 

fin?” = fin m + ¢e fin 9” cof” 9"; 

and fo on, _ The error of the firft approximation ¢’,1is of the. 
order 

| this value of fin w in the feries for e, wé have, (negle@ting the terms above the 

order e*), 
3 4 

exe — = fin ? m+ —fin m x fin 2m; 
24 24 

and this value of ¢ is exact, as far as the order «* inclufively. — ek 

fin 
Bur the affumption e==«x,——, where 7 =- = 8 being thrown into a. 

i: = ; 

feries, we get, 
3 5 

ese SL fin? a + fay finit mee ow , 
24 640 : 

gnd therefore the error of this aflumption is of the order «*, 
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order et or ¢'; that of the fecond approximation is of the order «; 

and in none of the planetary orbits will it be neceffary to pufh 
the approximations further than the fecond term of the feries. 

Tue method of finding the arch 9g, that has juft been explain- 

_ ed, is very’ commodious in practice; becaufe the value of 

é fin 9 cof? 9 is eafily computed by the common tables, when a 

- known arch is fubftituted for ¢. But we may, with advantage, 

apply the method of infinite feries to the refolution of the equa- 

tion. If we put Dra iT 6" ANG. X= ox we have 

fing = "BX Ge +389 2o+ 55 2°—&c.). 

Tue rule requires {till another operation, viz. to find the 
arch ¥. For this purpofe we aim ats proportion 

gop: cof =" : col 9: cof J. 

~ But, in the cafe we are now sehen the arch.¥ is always: 

fimall: and, on this account, the proportion above is of little ufe ~ 

in practice, when any degree of accuracy is required. The rea- 

~ fon is, that the common tables are not computed to a fufficient 
number of figures for determining fmall angles from their cofines.. 

We will, therefore, prefer the other method of computing 4; given 

in Art. 12. which is not liable to the fame inconvenience. 

Tue obfervations we have now made, lead us to the follow- 

ing rule, for computing the eer of the eccentric in the or- 
bits of the planets : 

-I. Compute the arch + from the formula 27 =e X fin m. 

fin r. 
2, COMPUTE ¢ = X 5 and determine the arch ¢ from: 

the equation fin @ = fin m + e¢* fin 9 cof* ¢ 

3 Compute tanA = ¢ soe xt 45° and fin 
cof = 

2 

= tan 2 X fin 45°. 

THEN p= 9 — 
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Ir is to be kept in mind, that the arch found by this rules 
only the-firft term of a feries of approximations, converging 

very faft to the eccentric anomaly : and that, by a repetition of 

the calculation, a refult may be obtained, that will fatisfy the 

moft {crupulous accuracy. But the rule may be confidered as 
exact, as to any real praétice, for the orbits of all the planets, 

excepting Mercury; and, even in the orbit of Mercury, the er- 

ror will never exceed a few feconds. Let it be obferved, fur- 

ther, that the error of the rule is chiefly in the arch J: for the 
error of ¥ is of the fame order with the error of ¢ ; whereas the 

error of 9 is of the fame order with the error of e*. 

ExaMpLe. Let it be required to find the eccentric anomaly, 
correfponding to the mean anomaly 64° 37’ 8”.5 in the orbit of 
Mars, fuppofing the eccentricity to be = .093088. 

WE have here m = 64° 37’ 8.5, and ¢ = .093088. 

1. To compute ¢ from the formula 27 = « finm; 

log. ¢ = 2.9688937 

log. fin m = 9.95 59089 

conft log. = 3.5362739 

log. 27 in minutes = 2.4610765; 27 = 289; ands =2° 24’, 
fin 
iO * . and fin o = fin m+ ¢ fin m cof? m. 2. THEN '2’S" 

Sinzs= 8.6219616 

log.5.— 2.9688937 

conft. log. = 3.5362739 

fum — 10 = 1.127%292 

fubtra& log. 144 = 2.1583625 

log.e = 2.9687667 

log. = 39375334 
log. finm = 9.9559089 

2 log. cof m = 19.2642510 . 

Jog. e finm cof'm= 3.1576933, and e fin m cof *m = .0014378. 
To 
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To this adding nat. fin m = .9034776, we have nat. fin 9 = 
-9049154, and ¢ = 64° 49. To have a more correct value of 

?, repeat the calculation, 

Log. ¢: = 3-9375334 
log. fin?’ = 9.9566250 

2 X log. cof % =19.2578320 

log. e? fin g cof? @’ = 3.1519904, whence nat. fing = .9048966, 

therefore 9 = 64° 48’ 33”. 

eG ACs 3. To find 4, we have tanA =e X ee 
cof 

log..¢ = 2.9687667 
log. fin @= 9.9565982 

log. fec 45° = 10.1 505150 

Sum = 19.0758799 

log. cof $= —" = 9.9999994 

log. tan ae = 9.0758805 = log. tan 6° 47’ 29” 

But fin x =tan = is fin 45°, therefore 

log, tan a. = 8.7733146 

log. fin 45° = 9.84948 50: ~ 

log. fin = 8.6227996 =log. fin 2°24'16".5. Therefore 

2 = 2°.24.16".5, and ) = 4°.48'.33”, fothat » = 9 — + = 60°, 

the eccentric anomaly required. 
15. It remains now to confider the cafe of the problem, ap- 

plicable to comets, where the eccentricity 1s very great, or near- 
ly equal to unity. Here the general folution may be ufed, and,. 
even without any new fimplification, arifing from the peculiari- 

ties of the cafe, will bring out an accurate refult with very little: 

trouble: 
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trouble... I fhall give an example in the orbit of the famous co- 

met of 1682. . ; 
THE comet of 1682, which aycantaaey in 1759, according 

to the prediction of Dr Hatuey, is the only one of which the- 

period is known with any alee degree of certainty. M., de 

la Lanpve has fixed the period of this comet at 28970 days: 

computing from this the mean diftance from the fun, by the. 

law of Kerrier, that the cubes of the mean diftances are as the 

{quares of the See aic times, we ‘fhall find, that half the great- 

er axis of the ellipfe defcribed by the comet, is 18.07575, the 

mean diftance of the earth from the fun being unity. Accord- 

ing to the determination of the fame aftronomer, the perihe- 

lion diftance, eftimated in parts of the fame unit, is 0.5835; 

confequently, the diftance of the focus of the ellipfe from the 

centre, is 17.49225. Therefore, in the orbit of this comet, the 

17-49225 ere 

18.07575 > ih 
nearly : and we can now 4affign the true place of the comet in 

the orbit, as well as its true diftance from the fun, at any given 

diftance of time, from the paflage over the perihelion or f, aphe- 

lion. 
Exampte. Let it be required to find the anomaly of the ec- 

centric of the comet 1759, (from which the true place and true 
diftance from the fun are derived by eafy and known rules), 

16 days, 4 hours, 44’ before or after the paflage over the peri- 
helion. 

The mean anomaly, correfponding to the given time, is 

o° 12 297".83, reckoned from the perihelion; but, as our me- 

thod requires the mean amomaly to ie reckoned from the aphe- 
eb we have m= 179° '47' 32”.17.° 

.. To compute the firft approximation to the eccentric ano- 

eccentricity, or the quantity ¢, is equal to 

maly fought, we have e= «= 0.96772; hence <= 1.0678 5 

fin 
—— I =.0678 =a; “= .00384r¢5 Fh te 

Then, 

Si Ab a lee eee. 

- 

a es ee a eee eee ee eee eee 

a 
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' Then; to finda value of x, from the equation, #3 ++ ax = db: 
fince 4 is fmall in comparifon of a; it is manifeft that x mult 
be a very fimall fraGtion ; and, confequently, x3 inconfiderable in 

refpect of ax: therefore x te = .05 nearly: and, having cor- 

rected this value by the common method, we fhall find, 

«= fine = .0447 = fin 3° 8, and fo @ = 176° 52’. 
As the firft approximation which we are now computing, cannot 
be exact, even to the neareft minute, it would be fruitlefs to pufh 

the calculation to a. great degree of accuracy. For the fame 
tealony: I here ufe the proportion in the general rule, becaufe it 

i 
2 

requires but one operation for finding y, viz. cof 

cof P= ss cof: cof y. 

HENcE wy is found = 3° 1’, and therefore p= 9— Y= 

173° 51; this is the firft approximation to the eccentric ano- 

maly, reckoned from the aphelion, and is too {mall. P 
adly, To compute the fecond approximation, we have, 

Mise vrs) if 
2 g fin 2° 58’ 

eae =eX arc 2° 58"? 

3 u—P) 

=—1 = .068978 = a; eee = .0038749 = 4. Therefore, 

ex:xX whence = 1.06878 ; 

x? + ax =b: but we know, that a near value of x is 0547: 

and, having corrected this value, we fhall find, x = fin ¢ = 

10540439 5 therefore, fin @ = :0540430 = fin 3° 5 52",andg= 

176° 54 Bete 
As w is here a {mall angle, we mutt ufe the mckhad of Art. 12. 

to find it with the requifite exa@tnefs: this gives tan A = 

bx AON te 45°, and fin 2 Shahan Scat fin 45°; there- 
pet. : : ; 2 

fore log. tan A = 8.8689481, and | = 2° 59’ 32’, 
Vo. V.—P. II. Hh wherefore 
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wherefore p’ = 9 — J = 173° 54 36”, which is greater than 

the anomaly of the eccentric, reckoning from the aphelion, but 
very near to it: the error not exceeding three or four feconds. 

The eccentric anomaly, reckoned from the perihelion, is there- 
fore nearly 6° 5’ 24”, but greater than this arch. 

16. In this method of calculating, though any degree of ac- 
curacy may be obtained, yet when the diftance from the peri- 
helion is very fmall, the computation may run out to confider- 

able length. In feeking a remedy for this inconvenience, I 

faw that much advantage might be obtained, by compa- 

ring the motion in an eccentric ellipfe with the motion in a pa- 

rabola, fince at the perihelion they fo nearly agree. The refult 
of this comparifon will perhaps be thought to make an ufeful 
addition to the general methods explained above. 

Let there be propofed this geometrical problem : ~An ec- 

centric ellipfe being given, and likewife a’ parabola, having 

the fame perihelion diftance with the ellipfe ; it is required to 
draw a radius vector in the ellipfe, to cut off a feétor that fhall 

be equal to a given fector of the parabola. 

Ir this problem can be refolved, the application of it to the’ 

prefent refearch will be eafy. 
Ler the radii vectores that cut off the equal eGard from the 

ellipfe and the parabola, be refpectively denoted by ¢ and rs 

and let v and z be the angles that g and 7 -make with the axes 

of the curves, reckoned from: the perihelia: then, confidering 

the two fectors as variable quantities, we fhall have : 

oi Daa The 

for thefe are obvioufly the doubles of the fluxions of, the two 

fectors. 

Lev a be the mean caaen of. bey ‘ellipfe, and « the eccentri- 

city: then, from the known property of the curve, . 

~ a(1— é) 

~r+ecofuv * 

133 -, SUPPOSE 

Sey 

eee ot 
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4 8 Bods 1 WwW f 7 fii . . - 4 

“SuPPoOsE x = tan’ = 5 then tof Ue : and, if we put p 
ae x? L 

to denote the perihelion anes 2 =a (1—«), anda = ae 

we fhall obtain, by fubftitution, 

pO+orte) py rte 
‘-G+y)+t0—)x_ 1px 

‘Further, from the equation x = tan 5 we get, v= eae 

Therefore, 
ge : a{ 1+ 

ev2 pr xX wus eae 

AGAIN, the perihelion diftance of the parabola being, by the 
fuppofition, equal to the perihelion diftance of the ellipfe, we 
have, from the nature of the curve, 

malt y 178' pitas be@art p 
ah coke 4B 

= 1+ yrand?2 = ; ’ Ler y = tan =: then 25 2? con- 
Mod : 3 cof? = Laid to 

7 rd 

Jequently, 

mee ugar eer XO by) 
q Now, equating the values of ¢’ v and'7* z, that have juft been 
obtained, and, onicaie ne common slice 2 p*, there will 

refult, 

Lodo 3A cn ee. 
- a aries the fluents 

Uebaedthelighe fyh« 
It is manifeft, that this fluent requires no correétion ; it 

Hhz : the 
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the two angles, v and 2, are fuppofed to begin to flow bogether 
at the perihelia of the curves. 

17. ACCORDING to the fuppofition, the eccentricity ¢ is nearly 

equal to unity, and confequently, 4 = 1 — will be a fmall 
I+e 

. vy. ois 
fraction: but, as « (= tan Ai increafes from 9 to oo, it is Ob- 

vious, that the fluent, obtained above, will be of ufe in com- 

putation only toa certain limit, however {mall » may be fuppo- 
fed to be. For the part of the fluent depending on a manifeftly 

converges by the powers of the quantity ax; and therefore, as 
long as 2x is a {mall fraction, fo long only can We compute x 
when y is given, by means of the fluent: but when w has paffed 
that limit, the fluent, in the form here eee to it, is no oe 
of any ufe in computation. 

But the fluent, although limited in_its ea Se Be the 
confideration juft explained, will enable us to compute x when. 
y is given, and to determine the angle v of true anomaly in. 

the ellipfe, by means of the angle x in the parabola, for a con- 

fiderable portion of the elliptic orbit lying adjacent to the peri- 

helion, on either fide. We may therefore deduce from it a 
feries that will ferve to compute the true place of a comet in 
the portion of its orbit which it deferibes during one apparition. 

In order to determine the angle v by means of the angle 2, 
we mutt firft find a value: of x im terms of y: and, to avoid too 

complex calculations, we {hall neglect the terms multiphed by 
the powers of a, higher than the fquare. The extreme {mall- 
nefs of a, in the orbits of all the comets, permits to fimplify the 
calculation in this manner, and, neverthelefs, to obtain'a refult, 

that will be fufficiently exact during the time of one apparition, 
NEGLECTING, then, the terms oe ra the powers of 2 

higher than : fquare, we have 

ee Bes We ett op je 4 +21. 
Tee 
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Affume x =y + Aarape+Br ys, 
A and B being indeterminate quantities, not depending on 2: 
Then, neglecting the quantities which the degree of exactnefs 

prefcribed permits us to neglect, we fhall find, 

B= Pr ZARB 3ZAB AA) AI, 
ge Wes 
x7 = ye cK ' - 

If now we fabftitute thefe. vats in the equation between x and 

y, and omit the terms common to both fides, there will refult, 

SEA ee he Che ad + A? y*) x a? ¥5, 

cig cae sI7)KAPm | ATAFAL) KAS, 

: coe a bb bytes 
Hence ix 

= 3 Xray te * ae 
that sate Cee ‘ 

But, fince y = tan = ; therefore ~ om = cor? a= int, 

and : ok ria = fin? =: nr AN : 

A= 5a 3 in , 
peeved TE Cie 2 Sd ein wHiiz C46 + 2 
a as rs 315 fin 5+ je tint gay Gn’ ec] 

18 Surrose v=z+w; w exprefling the difference of the 
two angles v. and %, which, it is obvious, depends on a, and is. 
to be reckoned of the fame order, with that quantity : Then mote 

v 
x = tan 5 = tan ? big y = tan * 33 therefore, according 

2s 

to TayLor’s theorem rejeChing the quantities that ought to be 

25 rejected, 
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rejected, igh Hr Sie o puna 

| ci ceri Regen ie aa a 
2 & 2") 3% 

Affume now w=Cxa+Da’*;C and D being indetermi- 

nate quantities, not depending ‘on ae ies: fubftitution, 

sayt bxcrt] ne Dxobxa 

x= tan 

= 2 
But i etd oe and = + + aw ( 7 FACE eee therefore, 

aa 

xy = Sx (e tata + 4? 4S adele ice 

WE va now determine C and D, fo that this value of x, and 

its value already found, may be identical: Thus we have, 
C We 

ri a aE pi XI; 

DC og 1 gh pt XY SBE Is 

therefore, 

C= 2Axfin? 2 xy, | 

D = }2B fn’ = 2A fins 2h xy, 

and, taking the values of A and B, (Ae st 9 
4 z 

se neat po Statics , 
— § 225 eS cs 78k “64 - 64 p= {2 ag: 3 Oe Cer ain Sea ie 

and finally, if we. fubftitute for the powers of fin = their values 

‘in the cofines of fhe multiples os the arch, we fhall find, 

ott = os {7-6 cofz—cof2 zt x XJ, 

Dees § 510—78 ‘eos cof 2%— -84.c0f 3z—7 cof 4z} ys 

Having 
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Having thus found C and D, we have v = 2 a w= 

2+Ca+Da.?: that is, 

vests {7 = 6 cots — cof 25} a tan =, 

ic faror cofz— 341 cofz2z—84 col 3z —7 cof4z fa? fan’. 

~ 19. Having now refolved the problem that was propofed, it 
remains to apply it to find the true place of a comet in an ec- 

centric orbit. For this purpofe, nothing more is wanting, than 

to be able to determine the angle = in the parabola, at any given 

inftant of time, reckoning from the paflage over the perihe- 

lion.. We {hall here fuppofe, as a matter already known. and 

-demonftrated, the theory that is commonly given of a body 
defcribing a parabolic trajectory round the fun, placed in the- 

focus : and. we fhall alfo make ufe of the aftronomical tables 

that have been computed, for finding, the’true place in that tra- 
jeQory when the time is given. It would indeed be’ eafy for us 

to deduce the whole of that theory, and to explain the conftruc- 
tion: of the tables, from the fluxional equation, 

slong © 08 colgay Saye selgicylapy ays 
‘obtained above: but this ‘would ‘only be to repeat what i is al- 

; ready familiar to aftronomers. 

Suppose, then, a body to defcribe the given ranabblag by its 
gravitation to the fun placed in the focus ; and let us compare 
the'motion of the body ‘in’ the parabola; ‘with"the motion of the- 
comet in the eccentric ‘orbit: If two ‘bodies idefcribe different 
conic fections -by the ‘action of a ‘central’ force, ‘tending to’ the 
foci of the curves, and varying inverfely as the fquare of the 

diftance, it is demonttrated, by the writers on central forces, 
(Vide Newt. Prin. Matb. lib. x. prop. 14.) that they will defcribe 
reas, in the fame time, that are in the fubduplicate ratio of the 

two parameters : Therefore, the: area defcribed by the body in 
the parabola, in any given time, will be to the area defcribed 

by. 
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by the comet, in the fame time as the fquare root of the para- 
meter of the parabola to the {quare root of the parameter of the 
ellipfe ; that is, as \/2p to \/u (1 —#*); or as\/2pto\put+5} 
or as \/2 to \/1'+ +3 or, finally, as \/1 + ato I. “But the area, 
defcribed by the comet in the eccentric ellipfe, that.is, the fec- 
tor of the ellipfe cut off by the radius vector g, is eqeal to, the 
feCtor of the parabola, cut off by the radius vector 7; There- 

fore, the feCtor cut off by a radius vector drawn to Fe body, 

defcribing the parabola by the folar force, will be to the fector 

cut off by the radius vector 7, in the proportion of \/1 +a to I. 

Now, in the table of the motion in a parabola, the arguments 
of the true anomaly are no other than the areas cut off by the 

radii veCtores; or, which is the fame thing, they are numbers 

proportional to thofe areas: Therefore, if the argument of the 

true anomaly of the body in the parabolic trajectory, found for 
the given inftant of time, be diminifhed in the proportion of 
(ft +a to 1, we fhall have the argument, which corre{ponds in 

the table, to the angle = required. 
We have, therefore, this rule for finding the angle z at any 

given time, by means of the table of the motion in a parabola *: 

Let d denote the interval between the given time and the paf- 
fage over the perihelion, exprefled in days ; then x will be the 

I 

Vit 
Having thus found the angle z in the parabola for the given 
time, we mutt apply to it the equation in the formula of Art. 18. 
to have the true anomaly in the eccentric orbit +. 

angle in the table that correfponds to the argument, —x 
2 

5. In 

* Vide Table Generale du Mouvement des Cometes, Aftronomie de La Lanvgy 

tom. ill. p. 335. 2d edit. 

+ Ir may be remarked, that the angle z is always lefs than the angle v, and 

that the equation to be epees to is always additive. 
i 
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«5 20. In calenlating the place of a .comet,'asfeen fromethéjearth, 

the aftronomer, has occafion fo, compute, not only the heliocen- 

, Mime 18 tric 

Ir! we compare the motion of the comet in the eccentric orbit, immediately to 
the motion of the body inthe parabolic trajectory, it is. obvious, thatthe angglar 
‘velocity of the former is lefs than the angular velocity of the latter, at the peri- 

helia of the curves.: therefore, fuppofing the two bodies to pais over the hepihe- 
Tia together, the body in the parabola will advarice before the comet. But, ds 
the radii veétores in the ellipfe increafé at a flower rate than the radii vetores 

in the parabola, the angular velocity in the ellipfe will increafe at 4 fafter rate 

- than the angular velocity in they parabola, in order that, the areas deferibed-in the 

fame time aay preferve their jut proportion. Hence it is clear, thatthe angu- 
lar velocity of the comet will, in the firft place, become equal to the angular ve- 

locity of the body in the parabola, after which the former body will gain upon 

the latter ; the difference of the true anomalies will become lefs and lefs, and will 

at laft vanith, the two heliocentric places exactly coinciding. 

as we denote by v the true anomaly, common to both the ellipfe and parabola, 

nite the heliocentric places coincide; and if » == tan > it will not be difficult 

to deduce, from the reafoning above, the following equation for determining x, 
viz. 

I oh ig x3 oe ae a cd xf 22a feaB Qin fe ae me § ee — be. 
Vite 143 3 gis AGRI: LEP DS 
which is eafily reduced to this, 

_I emg fis es) at of mix (gee) fet} feet} en fe te Os (« WT) 3 2 aie + 3” te &c 

and, if we neglect the quantities multiplied by a and its powers, we fhall have 
fimply,. 

wharibe x =f eS = 0.8098 = tan 39°, nearly. 

THEREFORE v = 78°: and, whatever be the eccentricity of the orbit, provi- 

ded it be very great, the heliocentric place in the ellipfe will, at this diftance from 

the perihelion, coincide with the heliocentric place in the parabola: nearer the 

perihelion, the true anomaly in the ellipfe will be lefs than the true anomaly in 

_ the parabola: and, more remote from the perihelion, the true anomaly in the 

‘ellipfe will be greater than the true anomaly in the parabola. I need not re- 

* mark, that this conclufion is not to be underftood with the utmoft rigour; for we 

have arrived at it by negle@ting the quantities multiplied by the fmall fra¢tion a 
and its powers. 

Vou, V.—P. IL Ti 
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tric place, but alfo the diftance of the comet'from the fun, or 
T+ex? 

Tir aa 

found in Art. 16. will furnifh a convenient rule for this purpofe : 

the radius veétor of the orbit. The formula g = p X 

For, if we make tanu =x X a= tan = x Ar; we fhall have 

: 5 = 1+"; and, therefore, alfo 
eole= f ; 

2 

cof7-u = , and 
I 

IA x? 

_ cof? u 

€ ~ col?v 
2 3 ' / 

x p, whence e may be found. 



X. Deseriprron of /ome Improvements in the Arms and 
ACCOUTREMENTS Of Licut Cavatry, propofed by the 
Earl of AncR 4M, Colonel of the Mid-Lothian Regiment of 

- Fencible Cavalry, and FR. 8. Epin. to his Excellency 

Marquis CORNWALLIS, Lord-Lieutenant of Ireland, tc. &Sc. 
in @ LETTER+tO Captain TAYLOR, Military. Secretary. to 
bis ii 8 

[ Read, March 4. 1799.} 

wo Be Fillfore’ Dee. 23. 1.798. 

Ome time in the month of July 1797, I had a carabine 

“made at Drogheda, of different dimenfions, and of a differ- . 

ent conftrudction from that of our Light Dragoons: the mode 

Sof carrying and of ufing it is likewife different ; and, as I have 
had confiderable experience of this carabine fince that period, 
I take the liberty of recommending it to the notice of his Excel- 

lency the Lord Lieutenant, in order that a trial may be. made, 
whether the adoption of fuch an arm might not be of advantage 
to the Light Cavalry. 

TueE barrel is twenty-one inches in length, (PI. IV. fig. 1.) and 
of carabine bore. The weight of the carabine is not more than 

" five pounds. The length of the bayonet-blade is thirteen inches, 
(fig. 2.) and there is a fpring on the ring of it, to prevent the pofli- 
bility of its flying off the barrel: The touch-hole is of a conical 
fhape ; the bafe of the cone opening into the pan, the fummit into 
the barrel. The breech-plug is made to flope down towards the 
touch-hole, fo that the carabine primes ‘itfelf, the powder run- 

Ti2 ning 
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ning into the pan by-means.of. two. inclined. planes, the. one 

formed by the fhape of the breech-plug, the other by that of 

the touch-hole. The butt is excavated, fo as to admit the hand 

eafily,,and it is ftrengthened. by a plate of iron, which runs from 

the end of the breech-plug, round to the,end. of the fteel-tube. 

which holds the ramrod. i 

Tue advantages which it pofleffés over the common carabine, 

are thefe: It is ftronger, becaufe it is fortified all round with 

iron; it is upwards of two pounds Jightery and, although feven 

inches fhorter in the barrel, it carries as far as the other. 

OnE might expedt, that as the touch-hole is fomewhat larger 

than ufual, there muft be a greater explofion through it, and 

eonfequently a diminution of the explofion through the barrel, 

as well as of the velocity of the bullet; but the fact is, that the 

touch-hole, although it be larger at the bafe, it is not much 

larger at the fummit, where it opens into the barrel, than the 

common touch-hole; and, by frequent and accurate experiment, 

I have found, that, with the fame quantity of powder, the {mall 

carabine throws, a. ball. with a force fully equal, if not fuperior, 

to that of. the ‘common carabine. Perhaps the circumftance of 

the Jength of the barrel, correfponding better with the diameter 

of the bullet, may account for this fact, and likewife make up 

for any, trifling ‘diminution. of the explofion from. the barrel, 

which..may poflibly be., occafioned by the fomewhat . increafed 

fize of the touch-hole. 

As this: carabine primes itfelf, it can be aes on horfe- 

back, at fpecd, or in. the ;dark, or in windy. weather, and 

under jthe cloak; when .it rains. , I have never. known it to 

mifs,, priming ; and,. by way of experiment, Lhave fired it up- 

wards. of twenty times fucceflively, and have always found, 

on. opening, the pan, that it was as well primed at the laft, 

asi.at, the, firft, fhot. It can be fired eafily five times in a 

minute, with the, afliNance of a fecond ramrod, (fig. 3.) which, 
a 

fin 
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whet the dragoon ‘is’ mounted, hangs to his. carabine-belt, 
6r to a button placed below the tight fhoulder. By means of the 

iron-plate, and ‘the excavation in the butt, the dragoon is ena- 

bled to aét on ‘the defenfive againft: the fabre, by parrying, in 

cafe of neceflity, with the ufual protects eftablifhed in the fword- . 
exercife, and, with the bayonet fixed, he is likewife enabled to 

act on the offenfive, by giving point, as well againft infantry as 

cavalry. The carabine is alfo ufed with fo much eafe and ace 

curacy as a piltol, as to fuperfede the neceflity of encumbering 

the dragoon with one. -When he difmounts, it is thrown over 

the left fhoulder, flung by means of. a ring faftened to the han- 

dle of the butt; and the muzzle is flipped into a {mall leathern 

bucket, attached to the belt, a little above, and behind the right 

hip-bone. In this pofition, it is carried without impeding the 
movements of the fword-arm. 

Iris to be obferved, that a powder fomewhat finer granulated 
_ than the common Government powder, is required for the ufe 

of this carabine; and I have found, on inquiry, that the ex- 
pence of granulation is a mere trifle. 

| Tue carabine is placed with the muzzle downwards, behind. 
the right thigh of the dragoon, in a long holfter, (fig. 4.) which 

reaches above the lock and protects it, and which is faftened at the 
bottom to a. girth, by means of a ring and ftrap, and at the top 

by.a Toop'to t the back-part of the faddle. _ It might be faftened on 

; before, i in the manner in which dragoons ufually fix their buc- 

kets, but, by the aboye method, it is not only out of the way of 

the action of the fword-arm, but it is of no more encumbrance 

to him than the piftol, and can be drawn and returned with 
greater. ‘facility, there being no flounce to the holfter, which is 

trumpet-mouthed, in order to render this operation the eafier 
when performed at fpeed. The hammer is likewife raifed as 

_ high as the top of the cock, as a guard, in order to prevent the 
poflibility of the piece cocking itfelf, which fo often happens to 
aoe ; Saat, the 
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the piftol when fuddenly returned, and to the carabine or muf- 
ket, when brufhing through an hedge or other inclofure. The 
facility of drawing and returning the carabine, alfo renders the 

ufe of the carabine belt and {wivel tothe dragoon when mount- 

ed unneceflary ; a matter of no {mall importance, as the carahine 
when flung almoft:.difables the {word-arm fromating. <A {mall | 

priming flafl, (fig. 5.) containing about two ounces of powder, 

made of horn, which hangs from the left fhoulder below the 

right elbow, will be found oft great convenience, by faving the 

breaking of a frefh cartridge, if in windy or wet weather, the 
piece fhould happen to mifs fire, 

I wave likewife to add, that, owing to the number of acci- 

dents which troop -horfes are fubject to, from the weight, in- . 

convenience, bad conftruction, and infufficiency of our dragoon 

faddle, I have made fome alteration on the common huffar-fad- 

dle, which, I cannot help flattering myfelf, corredts, ina great 
meafure, the defects of both. The common huffar-faddle is -.- 

fhorter than ours; it raifes the feat of the rider confiderably 
above the horfe’s back. The ftirrup-leathers are likewife re- 

moved further back. Owing to thefe circumftances, the huffar 

fits very high and ereét on his horfe; he appears rather to reft 
on his fork than on his feat, his balance inclining. forward. 

The principal advantages of this faddle are, that it fits all horfes 

equally well, and that the back-bone of the animal is perfeétly 
free and untouched. The difadvantages of it are, that, by 

placing the horfeman fo high above the horfe, the fecurity of 
his feat is affefted, becaufe, the nearer a man fits to his horfe’s 

back, the firmer is the grafp which he is able to make with his 
thighs, and the lefs likely he is to lofe his balance; and al- 

though in a flat open country the inconvenience of the huffar- 
feat may not be fo much felt, yet in a hilly or inclofed one, and 
where leaping is neceflary, the rider is continually expofed to 

be thrown forward on his horfe’s neck ; befides which, there is 
a 
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a confiderable degree of trouble and time required in faddling, 
for, after the faddle‘is put on, which is little more than a tree, 

_ the fheep-fkin or cloth is tobe thrown over and faftened. 
Tue alteration I have made confifts in removing the cantle - 

about two inches back, and the ftirrups one inch forward ; by 
depreffing the feat to withim one énch of the horfe’s back, and. 
by making it fomewhat broader. By this means there is ftill 

_ a current of air running below the faddle, the dragoon ftill re- 
" tains the manege-feat, and all the material advantages of the 
huffamfaddle are preferved. The faddleis covered with leather ; 
it is infinitely ftronger, poffefles every ufeful property of our 
dragoon-faddle, and weighs ‘five pounds lefs.” ° 

In general, I cannot help obferving, that the fabre ought to 

be confidered as the right-arm of li light cavalry, the carabine 
or piftol merely as an auxiliary, to be ufed when the {word is 

rendered ufelefs, or in a woody, moraffy, or inclofed country, 

where a light horfeman is unable to come to clofe quarters with 

his adverfary. A light dragoon cannot be too lightly clad, 

armed.and accoutred ; for, as activity and expedition are his 
principal qualifications, he muft not be encumbered by any un- 
neceflary weight. A light dragoon-+and his horfe fhould be 
confidered as one animal: his arms muft-be fuch as he can ufe 
with eafe and dexterity when mounted ; at the fame time, pro- 
vided it can be done without any additional encumbrance or in- 

convenience, there is no reafon why they fhould not be adapted 
as much as poflible to his defence when difmounted ; but,. if 
you attempt to make him equal atthe fame'time to‘an huilar; and 
to an infantry man, you inevitably render ‘him inferior to either. 
‘Wirn the carabine defcribed ‘above, I'think the! piftol totally 

unneceHary. A-dragoon' can ‘only load ‘and fire one wrm ata 
time in action; another is fuperfluous ; it only gives ‘him: addi- 

- tional trouble, and his horfe additional weight; befides which, 
wher 
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when he, difmounts, he is obliged to leave his piftol in ‘his 
holfter, fo that one half of his arms remains with his,horfe. “> 

I conress I am fanguine enough to conceive, that this anm 

might be in general ufe for the light cavalry, or at leaft, that 
to every regiment of cavalry, both light and heavy, according 
to:its ftrength, a light fquadron or troop should be attached, 

armed as above, to act relatively to the reft of the regiment, as 
the light infantry do to the battalion companies; and who 

fhould be conftantly exercifed in all detached duties, fuch as 
are performed by {kirmifhers or flankers, {couts, vedettes, &c. 
and who, by being thus lightly armed and. accoutred, are better 

fitted for the alert and aétive operations which, are, required in. 
thefe fervices. 

I have the honour to be, 

SIR, 

&e &e. &c. 
ANCRAM, 

Io Captain Taylor, 
Military Secretary to bis Excellency 

the Lord-Lieutenant, 9c. 8c. . 

Dublin Caftle. 

Note. Stnce writing the above, I have found it more con- 
venient to remove the holfter and carabine from behind the 

right thigh, to the fore-part of the faddle, where a dragoon 
ufually fixes his bucket, having obferved, that at clofe files, the 

holfters: are, in the former pofition, more liable to be rubbed 
and injured, 

“Col. M. L. F.C. 

XI. 
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_ XI. A New Merson of exprefing the COEFFICIENTS of 
the DEVELOPMENT of the ALGEBRAIC FORMULA 

(a+b — 2ab cof 9)", by means of the Perimeters of two 
Lilipfes, when n denotes the Half of any Odd Number 5 to 
gether with an APPENDIX, containing the INVESTIGA- 
TION of a Formuta for the RECTIFICATION of any ARCH 
of an Exxipse. By Mr WILLIAM WALLACE, Affiftant- 
Teacher of the Mathematics in the Academy of Perth. 

[Read Fan. 11. 1802.] 

- BN calculating the effect of the mutual action of two pla- 

_ M nets upon each other, it has been found neceflary to 

develop the algebraic formula (a*-+4: — 2ab cof ?)” into a 
feries of this form, A-++ Bcof~+Ccof29+ D cof 39 + &e. 

“Here a and b denote the diftances of the planets from the fun ;’ 
@ denotes the angle of commutation; and the values of ”, more 

x “a geagpeed the fubject | of confideration, are — 3 =9 and—s., 

"Tu determination be the coefficients A, B, G, &c. in thefe 

cafes, appears to have been confidered as aj matter, of difficulty 
by the mathematicians who, firft applied to the folution of | 
the problem; for they found, ‘that although it was only ne- 
ceffary to compute the firft two coefficients A and B, the reft 
being eafily derived from them, yet it did not appear that they 

_ could be exprefled i in finite terms, nor even by means of circu- 

tar ‘arches, or! “by logarithms.» Recourfe: was therefore had to 

‘other methods, and chiefly to the method of infinite feries ; but 
', Vou. V.—P. I. Ken’ as 
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as the feries which moft readily occurred to them, converged in 

fome cafes fo flowly as to be in a manner ufelefs, no {mall de- 
gree of analytical addrefs has been found neceffary, either to 
render it more convergent, or to find the fum of a competent 

number of its terms, with a moderate degree of labour. 
2. Bur in confidering the fubject, it has occurred to me, that 

although we cannot exprefs the values of the coefficients in 
finite algebraic terms, nor even by means of circular arches, 

or by logarithms, yet when 2 is the half of an odd number, ei- 

ther pofitive or negative, we may always exprefs them by means 

of the proportion which the perimeters, or femi-perimeters, of 

two ellipfes bear to thofe of their circumfcribing circles. The 

problem may therefore be reduced to the rectification of the 

circle and ellipfe, and mathematicians know that fuch reduc- 

‘tion is confidered as the next degree of refolution, in point of 

fimplicity, to our being able to effect the folution by means of 

circular arches, or by logarithms only. 

3. Iris well known that we can eafily obtain a fluxionary ex- 

preflion for each of the coefficients A, B, C, &c. in the equation 

(@ + & — 2ab cof¢)" =A+Bcofe+Ccof29 + Deol 39 + &c. ; 

for if each fide of the equation be multiplied by 9g, and the 

fluent taken, we get 

SEG +b: — 2b cof 9)" =Ag +B fin 9+ ~C fin 2@+ 5 =D fin 39+ &e; 

Let us now take the fluent generated, while > Som o becomes 

a femicircle, then fin @, fin 29, fin 39, &c. all vanith; fo that, 

putting x to denote half the perimeter of a circle, of which the | 

radius is I, we get, 

wh = [ola? +5? — 2abcofp)’. 

In like manner, if we multiply each fide of the affumed 
equation 
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equation by 29¢of@, and take the general equation of the 
fluents, we get 

Sricot 9(a?+b?—2abcof¢)'"=Be+(2A+C)finge+ = (B+D)fin2e+8c.; 

therefore, when 9= az, Q 

cB =f2 cof g(a? + b* — 2ab cof), 

Again, if we multiply both fides of the fame equation by 

29 cof 29, and take the relation of the fluents as before, we get - 

aC =f2 cof 29(a? + b* — 24d cof 9)’. 

4. PROCEEDING in this way, we might get a fluxionary ex- 
preflion for each of the remaining coefficients D, E, &c. but 

this is not neceflary, for they may be all found from the fir 

two, A and B, and from one another, as we have already obfer- 
ved; and the fcale of their relation has been determined as 
follows *: 

Let the fluxions of the logarithms of each fide of the affu- 

med equation — | 
(a? +5 —2abcof¢)"=A+B cof + Ccof 29 + &c. 

be taken, and the whole be divided by @ ; alfo, for the fake of bre- 

vity, let us put A for =e : 3 thus we get 

—2nfin9 _ Bfing + 2C fin 29 + 3D fin 39 + &c. 
\A—2cofg~ A+B cofg + Ccof2e + D cof 39 + &e. 

Let the numerator of each fide of this equation be now mul- 
-uplied by the denominator of the other fide, fubftituting. 
fin (p +1) + fin (p— 1) ¢ for 2 cof ¢ fin pg, and, fin(p + 1) 
—fin(~—1)¢ for 2 fin g coffe, then, putting the refult = o, 
We get 

Kk2 +AB 

* Traité du Calcul Differentiel et du Calcul Integral, par Lacroix; vol. ii. 
page 520. 
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7 a SOn : + 34D) ~ + 4dk 

ter] 8B ei 38) 
Tae A ‘apa 3D, (ia 8 4E pfin39— sF pfingg&c.=0; 
eet + 2B a Oe + 2D ; ' 

rade — 2D — ni — nF 

hence we readily derive the following feries. of equations : 
A (an 

C= B+ yq7A 

° iy Cee D=7,CT 75 B 

ss. 34 n—2 

B= pg taga 

a2 44 a3 
Fo77,E1747,;D 

&e. &c. 
5- Bur befides being able to determine the remaining “coeli= 

cients of the development of the formula (a? + 6? — 2ab cof )n, 
where the exponent is 7, by means of the firft two A and.B,. we 

can alfo determine all the coefficients of the development of 
(a? +b? — 2ab cofp)’—', where the exponent is 7—1, by means 

of the fame two coefficients A and B; and by them we can de- 

termine the coefficients when the exponent is Se q de- 
notes any whole number whatfoever *. 7Y E 

For let us affume 

(a? + b? —2ab cof 9)" = A’+ B' cof e+ C'cof29+ D' cof 39 + &c. 
Then,. . 

P b?—2 bcoi{p)” my ‘ * Cab bi aabcole) an cota psd p56 bots pe DET Get Bee 
From thefe two values of (a*-++2*—2ad cof ¢?)", by due reduction, 

* and 

* Traité du Calcul Differentiel et du Calcul Integral, par Lacroix; vol. ii. r 

page 120, 

=(a?+b?—2abcofo)(A'+B'cofe+Cicofa o+&c.) 
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and fabftitution of A for ~ -- 2 ; and of cof (p +1)9+ cof(p—r)o 

for 2 cof @ cof pe, we get the following equation, 

AA’ + AB} + AC} +AD'} 
= 2A’ | it 5 B’ ede c 

NG PY pcol@ yy cof 29__p st Sce== 0: 

A B’ Cc D 
aE gered ee | Sa ceed 
“Hence it follows, that, 

, A. 
B = AAI —7; j 

© =ABi—2A’—5 

pac —'3B —S 

F’=AD'— ¢ = 

&e. &c. 

Ir yet remains to determine A‘, the firft coefficient; but thar, 
as well as B’, may be readily found by confidering that we have 

: already found (Art 4.) 
pet 2n 

c= Bt SA H 

therefore, ‘fubftituting »—1 for 2, and C’ for. C, on the very 
fame reafon we get 

C= " 2n—2 r, 

= iB tsar A 

Phe coniparing together this value.of C’, and the values of B’ 

an C’ as given in the laft feries of equations, and fubftituting 
5? 

for = its value = = , We get, 

A= ot a> +3? Ae ee pe sah a 

= Gaby AT eH PF 
pep eek aon pi Cot 2) fo" + oD Bagi At ear 

6. Ir 
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6. Ir is obvious, that if we had fuppofed A’ and B,, the firft 
two coefficients of the feries A’+ B’cofg-+C' cof 29+ &c. 

known, we could thence have determined A and B the firft two 

coefficients of the feries A+B cofe+Ccof29+ &c.; fo that, 

in cither cafe, the remaining coefficients C’, D’, &c. C, D, &c. 

which depend upon the firft two in each feries, would alfo be 
known. 

Hence it follows, that while on the one hand we can pro- 

ceed from the cafe in which the exponent is 7, to thofe cafes 

in which the exponents are n— 1, 2 — 2, &c. fo, on the other 
hand, we can proceed from the fame cafe, to others in which 
the exponents are 7-++1,#-+4+ 2, and thus we may go on, ac- 
cording to a defcending or afcending fcale, as far as we pleafe. 

7. 1 now proceed to the chief object of inquiry in this paper, 

namely, to find convenient geometrical expreflions for the firft two 

coefficients A and B, in fome particular cafe, where the expo- 

nent.” isthe half of an odd number ; and. I feleé that in which 

n= 5, becaufe of its:amportance in phyfical aftronomy ; but 

‘ it is evident from what has been already fhewn, that from 

hence we may determine the coefficients, in the cafes of 2 = —2, 

&c. and alfon = — =, na=+ =, &c. 

LET us therefore aflume this equation, 

(a? + b*— 2ab cofe) 7? = A+B cof e+ Ccof 29+ &c. ; 

of, putting, for the fake of brevity, é = *, where 4 is fuppofed 

to be lefs than a, “ ; 

(1+ —2¢cofe)* =a (A+ Bcofo+Ccof 29+ &c.) 
Then, from what has been already fhewn, (Aft 3.) we have 

4 rOA 

| 

, 
7 
. 
‘ 
. 

on I tt i 
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cBA ={——__, , 
G+«* — 2: ay: 3? 

2g col ; 

(4 +e? Soe cat yeh 

the fluents to a confidered as jecnetateds while @ increafes from 

ae = 

0 to me 
8. Let us aflume f fuch an arch, that 

4 fing 

i ? —22colg? 

from this affumption it is evident that when ¢=0, then J=o, 

and when 9 =z, then ¥ alfo =r, 

TAKING now the fluxion of pen fide of our aflumed equa- 

tion, we get 

ae gcofo - fin *@ 
cof f= SS 

4 aa Vite —2zcole. +2*—22cof)?\ 

and. by <a the fraGtional quantities to a common deno- 

minator, and fubftituting 1 —cof*¢ for fin*g, the fame equa- 

tion becomes 

; 1—ecof¢) (col@—sr 

¥ eer - (1 +e ma, cof g)* ps 

But (1— cof ¢) (cof p— «), the numerator of the latter fide 
of the equation, may be otherwife exprefled, thus, 

{Gi =f) — iS? a — 26 ate i; hence it follows hat 

4 cof fp qe(1 + &* — 2 cof p)= 

ie Heo LL gt te A aecelo; 
4e(1 +2* —2 cof g)* 

& . Eran oe srs 

therefore, pe eae Lea — ach apheblsl: ab ov +e? —2¢ col? 
(+e — 2: cof ¢)* GS") 

and; taking the fluents when ¢ = z, 

A= Gaapf ere — colo: 

Le ST aa ep 

LET: 
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Let us now fubftitute 2 cof a —1I, for its equal, cof g, and 

the fluxionary expreffion 91 + ¢* — 2¢ cof ¢ becomes 
: SL Re 

(x + é) on) I— G+> = > tof = 3 fo that if weaffume e fuch, that ¢ = 

, we alfo get 

Ty ROLE 

wa Vc aan REI) 

ea ADB be an ellipfe, of which the femi-tranfverfe axis 

AC= 1, and excentricity = ¢, and let AKB be a circle, having 
AB, the tranfverfe axis, for its diameter; let FG, any ordinate 

to the ia ea axis, meet the circle in H ; then, if we put the 

4e 

+5: 

arch AH = f itis well known fre 
isles 

2 = : : wi 
on 1— & cof ‘will evident- x mee 6 = 

o 

alesse 200 

that +9A/ 1 —¢ cof—will de- 
note the fluxion of the ellip- 

tic arch AF; therefore, when 
Q = =, the fluent of 

ly be exprefled by ADB, the femi-perimeter of the ellipfe: Let 
us denote the femi-perimeter by (E) ae we have w A= 

hence, and by fubftituting 2 for's é, we get 

©, Lt | 
A=GEHGaX Ss 

‘and becaufe e, the excentricity of the clipe, has been affumed 

we 

(E) 
GaGa 

a/ab> 
=Fppand «= Ee therefore the excentricity =7[73 and the 

nob g - - 

femi- “coasts axis = ser 

9. Havine now found a geometrical expreflion, fufficiently 

fimple, for A, I proceed to inveftigate a fimilar expreflion for 

the 
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the next coefficient B; which, as we have already feen (Art. 7.) 
1 to = 2, [- 29 colo 

is equa (1 +27 — 2e cof g)> 

fin @ 
FRoM our affumed equation, fin ) = Wie ., we have 

—2ecole 

_ o(1 —ecof 9) (cof o —e) 
found W cof v= Tag coated! aR aR ise (Art. 8.) ; but, fince from 

the fame equation it appears that 

eof $= Vi — fin y= CS 

therefore Awa = — = SF gcaeiie! 3 

and, aoa both fides by a, 

boobies baeaee. Gs 
AGAIN, from our affumed equation, we haye 

e?(1—-cof 79) 
e fin) = ee ee and therefore, | 

Yi—ehn’? = I—ecof@ , 

Dian ange Vite? —2E cof? * (6) 

Ler the produét of the correfponding fides of the equations 
(«) and (@) be taken, and we get 

Wie finy = Pe seotoye 
G +e? —2 cof 9) 

is @ (1 —£ cof ?) (cof o—c*) Now we have found, (Art. 8.) eb cof p Dear aiSaN OAM ej e5 Oa 

ean taking the fum of thefe two equations, it follows that 

si Gist eo Ga colt) 
(4.42? — 2ecof9)* ; 

ie (ae Yo 2049 (1 — £7) @ cof 

LA ¥ (a+ e? = 2e cof g)* Gi +e*—2: cofo)* 

Vor, 1.—P. 1: mare TAKING. 

. pearance ef cof 3 

? ‘ 
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TAKING now the fluents, when ¥ and 9 = =, and fubftituting 

o I ; o cof? 
w@A for Mee alfo—*@Bior fat 

J (a+e* —2Ecof¢)* ~ (2 + &? — 22 cof p)* 

we get, flv 1r—efn y= (1 — &*) ev A — - «(1 — e”) raB. 

Let AdB be another ellipfe, having its femi-tranfverfe alfo - 

= 1, but its excentricity =e; let its conjugate axis meet the cir- 

cle in K, and let gf, an ordinate to the tranfverfe axis, meet the 
circle in /; then, if the arch K#/ be denoted by ¥, the fluxion of 

the elliptic arch df will be exprefled by V1 —e' fin'y ; there- 

fore, when = 7, we have [1/1 — fin?! equal to AdB, half 

the perimeter of the ellipfe. Let us put (E’) for the femi-peri- 

meter of this fecond ellipfe, and our laft equation becomes 

(E)=(1—¢) catA —t e(I — e*) cB, 

and, by proper reduction, and fubftitution of = for <¢, we finally 

get 
2a 2 ES. 2A ( 

ia 5) * 
and, fince the excentricity of this other ellipfe is ., its femi-con- 

Va —? —_— Lam 
jugate axis = 3 

Tuus we have reduced the Aeiee anaes of A and B, the 
two firft coefficients of the feries, and upon which all the re- 

maining coefficients depend, to the re@tification of the ellipfe : 

now this is a problem which we can readily refolve, by means 
of infinite feries, in every cafe that can poflibly occur. 

10. | NExT obferve, that in determining the coefficients A, B, | 

&c. we are not confined to the two ellipfes juft now inveftiga- 
ted; for, inftead of them, we may fubftitute other two, having 

their excentricities as great or as {mall as we pleafe. This pe- 
culiarity of our folution depends upon a very curious relation 

which 
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which is known to fubfift between indefinite arches, as well as 

between the whole perimeters of any three contiguous terms of 

a feries formed by an infinite number of ellipfes, the axes, or ex- 

centricities of which have among themfelves a very remarkable 
connection. 

Let E, E’, E’4, E”, &c. denote the femi-perimeters of a feries 
of ellipfes ; ¢, ¢’, e’, e”, &c. their excentricities, and c, ¢’, c’, cy 

&c. their conjugate axes; let thefe ellipfes be fo related to dach 
te h Diet Caw en © pe Ite ke ee 

OEP UIE Corse gale eyes MCT Teele Pea gee 
r—c' pony pe" 7 e" = —— = ————_,, &c. Then we have th he aie ee hen ave t pe oer Re 

feries of equations *.. 

(r+ e) E— (2+c) Efe (14+ ¢') FE’ 

(1 +e’) FE — (2+40") °c? (14) E” = 

(i +e") EB’ — (2+) EX +0" (1 tc") E%= 0, 

EFC ies &e. &e: 

Tuts feries of sequations may be continued backwards by 
putting E’, E’, &c. for the femi-perimeters of ellipfes of which 
the excentricities are ¢, ¢’, &c. and femi-conjugate axes ¢, c’, 

II Re 

—1—Y¥i—e* ner bah Aa 
and fince e = ey reemee Mites Panay peer 

ae yer ve 
Tee? +e &e. 

11, From the foregoing feries of equations, it appears, that 
any ellipfe of the feries E‘, E, E, E', &c. may be exprefled by 

&c.; therefore, ¢ —- 

_ means of any other two ies of the fame feries: for the num~ 
ber of equations is always two lefs than the number of. ellipfes.; ; 
and_ therefore, having affumed any number of. equations, we 

L 1.2. cam, 

* SEE a Memoir upon the Comparifon of Elliptic Arcs, by Lrcrnnrr, in the- 
Memoirs of the Royal Academy-of Sciences for 1786. See alfo the. Appendix: 
to,this Paper, 
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can, by means of them, exterminate all the ellipfes, except three, 

and thus obtain a fingle equation, exprefling a relation between 

any three ellipfes we may choofe to retain. 

Now, in confidering the feries of quantities &*, ¢, ¢, e’,e”, &c. 

which denote the excentricities of the ellipfes, it will readily ap- 

pear, that in continuing the feries forward, they rapidly dimi- 
iI—c I—c* “te ox : 

nifh; for fince ec’ = 7,34 = Gye. Gaouts evident, that 

however {mall the conjugate axis of any one of the ellipfes may 

be, the excentricity of the next ellipfe in the feries will be ex- 

preffed by a fraétion lefs than the {quare of that which exprefl- 

ed the excentricity of the former; but if the conjugate axis be 

nearly equal to the tranfverfe, then the excentricity of the next 
ellipfe is only a little greater than one-fourth of the fquare of 

the excentricity of the former ellipfe. 
Let us fuppofe, for example, e=.5, then it follows that ¢ = 

071797, ¢” =.001292, and e” is fo fmall, as not to admit of 

being exprefled by fewer than fix cyphers between the decimal 
point and firft fignificant figure to the right hand; and, confe- 

quently, the ellipfe of which it is the excentricity, differs not 

fenfibly from a circle. . 

Hence alfo it follows, that the feries of excentricities ¢, ¢, é’, 

&c. continued in the oppofite direction, muft approach rapidly 

cowards 1, whichis their limit ; and if we fuppofe ¢ =.5, as be- 

fore, we fhall have ¢ = .942809, e = .999566; as to e", it dif- 

fers fo little from the tranfverfe axis, that the ellipfe, of which 

it denotes the excentricity, may be confidered as a ftrait line. 

Thus it appears, that the reétification of any ellipfe may be re- 
duced to the rectification of two other ellipfes, either confidera- 
bly more excentric than itfelf, or confiderably lefs excentric. - 

12. Ir is now to be obferved, that the two ellipfes by which 

ave have exprefled the coefficients of the development of the 

formula (a? -+*— 24) cof)", have the fame relation between 
themfelves, 
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themfelves, that any two adjoining ¢llipfes in the feries EF’, i E', 
&c. have to each other. 

For, ¢ denoting the excentricity of the lip (E), and ¢ that 
of the ellipfe (E’), we have found ¢* = =Giy? = DE (Art. 8.) there-_ 

fornia =e ey. =, and confequently = a ===, fo that 

we may change the fymbols (E) and (E’) for E and E’, and put 
e for <«; and, fince we have the two equations 

G+elE—(2+0¢) E4¢ (p+c) EF =0, 

(r+e')E—(2+e)E +c (1c) E’=0, 

it will immediately follow, that if any of the two ellipfes FE and — 
E’, (by which we have expreffed the coefficients A, B, &c.) have 
fuch a degree of excentricity, as to be unfavourable to numerical 
calculation, we can exprefs that ellipfe by means of the other 
one, and a third ellipfe, which may be more or lefs excentric 
than either of the other two ellipfes, juft as we pleafe. | 

rare 4 SHALL now give, in the form of practical rules, 

the fubftance of the preceding inveftigations for determining 

the firft two coefficients of ‘the : apne nai of the formula 

(a+ +3 —2ab cof ¢)", in the’cafe when 2 = — s; ‘but ae thefe, 

and. from what has been delivered in ay 4. and 5. Boat is 
eafy to determine any number of the coefficients, ‘when 1 is the 
half of any whole number, pofitive or negative. 

To compute A and B in the equation 

— (@ +h — 24b cof )—* = BEY coie-potze-1 en 

1. Finp E half the perimeter of an aint, of which the femi- 
—4s tranfverfe axis = 1, the’ Yemiz conjugate = Fie ¢ and therefore, 

the excentricity = pee. a 2: is ay 

2. ALSO 
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~ 2, Aso, find E’ half the perimeter of another ellipfe, of which 
i ‘ . ‘ en Yar*— by 

the femi-tranfverfe axis = 1, the femi-conjugate axis = 

ply ait Ay orgy 
and excentricity = > 

Let = denote 314159, &e. 
1 E 

Then, A on (a+) (a— 6)? ae 

2a 2 

B= 7 A-GwroD's 

Ir either of the ellipfes E,E’, were judged to be of He. a 
form, as that the feries for its rectification converged too flowly, 

_ then another ellipfe, either more or lefs excentric, might be fub- 

ftituted for it thus : . 

Ler e and ¢ denote the pega and. femi-conjugate axis 
of the ellipfe E, and e’ and ¢’ the fame things of the ellipfe E’. 

EC 

aie ise 
3. ComPuTE ¢ = and ¢ =; 

note the excentricity and femi-conjugate axis of an ellipfe more 
excentric than either tt OM i. 

; then ¢ and ¢ will de- 

4. OR, compute ¢” = =, and gh aM +3 then ¢’ and ¢? will 

denote the excentricity =i Sinica axis of an Sllip ts lefs 

excentric than either of the fame ellipfes. 
5. Compute E' half the perimeter of the ellipfe, of which the 

excentricity is ¢. 
6. Or, Compute E”half the perimeter of the ellipfe, having 

its excentricity = ¢% 

SOS a Be Se 

i ate a+e¢ 
Then E) ate py 0+) pe 

Wy 1+é I+¢ 

mt Gna 1+e \ 

EF ae +c) a c{a +c) FE. 

r1+é oe FE’, 
pera a re ae 

14. THERE 
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a 14. THERE are two feries, which, fo far asI know, are the beft 

adapted to the rectification of the ellipfe, of any hitherto publith- 

ed ; becaufe, while both are well fuited toa moderate degree of 

excentricity, the one converges with great rapidity when the 
excentricity is confiderable, and the other when it is {mall. 
Tue firft of thefe feries, which appears to have been origi- 

nally given by Mr Evter *, converges by the powers of the fe- 
: mi-conjugate axis, and may be exprefled, fo as to exhibit the 
| law of the feries, as follows: 

Ler the femi-tranfverfe axis = 1, 

the femi-conjugate axis = c. 

Then, 3 of the perimeter of the ellipfe is equal to 

woh Ce hp egiet bg ach SFT et + &e,) byp. log.7 "7 
; Ge ie 

ion 4 

: > Align Sonh. ods oF vu! 
. eer ta on 5, 

Pa atBehh, Pg (Satie AW a0 2 ) 
4.6 264 20 2.3.4 4-5-0 

< ash, 233g (2 (RE Pespede 4 I 

46.8 2.4. 2 2.364 4-5-6 6.7.8 

— &e. : 
THE other feries was given oa Mr Ivory, ina very ingenious 

paper upon the fame fubject we have been juft now confider- 
ing }. It converges by the difference of the axes, divided by 

‘their fum ; fo that if we fuppofe. fhe Femi agoh as. before, to be 

‘denoted os I and¢; and putd = “, and-x for 3.14159, &c. 
I ir c 

Half the perimeter 
ers Pos 13? 17.17.37 17.3765 
AGS Ue i gr Get sean e re 30 ds 4 tS 76 pd°4 &e.} 

: I 

* Iw a tract. entitled “ Animadverfiones in ReGificationém Ellipfis,” which 
‘forms part of the fecond volume of his Opufcula. 

+ Tranfaétions of the Royal Society of Edinburgh, vol. iv. 
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I sHALL now give a third feriesy which, fo far'as I know, is. 
new; and which, befides poffeffing the fingular advantage of 
converging rapidly moevery cafe of excentricity that! can pof- 
fibly occur, has other properties that render it peculiarly well 
fitted to the purpofe for which it is wanted in this paper. 

Ler 1 denote the femi-tranfyerfe axis, and ¢ the Seapeemuni Fey 
of an ellipfe, as: before. 

Bid deer ash plone vd seat) bids theater ion ati — ———— —— a ahaa 

r4+Vise? L+ oft—e3” 2+Yfs—e” 

Compute P = (1 +’) (1 +e’) (1 +e”) &e. 

! HA ee 
and Q=; ; tia tina rere a — 

Half the perimeter = «P(r — eQ_). 

It is évident from the form of this laft feries, thatif ¢ be con= - 

fidered as the excentricity of E, one of the ellipfes by which we 
have expreffed the coefficients A, B, (Art. 13.) it prefently fol- 
lows, that ¢’, the next quantity that occurs in the feries, will de- 

note the excentricity of E’, the other ellipfe. Now ¢’, e’, &c. are 
the fame funétions of e, that ¢’, ce”, &c. are of e.. Hence it 

follows, that if 

P= (1+e") (tte) +e"), &e. 

! 4 ele!’ el e“ell! 

OF a taa toa nF &c. 

we oe = aP'(1 —¢'Q’ ). 

Burt in comparing ag the a ah of P and P, alfo Q and 

Q'; it appears that P’= =, and Q=% OD: st)! + Lio 

fo that the ratios of the ellipfes E and E’ to: their common ‘cir- 
cumfcribing circle, (which are what we want in the computa- 

tion of the aera A and B) may be expreffed thus: 

= = P(r —Q). 

= = P(t — Z(t + é')Q. ). 

15. THE 

~~ se 

tui pot: 

seen 5 
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15. THE method of determining the coefficients, which is de- 

rived from this laft feries for the rectification of the ellipfe, 
therefore, feems better than fuch as would be afforded by either 
of the other two feries given in this paper. For, befides confi- 
dering that there is no quantity required for the computation of 
Er . >»: e. ~* . 

=, which was ‘not previoufly wanted in the computation of 

iy ; : pie 
=, it appears that the logarithms of the quantities ¢’, e’”, &c. alfo 

1-+e, 1+’, &c. may be all derived from e, and from each 

other,.with great facility, by means of the common trigonome- 

trical tables, in the following manner. 

Let @ be fuch an arch that fin « =e, then cof «=—V1— e) 
I—Yi—e) 1—cofa ee ee ; 7a 

and confequently ¢’ = - S fT Feige an alfo 1 +e 

2 a 4 ¢ ; ; : 
= fec >. Again, by taking «’ fuch that fin «’ =e’, we find, in 

2 2a ‘ . pa 4 

Jike manner, e’ = tan —, and 1 + e’= fec <= ; and fo on we may 

go, as far as may be neceflary. Hence it follows, that 
2 Aah, 204 

Pi= fec = . fec - ‘ fec—, &c. 

_ fine | fina.fine’ , fine.fina’. fina’ sah RE WES WLP DRE UNE WE 
and fince we are provided with the logarithms of fec <, fec < 

&c. alfo fin a, fin «’, &c. the arithmetical calculation of P and 
Q will be very eafy. 

I must obferve that this laft method of determining the co- 

efficients A and B, in the cafe of the exponent 2 = — 3, by means 

of the infinite produ& P= (1+) (1 +e’) (1+¢”) &c. and 

the feries Q = < + < +20" 4 &c. coincides in the refult with 
2.2.2 

J ‘ . Dales 

the method given by Mr Ivory, for determining the fame co- 
, ' rc ri. a *. ae 

efficients, when the exponent‘is — =, in his very ingenious pa- 
; 2 

VoL. V.—P. II. Mm per 
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per upon that fubje&t, which we have already quoted : his fo-- 
Intion, however, is obtained without any reference to the ellipfe. 

I mrcut now fhew the application of the different methods 

here inveftigated, by calculating the values of A and B in fome 
particular cafe, as, for example, in the cafe of Venus and the 

Earth ; but as thefe methods have been fufficiently detailed, fo 

as to be eafily underftood by any perfon fkilled in arithmetical 

calculation, I fhall conclude this paper, and give, in the form of" 

an Appendix, the inveftigation of a new formula for the reéti- 
fication of any elliptic arch whatever ; but from which, in the 

particular cafe of that arch becoming a quadrant, we imme-- 
diately derive the third and laft formula mentioned in this pa- 

per, for finding the femi-perimeter of.an ellipfe. 



A eee ee 

APPENDIX, containing the Inveftization of a For- 

mula for the Rectification of any Arch of an Ellipfe. 

T is now generally underftood, that by the rectification of 
a curve line, is meant, not only the method of finding a 

ftraight line exactly equal to it, but alfo the method of expref 
fing it by certain functions of the other lines, whether ftraight 

lines or circles, by which the nature of the curve is defined. It 

is evidently in the latter fenfe that we muft underftand the term 

rectification, when applied to the arches of conic fections, feeing 

that it has hitherto been found impoflible, either to exhibit 

- {traight lines equal to them, or to exprefs their relation to their 
co-ordinates, by algebraic equations, confifting of a finite num- 
ber of terms. 

Wirs refpect to the rectification of the circle and parabola, 
there feems to remain but little farther to be defired. The deter- 
mination of any arch of the former of thefe curves is a problem 
which fa often occurs, and its folution is rendered fo eafy, by 

the aid of trigonometrical tables, that formulz, involving cir- 
cular arches, are confidered as nearly of the fame degree of fim- 
plicity, as if they involved only algebraic functions of ftraight 
lines; and as to the latter curve, it is well known that the for- 
mula exprefling its length is compofed of two parts, the one an 
algebraic, and the other a logarithmic funétion of the co-or- 

dinates, fo that, by means of a table of logarithms, we can 

quickly affign the numerical value of any portion of the curve, 
M m 2 2. THE 
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2. THE indefinite rectification of the ellipfe, or hyperbola, 
cannot, however, be effected by formule of fuch fimplicity as 
thofe which exprefs indefinite arches of the two former curves ; 

for the algebraic equations which define their nature, and from 

which we derive the formule for their rectification, are more 

complex than the equations which define the nature of the cir- 
cle and parabola. But it is to be obferved, that whatever diffi- 

culty there may be in the rectification .of the ellipfe and hyper- 
bola, it is now confined entirely to the ellipfe ; for by one of 
the moft happy applications that has ever been made of the mo- 
dern analyfis to géometry, it has been difcovered, that the rec- 

tification of any hyperbolic arch whatever may always be re- 

duced to the rectification of two elliptic arches *. Thus, it ap- 

pears, that whatever facility the following feries may afford for 
the rectification of the ellipfe, it muft alfo be underftood to ex- 

tend the fame to the rectification of the hyperbola, and to every 
problem, for the folution of which the reétification of either of 

thefe curves is neceflary. 
3. But to proceed with the inveftigation of our formula, let 

us fuppofe that @ and ¢’ are two arches of a circle, fo related to 

each other, that 
j fin 2 ? 

Vite + 5 = fin 2G 9.4 

where ¢ denotes an invariable quantity. 
THEN it is evident, that when 9= 0, ¢ is alfo=o, and © 

while ¢ increaf-s from © to a quadrant or = ?’ will alfo increafe 

from o to =. 

TAKING now the fluxion of our affumed equation, we get, 
gcol29 eo fin +29 = 9' cof 29 Se BSS ee oe aes oe 7 

Yite* + 2¢ colz (4 +e? + 20’ cof 29)* 3 

But 

* Tuts difcovery was made by Mr LanpeEn, who publifhed it firft in the Phi- 
lofophical Tranfations for 1775, and afterwards in his Mathematical Memoirs. 

Fes ale ea ata 
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o fin*29 Ap ety Bas But Parr ao teae fin ?29’, therefore alfo 

9 cof 20 a eo fin 720! ee g/ cof 29! 
i YVite* + 2c colzp—-4/t + e* + 2e col2p 

- - Lert us now reduce the terms on the left-hand fide of the firft 

fluxionary equation to a common denominator, and-we find 

o(1 + cof 2@). (e’-+col29)) 

(1 + el? +)26 col29)* 

But from our aflumed equation, we find 

2 _— 3 & # cof 20 

Yite? + 2¢ cof29 

‘Hence, and from the laft fluxionary equation, we have 
r€: +e'cof2p) _ “s 7 

, Past tee 

: AcaIn, taking the fquare of both fides of our affumed equa- . ’ & quarere q 

tion, and multiplyifig by ¢*, we have 2G 
cof *29) 

= o'cof 2¢': 

= cof 2¢’. 

I +e? + 2¢ colzg — e fin 220, 

and therefore : ‘SEA 
I+ecol2o ain 

A t+e? + 2 cok 20 yy 

Let each fide of the laft fluxionary equation be now divided 

by the correfponding fide of the laft equation; thus.we find 

I —e” fin*29"" 

g Oo 

and, by comparing this refult with the fecond fluxionary equa- 
tion, we alfo find , 

’ - pcol2o eo’ fin 120’ 
fiter+recolze § f1—e? fin29’ 

= ¢ cof 29. 
i ATE 5 

LET us next affume ¢* = Ga then it follows that “1 —e" 

, pee Yr —eé 

1+y1—e? 
; if we now fubftitute 1—2 fin 79 

for cof 29, and e¢? for os in the expreffion 1-+¢?+ 2¢e'cof29, 

“itis transformed to (1 +e’)? (1 —¢? fino), fo that, after due 
- reduction 
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reduction, our two laft fluxionary equations may be otherwife — 

exprefied, thus: ; 

sedan se Fr SS 

fit—e* fin *y Sees 29°? 

”efin* OK Mais ars Cs) coffin? 20! I 

/i—e fin? > ati ae Aime fin? 2¢! 2 ASE 

Let us, for the prefent,-denote the fluents of the fluxions 

which enter thefe two equations, as follows : 

es “ 
9 cof 2¢. 

Pp aL Qo. ; Pp’ — ¢ 

we Seppe fin *@)? ‘ TT fr—e? fin *29' 

o'fin *? N= 3 fin 720" 

=|Faa Toe ine? 

and the relation of the fluents will be expreffed thus: 

P=(i1te)P,., 

wa Gn ei 
4. Now, remarking that thefe two aqiatens have been obtain- 

ed, by affuming 

ae sz fn 2¢. 

Ree vi—e fin ____ fimago> ss + ‘ aN!) fin Cs 

F a as, oon = 

E Faia <, and fin 29 = Ui + e* + 22! cofay GH) Vr fine fin* rie 

let us farther affume t two fimilar equations, thus, 

SY LE? fin 49’ fin 42/ 
f= = ay) fin 40” i e

e 

I iat = Soy we? pr cofgy (tte) /1 —e" fin? 2g 

where it is evident that when ¢ = 0, 9” is alfo =, and that 

while or ¢ increafes from © to 5, 9” will alfo increafe from o 

to = 

Ir we ¢ take the fluxions of this fecond affumed equation, and 

reafon in all refpects as in Article 3., we {hall arrive at a fimilar 

» and N’ for conclufion, that i is, putting P” fot oe 4 
ri 7 hin * 497 40” 

ra ‘fin + 4e7 

Ji a wr tin® 4e” * 

p= 
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P= (a -.,c") P*; 

N= fGtO yr yp Fe te Fake A" fin 40”. 

Ir by means of thefe two es: and the two fimilar 
equations. found in laft oo we exterminate P’ and N’, we 

get , 

= CE “ar (1 Leas 

ny gf OE Ot ++ e 1 P—** frog Ore) oo Pie” - 

5. wee us now affume two feries of equations, ne that all 

the terms of each feries may be fimilar to one another, and to 
the equations - which we have already affumed, (Art. 3. and 4.) 
or fo that 

ur 1—o 1? cr" , fin 89" = hy fin 89” A} __ fin 897 

~14Vi—? UV te! 2ecolay4— (+e) fi — i fin 4g” 

Po lly 169° = fin16 9” 92> fim 60?” 
1+\ 1+ /1—e"™? TV ib etyae! cof 89) (abet) fi e/2 kin? 8g" 

| &c. &c. 
each feries bide fuppofed to proceed, according to the fame 
law, as far as we pleafe;. then, by due confideration of the 

_ quantities fin 89", fin 169", &e. 3 it appears that when ¢ = o, all 

“the remaining arches 9", 9, » are‘alfo each: = o, and while 

@ increafes from o to z, the remaining arches alfo increafe 

7 ; . 
from o to —; fo that, upon the whole, while 9, the firft arch, 

increafes i 8 © to a quadrant, each of the remaining arches. 
9, &, ”, 8c. will alfo increafe from © to a quadrant. 

6. Ler us next fubftitute for the fluents as before 

og” , Met og go” fin 289M 4 

PS | ores fi=7 inp”? 1 &e. has rie See paar. fin 789" 

then, following the fame analogy as in Articles 3. and 4. we 
have 

Y= 
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ee = (1 + HS) Pp”, 

PY = (1 oP, 
&ce. &c. 

N’ —° Soke Ne ~— 2 fin 80", 

N"= ice mos Nw +E HS fin 169”, 
&e. 

and thus we may proceed as far as we pleafe. If thefe equa- 
tions be now combined with the equations fimilar to them 
which we have already found (Art. 3. andy.), and the quan- 

tities N’, P’; N’, P’; N”, P’”’, &c. be gradually exterminated in 
the fame way as in obtaining the equations of Art 4. we get the 
following feries of equations: 
=(1+¢)P 

Ps = (ere) (tate) FY iNert., 
= (re) (te) (4 0") PY, 

BEC wn ies: 

was gt G seaae Bae eee aa 05 ' 

if 

| G+e)GHY = rit Fer inal +e 

ioe 

SRT Ga. 

fell feesreceaicee) ee cil and oo e'e” Pre — ite ~ fin 29’ 
2.2.2 

date Nate) 0 eet HN 46 292 Rez fin49’— 2 ge”. 

&c. 
Ir we fuppofe thefe values of P and N to be continued in- 

definitely, it is evident that the former will be expreffed by 
the produét of an infinite number of invariable factors, and 
by the limit to which the feries of fluents P’, P’, P", &c. con- 
{tantly tends; and the latter by another infinite produét, and 

two infinite’ Fee) which involve alfo P, and the limits to which 

the 

OO 
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the feries, “of- Anents, Ni N’, NY, &c. and the ans) of; arches 

95, 0% 8ec.|both ciaiibeulial re ns | aay Pe 

Aqs Now.i inorder to, inveftigate, thefe limits, I lttent in: wig 

firft place, that the quantities which conftitute the feries ¢,¢’ A OF 

eels ‘att jenn Ee Be €¢ geri ery a towarlls o; for a ees Fo AO" ae 
Smt offy 3arl3 yi ent sy. a0 

p eck Se it is ide nt BAe tt ] = Gave » iti eviden t a u always be a fisdiion 

lef ‘than 1 ‘and that e mult be Jefe than the fquare of that 

: 

| : 

, 
: 
a 
f 

: 
- 

tones Tnidecd if he Tuaatl,' & will” be. nearly = eer ‘the 

ies manner it appears that ¢” is between the jlizaics we é* and 

— *, fo that ¢” is lefs than’ e*, but greater than = 6 3 and proceeding 

et ‘this manriét; we find ¢ lefs'than er oe Ki than ¢?*,’'and’fo 

on, the sexponents' ‘of! e for ing t the’ ‘geomettical Bi 

2) 4» 8, 16, 32, &E aN Ba UGE ao 

“ac dna en po without aking into account: the dent: 

quantities ee, Beek conver re towards O19 indeed very great. 

ay : 1 0 ieee! sds ae en that the horas ear 

sna Perigo arches GO? POA" Beer alors ‘converge’ very fatt 
ro-a-certain limites For. fince: we thave- affumed , duchi: ty adage 

between ahpanti £8 Shasuips ybisbivs stb doidtw Yo diod 44 
23 

ad 08 ei z > x Tea > 9 itasup od? 
: ra fin 49’ ‘ ; -bsidojor 
40 al an “ ies = 5 43 442 apt" BH" yy MIL ,o1 

| _,fin 8¢" oe ‘ ‘ata ) i} en s—s ern Sa N AVF ip adocolsies iva ei si, a \ 

a suinnnece a Be inthe fat Abficté tHat thé 
denominators 'of *he-fra@tions; which HE equdl tB fin’ 29's 40” 

fin Bol Sic CBHKR BE SGuickly’ towards ini ity, ‘f° that the’ ratios 
OF 29 tole} of fii 4e"4O MT Yo’? “OF fii 80" to fi 80”, & 

“*e0Vou, V.—P. IL No pred 
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approach very faft to the tatio of equality, which is their limit; 
and the fame will alfo be true of the ratios which every two 
adjoining arches of the feries ¢, ¢, 9’, 9”, &c. have to each 
other. 

Let us denote the limit, to which. thefe arches eee a 
approach, by 4, and it will prefently appear, that the fame 

arch @ is alfo the limit of the feries of fluents j oe 

Ipreae= f Roe , &c. or of P, P’, P’, &c. fo that 
Feta Pr oS fin? 4/7 

we have ultimately 
P=é(1+¢) (1 +2) (1 +e"), &e 

g. IN the fame way it appears that the feries of fluents 

* ofin os! *9 7. gin? 2g! > 29! ¢¢ fin * 4e” ; &e. or N, 

Yi—e in? fin?@” Yi—e fin 2 zy" Yi—* fin fin 24g” 

N’, N’, &c. continually approaches to JS éfin nd, where 2 de- 

notes a number indefinitely eréat; but in this cafe /@ fin*nd 

=f6 a (; — = cof 2nd) i is equal to + ,afinite quantity; now if we re- 

mark that this quantity, which enters the value of N (Are. 6.) ismul- 

tiplied by the two infinite products e.ete”. Bec. and =. af. tt 

&c. both of which are evidently equal to 0, it appears that 
1+) A+) +2’) &e. x 
arSVa 3-3 

s VA 4 6 . 

the quantity ¢ e”e”, &e. X sis to be 

rejected. 
10. FINALLY, with regard to the quantity N itfelf, or 

Pfin*? _ itis evidently equal to = a eet —fov arin i 
1—e' fin? 

now if we put 1= AC, the femi-tranfverfe axis of an ellipfe, 
e=the excentricity, and ¢=HK, any arch of the circum- 
{cribing circle, intercepted. between the conjugate axis, and 
FG an ordinate to the tranfverfe axis, it is well known 

that 
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that 9/1 — fin *9 expreffes the fluxion of the elliptic arch. 

FD; let us denote that arch by 2, and we have N = pet fo 

that upon the whole we find 

“a aN (24445 4 £4 &c.) P 
z 22.3 264.262 

cs e! rye € ef py Cea 1be!) (a+ ell 

— (Fe finag'p OS fing gl pCO Gt nol" Bc. 
and from this equation the manner of exprefling z, by means of 

the infinite produé P, and two infinite feries, is obvious. 
11, 1 SHALL now collet into one point of view the refult of 

the preceding analyfis, in the form of a practical rule for finding 
the length of any arch of an ellipfe. 

Let1=AC the femi-tranf- 
verfe axis, 

e = the excentricity, 

% =DF any arch of the ,. 
ellipfe, reckoned. 
from the extremi- 
ty of the conju- 
gate axis. 

? = OK, an arch of the circumfcribing circle, intercepted 
“between the conjugate axis and FG, an ordinate to 
the tranfverfe. 

© Compute the quantities ¢’, <’, 2”, &c. fii 2 3 ¢, fin 49’, fin 89”, 
&e. from thefe two feries of equations, 
A 5a th is fin apt ee fiir 20° i 
CSTD poeple oy vod GQ+)Y¥i—eim) 

7 —" VA teal A Ores fin 49! Goi ait fin 49 
I nee G+) Wi —e? fin* 2p? ‘ 

el = a ee 5 a 89” bs fin 89” — P eae eek eh Eee: ee 2 
r+fi1—e? G+") Wi—* fin 24g? 

ev = 3 Vi oe fin 169° as ~ fin 160” 
i+ y¥i— eva aT rage G + ev) 1 —_/ fin? 5g” : 

&e. &c. 

Nnz THE 
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THE quantities, SF afosihs ROG; /approach very, f faft to.9, ahd the 

hes. vf Ny BE a ach to.a certain, limi arches. 9 © Py) Sif sAPBEaC PRD mB nish let 
denote’ by 6. ia 

Compute alfo thefe three quan ORE a a ee : 

= (3 +2) (14.7). he) bet ha hatha, my a 
eel ee Mell” ak ss i 

Qs ERIC Fon ba Ps. 2,2. a te Hepner: +‘cni- sy 

Rie Gt dena SO Gt) GE fin se HED ci ag 

The elliptic arch x= éP ng “aS¢; ri q ssicutabed: 

Waen Q, becomes. a i quadrant,. the. fir ines. of 20, 40”, 89”, &e. 

‘are pan toh a each ©, fo that, ,Patring ig 7, - = 3. ig) 4 <x se we Shaye 
as i to doco it 

in this cafe, 4 ar and, putting E fo, denote, the, whole elliptic 

quad we have i> >. aia ihoaaty 

B= FP Que” s3n90%5 of 

‘Now i it is id -woitlig of remark, \ that the -expreffion nie =72Q") 

As’ common to the indefinite arch x and’ thé whole quadrant E; 

‘hence it follows that the indefinite” arch may’ be alfo Supiaiiint 

CHESS oe oe 
$43. Ti 

wipe oe eR. IZED) no 

bosqooisiat .oloyio, gaidimolaBouo Ai to doiw os A 

12. Brow this tall fi formula Hes say, derive many: -of thofe cu- 

fgnabl elliptic, fia as .alfo between, ete arches and she 

whole elliptic quadrant *, 7, ‘For example. we may. hence deduce 

that very remarkable property ‘of the ellipfe, whichis common- 

ly known-by the. name of FAGNANI’s theorem, namely, that an 

elliptic arch, reckoned from the extremity of- either, axis being 

fuppofed, given, another arch, ‘reckoned from. the « extremity of 

the other a may be opaast 4 a ote ee 

(KON ED (Nea fach aria 

* Tue properties of the ellipfe here alluded to have oe explained by-Evrsr, 

and fome of them have alo been obferved ey LANDEN. 
3) cpa 

<sHT sak 
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fuch, that the difference of thefe arches {hall be equal to a cer- 
tain aflignable ftraight line. 
» For, let (2) = DN, another elliptic arch, reckoned from. the 
extremity of the tranfverfe, and (?) =KM,_ the correfponding 

arch of the circumfcribing circle ; then, i we find (@’), (”), 

(9), 8c. a feries of arches fimilar to the feries @’, 0’, @”, &c. 
(Art. 11.) or fuch that 

Py Se 8 fh AO), Tk 
fin 2(¢) = (Gt) Yi1—? fin ?(9) 7 a fin 4(9’) fin 4(9’) = G44) V1 —e? fin 2209)? 

Da ST Vass I BB GES, AN Fe ain aay 
&c. 

and put OF to denote the limit of the arches (@), (¢'), (@"), &cs 
alfo, 

R= Pinal) + DE ng (gn ACHE HIGH Gm) 4 Be 2e2s2.2 2.2 wBwd. 2 

it follows, that (2) =) E + ¢(R). 

Now if we fuppofe the arches @ and (¢) to be fuch that 

G+O)= =, then it follows that fin 29’ = fin as ), and fin 49’ 

=— fin 4(¢), and fince 
fin 49" f 

GFA Vi— iin ap” 
; y fin CD ae 

dl) Aa CET CA CO 
we have fin 49° = — fin 4(9’). Now when ¢'= 0, then 

. (g)= = 5 3; but when ¢ = os it appears (Art. 5.) that 9” =o, and’ 

. finy4e’= 

= ri 

alfo; that when. (¢),=7; ce (o’) == ; therefore, when yo’ =o, 
2 

MG). = 26 Again, while @! increafes from-o to, (9) will:de- 

creafe from . to i ; hence, jand from the two laft equations; it 

\ follows,, 
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follows, that in the fame circumftances 49’ will increafe from 
oto, and 4(¢”) will decreafe from 2¢ to x; and becaufe that 

while 9’ increafes from . to z, (g’) diminifhes from | to 0, it 

will alfo follow, that while 49” increafes from 7 to 22, 4(¢’) 

will decreafe from + to 0}; and fince during thefe changes of the 
value of the arches 49”, 4(¢”), we have always fin 49’ = — fina(9’), 

it is evident that 49’ + 4(9’) = 2z, or + (¢’) = me 

fin 897 + ne AGAIN, from the two equations, fin 89” = Gh) Vinge 

fin 8(97) 4 
fin 8(9”) = Gi Vinw ae and from the confideration 

that ¢” + (9’) ==, we find fin 89” =—fin 8(9”) ; and hence, 

by reafoning as before, we alfo find 9” + (¢”) = <; fo that, up- 

on the whole, we obtain the two following feries of equations: 

fin 29 = + fin 2(¢’) aaa 5 elie . | 

fin 49" = —fin (49’) ¥+@)=3 
ae 89" =— fin (8¢"), g" we (o”) = — ‘Si ; 

&e; &c. . 

and therefore ultimately 6+ (4) = =. ; 

Now we have the ellipticalarch DF, orz =~ E+eR; 

alfo the arch DN, or (2) =7OE+ ¢(R). 

Hence DN + DF = +(x) = _sfvot E+ef R+(R) fs 
but, from the two preceding feries of eet: it is evident 

that iOS 2 1, and ¢ JR + (R)} a4) fin 29’; therefore 

DN + DF = E+5 fin 29 and AN — DF = LE) fin ag! 
_@fineg  ___e* fing .cof 

a agate @ WYWi—e fin’? * 

Tuus 
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Tuus we have two elliptic arches, reckoned frotn the extre- 
mities of the axes, the difference of which is equal to a certain 
affignable ftraight line. 

13. Havine found this.very curious relation between the 
elliptic arches AN and FD, let us next inveftigate the relation be- 

. tween the Aah tae circular arches AM, HK, by means of 

the equation 9’ + (¢) = 

Let 1 = AM the ia of the iti il abd circle, between 

the extremity of the tranfverfe axis, and the ordinate LNM, then 

cof) = fin(¢), and fin2y = fin 2(¢); and fihce fin2¢’ = fin 2(¢’), 
fine: ae Or ab |) ee C4) Fetinne 20d fin 200) = CE Yom” 

it follows, that to determine the relation between ¢ and ¥, we 

have 
fh 29 igs fin ay fn 29 a fin 2 

(te) f 1—e*fin? ~ (8+ e)/1—e? Tool) 9 OF Fite +2e'colap ~ Jit accolade 

Let AB be the diameter of a 

circle, of which AC the radius 
= 1; let the arch AD = 29, and 
BF (taken in the oppofite femi- 
circle) = a, take CP =e’, join 
PD, PF, CD, CF, and draw 
DE and FG perpendicular to the 
diameter; then DE = fin 29, and 
EC = tof 2¢; alfo FG = fin 24, 
and GC = cof 2y. 

alfo fin 2¢ = 

Frowt the elements of geometry we have 
pp §= = DC + CP:+ 2PC. CE, 

= 1 + ¢ +26 cof 203 
alfo PF f= FC: + CP:— 2Pc. CG, 

= t + ce? —2¢'cof ay. 

therefore, 
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pt ie ron! Gages? {2s DE and 9.0W) ore FG es SEES there lote, Soa cae hn Wane say ac PE? 

; hence it ayDeers that 7D =F “a C fo that the: triangles PED; PGF; 

are fimilar ; ; and, ‘as at ig OW ious” ‘from what has been already 

fhewn, that the Whey ‘AD; "BE, are “either” ‘both ‘Jefs ‘or’ both 

eréater than ° quadrants, it follows that PD and PF lie in the 

fame ftraight line. Join AD and BD, -and draw BH parallel to 

DF, meeting, AD in H,-then AD PB:: :AD: DH:: tan ABD: tan 

DBH or tan BDF ; 3 ‘that;1 is, I ts é ut —e'::tang:tany; 3 there- 

fore, tan VE = tang. But: if -we denote the femi-conjugate 

; and there- _ axis of the int by cf we havee’ = 

fore ¢= - — ; fo that we at laft agave rae our: formiila; ‘the 

following very remarkable pecorclas firft pS 1 by, Gaunt 

FAGNANDL ert: "Ge lop ety 31 gon 1 (a1) 

Let AD bea ear sins af an vata of. which the gait 

Sis axis — I *, and AK a quadrant, of the, rgirgumécribing; Fits 

let vs = AM, an arch. of the circle,, ceaieds from,the, extra: 

ty of the tranfverfe, and e= HK, an arch ef t the circle, reckon; 

ed from its interfe@ion Awith the conjugate AXIS 5 Graw. ML ang | 

HG pee fo the the aS AXIS, 7 mesting the,ellip{e ip 

N and. F; then, if ‘the arches, and 9 9 he fuch, that fan,¥. ah tAR ee 

the differ ence of the ellyptic arches -ANy BP, AS. aequaljte 

eA o/ cof «ps Too = OD bar 
VA ave" fin 79. ° : ? 

ty. Kt. would not difficult to fhew, that by means of our 

formula, other eee | fimilar to sang Facnant might be 
bf eee G @3NSTi 9139 

inveftigated ; but, - “the ee bel I eve, B od een pointed out by 

a n other writers, aint as “this per tas ete eKtd a greater length 

than was at Gir, ‘intehded, 1 T pale sithem | over for the prefent, and. 
“TF otis proceed, 

stooss— “s+ I = 

yi tBeeKig. page 279: 
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proceed in the next place to remark, that although in general 

the quantity R be exprefled by an infinite feries, yet there are 
certain values of the arch 9, fuch, that the feries will terminate ; 

and when this happens, the limiting arch @ can be found exaé- 
ly; fo that in each of thefe cafes, we obtain a finite equation ‘ex- 

prefling a relation between the whole elliptic quadrant, and a 
particular arch of it. 

For we have already obferved, (Art: 5.), that while @ increa- 

fes from o to a quadrant, or <3 each of the arches ¢', 9’, 9”, 

&c. increafes from o to a quadrant; fo that when we = z, then 

wy 
fin 29, fin 49’, fin 89”, 

very fame way it appears, that while 29’ bacrentes from 0 to 

&c. are each = 0, and = - 5 now in the 

~ each of the arches 29", 29, &c. increafes from o to =; fo 

that, i in this cafe, fin 2g = =1, and fin 49’, fin 89”, and all that 

follow are cach = O.: hence alfo the limiting arch §= = 43 and 

“to Sacioraidl the value of ?, we have this equation aes 
¥ I+6* 42e'cofz9 

= = fin 29 =lI5 , from: which we find cof 29 = —é’. 

) 15. REASONING in. this way, we find that the feries R will 
- confift of a finite number of terms, and the limit 4 be exadtly 
aflignable i in innumerable other cafes, namely, when any one of. 
ot following ferics of equations takes: place: 

cof 29 = — ¢’, the limit 4 being then = za - 

cof 49’ = =—e’, - a . = 

pete PE es 2¢,qugikpae ih a 

: 16? 

BS Cacigeut ving &c. 
iy ee: fince, by means: uf the tapes of equations given in Ar-- 

- ticle 11, we can determine %, fo that each of the above equa-- 
Vou. V.—P, II... NS ; tions: 



286 DEVELOPMENT @¢f a certain 

tions fhall fucceflively have place, it appears, that we can aflign 
an indefinite number of elliptic arches, reckoned from the ex- 
tremity of the conjugate axis, fuch, that their_relation to the 

whole elliptic quadrant fhall be expreflible by a finite equa- 
tion. But we have feen (Art. 13.) that, correfponding to each 
of thefe arches, there is another, reckoned from the extremity of 

the tranfverfe axis, fuch, that their difference may be exprefled by: 

a certain ftraight line ; therefore, it appears that we can affign in- 

numerable arches, reckoned from the extremity of either axis, 
poffefling each the remarkable property of having their rela- 
tion to the whole elliptic quadrant expreflible by a finite alge- 
braic equation *. 

16. For example, let us fuppofe cof29 = —e’, and therefore 
I+eé 

2 
fin*9= es => then; fince fin 29’ = I, and fin 49’, fin 89”, 

(rte) ¢ _ tc 
ae == now 

hus = - eR= =—= &c. are each = 0, we have eR 2.2 I+é 

ime 

2 

E : 
we have alfod= ?? therefore = = + ; hence we derive 

the following very curious propofition : 

Let the femi-axes of an ellipfe be 1 and ¢; take a 

ftraight line in the tranfverfe axis, from the centre to- 
. 1 . se 

wards either vertex, = faa and at the extremity of that line, 

between the centre and vertex, draw an ordinate to the tranf- 
verfe 

* Hence, by the way, it appears, that inftead of the femi-perimeters of two ellipfes 

which we have ufed in the preceding paper, for exprefling the coefficients of the 

development of (a* + b* —2abcof 9)”, we may fubftitute any two of an indefi- 

nite number of elliptic arches, and certain algebraic fun¢tions of the axes of thefe 

ellipfes ; therefore, the different infinite feries, which may be ufed to expreis the 

coefficients A and B, are really innumerable, : . 
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verfe axis, meeting the curve, and dividing the elliptic quadrant 
into two parts, the greateft of which is that next to the vertex 

of the conjugate axis; then, if E denote the whole elliptic qua- 
E+1i1—c 

2 
, and the 

leaft sb) eee alfo the difference of the arches = 1—c 

— difference of the femi-axes; and the fame conclufion is rea- 

dily drawn from the theorem given in Art. 13. hy afluming 

ot¥=> : 
17. ANOTHER obfervation I have to make upon our Formu- 

la is, that we may hence deduce that relation between indefinite 
arches of three certain ellipfes, which is mentioned at Article 

10. of the preceding paper, and which was firft obferved by 
Mr LecenpRrE; but as the only ufe we have made of that pro- 
perty was in the cafe of thofe arches being quadrants, or femi- 
perimeters, I fhall, for the fake of brevity, treat only of that par- 
ticular cafe. : 

SUPPOSING, therefore, the quantities ¢’, ec”, ¢”, 8zc. to be related 

to each other as already expreffed in Art. 11. we have found, 
that if | ; 

PH(ite) (+e) @+e"), &e. and Qi fH 4H" 4 Ke, 
2 2.2.2 

and E denote the quadrant of an ellipfe, of which the excentri- 

city is ¢, then E==P (t—eQ ). 

in like manner, if E’ denote the quadrant of another ellipfe, 
of which the excentricity is ¢’, and we put 

UMA 

PS (rte’) (1+4e") (146), &c. alfo Qg=f+ ne cee et 
2.2.2 

for the very fame reafon E’ =< P’ (1—e'Q’). 
Oo2- ‘ Bur. 
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But by comparing together the values of P and Py alfo of 

Qand Q’, it appears that P= (1+ ¢’)P’, and Q= 3 (1+Q'); 

fo that, by fubftituting thefe values of P and Q in the formula 

= x P(1—eQ_), and remembering that ¢? = ayn we alfo 

get (1 -eJE=SP Ute —2Q ); and if, by means of this 

equation, and the equation, E= = P’'(1—e'Q ), we extermi- 

nate Q’, it will be found that 

Li 7 mas fa T + 

. 2k —(1+¢)E=(1—e*) =P. 

Ler us now put E’ to denote the quadrant of a third ellipfe 

of which the excentricity is ¢”; then, if we alfo aflume : 

= (1+"") (1+e"”) (1--2" 3 &e., and Q= + a +—— + &ce. 

and confider that the fecond and third ellipfes are related to 

each other exactly in the fame manner as the firft and fecond, 

we get an equation fimilar to the laft, namely, 

oF’ —(r+e)E =(1— 0) SP’; 

now fince prota, we can readily, by means of thefe two 

equations, exterminate P’; accordingly we find oie 

(rte) Ef 200 e+) PE 2 Ee. 

Tuus we have got an equation exprefling a very remarkable ; 

conneétion between three elliptic quadrants, the excentricities 

being ¢, ¢, and ¢’. But this ‘equation’ may be rendered more 

fimple in its form ; for if we put c for the femi-conjugate axis 

of the fecond ellipfe, we have es =<, (Art. 11.) and therefore, 

oy! 
L 

1+¢’ = ~—; now 1—e=c"?, therefore (1—e2)(a-FeJ=UI—e") es 

hence alfo we have 2(1 —e7) =(1 —eé’)c(1+¢’), fo that by 

fubftituting for (1 —¢7) (1 +e’) and 2(1—e’) their values, 

. and 
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and dividing the whole equation by (1 —e”), we at laft get 
(+eyVE—(2+e)E Ke(1 +c’) E’=0, 

the very equation which we propofed to inveftigate. 
-18. Tue laft remark I fhall make at prefent, upon the formu: 

la given in this appendix for the rectification of the ellipfe, re- 

lates to the quicknefs of its convergency ; and thi, it appears, 

will in every cafe be very great. For we have feen (Art. 7.) 
_that é’ is lefs than the fquare of the excentricity, ¢” les than its 

fourth power, ¢” lefs than its eighth power, and fo on, proceed- 
ing according to the geometrical progreffion 2 » 4,8, 16, 32, &e. ; 

therefore, if only the three quantities ¢’, ¢”, ¢”, be computed, to- 

gether with the correfponding arches ¢’, 9’, o”, and fubftituted 
in the formula z = #P(1 —eQ_) + eR, rejeéting all the factors 
of P, and all the terms of the feries Q and R, which involve the 
quantity ¢'Y, &c. the part of the formula thus rejected will be 
multiplied by the 32d power of the excentricity ; but if the 
terms involving e’’ be taken in, the termis rejected will be mul- 
tiplied by the 64th power, and fo on; thus it appears, that the 
method here given for the reétification of the ellipfe is appli- 
cable to every cafe of excentricity, and to every length of an 
arch that can poflibly occur in calculation. Now thefe are ad- 
vantages which no other individual feries, with which I am ac- 
quainted, poflefles ; for the common feries, which converges by 
the powers of the excentricity, is of no ufe when the excentrici- 
‘ty-is great, and it is then. neceffary to have recourfe to a feries 
converging by the powers of the leffer axis. But the feries of 
this form, which is commonly known, converges only for a cer- 
‘tain portion of the elliptic.arch, and beyond that portion it di- 
verges ; fo that if it be required to rectify an elliptic arch be- 
yond a certain limit, it is neceflary to find the length, of the 

_ whole quadrant, and thence, by the aid of FAGNawt’s theorem, 
to find the length of the arch which was propofed. 

. 19. I SHALL 



290 DEVELOPMENT of a certain 

19. | sHALE conclude this appendix with an example of the ap- 
plication of our formula; and in the determination of the loga- 

rithms of ¢’, e’, &c. r+ e’, 1+’, &c. by means of the trigonome- 

trical tables, I fhall avail myfelf of the remarks which have been 

made for that purpofe at Art. 15. of the preceding paper. As 

to the quantities fin 297, fin 49’, &c. it is eafy to fee, from their 

relation to each other, that their logarithms may be readily de- 
termined by means of the fame tables. 

ExAMPLE. It is required to determine the length of an el- 

liptic arch, when e, the excentricity, =/ = = .7071068, and @, | 

the arch of the circumfcribing circle = 70°, the femi-tranfverfe 
being fuppofed = 1. 

"1, CALCULATION of the logarithms of, 1+¢, &e. 
Logarithms. 

a fin « = fin 45°, 0, 0%, 1.8494850 

eo tan = fine = fin 9°, 52°, 45’-41. 1.2344486 

i+¢ = feet 0-0687694 

feo tan-2 = fin a’ = fin 0°, 25’. 40.7 3.8733008 

Wp = tee = Pig te c 0.0032320 

é”= tan - aon S 5-1444734 

i+e"= fec = - - - - 0.0000060 

Because ¢’” is nearly equal to one-fourth of the fquare of 

e”, (Art. 7.) it is evident that e”, rte, &c. may be all ne- 

glected. 
2, CALCULATION 
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2. CALCULATION of the logarithms of fin 29’, fin 49’, &c. 
Logarithms. 

fin g - : - 1.97298 58 
e a ~ 1.8494850- 

efing = fin B ~ 1-8224708 

a Vi —e*fin’g = cof 8 - = eat 1.8735073 
- es re’ “t : 0.0687694 

G+e)4i—ein'e  - - - 1.9422767 
fin 29 age Ae =  1.8080675 

fin 29’ = fin 132°, 45°, 49"»3 1.86 57908 
é - ; - 1-2344486 

é fin 29 = fin B’ - I.1002394 
See Pas ee y =a VI —¢* fin 229° = cof 2 - - 1.9965270 

1+ - - 0.0032320 
_-__-_-_— 

(1 + e’)/1 — e* fin laid = hts 1.9997590 
fin 49° - - : 1.9986754 
fin 49” = fin 265°, 57-15’ - I.9989164 

1.6? - - 3-8733008 

i _e’ fin 49’ — fin 2 - - 38722172 

. VI fin 4g? = cof B’ - 7.9999879 i+ e zd - 0.0000060 

PRP AT PL 7. (1+¢"%Y1 —e” fin 49” ony Oss 1899999939 
fin $9” - - - 1.1484707 

fin 89” = fin 531°, 54430" - 1.1484768 
the 
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the next term, fin 169", being multiplied by ¢'’, a very {mall 

fraction, is on that account to be neglected, as well as all the - 
terms which follow it, for fimilar reafons. 

To determine 6, we have 9 = 66°. 22’. 54’. 

o” = 66°. 29. 187.75 

9” = 66°. 29). 18”.75 

&c. 

‘Hence it appears that = 66°. 29’. 18”.75 = 1.1604440. 

3. COMPUTATION of 6P(1 —eQ ). 

: Logarithms. 

— = .2500000 1.3979400 - 

= = 10214466 2.3313586 

* eee! a 
aa = 1900080 -5+9936294. 

erica cae Sra = 10000000 | 10-7470728 
————————oe 

60) = 2715267 

"a 

1 —eQ = .7284733 ~ 1.8624137 

I+¢ s = 0.0687694. | 

Te th ee 0.0032 320 : 

> lat rte". - - > 1-0,0000060 ; ‘ 

r) -- - 0.0646242 

$P(1 —-Q_) = -9978042 1.9990453, 

4. COMPUTATION 
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4. ComPuTaTIOn of eR, and thence of x the arch required.. 

Logarithms. 

£G+9 fin 2g =+.1075153 —_1.0314702 

Se FO E+E fin 40" =—.0063127 38002164 
ctor te) (ater te”) a z 
aaa gg Ot oogoo17: 1 6.2210236- 

eR= .1012043 

éP(r1 —eQ._)= .9978042 

The elliptic arch % = 1.099008 5 

Ir appears from the preceding calculation, that the length of 
the elliptic arc would in this cafe have been found with nearly 

the fame degree of accuracy, if inftead of computing the three 
quantities ¢’, ¢’, e”, alfo fin 2¢’, fin 49’, and fin 89”, we had on- 

ly computed two of each feries, viz. e’ and e” of the one, and 
fin 29’, fin 49’, of the other feries; or, fuppofing all the three 
quantities of each feries to have been computed to a fufficient: 
number of places of figures, it is evident that we might thence 

have found the length of the arch to feveral more places of fi-- 
gures than we have here made ufe of. 

Vox. V.—P. IL Pp XII. 
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XI. Cuemican Anatysts of an UNcomMon SpEcizs of ZEO- 
titre. By ROBERT KENNEDY, M.D., F.R.S., F.A.S., and 

Fellow of the Royal College of Phyficians, Edinburgh. 

_ [Read Fan. 11. 1802.] 

HE zeolite fubjected to the following experiments, poflefles 

fome of the diftinguifhing properties common to other 

ftones of the fame clafs, but differs in certain refpeéts from any 

variety with which I am acquainted. I found it, more than 
three years ago, in the bafaltic rock on which the Caftle of Edin- 
burgh i is built ; and it was’ inclofed within a mafs of prehnite. 

_ Tue colour of this zeolite is in fome parts nearly white, in 

others greyifh white. It is compofed entirely of ftraight fibres, 
arranged in bundles or maffes of different fizes, all the fibres of 
each -mafs converging towards a common point. The whole 

fpecimen is.an aggregate of thefe mafles, the bafes of which are 
in contact with the prehnite, and are impreffed with the form 

of its furface, which is rounded, or botryoidal. The crofs frac- 

ture prefents the irregular and ragged; ends of the broken f- 
bres, termed the backly fra@ture by Mr Kirwan. 

AttTHouGH the fhape and arrangement of the fibres appear 
plainly to be the effects of cryftallization, yet 1 have not been 
able to tracea. perfeétly regular, determinate form in any of them. 
However; when the {tone is broken, fome of them can be readily 

feparated longitudinally, ina pretty entire {tate, and feem in moft 
) Pp2 inftances 
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inftances to be four-fided and re@tangular. Their length is from 
half an inch to two inches; but theirthicknefs does not exceed 

-one-fortieth or one-fiftieth part of an inch. None of thefe fi- 

bres can be broken acrofs, fo as to prefent an even furface ; for 

they break irregularly, and become divided at the point of frac- 
ture into very minute {picule, which alfo affume a fomewhat 
rectangular fhape. 

Tue {mall fpicule or fibres are tranfparent and colourlefs, 

with a confiderable degree of lu{tre ; but the unbroken part of 
the ftone poffefles lefs luftre than the feparate {piculz, and much 

lefs tranfparency, from a want of compactnefs, and from the 
effect of many minute cracks. ; 

Irs hardnefs is not eafily determined, on account of brittlenefs ; 
but when a piece of it is rubbed againft glafs, though the fibres 

crumble down very quickly, yet the glafs is flightly fcratched at 

the fame time. Small fragments of it can be broken with the fin- 

gers, or crufhed by preflure, into very flender fpicule, which 

are fharp, and apt to penetrate the hands when touched. Al- 

though the cohefion of its component parts be fo weak, yet it 

bends, and yields in fome meafure before it breaks, and is not 

eafily ground to powder in a mortar. 

I rounp the fpecific gravity of different pieces of the fpeci- 

men, taken in diftilled water at the temperature of 60°, to vary 

from 2.643 to 2-740. 

Turs ftone has the property of appearing luminous in a dark | 

place, both by friction and by heat. A very flight degree of 

friGion produces this effeé&t; for a perfon.can eafily diftinguith 

a phofphoric light, even if he draws his finger acrofs it. When 

ftruck with a hammer in fuch a manner that fmall fragments 

ar: driven off, they appear luminous in pafling through the air, 

and continue to fhine for a moment after falling on the ground; 

and 

——- 
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and a hard body drawn over it leaves a track of light, which 
remains a fecond or two vifible. When a piece of the ftone is 

pounded quickly ina mortar, a ftrong light is emitted; but 
after being wholly reduced to powder, it no longer fhines. 

Tue light which it gives by flight friction, is fully equal to 

that produced by two quartz pebbles, : rubbed or ftruck againft 
each other ftrongly. \ 

SMALL fragments of this zeolite facet on a piece of hot iron, 

or of clay, alfo become luminous, and fhine with nearly as 

. much brightnefs as common blue fluor does, when heated in 
the fame manner. By being made red-hot, however, it is de- 
prived of.the property of giving light afterwards by heat, 

though it ftill appears faintly luminous by friction. In all 
thefe experiments it is a reddifh white light which it emits, ac- 
companied at times with reddifh momentary kind of flafhes. 

Ir can be melted without difficulty into glafs.» When‘a {mall 

piece of it is heated gradually with the blowpipe, it firft be- 

comes white and opaque; a number of fiffures are then form- 

ed, by which its bulk appears fomewhat increafed; and after 
the flame is made fufficiently intenfe, it melts into a globule 

. of colourlefs glafs, the tran{parency, of which is imperfect on ac- 

count of many minute air-bubbles. Although thus fufible by 
{trong heat, yet a very low degree of ignition fearcely affects it. 

A piece of the ftone, after having been put into a crucible, and 
expofed for a fhort time to a fire which made it juft vifibly red- 
hot, was not altered in appearance, and had not loft more than 
zoo part of its weight. In a temperature, however, about 20° 
of WepDcweop, I found that a fragment of this zeolite became 

' opake, and more eafy to pulverize than in its natural ftate; at 
go° it did not melt, but was glazed on the furface, adhered to 
the crucible, and had begun to fink down; and at 120° melt- 
ed into an imperfect glafs of a light greenifh yellow colour, 

. deficient 
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deficient in tranfparency, which acted ftrongly on the cru- 
cible. 

In temperatures fufficiently high, it lofes from 44 to 5 per 

cent. of its weight ; but to produce this effect, the heat muft be 

equal at leaft to 20° or 25° of WEDGWoop. Part of the volatile 

matter thus driven off is carbonic acid 3 for the zeolite, when 
reduced to powder, and mixed with acids, produces a flight ef- 

fervefcence. I found, by three different experiments, that the 
lofs of weight after the effervefcence was about 3 per cent. ; con- 

fequently, the remaining 2, or 24 parts, may be prefumed to 
confift of moifture. 

Tuis fubftance produces a jelly, as moft other zeolites do, 

with the ftronger acids. When ground to powder, and mixed 

with the fulphuric, nitric, or muriatic acid, the mixture becomes 

a firm jelly in a few minutes, provided the acids are not much 
diluted, or ufed in too great quantity. That which is formed 

by the action of the nitric or the muriatic acid, is nearly tranf- 
parent; but the ftone contains fo much lime, as will prefently 

be fhown, that with the fulphuric, the jelly is white and opake, 
on account of the fulphat of lime which is generated. 

Tue prehnite in which it was inclofed, as already mentioned, 

is of a light green colour, with fome luftre, and a confiderable _- 

degree of tranfparency. It gives fire with fteel, can be readily 
melted with the blowpipe, and froaths up much before fufion. 

Havine made thefe preliminary experiments refpecting the 

general properties of the zeolite, I fubjected a portion of it in 

the next place to analyfis, to afcertain of what earths it was com- 

pofed, and found that it confifted almoft wholly of filex and 
lime, with a certain proportion of foda. The following were 

the methods by which it was analyzed.. 

1. ONE hundred grains, reduced to fine powder in a mortar 

of flint, were mixed with 500 grains of muriatic acid, and 1000 

grains 
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grains of diftilled- water.’ ‘The powder was immediately attack- 
ed by the acid ; fome heat, and momentary effervefcence were 
produced, and in a few minutes the filex appeared floating 
in a loofe, and very divided ftate. The mixture being heated 
on a fand-bath, became in a fhort time a thin tranfparent jelly. 

I expofed this jelly to a gentle heat (lefs than 200° of Fauren- 

HEIT), till it became nearly dry. Water was then poured on it, 
and the mixture, after being digefted for fome time, was filter- 
ed. The undiffolved part collected on the filter, when fuffi- 
ciently wafhed, was dried and heated red-hot for a quarter of 
an hour. It weighed 51; grains, was perfectly white, and pro- 
ved on examination to be pure filex, unmixed with any other 
earth. 

2. THE filtered folution, which was tranfparent and nearly 
colourlefs, after being faturated with cauttic ammonia, depo- 
fited a fmall quantity of a brownith white precipitate. Having 
collected this precipitate on a filter, and wafhed it, I expofed it 
for a few minutes to a red heat. It then weighed one grain, 
and had become brown, and was found to confift of half a 
grain of oxyd of iron, and half a grain of argil. 

3. In the next place I added'a few drops of fulphuric acid to 
the folution, to difcover if it contained any barytes or ftron- 
tian. The acid produced no precipitate. The folution was 
then evaporated toa {mall quantity, and boiled with carbonate 
of. ammonia. Some carbonate of lime was thrown down, 
which, after being wafhed and expofed for a few minutes to a 

_ very low red heat, weighed 57 grains. To drive off the carbo- 
nic acid, and afcertain the real quantity of lime which this pre- 
cipitate contained, I put it into a fimall crucible of Cornith clay, 
which was inclofed within a Heffian crucible, and heated it for 

. three hours. The fire was raifed flowly at firft, but was after- 
_ wards increafed to 80° of WrEDGWwoop. The lime adhered 

flightly 
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flightly, and weighed 31; grains. By treating it with fulphuric 
acid, I detected fome flight traces of magnefia, the reft being’ 

wholly converted into fulphate of lime. 

4. Tue different earths having been thus feparated from the 

folution, it was evaporated to drynefs, for the purpofe of ob- 

taining the foda, which I had learned by previous experiments 
would be wholly taken up with the other foluble parts of the zeo- 

lite, when decompofed by acids. After the evaporation, a white 

falt remained, which was heated gradually in a crucible to volati- 

lize the muriate of ammonia, formed in the courfe of the ana- 

lyfis. When white vapours ceafed to rife, the heat was increa- 

fed to rednefs, and a falt was left which weighed 17 grains. 
On re-diffolving it in a fmall quantity of water, and boiling the 
folution with carbonate of ammonia, a minute portion of carbo- 

nate of lime was precipitated, which weighed one grain; equal to 

about half a grain of pure lime. I obtained: the falt by a fe-. 

cond evaporation ; and after it had been expofed again to a ve- 

ry low red heat, it weighed 16 grains, and confifted wholly of 
miuriate of foda. 

Accorpinc to Mr KirwAn’s experiments, 16 parts of mu- 

riate of foda in cryftals, contain 8.5 parts of foda; but the 16 

parts above mentioned, by having been dried in a red heat, and 

confequently freed from water of cryftallization, would con- 
tain fomewhat more than 8.5 parts of foda. However, the pro- 

portion of foda in 100 parts of the zeolite, may be ftated at 8.5 

parts, which, though probably rather lefs than the real quan-. 

tity, muft be very nearly correct, 

Havine finifhed the experiments juft defcribed, I analyzed 
the zeolite a fecond time ; and made ufe of nitric acid, for the 

_ purpofe of afcertaining whether any muriatic acid entered into 

its compofition. By the teft of nitrate of filver, 1 found that 
fome 

* 
{ 

F 
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fome traces'‘of the muriatic acid could be diftinguifhed, al- 
though the quantity was very {mall. With regard to the pro- 

portion of the earths, the refults of the fecond analyfis corre- 
f{ponded almoft exactly with the former. 

“I ALSo expofed'fome of the’ zeolite to the ation of the ful- 

phuric ‘acid, in the following manner, with the view of obtain- 
ing the {oda only, the earths being difregarded. One hundred 

grains *, reduced to fine powder in the flint mortar, were mixed 

‘with 250‘grains of fulphuric acid, diluted with twice its weight 
of water. Some heat and very flight effervefcence were produced, 

and the mixture foon became thick and gelatinous. It was 

then evaporated {lowly to drynefs 1 in a fand-bath, in a cup of 

Chinefe porcelain; and the dry mafs was pulverized and. boiled 

for half an hour with water, and filtered. Having wafhed the 
undiffolved refiduum fufficiently, I boiled the filtered folution 

with carbonate of ammonia, which precipitated fome earthy 

matter... After this had been feparated by filtration, the folu- 

tion was evaporated to drynefs by a-gentle heat; and the faline 

mafs left was put into a crucible, and heated flowly to rednefs. 
A white falt remained in the crucible, which weighed 19 grains, 
To free this falt from any remains of earthy falts which might 
be mixed with it, I diflolved it in a {mall quantity of water, 
added fome carbonate of ammonia, and boiled the mixture for 
a’ few minutes, by which means a flight earthy precipitate was 
thrown down. This being feparated as before, the falt was 
again collected by evaporation, and heated to rednefs.. It now 
NOL af —P. Il. Qq bao 

“# T MADE ufe of {mall quantities alles of the zeolite in all thefe experiments; 
becaufe; as the fpecimen ‘appears to be the only one of the kind which has been 
found, I wihed to preferve as much of it entire as poffible. 
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weighed 173 grains, and was found on examination to be pure 

fulphate of foda *. 

By Mr Kirwan’s eftimation, 173 parts of dry fulphate of 

foda contain nearly 8 parts of alkali; confequently, from, 100 

parts of the zeolite there have been obtained by the procefs laft 

defcribed, 8 parts of foda. This refult correfponds with the 

former, in which the alkali was collected in the ftate of muriate 

of foda, as nearly as can be expected in fuch experiments 3; and 

it muft be remembered, that the proportions: of the component 

parts of neutral falts are not afcertained with precifion.». |; 

AccorpiNc¢ to the different experiments now detailed, 100 

parts of this zeolite contain, we 

Silex (No. 1.) ai - ine Mgr 

) 

Lime (No. 3. and 4.) E - 32 

Argil (No. 2.) diacaltae Teoastneubae ae 

Oxyd of iron (No. 2.) x} 2 aotA a irate 

Soda, about - i 2 sv8s 

Carbonic acid and other volatile matter, . 5. : 

98. 

with fome traces of magnefia and muriatic acid. 

THE 

* THE experiments which thewed that foda was the alkaline bafis of this falt, 

have not been ftated here; becaufe I formerly gave a defeription of the methods 

ufed in examining the fame falt, in the paper on Whinftone and Lava, publithed 

in Part I. of this volume, (p. 85-). To avoid unneceflary repetition, I beg leave 

to refer to that paper, both with regard to the manner 1n which I endeavoured to 

determine the purity of the faline matter, and alfo.that-of the filex, and fome 

other earths. 

cian Ae asi 
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TuE ftone which has now been defcribed refembles fome of 

the varieties of Tremolite mentioned by SAussuRE *, in the pro- 
perty of giving a phofphoric light by friction. Its fpecific gra- 
vity alfo is fomewhat greater than that of the ordinary kinds- 
of zeolite, as {tated by mineralogifts. Excepting in thefe par- 

ticulars, however, it has the principal characters of a zeolite; 

for example, in its internal compofition, in having been found 
in a whin rock adhering to prehnite, and in producing a jelly 

with acids. .Tremolites have a higher fpecific gravity than this 

ftone, are more infufible, and are confiderably different in their’ 

compofition +. Befides, fuch kinds of tremolite as I have exa- 
mined cannot be decompofed by acids, even when boiling, and 
muft be heated with potafh or foda before their component 

parts can be feparated ; but the fubftance in queftion is com- 

pletely decompofed by acids, like the greater number of zeolites, 
; in a very few minutes, and without the afliftance of heat. For 

thefe reafons, it appears to me to be a zeolite. 

~ Vor. V.—P. IL Rr XIIt.. 

* Voyages dans les Alpes, 1923. 

+ Kirwan’s Mineralogy, vol. 1. p.278.. Traité de Mineralogie par Havy,, 

tom, 3. p. 151 and. 227.. 
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XIII. Disquisrtions on the OriGiN and Rapicat Sense of the 
GREEK Prepositions: By JAMES BonAR, F.R.S. Evin. 

[Read Dec. 19. 1803, Fan. 16. & Feb. 20. 1804.] 

‘Tymotocicat refearches have often been branded as tri- 
fling, occupying the mind in ufelefs labour, and contribu- 

ting little to the progrefs of {cience, tafte, or beneficial know- 

ledge. The juftice of this treatment may well be queftioned. 
That this fpecies of ftudy, like many others, has frequently been 

directed to unimportant objects, cannot be denied ; but it by no 
means follows, that this is the fault of the fubject, or that from 

fuch refearches, however purfued, nothing valuable can be the 

refult.. If by etymological inveftigations, even in their moft li- 
mited form, effential aids are obtained for facilitating our ac- 
quaintance with the writings of antiquity,—if fuch inquiries 

have often proved one of the moft certain means for attaining 
accuracy’ of language and precifion of ideas,—if by following 

them out on an extenfive feale, affiftance might probably be 
gained for elucidating fome of the obfcurities of early hiftory, 
and if from this fource valuable materials may at all times be 

drawn:for tracing tlie progrefs of the intelletual powers, and 
unfolding the laws of thought through the phenomena of its ex- 
preflions,—if thefe, and perhaps other merits, muft be allowed to 
etymological and grammatical difquifitions, they are furely. fuf- 

ficient to refcue from contempt this clafs of inquiries, If to all 
Rr2 this 
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this we can add, what I believe will pretty generally be found to 
hold true, that thofe who affe&t moft to defpife this branch of 

ftudy, have feldom any thing better to fubftitute in its place, 
a fufficient vindication will, I hope, be afforded, for employ~ 

ing a little literary leifure in the culture even of this apparently 

unpromifing field. 
THESE confiderations may, I truft, ‘Gaby plead my analeee for 

taking up the attention of the Society at this time with fome ety- 

mological hints and conjectures,—not, I own, directed towards 

the more extenfive traéts in which profounder {cholars often wifh 

to range, but confined within the narrow limits of a particular 

branch of a particular language,—a language, however, juftly 

admired for copioufnefs and elegance, and a branch of it which 

at different times has been thought worthy the attention of cri- 

tics of no inferior note. i 

By the ingenious and elaborate refearches of recent etymolo- 
gifts, the ftructure of language has been made to affume a fim- 
pler drefs than what grammarians had once thought proper to 

inveft it with. The parts of /peech, as they are technically term- 

ed, have been reduced from their numerous clafles to two; the 

connecting particles, ufually termed and fuppofed indeclinable, 
_ have been completely excluded from their feparate rank ; and by 

tracing out the genealogical relations of words, all have been 

fairly fhown to belong to one or other of the clafles of Nouns or 

Verbs * 
THE 

* Even this claffification of words might be ftill farther fimplified, and either 

he noun or the verb fhewn to be the root of all language. Etymologifts have dif- 
fered 
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Tue germ of this theory may be found in the early Englith 
etymologifts Junrus and Skinner; but with them it was car- 
ried no farther than the analyfis of certain individual words, 

without being advanced to any f{pecies of complete and general 

fyftem. A few of the French grammarians feem to have made 
fome approaches to the fame fyftem; but, it muft be owned, 

that it is to the Dutch etymologifts ScnuLTENS, TEN Kate, and 
above all, HemsTERHUISs, and the difciples of the Hemfterhufian 
fchool, VaLtkn zr, Linnep and ScHErpDE, that we owe the firft 

complete developement of this new and fubtle theory of Jan- 

guage. The labours of the Dutch etymologifts, however, for a 

long time obtained but little notice: even the fyitem they had 
thus ingenioufly conftructed, remained almoft unknown beyond 

the immediate limits of their own {chool. In France, ANCE DE 

VILLOIsIN appears to have had fome imperfect acquaintance 
with it. In this country, I do not know if it had been heard of 
at all, till the fame theory was exhibited in a no lefs confpicuous 
than amufing form, by the author of the Diver/ions of Purley. 

When, in that lively work, the fyftem was laid down, and at 

the fame time fuccefsfully applied to the analyfis of many of the 
Englifh particles, our grammarians and etymologifts at length 

began to queftion the old fyftem of grammatical arrangement in 
the claflification of words. The new theory gradually gained 

ground, and now the truth of it feems to be almoft generally ad- 

mitted, though much ftill remains to be done in the way of its 
particular application *. 

SATISFIED 

fered in opinion to which of the two that place is to be afligned. It is unneceflary 

to enter into that queftion at prefent, though I may afterwards take occafion to 
point out fome reafons which induce me to think, that tracing language to its firft 

elements, we thall probably find that it is from the Verb the whole has gradually 

branched out. 
* Tuoucu I have thus flated, what, I think, cannot be difputed, that the theo- 

ry of Horne Tooke, and that of the Dutch etymologifts, is effentially the fame, 
I 
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SaTisF1ED of the truth of this fyftem, and perfuaded, that by 
following it out as far as poflible, the beft foundation will be 

laid for a juft inveftigation of the ftructure of language, it oc- 

curred to me, that the general principles thence afforded, might 

be applied with advantage, as a guide for analyfing at leaft one 
clafs of connedtive particles in a language which appears to offer 

peculiar facility in fuch a refearch, Should this be found to 

fucceed in one language, it muft facilitate fimilar inveftigations 

in others, and every fact eftablifhed in the progrefs of the inqui- 
ry, may be regarded as both illuftrating and confirming the ge- 
neral fyftem. 

Tue Greek language certainly poflefles many advantages for 

fuch an analyfis. It is a language of regular ftructure ; its roots 

formed within itfelf, in which, confequently, the original fta- 
mina, with their fubfequent ramifications, may, by accurate in- 

veftigation, be fatisfactorily traced. The clafs of connectives in 
this language upon which this experimental inveftigation is pro- 

pofed at prefent to be made, is the Prepo/ition, a clafs of words of 

confiderable importance in the ftructure of every language, at the 
fame time fo clofely connected with nouns, that their mutual, 

relations may be marked with lefs difficulty than is found in 
analyfing fome of the others. 

Mucu,, 

I with not to be underftood as afferting that the one was borrowed from the other.. 

Similar ideas may have occurred to both without any communication. Fhe Dutch: 

etymologifts certainly claim the priority in point of time, but the praife of origi- 

nality cannot upon that account be denied to either. Dr Bepposs, in a long note 

appended to his Ob/ervations on the Nature of Demonftrative Evidence, has taken 

great pains to prove the originality of Hornz Tooxr. This point need not be 

difputed but if it was to be made a fubje& of controverfy, it was furely unnecef- 

fary, in difcufling it, to throw out, as the Doétor has done, a number of contemp- 

tuous, and by no means well-founded farcafms, in depretiation of the labours of 
the Dutch etymologifts, and difparagement of claflical literature in general. Ob- 

fervations of that nature are.as little adaptedito add force.to'an argument, as to do 

credit to the author. 
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~ Mocn, I know, has already been done towards facilitating 

fuch an inveftigation. The facceflive labours, firft of Dr Moor, 

after him of more recent grammarians, above all the elucidations 

of the learned and acute Profeffor of Greek in the Univerfity of 

this City, have both opened the proper track of inquiry, 

and cleared away much of the rubbith, with which the jejune 

and trifling minutia, the diftinGions without a difference, and re- 

petitions of examples without a connecting principle, introdu- 

ced by SrerHens, Hoocrveen and ViceERus, had blocked 

up the avenues to all fuch difquifitions. _The profounder re- 

fearches of Linner and ScuE1pDE have thrown much additional 

light upon many particulars before involved in obfcurity, and 

their etymological deductions, though in many inftances imper- 

feét, contain valuable materials for analyfing the real ftructure 
and ramifications of the Greek language *. The track being 

once marked out, and the path in a great meafure cleared, pro- 

grefs becomes comparatively eafy ; little more is neceflary than 
to follow out the line where thofe who preceded appear to have 

dtopped fhort too foon. 
In analyfing the prepofitions of any language, one general 

principle may be aflumed as certain, That to every prepofition 
. one 

* THE Analogia Greca of Linnep contains a general developement of the fy- 

ftem adopted in the Hemfterhufian fchool. This was followed by the Etymolog:- 
con Lingue Grace, the joint produétion of Linnep and ScakIDE, in which the 

ptinciples of this analogy are applied for analyfing all the primitives of the Greek 

tongue. The merit of both muft be admitted - both will be found worthy the at- 

tention of any one who withes to inveftigate the fubject of Greek analogy. From 

the latter work, in particular, I have derived much affiftance in the prefent difqui- 

fition, though it has frequently proved lefs fatisfactory than might have been ex- 
petted. The analyfis of the words is too general and indefinite: many of the 
‘primitive roots are explained as merely denoting motzon ; an idea fo vague, that 

unlefs limited-in fome fpecific mode, it could afford little aid in our ‘progrefs to a 

fyftematic analyfis of the principles of the language. 
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one primary radical idea was originally affixed,—that this idea 

was for the moft part taken from fenfible objets,—and that 

from this radical fenfe all the fecondary applications may either 
immediately or circuitoufly be traced. In the inveftigation of 

this radical fenfe of each of the prepofitions, I think it will like- 
wife appear, that all of them were originally either nouns or par- 

ticiples, moft of them verbal adjectives, at firft ufually joined 
with fome common fubftantive to complete the fenfe; which 
fubftantive, by ufe, came at length to be dropped, as unnecefla- 
ry to be expreffed, being immediately implied and underftood. 
From this it will likewife follow, that in the junction of thefe 

words with other nouns, the primitive rule of conftruction by 

which they were joined in fentences, was that which is termed 
the genitive or ablative abfolute; a conftruction of fentences, 

which though ftigmatized, and perhaps: not unjuftly, by Lord 

Monsoppo, as lame:and gaping, yet was probably of extenfive . 

ufe in the early ftages of human fpeech, when bare co-exiftence 

of phenomena or events, (the precife idea denoted by this mode 

of con{ftruction), was more attended to than that mutual relation 
and dependence, the gradual difcovery of which afterwards gave 

- rife to more compact and connected forms of expreflion. 
PRocEEDING upon thefe principles, we may poflibly be able 

to difcover the radical fenfe of each prepofition, as well as fome 

of the leading circumftances by which, in time, many of them 
came to be applied, to denote ideas apparently remote from their 

original meaning. The minuter ramifications to which thefe 
fignifications afterwards branched out, it would lead far beyond 

the bounds of a fingle paper to attempt inveftigating. 
In conducting fuch an analyfis, each prepofition mutft be fepa- 

rately examined,—a minute and tedious procefs, perhaps, but 

the only one by which the object can be fairly accomplifhed. 
No particular arrangement being at all neceflary for our purpofe, 
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I fhall be fatisfied to take them as they occur in the order of the 
alphabet. 

Apgi. 

Tue near relation which this prepofition bears to the adjec- 

tive dye, both, and the adverb cugis, on both fides, evidently 

points out an identity of origin as well as affinity of meaning. 
All three appear to be immediately derived from the obfolete 

verb &um, to embrace or grafp*. From dye it is probable came 
the verbal adjeCtives cwos and cus, fignifying gra/ped or embra- 
ced. From many examples in the more ancient Greek writers, it 

appears to have beena frequent practice either to add to words the 
termination ¢:, or fimply to infert the letter g before the termi- 

nation. Of this laft, the inftances are not unfrequent in Ho- 

MER and HEsiop, as overg: for ayeos, weodu for what appears to 
have been originally pécw, and éwags for what I fhould fufpect 

had been originally évq: or tw, +. By a fimilar infertion, &u0; 
and aus became a&udos and aus, both of them fignifying, as be- 
fore, gra/ped or embraced. Ayu, the dual number of &u@os, thus 

exactly exprefled two objects, gra/ped, embraced or united, the pre- 

cife idea denoted by the term doth. To augus, exprefling gra/p- 
ed, fome common word denoting Place, object, or the like, be- 

ing at firft ufually joined, and afterwards in common ufe 
omitted, as being univerfally underftood, eg. and its oblique 
cafe aug came to fignify literally place or object gra/ped, embra- 
ced, or comprehended. 

Vou. V.—P. Il. | Ss HENCE 

* THE root of the common Greek verb éuaw, to reap, (literally to gather toge- 
ther the fruits of the earth), and of the Latin verb amo, to love, originally deno- 

ting to gra/p at or ftrive to obtain. 

+ Peruaps the 9 thus inferted was originally the Holic digamma a letter com- 

mon in the moft ancient Greek writings, and it feems probable, pronounced not 
unlike the ¢. , 
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Hence the different applications of agi are eafily deducible. 
1. Azour or round a place or object. 

"ApQi woAs0g oixéover, (HERODOT.) “ they dwell—place grafped 
or comprehended by theit dwellings—the city,’— round 

* about the city.” 
ah dé wooo eye wrecdevra wedsAw, (HESIOD,) ‘ and 

had the winged fandals,—object grafped by them—his fect 
*« —-round his feet.”’ 

aul 0B ae’ dmomw Carero Zidos. Homer. 

“ And threw the fword ae plage: uediied or embraced by the. 

* fword-belt,—his thoukdens, "+1 ““ round his fhoulders.’’ 

°Q¢ 0? or? ev annie ased Pusu. Us vergunr 

Dower’ ceimeetea. 1 | Homer. 

“ Asin heaven the fplendid ftars appear,—obje& included or 

‘ pie pear. ei in: their line of appsstameg, —the. refulgent 
“-moon,”—“ round the refulgent moon.”’  — 

SoMETIMEs, inftead of direCtly round about, wugi, by an. cRligh 
tical mode of Birches exprefled only near about 5 

jee 0 aud aurd, 

“he fell—place of falling—the fpace including or hep! 
“ ing him,’”— near about him, or clofe befide him.” 

2.° Amon. 

UO! oQicr révbos agdess Quint. SMYRN, 

‘* forrow arofe—objeéts included in its {phere of action,—obe. 
“ jeéts embraced in it—them,””—‘‘ among them.” 

3. Upon. 

aaebarey cvden nara ybovoc, aug. do de core 

EZera. Quint. SMYRN,. 

“He threw down the man to rhe ground, and fat = oe 
grafped by his fitting —him,’—*‘ “upon him.” 
4. FIGURATIVELY—about or concerning. 

‘ALO! dseav yeop7. Lucian. 

a treatife—fubje@& comprehended—the ftars,”—“ concerning 

* the ftars.”” 
And 
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AND immediately related to this meaning,—FOR or ON Ac- 

COUNT OF, 
~ ’ , 

imrnee eyov OVO), cee o aebrors 

Anew eyov na 0x pov. HEsIop. 

“ The horfemen were labouring and in earneft contention—ob- 
“ject grafped in their contention—the prizes ;”—“ object in 

*« which their contention céntred—the prizes.”’ 

"Os B ALovre Bvw agi aroevng EAC POLO 

"ADAHAOS zorzovre. NHLESIOD. 

** As two lions irritated at each other—object grafped in their ir- 

* ritation—object in which their irritation centered—a {lain 
* hind.” 

In every one of thefe, as well as in all its various applications, 

we find gu¢gi, a noun, affuming, from its ufe, the character of 

‘what is termed a prepofition. 

Av¢qi, fo far as I can find, is a prepofition either not at all or 
very feldom to be met with in the writings of the Greek geome- 
ters, zeei, being the word generally made ufe of by them for 
about. The reafon I take to be, that this fcience, relating 
chiefly to lines and furfaces, ug}, which did not immediately, 

but only indirectly, denote thefe, was lefs proper for their pur- 

pofe than zzei, which, as we fhall afterwards fee, literally and ra- 
dically meant @ boundary. 

THIs prepofition, «gi has not been naturalized in Latin * ; in- 

ftead of it circa and circum came into ufe, evidently the feminine 
and neuter genders of the old adjeétive circus, the mafculine of 
which we find in common ufe as a fubftantive noun, denoting a 

round body, the primitive of circulus a circle. Circa and circum, 

therefore, properly denote @ line going round a place or objet. 

Ss 2 Here, 

* Excert in the infeparable prepofition am, denoting about, a mutilation of 
ayo; or rather of the original word before the @ was inferted. 
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Here, as in many other inftances, we find an example of an idea 

exprefled with equal propriety cither by a noun or its corre- 

lative. The Greeks, in ufing éugi, kept in view that an object 

was included; the Latins, in ufing circa and circum, and the 

Greeks themfelves, too, in ufing zg), had in their eye that there 

was a boundary containing. 

Aves 

Ava is one of thofe prepofitions which, partly from the obfcu- — 

rity of its primitive root, and partly from its varied and fome- 

what anomalous mode of application, prefents confiderable diffi- 

culty in the inveftigation of its primary and radical fenfe. Lin- 

nEp fuppofed it to mean preffure upward; an idea which it 

certainly does very frequently denote, but into which all the 

others cannot be fairly refolved. In Profeffor Dazet’s 

Fragmenta, the proper fignification of it is faid to be per, 

through, in which opinion STEPHENS coincides. But to this idea, 

though fo refpeétably fupported, I cannot altogether accede. 

Through is undoubtedly one, and a very common meaning of ava, 

but, like the former, can only be ranked as one of its fecondary 

applications. Dr Moor, I apprehend, has come neareft the true 

radical fignification of ava; he explained it as exprefling “ the 

“ Jines of direttion traced backwards ;” a fenfe not very remote 

from what appears to be the original one. 

Ava, in the immediate form of a noun, does not, I believe, oc- 

cur in the Greek writers now extant; but from its cognates and 

derivatives, it is not difficult to difcover the traces of its former 

meaning. Avdé, as an adverb, is common, exprefling 4 circum- 

france far back,—removed backwards from us, whether in place or 

time : «» occurs in compofition in a number of words, with the 

fenfe as it were of contradiction or reverfal of the main idea, as 

eveev0e06 , unmanly, avOo10S, impious, cLvogeros, invifible ‘ avev, a deri- 

vative from the fame root, generally carries a fimilar force of re- 
» verfing 
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verfing the idea denoted by the word with which it is connect 
ed. 

In all thefe different cognates, we find the idea of rever/ing or 
tracing backward implied; and ApoLtonius SopuisTa, in his 

Lexicon Homericum, mentions this as the primitive idea denoted 

by the prepofition ca *. Here, then, I think, we may fix the 
radical fenfe of the word. Ava appears evidently to be a noun, 
having the literal fignification of reverfed, turned back, or traced 
backwards ; and, if neceflary, fome common and obvious word, 
fuch as direction, pofition, or the like, may be fuppofed to be im- 

plied and underftood ; but this will feldom be required +. 
WE may, therefore, give the radical meaning of ov as back, 

backward, rever fed, or traced back. Thus, in XENOPHON, cava ro~ 

ropov drexouiony, “ they bore them,—the river being traced back- 

“* wards in their bearing,” 7. ¢. bore them againtft the ftream, or 
up the river. : 

From this radical meaning, the other applications will be 
found naturally to arife. 

1. VERY frequently ava. fignifies up or upward, becaufe down- 

or downward being the natural and ufual direction which bodies 
take when left to themfelves, up is confequently the natural di- 
rection reverfed or traced back, and therefore properly expreffed 
by ave 

"Qs erav ceva vos 2Cny, Extrcvon 0 eroulgoug: 

"Avrous r cipCaiverv, cud ré mevuvnore Avoos HOMER,, 

“Having thus fpoken, I afcended the veffel, and ordered my 
““ companions 

_® Ard.” Kuplas uty 4 apodeoss, tv e801 

"AQed poguveorra ida, ana 1” exp’ omizcu, 

APOLLON. SoPuist. fub voce Ayas- 

+ ParKkuurst’s idea of the derivation of ‘this prepofition from a Hebrew word’ 
fignifying an anfwer, coincides pretty nearly, with the idea here ftated.. The He-- 

brew. word for an anfwer may probably have originally denoted a rebound. 
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“ companions to go up (or on board) and to ‘unloofe the 

“ cables ;’—I went—direction of my going—the veflel—in the 

order of pofition the reverfe of what is ufual with bodies, 7. ¢. 
upwards ; | ordered my companions to loofe the cables—line in 
which they loofed them—tending upwards, or oe the na- 

tural tendency of bodies. / 

“vapos’ wens 

Qrxev civee woginny. Homer. © - 4 

“ Having raifed them aloft, he placed them on a tamarifk,’— 

placed them—point of placing them—a tamarifk ;—fituation— 

the reverfe of what is the ufual tendency of bodies,—that is, up 

or aloft. 
2. As the notion of a return or reverfal always of neceflity 

prefuppofes the idea of a prior movement or pofition to which 

this is oppofed, az, from exprefling only the fecond, came natu- 

rally to be extended to denote both together. Hence we often 

find it applied to exprefs the idea of backwards and forwards, up 

and down; that is, courfe backward, proceeded by courfe for- 

ward, courfe upward proceeded by pofition downward, or, as 

juftly and accurately ftated in Mr DaLzex’s Fragmenta, “ motum 

“ huc et illuc—itionem et reditionem—furfum et deorfum.” 
Ava ra 6en ahoveictos (XENOPH.) “ to wander—courfe of wander- 

“ ing—the mountains ;—firft forwards—then this reverfed or 

“ traced backwards,”—hence up and down the mountains,— 

over the mountains. 

punowore oe doverdos anens 

Nijas ave yraduens. Homer. 

“Keep in-mind your impetuous courage—by the hollow fhips,” 
—going along the fhips—backwards and forwards—firft for- 

wards,—then that courfe traced back again. 

aT 
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Ir is from this application that évé has often come to be ufed 
for through or over,—through the mountains, or over the moun- 
tains, equivalent to up and down—backward and forward. 

3. Ave is joined with nouns of number, to denote regular diftri- 

bution. Drguriros eFievos xereves ive aevee, (ViIGERUS), “he orders 

* the foldiers to go out by fives,’—to go out five—then traced 

back again,—to go out till they came to five, and then begin or 
trace back the reckoning again. Kiwdwamov xu) vagdov ova adyxiny 

pica, (VicERus), ‘“of cinnamon and nard, an ounce each,’’—of 

cinnamon an ounce,—then trace back the fame reckoning for 

the nard. 
4. SomETIMEs, though but rarely, ava is ufed to denote accord- 

ing to. NoXeiv civee rov aurov AOyou (CLEMEN. ALEX. ) to {peak—. 

“ the! fame word traced. backward ,’—according to the fame 
Wordg? «3-3 .9%5 OF ,tewa 

UnbeEr thefe: dfferene Reads) aii the ‘hiplicaxions of av may,, 
I fhould think, either dire€tly ordndireAly be arranged. In alk 

of them: we are warranted:in regarding it'as'a noun; and’ though 

it cannot be denied, that:the varied application and obfcure ori- 

gin of this prepofition: may ‘fometimes occafion ‘difficulty in 

marking its exact progrefs or ramification, this does not at all 
detract from the truth of the general propofition. Here, as in 
many fimilar cafes, the following obfervation of LINNEP will be 

found to hold good: “It is not to be expected, that’ the analo- 
“‘ gy of any language can be perfectly traced, from the want of 
“ many primitive words, which, having-gone into difufe, are not 

“now to be met with, as the moft ancient compofitions in the 

“ Janguage have probably perifhed. This defect is ftill increa- 
“ fed by the careleffnefs of lexicographers, who. have. not. been 
‘* attentive even to-preferve the old. words that were to be met 

“with at the time they wrote.” Hence, under every root, we 

need not be furprifed to find blanks in the analogy which no 
ingenuity or CONE can now poflibly fupply.. 

Aysi.. 
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Apri. 

Apri is explained both by LinneEr and ScuHE1DE, as one of the 
cafes of an obfolete noun as, in the genitive cvros, fignifying 

front or face. In this etymology they appear to be well found- 

ed; for though the noun avg itfelf is fallen into difufe, yet we 

{till find fufficient remains to indicate its former exiftence. Avra, 

evidently its accufative cafe, is in frequent ufe as an adverb, to 
exprefs defore,—in prefence, in face of : cvrnv, probably the accu- 
fative cafe of a cognate noun, is likewife ufed adverbially in the 
fame fenfe with dvra: the adjeAives évevriogand ayriog*, and the ad- 
verb avrixeus, both of them immediate derivatives, exprefs alfo 
in prefence, in front of: the verb dureSas is explained by Hesy- 
culus as fynonymous with dAsrevevew, to fupplicate, 7. ¢. to fall 
down before, or in front of, in prefence of. To all this may be 
added, that the Latin prepofition avte (evidently the fame word 
radically with the Greek di }), uniformly exprefles before, 
equivalent to in front ; and in the fame language we find a fub- 
ftantive noun ania, (a plural from the fingular aata,) denoting 

the 

* THAT dyrivs fignifies literally iz front, the following trait in the Spartan epi- 
gram, which defcribes the body of Turasysuuus carried back from the battle, 

clearly afcertains : 

* = ’ ‘Emre mens Agytsoy reatmore cuikeusvos 

Auxyds aeriz wavre 

“ having received feven wounds,—fhowing them all 7 front.” 

+ Tue Latin language is well known to be derived from the Greek; but it 

fhould always be attended to, that it is the Eolic diale& of the Greek which muft 

be regarded as the immediate parent of the Latin. Hence many of the words tranf- 

planted from the Greek to the Latin are found to differ from the common dialeét, 

but to refemble very clofely the correfponding word in the /Eolic, 

al 

eT ak Se ee ee ee eee 
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the pofts /et up before the entry, that is, the fronting part of a 

houfe. - ; 
Fronr or face, then, appears to be the radical fenfe of cyzi. 

Iscpevog civri Ovens, “ fet or placed—front the door,’—front- 
ing the door—before the door. 

Avr’ 72Xio10 rerpoprevos, (Hesiop), “ turned—front the fun,’”— 

fronting the fun *. 

Tuoucu front was the original and radical meaning of ez, 

yet it is to be obferved, that the immediate and direct ufe of the 

word, in this fenfe, feems to have been in a great meafure fu- 

perfeded by fome other prepofitions. It is in the fecondary ap- 
plications, chiefly, arifing out of this primary idea, that we find 

yz} employed by the Greek writers. Thefe fecondary applica- 

tions are principally four,—oppo/fition, comparifon, preference and 
Subjtitution. 

1. Oprosrrion,—becaufe fronting or facing is both the natural 

attitude of direct hoftility, and the moft obvious mode of re- 

tarding or counteracting what we wih to prevent. 

"Avs civdgos ira, (Homer), “ go—object fronting or meeting 

you in face—the man,’—againft the man ;” dyrirzyw rodrov 29- 
yor, “ 1 contradict that fpeech,’—* I fpeak in face of that 

“ {peech.” 
2. Comparison,—becaufe placing objects fo as to make them 

front or face each other, is the moft common and ready mode 
of enabling us to compare and contraft them. "’Agyvgidy cvri Coav, 
“* filver compared with oxen,’’—filver—obje@ put in front or 
contrafted—oxen. Bacircvs cvri poeiav és searinray,—< a king 

“ is comparable to ten thoufand foldiers,’—“ a king is—obje& 
“ fet in front to be compared—ten thoufand foldiers.” 
Vo, V.—P. II. Ee 3: Pre- 

_ * Iw this phrafe, which occurs, Epya na? ‘Hyiga (line 725) it is plain that avn 
can mean nothing but zz front. 
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3. Prererencr,—becaufe what is moft valuable is conceived 

and fpoken of as occupying the front or foremoft place. Avz} 
Yenuuray cnecdos shy Oo&yv ven, (Isocr.) “ glory fhould be taken in 

“ preference to riches,’—glory fhould be taken as an object, 

holding the place in front of, or in a more honourable rank,— 
than riches. ‘Ov éya Qnui cvtl wuvrav ray evade ciryavar ives, (PLA- 

“‘ to), which I aver to be the beft of all contefts,’’-—which I aver 
to be a conteft—holding the front or firft rank of all contefts. 

HUAAOS, 
’ e 7 e ~ 

Aut doxidwv arucwy, 

Avr tyyéo awavrov ANACR. 

« Beauty—preferable to all fhields—preferable to all lances,’’— 

* beauty—holding a rank in front of, or before all fhields and 

“all lanees*:? 
4. Svzstirvrion,—for the reafon juftly ftated in Mr DatzeEt’s 

Fragmerta 3 “ verifimillimum eft a7 primitus ufurpatum fuiffe 

“ad defignandum alterum poni contra alterum, id quod fieri fo- 
“ Jebat antiquiflimis temporibus, quum merces effent commu- 

“tandez, unde facillime transferebatur ad indicandum ipfam 
“ mercium commutationem vel quodlibet fuffectum in locum 

“ alterius.” “Avr ayérns pioos evendas, “ inftead of, or in return 

“ for love, to find hatred,”—to find hatred—when the object put 
in front of it was love. Exgqyq dvrl ronxtuov (THucyD.) “ peace in- 

“ ftead of war,’—peace—object fet in front, for which it is to be 
taken in exchange—war. 

From this laft application of cvzi, it has come to be generally 

ufed by the Greek writers in fpeaking of commodities fold, to 

exprefs their price. Examples are unneceflary. 
5. FRom 

* Sucu phrafes are frequently refolved, by {uppofing «sti, when it fo occurs to 

denote compari/fon or contraft only : but this appears to be infufficient ; for though 

all preference implies contraft, all contraft does not imply preference. 
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5. From a particular view of the primitive idea of fronting or 

facing, yzi, when both preceded and followed by the fame 

noun, came fometimes to denote addition or accumulation; be- 

caufe, when two quantities of the fame commodity were placed 

fronting each other, this could not be for the purpofe of ex- 

change, but rather that the one fhould be added to the other, to 
complete a mafs. Hence fuch phrafes as cving avri aviaw, ‘ for- 

“ rows—in front—forrows,’—forrows added to forrows,—accu- 

mulated forrows; yeew dzi yuerros, “ grace—in front—grace,” 
grace added to grace,—abundant grace. In Englifh we have 

adopted a fomewhat fimilar idiom, only inftead of employing 
the word denoting front, we ufe its correlative after,—faying 

“ day after day,’—“ grief after grief.” 

Azo. 

Tue Greek prepofition x3, and our Englith prepofition from, 

are univerfally allowed to be nearly equivalent in fenfe; and 
probably it may be found, that the origin of both has been in a 
fomewhat fimilar line. That ed, like other prepofitions, was 
originally a noun, there can be little doubt; evident traces of 

the cognates and derivatives of this noun being ftill to be met 
with. Thus, befides the prepofition exo, we find in ufe cz as 
an adverb, denoting far off, with its derivative draber *, from 
far ; and though the adjective dos, diftant or remote, appears to 

have become obfolete, yet its comparative crwregos, farther, and 

fuperlative ardraros, farthe/? or moft remote, are frequently found. 

The word eos, likewife as a fubftantive nouns, occurs once, 

and, I believe, but once, (Eurip. Pheniff:), and the lexicogra- 

a €.2 phers 

* Ami——cyrl ris aorober. 

§© TloAAay yee amo mAuved tot woAnoce 

* For the cifterns are at a great diftance from the town.” 

APOLLON, SOPHIST. in voce. 
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phers feem at a lofs what to make of it. The Greek {choliaft 
conjectures it to have been equivalent to ios, height, and thence 

transferred to denote pijzos, length, a ftrange circuitous mode of 

application, much more naturally refolved by underftanding 

the noun aos as a cognate of the adjective eros, and hence im- 
mediately denoting length or diftance. It may be added, that 
there is in common ufe a verb dzrw, to tie, and drome; to 
touch: the root of both thefe, 1 fhould conje@ure, muft have 
been a verb darw or dx, fignifying to ftretch, as it is not eafy, 
except upon this fuppofition, to reconcile the different meanings 
of the active with thofe of the paflive or middle form of the 
verb. 

Tuese different cognates, then, feem all to point to the pri- 
mitive meaning of cz, and mark it out as an adjective denoting 
difiant or remote. Some common noun denoting place or point, 
being, as in other cafes, underftood or implied, exé came to be 

ufed in the literal radical fenfe of diffant point,—remote point. 

From being thus frequently ufed to exprefs a point, more 
remote than any other in view, the fignification was extended to 

denote likewife the extreme point. 

THIS primitive radical fenfe éro retained in a number of 

cafes; but upon this primitive meaning there came, it fhould 

feem, to be very foon engrafted a fecondary application, which 
in time, in great meafure, fuperfeded the former. In any 

courfe or progrefs, it is evident, that, in the nature of things, ei- 

ther the commencement or the conclufion may be reckoned the 

extreme or remoteft point of the line ; but in the common ufe of 

language it will be found, that it is the former which moft ge- 
nerally and readily occurs as the point moft remote from the 

fpeaker. Hence the moi remote or extreme point, is often confi- 

dered as the fame with the point of departure ; and the word 

-which at firft denoted the one, came readily to be applied to ex- 

prefs alfo the other. Such appears to have been the cafe with 
ATO 
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eo among the Greeks. From exprefling originally the moft re- 

mote or extreme point only, it came to be moft generally ufed 
to fignify, what in the language of navigators is called the poznt 
of departure, and hence, by an eafy tranfition, the point of ori- 

gin, the point of commencing. 

AGREEABLY to this idea, all the ufes of czé may be refolved, 

by areference either to the primary or to the fecondary appli- 
cation of the word. 

We find dao, then, as fignifying from, applied, 
1. To /pace or corporeal objects. Amo dobévrog onwetov yecupny 

eyoyeiv, (EvucLip.), “to draw a line from a given point,’— 

“ extreme or remote point of drawing,’—or, “ point of depar- 
* ture or commencement of drawing it,—the given point.”— 

‘Qyepciro awd Zéedewv, (XENOPH.), “ he marched from Sardes,”— 

‘“* extreme point,—or point of his departure,—Sardes.” Azé rz 

raysos payedous “to fight from the wall,’—‘ extreme point of 

“ fighting,’’—or “ point of outfet of the fighting,—the wall.”— 
Ar’ ouparav Baroy we, (ANACR.) “ darting at me from the eyes,” 

“‘ extreme point of darting,—the eyes.” 

2. To time. Aro 7% vo» rereucouer, “ from the prefent time we 

“ fhall endeavour, ’—“ we fhall endeavour,—point of outfet of 
“ our endeavours,—the prefent time.”” Azo 0: r# rartuov rig rev 

xonay Osoxnoews ecvrdy vaeekeirero, “ immediately after the war, he 

“ withdrew from public bufinefs,’’—“‘ he withdrew from public 
“ bufinefs,—point of outfet of his withdrawing,—or extreme 

“ point of his withdrawing,—the war.’ ‘O SeCwos xeQoregos aad 

érav tara exirnoeios, (GALEN), “ the lighter Sabine wine is fit for 

“ ufe from feven years old,’’—“ the wine is fit for ufe,— point 

“ of outfet of this fitnefs,—feven years.”’ Are onpéou tvos éxisge- 
pos res vavs, (THucyD.), “ to turn the fhips at one fignal,’?— 
“to turn the fhips,—point of outfet of the turning,—one fig- 
cs nal.’’ 

3. To 
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3. To the relations of objeéts, and chiefly to their relations as 
effects from a caufe either producing or modifying them, Avs- 

So usvog ex cmd re Bedrise radra medrrora roy adeapor, (Dion. Ha- 

Lic.), “ perceiving that his brother was acting thus, not from 
“ the beft difpofition,’’—“ acting,—point of outfet,—or origin 
“ of acting,—not the beft difpofition.’”’ Aoxe eréous ds T0Ig aro 

TNS S0KS, ereous de ToIg amo THS chmoeOn Lice, (Luctan.), sat appears in 

“ 4 different light to the ftoic and the academic philofopher,’’ 
“to perfons from the porch and from the academy,’’—“‘ per- 

“ fons proceeding,—point of departure,—the porch and the aca- 

“ demy.”’ 
4. In all thefe different applications of «é, which are the moft 

common, the fecondary fenfe appears to predominate; but ae 

is fometimes found in ufe, where the original meaning of remote 

or diffant point dire€tly prevails. This takes place in regard to 

material objects, in fuch phrafes as the following : ‘Qs pty roi ye 

cms tis yng eyévorro, (XIPHIL.), “* when they arrived at a diftance 

from land,’””—“ when they arrived—remote or diftant point,— 

“ the land.”’ 

——— 
pene ‘\ e , 

cmd yovog evevodeins 

"Es didgov Sincere HEsiop. 

“ They placed him in the chariot away from the earth,” —“ pla- 

“ced him—diftant or remote point,—the earth.” 

—— —— ard Be yravnwmig’ Adnun 

"Eyyeos oemny ream ogekaputrn amo dides. HEsi0pD. 

“ Minerva turned away the force of the fpear,—warding it 

“ from the chariot,’’—“ turned the force of the fpear,—warding 

“ it,—fo as to be remote from the chariot,—remote or diftant 

“ point, —the chariot.”’ 

Ir is in this manner that dx is likewife ufed to denote a 

negation ; the one object being fuppofed to be fet at fuch a di- 
ftance 

’ 
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ftance from the other, that they ceafe to be in any manner con- 

neGted. Axtdeikev O71 rarramacsy aura cro Sup, (Tuemist.) ‘ he 

“ fhewed that it was altogether contrary to his defire,’’—‘‘ fhow- 

“ed that it was fo conftituted, that it was a point entirely di- 

“ flant or remote in refpect to his defire.’? "Ove axo yrauns ny, 

(Juzran. Au c.), “ it was not contrary to his mind,’’—‘‘ it was 

« not in the fituation that it was a remote or diftant point,—in 

“ regard to his fentiments.’” ‘O caxd ras mesoSsias, (VIGERUS), 

“ one who has finifhed his embafly,’’—“ who is no longer an 

“ ambafiador,’’—“ who is now in fuch a ftate as to be remote 

« or diftant in refpect of the embaily.” 

Tue Latin prepofitions a, ab, it is well known, are merely the 

prepofition ao, in a mutilated form; the radical meaning is 

nearly, if not entirely the fame, being fometimes remote point, 

when a or ab is ufed to exprefs from ; fometimes point of depar- 

ture or outfet, when ufed to fignify dy. Abs, which has the fame 

fenfe with a or ab, is the adjective dros in a contraéted form. 

Absque, which is juft abs with the relative fubjoined, takes the 

fenfe of remote or diftant point only, and hence fignifies without. 

Thus, “ epiftola absque argumento,’’—“‘ a letter without an ar- 

“ gument ;’’—‘‘ a letter,—remote,—in refpect to which is argu- 

« ment.’”’ “ Absque te victoria effet,’’ —‘ the victory would be 

“« (obtained) without you,” —" the victory,—you being remote 

“in refpect to which,—though you were remote or at a di- 

“ ftance,—would be obtained.”’ 

In thefe different fenfes of the Greek prepofition azo, we trace 

a very fimilar analogy with what appears in the correfponding 

Englifh prepofition from. This Englifh prepofition Horne 

Tooke will have to be the Saxon frum, beginning. But from 

fome of the very examples given by himfelf, and {till more from 

others that might have been adduced, it is eafy to fee how for- 

ced and unfatisfactory the analyfis of many fentences on this 

fuppofition muft be. A different origin mutt, therefore, be 
fought 
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fought for the word. From, in Saxon, is fram and fra. This laft 

appears plainly the root, and it is as evidently a defcendant of 

the Gothic fairra, from. Now this Gothic fairra was undoubt- 

edly alfo the root of our adjective far, equivalent to diftant or re- 

mote; and from this root proceeds likewife the German Fremde, a 

ftranger. Here, then, we have the fame analogy which has been 
already traced out in the Greek; the root of our Englifh from 

being an adjective exprefling remote, and the prepofition of courfe 
meaning juft—remote point, or difiant point. 

Ir may be added, upon the fubject of azo, that this prepofi- 

tion, or rather its afpirated form a@, is, according to the beft ety- 
mologitts, the root of the Englifh adverb of, originally af; and _ 
the precife meaning of this is di/fant or remote,—off, as is well 

known, being quite a different word, and from a different fource, 
from the prepofition 9f, a word radically and properly denoting 
cla/s, kind or /pecies, though the two have not always been 
fufficiently diftinguifhed by lexicographers. 

Aid. 

“THERE can be little doubt, I think, that the prepofition dc 
mutt have been clofely related to the verb d/# Now da in com- 
mon ufe fignifies to drive out, or drive away. From many of its 
cognates and derivatives, however, it is evident, that it muft 

have fignified alfo to divide, to /plit, or to cleave. The original 

radical idea expreffed by it, therefore, from which both thefe 

took their rife, may fairly be conjectured to have been to bore, 
to pierce, to penetrate. From this verb d/# appears to have come 

a verbal adjective dsos, die, dso», fignifying, from the verb, pierced 
or penetrated, fometimes DIVIDED ; and, when applied to furfaces. 
or fpaces, by a very natural and obvious reftriction, paffed over, 

or croffed. To the neuter plural, or feminine fingular of this 

adjective, fome common word, fuch as yeauun, ywon, onwdca, OF 
the like, being at firft ufually joined, as in other cafes, and after- 

wards 
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wards in practice omitted, d:@ came to be ufed alone for /ive, 

Space, point or obje& pierced, penetrated, divided, paffed over, or 
croffeds 

From this the various applications of the word, as it appears 
in the form of a prepofition, took their rife. 

Aiz, as applied to./pace, was ufed to denote: 
1. and moft ufually, THRouGH. 
Tleaczus dios die 73 dévdez,— the axe goes through the tree,”’ 

“the axe goes,—object penetrated,—the tree.” Kozndog xizrov 

dice rav roAww véuvy, (THEOD. Spar.), “ Let one circle cut another 
“ through the poles,” —“ points pierced or penetrated in cutting,— 
“the poles.’” "Exiaedov ex€eCrnwevov dice tod xtvres ras yas nal Tov 

&due, (ARCHIMED.), “ a plane drawn through the centre of the 
“ earth and the fun,’’—“‘ drawn,— points pierced or penetrated in- 

“ drawing it,—the centre of the earth and the fun.”’ 

asyrn Ov cbégos ine. Homer. 

“ The gleam. came through the air,’’—“‘ medium penetrated in its 
“© coming,—the air.’ 

2. ACRoss. 

A’? ros Qégovro4,— they advance acrofs the fea,’”’—“ they. 
“ advance,—olject or place paffed in advancing,—the fea.” 

"Oc re dict Oonuns inrorgope tvees rovrw 

Eprvedouss HEsiop.. 

“ Which blowing through Thrace, famed for rearing horfes;—~- 
“ on the wide fea,’’—“ blowing,—place paffed or croffed in blow- 

“* ing, in order to reach the fea.’ ’Enogevero Ov Aiyuwans tig AiEimy,. 

“ —he marched through Egypt to-Libya,”’—“ marched,—place 
“ croffed or pafled in marching to Libya,—Egypt.”’ 

TueE only difference between thefe two applications of dia cons 

fifts in this,—that, in the former, the internal part of the objet. 
Vox. V.—P. II. Un iss 
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is underftood to be penetrated or divided, in the latter, the fur- 

face only ; but the idea of penetration is uniformly adhered to. 

3. BETWEEN. 

Aico sighs tye rade fies, (PLurarcn), “ to hold the reins in 

“ his hand, that is, between the two parts of his hand,”—* to 

“hold the reins,—obje@ divided, or, as it were, penetrated by the 

“* reigns,—his hand.”’ - 

eur’ ay wear, Quyns orocs Ove rerens, APOLLON. 

* When thou art pafled fafe between or through the deftructive 
“ rocks,’ —“ objects as it were divided or penetrated in’ paffing,— 

“ the deftructive rocks.”” 

4. DisTANCE or INVERVAL. 

‘Iaros Dict reidy sudsay erotys, “ the horfe run to the diftance of 

“ three ftadia,””—* the horfe run,—/pace penetrated or divided in 

“ running,—the extent of three ftadia.’? Ex cay rigywv ovrov dv 
baiys, “ from the towers which were at a fmall diftance from 

“each other,’’—‘* towers fituate,—/pace penetrated or divi- 

“ ded by the line reaching them,—a f/mall /pace,—a Jee inter= 

Saal?” 

Aic was applied likewife to time as well as to fpace. In this 
mode of application, it expreffed fometimes trough, fometimes af- 
ter ; that is, the action was confidered as either actually pafling, 

or as having juft paffed, an interval of time. The analogy between 

fpace and time is fo obvious, that the reafon of ufing dic is this 

way can require no elucidation. As referring to time, then, did 

denotes : of ps ; 
1. THROUGH. 

Dxorew did vvxrd¢ zai Hwteas, (PLATO), “ to deliberate through 

“night and day,’— to deliberate,—interval or /pace of time 

« paffed in deliberating,—night and day.” { 

Ava 
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Aue vuxrog eynodsvday. : ANACREON. 

“ Sleeping through the night,’’—“ time paffed in fleeping,—the 

“ night.” 

20 AETER: 

Aue dvéy nee amoyeorres ro mewroy Ddwe, (Droscor.), “ pouring 

“ off the firft water after two days,’’—‘ pouring off the water, 
“__interval of time paffed befare pouring it off,—or pafled in its 

“¢ previous ftate,—two days.’”? For it is to be obferved, that 

when die is thus made to denote after, it always implies, that the 
{tate of the tranfaGtion then exifting, is the refult of the pre- 
ceding ation, with which da is joined. Ard relay qyteuv nrbe, 

“after three days he came,’’—‘ interval paffed in coming, — 

“ three days,’’—intimating that three days were {pent in travel- 

ling ; whereas, had wera been ufed for after, no fuch previous 

connection would have been implied ; the three days might 

have been occupied with an action bearing no relation to his 
coming. 

By a fecond remove from the primitive meaning of the word, 

dia came alfo to be applied to exprefs cAusATION in all its forms. 

In this mode of application, it appears to have been extenfively 
employed to mark, indifferently, the eficient,—the in/frumental, 

—the formal,—the material,—the procuring, and the final caufe. 

The idea, in all of them, was evidently taken from the ufe of da 

to exprefs an interval paffed, an intervening object penetrated, or 

an intermediate fpace croffed. A caufe, of whatever kind, na- 

turally prefented itfelf to the mind as a paflage or medium be- 

tween the bare conception or defign of an ation and its entire 
completion. An example of each fpecies of caufe, will fhow, in 
this ufe of dia, the conftant reference to its radical meaning. 

THE efficient. AV ov crcCouer yee, (Rom. i. 5.), “ through 

“ whom we received erace,’’—“ we received grace,—medium of i fo} 2 3 

** its conveyance to us,—him.”’ 

Uu2 Tos 
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Tol piv daimoves esos Aids meyars dict Cerdts. HeEstop. 

“ They become demons through the will of mighty Jove,’’— 
“‘ they become demons,—medium by which this is effected,—the 
“* will of Jove.” 

Ad’ ov evvaZer’ civioes ANACR. 

“ Through or by which forrow is lulled to reft,’’—“ forrow is 
“ lulled to reft,—medium of doing this,—it.’’ 

THE inftrumental. ’Q.rero di reo, “ it was deftroyed by fire,’”’ 
“ —it was deftroyed,—medium paffed in order to its deftruction, 
“ __fire,’’—or, “ medium of conveyance for the deftrudtive ener- 

i gy,—fire.” Kuve aeons TS ok [Lov dit 7d prevyebos Toy TVEVLET Oy 

THEOPHRAST.), “ the fand being agitated through or by the vio- 

“ lence of the winds,’’—“ the fand being agitated,—medium or 
“« paflage to its agitation,—the violence of the winds.” 
Tue formal. Togveverou nal yrvPercs dit rd pwaraxov, (THEO- 

PHRAST.), “ it is carved and fculptured by reafon of its being 

“ foft,”’— it is carved and {culptured,—ftate pafled to fit it for 
“ being fo,—foftnefs.’’ 

Tue material. Av dagirov xexoinpevos, “ made of flour,’’— 

* made,—intervening {tate paffed previous to the making,—the 

ftate of flour.”’ 
THE procuring or meritorious caufe. 

"Eye & eye dick ot x’ Bx HLAROD Cooray. SoPHOCL. 

“ What I poffefs, I poffefs by your merit, (or by your favour), 
“and by that of no other mortal,’’—‘ what I poffefs, I poflefs, 
“medium of its reaching or pafling to my pofleffion—your 
“‘ merit or favour.’’ : 
_ Tue final, (nearly related to the preceding) caufe. A? Aéy- 

vaies poynoeras, “ he will fight on account of the Athenians,’’— 
“ he 
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“ he will fight,—medium to bring about his fighting,—the pro- 
* fpect of benefiting the Athenians.” 

"Ov rocov aSaverav oiyemev omevdscs Junras 

"Oosoy ayeseonivan Dice nerrcce rapbenxiav. Muszus. 

« They haften, not with the view of celebrating religious rites 
“ in honour of the gods, but for the fake (or on account) of the 

“ beauty of the damfels who aflemble on thefe occafions ;'’— 

“ they haften,—medium or paflage to induce them to do fo,— 

“‘ the beauty of the damfels,—the profpec&t of meeting the aflem- 
“ bled damfels.”’ 

In feveral of thefe applications of ds to caufation, particular. - 

ly the laft, it muft be admitted, that the mode of expreffion is 
elliptical and circuitous; in all of them, however, it is eafy to 

trace, either immediately or remotely, the radical fenfe of dia as 
a noun, modified by ufe into a prepofition, 

Ess. 

Tuts prepofition, as well as ¢», was fuppofed by Dr Moor to 
_ have been originally the numeral adjective es, nia, év, both pre- 

pofitions, denoting, as he conceived, the one /pace ; that is, the 
fpace immediately adjoining the object fpoken of. This idea, 
though ingenious, appears clogged with infurmountable diffi- 

culties. Eis and ¢y are by no means fo nearly the fame in mean- 
ing as this derivation would make them. Linnep derives dc 

from the verb é#, to /end,—a derivation undoubtedly forced and 
unnatural ; and SCHEIDE makes 4s a contraction of dew, within, 

evidently reverfing the analogical order of the language, és be- 
ing in fact the parent of éicw. 

None of thefe deductions being at all fatisfactory, for ex- 
plaining the various ufes of és, we muft have recourfe to fome 
other origin of the word; and one better adapted to the purpofe 

may; 
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may, I think, be found. There is in common ufe a defective 

verb jue, fignifying /o fit. From the analogy of the language, it 

is clear that this muft have been the perfect paflive of an obfo- 
lete verb éa, fignifying to /et, of which the perfe@ paflive would 

confequently fignify, “Ihave been fet,” or “I am fet,’’ or what 
is equivalent, “ J /it.”’ Now, in the regular declenfion of this 

verb é#, #g would occur as the participle of one of the aorifls 

paflive, naturally and literally therefore fignifying /et down, or 
what is equivalent to this, any thing in the act of fitting, refting, 

or fome fimilar attitude. | Here, as in the other prepofitions, 
fome common word being underftood, a might come directly 

and literally to exprefs /itting place, refling place, flopping place. 

Witu this fenfe, all the ufes of eg exactly coincide. 

“Hitis rig roennanares evdeias evbeia tuaimrsew, (EucLiD), “ the 

“ ftraight line falling on parallel ftraight lines,’’—“ the ftraight 

“line falling,—refting place,—parallel {traight lines.”’ ."Exeseagy 

4 xevay é¢ ray cdsov, (ARCHIM.), “ let the ruler be turned towards 
“ the fun,’—‘ let the ruler be turned,—refting or {topping 

“ point of its turning,—the line of the fun. 

narvboy eg Teoiny. Homer. 

“T came to Troy,”’—“ I came,—ftopping place,—Troy.”’ 
Ric sous "EAAmas yevroy exousoe, “* he caufed money be fent to 

“ the Greeks,’’—“ he caufed money be fent,—ftopping place,— 
“ place where the fending refted,—the Greeks. “ECuane 2idov tug 

servos, “ he threw a {tone at or againft the wall,’’—“ he threw a 

 ftone,—ftopping place,—the wall.’”? "Ess ray eananoice nabeComes, 

“T fet myfelf down in the affembly,”’—“ I fet myfelf down,— 

“ fitting place,—the aflembly.’’ Kwgog rueny tis 7 avrd ywoelov, 

(XuNorn.), “ Cyrus was prefent at, or in the fame place,””— 

“ Cyrus was prefent,—refting place,—the fame place.” 
. 

Navres 
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Naoros big “EAinny te 3 chs E205 Opiavos 

Edoaxov x nay. Apotton. Rod. 

“ ‘The failors from the veffels looked towards the Bear and the 

* ftars of Orion,’’—“ the failors looked,—refting place of their 

* looking,—place where their view refted,—the Bear and Orion.”’ 

Ess reiazoosovs eyevovro covaores, “ the confpirators amounted to 

‘© 200,’’— the confpirators proceeded in number,—point where 

‘*‘ the numeration ftopped,—300.”” "Eig medvov aoradvvre Oeswurrecs, 

“ they feaft till funfet,”,—“ they feaft,—ftopping point of their 

« feafting,—funfet.”’ Eig Duveepasy eoyacercs, ‘he works to the ut- 

“ moft of his power,”’—‘ he works,—ftopping point,—his 

* ftrength,—point where his exertion ftops,—the point where his 

“‘ftrength ftops.” °"EyxAnuaera és rovg Adnvouss, “ complaints 

“ againft the Athenians,’’—‘* complaints,—object where they 

“ refted,—the Athenians.’’ "Exaserees eg 70 x&ddos, “ he is prai- 

“ fed for his beauty,’’—‘ he is praifed,—point where the praife 

“ refts,—his beauty.”’ 
In all thefe various applications of «:, we find the fame radi- 

cal idea of fopping place or refting place exifts ; and, in like man- 

ner, it would be eafy to trace the fame primitive fenfe in every 

phrafe or fentence where this prepofition occurs. 

. Ex. 

In the Etymologicum Parvum of Grecory, the derivation of 
ez is properly ftated from the verb zw, “TI yield, give way, or 
* quit my place.’’ This prepofition, therefore, appears to be a 
‘mutilated verbal noun, of fimilar import with the verb, and may 

therefore be exactly rendered quitted, or place quitted, and, by a 

very obvious tranfition, /fate quitted. This radical meaning cor- 
refponds with that of the Englifh word owt, which feems a 

branch 
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branch from the fame root with the French dé¢er or offer, to take 

away or remove. 
UNDER this radical and original fenfe of <z, all its different. 

fignifications may be properly arranged. 

1, PLACE, 

"Ex Tlvas eabav. Homer. 

“ Coming from Pylos,’’—“ coming,—place quitted,—Pylos.’’ 
TloAwy tz. roraus yevoor apucowpevos, “ drawing much gold from or 
“ out of the river,’—“ drawing much gold,—place quitted,— 
“the river.’? Aads && gecos runbes, “a ftone cut out of the 
“ mountain,’’— cut out,—place quitted,—the mountain.” 

2. TIME. Ex rng vrarcias rébvyxe, “S he died after the conful- 

“ fhip,’’—* time left,—period quitted,—the confulfhip.”” ‘Ez 

7% deinvov civeywenocv, “ he went away after fupper,’’—“ he went 

‘* away,—time quitted,—the time of fupper.’’ 
3. STATE. EE tienuns. rovcuéy, (THucyD.), ‘ out of peace to go 

“ to war,’’—to go to war,—ftate quitted,—peace.’’ 

UNDER this idea, éx is often applied. to the materials from 
which a thing is made, becaufe the objet formed is, by an ob- 
vious analogy, confidered as having quitted the mafs of unform- 

ed matter to aflume its new ftate. Tlorjesv ex yedox, “ a cup of 
“ gold,’’—“ a cup made,—ftate quitted,—the mafs of unformed. 
“ gold.’ "Ex resav evbesay reiyanon, ovsnrwodos, (EUCLID). “ from. 

“three ftraight lines to conftruct a triangle,’—“ to conftruct a 
“triangle,—ftate or form quitted,—three unconnected ftraight 
“Jines.’? Aidav & dv ra yerwara rotor, (THEOPH.), “ ftones, of 

“which ftatues are made,’’— ftatues are made,—ftate quitted, | 
“__mafs of unformed ftone.” 

‘Ex and ao are frequently ufed indifcriminately. From the 

radical fenfe of the two, fuch an idiom is perfeétly admiflible ; 

for as s« fignifies the. place quiticd, and emd-the remote point, or 
point: 

~ 
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~ point of departure, it is plain, that the idea implied in the one 

may often be precifely the fame with that conveyed by the 

other. 

Ey. 

I HAVE already taken notice of Dr Moor’s idea, that a> and. 
v were, both of them, parts of the numeral adjective as, psc, @v, 

an unfatisfactory derivation, by no means conveying the radical 
fenfe of either prepofition. As we fought the origin of és from 
another quarter, the fame, I apprehend, muft be done with re- 

gard to. Linnep’s derivation of ¢, from the verb yi, /um 5 
and ScHEIDE’s fuppofition, that it is a participle from the verb 
Sut, immitto, are certainly inadmiffible; the former giving no 

determinate fenfe to the prepofition, and the latter being parti- 
cularly faulty, as requiring the prepofition itfelf, or one of fimi- 
lar import, to be joined to the verb, before it could acquire the 
fenfe there afligned to it. 

Ey, then, I think, may be juftly deduced, and, indeed, muft 

be actually derived, from the verb ew, or eww, to clothe, and 
thence to cover. By direct proceffion from this root, éy, whe- 
ther a verbal fubftantive, or, as is not improbable, a contraéted 

participle, retains the fignification of the verb; and its radical 
fenfe may therefore be fet down as clother, coverer, and, by ge- 

neralizing this idea, container or comprebender. Let us try how 
far its various applications may be refolved by this idea. 

THE moft natural and common application of ¢, is to PLACE, 

and that in different modes. Ey» yegow éyw, “I have it in my 
“‘ hands,’’—‘ I have it,—container,—my hands.’’ A/og é 74 
dinen +7 Epweads xersmévn words, (THEOPHR.), “ abundance of 

“‘ {tone in the promontory called Erineas,’’—“< abundance of 
“ ftone,—container,—the promontory called Erineas.”  Taga~ 
Ayroryeoeppuce ev Tals auras TAQUAAHAOS, (Euczip), “ parallelograms 

“between the fame parallels,’’—“ parallelograms,—container,— 

VoL. V.—P. II. Xx “the 
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*‘ the fame ‘parallels.””  Tlaguaagroyeunmov cusnoades ev ry dolecy 

yavia, (EucLip), “to conftruct a parallelogram,—container,—a 

** given angle,’’—“ a parallelogram formed with a given angle.’’ 

"Ey +0 diem exabi@ero, (JOHN xi. 20.), “ fhe fat in the houfe,”—~ 

“ container,—the houfe.’”? “Eauyisn-éy rois nyepoow led, (MAT. 

ii. 6.), “ leaft among the chiefs of Judah,’’—“ leaft of thofe,— 
‘** container or comprehender,—the chiefs of Judah,—of \thofe 

“whom the title Chiefs of Judah comprehends.’”’ Kazré€usey ey 

ry xorvenbea, (JOHN v. 4.), “ he-defcended into the pool,”’—* he 

“ defcended,—container of him after his defcent,—the pool.” 
Eaday év “EAaads, “* to. come into Greece,’’—“‘ to come,—contain- 

“er after the coming,—Greece.’’ In thefe two laft examples, 

and others of a fimilar nature, the intermediate ftep is, as it , 

were, overlooked, being underftood as neceflarily implied in the 

completion of the action. In the Englifh prepofition znto, the 

expreflion is more full, though the order of the two prepofitions 
of which that word is compounded, is, as it were, inverted,—to 

implying the terminatiom of the motion by which a place is 

reached, and i the pofition of the object, after having been fix- 
ed at its place of deftination. 

Ey is alfo applied to TIME; and in this application the fame re- 

folution of it may be made. Ep tard qyégaic crobvnoxovow, (HiP- 

pocr.), “ they will die within feven days,’’— they will die,— 
. “ period comprehending the time of their dying,—feven days.’” 

Ep crovdaig éroigae, ‘* he did it during the truce,’’—“ he did it,— 

“ container of the time of doing it,—the truce.’’ 

Ep is likewife ufed in exprefling MODES OF ACTION. Ep réaraic- 
nal cxdbvriois woyovres, (MENOPH.), “ they fight” (as ufually ren-- 

dered) “ with fhields and darts,”’—‘‘ they fight in the way of: 

“ fhields and darts,’’—“ they fight,—container of their mode of. 

‘“ fighting,—the ufe of fhields and darts.” ’Awoxrdvas év popPeia 

% tv Aya, (Apoc. vi. 8.), “to kill in the way of {word and fa- 
“« mine,”’— 



GREEK PREPOSITIONS. 337 

“ mine,’’—* to kill,~container of the mode of nee ptttie ope- 
“rations of fword and famine.’’ 

LastLy, é is fometimes employed, when RELATION is fignified. 

Ey tuoi és}, “ it is in my power,—within my reach,’’—“ it is,— 
“‘ container or comprehender,—me,—container of this object,— 

‘ the line of my agency.’’ 

By a particular mode of phrafeology, the Greeks fometimes ap- 

pear to have made ufe of éy, where we might have fuppofed éz or 

amd fhould have been employed. E» dévdew xorren xrd&dov, “ to cut 
“ 4 branch from the tree,’’—‘‘ to cut a branch,—container of the 

‘« place where it was cut,—the tree.’’ In our mode of expref= 
fion, from would have been ufed, as denoting the point of depar- 

ture. In the Greek phrafeology, it was fufficient to mention the 
place where the action took effect. 

Tue Greek prepofition é, it may juft be remarked in paffing, 

appears evidently the primitive of the Latin prepofition i, and, 

through it, of the fame prepofition in moft of the modern Euro- 
pean languages. But, from fome of the preceding examples, it 

will alfo appear, that the primitive word was made ufe of in a 

more extended fenfe than is to be found in its various defcen- 
dants. 

Esti. 

Ts prepofition is one of thofe which Dr Moor has brought 
forward as a principal illuftration of his i ingenious theory of the 

variations of the force of the Greek prepofitions, according to 

the different cafes of their connected nouns. Some particular 
examples, it is certain, feem to fupport this theory, but others 
as ftrongly militate againft it; fo that I muft regard it as 

by no means, fufficiently eftablithed : but whether true or not, 
does not much concern the fubject of the prefent inquiry; for, 
even admitting the truth of this theory, it goes very little way 
in aflifting.us to develope the radical fenfe of the prepofitions. 

Xx 2 In 
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In the prepofition we are now confidering, though affording one 
of the beft illuftrations of Dr Moor’s ideas, the primitive fenfe 

mutt be fought for, not according to his hypothefis, but by a 

fair examination of its root and cognates. 
Tue root of éai appears to lie in the verb éaw, a verb occurring 

in different paflages of the earlier Greek writers, in its fimple 
form, and of pretty general ufe in a compound ftate. “Era is 

rendered by STEPHENS to work, to handle, to follow ; fometimes 

to burt, and fometimes to warm ; and frequently this verb is ufed ~ 

by Homer to exprefs rubbing, furbifbing, and /couring. A}\ thefe 

different fenfes are, I think, eafily reducible to the idea of prefing 
or clofe touching, which may therefore be taken as the radical 

fenfe of éxw. °Exw, the root, having this radical meaning, its 

cognate and derivative é¢x/, muft exprefs the fame idea; and as 
éxs appears to be a mutilated verbal adjective, with its fubftan- 
tive underftood, it is properly and literally objec? preffed, adhered 

to, or object touched clofely 3 and this fignification i it retains whe- 

ther applied to place, time, or relation. 
1. As applied to place. 
‘H ohuicn xvrideras emi rig teaxeCnc, “the ball rolls upon the 

“ table,’— the ball rolls,—obje&t preffed by it, or adhered to 

“in fo doing,—the table.’’ ‘O aAsbos rimres ext sav yay, “ the ftone 

“ falls upon the ground,”—*“ the ftone falls,—obje& prefled or 
* adhered to by its fall,—the ground.” 

"Oréow 06 rortag ext vyvoly Ayosar. Homer. 

“ to deftroy many of the Greeks at or befide the fhips,”’—“ to. 
“ deftroy many,—place or objects clofe touched in doing fo,— 
“the fhips.” KadiGeSas eat ray tsi, “ to fit down at or befide the 
“« hearth,’’—“ to fit down,—place touched, or clofely adhered to 

“an fitting,—the hearth.” Evdéa éx’ eidéiav sadéiou, Eucrip), 

“a ftraight line ftanding upon a ftraight line,’’—‘“a ftraight 
“ line 
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“line ftanding,—place or object adhered to, preffed, or clofe 
“ touched in its ftanding,—another ftraight line.” ‘Ex’ Afyur- 
re gcev *, (THUCYD.), “ to flow towards Egypt,”—“ to flow,— 
“ place adhered to, preffed, or touched in its flowing,—Egypt.” 

2. As applied to time. 

Tig mearos ; tig 08 Ex meurw ; Eurip. 

“ who firft, and who next after the firft ??’—“ who firft,—and 

“who adhering to, prefling, or clofe-touching the firft,’’-— 
 juft after the firft ?” 

"Oxyn ex oyyn ynedonet. Homer. 

“ pear grows old after pear,”—“ pear grows old,—event clofe- 

“ touched in point of time,—the growing old of another pear.”’ 

doco Chang Ext reirov nuwe avioon. DION. GEOG. 

“ As muchas a fhip of burden would pafs in three days,’’— 

“ would pafs,—period adhered to, touched or reached in this. 

“ paflage,—the third day.’’ 
4. As applied to relation, poffeffion or occupation. 

Tay vray re mv esw EQ’ nuiv, ra Oz ovx ep” quir,; (Epvict.), “ Of 

“things fome are in our power, others not,’’—“ fome are fo 
“ conftituted, that the object adhered to, preffed, or clofe-touch- 

“ ed by them, is the line of our power, or the line of our reach.’’ 

"Esi rois yeysvnutvois yureras Qegew, ‘‘ to be difpleafed in confe- 

“ quence of what has taken place,’—“ to be difpleafed,—point 
ce 

Or 

* Tuts example is dire&tly againft Dr Moor’s hypothefis, that tx; with the ge- 
nitive denotes motion upon, and with the accu/ative, motion directed upon ; here it 

has.the latter fignification with the genitive. The fame thing holds in many other. 

inftances, in the beft and moft accurate Greek writers. 
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“ or obje& which the difpleafure, touches, or adheres to,—the 
“ things that have happened.’’ ‘O éxi ray dqporian Adyar, ‘ the 

“ officer over the public accounts,’—“ the perfon fo occupied, 
“ —that the public accounts are the object touched or adhered 

“ to in his occupation *.” 

Olrines Duves ext wiv Surros, 

Exi 7” ciAurivass, nok Top ch darvoss, 

Eigovro. EvuRIPID. 

“¢ Who invented fongs as an accompaniment at feftivals, at con- 

“‘ vivial entertainments, and at feaftings,’’—“ fongs,—object or 

“event which they are made to adhere ae renichy or clofely ac- 

** company,—feftivals and entertainments.”’ 

Ir would be tedious to go through the Par quota- 

tions brought together by STEPHENS and VIGERUSs, as various 
meanings of é7i in the Greek writers; all of them may with 
little difficulty be refolved, either in a direé or fecondary fenfe, 
into the idea of being pre//ed, adhered to, touched clofely, handled, 

or fome equivalent circum{tance. 

Kare. 

In tracing the origin of zara, a difficulty occurs from the 
want of a radical verb, correfponding properly in fignifica- 

tion with the fenfe of this prepofition. The difficulty, however, 

is removed, when we take into view the fyftem of cognates, as 

evidently found to exift in the Greek language t. From the 
facts 

* Pernaps, in this and fimilar phrafes, there is a reference to the fecondary 

fenfe of rw, “to handle or work upon,—hence to manage ;—the fame feems to 

hold in fuch expreflions as 6 imi ris modtoc, the governor of the city,”—* he who 

“ is fo placed—that the object handled or managed by him is the city.” 

+ Some obfervations on this fubject have been thrown into an Appendix, be- 

ing too long for a note, 
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facts eftablifhed! by this fyftem, it is afcertained, that in thefe. 
primitive roots, one fignification belonged to verbs where the ra- 
dical confonant was the fame, though the vowels were varied. 

That thus, for inftance, the roots z«# and zzw originally denoted 
the fame idea, though, in the progrefs of the language, the tra- 
ces of one of the roots might be loft. Now the verb zew muft 

evidently have been the prefent indicative active, whence the de- 

fective verb in common ufe, Kawa, “ I lie,” originally was- 

formed, this laft being the perfect paflive, with the augment 
omitted. - Upon this analogy, xe#, and of courfe its cognate zaw, 

fignified to /ay, or Jay down; and zara, a verbal noun, proceed- 
ing from. this:root, had originally the literal meaning of /aying 
place, lying place, or: place where an object ,was lying or laid 

down. This fenfe we fhall find it ftill retains, in its different ap-. 
plications, in the form of a prepofition. 

Eihda rérmqros core ro A onycov, (EucLID), “ the line if cut at 

“ the point D,’—“ the line is cut,—laying place, or place where 

“the cut lies,—the point D.” Soupaimriraray xara 71> K, (Eu~ 

eLID), “ let. them coincide at K,””—‘let them coincide,—point 
““ where the coincidence lies,—K.” 

Kard parnia rene xeneber, Hom. Od.. 

“We lie,—laying place, or place where we were laid,—the thick: 

‘“ bufhes,’’—“ among the thick buthes.’’ 

Ta per daromele nare oir. APOLLON. 

‘“'Thefe things we will divide among them,”—“ thefe things we: 
‘will divide,—place where the divifion lies,—them.’’' Kara Bo-- 

eéav ésnaws, (THuCYD.), “ ftanding or fituate toward the north,’’’ 
“< __fituate-—point ‘where the fituation lies,x—the north.”’ 

Tuis fenfe of xard correfponds precifely with what is ufually: 

attributed to it when joined with the accufative, viz. appo/ition ; 
and! 
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and, if juftly analyzed, the fame will be found to hold when 
it is joined with the genitive, though, with that cafe, xara is 

commonly faid to exprefs oppofition. Thus, xara cuore rokever, 

(Heropian), “ to fhoot at a mark,”’—* to fhoot,—lie of the 

“ fhot,—or place where the fhot was made to lie,—the mark.’’ 

In thofe cafes where zaré falls to be tranflated as denoting oppo- 

fition, the oppofition unqueftionably lies in the connected verb, 

not in the prepofition. 

Kara yng winresv. Dion. Haricar. 

“ To fall againft the ground,”—“ to fall,—lie or direction of the 

“ fall,—place where the falling lay,—the ground.” But in moft 

inftances where xa7@ occurs with the genitive, no direct oppofi- 

tion is intimated. Thus, 

Kar’ o@barmar xeyvro ayAve. Homer. 

“ A mift was fpread, (not againft, but) Jefore his eyes,”—“ a 

“ mift was fpread,—place where its operation lay,—his eyes.” 

From this primary fenfe of zerz, two fecondary fenfes appear 

to have branched. In the firft place, any thing laid down evi- 

dently occupies a certain f{pace, in the fame pofition or direction 

with the object upon which it lies. Upon this idea, zerd came 

frequently to be ufed to exprefs the line along which any thing has 

its pofition, courfe, or direction. Hence it may frequently be ren-. 

dered along. Eios xu’ Zgcoc, “ he goes along the mountain,’’— 

“ he goes,—direction of his going,—lie of his courfe,—the 

mountain.’ “Egyovras xara rg 008, OF xara thy odor, “ they 

“ come along the road,’’—‘“‘ they come,—dire¢tion or lie of their 
“ coming,—the road.” Kard r8 réyeos xgiuaou, “ to fufpend 
“ along the wall,’’—‘ to fufpend,—direction in which the ob- 

“* je&t was fufpended,—the wall.’”” By the obvious analogy be- 

tween place and time, xara in this mode of application was 
fometimes 



TOSS ee ee 

GREEK PREPOSITIONS. 343 

fometimes transferred to exprefs: during, as it were, along a parti- 

cular period. 

Kare wxre rerdcovnpoet. ANACR. 

“¢T wander during the night,’’—‘‘ I wander along the period of 
“night.’’ Sometimes, too, by an extenfion of this fignification 

to modes of relation, zare came to be ufed to denote according to, 

that is, in the fame dire@tion with another. Kar’ dxova rz uri- 

cuvros, (Coloff. iii. 10.), “ according to the image of the maker,— ~ 
“ formed,—direCtion of the form,—the image of the maker.” 
The Latin prepofition correfponding to this was /ecundum, evi- 
dently the gerund of /equor, and fignifying following. The analo- 
gy in the formation of the prepofitions in the two languages was 
pretty fimilar. 

Aeatn, another fecondary fenfe which came to be affixed to 
xara, was down. This application of the word arofe, either, as 

Dr Moor fuppofes, becaufe down being the natural direétion 

which bodies take when left to themfelves, the word which de- 

noted direction fimply, was applied to fignify this natural ten- 
dency; or, what is fully as probable, becaufe an object ying or 
laid down, occupies the loweft pofition of which it is fufceptible. 

In whichever of the two ways it happened, itis certain, that a 
very common ufe of zaré is to fignify down. “Qhunre xara ré 
zenpwe, “* he rufhed down the fteep,’’—“ he rufhed down,—place 
“‘ where the movement lay,—the fteep,—diretion,—that which 

“bodies take when left to themfelves,”——“ or that which puts 
“ them in the loweft place they can occupy. 

mere 06 Di nErcewOv; 

Ai? aatreaber’ cous do} SHESIODn Ty 

“The black blood flowed down them to the ground,”— the 
* blood flowed,—place where the movement lay,—them,—di- 

Vot. V.—P. II, Yy * rection, — 
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‘“ yeGtion,—that which bodies take when left to themfelves,— 

“or that which puts a body in the loweft place it can occu- 
> 

PY: “ce 

Merc. 

Tus is one of the Greek prepofitions which affume figni- 
fications apparently fo remote, that, at firft view, it is not 
eafy to reduce them to one radical fenfe, however confidently 
we may reft upon the principle, that there muft have been fuch 
a radical fenfe, from which the different fignifications branched 
out. Mera, it is well known, is commonly ufed in three differ- 

ent meanings ; with the genitive denoting witb, with the dative 
among, with the accufative after... The analogy between the two 

former is fufficiently obvious ; but the coincidence of either of 

them with the third feems at firft unaccountable. Upon exa- 
mining the word, however, by the principles of etymology, 
perhaps this apparent incongruity may be accounted for. 

Mere appears to be an immediate derivative from the obfolete 
verb pew, J go; a verb in common ufe in Latin, though in great 

meafure difufed in Greek. Mere being thus an immediate de- 
fcendant from a verb fignifying to go or travel, its primary fig- 

- nification moft probably was 4 way-po/t, a way-director ; a fenfe 

nearly the fame with what it ftill retains in Latin, meta, a goal. 

From this fenfe of way-poft or way-direCtor, werd would foon be 

transferred to exprefs a conductor of the way, or 4 guide, of what- 

ever kind this might be. Our own word guide feems to have 
been formed by a fimilar analogy. It is guida in Italian, and guia 
in Spanifh; which laft clearly demonftrates the origin of the 
whole to have been the Latin word via, “ a way.” 

ExPLAINING perce, then, by guide or conductor, its different 
ufes may be eafily refolved. With the genitive it denotes a con- 

ductor or guide who accompanies us, or whom we accompany ; 
hence 
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hence it is ufwally tranflated with, With the accufative it de- 
notes a guide or conductor, who goes before us, or whom we 

follow ; hence it is ufually rendered after *. With the dative it 
denotes a plurality of conductors, and that we are between or 

amidft them ; hence it commonly ftands for among. Thus the 

three fignifications of with, among, and after, take their rife ; 

agreeably to which we may analyze a few of the cafes in which 

were occurs, and thefe will fufficiently prove the juftice of the 

explanation. 

1. Mera, with the genitive, commonly denoting with, Thus, 

perce WAdravos adiney, “to do injuftice with PLaTo,’—“ to doin- 

“ juftice,—conductor PLaTo.” 

yokrous Eppwovro pera Tvoi7s. Homer. 

“Their manes were fhaken with the wind,’—“ their manes 

* were fhaken,—condu¢tor the wind.” Me? jpay roimradoas cov 

“ gyave, “ to engage in the conteft with us, or on our fide,” — 

“to engage in the conteft,—conduétor in the conteft,—us.” 
‘O xoinous 7d eo wer’ avrov, (Luk. x. 37:); “ he that fhowed 

“mercy on him,’’—“ that fhewed mercy,—guide or direction of 

“ the channel in which the mercy was to flow,—him.” 

It is to be obferved, that, between a guide or conduétor 
whom we accompany, and a mere companion in the way, the 
difference is very often hardly perceptible. It was very natural, 
therefore, in their mode of applying era, to flide from the one 
to the other. Hence werd with the genitive, in a variety of in- 
ftances, denotes little more than a mere conjun¢tion, or accom- 

paniment, the ftrict idea of guiding or directing being thrown 
Yy2 into 

* AFTER, though the common, is not the univerfal fenfe of wera with the accu- 

fative ; fometimes, with this cafe, it fignifies the fame as with the dative, Bdxrgoy 

hy aurd usd xsigas, (HERODIAN), “ he had a ftaff between his hands.” 
¢ ‘ 
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into the fhade. @goves per’ avdeciac, nat cevdeetor merce radeorunt, 

‘““ temperate with fortitude, and brave with temperance,’— 

““ temperate,—companion, fortitude,—and brave,—companion, 

“ temperance.’”’ To AEK seivywvor were r8 KZT resywve, (EvcLip.),. 

“ the triangle AEK, with the triangle KZT,’’—“ the triangle 
‘“« AEK companion or accompanier the triangle KZT.” 

Mere Caglirav cesdav. ANACR. 

“ Singing with the lyre,’’— finging,—accompaniment,—the 
lyre.”” 
2. Mera with the dative, fignifying ufually among or between. 

Mera rewroict rovaro. Homan 

“ He was bufy among the foremoft,””— he was bufy,—conduc- 

“ tors or companions furrounding,—the foremoft.’’ 

Odrw’ eye Toueroy edopuos perc ois ETOPOLo Hv. Homer. 

“1 will devour Noman the laft among his affociates,’’?—“ I 

“ will devour Noman la{t,—condudtors or companions in de- 
“ ftruction,—his affociates.’’ Tov wiv werd yeerty tevesaro, “ he 

“ caught him between the hands,’’—“ he caught him,—guides 
“in catching him, or objects on either fide of,—the hands.’’ 
Acwov O° esi Savev perce xvwacs, “ it is a terrible thing to die by 

“‘ or among the waves,’’—“ to Pipraispacostars to death, or ob- 

“ jets furrounding in death,—the waves.” 
3. Mera with the SLE ufually rendered seat: 

Tlecode piv iranec, merce de repos ean Hom. Ji. 

“ firft the horfe,—and after them followed a cloud of foot-fol- 

“ diers,’—* firft the horfe,—and a cloud of foot-foldiers follow- 

“‘ ed,—conduétors or guides,—them.” > 
(ARcHIMED.), “ the eight after them,”—*‘ the eight coming,— 

“‘ conductor preceding them,—them.’? Mera soy worcuov axes, 
(PLATO), 

, x 3 
Oi de pera rore¢ OxTay, 
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(PLATo), “to come after the war,’—“ to come,—leader or pre- 

“ deceffor in point of time,—the war.’? Mera say Saihw ray 7ye- 

ea Exevay 6 HALOS THOTINTTETEL, (LuK. xxiv. 29.), ‘ after the tribu- 

“ Jation of thefé days the fun fhall be darkened,’—“ the fun 
“ fhall be darkened,—condudtor preceding this event,—the tri- 

‘“* bulation of thefe days.”’ 

Oiol zat Acveorory eeisnes paren zot wer’ Ayshrna. Hom. 

** What chiefs there are among the Greeks even after AcHIL- 
“ pEs,’—" what chiefs there are,—perfons attending them, 

“ or accompanying them,—the Greeks,—-even conductor pre- 
“ ceding them,—ACHILLEs.”’ 

As any object we are in purfuit of, and feek to obtain, may 

with great propriety be faid to be the conductor that we follow, 

pere with the accufative is often ufed to exprefs fuch an inten- 

tion or action. 

"Os pe wer’ comonuras terders noel veluen Carrel Hom. Ji. 

“ Who drives me in purfuit of vain quarrels and contefts,’’— 

“ who drives me,—object to which Iam driven,—or which I am. 
“ made to follow,—vain quarrels and contefts.”” 

rhv core N7Agvs, 

Teper cov merce meedrose 

“ Whom NELEus married on account of her beauty,’’—“ whom: 

‘* NELEus married,—object of his purfuit in doing fo,—or ob- 
 je&t by which he was led,—her beauty.’’ 

Zevs yee ex’ anenyoy wer’ apdpoves Aibornaus, 

XAZes 26n merc, Outre. Hom. Ji. 

“ For JurIrT—R was gone the day before towards the ocean, 
“among the virtuous Ethiopians, to hold a feftival,’’—‘ Jurt- 

“ TER; 



348 DISQUISITIONS on the 

“ TER was gone,—conduétors in refpect to place,—the Ethio- 
“ pians,—conduétor in refpect of object in going,—to hold a 

* feftival.’’ 

Mera having often the fenfe of after, frequently transfers that 
fenfe to the words with which it is joined in compofition. It 
thus, in many cafes, comes to exprefs a change having taken 
place, an event different from the one that preceded it. Noza, 

“‘T confider.’’ Meravoéw, ‘ after one mode of thinking I go to 
“ another,—I change my mode of thinking,—I repent.’’ Tidyus, 
“T place.’ Meraridgus, “ after having placed the objects in one 

“ mode, I pafs to another mode of placing them,—I tranfpofe.”’ 

When per in compofition denotes participation, this is nothing 

more than a transferring of its other fignification among or with. 

*Eya, “ 1 have,” péreyo, “ I have along with,—I partake.’’ 
WuerTuer alone or in compofition, therefore, were appears to 

be always a fubftantive noun, denoting guide, conductor, or 

leader in the way. 

Tlaect, 

Ir feems to be allowed by the moft accurate Greek gramma- 

rians, that the radical meaning of saga, in one modification or 

other, is befides. This, I think, brings us pretty near the primi- 

tive idea which it was ufed to exprefs. LinNeEp derives it from 

the adjective THOS, before 5 and SCHEIDE, both raed and ToLpOs, 

from the verb xé, to prefs. Both thefe, however, appear rather 

wide of the proper fenfe of the prepofition. Teed, in fact, ap- 

pears to be an old fubftantive noun, denoting precifely /ide or 
flank. Yt mutt be admitted, that no direct examples of raga, in 

this form of a noun, are to be found, at leaft I have not been 

able to meet with any fuch; but the fenfe of the word, when it 
occurs as a prepofition, whether by itfelf or in compofition, fuf- 

ficiently indicates its original form; and though, as a noun, it 
does 

7 
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does not itfelf occur, yet in fome of its immediate derivatives, 
traces of the fame fignification remain. Thus, in Greek, we 

have wages, a cheek, and in Latin we find the adjective par, 

* equal,’’ both evidently defcendants from this root ; the former 
denoting the fide parts of the head, the latter an object corre- 
{ponding fide for fide with another. As, therefore, the Englifh 
prepofition de/ide, is nothing but a contracted form of being fide, 

that is, being the fide of an object ; fo the Greek prepofition za- 
ea, befide, may juftly be fet down as a noun fignifying /ide or 
flank ; and from the different afpects under which an object may 
be viewed, as occupying the fide of another, the different appli- 
cations of reed take their rife. 

In the mathematical writers this is plain. Tage rip doldouv 
evbciny ragarAnroyenpmov ragacerar, (KUCLID), “ to conftruct a 

*€ parallelogram upon (as commonly rendered) a given ftraight 
*line,’’—“ to conftruct a parallellogram,—fide of it,—a given 

€ ftraight line.’” And in compofition, ragerAnedmora mraeurAnro~ 

yeawmz, “the complements of a parallelogram,”’ as commonly ren- 
dered, mean exactly the /ide fillers. 

In writers of a different clafs the fame meaning appears. Ke- 
Rotos reed zerolov iCovel, (ARISTOT.), “ daw fits befide daw,’’— 

“ daw fits,—fide,—daw.”’ 

Tage xeoraPuy re TUeerass Home_nr.. 

“The cheeks befide the temples,’’—* the cheeks,—fide,—the 

“ temples.”” 

eyoehy h raga vavos TeTUKTOs Hom. Od. 

“The market-place which was formed befide the fhips,”— 
oa which was formed,—fide or flank of the market-place,—ob- 
“ ject by which the market-place was flanked,—the fhips.”” 

‘ By 
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By Oo cexewy Tego Sive rorvprcielos Surcornse Hom. Ji. 

“ He went in filence befide the fhore of the far refounding 

“ ocean,’’—“ he went,—lfide of his courfe, the far refounding 

“ ocean.” 

From this radical meaning of zagc, the tranfition was fhort 
and eafy to apply it to exprefs a particular fide or party, when 

any oppofition was fpoken of. Ttvas rage 7g TroraQepra, (XE- 
NopH.), “to go-over to TIssAPHERNES,”— to go,—fide to 
“ which he goes,—that of TissaPHERNES.”’ 'Esi 4 rug’ twos 

zig twmesgict, (DEMosT.), “ there is alfo fome experience on my 

“ fide,’’—‘‘ there is fome experience alfo,—fide me.”’ 

ANOTHER tranfition, perhaps equally eafy, was to apply raed 

in exprefling fome particular view taken of an object. Here, as 
before, the idea is derived from /ide ; the fubje@ being fuppofed 
to have feveral fides on which it may be viewed, and the one 

f{poken of the particular one immediately in view ; as, 

OQxébs Edondy raga ro meyelos rav rexeaypevare LUCIAN. 

“1 feemed a god for the greatnefs of my actions,’’—“ I feemed 

“4 god,—fide on which I was viewed,—the greatnefs of my ac- 

“ tions.” 
Ir was natural, too, to apply saga, when contraft or compari- 

fon in any manner was to be denoted; the two objects contraft- 

ed being confidered as placed fide by fide, for the purpofe of 

more accurate obfervation. Tlagd ra sued 6 ovos yAuavregos, (A= 

RISTOT.), “ wine is {weeter contrafted with bitter things,’’— 
“‘ wine is fweeter, bitter things being fet by its fide.”’ 

"Exes civ’ oynoy Agyos EAAnvay rage. Eurip. Phon. 

“ Argos has fome ground of boafting befide the Grecians,’’— 

“ object fet by its fide,—the other Grecians.’’ ‘OQegatos xarrer 

moet 

ew 
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mage re vise civ cvbparovs (P/alm xlv. 2.), “ fair among the chil- 
“ dren of men,;’’-—“ fair,—objects placed befide,—the children of 

‘* men.’’ eta 

WE find rage alfo, applied. in two different modes, which at 

firft fight might.be deemed oppofite, but, rightly explained; are 
found to accord. It is ufed fometimes to exprefs that a thing 
falls fhort of, fometimes that it goes beyond, the object with 
which it is connected. Teoongaxovra maga pwiav, (2 Gor. xi. 24), 

forty bating one,’’—“ as far-as one on this fide of forty *.’” 
Tlaed rov rorapor 2Qevyor, ‘‘ they fled beyond or to the farther fide 

“ of the river,’’—“ fide where their flight terminated,—the ri- 

“ ver.’’ TIaed, in both thefe cafes, radically means at the fide of, 

and nothing more; the particular fide, whether nearer or more 

remote, being left to be difcovered from the conneétion of the 
fentence }. 

WitH the genitive, raga pretty frequently, though not uni- 
verfally, is made to fignify from at, or from befide an object. Ta- 

ea Cucirews TOLEVOLLEVO?, “ coming from befide the king.”” In fuch 

phrafes where it is evident a complex fenfe is affixed to the 
word, I fufpect a compound. prepofition has originally been in 
ufe, viz. ugéx, a prepofition ftill frequently met with, and ex- 

actly exprefling this idea. By degrees, it is probable the ex came 
to be dropped, the meaning in moft cafes being fufficiently plain 
from the connection. Such omiffions may be found in every 
language, and, to thofe accuftomed to the idiom, they occafion 
no ambiguity. 

Tlwge in compofition frequently denotes /ome deviation from 

the exact idea expreffed by the connected word. AoyiZowas, “ I 
Vou. V.—P. II. Zz “* reckon ;’’ 

* Tus; I believe; however, is 2’ mode of expreflion not very common. 

+ “ Douas fignificationes contrarias patitur,” fays VicERus, “ /upra et infra,” 
‘but does not attempt by any explanation to reconcile this apparent contradiction, 
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“ reckon 3” waparoyiconas, “I reckon falfe, TD mifreckon.” "The 

idea here is plain: the primitive word is fuppofed to mark a di- 

rect courfe, and zaec, fignifying /ide, marks, that inftead of 

holding this direct courfe, the perfon goes to a fide. 

We find, then, rage, in all its different applications, retaining 

it$ original meaning of a fubftantive noun, denoting /i Jide, in fome 

oné particular point of view. hai 

Tlegi 

Tuis is a prepofition of more uniform and fimple application 

than the preceding. It is evidently an immediate cognate of =é- 

exs, a boundary, and I fhould Compeetane it to be the dative of this 

very noun, contracted from z2ga7s and zégai'to zegi. Its precife 

meaning, therefore, is circumference, a word equivalent to entire 

boundary. ence, it is eafy to fee, how engi and seg} come to 

have nearly the fame fignification ; the former exprefles the object 

contained; the latter, its correlative, the containing boundary. 

Tegi, therefore, may be rendered, in general, circumference or boun- 

dary, or bounder. ;' 
{t is thus that the fenfe of it is to be refolved. 

reek oreove. Homer. 

“ Round the den,’’—“ bounding or furrounding—the den.” 

bvOuve wegh sabecow yitavee Hom, Od: 

‘“‘ He put a tunic round his breaft,””—“ he: put.a tunic, forming 
“ the boundary of his breaft.’’ 

Teel podcoresy eegon Tyner. Apo.uon. Rhod. 

“ The dew diftils round the rofes,’’— the dew diftils,—a cir- 

“* cumference to the rofes,’’—“ forming a circumference to the 
“ rofes.”? Tay msgl riv dicepercov raeurrnroyecppay, (Euciip), 

‘ of 
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“of paralleloarams round the diameter,’ —' parallelograms,— 
“ boundary of the diameter}—forming the boundary of the dia- 
“ meter.’ Tleg) relywvoy xbarov' repiyearbos, (EucLip), “ to: de- 

“ fcribe a circle round a triangle,’’— to.defcribe:a circle,—a 

“‘ circumference or boundary of the triangle.”’ 

THouGH eer and weet, as commonly ufed, are almoft fyno- 

nymous, yet we fometimes find the poets, to make their expref- 
fion more copious, join both, prepofitions. with the fame noun. 

—— Hees 0 cui regi xenviy leges zara Causs, 

. "Egdowen. ss Homer. 

“ We were facrificing round about the fountain and the facred 

“ altars,’’—‘ we were facrificing,—place comprehended by us, 

* —the circumference of the fountain and the facred altars.” 

Ilegi, fignifying circumference or boundary, is fometimes ap~ 

plied to denote zear; the furrounding objeé, in this cafe, being 

fuppofed to go about the other without precifely touching it. 

"Esizre reel rd devdeov, “ he fell near the Sida “he fell,—in the 

~ {pace bounding or boundary of the tree.’ PEO A 

Ir is chiefly when applied to time that this laft “ine of | ret 

occurs. Teel’ weonwleiay 720, “ he came about noon,”—* he 
“‘ came,—time in which his coming SaaS apa eee period fur- 
“ rounding noon,—not actually at it.’’ 

‘Ir was’ by an eafy and obvious tranfition from the radical 
fenfe, that regi was made to'expre{s concerning. or about a fubject, 

meaning the fubjeét which the thought or the difcourfe com- 
prehends or forms the boundary of. Toyyvepos cords rea) dure qv, 
(Jo. vii. 12.), “ they murmured much concerning “him,”— 
“ they murmured,—the murmur comprehending him.” Thegé 
7 wore Dedieraus, (Tuucyp.), “to be afraid for or concerning 

“the city,”’— to be afraid,—object which the ae included or 
“comprehended, —the whole city.’’ apa 8 

Bere Tlegt 
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Ilce} fometimes, both fimply and in compofition, denotes /upe- 

riority, plainly from the idea, that the object which forms a 

boundary or circumference to another, muft of courfe exceed it 

in bulk or greatnefs. 

"Est wegi_vooy Cora. LucIAN. 

“Tt is beyond the comprehenfion of mortals,’’—* it is fuch that 

“it is capable of going round, and confequently exceeds the 

“‘ comprehenfion of mortals.”’ 

Ir was obferved, in the remarks upon ei, that in Latin cir- 

ca and circum exprefled the idea of round or round about. Thefe 

are both nouns, precifely fimilar in their force and meaning to 

TEC. 

Tigo. 

Iga is f{uppofed by Linnep to be the fame with zgos, and by 
ScHEIDE to be a part of the adjective zagos, before. The former 

appears evidently erroneous, the two prepofitions, though) fo 
nearly related in found, being in fact very different, as we fhall 
find, both in origin and meaning. The latter idea, however, 

that zgé is a part of sages contracted, feems extremely probable. 
The adjective régor, fignifying properly fore, is ftill in ufe. In 

f{peech this word, like many. others, might fuffer an abbrevia- 

tion of the firft fyllable, and be pronounced meds inftead.of wé- 

eos. From this. contracted, adjective we, have: the comparative 

reoregas, prior, and the fuperlative zgéraros; contracted into sgaroc, 

jforemoft or firft... Of this adjeGive seac, the prepofition geo ap- 
pears to be the dative, fignifying, therefore, with a fubftantive 

underftood as in other. inftances, the fore part, fore object, or ob- 

je in front ;and,as it was always followed by the genitive cafe 

of the fucceeding noun, and:the genitive cafe in Greek has ufu- 

ally the fame force with the particle ¢fin Englith, viz. /pecies or 
hind, 
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kind, the Greek prepofition zed denotes precifely fore object in re- 
Spect to. 

Tuus we find, in refpect to place. ’Esnue xed 72 curavoc, 2 

“ ftood before the door,’’—* he ftood,—front object in refpect 
“to him,—the door.’’ 

In refpect to time. ’Eytvero xed 73 worcus, “ it happened 
“ before the war;’’—‘“*. it happened,—being a fore event in 
“ refpect to the war.’” 

In refpect si sae aipaie "Avery meo yenwaray, “* virtue be- 

“fore riches,’’—“ virtue; an object in felection preceding riches.’’ 

In refpect to defence or protection. Tle av muidav % rév yo- 

wae pavedas, “ to fight in defence of wives and children,’’— 

‘ to fights being the front oon in refpect to your wives and 
“ children.’’ 

In. transferring ont original word +égos from the Greek, the 
Latins have been fo accurate, as to form two prepofitions from 
the primitive adjective; pra, derived from the feminine zg, and 

“ 

173 

retaining the literal meaning of fore or before ; and pro, derived 

from the mafculine or neuter, ufed chiefly in the fecondary; 
but more -extended fonts; anfwering to the Englifh for, on ac- | 

count of. 

I may add ar that our Englifh prepofition for, appears’ 

to haye a fimilar origin with the Greek go. dn the "Erca 
Hregoerrat, indeed,’ a different fource is ailignedbto the Englifh 
for 5 it is faid to be an abbreviation of the Saxon farina, a cau/e. 

Had Lord Monzoppo or Mr Harris afcribed to it fuch a ge 
nealogy, how would Horne Tooke and Dr Beppoks have ri- 

diculed the fancy of originating a prepofition from the abftrac 

and metaphyfical idea of caufation. In fad, this derivation 
is far-fetched, and».it, evidently required. no {mall ftraining 

to twift fome of the applications’ of for into the line of caufe 

and effet *. “Without going fo far, a plain and obvious 

- origin 

* Taus,—“ Thismay do/orionce; but not for ever,” —“cau/e once,—or cau fe 

“ever,” would give hardly anyfenfe. /‘‘ It.is igood for nothing,’’—=what mean- 

ing. 
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origin of it may be found in the word: fore';-and upon examina- 

tion I think it will be found, that for in Englifh, and go in 
Greek, and fro in Latin, as wellas the German vor or fiir, means, 

in its radical fenfe, pofition before s with this difference only, that 

in Latin, Englifh, and German, the word denoting the fore ob- 

jet generally follows:the prepofition, but in Greek precedes it. 

In Englith, therefore, the prepofition for may be always taken as 

meaning fimply oljec?. Substitute ofjeé in all the phrafes in 
which the author of the Diverfions of Purley has put cau/e as. the 

meaning of for, and it is eafy to obferve how naturally and ex- 

actly the fentences may be refolved. 

Teas. 

TIgé¢ is evidently a prepofition of very extenfive application, 
and in inveftigating: its original meaning, a variety of opinions 
have prevailed. Dr Moor refolved it into ze6 and as; and fup- 
pofed that it denoted: properly in the fore: /pace of. ScHEIDE 
afcribes to it a meaning fomewhat fimilar, deducing it from 7é- 
eo; before. Both thefe derivations, however, are unfatisfactory. 

In fome of the modes in which zed¢ is ufed, the idea of before 

may indeed be traced; but, in others, it cannot, I think, with- 

out the moft violent ftraining, be difcovered. It will be necef- 

fary, therefore, to look out for a different origin, and one carry- 

ing with it amidea more confonant to the fignification and ufes 
of the prepofition. This, I think, can only be found in the 

noun 

ing could here be afligned to— cau/e, nothing?” - ‘‘ He is tall for his age,”"— 
* caufe, his age,” would denote fomething quite different from what is intended, 
“ For a good harveft, a good fummer is neceflary,”’—* cau/fe, a good harvett,”’ 

would completely invert the meaning, making the effect the caufe. “ He lived 
“ there for twenty years,’—‘ cau/e, twenty years,’’ would be unintelligible. In 

thefe inftances, taking for to mean objeé? placed before, or objeét in view, the fenfe 
is obvious. The fame may be faid of fuch phrafes as the fol. wing: “ He isa 
“ good man for ought I know,’’—‘ he is a good man, —od/eé, or put in objection, 

“« ought I know,” an eafy and plain refolution ; whereas, “ cau/e, ought I know,” 

would be extremely forced, if not altogether unmeaning. 
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noun xteus, a ‘termination, limit, or terminating boundary.’ This 

noun in the genitive forms régaros, which, according to’ the com- 

mon analogy and practice of the language, would be gradually 

contracted into reedos and zeeas, and laftly abbreviated into zeds 

or zeds. If this deduction be correét, (and I think it bears the 

marks of, truth), the radical fenfe of the prepofition zgos muft be 

exaCtly. termination, or terminating in., From this idea all its dif- 

ferent ferifes may naturally be traced. 

In the mathematical writers, we find wees retaining its pri- 
mitive meaning. “As Teog 77 Caoet yavict, (Hv cxiip; Ts. 1, p: 4»), 

“the, angles at the bafe,’’—“ the angles;—termination,—the 

“ bafe,+terminating inthe bafe.”. Tz Theveoy Teos THIS ions yo- 

view, (Evcrip,, Lib. 1. pr. 26; ), “ the fide betwixt the equal 
“angles,”’ (as. commonly rendered), “ the fide,—termination,— 

K the ‘equal angles,—the fide whofe terminations are the equal 
“« angles.’ ..Tgas, Tos rev nierhav megipeccias evdda xposbrnbucw, 

(THeop. Lib. 2.), “let ftraight lines be drawn to the periphery 

“ of the circle,’’—“ let ftraight lines be drawn,—termination,— 

“ the periphery of the circles.’’ 

THE application of zgcs to other fenfible objects, is refolvable 

ina fomewhat fimilar manner. 
i 

7e0s wey whos Kaees. Homer. 

*“ The Carians at the fea,’”>—‘“ the Carians,—boundary the fea, 

“ whofe country is bounded by it.’’ 

\ a 

TOT’ TOAIOS TETET’ Obete Homer, 

“ He ftill continued flying towards the city,’’—“ he continued 
“ flying,—termination of his flight,—the city.’ 

“As pe eds Cogeco nuracairas avbearoow. HOMER. 

“Thofe to the north are paffable for men,””—“ thofe,—termina- 

“ tion 
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tron the north,’’—or “ boundary,—the north,’’—are paflable 
“ for men.” 

Vias Tork owiAnderow aka, 

Koumareee Homer. 

“ The waves dafhed the fhips againft the rocks,’’—“ dathed the 
* fhips,—termination or terminating point of the dafhing,—the 
“rocks.” Tlgds xévrea roxrtZen, (Acts ix. 5.), “ to kick againft 

“the fpikes,’,—“ to kick,—termination of the a¢tion,—the 
* fpikes.”” 

From fenfible objects, res was transferred to objects of dif- 

ferent defcriptions, where the original idea denoted by it was 

meant to be expreffed or implied. Ob rgd¢ day ess, (Isoc.), “ it 
** does not belong to you,’’—“ it is not a thing whofe termina- 
“tion is you.” Od vomiZeow ray agergy meds 7H oQertew ayaly rePo- 

xtvos, (XENOPH.), “ they do not reckon virtue for their good,’’ 

“they do not reckon virtue as terminating in their good.” 

IIgos Adds eioiy eravres. HomMER. 

‘‘ All are from JovE,’’—as commonly rendered,—“ all refer to 

Jove as the centre in which they terminate.” [gos avdeav tyav 
rhy ovyysveay % ov weds yuvasmay, (DEmost.), “ having relationfhip 

“ on the male, not the female fide,’’—“ having his relationfhip, 

‘“‘ termination or boundary,—point to which it is to be tra- 

“ ced back,—the male, not the female fide.’’ Tgog rois donuévos, 
“ in addition to what has been faid,’’—‘“ boundary or termina- 
“ting point to which the fucceeding remark reaches,—what. 

“ has been faid.” 

FEO HOY LOW MAYER THT Ele HeEsIop, 

“ He endures affli@iions along with difgraces,’’—“ he endures 
“ afflictions, 

r 
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* afflictiions,—bounding point,—point to which they reach,— 
“ difgraces.”’ 

We find zed frequently applied to denote that one object is 

affeted, regulated or governed by another ; becaufe, in the re- 
gulating object, we find the boundary which limits and defines 
the idea in view. 7Ea TewTov me0g devregoy Toy avroy eyn Aoyor, 

(Eucuip), “ if the firft have the fame ratio to the fecond,’’—“ if 

“ the firft have the fame ratio,—defining boundary of the ratio, 

“ —the fecond.’”’ Tlamous xeog rd Seanuc, (Luke xii. 47.), “ ha- 

“‘ ving acted according to his will,’’—‘ having acted,—bound- 

“ary or limits within which the action was confined,—his 

“ will,”’ 
In this manner may zedc, varied and anomalous as it appears, 

be traced through all its applications to one determinate idea. 
In fupport of the opinion now ftated, that boundary, limit, or ter- 

mination, was in faét the radical fenfe of this prepofition, it may 

be added, that among the moft ancient Greek writers, the poets, 
the word zori was ufed as fynonymous with zgdg._ This is com- 
monly faid to be according to the Doric diale€t; but fo great a 

change of the word does not, I think, fall within the ufual rules. 

of formation of that or any other dialect of the language. The 
real caufe of the interchange I fufpeé& to have been, that zoz} 

and zeds, though two quite different words, came to have the 

fame meaning affixed to them in the following manner.  [lgés, 

as we have feen, is a contracted cafe of zégas, a termination or 

boundary ; zori, again, feems to be juft the Doric dative of xé¢, 

“ the foot,’’ for rads, agreeably to the common analogy of that 
diale@. That the word fignifying the extremity of the human 
body fhould be extended in ufe to denote a termination in gene- 
ral, was perfectly natural, as it can hardly be doubted, that in 

many inftances the names of the parts of the human body were 

transferred by analogy to exprefs the different forms of pofition 
in fenfible objects of every defcription. 
Vo. V.—P. IL 3A Saw 
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Dov. 

Sod», in regard to its application, is one of the fimpleft of the 
Greek prepofitions; its radical and primitive meaning being in 
every cafe eafily perceptible. Its origin appears to be in the 
verb oda, to few, or to join together,—a verb which though obfo- 

lete and out of ufe in Greek, being fupplanted by the fyno- 
nymous word parre, has, however, been retained unchanged in 

Latin, a circumftance which warrants the inference, that in the 

earlier ftages of the Greek language, when the folic, the imme- 

diate parent of the Latin, was the common dialect, cvs, in the 
fenfe of joining, was in general ufe. -Of this verb cvw, cvy feems 

to have been a contratted participle paflive; and thus inits radical 

meaning denotes joined, object or circum/tance joined, the analogy 

being the fame with what has been fhewn in the "Exew IIre- 
edsvre, to take place in regard to the Englifh prepofition with, 

a part of the verb withan to join. ; 

From this radical fenfe of coy all its various ufes naturally take 

their rife, all of them implying junction in place, time, or aét- 
ing. “Egyouela nus cw cob, (Fobn xxi. 3.), “ we come with 

“ you,’—“ we come,—object joined,—you.” To b76 rng dang 
cw 7h meorneinern, (E®cxLID), “ the fquare defcribed by the 
“« whole line, together with the part added,’’—“ the whole line, 

‘object joined thereto,—the added part.” Suv wdox rérouc 

QAAo xandv eysvero, “ together with all thefe another misfortune 
‘‘ happencd,— another misfortune happened,—circumftance 
“« joined,—all thefe before enumerated.” Zov rg darveiv danrle, 

‘he went away in time of fupper,’’—‘ he went away,—event 

« joined in time to his going away,—fupper.”— 

Lov a 6 ‘Laas xiev. APOLLON. 

“ With whom went Hyvas.”—“ Hy1as went,—perfon joined 
“ him.’’ 
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“him.”? Sov cot payor, “I would fight with your aid,’’— 
“T would fight,—perfon joined to me in fighting,—you.’’ "Qs 
ob en ovy Ora eleniLevor, (HeERopotT.), “that it was f{poken to 

“him by divine authority,’’—“ that it was fpoken,—circum- 

“ ftance joined thereto,—divine authority.” 

‘YL rie. 

THE only two remaining prepofitions in Greek are uae and 
uxd. Thefe are evidently derived from the fame root, and 
in their radical fenfe denote the fame idea, though, by a dif- 

ferent mode of applying it, their common acceptation has the 

appearance of being nearly oppofite to each other. The origi- 
nal of both was the adjective dzos, fignifying high. Of this ad- 
jective, though fallen into difufe, there are many immediate de- 

rivates and cognates to be found: "Ywroc, high or /ublime, height or 
elevation ; bpyaros, loftys and diretly arifing from the primitive 

word, the comparative dzegos, contracted from Uzoregac, higher, 

and the fuperlative dzaroc, contracted from drorares, bighe/ft or /u- 
preme. From the comparative dxegos, comes the prepofition vzée, 

radically denoting a higher object, hence commonly ufed to ex- 
prefs placed over another. The analogy of the Englith prepofi- 
tion was fimilar ; over being the comparative of the adjective op 

or 9), afpirated into ov, whence by a ne formation came the 
comparative over. 

‘Yzée, then, appears to have originally denoted, that one object 
was higher in refpe&t of, or in comparifon with another with 
which it was conne¢ted ; and, in this café, the noun to which 

the radical force of the a refers, is the one that precedes 
it in the fentence, differing in this from moft-of the other pre- 

‘ pofitions, and in particular, as we hall immediately fee, from its 
cognate urd, which generally refers to the one that comes after. 

gH 2 Taking 
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Taking og, then, as denoting fimply higher in re/peG of, we 
fhall find all its different ufes fatisfaGtorily explained. 

1. Over or above, in place : 

Zr7q 0 onée xepur7s. Homer. 

“ He ftood over his head,”— he ftood,—higher in refpect of 
** his head,—higher than his head.’’ ‘Tate TOY AATOY Eeog LATO, 

(Heropor.), “ the keeper lies above the gardens,’’—“ the keep- 
“ er lies,—higher in refpect of the gardens.”’ 

2. Superior to, in point of operation. Tad date jucs ede reog 
nae, (Proverb), “ the things beyond or above us are no- 

“ thing to us,’’— the things,—higher in regard to their effects 
“ than us, are nothing to us.”’ 

unee oredr. Homer. 

“ Superior to fate,—controlling fate,’’—“ higher in refpect to 
“* operation than fate.” 

3- Beyond, from the ufual analogy, by which the fpeaker con- 
fiders himfelf as the centre of obfervation, and confequently ex- 

prefles himfelf as if the more remote a place was from him it be- 
came as it were higher in the circle in refpect to him. Asioriag 

wig uréeg Aiyurrs, (THucyYD.), “ Athiopia which is beyond E- 

“ pypt,’— Ethiopia, which is farther from the centre of ob- 
“ fervation, confequently higher in the circle, in refpect to E- 
ce gypt.’’ 

4. In defence of, becaufe a thing which defends another co- 

vers it from affault, and what covers is naturally accounted 

higher. ‘Yate oc peyoues, “I fight in defence of you,’—“I _ 

“ fight to cover you, confequently in fighting am higher than 
6e 29 you. 

5. In room of. In this application of oxée, I fufpect there is an 
ellipfis of fome fuch word as rors, place ; vxte here implying as 

it 
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it were over the place from which another is removed, the primitive 

idea of higher being ftill, though more remotely, retained. ‘Yate 

os Siaxord, “ he ferves in room of thee,’’—“ he ferves,—coming 

“ over the place from which you have been removed,—or which 

“ you have left unoccupied.” 

6. Concerning, by a fimilar analogy to what takes place with 

us when we fay, to think over, to talk over a fubject, the thought 

or difcourfe being fuppofed, as it were, to cover the fubject thus 

thought or fpoken of. ‘Oca ure TS eenuns noreperouro pe, (Dz- 

most.), “ what he falfely charged me concerning the peace,’’— 

“ what he charged,—fubje& of the charge covering or going 

“ over the peace.”’ 

Thus, in all the different applications of ize, we find the ra- 

dical idea denoted by it is higher, in fome cafes more directly, in 

others extended by analogy to exprefs fome particular view in 

which one object either is made to be, or is confidered as being 

higher than another. 

\ 
‘Y zo. 

In analyzing og, it was found to be the comparative from 

the adjective dxo¢. Of this adjective the prepofition ozo appears 

to be the dative, with fome common word denoting place or po- 

fition underftood. In the application, however, of io and vzég 

as prepofitions, the fignification of the two, though originating 

from the fame root, was reverfed; in the one cafe, the attri- 

bute being referred to the noun preceding; in the other, to 

its correlative, the noun following. In thefe, therefore, there 

is no contradiétion, but merely a diverfity in the mode of ap- 

plication. High and low, above and under, are merely relative 

terms. When one objett is /ow or under in reference to another, 
this laft, of confequence, comes to be digh or above in reference 
to the firft. Such a pofition of two objects, therefore, may be 
equally exprefled by faying, that the firft is above the fecond, or 

the 
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the fecond is under the firft. In the prepofition vzée, the Greeks 
ufed the one mode of expreflion; in the prepofition vo the 
other. In the Englifh prepofitions by which thefe are rendered, 

a fimilar analogy in both cafes takes place. 
As the adjeCtive vos, therefore, originally and literally figni- 

fied high, the prepofition ixd-has radically the fame meaning, 
and to this primary idea its various ufes have a direct reference. 

1. LirERALLY and moft ufually, it denotes under or below in 

point of place, from the analogy already explained. Kai riy ate 
yas 2 oad yi» yevoor, “ the gold both above and under the 
** sround,’”’—“ the gold,—higher in refpect of the ground, and 
“ the gold in regard to which the ground is higher.”’ 

, e Al 

"Apa xarexewro, 6 wiv ava, 60° vx’ avrov. LUCIAN. 

* They fat down together, the one above, the other below him, 

“ (Zeno),’— they fat down together, in fuch a pofition, that 
“ the one was above ZENo,—and Zeno was high—in regard to 

* the other.”’ 

"Adro wey eLeocaoey ox jAv0¢. APOLLON. 

“ He faved one fandal from under the mud,’’ “ he faved one 

“ fandal,—place quitted,—the fituation in which the mud was 
“high in regard to it.” 

"Evdov eusure ride urd verso HEsIop. 

“ It remained within, under the edges of the veffel,’’—“ it re- 

“ mained within, in fuch a fituation that the edges of the veffel 

* were high, or in a high pofition in regard to it.” 

By an eafy extenfion of this meaning, »7é came to denote that 

one object was in any way covered or hid by another. Kai pw 

aarunevmrel urd ray Yuga, (HERoDOT.), “ he conceals him behind 

“ the door,”—* he conceals him in fuch a pofition that the door 
“ covers 
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‘covers him from view,—confequently, in that fenfe, may be 
“‘ faid to be above or high in regard to him.” 

2. Ir is applied in fome particular cafes to denote a portion 
of time. The idea feems to have been expreffed elliptically in 
fuch cafes, fomething more than bare duration being implied ; 
an intimation being alfo given, that the portion of time fo 
marked out was diftinguifhed by fome property conducive to 
the action. 

HAbE Dro yuRTe APOLLON. 

“ He came under night,’”’ 7.e. “ under cover of night.’’ “Axtey 
d¢ ure oxors, “ he went off under darknefs,’—“ under cover of 

“* darknefs.’’? Here the primitive idea of vzo is ftill difcerni- 
ble, though more remotely marked; the properties which di- 

ftinguifh night or darknefs being reckoned the cover or pro- 

tector of the coming or going off. By a fimilar analogy arifes 
our Englifh expreffion wader night. 

3. Ir fometimes exprefles the relation of /uperiority and _/ub- 

jecion. The connection with the primitive idea is here perfect- 

ly obvious. Aiyurrog de r&Aw urd Cocsdéos eyevero, “ Egypt came 

“ again under the government of a king,’’—“‘ Egypt came to be 

“ again in the fituation in which a king was the high or govern- 
“ ing power in the ftate.” ‘xo Ttecnow tsi Ayivrroc, (HEROD.), 
“‘ Egypt is under the dominion.of the Perfians,”—‘“ Egypt is in 
“ fuch a fituation that the Perfians are high in regard to it.’’ 

"Eywv ox’ ewavrov seariaras, (Math. viii. g.), “ having foldiers un- 

“ der me,’—* having foldiers.in fuch a ftate that I am high in 
““ regard to them.” 

4. ‘zo is not unfrequently applied to denote the agent, inffru- 

ment, or directing caufe of an action. This application probably 

arofe from the idea, that as in the agent, inftrument or directing 

caufe, there was plainly implied fome fort of power or dominion 

over 
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over the action, thefe fell, therefore, to be viewed as the fu- - 

perior or higher objects in regard to it. 
e 

» “Eee 0s ybav aon, 2% ovgavos noe Saraooa, 

‘Pixy v2’ abavaroy. HEsiopD. 

“ All the earth, and heaven, and fea, were put in commotion un- 

“ der the force of the onfet of the immortals,’”—“ the onfet be- 

“« ing the acting or prefiding caufe,—hence the higher power in 

“ regard to the effect.’” 

Kearo rebvqares urd Crcovgoios Aégor. HEsIop. 

“They lay dead by means of,—or under the force of,—furious 

“ lions,’’—‘ the lions being the caufe or inftruments of the 
“death, the power whence the death originated,—hence the 

“ higher power in relation to it.” ‘Yx0 ray dizasav cxrecdy, “ to 
** so into banifhment by the fentence of the judges,’’—“ to go 
“into banifhment,—the judges being the prefiding power,— 
“the fuperior power in regard to that effect.” “Amobavéy urd 

ray moreuiav, “ to fall by means of the enemy, ’—“ the enemy 
“ being the fuperior power in relation to that event.’” 

In all its various applications, then, we find vzo a noun, re- 
taining its primitive force; in fome cafes, it muft be owned 
more remotely, but in all fufficiently plain to enable us to trace 

it by the principles of juft grammatical theory. 

Sucu, then, are the various prepofitions in Greek, analyzed 

according to what I conceive the true principles of philofophi- 

cal grammar. In the courfe of the inveftigation, it may be ob- 

ferved, no great weight has been laid on the particular cafes of 
the 
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the nouns with-which the different prepofitions) are'joined, and 
which, in technical language,'they are faid:to,govern.. In lay- 

ing down the grammatical principles of the language, this is un- 

doubtedly a matter of fome importance ; but in inveftigating the 
origin and radical fenfe of the prepofitions, little light, I appre- 

_hend, can be derived from that circumftance. Even in regard 
to their fignification and ufe, it is far from being a certain or ac- 

curate guide. Dr Moor has indeed conftructed an ingenious 

theory about the mode of. their application, deduced: from the 

cafes they are found to govern ; but the principles of this theory 

are in many cafes contradicted by the ufes of the prepofitions in 

the moft accurate Greek writers *. And, indeed, I fufpeé the the- 

1 ory 

* Dr Moor fuppofes, for inftance, that the following diftinction in the ufe of 
the prepofitions, with the different cafes, may be regarded as conftant and certain. 

With the genztive, he thinks, that the peculiar relation denoted by the prepofition 

is reprefented as in a ftate of reft or continued junction with the obje@: with the 

accufative, as in a ftate of tendency towards : with the dative, as in a ftate of junc- 

tion under fome particular modification. Thus, he fays, em with the genitive de- 

notes reft or fituation upon ; with the accufative, motion direéted upon; with, the 

dative, fome particular mode in which one obje& may be faid to be upon another. 

He applies the fame theory to 73, and fome of the other prepofitions governing 

different cafes. But many examples might be brought in dire& oppofition to this 
theory. Thus, in THUCYDIDES, ini Ogaxins seurcizy magucxewalerees, ** he prepares an 

“ expedition,—dzreéted upon or again{ft Thrace.” “Ex) "Aryomrs ‘2s, & to flow to- 

“ wards Egypt.” In HomER we find, 

v yo vue sf. >2 , ———_ curw po tuxdein cin ex? avOguaec. 

‘*¢ So may my fame be eftablifhed or exift among men,—refting upon or among 
“men.” In like manner, we find 47) with the genitive denoting tendency under. 

“Indve va Tlesctucoso. Quint. Smyrn. 

‘* He comes towards the prefence,—or under the view of Priam.” The fame pre- 
. pofition occurs with the accufative very frequently, denoting reft or fituation 
under. Karzxgimris 52 chy bvgey, (HEROD.), “ he conceals it, tefting under or 
“‘ behind the door.” 

———— xaTSLEITS 

Vou, V.—P. I. 3B 
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ory itfelf is too refined and philofophical to be admitted as juft 
in the ufe of a language modified by general ufe, and adapted to 
the common converfe of men. I have, therefore, all along, ra- 

ther declined refting on fuch a ground, conceiving it in general 
to be uncertain and fallacious. I wifhed, in tracing the real: 

fenfe and origin of the prepofitions, to proceed, if poflible, by a 
different, and what appeared to me a more fatisfactory route. 

How far the track I have chofen has enabled me to reach the 

obje& in view, muft be left to the judgment of thofe beft ac- 
quainted with the principles of the language. 

APPENDIX. 

comms HATIKEITO SOE UE’ AUTON Lucian. 

“ They fat down,—the one refting or fituate under him.” Thefe examples, and 
many more might be produced, feem to prove the fallacy of the ingenious Pro- 

feffor’s theory, and fhow that the Greeks were by no means fo philofophically 

accurate in the ufe of their prepofitions as he fuppofed. 
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f. 

N the outfet of the Inquiry, it was obferved, that the Greek 
language is a language of regular ftructure, forming its roots 

within itfelf. Following out this idea, I have, in different parts 
of the inveftigation, had recourfe to the line of cognates and de- 
rivatives, as the fureft aids for conducting us to the radical fenfe 

of a word, where the immediate root appeared to have fallen in- 

to difufe, or the fignification had diverged confiderably from the 
primitive idea. The grounds upon which I have thus proceed- 
ed; may require elucidation. 
Tue regular fyftem of Greek analogy upon which I have reft- 

ed fo much, though aétually, I am perfuaded, founded in na- 
ture and in truth, has been rejeéted by many, and even treated 
with ridicule by fome, no mean proficients in the language. The 
fanciful notions which a few zealous enthufiafts for the perfec- 
tion of the Greek tongue have engrafted on the general theory, 
and the imperfeét manner in which even its more temperate ad- 
vocates feem to have underftood or explained it, have drawn up- 
on the fyftem a degree of difcredit, which, if fairly examined, it 
will hardly, I think, be found to merit. HEMSTrERHUIs and his 

{cholars, who appear to have firft developed it, were deficient as 

well in tracing this analogy through the minuter ramifications 
3B 2 of 
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of the language, as in pointing out its real foundation in the na- 

tural progrefs of the human intelleat, and the gradual formation 
of the figns of thought. They contented themfelves with mere- 
ly giving the general outlines, and taking the facts as they found 
them occur in the. actual ftate of the language. Lord Monzop- 
po, credulous in all things, and anxious to raife our admiration 

of the Greeks, maintained the ftrange conceit, that the Greek 

language was entirely a language of art, invented by men of pro- 

found {cience, who, in order to conftruct it, firft formed certain 
words as the roots from which the whole was to branch out ; and 

then, by certain nicely regulated adjuncts of letters or fyllables, 
fabricated new words themfelves, and enabled others to form 

them as they were wanted. Hence, faid he, a complete and re- 

gular fyftem of analogy could not fail to take place, every part 

of the language being fo exactly adapted by thefe men of {cience 
to the whole and to every other part. Unfortunately, his Lord- 
fhip neglected either to inform us where and when thofe fcien- 

tific architects of the language appeared, or to point out the rules - 

of their procedure in this regular fabrication of words : he went 
no farther than to ftate the fuppofed primitive radicals they had 

formed, leaving to future inquirers to find out, as they beft 
could, their fubfequent ramifications. The ingenious author of 

the appendix to Dawes’ Mz/cellanea Critica, appears to have had 
a jufter idea of the manner in which fuch an inquiry ought to 
be conducted. In that appendix, he has given a general ftate- 
ment of the Greek radicals, announcing, at the fame time, a far- 

ther defign of an entire work, on the origin, progrefs, and con- 

nection. of ideas, as difcoverable in the formation and ftru@ture 

of the Greek tongue. A few fpecimens of this projected analy- 
fis are likewife fubjoined. This promifed work, it is to be re- 

gretted, has not yet appeared. There cannot be a doubt that it 
will contain many curious and valuable obfervations ; though, 
from the fpecimens given in the above appendix, I muft own, 

that 

i 

i ee 
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that ingenious as many of the obfervations undoubtedly are, 
there feems reafon to queftion whether the analyfis may not, af- 

ter all, be found too vague and general to lead to a fatisfactory 
refult. 

TuoucsH Lam fenfible of thefe deficiencies in the manner in 

which the different writers I have mentioned have exhibited the 
fyftem of Greek analogy, I cannot but think, at the fame time, 

that the fyftem itfelf, if fairly delineated, is by no means an ar- 
bitrary creature of fancy, but has a real and folid foundation in 

the nature and progrefs of the human intelleét. Conneéted as 

this fubjeét. is with many parts of the foregoing difquifitions, I 

hope it will not be going too far out of my way to fubjoin to 

this paper fome remarks in fupport of that opinion, together 
with a few curfory hints, both of the grounds on which I con- 

ceive this fyftem of analogy ‘to reft, and the mode in which it 

might probably be followed out with advantage, to elucidate the 
real nature and progrefs of the language. Such a detail will 

form the beft explanation of my reafons for trufting to this guide 
fo much as I have done, in the progrefs of thefe inquiries into 
the radical fenfe of the prepofitions.. 

In entering: upon this difcuflion, we may without hefitation 
adopt in part the Hemfterhufian fyftem of Greek analogy, as 
detailed by LinneEp, and partially caught by Lord Mongoppo; 

a fyftem which may be regarded as an approximation to the truth, 

though requiring much both of correction and addition to ren- 
der it complete. ; 

AccorDING to this fyftem, Hic radical primitives in the Greek 
language are the five duads aw, ew, 1, ow, and vw ;—all of them 

__ verbs, and all fignifying the fame thing, viz. the general idea of 
_ motion, “I move,” “I make to move,’’ or “I ceafe motion;’? by the 

addition of confonants to thefe duads, the fignification is modi- 
fied and defined in any manner that may be required for ex- 
prefling the various ideas and’ defires of the mind. Hence 

every 
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every Greek word may be traced to a verb as its immediate pri- 
mitive, and all verbs ultimately found to emanate from one or 
other of thefe duads, by the regular addition or infertion of the 
confonants. 

One obvious defect in this fyftem is, that it leaves unexplain- 
ed altogether the mode in which the various confonants are ufed 

for modifying the general idea denoted by the duads. Hence, 
were we even to admit the hypothefis as true, by far the greater 

part of the mechanifm of language would ftill remain to be in- 

veftigated. 

ANOTHER eflential defe& feems to He, that this fy{tem fuppo- 
fes, contrary to all probability, that the abftraét idea of motion - 
unmodified was the root of all language, confequently of all the 
conceptions of the intellect ; and that it was not till this idea was 
formed, that the various kinds.and modes of it came ‘to be 

known and named. The progrefs of nature feems to be the re- 

verfe : individual a¢ts are firft obferved and named, and from 

thefe individual acts all general notions come to be formed. 

TueE fyftem is farther erroneous in this, that it fuppofes thefe 

five duads to be fignificant and radical words ; whereas it is evi- 

dent, that the # in each can be nothing but the termination of 
the verb; and thefe terminations of the verb, nothing elfe ‘than 

the remains of a pronoun, coalefced with the verb with which i it 

had been formerly connected. 
In fo far then, I apprehend, we fhall find this fyftem of ana- 

logy defective and erroneous ; yet, at the fame time, it condudts 

us a certain length upon the right road, and is therefore by no 

means undeferving of attention. 

THE natural theory upon which I am ueiired to think that a 

juft fyftem of analogy, not for the Greek language alone, but for 

every primitive language whatever, might be formed, is the fol- 

lowing: Language having been formed and employed for the 

communication of our feelings, whether of pleafure or pain, ob- 
jects 
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jeéts were therefore named, (in whatever manner the language 
originated), from their qualities, as difcovered in their actings 

or effects in'regard to us. Hence it follows, that the verb is the 

root of all language. The founds by which thefe feelings were 
conveyed, were the fhorteft poffible, and would therefore be all 
monofyllables, confifting probably of one confonant and one 

vowel found only. As the vowel founds are often uncertain 
and variable in their enunciation, not only in different Jan- 
guages, but in different dialects of the fame language, they muft 
therefore have been frequently interchanged:in common {peech, 

and no variation in thefe founds could be fuppofed to.affect the ex- 
preffion of the particular idea meant to be conveyed. It was to 
the confonant founds alone, in which the diverfity was fixed and 

obvious, that recourfe was neceflarily had, as the radical and uni- 

form figns by which the diverfity of ideas or feelings was to be 
expreffed: ‘Each confonant, therefore, had a particular fignifica- 
tion, which it always retained, with whichever of the vowel 

founds it was united; the vowel founds ferving only as the 
neceflary means of enunciating the confonants ;, and it being con- 
fequently a matter of indifference which of the vowel founds 
were thus employed. 

HERE, then, we may look for the actual roots of language, 

traced to their remote and primitive origin ; fimple monofylla- 

bic founds, containing one confonant only; enunciated indifcri- 

minately by any of the vowel founds, at the arbitrary option of 
the fpeaker. © 

In applying this theory to the ftruéture of the Greek lan- 
guage, the Hemfterhufian fyftem of Greek analogy comes op- 

portunely to our affiftance, at once fupporting and fupported by 

the general obfervations now thrown out. The duads aa, ew, sa, 

ow, and vw, from which, according to this theory, all the words 

in the language emanate, are in faG, after removing the w, (which, 

as already mentioned, is an adventitious termination), nothing 

but 
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but the vowel founds ferving for the enunciation of, the confo- 

nants. It is altogether an error, therefore, to ftate thefe as of 
themfelves fignificant: but the framers of the analogical:theory 
were mifled by this circumftance, that as the vowel founds were 

neceflary for the enunciation of the confonants ; as all founds 
were meant to exprefs fome fpecies of action ;»and as all action 
neceflarily implies motion, or the ceflation of motion ; it feemed 
therefore not unnatural, that the neceflary component of the fig- 
nificant found fhould be fuppofed to denote the equally necef- 
fary component of the aétion or idea fignified. 

HaAvince afcertained the application of the vowel founds, the 

next object is to confider the application of the confonants. In 

regard to this, it may be obferved, that whatever is thought of | 

the hypothefis of the duads, it at leaft implies nothing abfurd or 

improbable to fuppofe, that when men began to name objects 
from their action, as experienced in their effects, the fame or fi- 

milar feelings would naturally be exprefled by the fame or near- 
ly fimilar founds; that the expreflive part of thefe founds was 
the confonant, and that, confequently, when the defire to indi- 

cate a feeling or idea once fignified recurred anew, this would be 

done by a repetition of the fame confonant found which had firft 
been employed to make it known. Hence it will follow, that 
each different confonant, when enunciated, would foon come to 

denote a particular range of ideas, agreeing among themfelves in 
fome common quality, diftinét from what were exprefled by 

any of the others. What particular clafs of ideas each confonant 
was to denote, was purely arbitrary and accidental. ‘This, there- 

fore, can never be afcertained by theoretical conjecture : if it be 
known at all, it muft be traced by the obfervation of facts, as 
they actually occur in the exifting primitive languages. 
WHETHER, by fuch a mode of inveftigation, the actual for- 

mation of language could be fully and fatisfactorily developed, 

I cannot pretend to determine. I muft own, however, that it 

feems 
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feems to me not improbable, that by proceeding upon fuch a fy- 
{tem to analyfe any primitive language, fome curious and inte- 
refting facts regarding the formation of fpeech and the progrefs 
of thought might be difcovered. 

From a flight and imperfect furvey of the Greek, (which may 
juftly be‘confidered as an original language *), in its primitive 
radicals, it appeared to me that fomething of fuch a regular ana- 
logy was to be found in it; that each of the different confonants, 
united with the vowel founds in the form of the duads, was em- 
ployed to exprefs fome one general idea, which might be traced 
in various ramifications through all the words emanating from 
that primitive root. The radical ideas, announced by the 
different confonants, ftruck me as fomewhat of the following 
nature. 

B Impulfe, or impulfive force. 
I Expulfion, extruding force. 
A Piercing force, or conne¢ted with that; dividing force. 
Z. Expanfion or expantfive force, force diffufing itfelf round on 

every fide. 

K Laying force, the force by which one object is made to lie 
“« upon or occupy a determinate place. 
L Abrafion or abrafive force, the force by which objets are 

ftripped, {moothed or pared. 
Vou. V.—P. IL. 3C M Con- 

* I po not here enter at all into the difpute about the origin of the Greek Jan- 
guage from the Hebrew, through the medium of the old Pelafgic. In faét, fuch. 
a. derivation does not affect the ftru@ture of the language as complete within itfelf; 
for this derivation, if real, was not partial, but total : it was not the engrafting of 
parts upon a language already formed, but a tranfplantation of the whole, in its 
native form ; fo that not only the branches, but the roots, with all their natural ra- 
mifications, were carried to, and eftablifhed in, a new and fomewhat different foil.. 
In reafoning, therefore, on the ftruéture of the language, the Greek may juitly be 
reckoned an original language, forming its roots within itfelf ; and the other words 
from thefe roots, by a regular progreffion. 
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M Compreflion, conjoining or compreflive force. 
N Cleaving or fplitting force. 
© Strong or violent friction. 
fl Adhefion, adhefive force. 

P Fluency, flowing force. 
= Tremor, fhaking force. 
T Tenfion, ftretching force. 
® Eruptive force, force by which ‘nterpoled obftacles are bro- 

ken through. 
X Opening or disjoining force, force by which two objects 

once united are made to feparate. 

¥Y Smooth or lefs violent friction. 

Ir it be objected, that fome of the ideas thus fuppofed to be 

denoted by the radical components of the language, are too ab- 

{tract and metaphyfical to be allowed fuch a place, I would ob- 

ferve, that in ftating thefe general fignifications, I by no means 

fuppofe the general idea to have been in view when the various 

words were formed ; but that the generalization arofe merely 

from the repeated application of the fame found to exprefs indi- 

vidual objeéts and individual feelings, concurring in the fame 

common quality ; for in fact it is rather the expreflion than the 

idea which has a metaphyfical afpect, moft of the ideas being de- 

rived from objects in their nature fufliciently obvious and Are 

quently occurring. 

SHOULD it be thought abfurd to fuppofe that all the numerous 

ideas which fpeech is intended to exprefs, could ever originate 

and fpread out from the few and fcanty fources now laid down, 

I fhall only reply, that if we can trace in fact the whole body of 

a copious and expreflive language, as emanating from thefe pri- 

“mitive roots, and can find every idea borrowing its expreffion ulti- 

"mately from one or other of thefe radical founds, we fhall have 

an argument from faét of the truth of the fyftem, which no rea- 

foning from improbabilities can poflibly overturn. 
AFTER 
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AFTER all, I by no means with to be underftood as delivering 

thefe fignifications with confidence : they are thrown out as con- 
je¢tures merely, made upon a curfory inveftigation, which may 
probably never be purfued farther. But though thefe particu» 
lar conjectures may be erroneous, the fy{tem, I am inclined to 
believe, holds fo much of truth, that not only in the Greek, but 

- in every primitive language, if the roots were fully inveftigated, 
fome common idea, {ome common force, might be traced out in 
the radical ufe of every individual confonant. A theory found- 
ed on fuch an inductive procefs, would be by no means chimeri- - 

cal, Within the bounds of a particular language, etymology is a 
pretty fafe guide: it is only when rafhly applied to various and 
difcordant languages that it is ready to bewilder and miflead. 

Werk: it poflible thus to trace, with any degree of precifion, 
in the roots of different primitive languages, the power and force 
of the feveral letters, as employed in their radical words, and 

from thefe to follow out the fubfequent ramifications of each 
through all the component parts, an excellent track would there- 
by be opened for inveftigating the procedure and advances of 

the human intellect in the arrangement of ideas and the forma- 

tion of language. A comparifon of thefe primitive roots would 

likewife enable us beft to determine, whether any, and what, de- 
gree of affinity exifted among the languages to which they be- 
long. Could the various original languages of the globe be 

brought into fuch a point of comparifon, the much-agitated que- 

ftion, Whether all are derived from one? might be eafily refol- 
ved. Probable as the opinion of their common origin muft be 

allowed to be 4 priori, and ftrengthened as it undoubtedly is by 
many ftriking proofs of actual coincidence, {till to eftablifh it 
completely, fuch an evidence 4 po/leriori feems to be wanting, as 
a radical analyfis, founded upon the plan now mentioned, would : 
alone be competent to furnish. 

3C2 XIV. 
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XIV. ExpertmMEnts and OpsErvaTions upon the CONTRACTION 
of Water ly Heat at Low Temperatures. By THOMAS 
CHarRLEs Hope, M.D. F.R.S. Ep. Profeffor of Chemifiry in 
the Univer/ity of Edinburgh, 

[Read 9th Fanuary 1804.] 

O the general law, that bodies are expanded by heat, and 

contracted by cold, water at the point of congelation, and 
for fome degrees of temperature above it, feems to afford a very 

fingular and curious exception. 
THE circumftances of this remarkable anomaly have been for 

fome time believed to be the following: 
WHEN heat is applied to water ice cold, or at a temperature 

not far diftant, it caufes a diminution in the bulk of the fluid. 

The water contracts, and continues to contract, with the aug- 

mentation of temperature, till it reaches the goth or 41ft degree. 
Between this point and the 42d or 43d, it fuffers fcarcely 

any perceptible change; but when heated beyond the laft-men- 
tioned degree, it begins to expand, and increafes in volume with 
every fubfequent rife of temperature. 
Durinc the abftraction of caloric, the peculiarity in the con- 

 flitution of water equally appears. Warm water, as it cools, 

fhrinks, as other bodies do, till it arrives at the temperature of 

43° or 42°. It then fuffers a lofs of two degrees without any 
alteration of denfity. But when farther cooled, it begins to di- 

late 
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late, and continues to dilate, as the temperature falls, till con- 

gelation actually commences, whether this occurs as foon as the 

water reaches the 32°, or Oe it has defcended any number of 
degrees below it. 

SupposinG this peculiarity of water to be eftablithed, it muft 
appear, indeed, a very odd circumftance, that heat fhould pro- 

duce contraction in this fluid, while it caufes expanfion in other 
bodies ; and no lefs ftrange, that within one range of tempera- 

ture it fhould contract, and in another expand, the very fame 
fubftance. Before a deviation from fo general a law fhould be 

received as matter of fact, the proofs of its exiftence ought to be 

clear and indifputable. 

THE experiments hitherto publifhed, from which this fingula- 

rity has been deduced, have all of them been performed upon 
water contained in inftruments fhaped like a thermometer glafs, 
and confifting of a ball with a flender ftem; and the expanfive 
or contractive effets of heat and cold have been inferred, from 

the afcent or defcent of the fluid in the ftem. 
To fuch experiments it has been objected, that the dimenfions 

and capacity of the inftrument undergo fo much change, from 
variation of temperature, that it is difficult, if not impoffible, to 
determine how much of the apparent anomaly ought to be im- 

puted to fuch changes, and that it is not improbable that the 
whole of it may be afcribed to them. 

THE object of this paper, which I have now the honour to 

read to the fociety, is to prove by a fet of experiments, conduct- 
ed in a manner altogether different, that the common opinion is 
founded in truth, and that water prefents itfelf as that ftrange 
and unaccountable anomaly which I have already defcribed. _ 

It is worth while, before detailing my experiments, to give a 
fhort account of thofe obfervations which led to the difcovery of 
the fa@t, and which in fucceffion have extended our knowledge 
of it, as well as of thofe obfervations which have at different 

periods been offered to difcredit, and to bring it into doubt. 
THE 
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Tue firft obfervation relative to this fubject was made by Dr 
CrouneE, towards the-clofe of the 17th century, while engaged 
in inveftigating the phenomena of the great and forcible, though 
familiar, expanfion which happens to water at the inftant of 

freezing ; a matter which occupied, in a confiderable degree, the 

attention of his fellow-members of the Royal Society of London, 
in the earlier years of that inftitution. 

I sHALL relate in his own words his firft obfervation; “I filled 

_a {trong bolt-head about half-way up the {tem with water, a day 

or two before the great frof{t went off, marking the place where 
the water ftood; and placing it in the fnow on my leads, 

while I went to put fome falt to the fnow, I found it above 
the mark fo foon, that I thought the mark had flipt down, 
which I prefently raifed to the water, and as foon as ever! _ 

mixed the falt with the fnow, the water rofe very faft, about 

one-half inch above it. I took up then the glafs, and found 

the water all fluid ftill:. it was again fet down in the falt and 

fnow ; but when I came about an hour after to view it, the 

ball was broke, and the water turned to hard ice, both in the 

“ ball and ftem *.’’ 

From this experiment Dr Croune drew the conclufion, that 
water, when fubjected to cold, actually began to expand before 
it began to freeze. On announcing it, however, to the Royal So- 

ciety, on the 6th of February 1683, Dr Hooke immediately ex- 
preffed ftrong doubts, and afcribed the afcent of the water in 

the neck of the veffel to the fhrinking of the glafs occafioned 
by the cold, 

_ To obviate this objection, and to preclude, as far as was pof- 
fible, the influence of the change of capacity in the apparatus 
from an alteration of its temperature, a bolt-head was immerfed 
in a mixture of falt and fnow, and into it, when cooled, was 
poured, to a certain height, water previoufly brought to near the 

freezing 

ce 

c 

* Bircn’s Hiftory of the Royal Society, vol, 1v. p. 263. 
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freezing point. The water began inftantly to rife as before, and 
when it had afcended about one-fourth of an inch in the ftem, 
the veflel was taken out, the whole water remaining fluid. 

THESE experiments, fupported by others of a fimilar nature, 

communicated by Dr Stare to the Society on the 2oth of the 
fame month, appear to have fatisfied its members, in general, of 

this faét, that water, when on the point of congealing, and while 

ftill fluid, is atually fomewhat dilated previous to the remark- 
able expanfion which accompanies its converfion into ice. 

Dr Hooke, however, continued unfhaken, and retained the 

doubts he had. expreffed. 

REMARKABLE as the fact, as now ftated, muft have appeared, 

it feems not to have excited particular attention, nor to have foli- 

cited more minute examination ; and indeed though philofophers 

did not lofe fight of it, yet for near a century no one inveftiga- 
ted it more carefully. Marran, in his treatife on ice in 1749, 
and Du Cresr in his differtation on thermometers in 1757, ap- 

pear to be well aware of this property of water; but it is to M. 
De Luc that we owe the knowledge of the leading and more in- 

terefting circumftances, (vide Recherches, &c. 1772). 

Havine devoted his attention to the examination and im- 
provement of the thermometer; he was naturally led to the in- 

veftigation, while engaged in afcertaining the phenomena of the 

expanfion and contraction of different fluids by heat and cold. 

He employed in his experiments thermometer glafles ; and the 

included water, at or near the term of liquefaction, defcended in 

the ftem, and appeared to him to fuffer a diminution of bulk by 
every increafe of temperature, till it arrived at the 41ft degree. 
From this point its volume increafed with its temperature, and it 

afcended in the tube. This fluid, when heated and allowed to 

cool, feemed to him to contract in the ordinary way, till its tem- 
perature funk to the 41°, but to expand and increafe in volume, 

as the temperature fell to the freezing point. 
" THE 

‘ 
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Tue denfity of water, he thence inferred, is at its maximum 
at 41°, and decreafes with equal certainty whether the tempera- 
ture is elevated or deprefled. 

M. bE Luc fays, indeed, that very nearly the fame alteration 
in volume is occafioned in water of temperature 41°, by a varia- 
tion of any given number of degrees of temperature, whether 

they be of increafe or of diminution ; and confequently that the 
denfity of water at temperature 50°, and at temperature 32°, is 
the fame. 

Tuts philofopher did not conceive that the conftitution of wa- 

ter, in relation to caloric, undergoes a change at the temperature 

of 41°, fuch that fhort of this degree caloric fhould occafion 

contraction, and beyond it expanfion. He imagined that heat 
in all temperatures tends to produce two but quite oppofite ef- 
fects on this fluid, the one expanfion, the other contra¢tion. 

_ Iv low temperatures, the contractive effects furpafs the expan- 
five, and contradtion is the confequence: In temperatures be- 
yond 41°, the expanfive predominate, and the vifible expanfion is 
the excefs of the expanfive operation over the contra¢tive. 

In 1788, Sir CHARLES BLAGDEN added the curious obferva- 

tions, that water, which by flow and undifturbed refrigeration 
permits its temperature to fall many degrees below its freezing 

point, perfeveres in expanding gradually as the temperature de- 

clines ; and that water having fome muriate of foda or fea-falt 
diffolved in it, begins to expand about the fame number of de- 
grees above its own term of congelation that the expanfion of 

pure water precedes its freezing, that is, between eight and nine 

degrees. More lately, (Philofophical Tranfactions, 1801), he, or 
rather Mr Gixrin by his direction endeavoured to afcertain, by 
the balance and weighing bottle, the amount of this change of 
denfity caufed by a few degrees of temperature. 

Every one muft be familiar with the ufe which Count Rum- 
FORD has made of this peculiarity in the conftitution of water, 

Vou. V.—P. II. 3D in 
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in explaining many curious appearances that prefented them- 
felves in his experiments upon the conducting power of fluids, 

and in accounting for certain remarkable natural occurrences. 

The Count, with his ufual ingenuity, has endeavoured to point 

out the important purpofes which this peculiarity ferves in the 

economy of nature, and to aflign the final caufe of fo remark- 
able an exception from a general law. 

In recording the obfervations and opinions that have been 
publifhed concerning this point, I might now, in order, notice 

thofe of Mr DatTon of Manchefter, related in the fifth volume 

of the Manchefter Memoirs, which tended to confirm and enlarge 

our knowledge of it. But as Mr Darton himfelf has called in 

queftion the accuracy of the conclufions which had been drawn 
from his experiments, and from thofe of preceding obfervers, I 

fhall only remark, that they are of the fame nature, and nearly 
to/the fame purport, as thofe of M. Dre Luc. 

Ir was in confequence of a communication with which Mr 

Da.ton favoured me, three months ago, that my attention was 

directed to this fubje@. He informed me, that after a long train 

of experiments he was led to believe that he, and his predeceffors 
in the fame field of inveftigation, had fallen into a miftake with 

regard to the contraction of water by heat, and its expanfion by 
cold, in confequence of overlooking or underrating the effect 

which the change in the capacity of the thermometer-fhaped ap- 

paratus employed, muft occafion on the apparent volume of the 

fluid. He ftated, in general terms, that on fubjecting water to 

different degrees of temperature, in inftruments made of differ- 

ent materials, he found the point of greateft denfity was indica- 
ted at a different temperature in each. 

In an apparatus, having a ball of earthen-ware, it was at the 

34th degree; of glafs at the 42d ; of brafs at the 46th; and of 
lead at the soth. And as water could not follow a different law, 

according to the nature of the fubftance of the inftrument, he 

conceived 

<> 
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conceived that the appearance of anomaly in this fluid origina- 

ted entirely in the containing veffel, which muft caufe the fluid 

in the ftem to fall or rife according as its expanfions are greater 

or lefs than thofe of the included liquor. 
A DETAIL of thefe important experiments has, ere now, been 

tranfmitted for publication in the Yournals of the Royal Inflitution 
of London, 

I HAVE already noticed, that Dr Hooke endeavoured to ex- 
plain in the fame manner the original experiment of Dr 
Croune. This explanation apparently gathers much force from 
thefe experiments of Mr DatTon. 

It is proper, however, to ftate, that M. DE Luc was perfectly 

aware of the alteration in the dimenfions of his glafs apparatus, 
but deemed the change too trifling to have any material in- 

fluence. ; 
Sir CHARLES BLAGDEN paid greater attention to the ‘circum- 

ftance, and by calculation attempted to appreciate what allow- 

ance ought to be made for the change of capacity in the amount 
of the apparent changes of volume. 

WHEN it is confidered, that the whole amount of the apparent 
change is but very fmall, and that the expanfibility of the glafs 
is with difficulty afcertained, and is variable by reafon of the 
fluctuating proportions of its heterogeneous conftituents, it muft 

be acknowledged, that precifion in fuch a calculation cannot pof- 

- fibly be attained, and can fcarcely be approached. On this ac- 

count, all the experiments already noticed are open to the expla- 

nation of Dr Hooxg, and in fome meafure liable to the objec- 
tion which he had urged. I confefs, that the experiments of Mr 
DaLTown, in perfect concurrence with that explanation, created 

confiderable doubts refpecting the exiftence of the peculiarity of 
water ; againft the probability of which circumftance, all analo- 

gical reafoning, and every argument 4 frior?, ftrongly militate. 
3D2 UNWILLING 
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UNWILLING to remain in uncertainty, and confidering it as a 
point of much curiofity and intereft, I have endeavoured to in- 
veftigate the fubject by experiments conduéted in a totally dif- 

ferent manner, equally calculated to exhibit the fingular truth, 
but free from the objections to which the others are liable. In 

them, it was my object to provide, that neither the changes of 

the actual volume of the water, nor the alterations in the dimen- 

fions of the inftrument, fhould have any influence whatever. 

I HAVE already taken occafion to ftate, that the purpofe of this 
paper is to prove, by experiments on the principle now mention- 

ed, that in the conftitution of water there really exifts the fingu- 
larity often noticed. 

I sHALt firft {tate the plan of the experiments, and then detail 

the particulars of the moft remarkable of them. 
WHEN any body is dilated, whether by heat or cold, it necef- 

farily becomes lefs denfe, or fpecifically lighter ; and the oppofite 

effects refult from contra@tion. This is the circumftance, as eve- 

ry one knows, which caufes various movements among the parti- 
cles of fluids, when any inequality of temperature prevails in 

the mafs ; hence thefe particles are little acquainted with a ftate 
of reft. 

Ir a partial application or fubtraftion of heat produce an in- 

equality of denfity in a mafs of fluid, the lighter parts rife to the 

furface, or the denfer fall to the bottom. 

Ir readily occurred, that I might avail myfelf of thefe move- 

ments, and upon ftatical principles determine the queftion in dif- 

pute. 
I HAD only to examine attentively water, as it was heated or 

cooled in a jar, and to obferve, by means of thermometers, what 
fituation the warmer, and what the cooler parts of this fluid af- 

fected. 
Ir I fhould find that ice-cold water, in acquiring temperature, 

fhowed, in its whole progrefs, the warmer parts near the top, it 
would 
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would indicate that water follows the ufual law, and is expand- 
ed like other bodies by heat. 

Or if I fhould obferve that warm water, in cooling to the 
freezing point, had the coldeft portion uniformly at the bottom, 
the fame conclufion would follow ; while a different inference, 

and the exiftence of the fuppofed anomaly, would be deducible 
fhould the event prove different. The only circumftance, I can 

figure to myfelf as tending in any meafure to render this mode 

of examining the point:doubtful, is, that water near its congeal- 

ing point may have fo little change of denfity occafioned by a - 
{mall variation of temperature, that its particles may be prevent- 

ed by their inertia, or by the tenacity of the circumfluent mafs, 
from affuming that fituation which their fpecific gravity would - 
allot to them. 

Ir will appear, however, very clear, from the circumftances of ~ 
. the experiments which I fhall immediately detail, that no ob- 

ftacle to the fuccefs and-precifion of the experiments proceeded ° 
from this fource. 

Ir is not neceflary for me to relate all the experiments I have - 
made. I fhall reftrict myfelf to the detail of fix, which prefent, 
varieties in the modes of procedure, and which afford the moft. _ 
ftriking refults.~ 

EXPERIMENT I.” 

1 FILLED a cylindrical jar of glafs 8; inches.deep, and.42.in . 
diameter, with water of temperature 32°, and placed it onatable, 
interpofing a confiderable thicknefs of matter, poffeffed of little. - 
power of conducting heat., I fufpended two thermometers in 
the fluid, nearly in the axis of the jar, one with its ball about 
half an inch from the bottom, the other at the fame diftance 

below .. 
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below the furface. The jar was freely expofed to the air of the 
room, the temperature of which was from 60° to 62°. 

THE experiment commenced at noon : 

Top Thermom, Bottom do. 

32° Facey dSe 
In Io minutes, - 33+ 2 34+ 

sai39 5 S85 re a7 
mainte 5 37 Bib una 
— an hour, - 38 - 38+ 

— and Io minutes, 42 - 38.25 

TUivAay AbgTaa FOR 44 ri 4° 
— —— —~ 50 —— 46 = gt 
— 2 hours and 10 minutes, 48 - 42.5 

Ia Td smite oe? 7 44 

Tid Blane Sos7ae eno ReS 3 45 
— 4 hours, - 54 ~ 49 

ConFIDING in the indications of the thermometers, from this 

experiment we learn, that when heat flows on all fides from the 
ambient air into a column of ice-cold water, the warmer por- 
tions of the fluid actually defcend, and take poffeffion of the bot- 
tom of the veffel. 

Tuis downward courfe proclaims an increafed denfity, and 
teftifies that the cold water is contracted by heat. As foon, 
however, as the fluid at the bottom exhibits atemperature of 

38°, this courfe is retarded and foon ftopped, and with the rife 
of temperature beyond 40° is totally changed: for when the 

mafs attains this degree, the experiment equally fhows, that the 
warmer fluid afcends and occupies the fummit, by its route an- 
nouncing its diminifhed denfity, and proving that water is now 
expanded by heat. 

EXPE- ~ 
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ExPERIMENT II. 

I FILLED the fame jar with water of temperature 53° ; and 
that I might obferve the phenomena of cooling, I placed it in 

the axis of a much larger cylindrical veffel; nearly full of water, 

of temperature 41°, and, by an earthen-ware fupport, raifed it 
about three inches from the bottom, taking care that the water 

fhould be on the fame level in both veffels. As foon as I had 
adjufted the two thermometers, as in the former experiment, I 
obferved that the top of the fluid was ftill at 53°, but the bot- 
tom had fallen to 49°. 

Top. Bottom. 

In 9 minutes, 52° . 45 

ama h cia ia a 44 

Now, to accelerate the cooling, I withdrew by a fyphon the wa- 
ter from the large cylinder, and fupplied its place by ice-cold 
water, mixed with fragments of ice, which by repeated cautious 
agitation was kept uniformly at the temperature of 32°. 

In 23 minutes, 48° - 42+ 

ahaa Bae KO 
ea ae arene 42 Bla 
— 46 ——— 40 - 40 

SE ae a Na ae be 
Pa Aihara: Mb OS 
ean) 34 Salat: Oe 
Pe ee SESH I ted SEE 
lo aaa goo Aayisivtg 

Tus 
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THIs experiment is the counterpart of the foregoing, and from 
the teftimony of the fame inftruments, it appears, that when a 
cylinder of water of 53° is cooled by circumfluent iced fluid, 

the colder part of the water takes poffleffion of the bottom of the’ 
veffel, fo as to eftablith a difference of temperature from the fur- 

face, amounting fometimes to 8°. And that as-foon as the fluid 
at the bottom arrives at the 40th degree, the temperature of the 
fluid in that fituation is ftationary till the furface reaches the 
fame point. 

Durinc the fubfequent refrigeration, the progrefs of the 
cooling undergoes a total change. The thermometers tell that 
the colder fluid rifes to the furface ; fo that the top gets the ftart 

of the bottom foon by 4°, and attains the loweft temperature of 
34° very long before the other falls to the fame degree. 

THESE circumftances, I think, lead to the conclufion, that by 

the lofs of caloric, water at 53° is contracted and rendered {pe- 

cifically heavier, and that this continues to happen tll the water 

come to the temperature of 40°, at which period an oppofite ef- 

fect is produced; for now the water, as it cools, becomes fpecifi- 
cally lighter, or is expanded. ‘ 

‘In this, as well as the former experiment, the complete change 

in the fituation, which the warmer and colder parts of the fluid 
affected, in the progrefs both of the heating and cooling, while 

every external circumftance of the procefs continued unaltered, 

is particularly worthy of remark. 

ExPERIMENT III. 

I Took a glafs jar, 17.8 inches deep, and 4.5 in diameter, in- 

ternal meafure, having a neck and tubulature very near the bot- 

tom. I provided alfo a cylindrical bafon of tinned iron, 4.8 
inches 
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inches deep, and Io inches in diameter, with a circular hole in 

the middle of the bottom, large enough to receive the top of the 

jar. By means of a collar and cement I fecured this bafon, fo 
that it encircled the upper part of the jar. 

THE object of the contrivance was to have the means of ap- 

plying a cooling medium to the fuperior portion of a cylinder 

of water, and it anfwered the purpofe completely.’ I introduced 
the ball of a thermometer through the tubulature, till the extre- 

mity of it nearly reached the axis at three-fourths of an inch 
above the rifing of the bottom, and having fixed it in this fitua- 
tion, I rendered the aperture water-tight, by a perforated cork 
and lute. 

Tus very tall jar was placed on a table, with the interpofi- 

tion of fome folds of thick paper, in a room without a fire, of 
the temperature 42°. 

I FILLED it with water of 50°, and poured into the bafon, 
which embraced the top, a mixture of powdered ice and falt. 

FRoM time to time I explored the temperature near the fur- 
face, by inferting the bulb of a thermometer to the depth of 
half an inch nearly in the axis. 

t 

Bottom. Top. Air. 

One o'clock, i TSA gts Pe 
In 11 minutes, 46+ — 

be ia 45 48 
ee eens 44— 460— 

Tes, Soa <p aa:S 2 
ca ya aeeaepay 24 pola ao 

At this time a thin film of 
‘lok prise ese 40.+ 34 Sic began to form in contaé& 

with the glafs. 
—thour6min. 40 34. 
cae 20) ==} -39«5 

VoL, V.—P. Hi. cele In 
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Bottom, Top. 

Inthour 44min, 39-5 
A crutft of ice of fome thick- 

In 43 hours, 39-5 nefs now lined the glafs, 
and air had fallen to 40°. 

— 5+ hours, 39 

— 11 hours, 2. ¢. : Pee sighs 39 Cruft of ice complete, 

— 19 hours, 7. ¢. c 
next redsusct 39 £5, 49. 
6h Air 40°. So much ice had 

SS tae 49: melted that the cake was de- 
tached from the fide of the vef- 

Se es she fel, and floated. 

—41——_—s=’ 40 Air 41°. Ice not all melted. 

—s50—— 41 Air 42°. Ice not entirely gone. 

Tus long protracted experiment prefents fome ftriking facts, 
and its general import, with regard to the fubject of inveftiga- 
tion, agrees with the preceding. In it we fee, that when the 

frigorific mixture abftracted caloric from the upper extremity of 
a cylinder of water, nearly 18 inches long, and at 50°, the re- 
duion of temperature appeared fooner, and advanced quicker, 

at its lower extremity than in the axis at the top, not two anda 
half inches diftant from the cooling power. No one can entertain 

a doubt that this is owing to a current of cooled and condenfed 

fluid defcending, and a correfponding one of a warmer tempera- 

ture afcending. Now, if water obferved the fame law that other 

bodies do, and had no peculiarity of conftitution, the fame pro- 

grefs of cooling fhould continue. This, however, the experi- 

ment teaches us, is not the cafe: as foon as the fluid at the bot- 

tom exhibits a temperature of 40°, it ceafes. The colder fluid 

remains at top, and quickly lofing temperature, ere long begins 

to freezee The continuance of the colder fluid at the furface 

furely denotes, that it is not more denfe than the fubjacent 

warmer 
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warmer water. The legitimate inference from this is, that wa- 

ter of temperature 40° is not contracted by being cooled to 

32°. 
Drip water obferve the ufual law, and lofe volume along with 

temperature, this experiment, by its long duration, afforded 
ample time for the manifeftation of it. 

For not lefs than two days did ice-cold water maintain pof- 
feffion of the top, and for the fame period the temperature at the 

bottom never fell below 39°. No current, therefore, of cold 

‘and condenfed fluid moved from the furface, to affect the infe- 

rior thermometer, or to atteft the contraction of water by cold. 

Tus experiment, however, I muft remark, does not warrant 

the conclufion, that the water is actually expanded, though it in 
no degree oppofes it. It proves no more, than that the contrac- 
tion ceafes at 40° ; and that water of 32° is not more denfe than 

of 39° or 40°. Nay, fome may perchance allege, that it does 
not prove fo much ; conceiving, that if at 40° the contraction, 

- without ceafing altogether, becomes very inconfiderable, the dif- 

ference of denfity occafioned by the fubfequent redudtion of 

temperature may be fo very trifling, as not to enable the cold 
particles to take that fituation which ‘their gravity afligns to 
them, in oppofition to the inertia and tenacity of the fubjacent 
mafs; and therefore that the colder, though heavier fluid, may 

be conftrained to remain above, That this allegation fhould 
have no weight attached to it, the circumftances of the fucceed- 
ing experiment will clearly fhow, as I fhall foon notice. 

BEFORE quitting the confideration of the prefent experiment, 
it may be worth while to remark, that it may feem rather fur- 

prifing, that the bottom of the fluid was not apparently affected 
in its temperature by the ice which fo long occupied its furface. 
It might be expected, though no cold currents defcended from 
above, that the caloric fhould be conduéted from below, and 

ge Er 2 ; that 
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that the temperature fhould by that have been reduced*. I 

fuppofe that the caloric did pafs from the lower {trata upwards, 

; but 

* Tuts experiment may perhaps be thought to give countenance to the opinion 

of the very ingenious Count RumrorpD, that fluids cannot conduét heat, and that 
no interchange of heat can take place between the particles of bodies in a fluid _ 

ftate, feeing that for two days the fluid at the bottom of the veffel never fell be- 

low 39°, though the furface was at 32°. 

From the circumftances detailed in his feventh effay, the Count concluded, that 

heat cannot defcend in a fluid. From the prefent, it might with equal juftice be ' 

inferred, that heat cannot afcend. 

Hap I not the fulleft convidtion that this celebrated philofopher has pufhed hig 

ideas too far, I might be difpofed to confider this experiment as according well 
with the hypothefis. : 

Soon after the interefting {peculations of the Count appeared, I began to inve- 

ftigate the fubje&t; and, by a pretty long train of experiments, which I have an- 
nually taken an opportunity of detailing in my lectures, fatisfied myfelf that he 

afligned to fluidity a character that does not belong toit. Though fince the date 

of thefe experiments, the public has become pofleffed of feveral feries, well de- 

vifed, and, in my opinion, of themfelves conclufive, it may yet be worth while to 

ftate the tenor and refult of them, by which the value of their teftimony in favour 
of the conducting power of liquids may be eftimated. 

THE experiments were of two defcriptions. 

THE one fet, of the fame nature nearly with thofe of Count Rumrorp, was de- 

figned to examine, Whether heat, when applied to the furface, can defcend ina 

fluid; and the other to difcover, Whether, on the mixture of different portions of 

fluid at different temperatures, an interchange of caloric takes place between the 
particles ;—Water, oil and mercury, having been the fubjeéts of the Count’s expe- 
riments, were employed for the firft fet. 

To explore the conducting power of water and oil, the apparatus which I ufed 
confifted of two vefiels of tinned iron, both cylindrical, and the one fomewhat lar- 

ger than the other. The larger had a diameter of eleven inches, and into it were 
poured the fubjeéts of the trial, to different depths on different occafions. ‘The 

fmaller was ten and a half inches in diameter. By three hooks it was fufpended 

within the larger pan, in fuch a manner, that the bottom of it exattly reached and 
came in contaé&t with the furface of the fluid. This {maller veffel became the 

fource of the heat, by being filled with boiling hot water. The water was chan- 
ged frequently, care being taken to avoid, by the ufe of a fyphon, all agitation 
and difturbance, 

In 
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but extremely flowly, by reafon that fluids, as Count Rumrorp 
taught us, are exceflively bad conductors of heat, and fo very 

flowly, 

Iw experiments of this nature, the difficulty is to prevent the conveyance of ca- 

loric by the fides of the veffel. I attempted, and, I think, I fucceeded, in over- 

coming this difficulty, by encircling the larger veffel, at a height exa@ly corre- 

fponding with that of the furface of the fluid within, with a gutter or channel 

about half an inch in depth; and by caufing a ftream of cold water to flow con- 

ftantly through a fyphon into this gutter, while from the oppofite fide it ran off by 
a {mall fpout. 

Tue water was feveral degrees colder than the fubject of the experiment ; and 

keeping cool the portion of the veflel with which it was in conta@, it intercepted 
the heat that would otherwife have travelled by this route to the bottom, 

For mercury I had recourfe to veffels of glafs. 

iw all the experiments a thermometer bore teftimony that the caloric defcended 

from the furface to the bottom of the fluid, and demontftrated, at leaft to my con- 

viction, that fluids can conduct heat. 

Tue progrefs of the heat, however, was very flow, and attefted the i important 

fact, for which we ought to be thankful to the Count,—That fluids are very bad 
conductors. 

Tue fecond fet of experiments was calculated to examine, in a very different 
manner, the pofition, That all interchange and communication of heat between the 
particles of fluids is impoflible. 

_ Wuew a hot and acold fluid are mixed together and well agitated, very foon 

an uniform temperature is produced. This equality muft proceed either from a 

communication of heat from the warmer to the colder fluid, agreeably to the com- 

mon opinion, or from a perfeé intermixture of hot and cold particles, according to 

_ the notion of Count Rumrorp. To which caufe it ought to be attributed, J con- 

ceived I might difcover, by afcertaining whether, after fuch an intermixture, any 

feparation of the hot and cold portions took place. If the equilibrium of tempe- 

raturé be owing to intermixture without interchange of caloric, the hotter parti- 

cles, as foon as the agitation ceafes, ought, by reafon of their greater rarity, to ac- - 
cumulate, to a certain degree, at the furface, and there exhibit a temperature 

above the common one. 
I First tried water, and mixing this fluid boiling-hot, with an eqnal quantity 

nearly ice-cold, in a ftoppered glafs jar, I {hook them well for a fhort time. 

I tnew noticed the refulting temperature, and raifing the ball of the thermo- 

“meter towards the furface, J had an opportunity of obferving, that it never rofe 

the 



396 On the CONTRACTION 

flowly, that the caloric entered from the atmofphere with fuffi- 
cient quicknefs to prevent any depreflion of temperature below 
the 39th degree. 

Tuts experiment, I may conclude with remarking, is very 

well calculated to exhibit the error of the Ag opinion, that 
“ heat has a tendency to afcend.”’ 

ExPERIMENT 

the fmalleft portion of a degree above the common temperature which had been 
eftablifhed. é 

I next made a fimilar experiment with alcohol, felecting it on account of its re- 
markable dilatability. I fhook well, for half a minute, a mixture of equal parts of 
alcohol at freee 40°? and at tethperatiire 170°. The refulting temperature 

of the mafs was 104°. 

Now, if this was a mixture of particles at go° and at 170°, as the difference of 
fpecific gravity between the fluid at thefe temperatures is very confiderable, fome 

feparation of the warmer and lighter particles from the others, ought, I conceive, 

to have taken place. The temperature of the top, however, never indicated the 

arrival of warmer particles. It never afcended above the point of equilibrium. 

From thefe experiments I concluded, that the uniformity of temperature was 
eftablifhed by an actual communication and interchange of heat between the par- 

ticles. 
Ir may not, however, be improper to ftate, that Count Rumror, with whom 

feveral years ago I had the pleafure of converfing upon this fubjeé, alleged, that 

the intermixture might be fo complete as to prevent any feparation whatever. 
Ir it be a property effential to fluidity, that heat cannot pafs from one particle 

to another, the particles of different fluids ought to be equally incapable of impart- 
ing caloric mutually to each other. Unfortunately, however, for the {peculation, 

the caloric is fo communicated. Though, @ przorz, I entertained no doubts re- 

fpeéting the refult of the experiment, I poured a quantity of olive oil which had 
been heated by immerfion in a veffel of boiling water for half an hour, upon an 
equal volume of water of 38°, and agitated the mixture, by fhaking for a quarter 

_ of a minute. The common temperature produced was 78°, and the heat had gone 

from the oil into the water ; for when the fluids feparated, and had arranged them- 

felves according to their {pecific gravity, both of them had the fame temperature 

of 78°. 

Tue experiments of the two defcriptions now recorded, left on my mind little 
doubt that the Count had overftrained his conclufions, 
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EXPERIMENT IV. 

I roox the fame tall jar, and ftopping the tubulature with a 
cork, I filled it with water of temperature 40°, and placed it in 
a pan. After fufpending two thermometers, as in experiment 
firft and fecond, I poured a mixture of ice and falt into the pan, 
to the depth of 4.2 inches, the air of the room being 40°, as in 

the laft experiment. 

Bottom, Top. Air. 

Eleven o’clock, 4o° 40° 40° 
In Io minutes, 38+ 38+ 

— 20 38— 38— 

Toe Roa aio” 
Sie, a 36 36 
ie en 35-5 35°5 
— 80 npg aS aHR ES.) 35 
-100——— 3455 Bi) 
— 120 , 34— 34 
— 8 hours, 34— 34 

A crust of ice began to form on the infide of the glafs 
when the water in the axis of the bottom and of the top was at 

46°. In the courfe of the experiment, it became at leaft an inch 

thick. 
WE learn from this experiment, that cold applied to the lower 

part of a cylinder of water, nearly 18 inches long, and having 

the temperature of 40°, is actually as {peedily perceived at the 
fummit as in the axis of that part, on the external furface-of 
which it immediately ats. As fluids conduct heat fo very tar- 

- dily, this can only arife from currents of cooled water afcend- 
ing 
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ing from the bottom, and thefe cold currents cannot move up- 

wards, were not the water of them fpecifically lighter than that 
of the incumbent warmer fluid. 

Tue water, therefore, which at the bottom is cooled by the 

contiguous frigorific mixture, muft be expanded by the lofs of ca- 

loric. 
Tus experiment fecures full force to the laft, as it obviates 

the objeétion already noticed, and alfo precludes another. I 

have already ftated, that it may perhaps be alleged, that the fluid 

at the top, in experiment third, though cooled to 32° did not 

defcend, becaufe below 40° the contraction is fo trifling, that it 
does not occafion a difference of {pecific gravity fufliciently great 
to caufe the particles to defcend, when oppofed by the inertia and 
tenacity of the fluid through which they have to fall; or it may 
be conceived, that the defcent is fo tardy, that time is given to 
the ambient air or fubjacent fluid to furnifh heat enough to raife 
the temperature of the defcending ftream, and by that arreft it 
in its downward courfe. 

But from the particulars above recorded, it is manifeft, that 

the change of denfity between the temperature of 32° and 40° 
is quite fuflicient to put into motion the particles, and to enable 

them to overcome the obftacle arifing from inertia and tenacity, 

and to withftand the arrefting effects of atmofpheric heat, 
Tuoucu thefe experiments, and fome others of a fimilar na- 

ture, carried conviction to my mind, and perfectly fatisfied me 

re{pecting the reality of the anomaly of water, I determined to- 
vary fomewhat the mode of making the experiment, fo as to ob- 
tain ftill more ftriking refults. 

For the fifth experiment, I ufed an apparatus which confifted: 

of a ftill taller jar. It was 21 inches high, and 4 in diameter. 
I adjufted at the middle of its height a perforated bafon of tin- 

ned iron, 2 inches.in depth, and 10 in diameter. As this bafon 
embraced. 
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embraced the middle of the jar, I could, by filling it with hot 
water, or a frigorific mixture, apply heat or cold to the middle 
portion of the fluid in the jar, and thence, by the thermometer, 
Jearn what courfe the heated or cooled fluid fhould take. 

EXPERIMENT V, 

I FILLED the jar with water at 32°, I placed it upon feveral 
folds of thick carpet, previoufly cooled to the fame degree. The 
air of the room going from 33° to 35°, I introduced two ther- 
mMometers, as in experiments firft and fecond. I then poured. 
water of temperature 68° into the bafon, and by means of a 
{pout arifing from the fide of it, and a fyphon connected with a 
refervoir of water at the temperature now mentioned, I renewed 
the contents of the bafon frequently, but without caufing any 
agitation, 

Bottom. Top. Air. 
At commencement, 32°, 32°... 33—35 
In 10 minutes, 35 32 i 
or Thgne ese So ig Gas: Sigh ssi 
— 20 —— 36  o3a 

| SSR Ss Seeae 37 és . — 30 ——— 38 33 °*,* From this time I ‘charged — 38 —— S847 '33 th the bafon with water of ee 39, 33». temperature 88°,and re- — 50 —-— 3948s 44  newed it frequently. pi Shain TIA BEE 4s: Hep” 
3 8 rage 39+ ED 4B P< oj _— 

_ Noruin G can be mote decifive with regard to the queftion in - difpute, than the particulars of this experiment. Heat is.applied to the middle of a column of ice-cold water. The heated por- Vou. V.—P. Il. 3F tion 
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tion has an equal fhare of the column of cold fluid above it and 
beneath it. There is nothing to determine its courfe in one di- 

rection or another, excepting its actual change of denfity. 

Tue thermometer evinces that the warm current fets down- 

- wards, and carries the increafed temperature to the bottom. 

There, this inftrument indicates the fucceffive rife of feveral de- 

grees, before the furface indicates the fmalleft acquifition of 

heat. 
THE inference is plain, that the cold water is contracted by 

the heat. 
Tue change of the effect of heat is equally well illuftrated by 

this experiment. 
No fooner did the inferior portion attain the temperature of 

39°, than the heated fluid altered its courfe, and, by afcending, 

carried the increafe of temperature very rapidly to the furface, 

fo that it foon furpaffed the bottom, and continued to rife, while- 

the other remained ftationary. 

ExPERIMENT VI. 

I FILLED the jar ufed in the laft experiment with water of 
temperature 394°, the air and the fupport being at 39°. Difpo- 

fing the thermometers in the ufual manner, I introduced a mix- 

ture of fnow and falt. into the bafon. 

Bottom. Top. Air. 

At commencement, 39-5 39-5 39° 
In Lo minutes, - 39+ 38+ 

—25 39+ 36.5 *4* At this time ice 
—35-——— 39 36— began to be 
5 2 = ag ‘a5 formed on the 

—anhour and Iomin. 39— 34+ fide of the vef- 

eee a ee 34— fel. 
— 2 hours, - 39— 33+ 

THIS 
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Tuis experiment fpeaks in as decided language as the prece- 
ding. It fhows that when a portion, in the middle of a column 

of water at temperature 39.5 1s cooled, the colder fluid rifes, and 

does not defcend through the warmer mafs, and prefents the 
unequivocal demonftration, that water of temperature 394° is 
actually expanded by lofing heat. 

THE different experiments which I have in detail recorded, 
agree perfectly with each other in the evidence they give relative 
to the fubject of inquiry. The general import of them is, that 

water which is ice-cold, or a few degrees warmer, when heated, 

becomes {pecifically heavier,—that water of 40° when heated 
becomes {pecifically lighter,—that water above 40°, by the lofs 
of heat, or by cold, is rendered fpecifically heavier ; and that 
water below 40° is, by the fame caufe, rendered fpecifically 
lighter. ; 

Sucu being the general import, the conclufion is irrefiftible, 
that heat, in low temperatures, caufes water to contract, and at 

fuperior temperatures to expand. The opinion, therefore, is 
founded in truth, that water pofleffes a peculiarity of conftitu- 

tion in relation to the effects of caloric, and that it is, within a 
fhort range of temperature, an exception to the general law of 
“« expanfion by heat.” 

So far as I can judge from thefe experiments, I am difpofed to 
believe that the point at which the change in the conftitution of 
this fluid in relation to heat takes place, lies between the 391° 

and the goth degree. 

I am not at prefent aware of any objection to the method I 
~ have followed in eftablifhing this fingular anomaly, and in re- 
‘moving any doubts which may have arifen from the unavoid- 
able influence which the inftrument muft have in the mode of 
conduédting the inveftigation that had previoufly been adopted. 

TuE plan of operation above defcribed, however, only af- 

certains the fact ; it gives no data for afcertaining the amount of 
the anomalous effect of heat. 

gr 2 I 
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I HAVE already ftated, that M. pz Lue alleged, that from the 

temperature of 41°, the expanfion occafioned by cold was very 

nearly equal to that produced by the fame number of degrees of 

heat; and confequently that water poffefles the fame denfity at 
any given number of degrees of temperature above and below 

41°. The firft experiments of Mr DaLton appeared to confirm 

this opinion, and to enlarge the range to which it applied, by 

extending it to temperatures. as far below 32°, as water allows 
itfelf to be cooled before it begins to freeze. From one circum- 

{tance that conftantly occurred, I am inclined to think, that the 

amount of the dilatation by cold is inferior to that caufed by heat. 

Durinc the heating or cooling of water below 40°, the dif- 

ference of temperature between the top and bottom of the fluid 

was lefs than what occurred during the cooling or heating of the 

fluid through the fame number of degrees above it; and I con- 

ceive that, when other circumftances, but particularly the rate 

of the change, are alike, the difference of temperature between 
the upper and lower parts of the fluid, as it depends upon, may 
prove a meature of, the difference of denfity. 

A.conHoL, when heated or cooled, prefents, by reafon of its 

greater expanfibility, a greater difference of temperature in thefe 
fituations than water ; and upon the fame principle I infer, that 
water from 40° is more expanded by an equal number of de- 

grees of elevation than of depreffion. 
As the concurrence of the teftimony of the experiments above 

related with the general opinion, will probably remove every 
- doubt refpecting the matter of fact, it remains a very difficult 
problem for thofe who are fond of philofophical inveftigation, 
to explain how heat fhall occafion in the fame fluid, without pro- 
ducing any alteration of mechanical form or chemical condition, 
at one time contraétion and at another expanfion, and to recon- 

cile the contra¢tive effect to the conceived notions of the mecha- 
nifm of the operations of this energetic agent. 

: WHEN 
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WaueEw heat caufes expanfion, it’is imagined to a& by indu- 

cing a repulfion among the particles of bodies, which, oppofing 
and overpowering the cohefive attraction, caufes the particles to 
recede. 

In what manner, then, the addition of heat can occafion, or 

allow, the particles of water to approach each other, and how 

the fubtraétion of it can make them retire to a greater diftance, 
I confefs I can in no meafure comprehend. 
AN explanation, abundantly plaufible at firft view, very rea- 

dily fuggetts itfelf'to every one who is aware of the great and 
forcible expanfion which happens to this fluid at the moment of 

its congelation.’ It is ftated by Sir CHARLEs BLAGDEN, in the 
paper already quoted.: 

Tue remarkable dilatation which water experiences at the 

inftant of being converted into ice, is very generally afcribed, 

and I prefume very properly, to a new arrangement which the 
particles affume, determined probably by their polarity; by 

which one fide of the particle A is attractive of one fide of B, 
while it is repulfive of another. 

Now, if this’ polarity operates with fo much energy as to im- 

part almoft irrefiftible expanfive force at temperature 32°, it is 
reafonable to fuppofe that it may begin to exert its influence, 

though in a far inferior degree, at temperatures fomewhat more 

elevated. The expanfion, therefore, that takes place, during the 
' fall of temperature from 40°, may’ be imputed to the particles 
beginning or affecting to affume that new arrangement which 
their polarity affigns them, in which is pa a ape thefe particles 
occupy more {pace than before. 

AGAIN, when heat caufes water of 32° to contract, upon the 
fame principle, it may be conceived to operate, by counteraéting 
the {mall portion of the difpofition to polarity that furvives the- 
liquefa@tion. 

I 
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I am afraid that we cannot reft fatisfied with this explanation. 
We mutt not be deceived by the plaufibility of it. 

Tue ftate of perfect fluidity depends upon the circumftance, 
‘that the particles of any body admit of ready motion upon each 
other, and that the change of relative fituation meets with little 
‘or no fenfible refiftance. 

Water certainly pofleffes fluidity in a great degree, and its 
particles muft of courfe encounter but little refiftance, as they 
glide the one upon the other. But if thefe particles fhall begin 

to exert any degree of polarity, by which certain faces become 
more difpofed to attach to each other than certain others, this 
tendency would neceflarily oppofe that indifference with regard 
to pofition, which is effential to fluidity, and of courfe muft im- 
pair the fluidity, and induce fome degree of tenacity or vifci- 
dity. 

To appearance, however, water.at 32° has its fluidity as per- 
fect as at temperatures confiderably elevated. Unwilling to truft 
to appearance, where experiment might decide, I have attempted 
in various ways to afcertain whether the water fuffers any fen- 

fible diminution in this refpect while it is expanded by cold. 
The following method I deem the moft correct. 

For the purpofe, I employed a gravimeter, the one contrived 

by Mr Nicuotson for difcovering the weight and fpecific gra- 

ty of folids. 
THIs is a convenient inftrument, but, unfortunately, it is by 

no means fo ticklifh as a balance. Duly loaded, fo as to be 

equiponderant with the water in which it is plunged, Mr NI- 

CHOLSON fays, it is fenfible to the 2oth part of a grain. The 

one I have, though its ftem be flender, is fcarcely fenfible to lefs 

than two or three twentieths of a grain. 

Tue want of fenfibility in the gravimeter arifes, in a great 

meafure, though not entirely, from a certain degree of tenacity 

fubfifting among the particles of the fluid; and any thing that 
tends 
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tends to increafe this tenacity, muft, in the fame proportion, 

augment this want of fenfibility. 
To. afcertain whether any fenfible change in the tenacity or 

fluidity accompanies the expanfion of water by cold, which the 

theory requires, I examined the mobility of the inftrument 
when immerfed in water at different temperatures. | firft plun- 

ged it into this fluid, heated to between 60° and 70°. Under 

due loading, which funk it to the mark on the ftem, it was not 
fenfible to a weight lefs than two or three twentieths of a grain. 

I THEN tried it in ice-cold water, and found that its fenfibility 
was in no-perceptible degree impaired. The coldnefs of the 

water, it muft be remembered, caufes fome degree of contrac- 

tion of the gravimeter. This contraction cannot fail to render 

the inftrument in fome fmall meafure more fenfible, and, fo far 

as it goes, to counteract the fluggifhnefs produced by any increa- 
fed tenacity in the fluid. 

Bur as the body of the inftrument is made of glafs, the- 
amount of the contraction mutt be very fmall, and the change 
of fenfibility arifing from it fo very trifling, as certainly by no 
means to obfcure fuch an effect as an increafe of tenacity would. 

occafion. I therefore with fome confidence conclude, that the 

fluidity of the water is not fenfibly diminifhed, and confequently 
_ that the polarity has not begun to exert any fenfible influence ;. 

it can {carcely, therefore, be accounted the caufe of the dilata- 

tion. 

END OF PART SECOND. 
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T has been thought more confiftent with the form which the: 
Tranfations of the Society have affumed in this volume, to ; 

arrange the abftracts and accounts of papers in the order of the 
fubjects, than in the order of time. Under each head, the papers . 
are placed according to the dates of their communication. 

METEOROLOGY. 

A CompPaRison of fome Obfervations on the Diurnal Varia-. 

tions of the Barometer, made in PEyRousE’s Voyage round the. 
world, with thofe made at Calcutta by Dr Bavrour, was read 
by Profeflor TRASEATA: 

A2. THE 

1799:" 
Jan. 7 

Diurnal varia- 
tions of the ba- 
rometer. 
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Tue firft of the obfervations here referred to were made by 
M. LAMANON, an ingenious naturalift who accompanied Pry- 
RousE, and who has given an account of them, (fee 4th vo- 
lume.of the Voyage, 8vo edit.), in a letter to M. pr ConDORCET, 

dated, St Catherine, 5th November 1785. Dr Batrour’s Ob= 
fervations are’in the d/iatic Refearches for 1744, and a fhort ac- 
count of them is alfo inferted in the 4th volume of the Tran/ac- 

tions, R. S. Edin, Bitt. p.23. a 
M. Lamanon’stobfervations were made in confequence of 

inftructions from the Academy of Sciences, directing him to keep 

an exact account of the heights of the barometer in the vicinity 

of the equator at different hours of the day, with a view to dif- 

cover, if poffible, the quantity of the variation of that inftru- 
ment, due to the action of the fan and moon, that quantity 

being there probably ‘at its maximum, while the variations arifing 
from other caufes are at their minimum. 

M. Lamanon was provided with one of NAIRNE’s marine ba- 
rometers, which, he fays, was fo little affected by the motion of 

the fhip, that it might be depended on to the +45 of an inch. 

In) this: barometer, he tells us, that from about the 11th degree © 

of neath datitude, he began to perceive a certain regular motion, 

fo that the mercury ftood higheft about the middle of the day, 

from which time it defcended till the evening, and rofe again 

during the night. As they approached the equator, this became 
more diftinétly perceptible ; and on the 28th of September, the 
{hip being then in 1° 17’ north latitude, a feries of obfervations 

was begun, and continued, for every hour, ull the 1{t of O¢tober, 

at 6 A.M. The following abftract fhews the refult of the ob- 

fervations.on the 2Sth and 2gths i ik 4g > 

From 4'to. 10;A..M,,; =)... ‘Gaiarnciat cles I ee we 

28th Sept. From ro A: Mi to 4P. M.. : fell. x. ate 

From 4 to 10 P, M. ‘rofe O- sae 
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odes. ¢From to(28th).to 4A. M. fell. le 35 
i) Soe. ) From 4 toto A, M. pofetr 4.2% 
E oth pepe From 10 A.M. to 4 P. M, fellpy tsp abs 

6 From '4. to. 10 Ps Me P43} rofe 1 
THE obfervations on the 30th were! to the fame effect ; ; and 

hates it is concluded that at the equator the flux and reflux of 

the atinofphere produces in the barometér a variation of about 

t line +4 Englith, correfponding, as Mv hAM ANON remarks, to 

‘a height ‘in -the atmofphere, of nearly 100 feet... According to 

BERNOUILLI, the action of the fun and moon-fhould produce a 

tide of about 7 feet, and according to Mr DE LA PLacg, a tide 

not nearly fo great. 4i.svode 

Ir fhould be obferved, that when thefe obtontsnoed were 

grees to the fouth be the eaiito® Ma The. Pred on the 28th 

-was 50’ north, and 11’ north on'the 2gth; i in-the night between 
that'and the 30th, the thip, ‘crofled the line ;, and on the 3oth 
at noon, the latitude was'42'fouth; the longitude all this while 

between 17° 31’ and 18° 33! weft of Paris, by the time-keeper ; 

fo that the coaft of Africa, which. was. the, neareft land, was di- 

Tlant about 8° ofa great. t circle, and the emer ieihs continent 

Ahoul igh! oF ei c4qe;n 4 : ; 

o THE agreement biseeee ares ind DrBat FOU UR aah esta: 

‘at Calcutta is very remarkable. Dr Batrour found that du- 

ring the whole lunation, in which: he obferved the barometer 

from’ half-hour to half-hour; ' the: ‘mercury conftantly fell from 

Io at night to 6.in the morning ; from 6 to 10-in the mor- 
ning itrofe; from 10 in the morning to 6 at night it fell again ; 

_ and laftly, rofe from 6 to ro at night.. The maximum height is 
therefore at 10 at night and ro in the morning, and the *mini- 
‘mum at 6 at night and 6 in the morning. . The only difference 
is, that in Mr Lamanon’ s obfervations, the miimum. 1s ftated 

to have happened about 4, inftead of 6. This, however, will 

not 
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not feem a very material difference, when it is remembered, 
that the inftant when any quantity attains either its greateft or 
its leaft {tate is not eafily afcertained with precifion. From the 
obfervations as detailed by M. Lamawon, the time of the mini- 

mum feems to anfwer fully as well to 5 as to 4; fo that the dif- 

ference of the refults is in every view inconfiderable, and their 

coincidence, on the whole, not a little fingular. The variations 

in Dr Batrour’s barometer between the neareft maximum and 

minimum, is {ometimes about ;',th of an inch, though in general 
confiderably lefs. 

In the abftra@t of Dr Batroyr’s obfervations referred to 

above, itis remarked, that it feems not improbable that thefe va- 

riations of the barometer are connected with the reciprocations of 

the fea and land winds during the day and night.. But whatever 

may have been formerly the probability of this fuppofition, it 

is entirely deftroyed by the obfervations pr the French navi- 
gators. Thefe obfervations were made too far out at fea to 

leave room for fuppofing that the land winds had any influence 

on the phenomena to which they refer. It is at the fame time 

doubtful, whether thofe phenomena can be afcribed to the atmo- 

fpherical tides produced by the fun and moon, as the ebbing and 

flowing of the mercury in the barometer appears to have no de- 

pendence on the pofition of thofe luminaries relatively to one 

another, but happens, it would feem, conftantly at the fame 

hour, in all afpeéts of the moon and all feafons of the year. The 

fabje@t is well deferving of a fuller inveftigation. We thould 
probably before now have had farther information refpecting 
it, if happily the able navigator above named, and his brave af- 

fociates, had been deftined to revifit their native fhores. The 

cruel fate of an expedition fo well planned, and fo well appoint- 
ed for the purpofes of fcience, will never ceafe to be matter of 

fincere regret. 

AN 

ae 

= 
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Aw Account! of'an Aurora Borealis, obferved in‘day-light at 
Aberfoyle in Perthfhire, on the roth February 1799, by Pa- 

tTriex Granam, D. D. minifter of Aberfoyle,, was communi- 

eated by the Reverend Dr FinLayson. : 
“ On the roth of February 1799, about half-an-hour paft 3 

o’clock P. M., the fun being then a full hour above the horizon, 

and fhining with an obfcure luftre through a leaden-coloured 
atmofphere, I obferved,” fays Dr Granam, “ the rare pheno- 
menon of an aurora borealis by day-light.§ The weather, for 

feveral days before, had been intenfely cold; and during the 

two preceding days, much {now had fallen. On this day a thaw 
had come on, and the temperature of the air was mild. The 

general afpect of the fky was ferene. Some dark clouds hung 

on the horizon between §. W. and W. I was intenfely obfer- 
ving a large halo about the fun, of about 20 degrees in femi- 

diameter : It exhibited the prifmatic colours, though obfcurely, 

except in one quarter, where it coincided with the fkirt of a dark 
cloud on the horizon, almoft dire&tly weft. In that portion of 
the halo, the colours of the iris were very diftinétly exhibited. 

Wuitst I was attending to this appearance, the whole vifible 

hemifphere of the heavens became covered with a light palith 
vapour, as I at firft imagined it to be. It was difpofed in lon- 

gitudinal ftreaks, extending from the weft, by the zenith, and 

all along the.fky towards the eaft. On examining this appear- 
ance more narrowly, I found it to be a true aurora borealis, 

with all the characters which diftinguifh that meteor when feen 
by night, excepting that it was now entirely pale and colourlefs. 
The ftream of electric matter iffued very perceptibly from the 
cloud in the weft, on the fkirts of which the halo exhibited the 

prifmatic colours; thence diffufing themfelves, the rays conver- 
ged towards the zenith, and diverged again towards every quarter 
of the horizon; and: the corrufcations were equally inftanta- 

neous, and as diftinélly perceptible as they are by night. 
Tuis 

1799- 
ov. 4. 

An aurora bo- 

Tealis cbferved 
by day-light. 



1800. 
Jan. 6. 

Phenomenon of 
two interfect- 
ing rainbows. 
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‘Tuts appearance continued for more than .20 minutes, when 

it gradually vanifhed, giving place to. thin fcattered vapours, 

which, towards fun-fet, began to overfpread the {ky. Through 

the enfuing night, I could not difcern the fmalleft trace of thefe 

meteors in the fky. 
Tuis appearance, I find, is not altogether new. In the dxaual 

Regifter for 1789, there is an account, extracted from the Philo- 

Jophical Tranfaétions, of an aurora borealis feen by day-light in 

Ireland, by Dr HENry Usner, who, confidering himfelf as the 

firft obferver of this phenomenon, requefts that any perfon to 
whom a fimilar appearance may occur would communicate his 

obfervations. There is indeed reafon to believe, that the phe- 

nomenon occurs not unfrequently ; but unlefs it is attended to 
very accurately, it will in general efcape obfervation; nor fhould 

I have at this time remarked it, had I not been engaged in ob- 
ferving the folar halo. . Whenever the fky, being for the moft 
part cloudlefs, is fuffufed with thin pale vapours, efpecially if 

difpofed in longitudinal ftreaks, obfervers fhould look out for 
this phenomenon,” 

AN account of two interfecting rainbows, feen at Dunglafs 

in Eaft Lothian in July laft, was communicated by Profeflor 
PLAYFAIR. 

‘* Av Dunglafs, where I happened to be in the beginning of 

July laft, our attention was called one evening, a little before 

funfet, to a very large and beautiful rainbow, formed on a 

cloud which hung over the fea, and from which a fhower was 

falling at a confiderable diftance to the S.E. The fun was about 
2 ° high, fo that the arch was not much lefs than a femicircle,, 

with its higheft point elevated about 40°. At the point where 
the northern extremity of this arch touched the horizon, ano- 
ther arch feemed alfo to fpring from the fea, diverging from 
the former at an angle of 3° or 4°, on the fide toward the fun. 

Tuls 
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““Tuts arch did Hot exceed’ 7° oF 8° in length';tit was’ of the 
“fame bréadth’ with the principal bow ; it had the colours in the 

fame order, and neatly of the fame brightnefs+-or, if any differ- 

ence was’ difcernible, it was, that the tranfition from one-co- 

lour to another ‘was’ fot’ ‘made with fo much oe in rei Taft 

mentioned tainbow a inthe former. | bas 
‘We recolleéted: that a phenomenon ‘fionilet to thig’ is defcri- 

bed in the Philofophical Tranfactions, as having been feen at 

Spithéad; and that it is aftribed by the gentleman who obferved 

it to the refleGion of the fuli’s rays from the furface of the fea,” 
fo'2 ag ‘to falPon ch e'cloud ‘where thé’ raitibow was formed) ©: This? 

hy /pothelis feemed: to! agt éé va ie: with ‘the ae ce now 
before us. ee AT Ne 

Bs a on accidental din bbs fae fo it may be called, was foil 

only. at the! extremity where: the’ principal arch'rofe from: the 
fea, and where," of confequence;: ‘the ' fun’s rays/refleéted. from: 

the furface- “of the- ‘water; at that. moment. very {mooth, might 
fall. on the. drops of rain. . The other parts of ‘the cloud could 

not receive rays fo reflected, as the land intervened, and there, 
accordingly,.n no seers of the, accidental rainbow was obfer- 
ved... 

hj sR ape ashe ay, 3 as was alas faid, on, the fide 
bees 7 6! 

prelled below. the horizony. as ‘the fun was at that Hem eleva- 

~ ted, above: i ite, ;The axis of the accidental rainbow mult there- 

fore have sft ig with the axis of the principal, an angle equal 

‘to twice the fun’s elevation, and its centre muft have been ‘cle- 
vated; by that fame quantity above the centre of the other, fo 

that if it had been complete, it would have been wholly between 
the principal rainbow and the fun. : . 

B THE 
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THE only circumftance in which the appearances did not per- 

fe@tly correfpond with this hypothefis, was, that the two rain- 
bows did not interfeét one another in the horizon, but rather a 

little above it. This, however, ought to have no great weight, 

as the reflected image of the fun cannot have prefented to the 

cloud a difk fo regular and well defined as the fun itfelf and 
the accidental rainbow muft have fomewhat participated of this 
indiftincinefs. 

Wuen phenomena of this kind occur, it would afford a fure 
means of trying the juftnefs of the explanation, if the in- 

clination of the two bows were obferved, and alfo the fun’s 

altitude at the fame time. Thefe two things are neceflarily 

connected ; for if we call I the angle of their interfection, E 
the elevation of the fun, and S the angle fubtended at the eye 
by the femidiameter of the rainbow, if complete, an angle which 

is conftantly the fame, and nearly equal to 42°, it is eafy to 

infer from fpherical trigonometry, that fin I= Ss 

ComPuTinG from this formula, the inclination of the two 

bows in the prefent inftance comes out nearly 5°; fomewhat 
greater than I was inclined to eftimate it by the eye. ; 

PuHenomMENa of this kind can but rarely occur, as the necef- 

fary conditions will not often come together. The principal 
rainbow mutt be over the fea; the fea itfelf muft extend fome- 

what on the fide toward the fun; it muft be fmooth and 

tranquil, and the fun fo low that the light refleted from the 
water may be confiderable. Were it ever to happen that the 
accidental bow was completely formed, the effect could not fail 

to be very ftriking. 

CHEMISTRY. 
- 
” 
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CHEMISTRY. 

Sin Georcr MAcKENzre, Bart. read’a paper containing an 
account of experiments which he had made on the Combuttion 
of the Diamond. 
Wuar follows is a fhort abftra& of this paper; the paper 

itfelf having been publifhed in Nichol/on's Fournal for July 1800. 

THE firft obje@ ‘of thefe experiments was'to afcertain the tém- 
peratiire at which the combuftion of the diamond takes: place. 
For this purpofe a diamond, together with a pyrometer of 
WEDGEWOoD, was placed on a piece of baked clay, and pufhed 
gradually into the muffle: when both were perfe@ly red through- 
out, ‘the pyrometer was withdrawn, and indicated 1 gp?) -fEihe 
diamond had acquired the dim milky appearance which is known 
to indicate an incipient combuftion. It was then replaced in the 
muffle, together with the pyromieter ; and the heat, being flowly 
increafed till a glow, indicating that the diamond was com- 
pletely on fire, appeared, was continued, as equal as poffible, till 
the diamond was totally confumed.)" ‘The pyrometer, when 
meafured, indicated 14°. In another experiment, the héat re- 
quired to produce the glow was 15°, and at this temperature 
the diamond was wholly confumed. 

SIMILAR experiments were repeated, with different diathonds, 
and with nearly the’ fanié refult, which fhews that the heat re- 
quited for their combuftion is much lefs than it has hitherto 
been fuppofed. 

GuyTon’s experiment of cofiverting iron into fteel by means 
of the diamond, was repeated in the following manner: Into a 
hollow cylinder of foft iron; clofed at one end, fome {mall dia- 
monds were put, and'a {topper of the’ fame iron *being: after- 
watds applied, the two Pieces were rivetted together at the top. 

B2 The 

18¢0. 
Feb. 3. 

On the com- 
buftion of the 
diamond, 
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The cylinder being then placed'in a Heflian crucible, and fur- 

rounded with a mixture of dry fand and clay, was: fubjected to 

the fire of a {mith’s ace for an hour. When taken out, the 

pyrometer indicated 151° ; the| upper part of the iron appeared 
to have been melted, and feveral’ bright, metallic globules were 

feen adhering to the compacted mafs of fand and clay next. the 

iron, The lower part of the cylinder retained its fhape, but 

was bliftered on the furface, except at. the bottom, which remain- 

ed fmooth. When the ends were polifhed and touched with 
diluted nitric acid, they exhibited. the {pot*characterittic of fteel, 

that on the end which had: been fufed. being, confiderably dark- 

er than the other. The part which had remained fmooth after 
being cut off, was heated red hot, and.plunged into cold water, 
when it became fo hard, that it received'no,.impreflion from a 

file. Several cavities) were found within. the, oplindey: but. the 
diamonds had. totally. difappeared., Fy 

Tue whole cylinder of foftyiron,was thus Balrueswcels into 
fteel; one end of it having. been melted,| was in.the ftate.of caft 
fteel ; the other end, having remained folids was ct the kind of 

fteel, produced by cementation...» » 

oA GENTLEMAN -of, the iGladedsonstuaGt, ech ain nm! 

time been Jed, by fome experiments, to doubt.of the; conclufive- 

nefs of thofe made by Guyton, ,and to fufped.,, that. the..dia- 

mond had contributed nothing,.to the. converfion jof, the; iron 

into fteel, Sir GeorGE MacKENZIE thought..it, neceflary to 

direct fome experiments to the folution, of this queftion:, sites lianas 

In: one-of thefe a piece! .of , foft iron, inal refpects fimilar, to 

that ufed in the laft experiment, was expofed to the fame, degree 

of heat as in ‘that experiment,.and ‘with. all. the. , circumftances 

alike, except that the diamonds were, wanting, fhe, refult was, 

that ithe/iron was not. altered, inj its, dhape;or qualities. It; had 

been a the; ah an hour, and the PYFOMSEK i mae 

gos@d? te t2ilt9g01 .borievin sisw es99iq ows od) . bs 21525. 

i ab’, 
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1§2°.. Hence it was natural to conclude, that the converfion 

into fteel in the former experiment, is folely to be attributed to 
the action of the diamond. It had been fuggefted by the gen- 

tleman above alluded to, that when foft iron is expofed to a high 

temperature, carbon diflolved in caloric penetrates the crucibles, 

and converts the iron into fteel. To bring this hypothefis to 

the teit of experience, it was thought proper to: expofe.the foft 
~ iron toa {trong heat in an apparatus which muft exclude. all 

carbonaceous matter, except fuch as was fo diflolved. The fub- 

ftance. which, by. being imterpofed between. the iron, and the 
crucibles, feemed to be moft likely to an{wer this purpofe, was 
the white felfpar or adularia; Dr KENNEDY, in an analyfis of 

this fubftance, having found that it began to be vitrified ina 

heat of 90°, fo that there was reafon.to think, that. before the 
heat. was intenfe enough to melt.the iron, the iron would be | 

furrounded. by; a maf{s. free from carbonaceous. matter, and im-- 
pervious alfo to. carbon coming from without... 

Into.a {mall crucible, made of the porcelain clay. of Corn- 
wall, was. put fome.felfpar in fine powder, and upon. this.a 

{mall cylinder c of- foft 4 iron, after which the crucible was filled 
with the, , fel{par,. which , therefore, furrounded the iron..on all 
fides: [Fhe crucible was then: placed + in.an air furnace, in which 

the heat was gradually 1 raifed. for an hour, and continued for 
another. hour, at. its, highett pitch, after which, the crucible was 

withdrawn. The. heat marked by. the pyrometer was 152°. 
‘Theron, retained, its fhape and. all. its properties unchanged, 
The felfpar was, reduced 1 to.a. glafs,. tran{parent and. colourlefs, 
except, that. it; had received. sa: iBseon Fings where it was in 
conta&, with: the i POD een: onwle: 

SeVERAL other experiments were nde nach the asl view 

as this; laft,,but avith the circumftances varied as much as poili- 

ble, and in all the refult was the fame; thatis, the iron, without 

othe;prefence of the ¢ diamond, . was, never, copvented:i ‘into tteel ; + fo 
2 

ce WT 30 $Byx hue °¢ 3 that 
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that there appears no reafon to fuppofe that foft iron can be 
converted into fteel by carbon penetrating from the fuel through 

the crucibles. s 
Str Grorce Mackenzie concludes his account of thefe ve- 

ry interefting experiments with the defcription of one which 

appears to be entirely new, and tends ftill farther to prove the 
identity of carbon and diamond. 
Havinc prepared fome pure oxide of iron from a folution 

of the fulphate, by precipitation with cauftic ammonia, he mixed 
a fmall quantity of it with one-fourth of its weight of diamond 

powder, prepared in the following manner. 

Tue diamond, being reduced to powder in a fteel mortar, 
was boiled in muriatic acid, to diffolve the iron which might 
have been abraded from it. After proper edulcoration, it was 
heated in a mufHe, to burn off the carbon of the fteel, which 

remained after treatment with the acid, and which rendered the 

powder of a grey colour. He obferved the coaly matter take 
fire at the edge of the heap of powder next the ftrongeft heat, 
and gradually fpread itfelf, till at laft. the whole appeared as if 
burning. The glow through the powder ceafed foon after, and 
on removing it, he found it perfe€tly clean and white. From 
the diminution of the original weight of the diamond, he found 

that a part of it had alfo been confumed. 
THE mixture of oxide and diamond powder thus prepared 

was put into a Cornifh-clay crucible, and expofed to a pretty 

ftrong heat for half an hour, after which the oxide was found 
to be reduced into a metallic button of caft-iron *. 
ANOTHER portion of the oxide of iron, ufed in this experi- 

ment, was not reduced, when placed in the fame circumftances, 

without the diamond. 
MINERALOGY. 

* In the courfe of this experiment it was afcertained, that the fufing point of 
iron is between 153° and 158° of WEDGWooD’s pyrometer. 

: 
: 
: 
| 
| 
. 
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MINERALOGY. . 

THE Reverend Dr Wittr1am Ricuarpson, late F. T. C. D., 

having fent to Dr Hore a collection of {pecimens from the north- 

ern coatt of Antrim, with a catalogue, and obfervations, the {pe- 

cimens were exhibited, and the obfervations were read in the 

Royal Society, March 1803. 

SILICEOUS BASALT. 

Dr Ricuarpson difcovered the foflil to which he gives this 
name in the peninfula of Portrufh, four or five years ago. It 
abounds alfo in the Skerry iflands, a reef of rocky iflots extend- 

ing from the northern point of Portrufh-head for about a 
mile eaftward. A {mall part of every one of thofe iflots is form- 
ed of this ftone, while the remainder confifts of coarfe bafalt, 

fimilar in all refpedts to that on the eaft fide of the above-men- 
tioned peninfula. It is met with in one or two other places. 

Tuis {tone is arranged in ftrata, from ten to twenty inches 

thick, all fteadily parallel to one another, and every ftratum, as 

far as can be obferved, preferving an uniform thicknefs through 

its whole extent.. When thefe ftrata are quarried into, they ap- 

pear to be conftruted of large prifms, generally pentagonal, 
which when broken divide into fmaller prifms. This internal 

prifmatic conftruction frequently gives an irregular or fhivery 
‘appearance to the fracture, which however is often conchoidal, 

and the grain as uniform as in the Giant’s Caufeway bafaltes. 
Tue beds of thts foflil are remarkable for containing marine 

“* exuviz in great abundance, particularly impreflions of cornua 
ammonis. The flat fhells and impreflions contained in thefe 

ftones are fteadily parallel to each other, and perpendicular to 

the axis of the prifms. It muft be obferved, that the prifmatic 
conftruétion is never interrupted by the fhells difperfed through 

VoL. V.—P. II. C it ; 

1803. 
March 7%. 

Remarks on the 
bafaltes of the 
Coat of As. 
trim. 
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it; the planes which feparate the prifms pafling equally through 
the fhells and the ftone itfelf. 

Tue grain of this ftone paffes by infenfible fhades from a 

high degree of finenefs, until it become undiftinguifhable from 
that of the common columnar bafaltes. ; 

Tue name of Siliceous Bafalt, which Dr R1cHARDSON employs, 
was firft given to this foflil by Mr Picrer of Geneva, when he 
vifited Portrush, in a tour through Ireland two years ago. He 

confidered it as a variety of bafalt, containing a greater propor- 
tion of /ilica than ufual. 

Tue ftrata of filiceous bafalt, both at Portrufh and the Skerry 

iflands, generally alternate with ftrata of equal thicknefs of a 
coarfe-grained bafalt of a grey colour. The materials of the 
ftrata grow into each other, fo as to form one folid mafs, from 
which it is eafy to quarry pieces in the confine of the two ftra- 

ta, with a part of each adhering ; but the coarfe bafalt, as it ap- 
proaches very near to the fine, always abates-fomewhat of its 
coarfenefs ; yet the line of demarcation is left completely dif- 

_ tind. . 

Tue peninfula of Portrufh lies about fix miles to the weft of 
the Giant’s Caufeway, and on its eaftern furface alone prefents 

thefe ftrata. 
In the fpace of about 700 yards, it exhibits in miniature thofe 

changes and interruptions of the ftrata, which occur on the large 

{cale along the northern bafaltic coaft of Ireland, At the place 
where it emerges from the ftrand, there firft occurs a mafs com- 
pofed of ftrata of the coarfe and filiceous bafalt, placed over 

each other alternately; this is fucceeded by an accumulation 
of regular {trata of the coarfe bafalt alone... A fecond alterna- 
tion, and a fecond accumulation of the coarfe-grained ftrata, 

come in order, and extend to the well called Tubber Wherry. 
Here commences an accumulation of many {trata of the filiceous 

‘bafalt alone, which ftretches along the fhore for about 100 

yards, and then changes into a third alternation, which conti- 
nues 
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neus to the little boat-harbour, called Port-in-too, near which 

the filiceous bafalt difappears. Over this ftretch, notwithftand- 

ing the frequent change in the arrangement of the ftrata, the 

thicknefs of each ftratum, of both fpecies, remains pretty nearly 

the fame, and the pofition of them all fteadily fo, viz. with a con- 
fiderable dip to E. N. E. ‘ 

THE weft fide of the peninfula, though only about 400 yards 

diftant, confifts entirely of coarfe bafalt. It fhows a bolder face, 

and is formed of rude maflive pillars from 60 to 80 feet long. 

“T am aware,” fays Dr Ricuarpson, “ that feveral mineralo- 

gifts deny the fhell-bearing ftone to be bafalt, while others con- 
tend ftrenuoufly that it is. I will not venture to decide on the 

queftion, but muft remark, that I have never met with it but con- 
tiguous to bafalt, and fo folidly united to this laft, that the con- 
tinuity of the whole mafs was uninterrupted. The grain of the 

{tone graduates, as has been already remarked, into that of the 

common bafaltes; and the arrangement of it, and that of the ba- 

falt, with which it is fo much mixed at Portrufh and the Skerry 
iflands, is exactly the fame ; the ftrata of each fearcely differing 

in thicknefs, and not at all in inclination. The ftrata of both 

kinds break into prifms, and the furfaces, where acceflible, ex- 

hibit the appearance of caufeways, differing only in this, that in 
the filiceous bafalt, the pentagon is the prevalent figure, and in 

the coarfe bafalt, the quadrangle. The fufibility of both ftones 
is alfo nearly the fame; the fhells in the filiceous bafalt are cal-~ 

cined in the fire, and many more are then difcovered which had 
before efcaped the eye *.” : 

G2 WHINSTONE 

'* Dr Ricuarpson obferves, that fome mineralogifts deny that this foffil is ba- 

falt. Several of the members prefent when this paper was read, fome of whom 
had examined the ftone in its native place, were of that number. It was remark- 
ed, that though certain portions of the ftrata of this foflil bore much refemblance 
to fome fpecies of bafalt, by far the greater part of the mafs bore no refemblance 
whatever to any. I 

Ir was alfo flated, that the fubftance of the coarfe-grained, undifputed bafalt, 
which iies between the ftrata of this ftone, does not contain any veftiges of marine 

p animals ; 
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WHINSTONE DIKES ON THE COAST OF ANTRIM, 

Dr RicHARbson defcribes fome particulars in the conftruc- 

tion of the whinftone dikes on the coaft of Antrim, which ap- 
pear fingular, and deferving of attention. Thefe dikes, he 
fays, are uniformly formed of large maflive prifms laid hori- 

zontally, which are always divifible into fmaller prifms that are 

likewife horizontal. ‘To prevent confufion, he calls the firft of 

‘thefe component prifms, and the fecond, or fmaller ones into which. 
the others break, con/fituent prifms. 

THE component prifms are fometimes of enormous fize, and 

in the fame dike are nearly equal; the conftituent prifms are - 

f{mall, (the fides about an inch long), and neatly formed. 
Tue dike which traverfes the Giant’s Caufeway, differs from 

thofe on other parts of the coaft, by having no component 

prifms. It refembles a plain wall, of which the parts fhiver 

under the hammer into very neat conftituent prifms. In the 

dike at Seaport the fame thing is obferved ; the prifmatic ftruc- 
ture does not penetrate two inches from its edge; the whole 

interior feems an amorphous mafs. 

Tue f{pecimens of this latter dike, fent to Dr Hore, exhibit its 

continuity with the adjacent bafaltic rock which it traverfes, and 
alfo the continuity of the fine bafalt of its edge with the granular 

ftone which compofes the middle of the dike. 

Tue dike of Port-coan is a very folid mafs, compofed of 

ftones apparently round, and imbedded in a bafaltic pafte, or 

indurated mortar. The round ftones are formed of concentric: 
{pheres, 

animals: That, veins often iffue from the beds of this real, bafalt, and pervade 

the {uppofed filiceous fpecies; fome of them conneéting together the feparate. 

beds of the real bafalt; others dying away in flender ramifications, as they rife 

through the interpofed ftratum. In no inftance is this reverfed: “Fhe veins never 

proceed from what is called the Siliceous Bafalt. It was farther obferved, that 

both the fraéture and external furface of this ftone exhibit q ftratified {tructure, in. 

many inftances, which never happens in the true bafaltes. 
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fpheres, like the coats of an onion; they exceed a footin dia- 
meter, and, together with the mortar by which they are united, 
they form a very compact and highly indurated rock. 

BesipeEs thefe large dikes, Dr RICHARDSON remarks, that 

veins from half an inch to-an inch and a half thick, often cut 

the bafaltic ftrata on that coaft in all direCtions. The materials 

of thefe veins are never the fame with the contiguous bafalt, 

but are generally finer. At Portrufh is a large vein, and near 
it a {maller vein, not an inch thick, which, proceeding from be- 
low, terminates in the folid rock before it reaches the furface.. 

MISCELLANEOUS OBSERVATIONS, 

Some of the fpecimens in Dr RicuArDson’s catalogue are 
from a quarry in a mais of bafalt at Ballylugan, two miles fouth. 

of Portrufh. This bafalt contains fmall cavities in its interior ;. 

many of them full of frefh water, which gufhes out when the 

ftone is broken by the hammer, as if it had been in a ftate 

of compreflion, The ftone is fo hard, and flies fo in pieces, 
that Dr Ricuarpson has not been able to colle& any of the 
water for the purpofe of analyfis. 
Tue face of the quarry in which this variety of the bafalt is. 

found is about 15 feet high, and is cut into a ftratum, the 

thicknefs of which is not yet afcertained. The rock is entirely 

columnar, the pillars fomewhat fmaller than thofe of the 

Giant’s _Caufeway, lefs perfect, not articulated, fometimes 

bent, and varioufly inclined. The fides and the interior of 
the pillars are full of cavities. In confequence of the obfervations 
of Dr HAmItTon and Mr Wuireuurst refpecting the porous 

texture of the air or bladder holes of the bafaltes of the Caufe- 
way and its vicinity, Dr Rr1cHARDSON has examined a great va-. 

riety ; butin noinftance, except this of Ballylugan, has he found 
cavities, 
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cavities in the interior of the bafaltic rocks on this coaft, though 
' they are frequent on the furface expofed to the air. 

THE laft variety of whinftone enumerated by Dr RicHarp- 
son is the Ochrous, which makes, as he fays, a confpicuous figure 
in the ftupendous precipices along the coaft of Antrim. It is dif- 

pofed in extenfive ftrata of every thicknefs, from an inch to 
twenty-four feet, and varies in colour, from a bright minium 
to a dull ferruginous brown. 

THREE remarks are made by Dr RicHarpson, that are un- 

doubtedly of importance, and fhow that this ftone is merely 

bafalt in a certain ftate of decompofition. 
1. THE ochrous ftrata are extenfive ; they remain always pa- 

rallel to the bafalt ftrata which they feparate; they unite to the 

- bafalt without interrupting its folidity; the change from the 
one to the other is fudden, and the lines of demarkation are di- 

ftiné. The ochrous ftone is never found but contiguous to 

other bafalt. 

2. THE fubftances imbedded in the ochrous rock, and in ba~ 

falts, are exactly the fame ; calcareous {par, zeolite, chalcedony, 
&c. 

3. Amon the varieties which this rock prefents, there may 
be found every intermediate ftage between found bafalt and 
perfect ochre. The change is often partial, beginning with 
veins and flender ramifications. : 

ALGEBRA. 

Rute for reducing to a Continued Fraétion the Square Root of 
any given Integer Number, not a Square. By James Ivory, 

Efg. Communicated roth January 18o1. 

1. Ler N be the given integer number, and take # the root of 

the fquare next lefs than N; and, for the fake of uniformity, 

pnt P* S17, Roo, pon, 
2. TAKE 

NS ee ee ee ee 

re 
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2. TAKE P’= N —7’ for a divifor, and 27 —R° = 2” for a 
dividend. Let the quotient be yw’, and remainder R’. 

3. TAKE P’=P°—(R°—R’) py’, for a divifor, and 22—R’ for 

a dividend. Let the quotient be »” and the remainder R’. 

4. TAKE P” = P’—(R’—R’) Xp’ for a divifor, and 2n—R* 

for a dividend.. Let the quotient be »”, and the remain- 

der R”. 
5. THEsE operations may be continued without end; 

the divifor P? being found from the formula P? = 

Pe—? __ (RP—? — RP") X wf —*: the correfponding dividend 

being 27 ——R?’—* ; and the quotient of the divifion being 
denoted by yw’, and the remainder by R’. But it will only be 
neceflary to continue thefe operations till we arrive at a value 
Pe = P° =1, which will always neceflarily be the cafe. After 

this, the feries of numbers, p’t’, /t?, uf t3, will neceflarily be 

the fame as the numbers »’; 2%, @”, &e.; pf continually re- 

peated in their order. 
Tue rule may be fhortly expreffed in algebraic language, 

~ thus: 
DP aces BEATE ee > 

P =N—2’; © an—R°=22=P'Xv+R3 

PY = 1—p (R°—R’)=14+ 2 R35 an—R' =P’ Xp +R’; 

Pp” = P — p"(R’— R’); an—R’=P"X w" +R"; 

Py = P’ —p” (R’—R"); 2n—R” = P*X pw" +R". 

and fo on. 
Havine thus found the numbers, », yw’, »’, w, we fhall have: 

the continued fraction fought, ~ 

ee I 

Pues &e. 
I 
we 

And the fraétion may be continued indefinitely, by repeating 

the denominators pv’, w’,... ’, continually in their order. 
EXAMPLE 



£2 HISTORY of the SOGIETY. 

ExamPLe I. To reduce the fquare root of 13 to a continued 
fraction. 

THE operation will be as under: 
No 233 a0 35 12a 

; = oes, 

PS Tyg eG A it BP Soe 1 Ro aot 
4 

PaiteR =1te=3; starts; aie Qupeise Le ne 

6—R’ ne ro 

oe). 

— 
Raby | am 

6 

4 

P"=4—1X (2—1) =33.— a Pl Bs te ae Vy Re ie 

S148; Pemgy w=1,R°= Pr= 3—1 X (1—2)=4; 

=6+2; ge Sal,” 16, RI= ©. 

Here I ftop, becaufe, Py = P°= 1; and I conclude that the frac- 

tion fought is formed by the numbers, 2’, 2”, 2", we, w; that 

is, by the numbers 1, 1, 1, 1, 6; continually repeated in their or- 

der. Thus, 

P= 3—1.X(2—0)=13; —- = 

ExAMPLE II. To reduce /61 to a continued fraction : 

N=61,2=7, 2%#= 14. 

; Pe ST, gaye sis 

14—R° 14 a) 

PY = 61 —49=123 See ee ee ae ae Re 

P=1+-1X2>3;3 Feuae hes P42 = 4, Ree 

p12 —4x(2—-o) 4s BP SBa3t5s Ph San" 3,R Se 
14—2 

BP ieee 93 met ay 4h, PY= 9, p= 1, RY = 3. 
Pp’ 
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PY =4—1X(2—3)=5; aoe eee hi PY = 5, wY =2, RY =1. 

aoe et) ae ee ee prt = "5, wt — 2, R™ = 3. 

Pu=5—2X (1—3)=9; Sp atts bites eh rene = 2. 

eet 1X (3—2)=4; wi bi par bake P™=4,n™= 3,R™= 0. 

f= 9— 4X (2-0) = 13"; Mao 4, Pa i ee ae = 2. 

Ee =4—4X(o—2)=12; 4 = 145; BES FAROE — 0. 

P™ = 3—1X(2—0) = 1; SP a 4aigts; Par pt = 14, RY =o 

Here I ftop, becaufe P**'= P° =1. And the feries of num- 
bers fought is, 1, 4, 3, T, 2, 4, 15 3) 4, I, 14+ 

On turning to page 378 of the Englifh edition of EuLEr’s 
Algebra, it will be found that the table there given confifts of 

the two feries of numbers, P°, P’, P’, &c. and p, pw’, w’, wl", bcc. 

Tus rule is the more worthy of notice, that it proceeds 

by certain definite arithmetical operations: whereas the me- 
thod of M. DE La GRANGE determines the numbers, p, »’, 2’; 
&c. by appreciating the value of certain expreffions to the near- 
eft unit, or by a procefs that is in fome meafure tentative, and 

therefore not ftrictly analytical. 

. SURGERY. 

Mr Russet read an account of a fingular variety of Hernia 1803. 
: 4 5 ; - enw Mar. 7. 

which occurred to him while he was delivering clinical leCtures A fingular 
variety of her- 

in conjunction with Dr Brown and Mr Toomson, Mr TuHome iia. 
son diffected the parts with great care and accuracy, and difco- 

vered certain. peculiarities, which makes the knowledge of this 

Vout, V.—P. IIL. D ; variety 
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variety a real addition to the pathology of the difeafe. It is a 
modification of Inguinal Hernia. But as the circumftances 
of difference are conftant and effential, it may fairly be regard- 

ed as a diftinét fpecies. In the commion cafes of inguinal her- 

nia, the vifcera which are-to form the protrufion enter the up- - 
per and internal orifice of the abdominal ring, along with the 

_ {permatic cord, accompany the cord through the whole length 
of the paflage, and come out along with it at the inferior and 
external orifice of the ring. Thus the hernia is formed by the 
dilatation of a natural paflage. But in this new and hitherto 
undefcribed variety, the vifcera burft through the common pa- 

rietes of the abdomen, exactly oppofite to the lower and external — 
orifice of the ring, where they come into contact with the fper- 

matic cord, and defcend along with it direétly into the fcrotum, 
This hernia, therefore, refembles a ventral hernia in its com- 

“mencement, by beginning to protrude where there is no natural 
opening ; and it refembles an inguinal hernia, by pafling through 
the lower and external orifice of the abdominal ring, where the 

protrufion of the common inguinal hernia is completed. Thus 
it is a hernia of a mixed nature, forming an intermediate f{pecies 
between a fimple and pure ventral hernia, and the common and 
perfect inguinal hernia. . 
ANOTHER effential circumftance refpects the pofition of the 

hernia with regard to the courfe of the epigaftric artery. In 

ordinary cafes of inguinal hernia, the epigaftric artery runs on 

the infide of the hernia, but in this variety it conftantly runs on 
the outfide. This leads to fome important confiderations in 
practice, though Mr Russex did not enter fully into the appli- 

cations of the peculiarities, either to practical points, or to the 

explanation of various curious circumftances in the hiftory of 

hernial {wellings. 

ANTIQUITIES. 
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ANTIQUITIES. 

Tue following letter from the Abbé Mann was read 18th 
June 1799. 

To the Prefident and Members of the Royal Society of Edinburgh. 

Tue following few notes, concerning the Chartreu/e of Perth, 

of no merit but as they regard an exiguous part of the Scotifh 
hiftory, were made in the Auftrian Netherlands, from original 

manufcripts now {wallowed up by the revolution of thofe coun- 

tries, and for ever loft. That thefe fhort extracts may not like- 
wife fall into oblivion in a foreign country, they are offered, 

with great refpect, to the learned Royal Society of Scotland, by 
their moft obedient humble fervant, 

T. A. MANN, F.R. & A.S. of London. 
Prague in Bohemia, May 1.1798. 

-Extracta MANuscRIPTORUM de Carthufia Vallis Virtutum, in 
Suburbano Pérthano, 

« ANNO 1430, JAcoBusI. Scotiz Rex, fundavit Domum Vir- 

tutum in fuburbano Perthano. OswaLp pg CorpDE primus 
Prior *.” 

Tue Scots hiftorians fay that King James I. of Scotland 
founded with great coft and magnificence the Carthufian mona- 
ftery near Perth, and endowed it with large revenues; and alfo, 
that he was buried in the church thereof t. 

D2 “ OswaLDus 

* Ex Collectaneis Manufcriptis PetR1 DE WALE, vol. i. p. 9. penes Carth. Bruxel- 
lenfem. ; 

+ So Bucnannan. Stewart’s Short Hiftorical and Genealogical Account, 

p. 64. 65. Scottifh Compend. p. 18. 

1799. 
June 18. 

Concerning the 
Chartreule of 
Perth. 
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“ Oswatpus DE CorDA, primus Prior in Scotia, fuit impri- 
mis Carthufiz majoris Vicarius; fubindé Domis Virtutum in 

Scotia, Prior primus effeétus. Fuit acer ingenio, doctrina pre- 
clarus, vita fanétimonia eximius. Inter alia» multa, condidit 

pro correétura, librorumque Ordinis Carthufiani corre¢toribus, 

opus imprimis utile, multisque acceptum, et junioribus mona- 

chis perneceflarium ; utpote quod in lecturis fuis eos probé 

dirigere queat. Poftquam autem diutinos in fufcepto regimine 

fufcepiflet labores, tandem coram pofitis fratribus ac orantibus, 

diem claufit extremum, anno Chrifti tricefimo quarto poft mille 

quadringentos.” 2 

“ Opirt D. OswaLDus primus Prior Domts Vallis Virtutum’ 

in Scotia, profeffus domtis Hortus Chrifti, deinde vicatius Ma- 

joris Carthufiz *.” 

OrpDINATIO CAaPITuLI GENERALIS, ANNI M,CCCC,II. 

“ Domus Vallis Virtutum in Scotia, ad inftantiam Vicarii et 

Conventtis, eximitur a provincia Picardiz remotioris, et provin- 

cia Gebennenfi incorporatur, et fub {peciali cura Reverendi Pa- 

tris (Generalis) ponitur .” 7 

From this time (1442) the Chartreufe of the Vale of Virtues 

near Perth, was annumerated in the province of the Grande 

Chartreufe, or of Geneva, as it was anciently called, after ha- 

ving been annexed for twelve years to the province of the Low 
Countries. mt 

1442. “ Mortruo Adamo Priore, preficitur in priorem domiis. 
Vallis Virtutum, a capitulo generali, Dom. LAvURENTIUS HEN- 

TON, profeflus dictz domis, non obftante quéd predictus in or- 

dine Ciftercienfi fuit profeffus, fuper quo cum illo difpenfatur f.” 

, 14893. 

* Ex Chartis Capituli Generalis Ordinis Carthuf., anni 1435. 
+ Ex Charta « apituli Generalis, anni 1442. 

t+ Ibid, Ex Chartis Capituli Gen. Ord. Cart. 1489.. 
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» 1489. “ Ostir D. Ricu, GaERGEN, monachus profeffus do- 
mis Axholme, Prior Domfis Vallis Virtutum in Scotia.” 

1502. D. Ros, BELLINTON, profeffus Dom's Vallis Virtutum 

in Scotia, et fingularis benefactor ejus, obiit 21, Septembris. 
Alias fuit abbas Sancte Crucis, ordinis Sancti AuGUSTINI.” 

1518. ‘Ost Ros. Danson, profeflus Domtis Mount-grace ; 
alias procurator Vallis Virtutum in Scotia. 

1525. * Opirr Rotanp Brown, diaconus profeflus Domiis 
Scotiz.” 

Axour this: time, ADAM, natural fon of King James V. of 

Scotland, by ExizasEtu, daughter of Joun, Earl of Lennox, 
was Prior of the Charter-houfe at Perth * 

In the year 1559, after the preaching of Joun Knox, fays 

Speep +, the Charter-houfe at Perth, which was ‘the faireft ab- 
bey in the realm of Scotland, was deftroyed. 

1561. “ Ultimus Prior Domiis Virtutum fuit D. ADAM For- 
MAN, qui clm anno 1561, effet procurator Domias Belnz, miflus 

fuit cum Patribus GuiL. Rupre, procuratore domtis Aurai, et 

ApamoDesspEs, priore Domus Rofz, a Capitulo Generali ordinis, 

ad vifitandum/defolatam et deftructam Domum Vallis Virtutum 
in Scotia ; Priorque factus aliquandiu latitans, domitis. negotia 

prout poterat adminiftrabat, ufque ad annum 1562 {.” 
1567. “Ostir D. Joannes Spey, procurator Domtis Sco- 

ie | 
1590. * Ost D. Guin. CraPen, ultimus profeflus Domis. 

Valkis Virtutum in Scotia, hofpes in domo. Vallis profundi ||.” 
1593, * Ositr Reverendiflimus. in Chrifto Pater D. Guitt.. 

CuERsoLME, Dumblanenfis §, profeffus majoris Carthufiz (propé 

Gratianopolim),. - 
yy: 

* Stewart's Hiftorical and Genealogical Account; P- 99 

t Speed’s Hiftory of England, p. 1137. 

aN Ex ColleGtaniis Petri de Wale, MSS. penes Carthufiam Broxellenfem; vol. ti3- 

p- 185. ; 

|| Ex Chartis Capituli ear Ord. Carthufienfis;. 

§, Ex Colleétaneis ejufd. de Wale, vol. ili. p. 24.- 
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Gratianopolim), Prior Carthufiz Rome, et procurator generalis 

ordinis ; alias Prior Sanéti Spiritis Lugduni, ante ordinis in- 

greflum Baro. Sub Scotix defeCtionem, Romam fe conferens, 

atque epifcopali dignitate fe abdicari, impetrato 4 Summo Pon- 

tifice (qui eum ad altiorem: gradum promovere ftudebat) con- 

fenfu, ad Majorem Carthufiam contendit, in qua monachus pro- 

feflus ad annos aliquot quam humillimé vixit, conferens fubin- 

de ordines facros fuis confratribus. Miffus quoque fuit Lega- 
tus ad JAcosumM, Scotiz regem, quem ex facro fonte olim fufce- 

perat, {cribitur rem prudenter fecifle. Fuit aliquand6 Epifcopus 
Vaflionenfis. 

N. B. The above particulars are all that I have found con- 

cerning the Carthufian Order in Scotland. There appears no- 
where the leaft trace or mention of any other Chartreufe having 
ever exifted in that kingdom, befides the above Vale of Virtues 
near Perth. 

To the above information by the Abbé Mann, a com- 
munication from the Reverend JAmEs Scott, one of the mi- 
nifters of Perth, and a learned Scotifh antiquary, enables us 
to add, that the Chartreufe of Perth was a. very confiderable 
edifice, copied from the Grande Chartreufe in Dauphiny, though 
on a {maller f{cale, and fituated at the weft end of the town, on 

the fpot where the King’s Hofpital now ftands. It therefore 
occupied a beautiful fituation, and one not unworthy of a colo- 
ny from the faireft feat of monaftic retirement. No veftiges of 
the building now remain. 

Tue letter of the Prior of the Grande Chartreufe is ftill extant, 

addreffled to JAmes I. of Scotland, authorifing the erection of 

this religious eftablifhment, and dire¢ting that the prior of the 
Carthufian Monaftery of the Mount of Grace at Ingleby in York- 

fhire, 
' 
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fhire, fhould fend two of his monks to fuperintend the conftruc- 
tion of the building. This letter is dated in 1426. The demo- 
lition of the religious houfes at Perth began in 1559. ADam 
Forman, the laft prior, and fome other of the monks who did 
not adopt the reformed religion, retired to Errol, not far diftant, 
where they poflefled a confiderable property. ‘This was proba- 
bly after the date of 1562, mentioned above. 

——— =o 

Accounr of the term Skuxt or SKOLI as ufed in old Writings, 
being an Article in: the Etymological Dictionary. of the Scat= 
ifh Language, propofed to be publifhed by the Reverend Joun Jamrzson, D.D. Read April 1803. 

_TuE work, of which this communication is to make a party. 

Explanation of 
the old word 
Skull or JRoll, 

is intended to illuftrate the affinity of the language {po- : | 
ken in the low country of: Scotland, with the Saxon, the 
Iflandic, and other dialeéts of the Gothic. The import- 
ance of this undertaking cannot be queftioned. Etymology is often the only light by which we can trace the migrations of 
the early inhabitants of countries, and, in the prefent inftance, may afford the explanation of a leading fact in the hiftory of this ifland, viz. the eftablifhment of the language in queftion over all the low part of Scotland, from a period of very remote antiquity, while the Gaelic was the language of the mountain- ous part. The following is an extraé from Dr JAMI£son’s 
paper. 

Skut,, 
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“ SxuL, SKULL, SkOLL. 1. Agoblet or large bowl, for con- 
taining liquor of any kind. 

The Troiane women ftude with hare doun {chaik 
About the bere, weping with mony allake:_ 

And on we keft of warme milk mony a /kul, 
And of the blude of facrifice coupis ful : 
The faule we bery in fepulture on this wyfe, 
The lattir halefing fyne loud {choutit thrys. 

Doucet. Virg. 69. 1. 20. 

As coupis correfponds to pateras in the original, /ku/ is ufed for 

cymbia, which Douvcuas elfewhere renders in this manner ; 

Tua filver coppis {chapin like ane bote. 
Ibid. 136. l. 35. 

We are not, however, hence to conclude, that the word /tw// ne- 

ceflarily denoted a veflel of this form ; for he elfewhere ufes it, 

conjoined with flagon, in rendering crateras : 

For ioy thay pingil than for till renew 

Thare bankettis with al obferuance dew ; 

And for thir tithingis, in fakoun and in /kull, 

Thay fkynk the wyne, and wauchtis cowpis full. 

Ibid. 210. 1. 5. 

2. Tue term has been metonymically ufed to denote the falu- 

tation of one who is prefent, or the refpect paid to an abfent 

perfon, by exprefling a wifh for his health ; while he who does 

fo at the fame time partakes of the drink that is ufed by the 

company, in token of his cordiality. This is what is now called 

« drinking one’s health.” In this fenfe it occurs in the account 

of Gowrie’s: confpiracy, publifhed by royal authority. “ The 
kinge 
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king called for drinke, and in a merry and homely manner fayde 
to the Earle, that although the Earle had feen the fafhion of en- 
tertaynements in other countries, yet hee would teach him the 
Scottifh fafhion, feeing he was a Scottifh man; and therefore, 

fince he had forgotten to drinke to his Majeftie, or fit with his 
guefts and. entertayne them, his Majeftie would drinke to him 

his owne welcome, defiring hime to take it forth and drink to 

the reft of the company, and in his Majeities name to make 
them welcome.” — 

“ When they had near-hand dined, the Earl of Gowr1E came 

from his Majefties chamber, to drink his /co/l to my Lord Duke 
and the reft of the company, which he did. And immediately 

after the /coll had paffed about, this deponent raife from the ta- 
ble, to have waited upon his Majefty, conform to his former 
direction,” &c. p..196. 227. Perth edit. 1774. In Cromarty’s 
edition there is the following note, “ Sco//, the word ufed then 
for drinking a health.” The paflage itfelf is alfo differently 

expreffed in this edition. ‘“ The Earl of Gowrie came from his 
-Majefty’s chamber ¢o the hall, and called for wine, and faid that 

he was direéted from his Majefty’s chamber to drink his /coll to my 
Lord Duke,” &c. Hiftorical Account, p. 40. 

As it is faid, that “ Gowr1E came from his Majefties chamber 

to drink his fcoll to my Lord Duke,” it has been fuppofed that 
‘the king defired. them to drink his health in his abfence. Butin 
what way foever the paflage be read, it does not appear that this 
is the meaning. The relative 47s, might be underftood in refe- 
rence to GowriE himfelf; as intimating that the king defired 
the Earl to go and welcome the company to his houfe, by drink- 
ing to them. But although it be viewed as referring to JAMEs, 
as it is immediately connected with thefe words, “ came from 

b. his Majefties chamber,” it will not follow, that it was the king’s 

defire that his own health fhould be drunk. From what he had 
préevioufly faid to Gowriz with refpect to his omiflion, it is evi- 

Vou. V.—P, II. - E dent 
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dent that this is not the fenfe of the language. He, in a.jocu~ 
lar way, reprehended the Earl for not drinking to him; “ defi- 
ring him to take it forth,’(that is, the drink formerly mention~- 
ed) and drink fo the reft of the company.” Therefore, even 

admitting that the expreffion dis /coll means the king’s {coll, we 

cannot with propriety fuppofe that any thing more is meant, 

than that Gowr1£ went to the antichamber, to convey to the no- 
blemen and gentlemen who were there, his Majefty’s faluta- 
tion ; or, as expreffed in the narrative, “ to drink to the reft of 

the company, and in his Majefty’s name” to give them that 
welcome, which he had neglected to give them in his own. 

Tuus it appears, that the term, primarily denoting a veflel for 

containing liquor, was, in confequence of the cuftoms connect. 
ed with drinking, at length ufed to fignify the mutual expref- 

fions of regard employed by thofe engaged in compotation, or 

their united wifhes for the health and profperity of one indivi- 

dual, diftinguifhed in rank, or peculiarly endeared to them all, 
whether he were prefent or abfent. 

I HAVE met with one paflage in which that expreffion, ie hing? s 

role, is diftin@tly ufed in the fenfe which has been improperly 

attached to the phrafe already confidered. After the Bridge of 
Berwick had been rebuilt in the year 1621, “ Sir WILLIAM 
BEYER, mayor of the town, ftayed the taking away of the cen- 

tries, and putting in the keyftone, till the king’s feole were drunk 

at that part of the bridge.’” CALDERwoop’s Hil. p. 787. But 

the expreflion, although equivalent to what is now called drink- 

ing the dng’s health, feems ftriétly to fignify, drinking the sing’ s 

cup, or a cup in honour of the king. 
For we are not to fuppofe, that the word /kol/ has any primary 

or proper relation to health or profperity. This would be to- 

tally repugnant to analogy ; as will appear from a comparifon 

of our term with its ayeopnates.’ in the other Northern languages. 
Ist, 
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Isx. Skal, fkaal, fkylldi, Aleman. jkala, Germ. /chale, SuioGoth. 

and Dan. /kaal, all fignify a cup, a bowl, or drinking ' veffel. 

From the Gothic nations, this word feems to have paffed to the 
Celtic. For, in the Cornifh, /ea/a has the fame meaning, being 

- rendered by Luuyp patera. RuDDIMAN, in his Gloflary to 
Dovuctias’s Virgil, mentions the verb to /kole or /kolt, as ufed 

Scot. Bor. in the fenfe of pocula exinanire. This verb has un- 

doubtedly been. formed from the noun. In the North of Scot- 
land, alfo, /kie/ ftill denotes a tub; thus a wafhing-tub is called 

a wa/bing-/kiel. The tubs ufed by brewers for cooling their 

wort, are in like manner called /eiels. It affords a ftrong pre- 

fumption that this is originally the fame word with /kol/, /kull, 
immediately under confideration, that the goblet employed by 
the inhabitants of the north for preparing their a/e for imme- 
diate ufe, is called kalt-/kaal. This feems to intimate, that our 

ufe of the term, with refpect to the operation of brewing, con- 
tains an allufion to its more ancient appropriation. “ Ka/t/kaal, 
eodem tropo illis quo Sueonibus eft patera, in qua frigidus cere- 

vifiz potus in eftate, et calidus in hieme fieri foe ” Loccenu 
Antig. Sue-Goth, p. 96. 

Ir may be added, that frie? is ftill ufed in eee as the name 
of a flaggon, or wooden drinking veffel with a handle. 

Skull is a term of general ufe in Scotland for a bafket of a fe- 

mi-circular form. It was ufed in this fenfe fo early as the time 
of DuNBAR: | 

“« Fith wyves ery Fy, and caft down /eulls and fkeills.”” 

Evergreen, il. p. 59. ft. 23. 

{t is probable that /eel was ufed by him as if it had been fyno- 

nymous, becaufe of the alliteration. Or, from the refemblance 

with refpect to form, it may actually have been ufed in the 
fame fenfe in his time. Eng. Sé&z//et, a {mall kettle or boiler, 

, E2 might 
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might appear at firft view to have fome affinity. But it feems 
immediately formed from Fr. ¢/culette, a porringer ; and this 

again from Ital. /cudel/a, ufed in the fame fenfe. This is deri- 
ved from Lat. /cviula, which was a kind of concave veffel, . 

‘afaucer. The learned IHRE, in his Gloffarium SutoGothicum, 

views thefe French, Italian, and Latin words, as allied to 

Gothic fkaa/. . But it is furprifing, that he fhould confider /kaad 
- itfelf as formed, per cra/in, from Lat. /cutula, The quotations he 

~ has himfelf made for illuftrating this word, certainly fupplied 
him with a far more natural etymon. But before proceeding 
to this, it may be remarked as a fingular analogy, that, accord- 

ing to ATHEN US, liv. iv. Gr. cxzaAdsoy is a {mall cup, and cxzaris 

is equivalent to oza@iev, which fignifies a drinking-veffel. 

Ir is highly probable, that a cup or bowl received this name 
from the barbarous cuftom which prevailed among feveral an- 
cient nations, of drinking out of the fkulls of their enemies. 
WarRNEFRID, in his work De Ge/tis Longobard., fays, ‘ ALBIN 

flew CunIMUND; and having carried away his head, converted 

it into a drinking-veflel ; which kind of cup is with us called 
fcbala, but in the Latin language it has the name of patera,’’ 

lib. i. cap. 27. The fame thing is aflerted of the Bou by Livy, 

lib. xxiii. c: 24.3 of the Scythians by HERoporus, lib, ix.; of 

their defcendants the Scordifci, by Rurus Festus in Breviario ; 

of the Gauls by Dioporus Sicutus, lib. v.; of the Celts by 

Sin1us IrAuicus, lib. xiv. 

At Celtz vacui capitis circumdare gaudent, 

Offa, nefas! auro, et menfis ea pocula fervant. 
Vide Keyser. Antig. Septentr. p. 363. 

Hence RAGNAR LopBROG, in his death-fong, confoles him- 

felf with this reflection ; “ 1 fhall foon drink beer from the hol- 

low cups made of /kulls,”? St. 25. Wormit Literat, Dan. p. 203. 
THE 

a, 



. Tue fame word in SuioG. fignifies both a fleull (exanium), 
and a drinking-veflel. This obfervation is equally applicable to 

Germ. /chale. But Iure is fo unfavourable to this derivation, 

- principally, as it would appear, from its exhibiting our Gothic 
anceftors as fo extremely barbarous, that he confiders the human 

fkull as receiving the name of /Raa/ from its refemblance to the 
pateraor bowl. This is furely to invert'the natural order. Al- 

though the Northern nations were greatly addicted to inebriety, 

yet we can fcarcely {uppofe that they found it neceflary to bor- 

row a name for their fkulls from their drinking-veffels. The 

fkull itfelf feems to have received this defignation from its re- 
femblance to a /hell, in Ang. Sax. /ceala, /cala, Belg. /chaele, 

Germ. /chele, Ifl. /eael, SuioG. and Dan. fkaal. Allied to this is 

Moefo-Goth. /kaljos, the tiling of a roof. 
InreE objects to this etymon, not only on the ground of the 

inhumanity of the cuftom fuppofed to be alluded to; but efpe- 

cially, he fays, becaufe he does not find-that the word Jkaal is 

ufed by ancient writers, as denoting a memorial potation, or 

the act of drinking in honour of fome diftinguifhed perfonage ; 

adding, that minne and full are the terms ufed by old Iflandic 

authors. Even fuppofing this to be true, it will not difprove 

the antiquity of the word. Nothing more could reafonably be 

inferred, than that /eaa/, in more early ages, had retained its 

original and proper fignification, as it is ufed in the other fenfe 
only by a ftrong metonymy. It was natural to prefer minne ; 

for, as literally fignifying memory, it fimply and dire@ly fuggeft- 
_ed the reafon of this particular mode of drinking. Nor need 
we be furprifed, although they even preferred the other term 
full s not only as the figure is lefs ftrong, to {peak of drinking 
the fl/ of a cup, than of drinking the cup itfelf; but alfo be- 

 caufe it referred to the eftablithed cuftom with refpe€ to this 
draught, that the cup muft be fu// and be completely evacuated. 
This is only to fuppofe the Iflandic word to have been for fome 

time 
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time ftationary in its meaning, in the fame manner with our 
full or feoll. Yor there is not the flighteft evidence that, in the 

age of Gawin Douctas, it was ufed in that figurative fenfe 
which it bore a century afterwards. 

Bot it is aftonifhing, that this learned writer, after he has 

quoted WaARrNEFRID, fhould lay any ftrefs on this circum- 

{tance, “‘ He does not find that the word /kaa/ is ufed by ancient 

writers.” And can he deny this character to WARNEFRID, who 
flourifhed about the year 774? Does not he fay that this kind 

of cup, made of a human fkull, is by the Goths called /chale ? 

Can any Scandinavian writer be produced, who ufes minne and 

full, to the exclufion of /Raal, in an earlier age? There is no evi- 

dence that either of thefe terms was written for fome ages after. 

WaARNEFRID was not only a writer of great reputation, but 

himfelf a Goth ; and his pofitive teftimony is furely far prefe- 

rable to the negative evidence deduced from pofterior writers. 

Although it could be proved, as it cannot, that the term was 

not ufed, in that early period, in the particular fenfe referred 

to, it would by no means follow, that it was unknown in its 

fimple fignification, as denoting a drinking-veflel. As the Lon- 

gobardi were a Gothic nation, it is extremely improbable, that a 

term which had fo fingular an origin would be unknown to 
other nations belonging to the fame race; although, without 

any reafon that we can fee, it might be more ufed by one nation 
than by another. 

Nor only is the meaning of this term, as it occurs in other 

Northern languages, preferved in ours ; but the figurative fenfe 

is alfo the fame. “Thus Loccentus tells us, ‘ Illud nomen in 

his feptentrionalibus locis adhuc ita remanet, ut dricka /kala, 

i. e. bibere pateram, metonymicé dicatur, quando bibitur alicu-. 

jus honori et memoriz, quéd ex hoc vafculo quondam frequen- 
tius fieri fuetum, notio vocis indicat.” Antig. Sueo-Goth. p. 96. 

“In compotations,” fays Imre, “ the name of /Rad/ is given to 
the 
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the memory of the abfent, or the falutation of thofe who are 
prefent, which goes round in the time of drinking ;’’ or more: 
fully, “ dricka ens Jkaal”’ As Dan. jkaal fignifies a bowl or 

drinking-veffel ; at dricka ens fkaal is to drink one’s health. 
_ Voc. fkaal. In Istporus we find the phrafe, “ Calices et /calia, 

poculorum genera.” Origin. lib. xx. c. 5. 

In the fame manner did the ancient Goths exprefs their: re- 

gard to their fovereigns: They drank the king’s jkoll. Hence 
WARNEFRID relates, that when GRIMAOLD, King of the Lom- 

bards, had determined to kill BERTARIDUs, after he was over- 

powered with wine, the minifters of the palace being ordered 

to bring to him liquors, with difhes of various kinds, afked of 

him, in the king’s name, to drink a full bowl in honour of him. 

But he, fufpecting the fnare, fecretly procured that it fhould be 

filled with water. Immediately, promifing that he would drink 

it off in honour of the king, he made a libation, by pouring out 
a little of the water. De Geffis Longobard. lib. v. Thefe /Rolls 
in honour of the king, as we learn from LoccEntvs, they ufed 
alfo to drink ftanding. Ubi /upra.. 

BIOGRAPHICAL 



ene ey Abs 3 ints Bae 

pe: te ore 9.6% aks Pee Wah 
ome : ata Pe RRR Ee x 

avast nods 36 oi ils ae ja anv “otks we Re i sh 0. CORE ; ' a 

Bate peer ° jee aire sane tenant wierd iaanabiiedl ne 
NY amodeoAt "us gai NA daaiiegy aerate 208) | piston ois =) 

oh igapeapaienicade antennae That oti h eae bik, 

Hew SS yemkf os Abie old Revol ae sul, whntebadgee © a 
| alin seta encarta colitis ait op Oe 3 

| fi Ro none iteir oee nae aleleategs: adtelce! glihe outs cal antl > 

3 oii breil seasae beware Aik, eed ati Me Ue 

<2 5 Gita bln tice getinndatg etait Ts tone sit 

- / ...) Sio-dartvog gti coiedide shared qitateds te aodeds 
+ aNd, Shs D5 an salah la nieinastadh VQ gh Caan atts 

at a “pate yeaa, Sadraececkor estar an yiniel sds TB 

ae ie MS AP nia VEG) Vapi beteaht 
his AE ate hh aa pate te Beta etwas: 

Pike Sete hiss Se 4 Ween mn Riis ae Be 

ate pty teat eT te Hebei e. 

pata: geht the ats aT a 

iii i canal Rea gong ee IR Riess es pid 

A i See ey cc a a str. He ye eget te a pa 

£ ve Pea ASG SRR Ne Jett ee 

ae a eat ee bis Hr aye Lies al bivie ‘oii ae seca wh 

a Raia Seti ai Te es Oe} ge ee 

ye he Nc Rapa or Sata Patil Sit ‘ 

eee Ne Pegs! shea tebthig ab 5 cama % Rv, at es 

mba 9 de ped snapped pile TAN 
aes . te 6h BTU Fr all Sadia aamaa ie 

Msc Mee Aiigbas esr ghee a: talons etal 

le im ae sehen ae Foy ‘tye 7 



ES ——E——_—_=_=[_ 

BroGRAPHredt Account of the late Dr FAMES HUTTON, 
F. R. S. Epin. 

- [Read by Mr Puayratr, roth January 1803: ] 
- = a RS 

R JAMES HUTTON was the fon of Mr Wititram Hourt- 
ron, merchant in Edinburgh, and was born in that city 

on the 3d of June 1726. His father, a man highly refpedted 
for his good fenfe and integrity, and who for fome years held 

the office of City Treafurer, died while James was very young. 
The care of her fon’s education devolved of courfe on Mrs 
Hutton, who appears to have been well qualified for difcharging 

this double portion of parental duty.’ ‘She refolved to beftow | 
on him a liberal education, ‘and fent him firft to the High 

School of Edinburgh,:and afterwards to the Univerfity, where 

he entered as a ftudent of humanity in Novenmtber 1740. 
OF the mafters under whom he ftudied there, MACLAURIN 

was by far the moft eminent, and Dr Hutton, though he had 
cultivated the mathematical {ciences lefs ‘than any other, never 
mentioned the lectures of that celebrated Profeffor but in terms 
of high admiration. 

He ufed alfo to acknowledge his obligations to Profeffor Stz- 
vENSon’s Preleétions on Logic ; not fo much, however, for ha- 
wing made him a logician as a chemift.' ‘The fact that gdld is 

diffolved in aqua regia, and that’ two acids which can each of 

Vou. V.—P. III. F them 
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them fingly diffolve any of the bafer metals, muft unite their 
{trength before they can attack the moft precious, was mention- 

ed by the Profeffor as an illuftration of fome general dodtrine. 
The inftin@ of genius; if I-may-call-it fo, enabled Mr Hotton, 

young as he then was, to feel, probably, rather than to under- - 

ftand, the importance of this phenomenon; and as if, by the 
original conftitution of his mind, a kind of elective attraction 

had drawn him towards chemiftry, he became from that mo- 
ment attached to it by a force that could never afterwards be 

overcome. He made an immediate fearch for books that might 

give him fome farther inftru€tion concerning the fact which he 
had juft heard of ; but the only one he could procure, for a long 
time, was Harris’s Lexicon Technicum, the predeceflor of thofe 

voluminous compilations which have fince contributed fo much 
more to extend the furface, than to increafe the folidity of 
{cience. It was from the imperfect fketch contained in that 

di@tionary, that he derived his firft knowledge of chemiftry, his 
love for which never forfook him afterwards, and was in truth 

the propenfity which decided the whole courfe and complexion 

of his future life. 
Tuovucu his tafte and capacity for inftruction were fufficient- 

ly confpicuous during his courfe of academical ftudy, his friends 

wifhed him rather to purfue bufinefs than {eience. » This was a 
meafure Dy no means congenial to his mind, yet he acquiefced 
in it without difficulty. 

ACCORDINGLY, in 1743 he was-placed.as an apprentice with 

Mr Greorce CuaLMERS; writer tothe Signet ; and fubjection to: 

the routine of a laborious employment, was now about to check 
the ardour and reprefs the originality of a mind formed for dif= 

ferent purfuits. But happily the force of genius cannot always 

be controlled by the plans of a narrow and fhort-fighted pru- 

dence. The young man’s, propenfity to ftudy continued, and 

he was often found amufing himfelf and his fellow apprentices 
with. 
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with chemical experiments, when he fhould have been copying 
papers, or ftudying the forms of legal proceedings ; fo that Mr 
CuArmers foon perceived that the bufinefs of a writer was not 
that in’ which he was deftined to fucceed. “With much good 

fenfe and kindnefs, therefore, ‘he advifed him to think of fome 

employment better fuited to’his turn of mind, and releafed 
him from the obligations which he had come under as his ap- 
prentice. In this he did an effential fervice to fcience, and to 
the young man ‘himfelf. A man of talents may follow any pro- 
feffion with advantage ; a man of genius will hardly fucceed but 

in that which naturé‘has pointed out. 

Tue ftudy of medicine, as being the moft nearly allied to 

chemiftry, was that to which young Hutrow now refolved to 
dedicate his time. He began that ftudy under Dr Grorce 

Young, the father of the late Dr THomas Younc, and at the 

fame time attended the lectures in the Univerfity. This courfe 
of medical inftruction he followed from 1744 to 1747. 
TuouGu a regular fchool of medicine had now been eftablith- 

ed in the Univerfity of Edinburgh»for feveral years, the fyftem 
of medical education was neither in reality, nor in the opinion 

of the world, fo complete as it has fince become. Some part of 
a _phyfician’s ftudies was ftill to’ be profecuted on the Continent ; 
and accordingly, in the end of 1747, Mr Hurron repaired to 
Paris, where he purfued with great ardour the ftudies of che- 

miftry and anatomy. After remaining in that metropolis near- 
ly two years, he returned by the way of the Low Countries, and 

took the degree of Doctor of Medicine at Leyden in September 
1749. ‘His thefis is ‘entitled, ‘De Sanguine et Circulatione in Mi- 
croco{mo, 8 3 

Ow his return to London about the end of that year, he be- 
gan to think ferioufly of fettling in the world. His native city, 
to which his views of courfe were firft turned, afforded no very 
Bene profpeat for his eftablifhment as a phyfician. The 

F2 bufinefs 
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bufinefs there was in the hands of a few eminent practitioners 

who had been long eftablifhed ; fo that no opening was left for 

a young man whofe merit was yet unknown, who had no 

powerful, conne@tions to affift him on his firft, outfet, and very 

little of that patient and) circum{pect adlivity.by which a man 

puthes himfelf forward in the, world. 
TuESsE confiderations feem to have made.a very deep impref- 

fion on his mind, and he wrote on the fubject of his future pro- 

{pects with confiderable anxiety to his friends in Edinburgh. 

One. of thefe friends was Mr James Davie, a young man 
nearly of his own age, with whom, he had early|contracted a 

very intimate friendfhip, that endured through the whole of his 

life, without interruption, to the mutual benefit of both. The - 

turn which both of them had for chemical experiments formed 

their firft conneétion, and cemented it afterwards. They had 

begun together to make experiments on the nature and produc- 

tion of fal ammoniac. . Thefe, experiments had led to fome va- 

luable difcoveries, and had. been farther purfued by Mr Davie 

during Dr Hutron’s abfence. The refult afforded a reafon- 

able expectation, of eftablifhing a profitable manufacture of the 

falt juft named from coal-foot. 

THE project of this eftablifhment 1 was casiaiiiasticitiesl: by Mr 

Davie to his friend, who was ftill in London, and it appears to 

have leffened his anxiety about fettling as a Shaina and pro- 

bably was one of the main caufes of his laying afide all thoughts 
of that profeflion. Perhaps, too, on a nearer- view, he did not 

find that the practice, of. medicine would afford him that leifure 

for purfuing chemical: and, othen fcientific objects, which he 

fancied it would do when he faw things at a greater diftance.. 

Whatever was the canfe, it is certain that foon after his ‘return 

to Edinburgh in fummer 1750, he abandoned entirely his views 
of the praétice of medicine, and, refolved to yPBDIY himfelf. to. 

agriculture. 
THE 
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THE, motives which determined him in the choice of the lat- 
ter, cannot now be traced with certainty. He inherited from 
his father a {mall property in Berwickfhire, and this might fug- 

geft to him the bufinefs of hufbandry. But we ought rather, I 
think, to look for the motives that influenced him, in the fimpli- 

city of his character, and the moderation of his views, than in 

external circumftances. To one who, in the maturity of under- 

ftanding, has leifure to look round on the various employments 

which exercife the fill and induftry of man, if his mind is in- 
dependent and unambitious, and if he has no facrifice to make to. 

vanity or avarice, the profeflion of a farmer may feem fairly en- 
titled to a preference above all others. This was exactly the 

cafe of Dr Huron, and he appears to. have been confirmed in: 
his choice by the acquaintance which he made about that time: 
with Sir-Joun Hau of Dunglafs, a gentleman of the fame 
county, a man of i ingenuity and tafte for {cience, and alfo much: 
conyerfant with the management of country affairs. 
_As he was never difpofed to do any thing by halves, he de-- 

termined to ftudy rural-economy in the fchool which was then 
reckoned the beft, and in. the manner which is undoubtedly the. 
moft effectual. He went into Norfolk, and fixed his refidence for: 
fome time in that country, living in the houfe of a farmer, who. - 
ferved both for his landlord and his inftru€tor. This he did in- 
1752; and many years afterwards I have often heard him men- 
tion, with great refpect, the name of Joun Dyzoxp, at whofe 
houfe he had lived with much comfort, and whofe pra¢tical 
leffons in hufbandry he highly valued.. He appears, indeed, to. 
have enjoyed” this fituation very much: the fimple and plain. 
character of the fociety with which he mingled, fuited well 
with his own, and the peafants of Norfolk would find nothing 
in the ftranger to fet them at a diftance from him, or to make - 
them treat him with referve. It was always true of Dr Hur- 

TON;, 
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TON, that to an ordinary man he appeared to be an ordinary 
man, poflefling a little more f{pirit and livelinefs, perhaps, than 

it is ufual to meet with. Thefe circumftances made his refi- 
dence in Norfolk greatly to his mind, and there was accordingly 

no period of his life to which he more frequently alluded, in 
converfation with his friends; often defcribing, with fingular 
vivacity, the rural {ports and little adventures, which, in the in- 

tervals of labour, formed the amufement of their fociety. 

Waite his head-quarters were thus eftablifhed in Norfolk, 
he made many journeys on foot into different parts of England ; 
and though the main object of thefe was to obtain information 
in agriculture, yet it was in the courfe of them that to amufe 
himfelf on the road, he firft began to ftudy mineralogy or geo- 
logy. Ina letter to Sir Jonn Hatt, he fays that he was be- 
come very fond of ftudying the furface of the earth, and was 

* looking with anxious curiofity into every pit, or ditch, or bed 
of a river that fell in his way ; “ and that if he did not always 

avoid the fate of THALES, his misfortune was certainly not ow- 

ing to the fame caufe.” This letter is from Yarmouth ; it has 
no date, but it is plain from circumftances, that it muft have 

been written in 1753. 
Wauat he learned in Norfolk made him defirous of vifiting 

Flanders, the country in Europe where good hufbandry ‘is of the 

oldeft date. He accordingly fet out on a tour in that country, 

early in {pring 1754, and travelling from Rotterdam through 

Holland, Brabant, Flanders, and Picardy, he returned to Eng- 
land about the middle of fummer. He appears to have been 

highly delighted with the garden culture which he found to 
prevail in Holland and Flanders, but not fo as to undervalue 
what he had learnt in England. He fays ina letter to Sir JouHN - 
HA tt, written foon after his arrival in London, ‘‘ Had I doubt- 

ed of it before I fet out, I fhould have returned fully convinced 
that they are good hufbandmen in Norfolk.” 

JHOUCH 
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‘Taoucn his principal objet in this excurfion was to acquire 
‘information in the praétice of hufbandry, he appears to have 
beftowed a good deal of attention on the mineralogy of the 
countries through which he paffed, and has taken notice in his 
Theory of the Earth of feveral of the obfervations which he made 

at that time. 
AsouT the end of the fummer he returned to Scotiand, and 

hefitated a while in. the choice of a fituation where he might 

beft carry into effet his plans of agricultural improvement. At 
laft he fixed on his own farm in Berwickfhire, and accordingly 

fet about bringing it into order with great vigour and effect. 

A ploughman whom he brought from: Norfolk fet the firft ex-. 

ample of good tillage which had been feen.in that diftrict, and 
Dr Hurron has the credit of being one of thofe who introduced 
the new hufbandry into.a country where it has fince made more 
rapid advances than in any other part of Great Britain.. 

From this time till about the year 1768, he refided for the 
moft part on his farm, vifiting Edinburgh, however, occafional- 

ly. The tranquillity of rural life affords few materials for 

biographical defcription; and an excurfion to the North of 
Scotland, which he made in 1764, 1s one of the few incidents: 

which mark an: interval of fourteen years, pafled moftly in. 
the retirement of the country. He made: this tour in com- 
pany with Commiffioner afterwards Sir Grorce CLERK, a gen- 
tleman diftinguifhed for his abilities and worth, with whom Dr 
Hurron had the happinefs to live in habits of the moft inti-. 
mate friendfhip. They fet out by the way of Crieff, Dalwhin- 
nie, Fort Auguftus, and Invernefs; from thence they proceeded 

through Eaft-Rofs into Caithnefs, and returned along the coaft 

by. Aberdeen to Edinburgh. In this journey Dr Hurron’s chief 

object was mineralogy, or rather geology, which he was now 

ftudying with great attention. 
ws Pa For: 
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For feveral years before this period, Dr Hutton was con- 
cerned in the fal-ammoniac work, which had been aétually efta-_ 
blifhed on the foundation of the experiments already mentioned, 
but remained in Mr Davie’s name, only, till 1765: at that time 
a copartnerfhip was regularly entered into, and the work carried 
on afterwards in the name of both. 

He now found that his farm was brought into’the regular 
order which good hufbandry requires, and that as the manage- 

ment of it became more eafy, it grew lefs interefting. An oc- 

cafion offering of letting it to advantage, he availed himfelf of 
it. About the year 1768 he left Berwickfhire entirely, and be-~ 
came refident in Edinburgh, giving his undivided attention 

from that time to f{cientifie purfuits. 
Amone other advantages which refulted to him from this 

change of refidence, we mutt reckon that of being able to enjoy, 

with lefs interruption, the fociety of his literary friends, among 
whom were Dr Brack, Mr Russet, profeffor of Natural Philo- 

fophy, Profeflor Apam Fercuson, Sir GreorGe CLERK, alrea- 

dy mentioned, his brother Mr Crerx of Elden, Dr James Lip, 

now of Windfor, and feveral others. Employed in maturing his 

views, and ftudying nature with unwearied application, he now 

paffed his time moft ufefully and agreeably to himfelf, but in 

filence and obfcurity with refpeét to the world. He was, per- 

haps, in the moft enviable fituation in which a man of fcience 

can be placed. He was in the midft of a literary fociety of 

men of. the firft abilities; to all of whom he was peculiarly ac- 

ceptable, as bringing along with him a vaft fund of informa- 

tion and originality, combined with that gayety and animation 

which fo rarely accompany the profounder attainments of 

fcience. Free from the interruption of profeffional avocations, 

he enjoyed the entire command of his own time, and had fuffi- 

cient energy of mind to afford himfelf continual occupation. 

A 
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A coop deal of his leifure was now employed in the profecu- 
tion of chemical experiments. In one of thefe experiments, 
which he has no where mentioned himfelf, but which I have 

heard of from Dr Brack, he difcovered that mineral alkali is. 

contained in zeolite. On boiling the gelatinous fubftance ob- 

tained from combining that foflil with muriatic acid, he found 

that, after evaporation, fea-falt was formed. Dr Buack did not 

recollect exadtly the date of this experiment, but from circum- 

ftances judged that it was earlier than 1772: It is, if I miftake 
not, the firft inftance of an alkali being difcovered in a ftony 

body. The. experiments of M. Kiaprotu and Dr Kennepy 

have confirmed this conclufion, and led to others of the fame 
kind. fe 

In 1774 he made a tour through part of England and 

Wales, of which, I find no memorandum whatever among 

his papers. I know, however, that at this time he vifited the 

falt-mines in Chefhire, and made the curious obfervation of 

the concentric circles marked on the roof of thefe mines, to 

which he has referred in his Theory of the Earth, as affording a 

proof that the falt rock was not formed from mere aqueous 
depofition. His friend Mr Wart of Birmingham accompanied 
him in his vifit to the mines. 

Ir was after returning to Birmingham from Chebhire, that he 

fet out on the tour into Wales. One of the objeéts of this tour, 
as I learnt from himfelf, was to difcover the origin of the hard 

gravel of granulated quartz, which is found in fuch vaft abun- 

dance in the foil about Birmingham, and indeed over a great 
tract of the central part of England. This gravel is fo unlike 

that which belongs to a country of fecondary formation, that it 
very much excited his curiofity; and his prefent journey was 

undertaken with a view to find out whether among the primi- 
tive mountains of Wales, there were any that might be fuppo- 
fed to have furnifhed the materials of it. In Wales, however, 

VoL. V.—P., IIL. G he 
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he faw none that could, with any probability, be fuppofed to 
have done fo; and he was equally unfuccefsful in all the other 
parts he vifited, till returning, at a fmall diftance from Birming- 

ham, the place from whence he had fet out, he found a rock 

of the very kind which he had been in fearch of. It belongs 
to a body of ftrata apparently primary, which break out be- 

tween Broomfgrove and Birmingham, and have all the cha- 

racters_of the indurated gravel in queftion. If, however, they 
have furnifhed the materials of that gravel, it feems probable 
that it has been through the medium of the red fand-ftone, 

which abounds in thofe countries *. 

In 1777 Dr Hutron’s firft publication was given “to the 
world, viz. a {mall pamphlet, intituled, Con/iderations on the 

Nature, Quality, and Diftin€lions of Coal and Culm. This little 
work, an o@avo pamphlet of 37 pages, was occafioned by a 

queftion that had arifen, Whether the fmall coal of Scotland is 
the fame with the culm of England? and, Whether of courfe, 
like the latter, it is entitled, when carried coaftwife, to an ex- 

emption from the duty on coal? Some of the fmall coal from 
the Frith of Forth, which had been carried to the northern 

counties for the purpofe of burning lime, had been confidered 
by the revenue officers as liable to the fame duty with other 

coal, while the proprietors contended that it ought only to pay 

the lighter duty levied on culm. This was warmly difputed ; 
and after occupying for fome time the attention of the Board 
of Cuftoms in Scotland, was at laft brought before the Privy 

Council. 

Dr Hurton’s pamphlet was intended to fupply the informa- 

tion neceflary for forming a judgment on this queftion. It is 
very ingenious and fatisfactory, though perhaps, confidering the 
purpofe for which it was written, it 1s on too {cientific a plan, 

and 

* Wuftrations of the Huttonian Theory, p. 375. 
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and conduéted too ftriftly according to the rules of philofophical 
analyfis. It proves that culm is the fmall, or refufe, of the infufi- 
ble, or ftone coal, fuch as that of Scotland for the moft part is ; 

that the {mall of the fufible coal, by caking or uniting together, 
becomes equally ferviceable with the large coal; whereas the 
fmall of the infufible, by running down like loofe fand, cannot 
be made to burn in the ordinary way, and is ufeful but for - 

few purpofes, fo that it has been properly exempted from the 

ufual duty on coal.. A criterion is alfo pointed out for deter- 
mining when fmall coal is to be regarded as culm, and when 
it may be confidered as coal;—if, when a handful of it is thrown 

into a-red-hot fhovel, the pieces burn without melting down or 
running together, it decidedly belongs to the former *. 

In the conclufion, an exemption from duty was obtained for 

the {mall coal of Scotland, when carried coaftwife, and this re- 

gulation was owing in a great degree to the fatisfactory infor- 

mation contained in Dr Hutron’s pamphlet. It was a ftep, 
alfo, toward the entire abolition of thofe injudicious duties 

which had been fo long levied on coal, when carried by fea be- 

yond a certain diftance from its native place. This abolition 
happened. feveral years after the period we are {peaking of, 
much to the benefit of the country, and to the credit of the ad- 

miniftration under which it took place. 
As Dr Hutton always took a warm intereft in whatever con- 

cerned the advancement of the arts, particularly in his native 

country, he entered with great zeal into the project of an inter- 

nal navigation between the Friths of Forth and Clyde. The 

comparative merit of the different plans, according to which 

-that work was to be executed, gave rife to a good deal of difcuf- 

fion, and even of controverfy. In thefe debates Dr Hurron 

G2 took 

* A few copies of the Confiderations on Culm are {till to be found in the shop of 

C, Exxiot, Edinburgh. 
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took a fhare, and wrote feveral pieces, in which the grave and 

the ludicrous were both occafionally employed. None of thefe 
pieces have been publifhed ; but the plan that was in the end 
adopted was that in favour of which they were written. It is 
unneceflary, however, to enter into the merits of a queftion 
which has long ceafed to intereft the public. 

From the time of fixing his refidence in Edinburgh, Dr Hut- 
TON had been a member of the Philofophical Society, known to 
the world by the three volumes of phyfical and literary eflays fo 
much and fo juftly efteemed *. In that fociety he read feveral 

‘papers; but it was during the time that elapfed between the 
publication of the laft of the volumes juft mentioned, and the 

incorporation of the Philofophical into the Royal Society of 
Edinburgh; which laft was eftablifhed by a royal charter in 1783. 
None of thefe papers have been publifhed, except’ one in the 
fecond volume of the Tran/factions of the Royal Society, On cer- 

tain Natural Appearances of the Ground on the Hill of Arthur?s 

Seat.’’ 

THE inftitution of the Royal Society of Edinburgh had the 
good effect of calling forth froth Dr HutTon the firft {ketch of a 
theory of the earth, the formation of which had been the great ob- 
ject of his life. From the date formerly mentioned, when he was 
yet a very young man, and making excurfions on foot through 
the different counties of England, till that which we are now 
arrived at, a period of about thirty years, he had never ceafed to. 

ftudy the natural hiftory of the globe, with a view of afcertain- 
ing 

* THE Philofophical Society was inftituted about the year 1739. The firit vo- 
lume of Effays was publifhed in 1754; the fecond in 1756; the third in 1771. 
From the year 1777,to 1782, the meetings of the Society were pretty regular, much 

owing to the zeal of Lord Kames. Mr Mactaurin may be regarded as the 

founder of this Society. 
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ing the changes that have taken place on its furface, and of dif- 
covering the caufes by which they have been produced. 
He had become a {fkilful mineralogift, and had examined the 

great facts of geology with his own eyes, and with the moft 
careful and fcrupulous obfervation. In the courfe of thefe ftu- 
dies he had brought together a confiderable colleétion of mine- 

rals peculiarly calculated to illuftrate the changes which foffil 
bodies have undergone. He had alfo carefully perufed almoft 
every book of travels from which any thing was to be learned 
concerning the natural hiftory of the earth; and, in confequence 
both of reading and obfervation, was eminently fkilled in phy- 
fical geography. 

IF to all this it be added, that Dr Hutron was a good che- 
mift, and poffeffed abilities excellently adapted to philofo- 
phical refearch, it will be acknowledged, that few men have en- 

_ tered with better preparation on the arduous tafk of inveftiga- 
ting the true theory of the earth. Several years before the time 
Iam now fpeaking of, he had completed the great outline of 
his fyftem, but had communicated it to very few; [ believe to 

none but his friends Dr Brack and Mr Crerx of Elden. 

Though fortified in his opinion by their agreement with him, 
(and it was the agreement of men eminently qualified to judge), 
yet he was in no hafte to publifh his theory; for he was 
one of thofe who are much more delighted with the contempla- 
tion of truth, than with the praife of having difcovered it. It 

might therefore have been a long time before he had given any 
thing on this fubject to the public, had not his zeal for fupport- 

ing a recent inftitution which he thought of importance to the 
progrefs of fcience in his own country induced him to come 
forward, and to communicate to the Royal Society a concife ac- 
count of his theory of the earth. _ 

As 
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As I have treated of this theory in a feparate Effay, particu- 

larly deftined to the illuftration of it, I fhall here content myfelf 

with a very general outline. 

I. The obje& of Dr Hurron’ was not, like that of sole 

other theorifts, to explain the firft origin of things. He was 

too well filled in the rules of found philofophy for fuch an 

attempt; and he accordingly confined his {peculations to thofe 

changes which terreftrial bodies have undergone fince the efta- 

blifhment of the prefent order, in as far as diftinét marks of 

fuch changes are now to be difcovered. 

Wirn this view, the firft general fat which he has remarked 

is, that by far the greater part of the bodies which compofe the 
exterior cruft of our globe, bear the marks of being formed out 

of the materials of mineral or organized bodies, of more ancient 

date. The fpoils or the wreck of an older world are every 

where vifible in the prefent, and, though not found in every 

piece of rock, they are diffufed fo generally as to leave no doubt 
that the {trata which now compofe our continents are all form- 

ed out of ftrata more ancient than themfelves. . 

Il. The prefent rocks, with the exceptions of fuch as are not 
ftratified, having all exifted in the form of loofe materials colle@- 

ed at the bottom of the fea, muft have been confolidated and con- 

verted into {tone by virtue of fome very powerful and general 

agent. The confolidating caufe which he points out is fubter- 

rancous heat, and he has removed the objections to this hypo- 

thefis by the introduGtion of a principle new and peculiar to 
himfelf. This principle is the compreffion which muft have 

prevailed in that region where the confolidation of mineral fub- 

{tances was accomplifhed. Under the weight of a fuperincum- 

bent ocean, heat, however intenfe, might be unable:to volatilize 

any part of thofe fubftances which, at the furface,and under 
the lighter preffure of our atmofphere, it can entirely co .fume. 
The fame preflure, by forcing thofe fubftances to remain uni- 

ted, 
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ted, which at the furface are eafily feparated, might occafion the 
fufion of fome bodies which in our fires are only calcined. 

Hence the objections that are fo ftrong and unanfwerable, when 
oppofed to the theory of volcanic fire, as ufually laid down, have 

no force at all againft Dr Hutron’s theory; and hence we are 
to confider this theory as hardly lefs diftinguifhed from the hy- 
pothefis of the Vulcanifts, in the ufual fenfe of that appellation, 
than it is from that of the Neptunifts, or the difciples of Wer- 
NER, : 

IW. Tue third general fact on which this theory is founded, 

is, that the ftratified rocks, inftead of being either horizontal, or 

nearly fo, as they no doubt were originally, are now found pof- 
fefling all degrees of elevation, and fome of them even perpen- 

dicular to the horizon ; to which we mutt add, that thofe ftrata 

which were once at the bottom of the fea are now raifed up, 

many of them, feveral thoufand feet above its furface. From 

this, as well as from the inflexions, the breaking and feparation 
of the ftrata, it is inferred, that they have been raifed up by the 

action of fome expanfive force placed under them. This force, 
which has burft in pieces the folid pavement on which the 
ocean refts, and has raifed up rocks from the bottom of the fea, 

into mountains 15,000 feet above its furface, exceeds any which 
we fee actually exerted, but feems to come nearer to the caufe 

of the volcano or the earthquake than to any other, of which the 

effects are directly obferved. The immenfe difturbance, there- 
fore, of the ftrata, is in this theory afcribed to heat acting with 

an expanfive power, and elevating thofe rocks which it had be-- 
fore confolidated. 

IV. Amone the marks of difturbance in which the mineral: 
kingdom abounds, thofe great breaches among rocks, which are. 
filled with materials different from the rock on either fide, are 

among the moft confpicuous. Thefe are the veins, and com-. 
prehend, not only ee metallic veins,. but alfo thofe of whin- 

ftone,, 
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{tone, of porphyry, and of granite, all of them fubftances more 
or lefs cryftallized, and none of them containing the remains of 
organized bodies. Thefe are of pofterior formation to the ftrata 

which they interfect, and in general alfo they carry with them 
the marks of the violence with which they have come into their 
place, and of the difturbance which they have produced on the 
rocks already formed. The materials of all thefe veins Dr Hut- 
TON concludes to have been melted by fubterraneous heat, and, 

while in fufion, inje¢ted among the fiflures and openings of 

rocks already formed, but thus difturbed, and moved from their 

original place. 
Tus conclufion he extends to all the mafles of whinftone, 

porphyry, and granite, which are interpofed among ftrata, or 
raifed up in pyramids, as they often appear to be, through the 
midft of them. Thus, in the fufion and injection of the un- 
ftratified rocks, we have the third and laft of the great opera- 
tions which fubterraneous heat has performed on mineral fub- 

{tances. 
‘V. From this Dr Hutton proceeds to confider the changes 

to which mineral bodies are fubject when raifed into the atmo- 
fphere. Here he finds, without any exception, that they are all 
going to decay; that from the fhore of the fea to the top of the 

mountain, from the fofteft clay to the hardeft quartz, all are 

wafting and undergoing a feparation of their parts. The bo- 

dies thus refolved into their elements, whether chemical or me- 

chanical, are carried down by the rivers to the fea, and are there 

depofited. Nothing is exempted from this general law: among 

the higheft mountains and the hardeft rocks, its effeéts are moft 

clearly difcerned; and it is on the objects which appear the moft 

durable and fixed, that the characters of revolution are moft 

deeply imprinted. 

On comparing the firft and the laft of the propofitions juft 

enumerated, it is impoffible not to perceive that they are two 
fteps 
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{teps of the fame progteflion, and that mineral fubftances are al- 
ternately diflolved and renewed. Thefe viciffitudes may have been 

~ often repeated; and there are not wanting remains among mine- 

ral bodies, that lead us back to continents from which the pre- 

fent are the third in fucceflion. Here, then, we have a feries of 

great natural revolutions in the condition of the earth’s furface, . 
of which, as the author of this theory has remarked, we neither 
fee the beginning nor the end; and this circumftance accords 
well with what is known concerning other parts of the economy - 
of the world. In the continuation of the different fpecies of 
animals and vegetables that inhabit the earth, we difcern net- 

ther a beginning nor an end; and in the planetary motions, 

where geometry has carried the eye fo far both into the future 

and the paft, we difcover no mark either of the commencement 

or termination of the prefent order. It is unreafonable, indeed, 

to fuppofe that fuch marks fhould any where exift. The Author 
of nature has not given laws to the univerfe, which, like the 

inftitutions of men, carry in themfelves the elements of their 
own deftruétion ; he has not permitted in his works any fymp- 

tom of infancy or of old age, or any fign by which we may 

eftimate either their future or their paft duration. He may put 
an end, as he no doubt gave a beginning, to the prefent fyitem, 

at fome determinate period of time; but we may reft affured, 

that this great cataftrophe willnot be brought about by the laws 
now exifting, and that it is not indicated by any thing which we 

perceive. 
Ir would be defirable to trace the progrefs of an author’s 

mind in the formation of a fyftem where fo many new and en- 

larged views of nature occur, and where fo much originality is, 
difplayed. On this fubject, however, Dr Hurron’s papers do 
not afford fo much information as might be wifhed for, though 
fomething may be learnt from a few fketches of an Effay on the 
Natural Hiftory of the Earth, evidently written at a very early, 

period, and intended, it would feem, for parts of an extenfive 
Vou, V.—P. III. H work, 
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work, of which, as often happens with the firft attempts to ge- 

neralize, the plan was never executed, and may never have been 
accurately digefted. 

From thefe {ketches it appears that the firft of the propofitions 
joft enumerated, viz. that a vaft proportion of the prefent rocks 
is compofed of materials afforded by the deftruétion of bodies, — 

animal, vegetable, and mineral, of more ancient formation; was 

the firft conclufion that he drew from his obfervations. 
Tue fecond feems to have been, that all the prefent rocks 

are without exception going to decay, and their materials de- 

fcending into the ocean. Thefe two propofitions, which are the 

extreme points, as it were, of his fyf{tem, appear, as to the order 
in which they became known, to have preceded all the reft. 

They were neither of them, even at that time, entirely new pro- 

pofitions, though, in the conduét of the inveftigation, and in the 

ufe made of them, a great deal of originality was difplayed. 

The comparifon of them naturally fuggefted to a mind not 

fettered by prejudice, nor fwayed by authority, that they are 
two fteps of the fame progreflion ; and that, as the prefent con- 
tinents are compofed from the wafte of more ancient land, fo, 
from the deftruétion of them, future continents may be deftined 

to arife. Dr Hutton accordingly, in the notes to which I al- 

Inde, infifts much on the perfect agreement of the ftructure of 

the beds of grit or fandftone, with that of the banks of uncon- 

folidated fand now formed on our fhores, and fhews that thefe 
bodies differ from one another in nothing but their compact- 

nefs and induration. 
In generalizing thefe appearances, he proceeded a ftep farther, 

confidering this fucceflion of continents as not confined to one 

or two examples, but as indefinitely extended, and the confe-" 

quence of laws perpetually ating. Thus he arrived at the new 

and fublime conclufion, which reprefents nature as having pro- 

vided for a conftant fucceffion of land on the furface of the earth, . 
according 

= - wd 
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according to a plan having no natural termination, but calcula- 

ted to endure as long as thofe beneficent purpofes, for which the 
whole is deftined, fhall continue to exift. 

Tuis conclufion, however, was but a fuggeftion, till the me- 

chanifm was inquired into by which this grand renovation may 

be brought about, or by which loofe materials can be converted. 

into ftone, and elevated into land. This led to an inveftigation 

of the mineralizing principle, or the caufe of the confolidation 

of mineral bodies: And Dr Hutron appears accordingly, with 

great impartiality, and with no phyfical hypothefis whatever in 

his mind, to have begun with inquiring into the nature of the 

fluidity which fo many mineral fubftances feem to have poflefi- 

ed previous to the acquifition of their prefent form. After 

a long and minute examination, he came to the conclufion, 
That the fluidity of thefe fubftances has been what he terms 
SIMPLE, that is to fay, not fuch as is produced by combina- 

_tion with a folvent. The two general faéts from which this 

conclufion follows, are, firft, that no folvent is capable of hold- 

ing in folution all mineral fubftances, nor even all fuch va- 

rieties of them as are often united in the fame fpecimen; and, 
fecondly, that in the bodies compofed of fragments of other 
bodies, the confolidation is fo complete that no room is left 

for a folvent to have ever occupied. The fubftance, therefore, 

which was the caufe of the fluidity of mineral bodies, and 
prepared them for confolidation, muft have been one that could 
act on them all, which occupied no fpace within them, and 

could find its way through them, whatever was the degree of 
their compactnefs and induration. Heat is the only fubftance 
which has thefe properties; and is the only one, therefore, 

which, without manifeft’ contradiction, can be afligned as the 
caufe of mineral confolidation. 

Many difficulties, however, were ftill to be removed before this 

hypothefis was rendered completely fatisfaétory; but in what 

order Dr Hutton proceeded to remove them, the notes above 
H2 mentioned 
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mentioned do not enable me to ftate. We may neverthelefs 

conjecture, with confiderable probability, what the ftep was 
which immediately followed. 

Ir mutt have occurred to him, as an objection to the confoli- 

dation of minerals by fubterraneous heat, that many fubftances: 

are found in the bowels of the earth in a ftate altogether unlike 

that into which they are brought by the ation of our fires at 
the furface. Coal, for inftance, by expofure to fire, has its. parts’ 

diffipated ; the afhes which remain behind are a fubftance quite 
different from the coal itfelf ; and hence it would feem that this 

foffil can never before have been fubjected to the action of fire. 

But is it certain, (we may fuppofe Dr Hurron to have faid to: 

himfelf), if the heat had been applied to the coal in the interior: 

of the earth, at the bottom of the fea, for example, that the fame 

diffipation of the parts would have taken place? Would not the 

greater compreflion that muft prevail in that region have pre- 
vented the diffipation, at leaft till a more intenfe heat was ap- 

plied? And if the diffipation was prevented, might not the mafs, 
after cooling, be very different from any thing that can be ob- 
tained by burning at the furface of the earth? It is plain that 

there is no reafon whatever for anfwering thefe queftions in the ne- 
gative. And, on the contrary, if the analogy of nature is confult- 
ed, if the fact of water requiring more heat to make it boil when 

it is more compreffed, or the experiments with Papin’s digefter, 

be confidered, it will appear that the anfwer muft be in the 
affirmative. Nay, it could not but feem reafonable to proceed: 

a {tep farther, and, as the mixture of fubftances is known in fo: 

many inftances to promote their fufibility, to fuppofe that when 
the volatile parts of bodies were reftrained, the whole mafs- 

might be reduced into fufion by heat, though, when thefe fame~ 

parts were driven off, the refiduum might be altogether intu-. 

fible. Thus coal, when the charcoal and. bitumen are for- 

ced to remain in union, may very well be a. fufible fubftance,. 

though,,. 

_———— — 
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though, when the latter is permitted to efcape, the former be- 

comes one of the moft refractory of all bodies. 
In this way, and probably from this very inftance, the 

effe&ts of compreflion may have fuggefted themfelves to Dr 
Hutton. He would foon perceive that the fame principle: 

could be very generally applied, and that it afforded the folu- 
tion of a difficulty concerning limeftone, fimilar to that which 

has been juft ftated with refpect to coal. Limeftone is not found 

in the bowels of the earth having the caufticity which it ac- 

quires by the action of fire, and hence one might conclude that 

it had never been expofed to the action of that element. But 

the experiments of Dr Brack, before his friend was engaged in 

this geological inveftigation *, had proved that the cautfticity 

of lime depends on the expulfion of the aériform fluid, fince 
diftinguifhed by the name of carbonic gas, which compofes no 

lefs than two-fifths of the whole. This great difcovery, which 
has extended its influence fo widely over the {cience of chemif- 

try, alfo led to important confequences in geology; and Dr 

Hutton inferred from it, that ftrong compreflion might pre- 

vent the caufticity of lime, by confining the carbonic gas, even 

when great heat was applied, and that, as has been fuppofed of 

coal, the whole may have been melted in the interior of the: 

earth, fo as on cooling to acquire that cryftallized or {parry 

ftructure which the carbonate of lime fo frequently poflefles Tt. 

Ir 

* Dr Bracx’s paper on magnefia, which contained this difcovery, was commu-. 

nicated to the Philofophical Society of Edinburgh in June 1755,,and was publith- 

ed in the fecond volume of their Effays, in the year following. Dr Hurton had. 

at this time only begun his geological refearches. It was not, I imagine, till after: 
the year 1760 that they came-to take the form of a theory. 

+ In the view here prefented of the principle of compreffion, as employed in: 

the Huttonian Theory, it is confidered as a hypothefis, conformable to analogy, 

affumed for the purpofe of explaining certain phenomena in the natural hiftory of 
the 
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Ir is unneceflary to carry our conjectures concerning the 
train of Dr HutTton’s difcoveries to a greater length; the de- 
velopment of the principles now enumerated, and the compari- 

fon of the refults with the facts obferved in the natural hiftory- 

of minerals, led to thofe difcoveries, by a road that will be eafily 

traced by thofe who ftudy his theory with attention. 

Ir might have been expected, when a work of fo much 
originality as this Theory cf the Earth, was given to the world, 
a theory which profeffled to be the refult of fuch an ample and 

accurate 

the earth. It refts, therefore, as to its evidence, partly on its conformity.to ana- 

logy, and partly on the explanation which it affords of the phenomena alluded to. 

In fuppofing that it derives probability from the laft-mentioned fource, we are 

far from affuming any thing unprecedented in found philofophy. A principle is 

often admitted in phyfics, merely becaufe it explains a great number of appear- 

ances; and the theory of GraviTaTion itfelf refts on no other foundation. 

Tue degree of this evidence will perhaps be differently appreciated, according 

to a man’s habits of thinking, or the clafs of ftudies in which he has been chiefly 

engaged. To Dr Hutton himfelf it appeared very ftrong ; for he confidered the 
fact of the liquefeGion of mineral fubftances by heat as fo completely eftablifhed, 

that it affords a full proof of the fufibility of thofe fubftances having been increafed 

by the compreffion which they endured in the bowels of the earth. _ In his view 

of the matter, no other proof feemed neceflary, and he did not appear to think 

that the dire& teftimony of experiment, could it have been obtained, would have 

added much to the credibility of this part of his fyftem. 

For. my part, I will acknowledge that the matter appears to me ina light 

fomewhat different, and that though the arguments juft mentioned are fufficient to 

produce a very ftrong conviction, it is a conviction that would be ftrengthened by 

an agreement with the refults even of fuch experiments as it is within our reach 

to make. It feems to me, that it is with this principle in geology, much as it is 

with the parallax of the earth’s orbit in aftronomy; the difcovery of which, 
though not neceflary to prove the truth of the Copernican SystEM, would be a 

moft pleafing and beautiful addition to the evidence by which it is {upported. So, 

in the Huttonian geology, though the effects afcribed to compreffion, are fairly 

deducible from the phenomena of the mineral kingdom itfelf, compared with cer- 

tain analogies which fcience has eftablifhed, yet the teftimony of direct experi- 

ment would make the evidence complete, and would leavenothing that incredulity 
itfelf could poffibly defiderate. 

a 

Se 
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accurate induction, and which opened up fo many views, intereft- 

ing not to mineralogy alone, but to philofophy in general, that it 
would have produced a fudden and vifible effe&t, and that men 

of fcience would have been every where eager to decide con- 
cerning its real value. Yet the truth is, that it drew their at- 
tention very flowly, fo that feveral years elapfed before any one 
fhewed himfelf publicly concerned about it, either as an ene- 

my or a friend. 
SEVERAL caufes probably contributed to produce this indif- 

ference. ‘The world was tired out with unfuccefsful attempts 
to form geological theories, by men often but ill informed of 

the phenomena which they propofed to explain, and who pro-. 
ceeded alfo on the fuppofition that they could give an account 
of the origin of things, or the firft eftablifhment of that fyftem. 

which is now the order of nature. Men who guided their in- 

quiries by a principle fo inconfiftent with the limits of the hu-- 
man faculties, could never bring their fpeculations to a fatisfac- 

tory conclufion, and the world readily enough perceived their 
failure, without. taking the trouble to inquire into the caufe 

. Ofit 

TrutuH, however, forces me to add, that other reafons cer— 

tainly contributed not a little to prevent Dr Hutron’s theory © 
from: making a due impreflion on the world. It was propofed 

too briefly, and with too little detail of facts, for a fyftem which 
involved fo much that was new, and oppofite to the opinions 

generally received. ‘The defcriptions which it contains of the 
phenomena of geology, fuppofe in the reader too great a knowe. 
ledge of the things-defcribed. The reafoning is fometimeés em- 
barraffed by the care taken to render it ftri€tly logical; and the 

tranfitions, from the author’s peculiar notions of arrangement, 
are often unexpected and abrupt. Thefe defects run more or 
lefs through all Dr Hutron’s writings, and produce a degree of 

obf{curity aftonifhing to thofe who knew him, and who heard: 
him. 
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him every day converfe with no lefs clearnefs and precifion, 
than animation and force. From whatever caufes the want of 
perfpicuity in his writings proceeded, perplexity of thought was 

not among the number ; and the confufion of his ideas can nei- 

ther be urged as an apology for himfelf, nor as a confolation to 

his readers. 
AnoTuer paper from his pen, a Theory of Rain, appeared alfo 

in the firft volume of the Edinburgh Tranfaétions. He had long, 

ftudied meteorology with great attention ; and this communi- 

cation contains one of the few fpeculations in that branch of 

knowledge entitled to the name of theory. 

Dr Hutton begins with fuppofing that the quantity of hu- 
midity, which air is capable of diffolving, increafes with its tem- 

perature. Now, this increafe muft either be in the fame ratio 

with the increafe of heat, in a lefs ratio, or in a greater: in 

other words, for equal increments of heat, the increments of 

humidity muft either conftitute a feries of which all the terms 

are equal to one another, or a feries in which the terms conti- 

nually decreafe, or one in which they continually increafe *. If 

either of the two firft laws was that which took place in nature, 

a mixture of two portions of air, though each contained as 

much humidity as it was capable of diflolving, would never 

produce a condenfation of that humidity. According to the 
firft 

* To {peak ftri€tly, the law which conneéts the increments of humidity in the 
air with the increments of temperature, is not confined to any one of the three 

{fuppofitions here made, but may involve them all. The humidity diflolved may 

be proportional to fome funézon of the heat, that varies in fome places fafter, and 

in others flower, than in the fimple ratio of the heat itfelf. Neverthelefs, for that 

extent to which obfervation reaches, the reafoning of Dr Hutron is quite fufficient 

to prove that it varies fafter; or, in other words, that if a curve be fuppofed, of 

which the abfciff reprefent the temperature, and the ordinates the humidity, this 

curve, though it may in the courfe of its indefinite extent be in fome places con- 

cave and in others convex toward the axis, is wholly convex in all that part with 

which our obfervations are concerned. 
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firtt law, the temperature, the humidity, and the power of con- 
taining humidity, in the mixture, being all arithmetical means 
between the fame quantities, as they exifted previoufly to the 
mixture, the temperature produced would be exactly that which 
was required by the humidity to preferve it in. its inviGible 
form, — If the fecond law took place, the moifture actually con- 
tained in the mixture would be lefs than the temperature was 
capable of fupporting ; fo that inftead of a condenfation of hn- 
midity, the air would become drier than before, 

Ir, onthe other hand, the third law be that which takes 
place, after the mixture of two portions of air-of different !tem= 
peratures, the: humidity will be! greater than the temperature ‘is 
able to -maintain, and therefore a condenfation of it will follow. 
Now, the experience of every’ day ‘proves, that the mixture of 
two ‘portions of humid air of unequal temperatures, does indéed 
produce a condenfation of moifture, and therefore we are autho: 
rifed to conclude that the laft-mentioned law is that which a@tu- 
ally prevails *: ty 
LAT is obvious that’ this principle affords an explanation of the 
formation of clouds in the atmofphere, and that currents of air, 
Von VP Ty 008 ios od 1s tri or 

“Iv has been fuppofed that the chemical folution of humidity in air is necef- farily implied in this theory of rain. The truth is, that the air is here con- fidered only as the vehicle of the vapour, and that the. tranfparent ftate of the latter is fuppofed to depend on the temperature; or the quantity of heat; but whether that heat a@ on the vapour’ folely'and dire@ly, or indireGly; by inerea- fing the power-of the aiv to retain it in folution, is, with refpec to this. theory, al. together immaterial. _ se : 
Dr Hurton has indeed ufed the common language concerning the folution of humidity in air ; but the fulppofition ‘of fuch folution is not effential to his theory. He feemed, indeed, to entertain doubts about the reality of that operation, found: ed on the’ cireumftance of evaporation taking place zz vacuo. Experiments ‘made by M. Darton. fince the death of Dr Hutton, thew that there is great reafon for fuppofing that the air has no chemical aétion whatever on the aqueous vapour contained init. Manchefter Memoirs, vol.v. Pp: 538. 
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or winds, of different temperatures, when they meet, muft produce 

fuch mixtures as have been defcribed, and give rife confequently 

to the condenfation of aqueous vapour. When the fupply of the 
humid air, entering into the mixture, is continued, the quanti- 

ty of cloud formed will continually increafe, and the {mall glo- 
bules of condenfed moifture, uniting into drops, muft defcend 

in rain. 

But though we are thus in poffeflion of a principle by which 
rain may be certainly produced, yet whether it be the only one 

by which rain is produced may require fome farther inveftigation. 

Dr Hutton accordingly, in order to determine this point, has 

entered into a very ample detail concerning the rain under dif- 

ferent climates, and in different regions of the earth. The re- 

fult is, that the quantity of rain is, as nearly as can be eftima- 

ted, every where proportional to the humidity contained in the 
air, and the caufes which promote the mixture of different por- 

tions of air, in the upper regions of the atmofphere. Between 

the tropics, for inftance, the dry feafon is that in which the 
uniform current of the trade-wind meets with no obftruction 
in its circuit round the globe; and the rainy feafon happens 

when the fun approaches to the zenith, and when the fteadinefs 

of the trade-wind either yields to irregular variations, or to the 

ftated changes of the monfoons. 
Tuus too, (to mention another extreme cafe), in certain coun- 

tries diftant from the fea, having little inequality of furface, and 

expofed to great heat, no rain whatever falls, and the fands of the 

defert are condemned to perpetual fterility. Even there, however, 

where a mountainous traét occurs, the mixture of different por- 

tions of air produces a depofition of humidity; perennial {prings 

are found; and the fertile vales of Fezzan or Palmyra are ex- 

empted from the defolation of the furrounding wildernefs. 

Tuts ingenious theory attracted immediate attention, and 

was valued for affording a diftinét notion of the manner in 
which. 
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which cold aéts in caufing a precipitation of humidity. It met, 
however, from M. pe Luc with a very vigorous and determi- 
ned oppofition; Dr Hurron defended it with fome warmth, 
and the controverfy was carried on with more fharpnefs, on both 

fides, than a theory in meteorology might have been expe¢ted to 

call forth. For this Dr Hutton had leaft apology, if greateft in- 
dulgence, on the fcore of temper, is due to the combatant who 
has the worft argument. The merits of the queftion cannot be 
confidered here: It is fufficient to remark, that they came ulti- 

mately to reft ona fingle point, Whether the refrigeration of 

air is carried on’ by the mixture of the cold and the hot air, or by 
the paflage of the heat itfelf, without fuch mixture, from one 

portion of air to another. If the former holds, Dr Hu1ton’s 

theory is eftablifhed ; if the latter be true, M. DE Lec’s objec- 

tions may at leaft merit examination. : 

Now, it is certain, that if not the only, yet almoft the only, 

communication of heat through fluids, is produced by the mix- 
ture of one part of the fluid with another. The ftatical princi- 
ple by which heat is thus propagated, was firft, I believe, accu- 
rately explained by Dr Biack, and fince his time has been far- 

ther illuftrated by the experiments of Count Rumrorp, ‘Thefe 
laft have led their ingenious author to conclude that heat has no 
tendency to pafs through fluids, otherwife than by the mixture 
of the parts of different temperature. The accuracy of this con- 
clufion, in its full extent, may reafonably be queftioned; but this 
much of it is undoubtedly true, that when the particles of a bo- 

dy are at liberty to move freely among themfelves, the direct 
communication of heat, compared with the ftatical, is evanef- 

cent, and may be regarded as a mere infinitefimal. M. pE Luc’s 

objections are therefore of no weight. 

Tue Theory-of Rain was republifhed by Dr Hutton in his 
Phyfical Differtations feveral years afterwards, together with his 
anfwers to M. DE Luc, and feveral other meteorological tracts, 

12 which 
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which contain many excellent examples of generalization, in a 
branch of natural hiftory where it is more eafy to accumulate 
facts, and more difficult to afcertain principles, than in =n 
other *. 

AFTER 

* Iv may be proper to mention here fome ufeful obfervations in meteorology 

which Dr Hutron made, but of which he has given no account in any of his pub- 
lications. 

He was, I believe, the firft who thought of afcertaining the medium tempera- 

ture of any climate by the temperature of the fprings.. With this view he made 

a great number of obfervations in different parts of Great Britain, and found, by 

a fingular enough coincidence between two arbitrary meafures, quite independent 

of one another, that the temperature of {prings, along the eaft coaft of this ifland, 

varies nearly at the rate of a degree of FaHRENHEIT’s thermometer for a degree 

of latitude. This rate of change, though it cannot be general over the whole 

earth, is probably not far from the truth for all the northern part of the temperate 

zone. 
For eflimating the effe& which height above the level of the fea has in dimi- 

nifhing the temperature, he alfo made a feries of obfervations at a very early pe- 

riod. By thefe obfervations he found that the difference between the ftate of the 

thermometer in two places of a given difference of level, and not very diftant, in 

a horizonta] direction, is a conftant quantity, or one which remains at all feafons 

nearly the fame, and is about 1° for 230 feet of perpendicular height. 

I must, however, obferve, that on verifying thefe obfervations, I have found 

the rate of the decreafe of temperature a little flower than this, and very nearly a 

degree for 250 feet. This feems to hold for a confiderable height above the: 
earth’s furface, and will be found to come pretty near the truth, to the height 

of five or fix thoufand feet. It isnot however probable that the dimjnution of 

the temperature is exactly proportional to the increafe of elevation ; andit would 

feem that at heights greater than the preceding, the deviation becomes fenfible ; 

the differences of heat varying in a lefs ratio than the differences of elevation. 

Ix explaining this diminution of temperature as we afcend in the atmo- 

f{phere, Dr Hurron was much more fortunate than any other of the philofophers 
* who have confidered the fame fubje&. It is well known that the condenfation of 

air converts part of the latent into fenfible heat, and that the rarefaction of air con- 
verts part of the fenfible into latent heat, This is evident from the experiment of 

the air-gun,andfrom many others, If, therefore, we fuppofe a given quantity of 

air to be fuddenly tranfported from the furface to any height above it, the air will 

expand on account of the diminution of preflure, and a part of its heat becoming 
latent, 

4 
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AFTER the period of the two publications juft mentioned, Dr 
Hutton made feveral excurfions into different parts of Scotland, 
witha view of comparing certain refults of his theory of the 

earth with actual obfervation. His account of granite, viz. that it 

isa fubftance which, having been reduced into fufion by fubter- 
raneous heat, has been forcibly injeG@ted among the ftrata alrea- 
dy confolidated, was fo different from that of other mineralo- 

gifts, that it feemed particularly to require farther ¢xamination. 
He concluded, that if this account’ was juft, {éme confirmation 

of it muft appear at thofe places where the granite and the {trata 

are in contact, or where the former emerges from beneath the 

latter. In fuch fituations, one might expect veifs'of ‘the ftone 

which had been in ‘fufion to penetrate into the ftone which 

had been folid; and fome imperfect defcriptions of granitic 

veins gave reafon to imagine that this phenomenon was actu- 
ally to be obferved. “Dr Hurron was anxious that an in/ffantia 
crucis might fabjeé his’ theory to the fevereft teft. 

ONE 

latent, it will become colder than before. Thus alfo, when a quantity of heat 

afcends by any means whatever, from one ftratum of air toa fuperior ftratum, a 

part of it becomes latent, fo that an equilibrium of heat can never be eftablifhed 

among the ftrata; but thofe which are lefs, muft always remain colder than thofe 

that are more, comprefled. This was Dr Hurron’s explanation, and it contains 

no hypothetical principle whatfoever. > 

Toone who confiders meteorology with attention, the want of an accurate hygro- 

meter can never fail to be a fubject of regret. The way of fupplying this deficien- 

cy which Dr Hutton praétifed was by moiftening the ball of a thermometer, and 

ebferving the degree of cold produced by the evaporation of the moifture, The 

degree of cold, ceteris paribus, will be proportional to the drynefs of the air, and 

affords, of courfe, a meafure of that drynefs, The fame contrivance, but without 

any communication whatfoever, occurred afterwards to Mr Lesxig, and being 

purfued through a feries of very accurate and curious experiments, has produced 

an inftrument which promifes-to’anfwer all the purpofes of photometry, as well 

as hygrometry, and fo to make a very important addition to our phyfical appara- 
tus.: 
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OnE of the places where he knew that a junction of the kind 
he wifhed to examine muft be found, was the line where the 

great body of granite which runs from Aberdeen weftward, 
forming the central chain of the Grampians, comes in contact 
with the fchiftus which compofes the inferior ridges of the fame 

mountains toward the fouth. The neareft and moft.acceflible 
point of this line feemed likely to be fituated not far to the eaft- 
ward of Blair in Athol, and could hardly fail to be vifible 
in the beds of fome of the moft northern ftreams which. run 

into the Tay. Dr Hurron having mentioned thefe circum- 

ftances to the Duke of ATHOL, was invited by that nobleman to 

accompany him in the fhooting feafon into Glentilt, which he 

did accordingly, together with his friend Mr CLexk of Elden, in 
fummer 1785. 

Tue Tilt is, according to the feafons, a fmall river, or an im- 
petuous torrent, which runs through a glen of the fame name, 

nearly fouth-weft, and deeply interfects the fouthern ridges of 
the Grampian Mountains. The rock through which its bed is 

cut is in general a hard micaceous fchiftus; and the glen pre- 
fents a fcene of great boldnefs and afperity, often embellifhed, 

however, with the accompaniments of a fofter landfcape. 
WueEn they had reached the Foreft Lodge, about feven miles 

up the valley, Dr Hurrown already found himfelf in the midift 

of the objeéts which he wifhed to examine. In the bed of the 
river, many veins of red granite, (no lefs, indeed, than fix large 

veins in the courfe of a mile), were teen traverfing the black 

micaceous {chiftus, and producing, by the contraft of colour, an 

effeét that might be ftriking even to an unfkilful obferver. The 
fight ot objeéts which verified at once fo many important con- 

clufions in his fyftem, filled him with delight; and as his feelings, 
on fuch occafions, were always ftrongly exprefled, the guides 
who accompanied him were convinced that it muft be nothing 

lefs 
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Jefs than the difcovery of a vein of filver or gold, that could 
call forth fuch ftrong marks of joy and exultation. 

Dr Hutton has defcribed the appearances at this {pot in the 
third volume of the Edinburgh Tran/udions, p- 79. and fome 
excellent drawings of them were made by Mr Crerx, whofe 
pencil is not lefs valuable in the {ciences than in the arts. On 
the whole, it is certain, that of all the jundtions of granite and 
fchiftus which are yet known, this at Glentilt {peaks the moft 
unambiguous language, and moft clearly demonftrates the vio- 
lence with which the granitic veins were injected among the 
{chiftus *. 

In the year following, Dr Hurron and Mr Crerx alfo vifit- 
ed Galloway, in fearch of granitic veins, which they found at 
two different places,! where the granite and {chiftus come in 
contact. One of thefe junétions was afterwards very carefully 
examined by Sir James Haru and Mr Douctas, now Lord 
SELKIRK, who made the entire circuit of a tra@t of granite 
country, which reaches from the banks of Loch Ken, where 
the junction is beft feen, weftward to the valley of Palnure, oc- 
cupying a {pace of about 11 miles by 7. See Edinburgh Tranf- 
actions, vol. Il. Hiffory, p. 8. 

In fummer 1787, Dr Hutton vifited the ifland of Arran in 
the mouth of the Clyde, one of thofe {pots in which nature has 
collected, within a very {mall compafs, all the phenomena moft 
interefting to a geologift. A range of granite mountains, pla- 

ced 

* I must take this opportunity of correcting a miftake which I have made in 
defcribing the junGion in Glentilt, (1//u/trations of the Huttonian Theory, p. 30.) 
where I have faid, that the great body of granite from which thefe veins proceed, 
is not immediately vifible. ‘This, however, is not the faét, for the mountains on 
the north fide of the glen are a mafs of granite to which the veins can be direatly 
traced. This 1 have been affured of by Mr Crerx. Dr Hutton has not defcri- 
bed it diftinélly ; and not having feen the union of the veins with the granite on: 
the north fide, when I vifited the fame {pot, I concluded too haftily, that it had nat 
yet been difcovered,. 
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‘ced in the northern part of the ifland, have their fides covered 
with primitive {chiftus of various kinds, to which, on the fea- 
fhore, fucceed fecondary ftrata of grit, limeftone, and even coal. 

Here, therefore, Dr Hutron had another opportunity of exa- 

mining the junétion of the granite and fchiftus, and found 

abundance of the veins of the former penetrating into'tthe latter. 

In three different places he met with this phenomenon ; in the 

torrents that defcend-from the fouth fide of Goatfield; in Glen- 

rofa, on the weft, and in the little river Sannax, onthe north- 

eaft, of that mountain: © From the firft-of thefe he brought.a 

fpecimen of fome hundred weight, confifting of a block of 
fchiftus, which includes a large vein of granite. 

Ar the northern extremity of the ifland heuhad ikewite a 

view of the fecondary ftrata lying upon the primary; with their 

planes at right angles to one another. In the gréat quantity, 
alfo, of pudding-ftone, containing rounded quartzy gravel, uni- 
ted by an arenaceous cement; in the multitude‘of whinftone 
dikes, which abound in this ifland; and in the veins of: pitch- 

ftone, 2 foflil which he had not: before met with im its native 
place; he found other interefting fubjeéts of obfervation ; fo 

that he returned from this tour highly/gratified, and ufed often 

to fay that he had no where found his expectations*fo much ‘ex- 
ceeded, as in the grand and inftru@tive appearances’ with which 

naturé has adorned this little ifland. 

Mr Joun Crier, the fon of his friend Mr Ge ae of Elden, 

accompanied him in this excurfion, and made feveral drawings, 

which, together with a defcription of the ifland drawn up after- 

wards by Dr Hutrow, ftill remain in manufcript. 
THE »leaft pena he of the obfervations at Arran. was that 

of the jun@tion of the primitive’ with the: fecondary. ftrata, 
which is but indiftinétly feen ‘in that “ifland,’ and only -at 
one place. Indeed, the contaé of thefe two kinds of ‘rock, 
though it forms a line circumferibing. the. bafes, of all primitive 

countries, 
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countries, is fo covered by the foil, as to be vifible in very 

few places. In the autumn of this fame year, however, Dr 
Hurrow had an opportunity of obferving another inftance of it 
in the bank of the river Jedd, about a mile above the town of 

Jedburgh. The fchiftus there is micaceous, in vertical plates, 

running from eaft to weft, though fomewhat undulated. Over 

thefe is extended a body of red fandftone, in beds nearly hori- 
zontal, having interpofed between it and the vertical ftrata a 
breccia full of fragments of thefe laft. Dr Hutron has given 
an account of this fpot in the firft volume of his Theory of the 
Earth, p. 432., accompanied with a copper-plate, from a drawing 
by Mr CLerk. 

In 1788 he made fome other valuable obfervations of the 

fame kind. The ridge of the Lammer-muir Hills, in the fouth 

of Scotland, confifts of primary micaceous f{chiftus, and extends 

from St Abb’s-head weftward, till it join the. metalliferous 

mountains about the fources of the Clyde. The fea-coaft af- 

fords a tranfverfe fection of this alpine tract at its eaftern extre- 
mity, and exhibits the change from the primary to the fecondary 
ftrata, both on the fouth and on the north. Dr Hutton with- 

ed particularly to examine the latter of thefe, and on this occa- 

fion Sir James Hawt and I had the pleafure to accompany him, 
We failed in a boat from Dunglafs, on a day when the finenefs 
of the weather permitted us to keep clofe to the foot of the 
rocks which line the fhore in- that quarter, dire@ing our 
courfe fouthwards, in fearch of the termination of the fecond- 
ary ftrata. We made for a high rocky point or head-land, 
the Siccar, near which, from our obfervations on fhore, we 
knew that the object we were in fearch of was likely to be difco- 
vered, On landing at this point, we found that we actually 

* trode on the primeval rock, which forms alternately the bafe 
and the fummit of the prefent land. It is here a micaceous 
ichiftus, in beds nearly vertical, highly indurated, and ftretch- 

VoL. V.—P. III. K ing 
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ing from S. E. to.N. W.. The furface of this rock runs with a 
moderate afcent from the level of low-water, at which we land- 

ed, nearly to that of high-water, where the {chiftus has.a thin 
covering of red horizontal fandftone laid over it; and this fand- 

ftone, at the diftance of a few yards farther back, rifes mtoa 

very high perpendicular cliff. Here, therefore, the immediate 

contact of the two rocks is not only vifible, but is curioufly dif- 

fected and laid open|by the a@tion of the waves.. The rugged 

tops of the {chiftus are feen penetrating into the horizontal beds 
of fandftone, and the loweft of thefe laft form a breccia contain- 

ing fragments of {chiftus, fomel-round and others angular, uni+ 

ted by an arenaceous cement. 

Dr Hurtron was highly pleafed with appearances that fet in 

fo clear ‘a light the different formations of the parts which com- 

pofe the exterior cruft of the earth, and where: all the circum- 

ftances were combined that’ could. render the obfervation fatis- 
factory and precife.. On us who faw thefe phenomena:for the 
firft time, the impreflion made will not eafily be forgotten. . The 

palpable evidence prefented to-us, of one of the moft extraordi- 
nary and important facts;in the natural hiftory,of the earth, 
gave a reality and fubftance to thofe theoretical {peculations; 

which, however probable, had never till now been dire@ly au- 

thenticated by the teftimony of the fenfes. We often faid to 

ourfelves, What clearer evidence could we have had of: the dif- 

ferent formation of thefe rocks, and of the long interval which 

feparated their formation, had we actually feen them emer: 

ging from the bofom of the deep? We felt ourfelves necef- 

farily carried back to, the time when the fchiftus on which we 

flood was. yet at the bottom of the fea, and when the fandftone 
before us was only beginning to be depofited, in the fhape of | 
fand or mud, from the waters of a fuperincumbent ocean. An* 

epocha {till more remote prefented itfelf, when even the moft 

ancient of thefe rocks, inftead of ftanding upright in vertical 
beds, 
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beds, lay in horizontal planes at the bottom of the fea, and was 
not yet difturbed by that immeafurable force which has burft 

afunder the folid pavement of the globe. Revolutions ftill more 
remote appeared in the diftance of this extraordinary perfpec- 

tive *. The mind feemed to grow giddy by looking fo far into 

the abyfs of time; and while we liftened with earneftnefs and 
admiration to the philofopher who was now unfolding to us the 
order and feries of thefe wonderful events, we became fenfible 
how much farther reafon may fometimes go than imagination 
can venture to follow. As for the reft, we were truly fortunate 

in the courfe we had purfued in this excurfion ; a great number 

of other curious and important facts prefented themfelves, and 
we returned, having collected, in one day, more ample materials 

for future {peculation, than have fometimes refulted from years 
of diligent and laborious refearch. 

In the latter part of this fame fummer, (1788), Dr Hortox 
accompanied the Duke of Aruot to the Ifle of Man, witha 
view of making a mineral furvey of that ifland. What he 
faw there, however, was not much calculated to illuftrate any of 
the great fats in geology. He found the main body of the 

ifland to confift.of primitive f{chiftus, much inclined, and more 

interfected with quartzy veins than the correfponding fchiftus 

in the fouth of Scotland. In two places on the oppofite fides of 

the ifland, this {chiftus was covered by fecondary ftrata, but 
the jun@ion was no where vifible. Some granite veins were ob- 
-ferved in the fchiftus, and many loofe blocks of that {tone were 
met with in the foil, or on the furface, but no mafs of it was to 

be feen in its native place. The direction of the primitive ftra- 

ta PRE EI DOREY very well with that in Galloway, running near- 
IS) 2 ; ly 

* For a fuller dedu@ion of the conclufions here referred to, fee Theory of the 

Earth, Vol. 1, p. 458. ; alfo L2/u/ftrations of the Huttonian Theory, p. 213. 
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ly from eaft to weft. This is all the general information which 
was obtained from an excurfion, which, in other refpedts, 
was very agreeable. Dr Huron performed it in company 
with his friend Mr Cierk, and they again experienced the po- 

litenefs and hofpitality of the fame nobleman who had formerly 
entertained them, on an expedition which deferves fo well to be 

remembered in the annals of geology. 

TuoucH from the account now given, it appears that Dr 

Hutton’s mind had been long turned with great earneftnefs to 

the ftudy of the theory of the earth, he had by no means confi- 

ned his attention to that fubje&t, but had directed it to the for- 

mation of a general fyftem, both of phyfics and metaphyfics *. 

He tells us himfelf, that he was led to the ftudy of general phy- 

fics, from thofe views of the properties of body which had oc- 
* curred to him in the profecution of his chemical and mineralo- 

gical inquiries. In thofe fpeculations, therefore, that extended: 

fo far into the regions of abftract {cience, he began from che- 

miftry ; and it was from thence that he took his departure in his 
circum-navigation both of the material and intellectual world. 

Tue chemitt, indeed, is flattered more than any one elfe with 

the hopes of difcovering in what the effence of matter confifts ; 

and Nature, while fhe keeps the aftronomer and the mechani- 
cian at a great diftance, feems to admit him to more famihar 

‘converfe, and to a more intimate acquaintance with her fecrets. 
The vaft power which he has acquired over matter, the aftonifh- 

ing 

* Av what time thefe laft {peculations began to fhare his attention with the 

former, I have not been able to difcover, though I have reafon to believe that be- 

fore I became acquainted with him, which was about 1781, he had completed a 

manufcript treatife on each of them, the fame nearly that he afterwards gave to 
the world. His fpeculations on general phyfics were of a date much earlier than 

this. : 

Tuer Phyfical Syftem, referred to here, forms the third part of a work, entitled, 

Differtations on different Subjeéts in Natural Philofophy, in one vol. 4to, 1792. 

(Ce 
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ing transformations which he effects, his fuccefs in analyzing al- 

moft all bodies, and in reproducing fo many, feem to promife 

that he fhall one day difcever the eflence of a fubftance which 
he has fo thoroughly fubdued; that he fhall’be able to bind 

Proteus in his cave, and finally extort from him the fecret 

of his birth; in a word, that he fhall find out what matter is, 

of what elements it is compofed, and what are the properties ef- 
fential to its exiftence.. 

In entering upon this new inquiry, Dr Huron was forcibly 

ftruck with the very juft reflection, That we do by no means ex- 

plain the nature of body, when we defcribe it as made up of 

fmall particles ; becaufe if we allow to thefe particles any magni- 

tude whatfoever, we do no more than affirm: that great bodies 

are made up of fmall ones. ‘The elements of body mutt, there- 

fore, be admitted to be fomething unextended. To thefe unex- 

tended elements, Dr HutTron gave the name of MATTER, and. 

carefully diftinguifhed between that term and.the term Bopy, 
which he applied only to thofe combinations of matter that are: 
neceffarily conceived to poffefs impenetrability, extenfion and: 
inertia. 
Tue moft accurate examination of the properties-of body con-- 

firms the truth of the opinion, that it is compofed of unextended. 

elements. Bodies may be compreffed into {maller dimenfions ; 
many by the application of mechanical force, and all by the dimi- 

nution of their heat : nor is there any limit to this compreffion, or 
any point beyond which the farther redudtion of volume becomes 
impoflible. This holds of fubftances the moft compact; as well 

as the moft volatile and elaftic, and clearly evinces that the ele-- 
ments of body are not in contaét with one another, and that in, 

reality we perceive nothing in body but the exiftence of certain: 
powers or forces, aéting with various intenfities, and in various. 
direCtions. Thus the fuppofed impenetrability, and of courfe 
the extenfion of body, is nothing elfe than the effort of a refift- 

ing 
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ing or repulfive power; its coliefion, weight, &c. the efforts of 

attractive power ; and fo with refpect to all its other properties. 

Burt if this be granted, and if it be true that in the material 

world every phenomenon can, be explained by the exiftence of 

Power, the fuppofition of extended particles as a /wh/iratum or 

refidence for fuch power, is a mere hypothefis, without any 

countenance from the matter of faé&. For if thefe folid parti- 

cles are never in contaét with one another, what part can they 

have in the produ@ion of natural appearances, or in what fenfe 

can they be called the refidence of a force which never acts at 

the point where they are prefent? Such particles, therefore, 

ought to be entirely difcarded from any theory that propofes to 

explain the phenomena of the material world. bes 

Tuus, it appears, that power is the effence of matter, and that 

none of our perceptions warrant us in confidering even body as. 

involving any thing more than force, fubjected to various laws 

and modifications. 
Matter, taken in this fenfe, is to be confidered as indefinite- 

ly extended, and without inertia. Its prefence through all fpace 

is proved by the univerfality of gravitation ; and its want of in- 

ertia, by the want of refiftance to the planetary motions. Thus, 

in our inquiry concerning phyfical caufes, we are relieved from 

one great difficulty, that of fuppofing matter to act where it is 

not. The force of gravitation, according to this fyftem, is not 

the action of two diftant bodies upon one another, but it is the 

aGtion of certain powers, diffufed through all fpace, which may 

be tranfmitted to any diftance. There feems to me, however, 

to remain a difficulty hardly lefs than that from which we ap- 

pear to be relieved, wz. to aflign a reafon why the intenfity with 

which fuch powers act on any body, fhould depend on the pofi- 

tion and magnitude of all the bodies in the univerfe, and fhould 

bear to thefe continually the fame relation. But, however this 

be, the ingénuity of Dr HutTon’s reafonings cannot be queftion- 
ed, 
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ed, nor, I think; the juftnefs of many of his conclufions. His 
explanations of cohefion, heat, fluidity, deferve particular atten- 
tion. In one thing, however, he feems to have fallen into an error, 
which runs through much of his reafoning, concerning the 
principles of gravitation and inertia. He affirms; that ‘ without 
‘ gravity, a body endowed with all the other material qualities 
“would have-no inertia; that it would not diminith the velo- 
“city of the moving body by which it fhould be aétuated, nor 
“would it move a heavy body whatever were its velocity *.” 
Now, this propofition, though from its mature it cannot be 
brought to the: immediate: teft of experience, is certainly incon- 
fiftent with the principles of mechanics ; at the fame time, it is 
true, that we would not, in the cafe here fuppofed, have the 
fame means of meafuring the motion loft, or gained by collifion, 
which we have in the a¢tual ftate of bodies. This is perhaps what 
mifled Dr HuTron ; and though his remarks on the meafures 
of motion and: force are very acute; and many of them very juft, 
the mathematical reader will regret the want of that mode of 
reafoning, which has raifed mechanics to fo high a rank among 
the fciences.. 

. Iv is impoflible not to remark the atlinseg of this theory with 
that of the celebrated Boscovrcn, in which, as in this, all the: 
‘phenomena of the material world are explained, by the fuppofi- 
tion of forces varioufly modified, and: without the afliftance of 
folid or extended particles. Thefe forces are fuppofed to be ar- 
ranged round mathematical points, which are moveable, and a@t 
on.one another by means of the forces furrounding them. A 
moft ingenious application of this principle is made to-all the 
ufual refearches of the mechanical. philofophy, and, it muft be 
eonfefled, that few theories have more beauty and fimplicity to. 
recommend, main or do better affift. the i imagination in the ex: 

planation: 

*® Differtations, &e. p. 312. § 31. 
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planation of natural appearances. But it involves, in the whole 
of it, this great difficulty, that mathematical points are not only 
capable of motion, but capable of being endowed, or, at leatt, 
diftinguifhed, by phyfical qualities. Dr Hurron, in his theo- 

ry, has avoided this difficulty, by giving no other than a nega- 

tive definition of the MaTTER which he fuppofes the elementa- 

ry principle of body. On this account, though to the imagina- 

tion his theory may want the charms which the other pofleffes, 

yet it has the advantage of going juft to the extent to which our 

perceptions or our obfervations authorife us to proceed, and of 

being accurately circumfcribed by the limits pointed out by the 

laws of philofophical induction *. 
Tue exiftence of matter neither heavy nor inert, which he 

had taken fo much pains to eftablifh, was applied by him to ex- 
plain 

* Tuoucn Boscovrcn’s Theory was publifhed long before Dr Hutton’s, fo 
early, indeed, as the year 1758, there is no reafon to think that the latter was in 

any degree fuggefted by the former. Boscovicu’s theory was hardly known in 

this country till about the year 1770, and the firft fetches of Dr Hurton’s theory 

are of amuch older date. Befides, the method of reafoning purfued by the authors 

i$ quite different ; and their conclufions, though alike in fome things, directly 

contrary in others, as in what regards gravity, inertia, &c. The Monads of Lrin- 

niTz might more reafonably be fuppofed to have pointed out to Dr Horton the 

neceflity of fuppofing the elements of body to be unextended, if the originality of 

his own conceptions, and the little regard he paid to authority in matters of theo- 

ry, did not relieve us from the neceffity of looking to others for the fources of his 

opinions. 

Tue principal defeét of his theory feems to me to confift in this, that it does not 

flate with precifion the difference between the conftitution of thofe powers which 

fimply form matter, and thofe that form the more complex fubftance, body. In 

other words, it does not explain what muft be added to matter to make it body. 

The anfwer feems to me to be, that the addition of a repelling power, in all direc- 

tions, is fufficient for that purpofe. Such a repulfion, if ftrong enough, would 

produce both impenetrability and inertia. The matter, again, that poffeffed only i 

an attractive power, like gravity, or a repulfive power only in a certain direc- 

tion, like /ight, would not be inert nor impenetrable. In thts inference, however, 

from his fyftem, I am not fure if I fhould meet with the author’s approbation. 



LIFE of Dr HUTTON. © 79 

plain the phenomena of light, heat, and ele@tricity. He confider- 
ed all thefe three as modifications of the folar fubftance, and 
thought that many of the appearances they exhibit, are only to 
be explained, on the fuppofition that they confift of an expan- 
five force, of which inertnefs is not predicable ; in particular, 
that light is a power propagated from the fun in all directions, 
like gravity, with this difference, that it is repulfive, while gra- 
vity is attractive, and requires time for its tranfmiffion, which 
the latter does not, at leaft in any fenfible quantity *. 
Tue profecution of this fubjeé has led him to confiderthe nature 

of PHLOGISTON, a fubftance once fo famous in chemiftry, but of 
which the name has almoft as entirely difappeared from the vo- 
cabulary of that fcience, as the word Vortex from the language 
of phyfical aftronomy. The new and important experiments 
made on the calcination of metals, and on the compofition of 
water, are, as 1s well known, the foundations of the antiphlogi~ 
ftic theory. Nobody was more pleafed than Dr Hurron with 
thefe experiments, nor held in higher eftimation the character 
and abilities of the chemifts and philofophers by whom they 
were conducted. He was neverthelefs of opinion, that the con- 
elufions drawn from them are not altogether unexceptionable, 
nor deduced with a fufficient attention to every circumftance, 
This remark he thought peculiarly applicable to what regards 
the compofition of water, to the phenomena of which experi- 
ment, the differtation we are now fpeaking of is chiefly dire@ted. 
The two aériform fluids, it is there obferved, which compofe 
water, in order to unite, muft not fimply be brought together, 
for in that ftate they might remain for ever unchanged, but they 
muft be fet on fire, and made to burn, and from this burning 
there are evidently two fubftances which make their efcape,. 

Vou. V.—P. Til. L "namely, 

*See Differtations V. and VI. on Matter and Motion, in the work above quot- 
ed. The Chemical Differtation on Phlogifton is in the fame volume, p. 171. 
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namely, Light and Heat. Though, therefore, the weight of the 
water generated, and of the gafes combined, may be admitted 
to be equal, yet it muft be acknowledged, that two fubftances 

are loft, which the chemift cannot confine in his clofeft veffel, 

nor weigh in his fineft balance, and it is going much farther than 
we are authorifed to do, either by experiment or analogy, to 

conclude that thefe fubftances have had no effect. As heat and 
light, in Dr Hurton’s fyftem, are compofed of that matter 
which does not gravitate, the exact coincidence which M, La- 

VOISIER obferved between the weight of the water produced and 

that of the two elaftic fluids, united in the compofition of it, 

was no argument, in his eyes, againft the efcape of a very effen- 

tial part of the ingredients. 

PursuinG the fame reafoning, he fhews how little sania 
there is to fuppofe that the heat and light evolved in this expe- 

riment proceed from the vital air; and he concludes, that the 
real explanation of the proce{s is, that by burning, the matter of 

light and heat, or the phlogifton of the hydrogenous gas, is 

fet at liberty, and is thus enabled to unite with the vital air. 
In the fame manner, on examining what relates to the burn- 

ing of inflammable bodies, he finds the oxygenous gas unequal to 
the effect of furnifhing by its latent heat, or caloric, the whole of 
the fenfible heat that is produced. He concludes, therefore, that 

the hypothefis of the exiftence of phlogifton in thofe bodies that 

are termed inflammable, is neceffary to account for the pheno- 
mena Of burning; phenomena, as he juftly remarks, which are 
among the moft curious and important of any that are exhibited 

by the material world. On the whole, it cannot be doubted, 
that great ingenuity and much found argument are difplayed 
throughout the whole of this differtation, and that whatever be 
ultimately decided with regard to the principle for which the 

author fo f{trenuoufly contends, he has made it evident, that the 
conclufions 

! 
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conclufions of the antiphlogiftic theory have been drawn with 

too much precipitancy, and carried farther than is warranted by 
the {trict rules of induétive philofophy. © 

Tue fubje& of Fire, Light and Heat was refumed by Dr 

Hutton feveral years after this period, and formed the fubject 

of a feries of papers which he read in the Royal Society of Edin- 
burgh, and afterwards publifhed feparately. He there explains 

more fully his notion of the fubftances juft mentioned, which 
he confiders as different modifications of the folar matter, alike 

deftitute of inertnefs and of gravity. 

A mMorE voluminous work from Dr HuttTon’s pen, made its 

appearance foon after the Phyfical Diflertations, v?z. dn Inve/ti- 
gation of the Principles of Knowledge, and of the Progrefs of Rea- 

. fon from Senfe to Science and Philofophy, in three volumes quarto. 

He informs us himfelf of the train of thought by which he 

was led to the metaphyfical fpeculations contained in thefe vo- 

lumes. He had fatisfied himfelf, by his phyfical inveftigations, 

that body is not what it is conceived by us to be, a thing necef- 
farily poffefling volume, figure and impenetrability, but merely 

- an aflemblage of powers, that by their ation produce in us the 

ideas of thefe external qualities. His curiofity, therefore, was 

naturally excited to inquire farther into the manner in which 
we form our conceptions of body, or into the nature of the in- 

tercourfe which the mind holds with thofe things that exift 

without it. In purfuing this inquiry, he foon became convin- 

_ced, that magnitude, figure and impenetrability, are no otherwife 

perceived by the mind than colour, tafte and fmell ; that is, that 

what are called the primary qualities of body, are precifely on 

the fame footing with the fecondary, and are both conceptions 

of the mind, which can have no refemblance to the external 

caufe by which thofe conceptions are produced. The world, 

therefore, as conceived by us, is the creation of the mind itfelf, 

but of the mind acted on from without, and receiving informa- 
La tion 
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tion from fome external power. But though, according to this 
reafoning, there be no refemblance between the world without 
us, and the notions that we form of it, though magnitude and 

figure, though fpace, time and motion, have no exiftence but in 

the mind; yet our perceptions being confiftent, and regu- 
lated by conftant and uniform laws, are as much realities 
to us, as if they were the exact copies of things really exifting ; 
they equally intereft our happinefs, and muft equally determine 
our conduct. They form a fyftem, not dependent on the mind 

alone, but dependent on the a¢tion which certain external caufes 
have upon it. The whole do¢trine, therefore, of moral obliga- 

tion, remains the fame in this fyftem, and in that which main- 

tains the perfect refemblance of our ideas to the caufes by which 

they are produced. 
Many philofophers have regarded our ideas as very imper- 

fect reprefentations of external things; but Dr HutTon confi- 
ders their perfect diflimilitude as completely proved. Prato 

has likened the mind to an eye, fo fituated, as to fee nothing 

but the faint images of objects projected on the bottom of a dark 

cave, while the objects themfelves are entirely concealed ; but he 

thinks, that by help of philofophy, the mental eye may be di- 

rected toward the mouth of the cave, and may perceive the ob- 
jects in their true figure and dimenfions. But, with Dr Hut- 

ron, the figures feen at the bottom of the cave have no refem- 

blance to the originals without; nor can man, by any contri- 
vance, hold communication with thofe originals, nor ever know 

any thing about them, except that they are not what they feem: 
to be, and have no property in common with the figures which 

denote their exiftence. In a word, external things are no more 
like the perceptions they give rife to, than wine is fimilar to in- 

toxication, or opium to the delirium which it produces. 
Ir has been already remarked, that this fyftem, however pe- 

culiar in other refpects, involves in it the fame principles of mo- 
rals 

ee 

4 
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rals with thofe more generally received ; and the fame may be 
faid as to the exiftence of Gop, and the immortality of the foul. 
The view which it prefents of the latter do€trine, deferves parti- 
cularly to be remarked. Death is not regarded here as the dif- 
folution of a connexion between mind, and that fyftem of ma- 
terial organs, by means of which it communicated with the eXx~ 
ternal world, but merely as an effect of the mind’s ceafing to 
perceive a particular order or clafs of things; it is therefore 
only the termination of a certain mode of thought; and the 
extinion, not of any mental power, but of a train of con- 
ceptions, which, in confequence of external impulfe, had exifted 
in the mind. Thus, as nothing effential to intelle@ual power 
perifhes, we are to confider death only as a paflage from one 
condition of thought to another ; and hence this fyftem appear- 
ed, to the author of it, to afford a ftronger argument than any 
other, for the exiftence of the mind after death. 

Inp&EED, Dr Hurron has taken great pains to deduce from 
his fyftem, in a regular manner, the leading doérines of mora- 
lity and natural religion, having dedicated the third volume of 
his book almoft wholly to that obje@. It is worthy of remark, 
that while he is thus employed, his ftyle affumes a better tone, 
and a much greater degree of perfpicuity, than it ufually pofleffes. 
Many inftances might be pointed out, where the warmth of his 
benevolent and moral feelings burfts through the clouds that fo 
often veil from us the cleareft ideas of his underftanding. One, 
in particular, deferves notice, in which he treats of the import- 
ance of the female character to fociety, in a ftate of high civili- 
zation *. A felicity of expreflion, and a flow of natural elo- 
quence, infpired by fo interefting a fubject, make us regret that 
his pen did not more frequently do juftice to his thoughts. 

THE metaphyfical theory, of which the outline, (though very 
imperfectly), has now been traced, cannot fail to recall the opi- 

nions 

* Invefligation of the Principles of Knowledge, Vol. III, p- 588. &c. 
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nions maintained by Dr BERKELEY concerning the exiftence of 

matter. The two fyftems do indeed agree in one material point, 
but differ eflentially in the reft. They agree in maintaining, 
that the conceptions of the mind are not copied from things of 

the fame kind exifting without it ; but they differ in this, that Dr 
BERKELEY imagined that there is nothing at all external, and 

that it is by the direét agency of the Deity that fenfation and 
perception are produced in the mind. Dr Hurron holds, on 
the other hand, that there is an external exiftence, from which 

the mind receives its information, and by the action of which, 

impreffions are made on it; but impreflions that do not at all 
refemble the powers by which they are caufed. 

THE reafonings alfo by which the two theories are fupported, 

are very diflimilar, though perhaps they fo far agree, that if Dr 
BERKELEY had been better acquainted with phyfics,and had made 

it more a rule to exclude all hypothefis, he would have arrived pre- 
cifely at the fame conclufion with Dr Hurron. Indeed, I cannot 

help being of opinion, that every one will do fo, who, in invefti- 
gating the origin of our perceptions, determines to reafon with- 

out afluming any hypothefis, and without taking for granted 
any of thofe maxims which the mind is difpofed to receive, ei- 
ther, as fome philofophers fay, from habit, or, as others main- 

tain, from an inftinétive determination, (fuch as has been term- 

ed common fenfe) that admits of no analyfis. Though this may 

not be the kind of reafoning beft fuited to the fubje, yet it is fo 

analogous to what fucceeds in other cafes, that it is good to have 

an example of it, and, on that account, were it for nothing elfe, the 

theory we are now {peaking of certainly merits more attention 

than it has yet met with*. The great fize of the book, and the 
; obfcurity 

* I Have hardly found this work of Dr Hutton’s quoted by any writer of 
eminence, except by Dr Par, in his Spzta/ Sermon, a tract no lefs remarkable for 

learning and acutenefs, than for the liberality and candour of the fentiments which 
it contains. 
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ebfcturity which may juftly be objeted to many parts of it, have 
probably prevented it from being received as it deferves, even 
among thofe who are converfant with abftra@ fpeculation. 

An abridgment of it, judicioufly executed, fo as to ftate the 

argument in a manner both perfpicuous and concife, would, I 
am perfuaded, make a valuable addition to metaphyfical fci- 
ence. 

THE publication of this work was Dr HutTon’s occupation 
on his recovery from a fevere illnefs, with which he was feized in 

fummer 1793. Before this time he had enjoyed a long conti- 
nuance of good health, and great activity both of body and mind. 

The diforder that now attacked him, (aretention of urine),was one 

of thofe that moft immediately threaten life, and he was preferved 
only by fubmitting toa dangerous, and painful operation. He was 

thus reduced.to a ftate of great weaknefs, and was confined to 

his room for many months. By, degrees, however, the goodnefs 

of his conftitution, aided, no doubt, by the vigour and elafticity 

of his mind, reftored him to a confiderable meafure of health, 

and rendered his recovery much more complete than could have 
been expected. One of his amufements, when he had regained 

fome tolerable degree of ftrength, was in fuperintending the pu- 
blication, and correcting the proof-fheets of the work juft men- 
tioned. 
Durine his convalefcence, his ativity was farther called into 

exertion, by an attack on his Theory of the Earth, made by Mr Kir- 

WAN, in the Memoirs of the Irifb Academy *, and rendered formi- 
dable, 

* Turs was not the firft attack which had been made on his theory, for M. DE 
Luc, in a feries of letters, inferted in the Monthly Review for 1790 and 1791, 
had combated feveral of the leading opinions contained in it. To thefe Dr 
Hutton made no other reply, than is to be met with occafionally in the enlarged 
edition of his T/eory, publifhed four years afterwards. If I do not miftake, how- 

ever, he intended a more particular anfwer, and actually fent one to the editors 
of 
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dable, not by the ftrength of the arguments it employed, but 

by the name of the author, the heavy charges which it brought 

forward, and the grofs mifconceptions in which it abound- 
ed *. 

Berore this period, though Dr Hutton had been often ur- 
ged by his friends to publifh his entire work on the Theory of 
the Earth, he had continually put off the publication, and there 

feemed to be fome danger that it would not take place in his 
own life time. The very day, however, after Mr Kirwan’s 
paper was put into his hands, he began the revifal of his manu- 
{cript, and refolved immediately to fend it to the prefs. The 

reafon he gave was, that Mr Kirwan had in fo many inftances 
completely miftaken, both the facts, and the reafonings in his 
Theory, that he faw the neceflity of laying before the world a 
more ample explanation of them. The work was according- 

ly publithed, in two volumes o¢tavo, in 1795; and contain~ 
ed, befides what was formerly given in the Edinburgh Tranfac- 

tions, the proofs and reafonings much more in detail, and a 

much fuller application of the principles to the explanation of 
appearances. ‘The two volumes, however, then publifhed, do 

not complete the theory: a third, neceffary for that purpofe, re- 
mained behind, and is ftill in manufcript. 

AFTER 

of the fame Review, who refufed to infert it. This, indeed, I do not ftate with 

perfe&t confidence, as lfpeak only from recolleétian, and would not, on that.au- 

thority, bring a pofitive charge of partiality againft men who exercife a profeflion 

in which impartiality is the firft requifite. Suppofing, however, the ftatement 

here given to be correét, an excufe is ftill left for the Reviewers; they may fay, 

that in communicating original papers, as they do not a& in their judicial capaci- 

ty, they are not bound to difpenfe juftice with their ufual blindnefs and feverity, 

but may be permitted to relax a little from the exercife of a virtue that is fo of- 

. ten left to be its own reward. 

* For a defence of Dr Hutton againft the charges here alluded to, I muft 
take the liberty of referring to the I//uffrations of the Huttonian Theory, p- 110, 

and 125, 
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AFTER the publication of the work juft mentioned, he began 
to prepare another for the prefs, on a fubje& which had early 
occupied his thoughts, and had been at no time of his life en- 
tirely neglected: This fubject was hufbandry, on which he had 
written a great deal, the fruit both of his reading and experience ; 

and he now propofed to reduce the whole into a fyftematic form, 

under the title of Elements of Agriculture. This work, which he 

nearly completed, remains in manufcript. It is written with 
confiderable perfpicuity ; and though I can judge but very im- 

perfectly of its merits, I can venture to fay, that it contains a 
great deal of folid and practical knowledge, without any of the 

vague and unphilofophic theory fo common in books on the 
fame fubject. In particular, I muft obferve, that where it treats 

of climate, and the influence of heat, in accelerating the maturity 
of plants, it furnifhes feveral views that appear to be perfectly 
new, and that are certainly highly interefting. 

THE period, however, was now not far diftant, which was to 

terminate the exertions of a mind of fuch fingular activity, and 

of fuch ardour in the purfuit of knowledge. Not long after the 

time we are {peaking of, Dr Hutton was again attacked by the 
fame diforder from which he had already made fo remarkable 

a recovery. He was again faved from the danger that immediate- 
ly threatened him, but his conftitution had materially fuffered, 

and nothing could reftore him to his former ftrength. He 
recovered, indeed, fo far as to amufe himfelf with ftudy, and 

with the converfation of his friends, and even to go on with the 

work on agriculture, which was nearly completed. He was, 

however, confined entirely to the houfe ; and in the courfe of 

the winter 1796-7, he became gradually weaker, was extreme- 
ly emaciated, and fuffered much pain, but ftill retained the 
full activity and acutenefs of his mind. He conftantly employ- 
ed himfelf in reading and writing, and was particularly pleafed 

with the third and fourth volumes of Saussure’s Voyages 
Vor. V.—P. III, M aux 
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aux Alpes, which reached him in the courfe of that winter, and 

became the laft ftudy of one eminent geologift, as they were the 

laft work of another. On Saturday the 26th of March he fuf- 
fered a good deal of pain; but, neverthelefs, employed himfelf 

in writing, and particularly in noting down his remarks on 

fome attempts which were then making towards a new minera- 
logical nomenclature. In the evening he was feized with a fhi- 

vering, and his uneafinefs continuing to inereafe, he fent for his 
friend Mr Russe, who attended him as his furgeon. Before 

he could poflibly arrive, all medical afliftance was in vain: Dr 

Hutton had juft ftrength left to ftretch out his hand to him, 

and immediately expired. 

Dr Hutton pofleffed, in an eminent degree, the talents, the 

acquirements, and the temper, which entitle a man to the name 

of a philofopher. The dire¢tion of his ftudies, though in fome 
refpeéts irregular and uncommon, had been highly favourable 
to the developement of his natural powers, efpecially of that 
quick penetration, and that originality of thought, which ftrong- 

ly marked his intellectual character. From his firft outfet in 

f{cience, he had purfued the track of experiment and obfervation, 

and it was not till after being long exercifed in this fchool, that 

he entered on the field of general and abftraét fpeculation. He 
combined accordingly, through his whole life, the powers of an 
accurate obferver, and of a fagacious theorift, and was as cau- 
tious and patient in the former character, as he was bold and 

rapid in the latter. 
Lone and continued practice had increafed his powers of 

obfervation to a high degree of perfection ; fo that, in difcrimi- 

nating mineral fubftances, and in feizing the affinities or dif- 
ferences: 
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Ferences among geological appearances, he had an acutenefs hard- 
ly to be excelled. The eulogy fo happily conveyed in the Italian 
phrafe, of offervatore oculatifiimo, might moft juftly be applied to 
‘him ; for, with an accurate eye for perceiving the characters of 
natural objects, he had in equal perfection the power of inter- 
preting their fignification, and of decyphering thofe ancient hie- 
roglyphics which record the revolutions of the globe. There 
may have been other mineralogifts, who could defcribe as well 
the fracture, the figure, the f{mell, or the colour of a {pecimen ; 
but there have been few who equalled him in reading the cha- 
racters, which tell not only what a foffil is, but what it Aas been, 
and declare the feries of changes through which it has pafied. 
His expertnefs in this art, the finenefs of his obfervations, and 
the ingenuity of his reafonings, were truly admirable. It 
would, Iam perfuaded, be difficult to find in any of the {fci- 
ences a better illuftration of the profound maxims eftablifhed by 
Bacon, in his Prerogative Inflantiarum, than were often aftord- 
ed by Dr Hurron’s mineralogical difquifitions, when he exhi- 
bited his fpecimens, and difcourfed on them with his friends. 
No one could better apply the luminous inftances to elucidate 
the obfcure, the decifive to interpret the doubtful, or the fimple 
to unravel the complex. None was more fkilful in marking the 
gradations of nature, as fhe paffes from one extreme to another ; 
more diligent in obferving the continuity of her proceedings, or 
more fagacious in tracing her footfteps, even where they were 
moft lightly imprefled. 
WirH him, therefore, mineralogy was not a mere ftudy of 

names and external characters, (though he was fingularly well 
verfed in that ftudy alfo), but it was a fublime and import- 
ant branch of phyfical {cience, which had for its obje& to un- 
fold the connexion between the paft, the prefent, and the future 
conditions of the globe. Accordingly, his collection of foffils was 
formed for explaining the principles of geology, and for illuftra- 

M 2 ting 
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ting the changes which mineral fubftances have gone through, 

in the paffage which, according to all theories, they have made, 

from a foft or fluid, to a hard and folid ftate, and from immer- 

fion under the ocean, to elevation above its furface. The fe- 

ries of thefe changes, and the relative antiquity of the different 
fteps by which they have been effected, were the objects which 
he had in view to:explain; and, his cabinet, though well adapted 
to this end, with regard to other purpofes was very imperfect. 

They who expect to find, ina collection, fpecimens.of all the fpe- 
cies, and all the varieties, into which a fyftem of artificial ar- 

rangement may have divided the foffil kingdom, will perhaps 
turn faftidioufly from one that is not remarkable either for the 
number or brilliancy of the objeéts contained in it They, on 

the other hand, will think it highly interefting, who with to rea> 
fon concerning the natural hiftory of minerals, and who are not 
lefs eager to become acquainted with the laws that govern, than 

with the individuals that compofe, the foffil kingdom. 

Tne lofs fuftained by the death of Dr Huron, was aggra= 

vated, to thofe who knew him, by the confideration of how much 

of his knowledge had perifhed with himfelf, and; notwithftanding 

all that he had written, how much of the light collected by a 
long life of experience and obfervation, was now completely ex- 

tinguifhed. It is indeed melancholy to refle, that'with all who 

make proficiency in the fciences: founded: on nice and delicate. 

obfervation, fomething, of this fort muft unavoidably happen. 

The experienced eye,.the power of perceiving the minute differen- 

ees, and fine analogies, which difcriminate or unite the objects. 

of fcience; and: the readinefs of comparing new phenomena: 

with others already treafured up:in the mind; thefe are accom- 

plifhments which no rules can teach, and no. precepts can put us 

in poffeffion of. This is a portion:of knowledge which every 

man mutt acquire for himfelf, and which nobody can leave as 

an inheritance to his fucceffor. It feems, indeed; as if nature 
had 
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had. in this inftanceadmitted an exception to the rule, by which 
fhe has ordained the perpetual accumulation of knowledge 

among civilized men, and had deftined a confiderable portion 
of {cience continually to grow up and perifh with the indivi- 
dual. 

A CIRCUMSTANCE which greatly diftinguifhed. the intellec- 

tual character of the philofopher of whom we now fpeak, was 
an uncommon. a¢tivity and ardour of mind, upheld by the 
greateft admiration of whatever in fcience was new, beautiful, 

or fublime. The acquifitions of fortune, and the enjoyments 

which moft directly addrefs the fenfes, do not call up more live- 

ly expreffions of joy: in other men, than hearing of a new inven- 
tion, or being made acquainted with a new truth, would, at any 
time, do in Dr Hutton. This fenfibility to intelleftual. plea- 

fure, was not confined to a few objects, nor to the fciences 

which he particularly cultivated: he'would rejoice over WaTTr’s 
improvements: on: the: fteam-engine, or Coox’s difcoveries in 

the South Sea, with all the warmth of a man who was to fhare 
in the honour or the profit about to accrue from them. The 

fire of his expreflion, on fuch occafions, and the animation of 
his countenance and manner, are’ not to be defcribed ; they were 

always feen with great delight by thofe who could enter into his 

fentiments, and often with great aftonifhment by thofe who 
could not, 

Wiru this exquifite relifh for whatever is beautiful and fu- 
blime in fcience, we may eafily conceive what pleafure he de- 

rived. from his own geological fpeculations. ‘Fhe novelty and 

grandeur of the objects offered by them to the imagination, 
the fimple and uniform order given to the whole natural hiftory 

of the earth,.and, above. all, the views opened. of the-wifdom.that 

governs nature, are things’ to which hardly any man could be 
infenfible ; but'to him they were'matter, not of tranfient delight,. 

but 
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but of folid and permanent happinefs. Few fyftems, indeed, were 
better calculated than his, to entertain their author with fuch 

noble and magnificent profpects ; and no author was ever more 
difpofed to confider the enjoyment of them, as the full and ade- 

quate reward of his labours. 
THE great range which he had taken in fcience, has fufficient- 

ly appeared, from the account already given of his works * 

There were indeed hardly any fciences, except the mathe- 

matical, to which he had not turned his attention, and. his 

neglect of thefe probably arofe from this, that, at the time 

when his acquaintance with them fhould have-commenced, his 

love of knowledge had already fixed itfelf on other objeéts. The 
aptitude of his mind for geometrical reafoning, was, however, 

proved on many occafiens. His theory of rain refts on mathe- 

matical principles, and the conclufions deduced from them are 
perfectly accurate, though by no means obvious. I may add, that 

he had an uncommon facility in comprehending the nature of 

mechanical contrivances; and, for one who was not a practical 

engineer, could form, beforehand, a very found judgment con- 

cerning their effects. 

NotTwiTHSTANDING atafte for fuch various sinfoindtion: and 

a mind of fuch conftant activity, he read but few fpeculative 
books, directing his attention chiefly to fuch as furnifhed the ma- 

terials of fpeculation. Of voyages, travels, and books relating to 
the 

* He had ftudied with great care feveral fubjects of which no mention is made 
above. One of thefe was the Formation, or, as we may rather call it, the Natu- 

ral Hiftory of Language. A portion of his metaphyfical work is dedicated 
to the Theory of Language, vol. I. p. 574, &c.; and vol. II. p.624, &c. He read 

feveral very ingenious papers on the Written Language, in the Royal Society 

of Edinburgh, fee Tran/aGions of the Royal Society of Edinburgh, vol. 11. Hift. 
p- 5. ce. The Chinefe language, as an extreme cafe in the invention of writing, 

had greatly occupied his thoughts, and is the fubjeét of feveral of his manufcripts. 
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the natural hiftory of the earth, he had an extenfive knowledge: 
he had ftudied them with that critical difcuffion which fuch 
books require above all others; carefully colle@ing from them the 
facts that appeared accurate, and correcting the narratives that 
were imperfect, either by a comparifon with one another, or by 
applying to them the ftandard of probability which his own ob- 
fervation and judgment had furnifhed him with. On the other 
hand, he beftowed but little attention on books of opinion and the- 
ory ; and while he trufted to the efforts of his mind for digefting 
the facts he had obtained from reading or experience, into a fyftem 
of his own, he was not very anxious, at leaft till that was accom- 
plifhed, to be informed of the views which other philofophers 
had taken of the fame fubje&t. He was but little difpofed to con- 
cede any thing to mere authority ; and to his indifference about 
the opinions.of former theorifts, it is probable that his own 
fpeculations owed fome part, both of their excellencies, and their 
defects. 

As he was indefatigable in ftudy, and was in the habit of 
ufing his pen continually as an inftrument of thought, he wrote 
a great deal, and has left behind him an incredible quantity of 
manuf{cript, though imperfeét, and never intended for the prefs. 
Indeed his manner of life, at leaft after he left off the occupations 
of hufbandry,.gave him fuch a command of his time, as is en- 
joyed by very few. Though he ufed to rife late, he began imme- 
diately to ftudy, and generally continued bufy tilldinner. He di- 
ned early, almoft always at home, and paffed very little time at 
table ; for he ate {paringly, and drank no wine. After dinner he 
refumed his f{tudies, or, if the weather was fine, walked for two or 
three hours, when he could not be faid to give up ftudy, though 
he might, perhaps, change the object of it. The evening he al- 
ways {pent in the fociety of his friends. No profeflional, and 
rarely any domeftic arrangements interrupted this uniform cour{e 
of life, fo that his time was wholly divided between the purfuits 

of 
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of fcience and the converfation of his friends, unlefs when he 

travelled from home on fome excurfion, from which he never 

failed to return furnifhed with new. materials for geological in- 
veftigation. 

To his friends his converfation was ineftimable; as great 

talents, the moft perfect candour, and the utmoft fimplicity 
of character and manners, all united to ftamp a value upon 
it. He had, indeed, that genuine fimplicity, originating in the 

abfence-of all felfifhnefs and vanity, by which a man lofes fight 
of himfelf altogether, and neither conceals what is, nor affects 

what is not. This fimplicity pervaded his whole conduct ; 
while his manner, which was peculiar, but highly pleafing, dif- 
played a degree of vivacity, hardly ever to be found among men 
of profound and abftra& f{peculation. His great livelinefs; added 

to this aptnefs to lofe fight of himfelf, would fometimes lead 
him into little excentricities, that formed an amufing contraft 

with the graver habits of a philofophic life. 

THouGH extreme fimplicity of manner does not unfrequently 

impart a degree of feeblenefs to the expreflion of thought, 
the contrary was true of Dr Hutron. His converfation was 
extremely animated and forcible, and, whether ferious or gay, 

full of ingenious and original obfervation. Great informa- 
tion, and an excellent memory, fupplied an inexhauftible fund 

of illuftration, always happily introduced, and in which, when 

the fubject admitted of it, the witty and the ludicrous never 
failed to occupy a confiderable place.—But it is impoflible by 
words to convey any idea of the effect of his converfation, and of 
the impreflion made by fo much philofophy, gaiety and humour, 

accompanied by a manner at once fo animated and fo fimple. 
Things are made known only by comparifon, and that which is 
unique admits of no defcription. 

Tue whole exterior of Dr Hutton was calculated to heighten 

the effe€t which his converfation produced. His figure was. 
flender a a ee 



LIFE of Dr HUTTON. 95 

flender, but indicated activity; while a thin countenance, 

a high forehead, and a nofe fomewhat aquiline, befpoke ex- 

traordinary acutenefs and vigour of mind. His eye was pe- 
netrating and keen, but full of gentlenefs and benignity ; and 

even his drefs, plain, and all of one colour, was in perfect har- 

mony with the reft of the picture, and feemed to give a fuller 
relief to its characteriftic features *. 

Tue friendfhip that fubfifted between him and Dr Brack 
has been already mentioned, and was indeed a diftinguifhing 

circumftance in the life and character of both. There was in 
thefe two excellent men that fimilarity of difpofition which 
muft be the foundation of all friendfhip, and, at the fame time, 

that degree of diverfity, which feems neceflary to give to friends 
the higheit relifh for the fociety of one another. 
THEY both cultivated nearly the fame branches of phyfics, 

and entertained concerning them nearly the fame opinions. 
They were both formed with a tafte for what is beautiful and 

great in fcience; with minds inventive, and fertile in new 
combinations. Both poffeffed manners of the moft genuine fim- 
plicity, and in every action difcovered the fincerity and can- 

dour of their difpofitions ; yet they were in many things ex- 

tremely diffimilar. Ardour, and even enthufiafm, in the purfuit 
of fcience, great rapidity of thought, and much animation, di- 
ftinguifhed Dr Hurron on all occafions. Great caution in 
his reafonings, and a coolnefs of head that even approached to. 

indifference, were characteriftic of Dr BLack. On attending to 
their converfation, and the way in which they treated any que- 
{tion of fcience or philofophy, one would fay that Dr Buack 

dreaded nothing fo much as error, and that Dr Hutton dread- 
Vou. V.—P. WI. N ed 

* A portrait of Dr Hurron, by Rarzury, painted for the late Joun Da- 
vipson, Efq; of Stewartfield, one of his old and intimate friends, conveys a good 

idea of a phyfiognomy and charaéter of face t» which it was difficult to do complete 
juftice. 
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ed nothing fo much as ignorance; that the one was always 
afraid of going beyond the truth, and the other of not reaching 

it. The curiofity of the latter was by much the moft eafily 
awakened, and its impulfe moft powerful and imperious. With 
the former, it was a defire which he could fufpend and lay afleep 
for a time; with the other, it was an appetite that might be fa- 
tisfied for a moment, but was fure to be quickly renewed. | Even 

the fimplicity of manner which was pofleffed by both thefe phi- 
lofophers, was by no means precifely the fame. That of Dr 

Brack was corre¢t, refpecting at all times the prejudices and 

fafhions of the world; that of Dr Hurron was more carelefs, 

and was often found in direct collifion with both. 

From thefe diverfities, their fociety was infinitely pleafing, 
both to themfelves and thofe about them. Each had fomething 

to give which the other was in want of. Dr BLacxk derived 

great amufement from the vivacity of his friend, the fallies of 
his wit, the glow and original turn of his expreffion; and that 

calmnefs and ferenity of mind which, even in a man of genius, 

may border on languor or monotony, received a pleafing impulfe 
by fympathy with more powerful emotions, 
Ow the other hand, the coolnefs of Dr Biacx, the judi- 

cioufnefs and folidity of his reflections, ferved to temper the 
zeal, and reftrain the impetuofity of Dr Hutton. In every 

material point of philofophy they perfeétly agreed. The theory 

of the earth had been a fubject of difcuffion with them for 
many years, and Dr Brack fubfcribed entirely to the fyftem of 
his friend. In fcience, nothing certainly is due to authority, ex- 

cept a careful examination of the opinions which it fupports. 

It is not meant to claim any more than this in favour of the 
Huttonian Geology ; but they who reject that fyftem, with- 
out examination, would do well to confider, that it had the 

entire and unqualified approbation of one of the cooleft, and 
foundeft 
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foundeft reafoners of which the prefent age furnifhes any ex- 
ample, 
Mr Cierk of Elden was another friend, with whom, in the 

formation of his-theory, Dr Hu1ron maintained a conftant 
communication, Mr Crerk, perhaps from the extenfive pro- 
perty which his family had-in the coal-mines near Edinburgh, 

was early interefted in the purfuits of mineralogy. His in- 

quiries, however, were never confined to the objects which mere 
fituation might point out, and, through his whole life, have been 

much more directed by the irrefiftible impulfe of genius, than by 
the action of external circumftances.. Though not bred to the fea, 

he is well known to have ftudied the principles of naval war with 

unexampled fuccefs ; and though not exercifing the profeflion of 

arms, he has viewed every country through which he has pafled 

with the eye of a foldier as well as a geologift. The intereft he 
took in ftudying the furface no lefs than the interior of the 

earth ; his extenfive information in moft branches of natural hi- 

ftory ; a mind of great refource, and great readinefs of inven- 
tion; made him, to Dr Hutton, an invaluable friend and co- 

adjutor. It cannot be doubted, that, in many parts, the fy{ftem 

of the latter has had great obligations to the ingenuity of the 
former, though the unreferved intercourfe of friendfhip, and the 

adjuftments produced by mutual fuggeftion, might render thofe 

parts undiftinguifhable even by the authors themfelves. Mr 

CLERK’s pencil was ever at the command of his friend, and 
has certainly rendered him moft effential fervice. 

BuT it was not to philofophers and men of fcience only that Dr 

HvttTon’s converfation was agreeable. He was little known, 

indeed, in general company, and had no great relifh for the 

enjoyment which it affords; yet he was fond of domettic 

fociety, and took great. delight in a few private circles, 

where feveral eXcellent and accomplifhed individuals of both 

fexes thought themfelves happy to be reckoned in the num- 

N 2 ber 



98 HISTORY of th SOCIETY. 

ber of his friends. In one or other of thefe, he was accu- 

{tomed almoft every evening to feek relaxation from the ftudies 

of the day, and found always the moft cordial welcome. A 

brighter tint of gaiety and chearfulnefs {pread itfelf over every 

countenance when the Do¢tor entered the room; and the phi- 
lofopher who had juft defcended from the fublimeft {peculations 

of metaphyfics, or rifen from the deepeft refearches of geology, 
feated himfelf at the tea-table, as much difengaged from thought, 
as chearful and gay, as the youngeft of the company. Thefe 

parties were delightful, and, by all who have had the happinefs 

to be prefent at them, will never ceafe to be remembered with 

pleafure. 
HE ufed alfo regularly to unbend himfelf with a few friends, 

in the little fociety alluded to in Profeflor StEwart’s Life 
of Mr Smitru, and ufually known by the name of the Oy- 

fier Glub. This club met weekly; the original members of 

it were Mr Smiru, Dr Buacx, and Dr HutrTon, and round 

them was foon formed a knot of thofe who knew how to 
value the familiar and focial converfe of thefe illuftrious men. 
As all the three poffeffed great talents, enlarged views, and 
extenfive information, without any of the ftatelinefs and forma- 

lity which men of letters think it fometimes neceflary to affect ; 
as they were all three eafily amufed ; were equally prepared to 
fpeak and to liften; and as the fincerity of their friendfhip had 

never been darkened by the leaft fhade of envy ; it would be 

hard to find an example, where every thing favourable to good 
fociety was more perfectly united, and every thing adverfe more 
entirely excluded. The converfation was always free, often 

fcientific, but never didaétic or difputatious ; and as this club 

was much the refort of the ftrangers who vifited Edinburgh; 

from any object connected with art or with fcience, it derived 
from thence an extraordinary degree of variety and intereft. It 

ae 
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is matter of real regret, that it has been unable to furvive its 
founders. 

Tue fimplicity of manner that has been already remarked as 
fo ftrikingly exemplified in Dr HutTon, was but a part of an ex- 
treme difintereftednefs which manifefted itfelf in every thing he 

did. He was upright, candid, and fincere ; ftrongly attached to 
his friends ; ready to facrifice any thing to affift them ; humane 
and charitable. He fet no great value on money, or, perhaps, 

to {peak properly, he fet on it no more than its true value ; yet, 

owing to the moderation of his manner of life, and the ability 

with which his friend Mr Davie conduéted their joint con- 
cerns, he acquired confiderable wealth. 

HE was never married, but lived with his fifters, three excel- 

lent women, who managed his domeftic affairs ; and of whom, 

only one, Mifs IsaBELLA Hutton, remained to lament his | 

death. By her his collection of foffils, about which he left-no 

particular inftructions, was prefented to Dr BLack; who 

thought that he could not better confult the advantage of the 
public, or the credit of his friend, than by giving it to the Royal 
Society of Edinburgh, under the condition that it fhould be - 
completely arranged, and kept for ever feparate, for the purpofe- 
of illuftrating the HutTon1an THEORY OF THE EARTH. 

‘ya 
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II. Mrnures of the Lire and CHARACTER of FosEPH BLACK,. 

M.D. <Addreffed to the Royal Society of Edinburgh. 

[Read Aug. 3. 1801.] 

HE merits of ftudious men are to be eftimated by the aids 

they have given to the advancement of {cience, or the lite- 

rary monuments they have left with pofterity ; but if the public 
be gratified by their labours in thefe refpeéts, readers are gene- 
rally willing alfo to be told, who and whence they were. 

JosErH Brack, the perfon to whom thefe minutes relate, 

fucceffively Profeflor in the Univerfities of Glafgow and of 
Edinburgh, Member of this Society, and of other royal and 

public inftitutions in Europe; having made important dif 

coveries, and having laid the foundations of many others, to- 
wards erecting a fabric of fcience, which has fince been raifed to. 

a confiderable height ; and having been himfelf diftinguifhed for 
modefty and felicity of manners, as well as correctnefs of under- 

ftanding, and ingenuity of refearch,—will, it is hoped, be thought 

worthy of notice on thefe accounts. He was born on the banks 
of the Garrone, in France, in the year 1728. His parents were 
Irifh and Scots. His father, JoHN BLack, a native of Belfaft in. 
Ireland, was fettled in the wine-trade at Bourdeaux. His mo- 

ther was a daughter of RoperT Gorpon, of the family of Hal- 
head in Aberdeenfhire, who was likewife fettled in the fame 

trade, and at the fame place, and in confequence of his fuccefs,, 
was enabled to purchafe, with additions, the eftate of his elder~ 

brother;, 
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brother, greatly encumbered by the debts of thofe who had pof- 
feffed it for fome generations preceding. The mother of Jo- 

sEPH Buiack, and the mother of JAmEs Russet, late Profeffor 
of Natural Philofophy in the Univerfity of Edinburgh, were fif- 
ters; and the mother of Apam FERGuson, Profeffor of Moral 

Philofophy, was their aunt; a circumftance which was the origin, 

though not the cement, of a friendfhip fubfifting between them 
through life. 

Wuit_e Mr Brack, the father, lived at Bourdeaux, the great 

MonrTesquieu, being Prefident of the Parliament or Court of 
Juftice in that province, honoured Mr Biack with a friendfhip 

and intimacy, of which his defcendants, to this hour, are juftly 

proud. They preferve letters, or {craps of correfpondence, that 
paffed between the Prefident Mon TEsquieu and their anceftor, 
as they would titles of honour defcending in their race. Ona 
paper wrapped round a bundle of fuch letters, the following 
note is found in the handwriting of JosEpH Brack. “ My fa- 

** ther was honoured with Prefident MonreEsqui£v’s friendfhip, 
on account of his good character and virtues. He had no 

ambition to be very rich; but was chearful and contented, 
‘benevolent and liberal-minded. He was induftrious and pru- 
dent in bufinefs, of the ftricteft probity and honour, very 
temperate and regular in his manner of life. He and my 
mother, who was equally domeftic, educated thirteen of their 

children, eight fons and five daughters, who all grew up to 

men and women, and were fettled in different places. My 
mother taught her children to read Englifh, there being no 

{chool for that purpofe at Bourdeaux.” 

So much may fuffice for an account of JossPH BLACK’s pa- 

rentage. No words, added to thofe ufed by his fon, to delineate 

the father’s character, can improve it; and nothing more is 

wanting, to account for the regard with which he was honour- 

ed by the Prefident Monresquigev. This illuftrious perionage, 

together 
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together with a preat fimplicity of heart in himfelf, had a glow- 
ing fenfe of modeft merit in others, and a partiality alfo for the 
manners and inftitutions of the Britifh nations, which he 

thought fingularly happy, and in refpect of which, he willingly 

liftened to any important details. On being made acquainted 
with BLAck’s intention of leaving Bourdeaux, he wrote to him 
a letter, in which, with other expreflions of kindnefs, are the fol- 
lowing : “I cannot be reconciled to the thoughts of your leaving 
“ Bourdeaux. ‘I lofe the moft agreeable pleafure I had, that of 
“ feeing you often, and forgetting myfelf with you *.” 
A FEw years before Mr Buack retired from bufinefs, his fon 

Joszru, in the year 1740, being about twelve years of age, was 

fent home in order to have the education of a Britith fubject ; 

and having, for fome years, gone to fchool at Belfaft, or its 
neighbourhood, was fent to continue his education at Glafgow 

College, where he paffed through the ordinary courfe of prepa- 

ration for any of the learned profeffions to which he might de- 
vote himfelf; and upon his father’s requiring him to make a 
choice, he took to medicine, as agreeable to the habit of aint 

ftudies which he had already acquired.- ; 
In entering on this purfuit, he’ became connected ith the 

celebrated WitL1am Cutien, M. D. then Profeffor of Medicine 
at Glafgow, and was diftinguifhed through life by this inge- 

nious man with an uncommon degree of friendfhip and confi- 
dence, which he did not fail to acknowledge and to returns In 
continuing the fame ftudies afterwards at Edinburgh, he, as well 
as ADAM FERGUSON, lived with their relation James RussEL} 

whofe fingular correctnefs, and precifion of thought, in various 
branches of fcience, could not fail to be a ufe to all: who ap- 
proached him. 

Vot. V.—P. III. O BEFORE 

* « Je ne me fais point 4 l’idée de vous voir quitter Bourdeaux. Je perds le 
“ plaifir le plus agréable que j’eufle, qui étoit de vous voir fouvent, et de m’ou- 

* plier avec vous.” : 
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Berore JosErH Brack offered himfelf a candidate for a de- 
gree in medicine, he had already made his difcovery of Fixed 
Air; that is to fay, of an elaftic fluid, which being fixed in cal- 
careous and alkaline fubftances, is difpelled from them in their 

calcination by fire, or’ effervefcence with acids, leaving a refi- 
duum, which, in the abfence of this air with which it had been 
combined, becomes cauftic ; a quality which it retains until the 
air of which it was deprived is again reftored. Pure chalk,.or 
pure calcareous matter of any form, im this experiment, lofes 
about two-fifths of its weight, or, more aceurately, forty-one 

parts in the hundred. Here, accordingly, is a ready way of af- 
faying limeftone or marl, to afcertain its purity or its value, to 

the hufbandman in particular, who would employ it to improve 
his foil. 

Tue air obtained in this experiment has its peculiar qualities. 

Befides that of being fixable in. ftone, it is heavier than common 

air, its fpecific gravity being nearly double. Flame is extinguifh- 
ed, and animals are fuffocated in it equally as in water. By this 

difcovery, notwithftanding the ingenious and, copious obferya- 

tions of Dr HALEs and others, on. the fubject of what were call- 

ed Factitious Airs, it was: referved for Buacx to give a fpur 

and. a new direétion to the refearches of fcience. 

From this beginning, great progrefs has. been made in diftin- 

guifhing varieties of elaftic fluid, and in afcertaining the compo- 

ition of the atmofphere itfelf. .Chemiftry was, become a favou- 
rite, {tudy, in France, as. it had long been in Germany, and the 

report, of anew fpecies.of air was every where received with avi- 

dity.. The experiments, of BLack. were, repeated, and the infe- 

rences confirmed by ingenious, men both at home and abroad ; 

though by fome in Germany the refult was at firft, contefted, 

and a controverfy arofe, in which it does not appear that BLAcK 

took any part, nor does any doubt now remain of the fact, as fta- 

ted by him, or of the imferences. he!drew from: it *. 
‘ An 

* Vid, Opufcles Phyfiques et Chimiques par M. LavotsieEr. 

Oe 
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Aw elaftic fluid, indeed, of the fame qualities, has béen fince 
obtained from various fources ; from vinous fermentation, from 

the earth irfelf, laid open in grottos or fiffures, from mineral 
{prings; from the breathing of animals, and from the combutftion 
of charcoal. This air is found to have the properties of an acid; 
and the French chemifts, being led by their experiments to con- 
fider it as produced by the union of the principle of charcoal 
with vital air, have laid afide the appellation of Fixed Air, and 
have fubftituted that of Carbonic Acid Gas in its ftead. 

{r the refearches to which the obfervation of fixed air gave oc- 
cafion, had. terminated here, the acceflion to fcience, though im- 
portant, had been comparatively fmall, The compofition of the 
atmofphere, the diftinGtion of vital and mephitic air, the effe@s 
of refpiration, and the conjeCtural theories of combuftion and 
animal heat, might have remained unknown. 

HERE, however, no mean progrefs has been made, and names 
too numerous to be recited in fuch minutes as thefe, will, on ac- 
count of their part in thefe ftudies, go down, with well-merited 

- luftre, to future ages. Nations may hereafter contend for the 

honour of fuch difcoveries.as were made by Lavoisier, Prigst- 
LEY and others *, not merely of fingle or infulated faéts, but of a 
magnificent order exifting in nature, for the continuance of ve- 
getation and animal life. Even France and England, though 

O2 rich 

* To LavorsiER we owe the difcovery, that atmofpheric air is not homoge- 
neous, but compofed of nearly three parts of azot, which is not of any effect in 
refpiration, otherwife than as it dilutes the remaining fourth part, or the vital air, 
which, without being fo diluted, would be too intenfe either for the purpofé of ani- 
mal ref{piration or of common fire. 

To PrigstLE¥ we owe the difcovery, that the well-known corruption or watte 
of vital air, in the burning of fuel, or the refpiration of animals, is repaired in 
the vegetation of plants.. ; ; 

Ir in fcience there might be any choice of truths, I would willingly hope that 
the decompofition of water may be found a miflake. 



106 HISTORY of the SOCIETY. 

rich in the treafures of fcience, and each having much to boaft 
of its own, may, in the future, as in times paft, be jealous of 
what is gained by its neighbour ; it is pleafant, however, to ob- 
ferve, that the individuals chiefly concerned were untainted with 

fuch illiberal paffions. Lavorsrer, in fending to Back a copy 
of his experiments on refpiration, tells him: “ It is but juft you 

“ fhould be one of ‘the firft to receive information of the pro- 

“-grefs made in a ¢areer which you-yourfelf had opened, 

** and in which (he fays) all of us here confider ourfelves as 

“* your difciples *.”.. To this BLack replied, with a juft admi- 

ration of what the French chemifts were doing, and, as might 

be expected from his modefty, without reference to any merit 
of his own. 

NeaR_y about the fame time that BLack made the difcovery 
of fixed air, his mind was already at work on the phenomena of 
latent heat. Among his papers are found fome note-books, in 
which he had inferted obfervations and queries, medical, chemi- 

cal, and mifcellaneous; accompanied with particular references 

or allufions to times and circumftances, which ferve to fix dates 

within certain limits at leaft. In one book, the notes appear to 

have been written while he was a ftudent at Edinburgh, or can- 
didate for his degree, in the year 1756 ; at which time he made 

or publifhed his difcovery of fixed air. In this book are con- 

tained conjectures and queries relating to the cold produced in 

the liquefaction of falt and fnow, and in general in the folution 

of falts in water. Seeming to have the doétrine of latent heat in 

his view, “Is it not,” he fays, in one place, “ owing to this 

“ that all bodies, in becoming fluid, have occafion for more 

“ heat than in their folid ftate?”’ In another place he fays, 
** Does 

* « Tz eft bien jufte, Monfieur, que vous foyez un des premiers informés des 

“ progrés qui fe font dans une cariere que vous avez ouverte, et dans laquelle nous 

“ nous regardons tous comme vos difciples.”” 
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“ Does not the heat produced in the flacking of quicklime, arife 
“ from the fudden fixing a part of this fluid (water) into a folid 
* ftate ? Is not this the cafe in the fetting of gypfum ?”» In the 

fame way he accounts for the intenfe cold produced by ice and ni- 
trous acid, applies the principle again to all faline folutions, and 
afcribes the flow granulation of falt to the re-appearance of heat, © 

“Ts not ice,” he fays, “ cryftallized water? and does it not al- 
“ ways feel cold, becaufe it melts on our handling it? This is 
“ fimilar to the folution of*falt in water.” Thefe notes, from 

circumftances intermixed, appear to have been written as early 

as 1756. Ina following note-book, which, from circumftances 
alfo, does not appear to be of a: later date than the year 1757, 

there are feveral queries, of the fame nature with thofe above 

mentioned, particularly with refpe& to the curious obfervation 

of FAHRENHEIT, that water, if not difturbed, will cool below 

32 degrees without freezing, but the moment it is difturbed, it 

raifes the thermometer to 32 degrees, and freezes. ‘Is not this,” 

he fays, “the heat that is unneceffary to ice?’ In the fame 
note-book conjectures are carried {till farther, and applied to the 
production of vapour. A way is mentioned to eftimate the 
quantity of heat which is employed and difappears in the for- 

mation of vapour, and cannot afterwards be difcovered by the 
thermometer. “ Place a phial,” he fays, “‘ with water, clofe- 

“« corked in a ftove ; open it fuddenly, and fee how much of -it 
“ is converted i wie vapour, while the water comes down to the 

“ boiling point.” Obfervations to the fame effe@ are continued 
through fix fmall note-books; in different places of which, it is 
obferved, that animal heat originates in the lungs, and that heat 
always accompanies the production of fixed air. 

From thefe notes, it appears, that the experiments in which 
BLAck evinced his doctrine of latent heat to the fatisfaGtion of 

his pupils, were not made at random, or without previous appre- 

henfion of the fact, as it appeared in the ordinary courfe of na- 

ture 
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ture or chemical phenomena. “ Heat,” he obferved, “ is in na- 
** ture the principle of fluidity and evaporation, though, in pro- 
‘ ducing thefe effedts, it is latent in refpect to the thermometer, 

“ or any fenfation of ours; and as matter, otherwife quiefcent, 

“ becomes voluble and volatile in liquid and in vapour, heat may 
“ be confidered in nature as the great principle of chemical 

“* movement and of life. If it pafs through vacuity as well as 

“ through body, as it certainly does in its communication from 
‘“* the fun to the planets, we muft confider it not as an accident 

** in bodies, but as a feparate and fpecific exiftence, not lefs fo 

“ than light or electric matter *; and though agreeing with 
“ thefe in fome of its effects, in its nature poflibly different from 

“ either.’”’? But fuch was Brack’s caution not to outrun the 

courfe of actual evidence, that he declined any difcuffion of the 

queftion, relating to the abfolute nature of this magnificent 
power in the fy{tem of nature. 

My reading in chemiftry does not enable me to fay, how far 
the do@trine of latent heat is, in thefe precife terms at leaft, ad- 

mitted as a principle in the received theories of combuftion and 
animal heat; but, to my limited apprehenfion, it appears to be 

the only folid foundation of any theory that proceeds upon the 
fuppofed decompofition of ignifying or vital air, manifefting a 
light and heat previoufly latent in fuch air, We can have no 
direct proof of latent heat in the atmofphere, or permanently 
elaftic fluids, and it is from analogy only that we affume it to exift 

in fuch fluids. The maxim of NEwTon, indeed, may be applied 

here, that what,is uniformly obferved in any, department of na- 

ture, as far as our experience reaches, may be fafely deemed ge- 

neral within fuch department; and) the heat which we find dif- 
appear 

* Ir is no doubt a mighty increment in fcience, to have found fuch powerful 

fubftances operating, as the writer of thefe minutes apprehends, without gravita- 

tion, inertia, or impenetrability, the great bafes and columns of’ the mechanical 

philofophy. 
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appear in liquefaction and evaporation, we may fafely affume as 
exifting alfo, though in a latent ftate, in every fluid of a fimilar 
form. Even Brack admitted, that in the atmofphere, under 
all the manifeft changes of its temperature, there may be, and 
probably is, a very great meafure of latent heat. 

Suen were the fcientific difcoveries of BLAck, when refiding 
as a ftudent at Glafgow or at Edinburgh, at leaft before his no- 
mination to a profefforfhip at either place. When his friend Dr 
CULLEN was removed from Glafgow to Edinburgh, BLacK was 
appointed to fucceed as Profeffor of Medicine at the former 
place; and following his example as leCturer on Chemiftry alfo, 
was, from this time forward, more employed in detailing parti- 
culars already known, for the information of his pupils, than in 
purfuing any feries of inveftigation for himfelf. 

~ Iw entering upon this tafle, i¢ became matter of courfe to de- 
fine the feience; and even in this our Profeffor gave a fpecimen 
of his charaéter, and the modefty of his pretenfions, in a matter 
formerly enveloped in myftery, and the affeGation of magical 
power. af rie i a 

» "Te {cience of nature, indeed, is interefting in all its branches, 
whether they rife into the heavens, or fink into the bowels of 
the earth. We are placed in a bufy feene, and’ have our fafety 

_and accommodations at ftake; in the midft of operations and 
changes that greatly affe@ them. The principles that operate’ in 
our fyftem are the objects of our {cience, and whew known, ben 
come the inftruments of our art, towards procuring what it has 
pleafed Providence to'make the'conditions of our prefervation 
and well-being. In refpeé to thefe principles, fcience becomes 
an acceflion of fkill to every manufaéturer, and to every labour- 
er of the: foil, as it'ig to the contemplative an opening’ into the 
interior fprings, which. are employed in the produétion of fo 
much beauty and order in the fyftem of nature around us; and 
this-is: the rank of importance, which, without the pretenfions of 

vk ite arta oF Re On alcheniy; 
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alchemy, or the myfteries of f{upernatural power, thechemiftmight 

aflume to his ftudies. But, in thefe, BLagxK ftill faw no more than 

refearch and inquiry, far fhort of complete fcience or compre- 

henfive fyftem, and he chara¢terized the ftudy on which he was 
to enter, by the ufe of its principal inftruments, Mixture and 

Heat. If difcoveries have fince raifed it to a higher rank among 
the branches of natural fcience, he himfelf has contributed his 

fhare in the progrefs it has made. He had publifhed his difco- 
very of fixed air, in a pamphlet, about the time that he obtained 

his degree in medicine ; but that of latent heat was never other- 
wife publifhed than as a part of his academical courfe.. His pu- 

pils, indeed, being numerous, and from different parts of the 

new, as well as the old world, made his do€trine fufficiently 

known *. 
AFTER a few years employed by CuLLEn in the firft prefer. 

fion to which he was appointed at Edinburgh, he was removed 

to a different branch of the medical fchool; and Biack, as be- 

fore, being called to fucceed him, was, on the 17th of April 1766, 

admitted Profeflor of Chemiftry at Edinburgh. His talent for 
communication being noway inferior to that which he pofleffed 
for obfervation and inference, his manner of acquitting himfelf 

in his new fituation gave additional luftre to the {chools of {cience, 
and rendered him one of the principal ornaments of the Univer- 
fity, in which he continued, for about thirty years, to teach the 

different branches of chemiftry, with a reputation always in- 

creafing. His ftyle was characterized by the moft elegant fim- 

plicity. His addrefs in performing experiments was remarkable, 
and 

* Tue writer of this article has little more than heard of chemiftry as a branch 

of general fcience, and fondly embraced any doétrine as it feemed to connett with 

the fyftem of nature ; but farther, his own ftudies have been fo different, that he 

would not, if he could, charge his mind with any of its praétical details; and he 

pleads the reader's indulgence, if, under this defeé in treating of Buack, he ha- 

{tens to fubjoin a defcription of the man to fo imperfect ap account of his {cience. 



LIFE of Dr BLACK. 1411 

and in the impreflion he made, fubje@ts perplexed or intricate 
became perfpicuous: and,clear of fupérfluous or* queftionable 
matter. To the laft, and under fymptoms of declining health, 
his mind. gave proofs; of {trength undiminifhed. In fpeaking, 
his voice,,though low; had an articulation which made him be 

diftindlly, heard, through every corner of a fpacious hall, ‘crowd= 

ed. with fome hundreds of his pupils: and the fimplicity' of his 

expreflion, af not,eloquerice, had, to thofe who liftened for*infor- 
mation, fomething more: engaging’ eae ncn — we orna- 
ment of fpeech could produce. |. ) otibiid’ 
_ AVERSE to hypothefGis/or-vain’ nutret an cif teicher ins jut 
comprehenfion of facts, and might be adopted'by any’ artift who 
confulted him, ‘with ‘asmuch fafety:as he relied! on ‘any 'pra@ice 
he himfelf had experienced. i» His: time and “atténtion being dé: 
voted.to the communications which his pupils had lariphe to ex- 

pect. from -him; very: much limited=his prattice'as a-phyfician. 
But where ‘he was.called or could attend, his manner was fingu- 
larly acceptable. Without-flattery, or uncommon pretenfions’ to 
{kill, he won the confidence of his patients, and, with unaffe@ted 

concern for their benefit, was often fuccefsfulin mitigating their 
fufferings, if not:in. removing their complaints.’ He was,’ in 
thort, a phyfician of great repute, in a place where the charaGer. 
of a phyfician |implies no: common degree of liberality, -pro- 
priety, and dignity, of manners, as well’as learning and fkill. 
Never being anxious to bring :himfelf forward into public view,. 
little: may remain-with pofterity to diftinguifhisim ag°an'au- 
thor, unlefs ‘his executors fhould’think-proper to publith ‘the 
notes from which he ufed to preleét, and which, notwithftand- 
ing the fubfequent: progrefs of {cience; may {till be of ule to the 
ftudent,-as. aa -_ foundation ‘on > which: basta in bis 
ftudies. 9-0) » » snomtistib Tenomt<totg exott boat t distress 

Amone the few hinips publithed by himflf in his own time; 
we may reckon his Thefis or inaugural eflay, De Acido a Cibis 

Vot. V.—P. HI. P orto, 
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orto, et de Magnefia Alba: —Experiments on' Magnefia, Quicklime, and 

other Alkaline: Subftances, printed between the years: 1754 and 

2756 :+Ob/ervations on the Effect boiling has upon Water, in making 

it freexe more readily, ynferted in the fixty-fifth volume of the 

Tranfactions of the Royal Society of London, for the year 1774: 
—Analy/fis of the Waters of fome Hot Springs in Iceland, made at the 

requeft of his friend Mr Strantey, who brought the fpecimen 

for his infpeétion ; inferted in the third volume of the Tranfac- 

tions of the Royal Society of Edinburgh:—T wo Letters, one pu- 

blifhed in the year 1784, by Profeffor CRELL, in the tenth vo- 

lume of his Colleétions; the other addrefled to Monfieur La- 

voisrER, and publifhed in the Annales de Chimie: © 

Wirn thefe notes of! our Author’s profeffional diftin&ion, 

readers will not expeét any’ tale of adventures or remarkable 

events, which the lives of ftudious perfons feldom afford ; and 

we muft conclude with a few lines of charaéter; fuch as thofe 

who are placed in like’ circumftances may underftand as fpoken 

of themfelves, and for their advantage. 
His afpeét was comely, his manner sanbftetied and plain, and 

as he never had any thing about him for oftentation, he was at 

all times precifely what the occafion required, and nothing more. 

Much as he was engaged in the details of his public ftation, and 

chemical exhibitions, his chamber never was lumbered with 

books, {pecimens of natural hiftory, or the apparatus of experi- 

ments ; nor did any one ever fee him hurried at one time to re- 

cover any matagr which had been improperly mifled at a former. 

Every thing being done! in its proper time and place, ‘he ever’ 

feemed to have leifure in ftore, and he-was ready to receive his 

friend. or acquaintance, and. take his part with complacence, in 

any converfation. that occurred.’ No one ever, with more. eafe to’ 

himfelf, refrained from profeffional difcuffions of any fort, or, in 

mixed company, more willingly left the fubjet of converfation 
if : to 



LIFE of Dr BLACK. 1i3 

to be chofen by others. Many years member of a fociety * com- 
pofed of men of the higheft rank, of Judges, lawyers and mili- 
tary men, “s wel as citizens and profeffed men of letters; he 
kept his place with propriety, and in this group never betrayed 

any awkward peculiarity of his education or calling. His more 

intimate affociates and friends, befides thofe'of his own profef- 
fion Cutten and Monro, were JaAMEs WATT, now of Birming- 

ham, an engineer of the firft order, whether ancient or modern, 

and who has:happily united, in the grounds of his art, chemical 
as wells mechanical fcience; Mr’Geppes of the Glafs-works 

at Leith, an eminent manufacturer, who well knew thie value of 

his friend’s fuggeftions. Such intimates as thefe could fearcely al- 
low BLAck to relax from the toils of his profeflional ftudies. But 
he had others, for whom his profeffion had no charm, and 

whofe .attachment to him, as to one another, arofe from the ex- 

perience of ingenuity and candour, rather than the identity of 
ftudies, or agreement of opinions. Such were David Hume, Efq; 

Dr ApAm SmitH, Jonn Home, ALEXANDER CaRLYLE; and 
Joun Crerk of Elden, of whom the laft, without having ever ied: 
at fea, inftructed the navy itfelf in naval tactics. At the head of 
either lift, however, in refpect to BLacx’s habits of intimacy, 
ought, perhaps, to have been placed James Hutton, who made 
up in phyfical {peculation all that was wanting in any of the 
others. It may be difficult to fay, whether the charaéters of 
Biack and Hutton, fo often mentioned together, were moft to 
-be sesiasn70 = refemblance or contraft. Both profound in 

Phos a dhe aay 0 phyfical 

* Tuts fociety formed itfelf, about the year 1770, upon 2 principle of zeal for 
the Mra, and a conviction that there could be no lafting fecurity for the free- 
dom and independence of thefe iflands, but in the valour and patriotifm of an arm- 
-ed people. It became known, by fome whimfical accident, by the name of the 
Poker Club. 
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phyfieal fcience; and tigid adherents to fact, in exclufion of hy- 

pothefis. or vain conjecture. Both of confummate humanity and 
candour. Buiacx was ferious, but-not morofe ; Hurrow play- 

ful, but not petulant. The one never cracked a joke, the other 
never uttered-a farcafm. .BLAackK ‘was always on folid ground, 
and of him it might be faid, Nil molitur inepte.  HuTron, whe- 

ther for pleafantry or férious reflection, could be in the air, fpe- 

culate beyond the laws of nature, and treat the common notion 
of body, with its magnitude and figure, asa miftake. In thefe 
{peculatiions BLAck never took any part, farther than to be 
diverted with any play of fancy, or refinement of thought, 
which, he well knew, in the cafe of his friend Hutton, did not 
preclude’ the ufe of correct and fober reafon when the fubject 
required it, or was within its cognifanee.. The refearches of 
HutTron were unremitted,; and:his reference to: the order:and ar- 

rangement of this, which he) called a Living World, was judi-+ 

cious and happy *. Unreal as corporeal fubjects were in his ap- 
prehenfion, he eftablifhed a lucrative manufacture, on principles 

of chemiftry, and was for many. yearsvof his life keenly employ- 
ed in the practice of agriculture. ‘To this he was led by becoming 
a proprietor of land on the death of -his father, whem he haftened 
‘to Norfolk, where, he had formerly lived with a farmer, to ob- 

ferve the hufbandry .of that country... There! he purchafed a 

plough, hired a ploughman, and brought both on the poft-chaife 
with him to Berwickfhire... The neighbours were diverted with 
this affortment of company and baggage, and ‘no lefs with the 
attempt which followed, to plough with a pair of horfes with- 

out 

* Hx, too, had carried his fthdies {6 far ad to Obtain a degree in medicine; but 
ati attempt to confult or fee him ‘would have been met with a Taugh, or fome ludi- 
crous fancy, to turn off the fubje&. : 

- 

| 

| 
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out a driver? This joke, however, has become ferious, and is now 
the general pta€tite ‘from one’ end of Scotland to the ‘other *. 

In returning to BLacx from this enumeration of his intimate 
friends, ferving, perhaps, to difclofe his charaéter no lefs than 
any other circumftance relating to him, we but haften to the 

‘ eonclufion of a life no lefs diftinguifhed by correctnefs and pro- 
priety of condué, than by ingenious reafoning, and fcientific 
refearch. Fully entitled to the appellation of Frugi+,—that 
feemingly cant‘expreflion, of which the old Romans were fo 

6 282, thsi guoad fond, 

_* Hayine faid fo much of Hurroy in this occafional notice, fo far fhott of his 
merits, it may not be improper to prepare thofe who may confult him as an au- 
thor, to meet with a difappointment for which his friends could never right- 
ly account. Though uncommonly luminous and pleafant in converfation, he was 
obfcure, unintelligible, and dry ‘in ;writing, to an equal. degree. His favou- 
rite {pecimens of natural hiflory, he ufed to fay, were Gon’s Books, and he treat- 
ed the. books of men comparatively with negle&, This may, in fome meafure, 
“Hécount for his want of ftyle or his indifference to language. In company, he fpoke 
télbe underftood by‘fuch as were prefent, and when obfcure, was called upon to 
vexplain himfelf..,.But;alone, he was not aware that others could be at a lofs'for a 
meaning fo clear to himfelf. ’, From this.circumflance, (notwithftanding many yo- 
umes written in the-laft years of his life, more numerous, perhaps, than all he 
“ever read that were written by others, except the voyages and travels, from which 
he was perpetually collecting fa&ts to complete his view of the terreftrial fyftem), 
his very ingenious conceptions, tobe reveived as they ought, muft come from fome 
otherpen then hig ows.| Lang’ gO, 71 s geyya ; 

MOL ag 

(eO8 this fubject we may confult the following paffage of CrceRo, Tule. Quzf. 
Jib iiie/ 360, Sed Qilia} nee’ qui, propter metum, prefidinm reliquit, quod eft 

| “ Ignavize 5 ‘nec qui; propter avaritidm, clam depofitum non reddidit, qaudd eft Ta- 
“ juftitiz ; nec qui, propter temeritatem, malé rem geffit, quod eft Stultitize, Ax- 
© gt appellari folet... Eas tres virtutes, Fortitudinem, Juftitiam, Prudentiam, 
“ frigalitas eft complexa ; etfi ‘hoc quidem commune eft virtutum : “omnes enim 
“ tater fe connéxe ‘et! jugate funtRéliqua igitur et quarta Virtus, ut fit ipfa 
“Frogalitas. Ejusenim videtur eff proprium, moths animi appetentis'repeseiet 
“\fedare ; femper adverfantem  libidini, moderatam in jomniré feryare <ejiftdn. 
“ tiam, cui contrarium vitium Nequitia, digitur.” 
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fond, that they ufed it to denote the foundation, or the fumma- 

ry of all the virtues, he carried into his private affairs the fame 
order and good conduct which he employed in his profeflional 

duties ; and he reaped, through life, the benefit of his attention 

to this particular, in the eafe of his circumftances, and in the 

power it gave him, on occafion, to affift a friend, or contribute to 

the attainment of any public convenience. From thofe, indeed, 

who can miftake remiffnefs or improvident watte for generofity, 
BLack may have incurred the imputation of penury... But the 

proofs of this charge, if ever it were brought, in his cafe were 

not to be diftinguifhed from the effects of found reafon and 
good fenfe. No one ever ftruck the proper medium more ex- 

a€tly than he did. His expences were regulated, but nowife 

fordid, or unbecoming his ftation. His houfe was fpacious ; 
and his table, at which he never imroperly declined any com- 
pany, was elegant and plentiful, rather above than below his 

condition. His contributions for public purpofes were liberal, 
and his purfe was always open to aflift a friend. Much of his 
practice as a phyfician arofe from his previous connection with 
the patient as a friend ; and he was as affiduous where he would 
not accept, or where he could not expect a fee, as in the moft 

lucrative part of his profeffion. 
His own conftitution never was robuft ; and every cold he 

caught, or any approach to repletion, affected his breaft fo much 

as to occafion a {pitting of blood. This he guarded againft, by 
reftriting himfelf to a moderate or abftemious diet. As his infir« 
mities increafed with age, he met them with a proportional atten- 
tion and care, regulating his food and exercife by the meafure of 
his ftrength ; andthus preventing the accefs of difeafe from abroad, 
he enjoyed a health which was feeble, but uninterrupted, and a 
mind undifturbed in the calm and chearful ufe of his faculties. 
A life fo prolonged had the advantage of prefent eafe, and the 
profpect, when the juft period fhould arrive, of a calm diffolu- 

tion, 
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tion, This accordingly followed, on the 26th of November 
1799, and in the feventy-firft year of his age, without any con- 
vulfion, fhock, agitation or ftupor, to announce or retard the 
approaches of death. Being at table, with his ufual fare, fome 
bread, a few prunes, and a meafured quantity of milk diluted with 
water; and having the cup in his hand when the laft ftroke of 
his pulfe was to be given, he appeared to have fet it down on 
his knees, which were joined together, and in this action expired, 
without fpilling a drop,—as if an experiment had been purpofely 
made, to evince the facility with which he departed. So ended a 
life which had paffed in the moft correét application of reafon and 
good fenfe to all the objeéts of purfuit which Providence had pre-- 
{cribed in his lot. His effets, when looked into, fhewed how much 
he had profited by the order and juft arrangement he had ever 
maintained in his affairs ; amounting almoft to double of what any 
one thought his income or his frugality could haye enabled him 
to acquire. ‘The whole was difpofed of by will, without {peci- 
fying any fum, in a neat and fatisfaQory manner. Being divi- 
ded into ten thoufand fhares, it was parcelled to a numerous lift 
of relations, in fhares, in numbers, or fraGtions of fhares, accord- 
ing to the degree in which they were proper objects of his care 
or folicitude. 

TuIs account of Jos—EPpH BLack, however inadequate to the 
merit of its fubjeét, is infcribed to the Prefident and Members: 
of the Royal Society of Edinburgh, 

* 

By their faithful Affociate, 

And. humble fervant,. 
Hattyarps, in Tweeddale, i 

23d April 1801. t 

ADAM FERGUSON.. 
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LIST of Memsers or Feiiows of the Roya Society of 
EpinsurGu, continued from the Fourth Volume. {Hiftory of 
the Society, Appendix. ] 

THE following Members were elected at the General Meeting, again segs 
an, 28. 1799. 

Jan. 28. 1799. 

RESIDENT. 

The Reverend Thomas Macknight, one of the Minifters of South 

Leith. L. 
William Robertfon, Efq; one of the Keepers of the Records of. 

Scotland. L.. 

NON-RESIDENT. 

The Right Honourable Lord Webb Seymour, P:. 
Gavin Hamilton, E{q; Calcutta. L.- 
Henry Stuart, Efq; of Alanton. L. 

June 24- 1799: Members chofen, 
° : June 24.1799. 

RESIDENT. 

Sir George Mackenzie of Coul, Baronet. P. 

Mr Robert Famiefon, junior, of Leith. P. 

NON-RESIDENT» 

Matthew Baillie, M.D. London. P. 

Fobn Lind, M.D. Phyfician to the Royal Hofpital at Haflar. P.: 
Mr William Blizard, F.R.S. London, Surgeon to the London 

Hofpital. P. 

Mr Thomas Blizard, Surgeon to the London Hofpital. P. 

Vou. V.—P. III. Q: Jan. 



Members chofen, 
Jan. 27. 1800. 

Members chofen, 
June 23. 1800. 

Members chofen, 
Jan. 26, 1801. 

Members chofen, 
Jan, 25. 1802. 
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Jan. 27. 1800. 

RESIDENT. 

William Arbuthnoti, Efq; L. 

June 23. 1800. 

RESIDENT. 

Mr Alexander Chriftifon, one of the Matters of the High-School, 
Edinburgh. L. 

Gilbert Innes, Efq; of Stow. L. 

Walter Scott, E{q; Advocate. L. 

The Reverend Andrew Bell, D.D. P. 

NON-RESIDENT. 

ames Fellows, M. B. Phyfician tothe Army. P. 

Jan. 26. 1801. 

RESIDENT. 

Alexander Fobn Alexander, Efq. L. 

NON-RESIDENT. 

Benjamin, Count Rumford. P. 

Jan. 25- 1802. 

é RESIDENT. 

William Porter, Efq; of the Ruffian Factory. L. 

Lieutenant-Colonel David Robertfon, Deputy Adjutant-General, 
Ceylon. P. 

NON-RESIDENT. 

Francis Gregor, Efq; M.P. of Cornwall. P. 

Sir William Uufeley. I 

Jan. 
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Jan. 31. 1803. 

RESIDENT. 

The Right Honourable Lord Minto, L. 
Reverend Dr Famiefon, Edinburgh. L. 

Thomas Telford, Efq; Civil Engineer. P. 

June 27. 1803. 

RESIDENT. 

Mr Fames Bryce, Surgeon, Edinburgh. P. 

Reverend Dr Brown, Profeffor of Rhetoric, Edinburgh. L. 

Jan. 30. 1804. | 

NON-RESIDENT. 

Mr William Wallace, Profeflor of Mathematics in the Royal Mi- 
litary College, Marlow. P. 

Dr James Robertfon, Phyfician in Barbadoes. P. 

The Reverend Jonathan Boucher, A.M. F. A.§. London, Vicar 
of Epfom, in Surry. J. 

June 25. 1804. 

RESIDENT. 

Lieutenant-General Richard Vy/e. P. 
William Forbes, F{q; P. 

Alexander Irving, E{q; Advocate, Profeffor of Ciyil Law, Edin- 

burgh. P. 

NON-RESIDENT. 

Fobn Rutherford, M.D. P. 

Q2 DONA- 

Members chofen, 
Jan. 31. 18c3. 

Members chofen, 
June 27. 1803. 

Members chofen, 
Jan. 30. 1804. 

Members chofen, 
June 25, 1804. 
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DONATIONS made to the Royau Society of EpInBurGH, /ince 

1797: 

From Dr Fo/eph Black, Profeffor of Chemiftry in shes Univerfity 
of Edinburgh, F. R. S. Edin., 

The Collection of Foffils of the late Dr Fames Hutton, F.R.S. 

Edin. May 1798. See Hiftory of the Society, p. 39. 

From Mr 7. Rennie, Civil Engineer, F. R. S. Edin. 

Reports of the late Mr Fobn Smeaton, F.R.S. made in the courfe 
of his employment as an engineer. 1797. 

From the Academy of Geneva. 

Voyages dans les Alpes, par H. Benedict de Sauffure, tom. iii. et 
iv. 1796. 

Efjai fur 0 Hygrometrie, par le méme. 1783. 

Defenfe de l’ Hygrometre a Cheveu, par le méme. 1788. 

Effais Philofoppiques de feu Adam Smith, t#c. Traduits par M. 
Prevoft, Prof. de Philofophie a Geneve, de l’ Acad. de Berl, et de 
Societ. Royale a’ Edimbourg. 1797. 

From Mr Baron Maferes, 

Scripiores Logarithmici, 4 vol. gto. 1801. 

From 
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From Sir W. Oufeley. 

Perfian Lyrics from the Diwan-i-Hajiz. By 5. Haddon Hind- 
ley. 1800. 

From the Author. 

Defcription and Ufe of the Sliding Rule, by Axdrew Mackay, 
LL. D. F.R.S. Edin. 8vo. 1799. 

From the Author. 

Effay on the Comparative Advantages of Vertical and Horizon- 
tal Wind Mills, by R. Beat/on, Efq; F. R.S. Edin. 8vo, 1798. 

From the Author. ; 

Des Signes et de l’ Art de penfer, confiderées dans leur Rapports. 
Mutuels, J.M.Degerando. 4 vols. 8vo. 1800. ; 

From the Right Honourable Sir ¥. Banks. 

Catalogus Bibliothece Hiftorico-Naturalis Jofephi Banks. Au€ore 
Jona Dryander, Reg. Soc. Bibliothecario, tom v. 1800. 

From the Editor. 

LeQures on Natural and Experimental Philofophy, by the late 
George Adams, Mathematical Inf{trument-maker to his Majefty. 
2d Edition, by Mr Youes, Mathematical Inftrument-maker. ig 
vols. 8vo. 179 7. 

From the Linnean Society, London. 

TranfaGtions of the Linnean Society, vol. i, ii, &c. vol. v. 1800, 
Alfo Charter of the Linnean Society, 4to. 

From 
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From the Afiatic Society. 

Afiatic Refearches, or Tranfaétions of the Society inftituted in 

Bengal for inquiring into the Hiftory, Arts, Sciences, Litera- 

ture, &c. of Afia. 7 vols. 4to. I8oT. 

From the Author. 

Illuftrations of the Huttonian Theory. 8vo. 1802. 

From Dr Blane, London. 

Inquiry into the Caufes and Remedies of the late and prefent 

Scarcity of Provifions, in a Letter to the Right Honourable 

Earl Spencer. 8vo. 1800. 

From the Author. 

Differtatio Inauguralis de Necrofi ac Calle.’ Auciore Alex. Her- 

manno Macdonald, Batavo. 8vo. 1799. 

From the Author. 

The Morbid Anatomy of fome of the moft important parts of 

the Human Body, by Matthew Baillie, M. D. F. R. S. London, 

ad edition. 8vo. 1797: 

From the Author. 

Series of Engravings, intended to illuftrate the Morbid Anatomy 

of the Human Body, to Fafciculi, large 4to, from 1799 to 

1802. By Matthew Baillie. 

From the Royal Society of London. 

The Tranfaétions of the Society, from 1797 to 1803 inclufive. 

From 
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From the Author. 

Effays, Literary, Political, and Economical, in 2 vols. by ¥. Gar- 

‘diner, M.D. Fellow of the Royal College of Phyticians, and of 

the Royal Society of Edinburgh. 2 vols. 8vo. 1803. — 

From the Council of the Interior of the Batavian Republic. 

Flora Batava, 8 Livraifons, 7. C. Sepp et Fills. 1803. 

From the American Society. ‘ 

Tranfactions of the American Philofophical Society at Philadel- 
-phia. 4 vols. 4to. 1799. 

From the Imperial Academy of Peter{burgh. 

Nova A&a Acad. Scientiarum Imperialis Petropoluana, tom. ix, x, 

Xi, Xil, xii. 1802, 

From Baron Ma/eres. 

Tracts on the Refolution of adfeéted Equations by various me- 
thods of Approximation. Publifhed by Francis Ma/eres, Efq; 
F.R.S. London Baron of Exchequer. 8vo. 1800. 

From the Tranflator, P. B counin, F. R.S. Edin. 

De I’ Etat Politique de l’ Europe avant et apres la Revolution. Tra- 

duit de l Allemand de ¥. GENz. 1803. 

From the Author. 

Memoir on a Subterraneous Graphometer, invented by ohn 
Komarzew/ki, formerly Lieutenant-General in the fervice of 

the King and Republic of Poland. 1803. 

From 
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From Major Rennel. 

African Refearches, or Proceedings of the Affociation for pro- 
moting the Difcovery of the Interior Parts of Africa, vols. i. 
& ii. 1802. 

- From the National Inftitute. 

Mémoires de ? Académie des Sciences, 1789 &F 1790. 

> 

END OF THE FIFTH VOLUME. 
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