
that of ,me particles of liquid water with;:~hith it is 
in contaCt:, (the wanner pa,rtides of this Fluid, ~n 
confequence of their greater fpecific gravity, laking 
their places below,) the communication of Heat 
between the' water and the ice is necelfatily very 
flow on that account. 

Ali foon~" the upper [ulface of the ice is covered 
with fnow, (which commonly happens foon' :iftet 
the ice is ~ rrncd) this is an additional and · Tcry 
powerful obi de (0 prevent the efcape of the Heat 
out of the water; and though the moft intenfe 
cold may reign in the atmofphere, the increafe. or 
the thicknefs of. the ice will be very flow. 

During this tiJp.e, the mars of water which reo;. 
mains unfr<>zen will lofe TID part of its Heat; on 
the contrary, it will continually be receiving Heat 
from the ground. This Heat, which is accumu .. 
lated in the earth during the [ummer, will not on11 
ferve, in rome meafure, to replace that which is 

.communicated to the atmofphere through the · ice, 
and prevent its being furnifhed at the expenee of 
the latent Heat of the water in contaa With ita 
furface, but when the temperature of the air is not 
much below that of freezing, this fupply of Heat 
from below will. be quite fufficient to replace that' 
which the air carries off; and the thicknefs of the 
iee will not increafe. 

Whenever the temperature of the :lir is nOt 
aaual1y (skler than freel!!:mg water, the Heat which 
rifes froin the bottom of the lake will be all em· 
played in melting the ice at its under furface, ,.iIld 
diminilhing it! thicknefs; . 

It 
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,It ,wiU)ndt"ed frequently happen, when !he ice is 
'.~ thick, and efpecialJy when jts . upper furface is 
(:Overed with deep [now, that the melcing of the 
ice" at its under [urface will be going on, when the 
temperature of the atmofphere is confidcrably be
low the freezing P9int. 

As the particles of water which, r~' riving Heat 
from the ground at the bottom of the 1 .,-e, acquire 
a higher temperature than that of 400 ; and hein&.. 
t xpant!J:d, and becoming fpecifically .~ ter by thi!:> 
additional Heat, rif~ up to the upper (urface of the 
fluid water. and give off their fenfible Heat to the 
under furface of the ice, never .return to the 
bottom, this c9mmunicalion of the Heat which 
exhales from the earth produces very little motion 
in the mats of the water; and this circumfiance is) 
no doubt, very fuvourable to the prefervation of the 
Heat of the water. 
" When a ll-rong wind prevails, and the furface of 

the- water is much agitated, ice is not formed, 
even though the whole mafs of wat~r lhould, by a 
long continuance of cold weather, have been prc. 
vioufly "Cooled down to that point to which it is 
neceffary that it fItould be brought, in order that 
its internal motions may eeafe, and it may be dif. 
~ed to 'cangeal; for though the particles at and. 
near tbe furface may no longer have any tendency 
to d~fcend, on being farther cooled, yet, as they 
'have fo confiderable a quantity of fenfible Heat 
(~ht or ten degree):) to difpofe of, after their 
~denfation with cold ceafes, and as the agitation 
intO'"'which the water is thrown by the wind does 
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bot permit any partiele ' to remain 10rig enough iIi 
contaCl: with the cold air .to give off all its Heat at 
once, there is a continual fucceffion of fre1h pam;. 
des at the furface, all of ~hich give Qff Heat 
to the air; !;lut none of them have time to be 
cooled fufficiently to be difpored to form ice. ,The 
water will tare a vaft quantity of Heat,. and as (0011 

as the win~ ceafes, if the cold lhould continu~;ice 
will be fO(.!ned very rapidly. \ 

But it is '~t merely the agitat~on of the water 
which render the communication of the Heat very 
rapid, the agi tion of the wind alfo tends to pro
duce the fame- ffea. 

On the return of [pring, the [now meidng he .. 
fore the fun as he advances . and his rays become 
more powerful, all the Heat which the 'earth 
exhales is employed in dilfolving the ice at its 
under fUfface, while the fun on the other fide 
acts frill more powerfully to produce the fame 
elfea. 

Though ice is tranfparent, yet it Is liot perfe!Uy 
fa; and as the light which is fiopped in its paffage 
r.hrough it cannot fail to generate Heat wben and 
wbcrf: it is flopped, or abforbed, it is by no means 
furprifing that fnow lhouJd be found to melt whea 
expofed in the l4n'S rays, even when the tempera .. 
ture of the air in the !hade is confiderably below 
the point of freezing. Snow expofed to the fun 
melts long before· the even furface of ice begins to 
be fenfihlv fnflPTl.,d by irs beams, and it is nat till 
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,,~, time. ~fter aU the hills are bare that the ia: 
CIR't\ae lakes and rivers breaks .up. 
1:!~The fays which penetrate a bank of filOW being 
often refleCted ' and refracted, defcend deep into it, 
and the H eat is depofited in a place where it is not 
expofed to be carried off by the cold air of the at~ 
mofphert:; but the "rays which fall upe1 the hori~ 
zoncai and fmooth furface of ice, arctmoll:ly re· 
fleeted upwards imo the atmofPhcXre ; and if any 
part of them afe /lopped at the {urfa of the icc,' 
the Heat generated by them ther is inllantane. 
"uay carried off by the coJd air,. ilr¥! a particle of 
'water is no fooner made fluid th:1o it is again 

. frozen .. , 
Hence we fec that the fnow whice in cold 

COUll tries 'covers the ice that is formed on the fur
face of frefh water, not only prevents the Heat of 
the~ wat~r from being carried off by the air, during 
the 'winter, but alfo ailifts very power[ldlly in thaw
ing the ice early in the [pring. 

ShOtl,Jd the waters of a lake be fa deep, or fo 
imperfefl:ly tranfparent as to intercept a great pro
ponion of rnyi of the fun before they reach the 
bottom, in that cafe, the temperature of the water 
at the bottom of the lake will be nearly the Jam~ alt 
tbe year round; and in countries where there is any 
fJ:oft in winter, and particularly in thofe lakes 
which lie near high mountOJins, and are fed by 
toneDtt which proceed from Glaciers, and melting 
faG", ·this to'!f/ant te1l1/'fTatllre at the bottom can 
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never be mu'ch above or below 41° F.,·whatever 
may be t~ heat to which " the fur/lIce ot the Jake 
), expofed in [ummer, or however 10Di" -and in,. 
tenfely hot' the fummer may be 

. Let us ~ow fee what the confequences wQJ4.4. 
have been, .f'ad the condenfation of water. with cola 
followed t!le law which obtains in regard. to .. all 
other F1ll1ds. - .. ';., 

in F/uiih. 

. As the l~emal motion of the water could not 
have failed to o~tinue as long as its fpecifi.c gravity 
continued to ~l increafed by par~ing with Heat" 
ice would no have begun to be forme4 till the 
whole mafs of! water had arrived at the tempera~ 
ture of 32° of. Fahrenheit's thermometer. 

To 

• In II leuer from Profdror PICTtT of Gtnen to riM: Autbor, IIf 
the 7th JoJ1.'1797. accompanying the 36th number of tbe R.IILIO_ 
1'1{ EQ..!J ~ HIlIT" II N1<LV E,(in whi(b an aCCO\lnt. or nthn franflation, 
of the tirfl Edition ot th is EtT~y i, l,uMilked in the French Janguge.} 
there i, the followir.g paragraph . 

.. 1 to ,'k. the liberty to throw ;n, 3 $ ufnal," (in the tt:onfin;on) 
" fom e oc(a(iun.\1 nOln; one of which wi;1 , I hopt", ddu\'e yuur u_ 
"tention. It poims out the Ileal' tuincidentt 01 the tnCan kmpoera.. 
" turtuf the bottom,obfentd in Kn djlfcrentlakn , by M, de Saulfur" 
" ~mJ myfd f, "z. 4--j°R."_(cquallo 4-110 F.) "with Ihe tem.~ra_ 

" lUI'" where the .. i~i"ll1fI of volum~. or Ifl"";",.m, uf denlil1 of w3t~r 
.. takes phce. \Ve uinJy {hoyt to Iili. day to explain the u.u.. 
.. fom,ity we obfrrud in thn VaTlieuhr in fevtrll! t ~kc' .ery~: 
.. ently litualed, in n •. any l"erpeth, but your rdieEiions feUD to·.ni.e 
"flilly to r.folve the problem." . 

Tht following i. the note in the l;;b!i'lh~f'" Brj1f"";f,u. "'Ip.dtd 10 
by Pn>je/J"or PtCTET, in the forrgoing V:lr.graph of liil.lcucr, 

" Cc n'ti} p~s fcuJuncnt dalls Ie lac de Gcnhe que M. dcS~uJfull' • 
.. !'otre [avallt ami , a fait !~i ul'eritncts curi."I"s qu i (Olll ici I"!IP: 
.. pel]«I, ct ii. qll~lqucs _ u .,u ,\es que1J ~s 1l0UI ayons .11 Ie plaifit 
.. d'afli l:.r , ;1 les a r ~pt~i;u d3n l la M;;d;!Crr4n;;., et dan. di.:; 
.. laCl 'lU; bOldent de part et d '~mre h, clt.inc drs A1ru, WOUI 
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?,i.To f~ what an enonnous qU'antity of Heat would. 
& .ioft when the water is ''deep in confdquence of 
its whole ~)nafs being cooled in this manner, w t:;' 

have only to compute how much ice .. this Heat 
would melt, or how much water it ~ould heat 
from the reint of freezing to that of ~ing. 

It has been fhown by experiment, that any given 
quantity of ice requires as much H eat to~fndt it as 
an equal quantity of fluid water l0/f':in cooling 

I 
Of lironl d~ ~11 gnnd ouvragc (Uf lu mu',,,gtt'l I •• tcml'''.-3Iuru ; 
"obCcntu all fonquc ceo la~ ~ commt {"it; 

.. N~I 4el Lllj:s. 

~, Lac de GCl)fYC 
.. de Neuchatcl 
.. de Bienne 
l' d" n<Jurg~ t 
ff d'Annccy 
!' de Thun 
!' de Hrimtz 
.. de Lucerne 
.. de COI,itlllce 

.. Lac M. jcur 

l 'rotimd.",1 
~~ Fieds cle Funce. 

95' 
1>S 

'" ... 
,6) 

))' , .. 
6 • • 

)7' 
~ , 335 

'" Ttmp6l'ltur~ mo}'cnn~ du fond de dix be$ 

T:?np~'atl1 " s du f~"~ 
i1:!;rc' de a., llmu,. 

, t- 3 
''l. 4·1 

'·S 
4~~ 

4·S, 
4' 
) .. ,., 
) ·4 
H 

.. Ill)'cff peulCtrC lIIucun de no! leEteur& qui, r lcin d~& idcu que 
.. lIotJe lII u~ur yient de difeutcr, ne roil ft'~pl'e de la coincidence en': e 
"ctlle temperature du fo nd de. lacs dans n"~ lati\udc$ m"yennu ~I 
.. c-tlle it laqudlc ]'uu ~t!l"inl (on "';";/flMIfl dc volume 011 .. ..,.j ....... de 
•• dennte! La permanence de eetre ' lem~,.ruure. et f.m idrnlit,. dan~ 
U dUo \". d'lilleun ,, ~, -di~cr(.menl fituh. pa~oilfcnt inlioncment 
~. lieu nee eerIe rirronllanre du .. in_ de volume_ Mais ee 
to' nOeft pil~ iei "Ie lieu de don n~ r cour,' aUll idec, ~uc peut (u~gerer ~ 
.. rapprochement i nOli' j'illdiquoni i I'auteur comme un objet <ligne 
-. tie kt mEditations_" 

_" ne A'Ithor of thit Efray fcell bilJlfelf Yel'y much obli~.d to his 
inrni~ lind ref(X8able friend, Profd!"o! PICT IT, for lhdc inlO:. 
reiing obrcnilions, 

140 



140 degrees; confequently the quantity of ice. 
which mi~ht be melted by the Heat given «?ft·by 

" ;lflY given quantity of Water in cooling any given 
ntimber degrees, is to the given . quantity of 
water 1 as he number of degrees which it is cooled, 
to 140 def s. I>'." 

Hence 1 follows that when the temperature..-of 
the watt~is 8 degrees above the freezing point,'"it 
gives off in >fooling dowlI to that t~mperature as· 
much Heat it would'melt -r';;y or -TT of its weight 
of ice; the w: er, therefore, which i~ cooled from 
the temperatu of 40° to that of 32°, if it be 35 
fee~rleep, wiI give off as much Heat in being.fo 
cooled as w Id melt a covering of ice z feet 
thick. 

But this,.even is not all; for a~ the parr-icles of 
water on being cooled at the [urface would, in con· 
fequence/0f the increafe of their {pecific gravity 
on parting wifh a portion of thdr ~t, immedi. 
ately dcfcend to the bottom, the grcateft part of 
the Heat accumulated during the fummer in the 
earth on which the water repofes would be carried 
off and 1011:, before the water began to freeze; and 
when ice was once formed, its , thicknefs would 
increafe with great rapidity, and would continue 
increafing during the whole winter; and it fee.IUS 
very probable that, in climates which are now tem
perate, the water in the large lakes ,,,ould be frozen 
to fuch a depth .. in the cou:-fe of a fevere. winter 
that the Heat of the enfuing fum mer would not be 
fullicient to thaw them; and Ihauld this once hap
pen, the · following winter CQuid har41y fail ' (a 

x 4 chanse 



Of th,Pr .... 0/ H,,, 

~ge,' the whole maf'S of ~ts \lo·~ters to one folid 
~y ·of icc, which never mort! could Ilecover ita 
liquid form, but mult remaih immovatle till thy ' 
end of time. , t 

¥ In the month of February, after a jroil which 
had lafied a manto, the temperature of): Ie ai~. being 
38°, M. DE SAUS5URE found the te~erat ure of 
tbe ,water of the Lake of Geneva, at the y ::rface, at 
41·~-arid at the depth of IC)00f;t' at 40", 
fla4 the froft continued but a lit longer, ice 
w,O\l14 have been formed; but h .1 the confiitu
tion of. , w.at'er been [ueh that the \/ hole mars of 
that Fluid in the Lake mull have bc\'tl cooled down 
to ,t.he temperature of 3 2° before \ce could have 
been.formed, this event could not h~~ve happened 
till the water had given off as much li~at as would 
be fufficient . to melt a covering of ice ahQve 57 feet 
thick!- \ 

'Thi~ quanaity of Jieat would be fuflicient to heat? 
to the point of boiling; a quantity of ice-cold water 
as large as the Lake, and '49 feet deep. 
, We cannot fufficienrlyadmire the fimplicityof 
the contrivance by which all this H eat is faved. It 
well deferves to be compared with that by which 
the feafons are produced; and I mull think that:: 
every candid enquirer, who will begin by divefting 
himrelf of all unrearonable plej udicc~, will agree 
"nth me in attributing them bolh TO THE SAME 

&):rTHOIt. 

;: When we trace Ilill brther the aftoniihing effe8:s 
whlch are produced in the world by the operations 
of m.:1imple law wruch has been found to obtain 
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in the condenfation of water o~ its being.:~epri\'e4 
of Heat, e thall find . more and more reafQn to 
~mire iht wifdom of the contrivance. 
,\That r gh latitudes might be habitable, it wu 
nee ary at vegetables [bould be protettcd,from 
the t eas ~f the chilling frofts of a long and 
fevere inter: but if it be true that watery liquidJ 
do not rt with their Heat but in confequeoee ', J 
their internal mouons; nnd if thefe morions are 
occafioned ~ rely by the change produced in't~ 
fpecific gravic\ ,of thofe particles of the liquid whida 
l"<.'ccive Heat, ~ r which part with it, who docs !lOt 
fee how very powerfully the fudden diminution 
and final ce£fa on of the condenfation of water i. 
cooling, as fa n as its temperature approaches to 
the freezin oint, operates to prevent the Cap iQ 
vegetables rom being frozen? 

But if for the purpofes of life and vegetation, 
it be neceffary that the ground, {he rivers, the 
lakes, and the trees be defended from the cold 
winds from the poles, it. may be aiked how lhi& 
mnuudation of cold air is ta be warmed ?-I moO 
hver by the waters of the ocean, which there is 
the greateft reafon to think were not only defigned 
principally for that ufe, but particularly prepar.J. 
for it. . ",..:' 

Sea water contains a large proportion of_Calt 
in folution; and we have feen thar the condenfation 
of a faline folution, an its i;eing cooled, follOws a 
law which is .extremely diflerent from tbat obferved 
iu regard to pure wat~t; and which (as may eafu1-
be lhown) renders it peculiarly well a4apted f~ 

comrnu~ 



'301 Of Ihe PrO}ax'ttti," of Htal 

c~m~rucattng Heat to the' cola winds which blow 
OYer its [utface. 

:: ·As rea water continues to be condtfed as i~. 
goes on to cool, e~en after it has paffe~ ' the PcVllt 
at which frefh water freezes, the partifrles atl the 
furiace, inflead of remaining there af~ thcfmars 
of t'hewater had been cooled to about 400, afad pre
venting the other warmer particles below y.<5.m com
ing in their turns and giving ofi"their H e", to the cold 

air, (as we have feen always happcmf:hcn Erefh or 
pure water is fo cooled,) thefe cooi~d particles of 
{alt water defcend as foon as they ht',e parted with 
their Heat, and in moving downw~rd force other 
wamleT panicles to move upwards' and in con
fequencc of this continual fucceffion \)f \VOITlU par
ticles which come to th e (urf.,ce of fh i:::: rea, .a val1 
deal of Heat is communicated to the ai~ .. -.jncom
par.ibly marc than could pollibly be comrt'iunicated 
to it by an equal quantity of frefh water at the 
fame temperature, as will appear by the following 
computation. 
. Without taking into the account That very great 
advantage which fea watcr poffdft:s over frefh 
water, confidered as an equalizer of the tempera • 
• ture of the atmofphere, which arifes from the com-
parative I~d)nefi of the point of it; congelo/ion ; -fup
pofing even fca water to freeze at as high a tem
perature as frefh water, namely, at' 3 ~.o ; and fup
PQfiJlg (what is firit11y true) that as foon as either 
fea" ~ waier or fr~1h w;ter i!i frozen at its furface, 
and this ice c,wered ~Iith [now, the communica
tion of Heat from the water to the atmofphere 
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ceafes ahnofr entirely j-we will endeavour to de~ 
rerm ine h much more Heat would, even 00. this; 
L pofitior; be communicated. to the air by faIt 
wa r tha by frefit water, after both have arrived 
-at t ten erature of 40°. -\" , 

\V n f~. water , in cooling, has arrived attJiii . 
temper' ture, it ceafes to be farther condenfed Wit.· 
cold, an<Nts internal motions (which, as we· h,a.~ 
already more than once obfervcd, are caufed' fi /;11 
by lhe Change~prOduced in the fpecific gravity ofitl· 
particles) ceafq f courfe, and icc immediately begini~ 
to be formed (j: . its furface i but as the condt:nfatioti 
of fait water foes on as it ~ Heat goes on to be ru.: 
miniilIed, its internal motions will continue j and 
it is evident! im poffible for ice to be fenned at 
its furface . I thl! whole mafs of the water has be
come icc: old, or till its temperature is brought 
down to 3:2°. It would therefore give off a quan~ 
tity of Heat equal to 8 degre~s, at lean, of Fahre~ 
heit's thermometer,: mort than the INfo 'waurwouJd 
part with before ice could be formed on its fut~ 

face. 
To be able to form an idea of this enormous 

quantity of Heat, we have only to recoUeCl what 
has already been faid, and we fhall find reafon to 
conclude that it would be fufficient to melt a cOVet4 
iog of ice equal in thicknefs to 3;' of the depth of 
the {ea.-It would therefore be fufficient in that 
part of the North Sea (lat. 67°) where Lord MuI~ 
grave founded at the depth of 4680 feet, to melt & 
cak;e of ice 265 feet thick! . 

Bat 
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:iYfluithe Heat evolved iIi the formation of each 
~~rficial foot of ice would be fufficienr :0 raife [he ,
~mperature of a fl:ratum of incumben ,air 222,i 

'pmcs as thick as the ice, (confequenrly in the r.ire 
in queItion :26SX~220 feer, or 869 n ·'es th:ck,) 
28 degrees, or from the temperatur f fr ~~zing 
..,.ater, to that of 500 .of Fahrenheit's thermbmeter, 
or to the mean annual temperature of th~northern 
parts of Germany! 
. The Heat given off to the air by reh fuperficial 

foot of water in cooling olle degrt't~ fufficient to 
heat an incumbent firatum of air 44\'Iiimes as thick 
:as the depth of the: water, 1 0 degr~les. Hence we 
fee how very powerfully the water~f the oceant 

~h~h ,is never frozen over, cxcep in Y\!ry high 
latitudes, mull contribute to warm lJe coM air 
which Bows in from the polar regiom. 

But the ocean is not rilore ufefu! in nibJerating 
the extreme cold of the polar regions, than it is in 
~pering the exceilive heats of the torrid zone;
~ what is very r~markable, the fitnef:) of the fea 
.... ater to ferve this laft important purpofe is owing 
to the very fame caufe which renders it It) _pe,:u
li~rly well adapted for communicating H eat to the: 
~Id atmofphere in high latitudes, namely, to tbe 
folt ~hich;t holds in joJution. 
~ As the condenfation of faIt water with cold can.· 
fipues to go on even long after it Iras been cooled to 
~ temperature at whic~ frelli water freezes. thofe 
P¥.tic~e~ at the [urEace which arc cooled by an im
mediate contaCt- with the cold winds mufi defcend, 
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and take their places at the bottom of the re:a~' 
where th mua remain, till, by acqyiring an ,ad~ 

, ~itional ql amity of Heat, their fpecific gr~vltY"~ 
ain dim' ifhed. But this Heat the] ncwr ciill r~~ 

gat in tbi polar rcgjlJ1U; for innumerable experi .. 
men hay proved, beyond all pallibility of doubt, 
that t re j-/ho principle 0/ Heat in the interior pizrl, 
if the g , c, which, by exhaling through the bOttdnl 

, ~' 

of the ocean, could communicate Heat to the watet 
which Tefts upon it. 

It has bee ,' found that the temperature of the 
earth at grealJ .:depth under the (urface is different 
in different lal t udes , and there is no doubt but 
this is alfc the cafe with re[pea to the temperature 
at the bOHom ;' f the rea, in as far as it is not influ. 
eneed bY~he urrents which Row over it j and this 
proves to emonfl:ration that the Heat which w.e 
find to e'l<' , without any fenfible change during 
fummer and winter, at great depths, is owing to 
the aCtion of the fun, and not tn central jirtJ, as 
fome have too haftily concluded. ~ 

But if the water of the ocean, which, on being 
leprived of a great part of its Heat by cold wiD:ds, 
defcends to the bottom of !he fea, cannot be' 
warmed where il 'dtfcendJ, as its fpeci.nc gravity is 
greater than that of water at the fame deptp ill. 
warmer latitudes, it will immediately begin to 
fpread art the bottom of the rea, and to flow io
wards the equat~r, and this mult neceifarily pro· 
duct: a current at the furface in an .oppofite direc
tion; and there are the moft indubitable proofs ot 
the exiftence of both thefe currents, 
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,: 1.'hr ~proof ;0£ the c:xiftcnce of on'e of them 
'~~uld indeed ha\'e been quite fufficient to have 
-piOved the exifl:ence of bOth, for on . of them ) 
cOuld not pallibly exifi without the 'ther; bItt" 
there are feve;al direCt proofs of the i{lene of 
each of them. 

What has been called the gulph fi m, n the 
Atlantic Ocean, is no other than one of t , ;fc cur· 
rents, .that at the {ulface, which movcyfrom the 
equator towards tbe north pole, modified by the 
trade winds and by the form of the continent of 
Norrh America; and the progredi of the lower 
current may be confidered as prove4UireaJy by the 
cold whidl has been found to exi!l in the fea at 
great depths in warm latitudes i-a \~.egree of tem
perature much below the mean annulI temperature 
of the earth in the latitudes where\t has been 
found, and which of courfe murt have b",\:l hrougb! 
from colder latitudes • 

. The mean annual temperature in the latitude of 
67° has been determined by Mr. KIRWAN, in his 
~ellent trealife on the temperature of different 
latitudes, to be 39"; but Lord Mulgrave found on 
the 20th of June, when the temperature of 
the air Wl:/.S 48tG, that rhc temperature of the 
rea at the deplh of 4680 feet was G degreei' 
belo\v freezing, or 2'0 of Fahrenheie:;: thern~t. ~ 
meter. 

On the 3'd!: of Augufr, in ttie latitude of 69"~ 
_here the annual temperature is about 380, the 
temperature of the fea at the depth of 4038 feet 
was ~2o; the temperatur~ of the atmofphere (and 

probably 



probably that of the water at the Curface of the fea) 
being at t~e fame time at 591°. . 

But a Ib I more {hiking, and I might, I belie-v;e, 
iiiy an inl ntrovertible proof of the cx.ifrence:of 
~u~':~nts o' cold water at the bottom of th;: fea, 
jettm'il frOlj.l, the pol~s towards the equator, IS ~e:' 

very r ,~marKable difference that has been found 
to fubfiil:. between the tl.::lllperature of the rea at. 
the furfa't't: and at great uepth, at the tropjc,~ 
though the temperature ot the atmofphere there is 
fa connant th~.t the greateft changes produced in 
it by the fearOl{~ feidom amounts to more than five 
or fix degrees ;:~ yet the difference between the H~ 
of the water aj the fU fface of the [ea. and that at 
the depth of 31loo feet, has been found to amount 
to no Ids th~{ 3 1 degrees; the temperature above 
or at the f'{-"face being 84", and at the given depth 
below no ,nore than 53"". 

It appears to me to be extremely difficult, if not 
quite impoffible, to account for thi~ degree of cold 
at the bottom of the fca in the torrid zone, on any, 
other fuppofition than that of cold currents 'frci~, 
the poles; and the utility of there currents in tem .. 
pcring the exceffive hears of thore climates is too. 
evident to require any ilIuf1:ration. 

There currents are produced, as we have already 
feen, in conrequcnce of the difference in the fpeci"'." 
fie gravity of the.; fca water at, different tempe~ .. · 
tures; their velocities muft therefore be in pro .. 
portion to the change produced in the fpeci6c ¥ra~.' 
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TiD' of water by any given char:ge of temperature; 
and hence we fee how mU'ch greater th .y muft be 
in fait W:lter than they could poffibly hav ~ been had 
the ocean been compafed of frelh water j 

It is not a little remarkable that th wat~ of 
all great lakes is ' frelli, and ncariy fa i ' all jiiland 
Teas (like the Baltic) :n cold c1ir!l:ltes, and'-which 
communicate with the ocean by narrow c~atlnels . 
We fuaU find reafon to conclude that th1s did not 
happen without cleGgn, when we confider what 
confequen,ces would probably cnfte fhould the 
water~ of a large lake in an inland 1,:tuation, in a 
cold country, (fuch as the lake S~trior, for in
nance, in North America,) becom~ a,; falt as the 
fea. , 

Thongh the col,l winth which blOW~Vl.r the lake 
in the beginning of winter would be In "c warmcd, 
and the temperature of the air on thc fide f the lake 
oppOfite to the quarter from whence thele winds 
arrive, would be rendered fonwwhat milder than 
tt:.AO" is; yet, as the water of the lake would gi\'e 
-olf' an immenfe quantity of Heat before a covcring 
of ice could be formed on its fmface for its pro
te:ai0I4lt would, on the return of [pring, be fo~nd 
to be extremely c(tld j and as it wourd requ ire a long 
time to regain from t.he illi1t~cnce of the retumin:; 
fun the enormous quantity of Hell,t loft during tht 
winter, it would remain very ,~old during the 
..{pring, and probably during the greateft part of 
.the fummer; and this could not faa to chm the 
_atmofph~re, and check vegetation in the furround. 
ing country to a very confiderable diftancc. And 

though 
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though a large lake of faIt water in a cold country" 
would te:td to r~nder the winter Jomewhat 71li{dtr 
on one f:de of it, namdy, on the fide oppofite to 
the quar~er from whence the cold winds came; 
'yet this advantage would not only be' confined to a 
fmall traEt 'If country, but would not any wher~be 
very important, and would by no means counter. 
balance tJ1e extcnfive and fatal confequences which 
would be produced in {llmmer by [0 large a col. 
"leEtion of very cold water. 

When the ~inter is once fairly ret in,-when the 
earth is well tovcred with [now, and the rivers and 
lakes with ic.~, and more efpecially when the ice 
as well as the land is covered with that warm 
winter garment, a few degrees more of cold in the 
air cannot .produ!=c any la.fling bad confequences. 
It may o4-~ge the inhabitants to ufe additional pre. 
cautinns. to guard themfelves, their domefiic ani. 
mals, and their provifions, from the uncommon fe. ' 
verity of the weather; but it can 11ave very little 
influence in the temperature of the enfuing fum. 
mer; and even it is probable, if it influences' it"at 
all, that it tends rather to make it warmtr than 
colder. Lakes of faIt water could therefore be of 
no real ufc in winter in cold countries, and in fum6 
mer they could not fail to be very hurtful; while 
frefh lakes, as they are frozen over almoft as foon 
as the winter rets in, and long before the whole 
mars of their ~ater is cooied down to · the [em. 
perature of freezing, prcferve the greater part of 
their Heat through the winter. and if they are of 
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np Ute during the cold -feafoD, .they probably do 
little or flO harm in {ummer. r 

But r mull take cate not to tire my reader by 
pw.fuing thefe {peculations too far. If 1 have per .. 
. fifted in them,-if I have dwelt on thd.l. with pe
culiar fatisfafl:ion and complacency,-i),is becaufe I 
think them uncommonly interdling,-and alfo be
caufe I conceived that they might be of ~eal ufe in 
this age of refinement and fi:cptirijill. 

If, among barbarous nations, the fear of a 
God, and the praCl.ice of religious ~tjes, tend to 
foften favage diif>ofitions , and to preflarc the mind 
for aU -thofe tweet enjoyments which refulr from 
peace, order, induflry, and friendly imcrcQurfe,
a belief ill tbe e,'t:fIlence 'of a Supreme /ntC/ligclIrc, who 
rules and governs the univerfc with \vifdom and 
goodnefs, is not lefs effential to the h~pinefs of 
thofe who, by cultivating their mental · powers, 
HAVE LEARNED TO KNOW tiow LITTLE C.'\N BE 

KNOWN. 
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DESCRIPTION OF THE PLATES. 

PLATE I. 

TRIS Plate reprefents the cylindrical Pafi'age 
Thermometer uled in the Experiments, on the 

conduCting power of liquids with regard to Heat. 
Fig. ). a, b. is a feEtion of the brafs tube in 

which the Thermometer c, with an oblong copper . 
bulb, is placed. , 

e,f, is the glafs tube of the Thermometer, which, 
for want of room in the Plate, is reprefented as 
broken uff at f. 

g, is a flopple of cork by which the end of the 
braf:s tube, a, h, is elared; and 

h, is a circular difk of the [arne fubfiance. 
The [pace in the brafs tube below this dilk h, fur .. 

rounding the bulb of the Thermometer, was occu. 
pied by the liquid whore conduCl:ing power ·was 
determined. The [pace between the dilk and the 
cork.flapper g. was filled with eider.down. 
. Between the infide of the brafs tube and the 
lower part of the bulb of the Thermometer are 
feen the wooden pin: which ferved to confine the 
Thermometer in its place. 

Fig. 2. This is an horizontal feaion of the brafs 
tli.be, and a bird's-eye view of the Thermometer in 
its place. 

PLATE 
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PLATE II. 

Fig. 3. This Figure fhaws the manner in which 
the Experiments were made; in which a cake of ice 
at the bottom of a tall glafs jar was thawed by hoc 
water fianding on its furface. 

a, is an earthen bowl filled with pounded ice 
and water, in which the glafs j;).r, b, was placed. 

" d, is the level of the upper furface of the ice 
in the jar. 

e, f, is the level of the" furface of the water 
ftanding on the ice in the jar. 
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E S SAY VII. 

PART II. 

An Account of feveral NEW EXPERIMENTS; 

with occafional Remarks and Obferva:tion~, 
-and CON]ECTlT RES refpeding Chemical 
Affinity and Solution; and the medlanica~ 
Principle of Animal Life. 

CHAP. I 

,tuounf of a Circumjianrc of tl private Nature, hy 
which the Author has vmz induced to add thiJ and 
the jollfJ'Wing Chapters to the Second Edition of this 
E.lJay.-E:..perimental lnvefligation rf the Suhjell 
continued.-OlLfound by E.'(periment to be a Non~ 
l onduBor of Heat.-MEltCURY is !ikewijc a Nun
condullor.-Probability tbal all FLUIDS are NON~ 
CONDUCTORS, and that t~it Property is ESSEN

TIAl. TO FLUIDITy, -The Knowledge qf (h(lt 
Fall may be of great Ule in enabling 'w t() form . 
more JlfflidcOJ with regard to the Nature of thoft 
mechanical Operations which take place in chemuaJ 
Solul;onJ and Combiilations; in the Prccefs oJ VeR 

f etation; and in tbe 'l,)ar~~1U Changes -eJfeBed hy 
the Power; of Life ill tbe Animal EconofJJy'.-Rapi· 

dill of Solution n{} Prot{ of the E,'I(jjienu of an At~ 
VOl •• II. 7. trafliori 
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!ffiii;~n of 4f!i~ity.-Slral' of fre}h Water and Dj 
(all I'Vater may be mode II) rcpife on ellch flthrr in 
allual ContaB witbo.ut mixing.- Probnbi/ity that 
the Water at the Bottom of frr}h Lait.eJ, that QU 

'I,,1trJ'de!p, ma)' be aElually fait. 

AT the cnd of a French tranflarion of the Firft. 
Edition of this Elfay, publifhcd at Geneva, Pro

ferrot Piact (the tTannator) has added the follow~ 
iog extraCt: of one of my private letters to him, (of 
the 9th June J 797,) written in anfwer to on,e: from 
him to me, acknowledging the receipt of a manu:' 
fcript copy of the Effay which I had rent him. 

" I /hould. hav-e been much furprifed if my se~ 
" venth EiTay had not int~refl:ed you j for in my 
" life I never felt pleafurc equal to that I enjoyed 
U in making {he experiments of which 1 have given 
" an account in that performance. You will per
" haps be furprifed when I teI! YOll, that I have 
" fuppreffl::d a whole Chapter of imerelling fpecu
" larion, merely with a view of leaving to orhen a 
" tempting field of curious invd1:ig;ltion IIl/toUe/,ed, 

" and to give morc effi:£ t: TO my concluding reflec
'" tion, which I confider as being by far the moil 
" important of allY I have ever publilhed." 
. As thefe alf<.!rtions, (which were not originally 
inten~ed for (he ' public eye,)--are liable to fcveral 
.intapretations, I think it my duty, not only to ex
'plain thcm, hut alfo to let the Public' know precifeIy 
~ow fur 1 have puUled my inquiries in the invefti
'gation of the [ubjeCt under confiderauon: This is 
'aR act of juHicc which lowe to thofe who may be 

engag{.d 



engaged,in the ~ame pur{uits; fur it w~d .be V"ery 
unfair, by ''Dbfcure 'hi1ft; of [m/orjan! i"nf~1fU!Iion kept 
back, to keep others in doubt with refpea: to the 
originality of the difcoveries they may make in.' the 
profecution of their invefiigations. This'would te:iul 
to damp the fpirit of inquiry, inftead of e~citiT1g If; 
and throwing out fuch hints looks fo much .~ 
lying in wait to feize on the fair fruits of the' la':: 
bours of others, that I cannot reft till I have {hewn 

that I d~ not deferve to be fufpetl:ed of fuch pitiful 
views . 
.. My worthy friend, Profcffor pja~t, certainly did 

not fufpea any unhandfome deGgn in any thing I 
[aid to him in my (private) letter; but thofc who 
are lefs acquainted with my charaUer, may not be 
difpofed to give me 'credit for candour and difinter
eflednefs without proofs. 

With regard to the affertion in my letter, U that 
" I had [llpprefi'ed a whole Chapter of interefiing 
" fpeculation, with a view to leaving to others a 
~, tempting field, untouched, for curious il1veIHga~ 
" tion ;"-this is perfeaIy true in faa, as will, I 
flatter myfelf, appear, by what I {hall now lay be~ 
fore the Public; and I am confident that thofe who 
will take the trouble to confider with ad~ntion 
the reafons which induced me to do this, will find 
them fuch as will deferve their approbation: 

Having, as I flattered myfe1f, laid open a new 
and moll:. enticing profpeCl:. to thofe who are fond p£ 
philofophical puJ;fuits, I was afraid, if I advanced 
tOO far, that others, infiead of ftriking out roads for 

"themfelves,. might perhaps content themfelves with 
Z 2 followinK ' 
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f~n~ i., my ""'tit."" ,and , confequentlytbat 
'1I"'y, and pro!>ably the m.1I i\l!etelling ~arIS of the 
new field of enquiry, would remain a long time ;Ufl.o. 

explored: And with r~~rd to the r~utation of 
,being a dijco'Verer, though I rejoice, I migh~ fay, ex~ 
ult and triumph-in the progrefs of human know
ledge,-and enjoy the fweeteft delight in contem
plating the adlfantages to mankind which are de~ 
riyed" from the introduCtion of ufeful improve
~ts ; yet I can truly fay, that I fet no very high 
value on the honour of being the full: to (tumble 
on tht)ft: trea[ures which every where lie fa aigntly 
covered. 

r~ I'efped to the " concluding refleCtion" of the 
Firft Edition of this E{fay ;-though fome may 
{mile in pity, and others frown at it, I am neither 
atbamed nor afraiq to own, that I confider .the fub
j~'1 as being of the ulmqJl imporlanc( to the peace~ 
order, and happinefs of mankind~ in our prcJent ad .. 
"vonced jlate of flciely. But to return from thefe di~ 
greflions-

. though it appeared to me that the ~P'>rta.nt 
faa I undertook to invefiigate, relative to the 1HII!1. 
fUr ih which Heat iii propaga~ in Fluids, is fully 
eitabiilhed Py the Experiments, of which an ac~ 
CO_uDt has been given in the preceding Chapters of 
this Effay; yet~ as a thorough examination of the 
fubje~ .ill a matter of mUl>h importance, in many 
~~fpeas, I d~d not ren my en'quiries here, but made 
"~flumbcr of Experiments with a view to throwing 
Rill '8HT~ light UPOIl it, ' and enabling ut [0 form 
more. dear and dillintl ideas.tefpeCUng thofe CwloU} 

mechanic,1 



meehailkal operatiofts 'which appear to td.e place: 
in Fluids, ~ben Heat is ·pmpagated m 'thein, 

Having frequently obrerved when. a quantity of 
water in ono-"" of my glafs jars was frozen to a ~e 
of ice, by placing the jar in a fitezing ~e; 
tbat, as the ice firft began to be far,med at the fidei 
of the jar, and increafed gradually in tbicknefs, ,the
portion of water in the axis of the jar (which rail: 
retained its fluidity) bring comprelTed by the 'ex
part1ion of the ice, -was always forced upwards ta- ' 
wards the end of the pracers, and formed a pointed 
projection of ice in the form of a nipple, (papilla,) 
which was fomerimes above half an incb high in the', 
middle of the upper !ide of the cake; I was led by 
that circumilance to make the fo1l9wing interefting 
Experiments. " 

Experimtnt, NO·5 S. 

A cake of ice, 3 inches thick, which had a 
pointed projeCtion, ~ an inch high, which arofE 
from the centre of its upper furface, being frozen 
faft in the :bottom of a tall t.-ylindrical giafs jar, 4} 
inches:in diameter; this jar, ftanding in an earthen. 
pan, and being furrounded by pounded ice '"and 
water, to the height of an inch above the le.vel of 
the upper [unace of the cru of ice, was placed on 
a table, near a window, in ~d. room where the air was 
at the temperature of 3l Q of Fahrenheit's thermo
I1!eter; and fine olive oil, which had previoufly, 
~en cooted down to the temperature of 320; was 
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~into the jar till itJlooch' the heig.h, of • 
inches above,the Iunace of the ci,k.e of ite. 

, Having teady a fetid cyfil?der Of wrougnt Iron, 
I';' .inch in diameter, and 12 inches lOng; .with a 
fmall, hook at one· end 'of it, by means of which it 
could occafionally be fufpendt:d in a vertical pofi~ 
tion, and furnifhed with a fit hollow cylindrical 
fheath of thick paper, into which it jufl: paffed,
open at both ends, and about T'-r. of an inch longer 
than the folid cylinder of iron, to which it ferved 
as a covering for keeping it warm; this iron cy
linder, being heated to the temperature of 210

0 in 
boiling water, .and being fuddenly introduced into 
its fheath, was Iufpended by an iron wire which def
cended from the ceiling of the room, in fuch a 
-manner, that its lower end entering the jar, (in the 
direCtion of its axis,) was immerfed in the oil tt) 
fucb a depth, that the middle of the flat furface of 
this end of the hot iron, which was direWy above 
the point of the conical projection of ice, was dif
tant from it only ;~ of an inch. The end of the 
fueath defcended ,.~ of an inch lower than the end 
of the hot metallic cylinder. 

As the oil was very tranfparenr, and the jar 
,placed in a favourable light, the conical projeCtion 
of ige was perfeB:ly vifible, even after the hot cy
linder ·was introduced into the jar; and had any 
Heat DESCENDED through the thin flratum of fluid 
oil which remained inrerpofed between the hot fur
face of the iron and the pointed projeClion of ice, 
which was under it, there is no doubt but thi. 
Heat ,mull have been -apparent, by th~ melting o~ 

th~ 
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the ice-; which · event would · have beeildifcovered~ 
either by .the diminution pr the height; o£ ·this pro
jeftion,.. or 'by an alteration of its io.rm.,.1'::' But this 
was not the:oeafe: the ice did not appear ~o be in-the 
fmallefl degree diminifhed, or otherwifc aJfe8:ed,by 
the vicinity of the hot iron. 

My reader will naturally fuppoCe, without. my 
mentioning the circlimfiance, that due care ,wu 
"taken in introducing the cylinder into the jar, to do 
it in the moll gemle manner poffible, to prevent the 
oil from being thrown into undulatory motiona ; 
and that proper means were uCed for confining the 
cyliqder, motionleCs-, in its place, when it had;u:
rived there. 

As this experiment appears to me to be unex
ceptionable, and it~ reCu lt unequivocal and dedfive; 
in order that a petfea idea may the more eafily be 
formed. of it, I have added the Figure 4, where a 
ft:D:ion of the whole of the apparatus uCed in making 
it may be feen, exprefi"ed in a clear and diilinCl.: 
manner. 

If the general rcCult of the Experiments, of which 
an account has been given in the two firfl Chapters 
of this Effay, afiorded. reafon to conclude . that 
water is a non,(olldu{/or of Heat, the refuIt of that 
here defcribed certainly proves, in a manner q)Jite 
as fatisfa8:ory, that oil is alfo a. non-(ond~or; and 
ferves to give an addi.tional degree of probability to 
the conjeCture, tbat aU Fluids are ntctJTorily, non-
conduClors of Heat. . 

As lII~cttrJ, which is a metal ii, rufion, is dilfer .. 
~t in many refpe[ts from all other F.'luids, I 

"4 was 
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_1Iiel'f,ilnpa6entto.kbow·jf it3g>=\ with tbem in 
I:b.t .• tial property., fr.o • . ·mch they1have been 
denominated nGR-condllCl:ors of 'Heat, ud thls I 
found to be a<:1ually tbe cafe, by the Jefuk of the 
folJowing dedfive Experilnent. 

Experiment, No., 56. 

Having -emptied and cleaned out the cylindrical 
giafs jar ufedin the Iaft mentioned Experiment, 
~d replenilhed it with a frefh cake of ice, with a 
conical projeCtion in the middle of its upper fide, 1 
placed. the jar, furrounded by pou:nded ice and 
water ~ on the table, in the cold room, where the 
foregoing Experiment had been made; and poured 
over the cake of ice as much icc-cold m~rcurJ, as 
covered it to the height of about an inch. Having 
cleaned the fumce of the mercury in the jar with 
blotting paper, r fuffered the whole to remain quiet, 
about an hour; and then very gently introduced 
the end of the hot cylinder of iron Cindofed in its 
papc'r fheath) into the mercury, and fixed it immo~ 
veably in ruch a pofition, that its flat end, which 
was naked, was immediately over the point of the 
conica'1 projeCtion of ice, and difiant from it about 
~ of an inch; where I fuffered it to remain feveldl 
minutes. 

It is neceffary that T fhoutd mention, that, in 
'order to prevent the internal motions in the mafs of 
mercury, which would otherwife have been occa~ 
noried by the rifing and fpreading out on its [urface 
of tb'trl'e particles , of that fluid, which, having4 

touchc!d 



toudled the Ilat end of the hot:iroa,'beCa'" fped. 
ficaHy Iigb\er in. coDfequence of theirjncreafe of 
tempenture, the end of the hollow' 'ejliDdrical 
fheath. in .hich the folid cylinder ,of ·i~" ,,.aa 

placed, was made to projeCt about ~ 'of 'an. iadI 
below the flat end of the iron. This precautiaa 
was likewife nfed, and for a fimilar reafon, in thir 
preteding Experiment; when oil was nfed in' the 
place of the mercury; lIli was mentioned, ,~hougb. 
without being explained. 1h giving an account« 
that Experiment. 

As the cake of ice, on which the mercu ry repor~ 
·was.a:t that temperature precifely at which ice is diJ:. 
pored to melt with the [maHeO: additional quantitj 
of Heat, if an.r Hrat had found its way downwards 
through the mercury to the ice in this Experiment" 
water would molt undoubtedly have been formed; 
and this water would as undoubtedly have appeared" 
on the furfar~ of the mercury on t~k.ing away the 
iron: but there was not the fmalleft appearance of 
any ice having been melted. 

To find out whether the cake of ice was ,.eally at 
that temperature at which it was difpofed to melt 
with any additional Heat, 1 thruft down"the end of 
m)' finger th rough the mercury, and touched the 
ice; and this Experiment removed all my doubta; 
for 1 found th3f, 'however expedirioufly I performed 
that operation, it was hardly poffible for me to 
touch the ice without evidt:nt figns Ot water having 
been produced 'bejng left behind, on the dean and 
bright furfpce of the mercury, on taking away my 
finger. 

From 



.~ .. 
-- #~lii: the refults" of aU thefe experimental invelli

g.dons it appears ,to me;" Mat'We "may ~afely · con. 
ilivde that water, oil, and mercury are perfe8: non
CDnduilurs of Heat; or, that when either of thofc 
fubftances takes the form of a Fluid, all interchange 
and communication ' of Heat among itJ particles, or 
from"ooe of them to the other, direaJy, becomes 
from that moment alfolutely impqJjib/e. 

Tha~ this is alfc the cafe with refpea to the par
ticles of air, has been r&dered extreme! y probable, 
--I believe I might fay proved,-by the Experi
ments of which I gave an account in one of my 
'Papers on Hear, pubiilhed in the TranfaB:iolls of 
the Royal Society i- and I have {hewn elfewhere 
(in my Sixth EAay) how much reafon there is to 
conclude, that the particles of Steam and of Flame 
are in the fame predicament. 

But if all interchange and communication of 
Heat, from particle to particle-immediatel)', or de 
prfxbe m proche, be abrolutely impoffible in fa many 
olqJlic and unclaflic Fluids,-and in Fluids fa cl
fe,ntially different in many other refpeD:s,-is there 
not fufficient grounds to conclude from hence, that 
thi~ property is common to all Fluids-and that it 
is even ejftntiallo fluidity? 

It -is eafy to conceive, that the difcovery of fo im. 
portant a eircumftance mull necdfarily occafion a 
cDnfiderable change in the ideas .we Qave formed in 
mpeC1 to tft mechanical operations which take 
p~ce in many of the great phenomena of Nature; 
aa.-well' as in many of thorc fi;ill more interefting 
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chemiCal ~tiont, - which -We ate.' able · to direfr~ 
but willett we find~ ,alas !1: Yery diffi~ult ~o explain. 

In my Paper on Heat, above mentioned, pilhlifued 
in the Philofophical TranfactiQIlS for -du; yeax-.l:791, 
I endeavoured to apply the difcovery of the Don .. 
condutl:ing power of air in ac.counting for -the 
warmth of the hair of beaRs ;-of the feathert'Of 
birds; -of artificial clothing ;-and of fnow;·· ~h.e 
winter garment of thl! earth; -and alfo,. in expbin
ing the caufes of the cold winds .from the polar-r~ 
Sions, and of their different dirctl:iom in dUfe~ 
countries, which prevail at the end of winter, and 
-eQ.rl~in the (pring. 

In my Sixth Effay-( on the Management .of 
Heat and the Economy of Fuel)-I availed myfelf 
of the knowledge of the non-conduEting power of 
jil'Ol1l antI of jlm,w, in explaining the effects 6£ • 
blow-pipe in increafing the atlion of pure Bame-; 
and in imrefligating the molt advantageous . fomU 
for boilers: and in the third Chapter of this Efi'ay 
I have endeavoured to apply the difcaveries which 
had been made, refpeCting the manner in which. 
Heat is propagated in wa/er, in explaining the meanS 
which appear to have been ufed by the Creator ef 
the world for equalizing the temperatures of the 
different climate!;, and preventing the fatal efFeCb 
of the extremes of heat and of cold on the furfaCe 
of the globe. But a maft interefting application 

r~mains t~ be made of thefe ~ifCaYe..ri:ll ch:.i/by; 
-"Llege/ailon i-and the anmwl -teon -. _ d to 
the learned in thofe branches of fcience I beg leaye 
moll eamefily to recommend them. If I am not 

much 



lU OJ ,., PtMIit;"" of' Heal 

inU<,ili·"';maken tbeywi/l ill ..... a newUght ... 
maiiy.()f thofe myfterious .operations of Nature, in. 
Which i1lonimate boJitl are· _put lin- motion -their 
forms changed-their component parts feparated, 
~d new co~biJlations formed'; and .it is poffible 
sbat tbey may even enable"us to account, on me. 
chanica! prine,iples, for-rhofe furprifing appeal'ances 
of preference and predileClion among bodies, which, 
without ever h:lving been attempted to be explained, 
have been diftinguilhed by the appellation of chcmi~ 
(0/ affinity. 

Perhaps it will be found t-hat e\'I~ry ch:l1lge of 
form, in every kind of fubt1:ancc, is owing to Hp".t-; 
an.d to Heat alone :-that every concretion i!> a true 
cmge/aliGn, effeEted by cold, or a diminution of 
Heat ;-and that every change from a foIrd to a 
ftuid form is a rCIJ! J~fiOl1. T hat the difference be· 
tween calcination in the wet and in the dry way. is) 
iil faa, much lefs than has hitherto been gt:nerally 
imagined; :md that 110 metal is ever difiOived till it 
has firft been me/ted. 

Perhaps it 'Will be found, that the apparent via:. 
leDce with whieh folid bodies of fame kinds are at. 
tacked by their liquid folvents,-and which has, I 
bcli~e, been coDlidered as a proof of a fhong che
m.ical affinity-is not owing to any particular at. 
traCtion, or ele8:ion, but to the confiderable degre:: 
of beat, or of cold, which is pr.odw:ed in their 

vDion w~th'jr ~enftrua; or to a great difference 
in the fi . gravity of the menftruum in its m .. 
...,.aUlate;" and that oftht fame t1uid after it has 
been .changed to a fatmated [olution. 



Jf Fluids are non-condu&rs of Heat, it is evident .' " •. "" "> ~ . 
f~at, .if. a~ ~~geof t~mperatp.r.e t~ place In 
~hemical folution, ' it mull neceffarily prod~eeur. 
rent& in the folvent' ; and that ihere. c.urren" 'r1,u[l 
be the 'more rapjd, as the change of temperat.u~~ i$ 
greater .; and as they neceffarily caufe a " fu.cCc~ 
of frefh particles of the folvent to come into c~ 
with the folid, it is evident,-ail other things .~ 
equal,-that the rapidity of the pracers of foIl:I.~ , 
will be as the rapidity of thcfe currents,-or ai. the 
change of temperature. ' 

But the currents produced by the difference .. in 
~ccific grnilies of the fluid menftruum, and 
of the faturatcJ folution, have perhaps, in general; 
a ft:ill g reater effeEl in bringing a rapid fuccefiion 'of 
frelh particles of the menft:ruum into contaa with 
t1-"' folid body that is diff"olved in it, than thofe p~ 
duced by the change of temperature. 

\Vheon thefe two cawes confpire to accelerate tho.. 
motion of the Jame current, or when their .ten~ 

dencies arc ;11 tbe fame dire8irm, as i~ the cafe ,in . 
the [olution of common fea-faIt in water,-the 
folution ought to be moa: rapid. 

When common faIt is diffolved in water, the {pe .. 

cific p:ra\'ity of the faturated {olution is greater than 
that of pure water, and will therefore defcend in it; 
and cold being produced in the pracers, and ,!at¢f 
being a non.conduCl:or of Heat, the {peeifle gravity 
of the f1turated Colution will befiill fartber.incrrafotl. 
in confequence of its condenfation ~dl this ·cold. 
by which its defoent in the ,,-ater will be frill farther . . 

.:!.ccelerated. 
A cu~u. 
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:~ . YCttrlO'Os qtieftion btu p~fents itfelf, which t 

,~it berefolve4, might 'greatly tend to elucidate 
~iS abfirufe fubjeCt of phiIofophical invefiigation. 
Suppofing that, in a cafe ~here Heat is generated 
in the folution of a folid in a fluid mcufiruurn, the 
nddi/ien to the fpeCific gravity of ' ~he menfiruum, 
ati{ing from its chemical union with the folid, fhould 
fo precifely counter-balance the dill/inti/ion of the 
fpecific gravity of the F'luid, by the Heat generated 
in the pracers, that the hat faturated folution fhould 
be precifeJy of the fame [peeine gravity as the (()Id 

men!1:ruum ;-woulu, or would not the procefs 
of foimion be pofiible under fuch cj~9'~W
fiances ? 

If the apparent tendency to approach each other, 
w-hich we fometimes percei\tc in folic!:: and their 
Buid mcnftrua, were real j-if that peculiar kind of 
attraCtion of predileCtion which has ht"cn called 
chemical affinity, has a real exificnce, and if its in
fluence reaches beyond tbe point of aBual (onfaB, (as 
has, I believe, been generally fuppofcd,) as ~here is 
no appearance of any attraCtion whatever, or affi
nity, ,between any folid body, and a faturated folu_ 
tion of the fame body in its proper menfiruum, it 
feems probable that the folution would take plilce, 
""":under the circumfia.nces defcribed: but (bould 
the attraCtion of affiniry, according to the definition 
of it here given, have no ~fience in faCt, (which 
i, what I very much fufpelt, ) in tbat cafe it is evi
deDt. tbat the" [olution, though it would not be ab
G;,Jutclyit?poffible, 'Nould be fa very flow,as bardly 
lO be perceptible. 

It 



--le-would not be impc.ffibk, _~~~tbc particle. of 
the menfituum .. in immeq,iate ,!=ontatl::wid'l :the foUd, 
though, in-the', mornent of "their. fatur;won~ they 
would. have no tendency to mo\'e out of).heir p~es~ 
yet, as they would by degrees neceffarily give ... ~ff, 
to the undiffoh.:gd part of the folid, :\ part of" the 
Heat acquired in the chemical proeefs by whh;"b, 
they were faturated, being condenfi!u by this ia:fs of 
Heat, they would, at lengtb, begin to ,defcend, a.nd. 
give place to other panicles of the menftruum; 
which, ill their turns, would follow them"b!J,t with 
velocities, however, continually deucafing ;-on 

.~nt of the gradual augmentation ,of temper.a~ 
ture of (he unditTolvcd part of the folid, and of the 
Heat communicated by that folid fubftance to tbe 
whole mafs of the liquid menfiruum. 

Though it would, probably, be extremely diffi~ 
cult to contrive any lingle experiment, from the re· 
fult of which a (atisfaCtory decifion of this queftion 
could be obtained, yet it does not appear to beim
pollible to difcover by indire1l11ltam, the principal 
faCt on which its dccifion mull: depend. 

It is a well known faa, that, when water which 
holds fea.falt in folution is mixed, in any v.eifel, 
with frefu water, the falt will, after a fhort timet be 
found to be veq equaIly di!l:ributed in every part of 
the whole mars; and [ believe that it has b~en ge· 
nerally confidered, that this equal diflribution of the 
faIt is owing to tbe affinity which is (uppored to c;;Un 
between fc:a.falt and water. 

Having doubts with refpeCl: to tbe exillence of 
fbi!; (uppofed attra·aion; and (u[petling· that th~ 

+ equal 
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eq~i.· tl~T~ution, oJ th~ falt wfls owing to a very 
~erent cawe-the iQterllal motions among. the 
paiticie~_ of [he water, occafi.oned by accidental 
ch~nges of temperaturc-I made the following 
Experiment, which, I fancy, will be confidered as 
~ecifi"e. 

Ex/crimm!, No. 57. 

I took a cylindrical glafs jar, 4-; inches in diame# 
fer, :lnd i} inches high, and placing it in the 
middle of another cylindrical glaf~: jar. 7~· inches 
in diameter, and 8 inches high, 'which floe':· '1n ·· 
ct very ihallow eartilen difb, o('::.rl:: filled with 
pounded ice and wat~r, J placed the cilh, with its 
contents, on a {hong table, in an uninllabilC:u room, 
in a retired part of the houfe, where the tempera· 
turc of the air, which was the fame, with very 
little variation, day and night, was at about 36" F. 
Having prepared, and at hand, a quantity of the 
firongcll. brine I could make with [ea-falt, which 
was very clear, tranfparent, perfcC1:ly colourlcfs, 
and ice-cold; and alro, a quantity of frefll, or 
pure water ,-ice-cold, lightly tinged of a red 
colollr wilh turnrol; nnd forne ice-cold ()/ive-oii; I 
firll.. poured as much of the [rdb. water into the 
[mall cylindrical jar as wa~ neceffary to fill it up to 
the height of above 2 inches ; and then, by mean. 
of a glafs funnel, which ended in a long·and narrow 
tube, by introducing this tube into the frcfu water, 
wd ·refling it on the boltom of the jar, I poured a 

quantity' 
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~uintKy of the 'britie, "~ .·16·'lIiit<if '!!ui fiif,' 
water; 'irihhbe j-af; 'anadli- ~dtmini·ttm):~pera
tion I took 'fo much "are to do <it -'gen:dy,\> and Wi'th_ 
out dillurbing the £rea. "'ter ~dy in the'jtr, 
that, when it woIfinithed, tfie'¥ ".,~; "~iCh; 
as it Was coloured red, could -eafily be diftingu11heCJ 
fr':m the brine, remained perf"aly feparat<d · front 
this heavjer faline liquor; oil which it rcpOred: 
quietly, Withoyt the Hnalleft appearance of anf 
tendency to mix with it. . , 

I n"l" filled, to the height of about '5inch~' 
the vCid [pace between the aUlfide of tbe finall ja~" 
"ul;i..,..dJ.e infide of the large jar itt which it W3$ . 

placed, with ice-cold water, mi.."ICed ~th a quantity 
of ice, in pieces as large as walnuts;-(pounded 
ice would have obfiruB:ed the view in obferving; 
through the fides of the large jar, what paff'ed ' in 
thelmaller) -and when this "WaS done, I very care
fully poured ice-cold olive oi'- into the fmaller jar: 
til.l it covered the [urEace of the (tinged) "db. water 
to the height of about an inch CfeeFig. 5. Plate IV.) ; '." 
and placing myfelf near the table, in ·.a fituation ' 
where I had a difiinCl: view of the contents of the 
fmall jar, I fet myfelf to obferve the ref tilt of the 
Experiment. " 

After waiting above an hour without beiDg ab1e 
to perceive the fmalle!t: appearance of any ~ 
either in the brine, or in the frefit water, (the ODe 

continuing to repofe on the other with the moll: 

• Thil eiJ ferftd not only to ~p the .. ter on .hie_ it repofcd • . 
quiet I but .lro to ' preient ~ny .(QlDlUlIniution of hut btt",,"'" it 
and t\.e air of rIM Itmo,*fI:, . 

~L. U. ..10. A oerfea 
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~uilli!iwiili;wiJh9ut-tlle ~c:I\<lifpofi
ti!ioit<i .""" I<>go.""),llS'HIie r~ 
" ~ . ;Wh.~n 1. ·retUfp~~ ' to if t~ n~t day, l ~ fo~ 
t.h:ngsp,.pr~ly · iA the· ilate 'i~ "hich .1' h,.d· left 
them; , a.mLtbey:cntin1.1:~ in tiIW .!tate, withou.t 
dle fmaUej 'aJl'pea1.t1lce of 3!)y cIlnge, or of any 
~pafitio~JI:J :~hange; duringfr.ur daYI. 

At ~~e . eI¥i:. of t~[ time, thinking that aI.1Y far~ 
the!;' pr,oloJ)gation of the Experiment wouJ<l be 
quite ufefefs, I removed the {mall jar, taking care 
'Qat to agi[~.re iJ,s contents, and. placed it in the v.tin
GOW o~ a roo'I\Q heated by '3 German nove . 
. lzi lefs than an hour. J perceived that the brin .. 

~4 the (tinged) frefh water began to mix, and at 
the end of 24 hours they were iuriffi3tely mixed 
throughol,lr. as was evident by the colour of the 
J.Queous fluid, on which the oil repofd; which 
nowappt:ared 19 the eye to form onc uniform mafs 
of a light red tint,. 

llhall leave it to philo(opheruo draw their own 
~onclu6Qns from the refults of this Experiment: 
In the . Qlean till)e~ there is one faa which it feems 
tQ point out that I !hall juft mention, which is not 
only curiQus in itfelt~ bllt may I~d to very import~ 

.3nt difcoveries. It appears to me to afford {hong 
.r.eaI"oaa.: to conclude that, were a lake but very deep. 
its..waten, near the furface, would necelTarily be 
Ireih, even though its bottom llil)uld be one !oIid .. 
tnafc of rack.. fait ! 

''''auld it be ridiculous to make Experiments to 
determhie whether the water at the bottom of fome 
very deep .Jakes is not impregnated with ·Calt? 

2 Shuld 
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Sftould iti '* lOwnil ' W,*,.auOjl,.ae, cBi:;;iI migltt 
prove an b~hatlfUti1t,&tafU¥,.· an: iJllaaa, coun~ 
try, where fall: is !carce... , 

As' mines of rock-falt are often fourufinr.the 
neighbourh~ frefb laket, k. feems ' rea!on~le 
to fuppofe thaT the waters c£;fuch . Jakes flouJd 
jOmetimes be in contaCt with jlrf'!ia of thefe .~; 
and when I firft: began to meditate on this fubjea~ 
I was much furprifed,-not tbat the fait water
which may lie at the bottom of frefh lake~ fuoutd 
not already have been difcovered,-fo'r from the 
fjrft I plainly perceived that nothing could happen 
;'''''.J1J! ordinary courfe of things that could bring it 
to the light, or even afford any grounds to fufPefl 
its exifi:ence;-but, asflrata of fait mines frequently 
lie higher than the mean level of the country, I'was 
furprifeJ. that lakes of faIt wafer fhould not more 
frequently be found; and as there refIetl:ion&. oc
curred to me after I had' difcovered what appear
ed to me to be an evident proof of t'he wlfdom and 
goodnefs of the CreatOf: in'making all lakes in cold 
countries /rejh, I began to be alarmed for the fatal 
wnfequences that might enfue, if, by chance, the 
fide of <f. lake 1hould come into contaCl: with a 
mountain of fait j as I raw might eafily 'happen: 

Shall I,-or lhaU"l not attempt to gi.ve my reader 
an idea of what I felt, when; meditating on the 
fubjeCt, and almoft beghming to repent of, what 
many, no doubt, have already condemned as the 
foolifh dream Q£ an enthufiaftic imagination, J law, 
all at once, [hat the moft effeC\ual care had t>ecn 
taken [0 pre~:ent the evils I apprehended i-that 
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,-, '~PrWI~ '"HIM ~ 
f{~_~,ro ';QJj!liP.!~,?f, ,'lY»g',l\Dd, the ~ 
~~~a7.1,1nifonnro~n .~ $,e kfw"n laws of 
N~i~ne, the permanen~ ex!/JetJcc,oj':) 4zlle, SALT. AT 

:T .... i:ii SU,RFACE, is abfrJ.,!fdy imppfible i even though 
i~ _ Ihoul~ re:. f~rrp~ded .Qn everyije by 'mountains 
of fal,. JI, ... .' .. 

:rhough \h~ pexwouon 9£ a volcano, an earth. 
quake, or any,other g~eat convulfion, by which the 
Ihores o( ~ 14e might be br~ught into contac9: with 
a vall: mine of faIt, might caufe ,the, whoJe .. mafs 
of "its water to be faIt for a time; yet, the evil 
would, foon effect its own remedy: The falling in 
of the cnift of earth and flol)cS by which mines of 
fait ·are every where found to be covered, (and 
without which they could not cxifl.) would very 
foon cover the naked falt, and the wate!" ct the 
Jurface of the lakt: would again become perfeCtly 
frelb. Should, however, the lake be fa deep that 
the temperature at the bottom ~oukl remain the 
fa!l1c fummer and winter, without any fenfible va:~ 
riatian, it IS moft certain tllat its waters therc-( at 
the bottom of the. lake)-woufd remain perfcaJy 
faturateJ with fait for ever. 

But are there ~t fome reafons to conclude that 
the water at the bottoms of 01/ <fllry deep lalm ought 
neceffarily to be faJt, even in fituatjoni where there 
~e npmines of fait 'near ? 

The fea.fueHs that are frequendy [\lUnd in high 
~land fltuatians; as · we" as many other appear • 

• Ky tile word Ldf I llIun, II i, aly to ptrc~; .. t. a col\tBiOTl of 
.... a:tr. i.D ·a high inblld !itultioll. fIllfti whith there i, a coolant 
dBllli. 



ances notiCed 'liraaturaJifts;' itioil!i)' Uiaicite that .. . ,- , . 
meR: of (Jur continetiu· han been· ccwetect~hy the 
waters of the ocean • . No~ if · that-~(evJJ! bBp"" 
pened-however ,remote ' the period' may;: ~ • at 
which it took .e-it {eerns hiriJily pr.obabl~ _ that 
the faIt water left at the bor,toms""f all deep>l~ 
by the rea, on its retiring, "1Ilrijl be t~ert n~:' 

I caDDot take my leave of :this fubjeCl: without 
jufl: obferving, th3t the difcovery of the -impqfJibiJity. 
of the permanent exiftence of what we can'plainly 
perceive wou!d be an evil, certainly ought not to 
diminijh our admiration of the wifdom of the great' 
A\'{:!l~ of the Univerfe. 



Water made to . • 1Jge{ll .at its un~r Surfaer.-Ob
. jervatio..n /eJpeliing, fPc Formlftion 0/ lee at the 

Botto.ms of Rive~/.~Reafins for concl"uJing tbat 
Hun '·cpn never qe equally dfflrihutcd in IIny 
F'uid.~Perpetual Motions occajio~1e4 ill Flujds by 
the unequal Diflriblf.tion of Rt4t.-4!l illcWlcei';' 
ably rapid SUCCdJiOIl of Collijions amflllg the in
tegra,nf ParticleJ of Fluids is occqfiolled by thr hl
terna! MotiofU into which Fluids arc thrown in tbe 
Propagation ,of Heat.-An Atkmpt to cflimate the 
Number of thift Col/jfi(;ns wbicb tnke place in a 
gj·vm Time. - T/.lc.fo imotjligafioll s· '[viII grcotlydJl7flgc 
our Ideas rifpelling the real State of Fluids appa
rently at rq?-FLUIDITY may be called tbe 1..IFE 

OF INANIMATE BonILs.-CO/!je8ures reJpcfling 
the VITAL PRlNCIPLE i ll L iving Animals; end 
the Nature of Phyjical STIMULATION. 

WHATEVElt the mechanical operation may in 
faCt: be,. by which thofe effects are produced 

that have given rife to the idea of the exiftence of 
;m attraCtion of af&nity.-(a power different fi·om 
gravitation)-between fotid bo~ies and their liquid 
menftr.u<\, and between different portions of the 
(ame menflruum differently faturated; the refult 
of th~ .foregoing Experinent -(No. 57) proves that 
two paltiCles of water in c9mbinat~on' with very 

ditrer<ft 
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ililr""'" ,tit!ltlri"; 'of"\'f~''hli'';'r''Of ' ,;i~C\eof 
water !al.r,;Ii!d'Witk'fllt; "d'_n6\hel'<~ fr,;, 
frorn ralt ; fnhy Itt ·hi ' t6ntaa"'ith'~h otnelt:.j()r'iny 
length of time wi~houtl fhoi;%'ing any appearR~ 'Of 
a difpofition to iIJluaJi~ the falt.',Vctween th~:" ~,~ 

. But fhould we eve:,n admit as' a faa) what tliiJ 
Experiment feerns to indicate'; 'nam;e'ly,··that lhefe 
is no ruch thing as an Mtroliiot: of prcdileElfon 'l1e:" 
tween folids and their [oh'ents ; '. and that all th'b~ 
matiens which have been. attributed to the attion 
cf that fuppofed power,-(as well as all : othef 
motions which take place in F1uids,)-are the juP 
meCi:o.te. eff'eB:s of grl:vitntion aEting ,,"ccording to 
immutable laws, and chango if [perific gravity by 
He(1t,. yet, there would ll:iIl remaIn one great dHi. 
culty in explaining chemical folution. As all m~. 
chrmical operations require a urtnilJ time for their 
performance; and as the motion which is occafion. 
ed in a I"luid by a change of fpecific gravity in ,any 
individual particles of it, hcgins a~ [oon' as .the 
change begins to take place, if there be uo . at~· 
tra8.ion between the particles of folid bodies and 
the part.icles of their menll:rua ;-as Heat is fuppofed 
to be generated or abforbed, or, to fpeak n10re 
properly~-both generated and ab[orbed,~in tbe 
contall of thofc particles, and previous to the; c.om.; 
pletion of their chemical ' union; :-how' does it'~ap2' 
pen that the particle of the menflruum whc,Ce fpe. 
litic gra"ity is nece!farily changed by . this c~nge 
Of temperature, does-not immediately quit the {olid, 
in confequenceof this' change ; and before the pro.-· 
cds of folution hOos bad time to be completed! 

A A 4 A CCln., 
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,,,, 4~ati"'1<c#'~.,tIi& of. tIjo ~;, iMrti#t 
~"por1icIe ~ 'the , menj\~ ",bore fpccific 
$yity is tb,U8 change4, and alfQ pf th~ "is intrti4 
'Pf <!he re,ft:. of , th~ Fluid, and the' refJ.ftance it muft 
oppofe to the mQtion of its indivi4,ual fqlitary para 
ticIes, would fun:lh us with' arguments drat might 
~e employe;d, with advan~ge in removing this diffi. 
(ulty; but I . fanc;y that the refult of the Experi. 
ment 9£ which I lhall prefently give an account 
wiJI be more fatisfaCtory t~an any reafoning" un .. 
f~pporte4 . py faCls, that I could off~r on th~ 
rubj,~, 

When a doubt arifes with regard to the. p!Jf/ibility 
of any ~peration of ~ p~culiar kind, which is /up. 
p#d to take place~ in 1my procc[s of nature among 
thofe infinitely [mall integrant panicles of bodies 
which efcape, and uq.dl eyer e[cape, the cognizance 
of our grars organs, howcyer they rna y h~ ailifled 
by art, the thotteft way of decld~ng the queftion is 
rD;.p~t the known powen of nature in ~ajon under 
fu.ch dr~umfl:anc:es that the effe~s pt(~puced by 
~h.~ mllfi; fh!?w, unequivocally, whether th~ f~p. 
pored operation be poffible, or not: and if it l>e 
fou!ld to be pomble in one cafe, we Il1~Y then 
ar~ue with I e~.s diffidence on the probability of its 
aClually taking p~ace in the fpecific cafe in 
<J.uefiion. 
; It has been · abun~t1y proved by the .Experi .. 
Illenrs of ~. de Luc:, and by th9fe of my friend 
Sir Charles Blagden, tbar, when water, in cool~ 

· irig~ ··has <l:frived at the tenipcratl~re of about 4IQF. 
ItS i:ond~fation with ~oId c~afe3; an~ it begins tQ 

expand; 



t'xpand; :ndContiffiia.'Id~'~" its, 
temperature goes on to ·be J;i:ith<r -iiJ!WlIf ·riI 
it is changed to ice. Availing 11lyl<lfofi.dtit 'mOi 
important dJl<overy, I 'made the foII....m!'~ 
ment. 

&p,rim~, No. 58. 

Having poun:u m~rl'ury, al lilt: u:=n'!peratUr~:~ 
60", into a com~on gla[g.t'umbler; b1J ' this Fhlia
fiood " at the height of about an inch; I tfM:n ~ 
about twice as much water (at the fame tem~) 
upon it j and placing the tumbler in a iballciW 
'earttrC'n difh, furrnllnded it to the height of the . 
level of the furEace of the mercury with a -freezinx, 

) ,nixture of fnow and common fait. Having done 
. / this, I was very curious indeed to fee in what part 

of the water ice lVould firn make its appearance. 
Could it be at the upper furface of it? That ap
peared to me to be impoffible; for the Experi
ment being made in a room warmed hy a O'erman . 
nove, the temperature of the air which .repofed Otl 
that fUTface: was conG.derably above the -po:int u 
which water freezes. 

Could it be at its lower {urfa(:e, where it re~' 
on the upper {urfa<;~ _ Of the mercury? -If that 
Jhould happen, it would {how, that, notwithfl:and.. 
ing the diminu~ion ,of the fpecific gravity 'or the 
water -in paffing from the temperature df -4'. to 
that of 3zo; and the tendency which this di.rutiu~ 
tion gave it to quit the furface of the mercnry 
from the inftan,t when-~ in being cooled 6y a cos
taa- with it, it had paffed the point of -41°; -.pit: 
. ther. 



,... 'tJf I&~iih "I.E,.I 

tIieIIj1_iim. 'fdllld"'! " filrtt.e 'tililg'I~!ion "/o be 
Jht~ &fr#~ rht ptJf1iclt' of 'i:mi r fo coo/ed ~uliJ 
~. it~ eftapt~ · 
··:~.Th6 reader ; will naturally condude from what 
was: [ai,d·, in the pTfCcding page, that it was merely 
wlt.h a view to the determination of that lingle 
faa, that this 'Eiperiment was contrived; and he 
",ill .PAfceive by the refult, of it that my expeU· 
ations with 'regard to it were fully anfwered. 

lee was not only formed at the hot/om of the 
'W,lIIcr, at its under fllrface, where it was in con~ 
taCt with the cold mercury; 'but, I found on re
peating the experimen~, and varying it, bNrevi
oufly cooling the mercury in the tum!>Ier to about 
\0°, that boWng hot 'water, poured gently upon it, 
was inftantly frozen, and gradually formed a thick 
cake of ice, co,·cring the mercury; though aimo/l 
the whole of the mars of the unfrozen wat~rl which 
refted on this ice, remained nearly hoiling hot • 

. This Experiment not only determines the point 
for. ,the decifion of which it was undertaken; 
but alfc ~ables us to form a juft opir;ion refpefl. 
ing a matter of faa which has been the [ubject of 
a goo,d deal of difpute. 

~Though many accounts have been publifhecl of 
ice .fonnd·ov: tqc bottom of rivers, yet doubts 
have been entertained of the poffibility of its being 
f~ in that fituation. From the refult of the 
f<;J1'~&9!ng Experiment it appears to me that we may 
fafdy . 'ion~ude, that, if after a "ery long and a 

. vqif~vere (roil, by which the furface of the ground 
mnot P!lly been frozen to a. confiderable depth, 

but 



but '.Ifa ~ooled fe.m1~'Iit4ri.~itt 
point, a,river fuould ov:er&. ib -fil'ftb'f~,"et 
the fUTfuce ' of ground p,.{"(';tJU.fl, -.;.::fo"~.", "'icc 

would be formed at the bottom 0(' the · water-.o~Ut 
all the Experiments that have-peen. ~adt' -oii:* 
congelation of water fhow the 'abfolute im~~ 
lity of ice being ever for.med, in any''(ountry, -;tf,tti~ 
bottom of a river which :conftantly fills itS' ·~ 
or which never leaves irs bed expofrtf; dry, to'-~ 
cold air of the atmofphere •. 

By refleCting on the various conlequences t1Yit 
ought to follow from the peculiar manner.'in 'wlikfi 
Heat !Ioppears to be propagated in Fluids, We are'led 
10 conclude, that it is almon: impofiit>Ie that any , 
Fluid cxpofed to the acrion of light lhould-eyet be 

. throughout of the fame temperature, though m 
mars be ever fo Hnall; and that the difference ht 
the Heat of its different particles mull occaftOi!l' 
perpetual motions. among them. 

Suppofe any open veffel, -as a common gbdi 
tumbler for infiance,-containing a piece of ~." 
ney, a fmall pebble, or any other {man ~lid opa<tlle 
bod y, to be filled with water, and expofed in 'a 
window, or elfewhere, to the aaron of the fun's 
rays, As. a ray of light cannot fail to gener~ 
Heat when and where it is. flopped or abfo~ ' 
the r.ays, which, entering the water, and pafiing 
through it, impinge agai~lfl the fmall folid opaque 
body at the bottom of the verrel, and are there 1liJ. 
Jorbcd, mull neceffarily generate"a certain quantity 
of Heat; a part of which win penetrate into the', 
j,n,tcrior parts of the folid, and a part of it will be"": 

commU .. 



.., OJ t6e P.,...,.tiIit tf ffillt 
i:ll'J'''' ...... ,It. th¥< colder partjcle;of the wa1er 
~~ on its furiae .. , " , ;, • 
,·:I&,Ut 'us Juppofe the quantity of Heat fo commu~ 
n~ to one of the integrant particles of the wa· 
t.er to be fa fmaU., : that its elfe8: in diminilhing the 
fpecific gravity of' the particle is but jun. fufficient 
to aufc ·it to mov.e upwards. in the mafs of the Ij. 
quid with tbe very fmalleft degree of velocity that 
'WOuld be perceptible by our org-.ms of fight, were 
. the particle in motion large enough to be vifible. 
This would be at the rate of abom Me hundredth 
/JtIIH of an inch .in a fecond. 

This velocity" thougl1 it appears to us to he flow 
in the extreme, when we compare it Wilh thofe 
motions that we perceive among the vanor.is bodie, 
_by which we are futTounded. yet. we fhan be fltr
prifed when we find what a rapid fucceffion of 
~ents it is capable of producing. ' 

If we fuppofe t~e diall.leter of the integrant par~ 
tides, or mdecuies of water, to be one milfionlh 
jWlrl cf on inch-( and it is highly probable that 
they _are even lefs-·)-in that cafe, it is moft cer. 
tain that an individual particle, moving on in a 
quiefcent mafs of that Fluid with th~ velocity in 
quefi:ion" namdy, at the rate of "1-~ part .of an UJch 
in I . kcond, would"rWl through a fpace equal to 

\ •• Ltaf gold, fIlCh as i. prrparcd lind fol,d by the ,old-beaun, 
u •• tJ-r ,;.rot" thick .. the diameter here alfumtd for the inkgnlont 
,.tude. of watft'; Thefe IUI'''I of fqlid metal II.,,, bun found', 
coeI~D to be no more thiln n,..h~ Df an inch in tbickae:,... 
How m"lIck hf, mull: be the diameter ()f the inttgra-nt pilei" of 
~ldP· . 

1m 
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tm .tbrmfand ./imtl ~ .k1tt;tb ,.</,it" di"l#,pin'" 
ftcond, an(t conf~quently .. wou'4 COll1C,~aa: 
with at leallfo hundred tho¢ttd .. dilfer_~, 
of water in. that time. 

Hence it appears how inconcei,vably 'f~;;ttie 
time mult be that an individual particle," " 
motion, of ilfly Fluid, can remain in contaftrwUJl 
any other individual particle, not in motion, ag~ 
which it fhikes in its progrefs, (however flow . thit· 
progrefs may appear to us to be) through the 
quiefcent mafs of the Fluid! . . '. '." 

Suppofing the contaCt to lall:. as long as -tb., 
movin.,g panicle employs in pailing through a fpace
equal to the length of its diameter-which is evi .. 
dcntly aU [hal. is pallible; and more 'than is pro.. 

, babie ;-then~ in the cafe jufl:. flated. the contaB: 
could not poffibly Jaft longer than Tmo- part of a 
fecond ! This is the time which a cannon buller, 
flying with its greaten velocity, (that of 1600 feet 
in a fecond) would employ in advancing 2 inches. ( -:: 

If the cannon bullet be a nine p()Under, iti diame.o 
ter will be four inches j and if it move · with a, ~ 

locity of 1600 feet (=19200 inches) in a fecond, 
it will pafs through a fpac~ juft equal to 4800 times' 
the length of its diameter in I fecond. But we 
have feen that a particle of water moving Ti-ir of 
an inch in a fecond a8:ually paffes through a fpace 
equal to 10000 times the length of itS diamet~r in 
tqat time : Henc~ it appe:.ys that the wlocily'wilh 
which the 71lOWng bqcJy quits the hoces i/ orcupio is 
more than: twice as great in the particle of wat~,: 
as in tbe cannon bl.'llet! 

There 



'Of".< ~j!" if Hea' . . . 
::~H>1iI!II*:1ia'Dne JdoR"';CtiUlJiil'atrotl ;wDlcD may be Qf 

,- '..... , " 
""filr:lC2l8hIiag U6 to ~mdllote ;juR:-ideas of the 
~a uDder co.nfiden:tion,~and : furdy too-much 
ca.rftlot be done to enlighten dle mind, and affift the 
.imagination, in aur .attempts t'O cont'en\piare thofe 
invifible operatiorls of nature which nothing but 
the fharpeft::J;en .of the intellefiual er~ will ever be 
able to deteCt and feize. 

As fucceeding evCJllts which fall under the cog
nizance of our fewes cannot be difiingujlhed if 
they happen oftener than about len time! in aft
~md~. it appear~ -that when a particle of water 
moves in a quiefcent mafs of that fluid at .!be rate 
of ~ P31t of an inch only, in one fecond, its 
fucceeding • collifions with the different particles, 
2t reft, of that fluid, againfi which it fhikes as 
it moves on, mufi: be fo incohceivably T3pid thaf 
00-. 1efs than one thou/and of them mtlfi <lauaUy 
lake place, Me after the other, in the fhorte11 fpace 
4£ time that js perceptible by the human mind_ t. 

After 

. • , ~j. afl"""lion, ill u far, at ICJrt, ill ;1 I1!I~JC5 tn obj ta . of 
ligbt, m!.)' be pron..! by the fo11o'''';n;:: nCr e~~ri,ncnl: Let a 
_11«1, w;'h aay !tnll.a n1.lmbcr of fpokn, ht' ttlrn~l founti iN axis 
with f~ • ,nl9tiiy as !hall be: founu nccdrary, in flrd.r th:'lllo.: 
tl"'icn m~.r difJlppcar or become invHible._From Ihe vdocily of the 
_lift.!: Bnd'he number o(fpokel hi it, ttie faa will be decided • 
. t It probdll r 'will not ern pe the obf.""ui;'T. of my Jurllfd read. 

4[I':t; tballbt "&loci!.y whieh .I .have hue ~mgnd 10 the fingl e l.anidc 
fIIi .• :net, moYiog up .... ar..!' in that flui,l in tonre'l'tenCe of iI change 
<if irs fpcc-lfic gr~"il)l by Heat, though 31'l'uendy nry fmaH,t:.. 
( .. ~o p:att ot .n incb ill • fetonrl)':"';s, h" .... cvu, mol\: probably con· 
'dnabl, ,ftller, in hEl, Ih ~lI aflY iotli-.idull /.,";11":1 p.~rtide -of that 
t'uid could poffibly acquir •• in Ihe JUI'I'Orru tircufI'Il\~ ~ c •• , hyany 
dango of Itmperaturc, bowcvu' great. \:win.g to the 1"fIi!1ant"C wbich 

. . would. 



Aft<;r. we h~~e .~ ~~fO(,* '*' 
thele inveRigations, . ~d~, thC ~iAJ".~Ni , be, 
come jami!i.ar;iz!d .with the f.:Q~t~p~<9.f;,,'he 
in~ereiling ~. they. prefent to it, ho,w ! 11l.~:;.iU 
our ideas 1*. changed with regat:d to t~ .~·t~ 
of fluiJ$ apparently at reft! They wiij .. t:bt:¢ .• . 
pear to us to be, what no doub~ _ lhey really,ucJ*.' 
faa, an affemblage of an ,infinite number. of..,. 
nitely [mall panicl!!s of matter moving .contin~1.. 
or without ceating, and with inconccivable .. -r.~ 
cities. ... 

We {hall then confider fluidity as-the life of·i~ 
animate bodies, and congelation as thefleep of tielltP.;' 
-and we thall ceafe to afcribe aaive powers, or 
exertion<: of any kind, to dead mati"nleji-matter • . 

But what lhall we think of the 'Vital principle in 
living ani1Vuls ?-Does not their life alfo depend 
on the imhnal motions in their fluids, occaflOned 
oyan ul1cqual difiribution of heat ?-And is QOI: 

would necdr~lily be Oi'pl)r~rllo it$ motion hy tht quiereent partiolu ' 
(>1 the fluid. Aware of Ihi. ohjdl:ion, Ind being delirou. of hoetns 
pr~p~rrd 10 lIlt'et ii, IIOolr. fume p~in s 10 compute, by tbe ruin !,hl 
Jown "y Sir Iu A.C NEWTON in bi. Prilltipill, book Ii. feA:. vii .• 
.... liat the greateli Hloeily is th:!.t I folituy particle of water (rIlPI"'~d. 
Iu be 1"~"(;~G~~ uf In incb in diameter) <;ould poffihly ,cquirt by • 
r.ivcn chnge of iii fl',,,;fic g ravitJ' Anel l found tbll,t if l/w rpedlil; 
traY;!y ofwaler at the !emi'er.ltur~of 11u F. ·belllr.en at I.oooh, and 
ill rpteifi~ gru;ty a: !oo,· al 0'')9159. 1I .\"lcly dUenJ\;Mt! ~y ~';. 
ralC ·c:rl~"ments, 1IKn, llil"Jgle particle of· "'lin lIllj;.e.tC.~ 
of ~o~ lilU~ted in a quiefccnt mlfs of tbt ,fluid at 3~o, th.e -a:reatd: 
,·Hodl»" t!\i. hot f~rt;de cnuhl acquire in mOl'ing upwards in conre: 
qucllcc of ;11 comparative lnil»" _Id lie that of "tn ,an of ~'Il 
incb in J fecoQd. Thi ' ;':lt tl-te rale 01 about one inch and .n bil( 
in. I hllur._But it is ~vjoJ(llt, th:it wh~n grut numbers of partidu. 
un ite.nd form·cul'ffnu, they' will m1\ke their way through lite qui .. 
'(CeJIt fluid .... ith guatcr fac;]ity, and wn(equcntly will tIIove faita-. '. 

. jlimulation, 
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.loA W6ibJ~',in~:aiFcafest" the· ltlet'C' Jnec~ df'efr 
'.~·commooicarion .cf Heat ? 

·.~Alt is «n ~on 'which we know to be as ,old a& 

die·day, ·ofMoSEst';that the life if on animal rejidei 
in its ;!ood; and it is highlY 'probable [Bat it dates 
from 0ji period' frill more , rem~te. It was lately re
vived by an :ahatomift and phyfiologifl, (now no 
more~):wh() was eminently diflinguilhed for faga
tity-; and. it appears -to me that th l:: late difcov'eries 
lefpealbg the ·manner in which Heat is ptopag4ted 
in Fluids lend greatly to" elucidate the fubjeD:, and 
to give to tb.e -hypothefis a high d~grce of proba
bility • 
. . AcCording to tllis hypothefis-(as it may now be 
uplained)':"every thing that increafes the inequa
lity of the diflri/J"tit)n of the Heat in the mars of· 
the blood~even though it fhould not im~edi

mly augment its quantity) -ought to increafe the 
intenfttyof thofe oflioru in which life confit1s. But 
ate there not many firiking proofs that this is the 
~inf.a? 
<1>:0 n.Ot refpirolion.-digcftion,-and infenfible 

perJpirat;on aU tend evidently-(that is to fay, ac
cording to our alfumed principles, with regard · to 
the manner··in which Heat is propagated in Fluids) 
~O ' pPlltlCC, and tl) perpetuate· this inequality of 
heat ·inthe animal fluids? And do we not fee 
What ·animmediate and powerful dl"ea they have 
_ . increafiDg the inteaftty of the aCtion of the 
powers of life? 
:- ' ·I( ani~ life depends elfentially on. thore in
IIrn4I J1)Ot\ons in the animal 8uids,-wbith, as 

. . b .. 
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has been. fhown,-:a.re "Occafioned by " t~" -dii'er.l. • ence of the jfJecifi.c gra-uitils of their integraDt' "par-
ticles, or" moUculc.l, arifing from their dii"ereRt ~. 
peratures ;-in that cafe, it is evident that the 
'Vital pfJ'We/s would be ftrengthened, or their aaipn 
increafed, either by heat or by loldpraperly applied. 
But is not this found to be the cafe in fa8: l, 
Does not the dram of brandy at St. Peteriburgb 
produce the" fame eff~as as the draught of iced le
monade at N aple" and by tht' fame mechaniCal ope- . 
ration, but aCting in oppofite direCtions? And 
does not the loft of Heat, by infenfibte perfpiratiou, 
contribute as efficacioufIy to the prefervation of 
that inequality of temperature which is elfential to 
life, as the introduflion of Heat into the fyftem in 
.refpiration ? 

Is not the fudden coagulation of blood, when 
drawn from a living animal, and are not all the 
other rapid changes that take place in it, evident 
proofs of an unequal dilhiLution of Heat? And 
does not the vijcojify of blood, as well as its perpc> 
tual motions in the vafcular fyftem, contribute 
very. powerfully to the prefervation of that ine
quality? 

Arc Hot the livid fpots on the furface of; th~"' 

body, which indicate a beginning of mor:tifica~ 
produced in confequence of a -¥paration, or pt'f
cipitat;on of the heterogeneous particle. of the 

nat Fluids, according '~ their fpecific gravities 
individuaJ temperaidftl, occafioned by relt, 

In interruption of circulation? .And may w. 
emphatically pronoWlcc fuch Fluids to be 

11 
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Would not any liquid in which Heat were 
""",Il, di/lributed be a fatal p,!(on if injeCted 
into the veins of a living animal? And would 
not this b,e the cafe even were the liquid fo in
jeCled a portion of the ani mal's own blood, or of 
the lymph or any other ' of its component parts, 
and were it at the mean temperature precifely of 
the healthy Fluids circulating in the veins and arte
ries'of the animal? 

Is not glandular {ceretian a true precipitation? 
and is it nO[ poffihlc thal the formation of the 
folids, and the growth of an animal body, may be 
cffeB:ed by a protefs exaCtly fimilar to conge
lation? And aTC there not even circumftances 
from which we might conclude, with a confider
able degree of probability, that maa of thefe can; 
gclations are formed at or about the t,::mpcrature 
of boiling water? 

But I forbear to enJarge on this fubjetl. I find r 
have unawares entered a province, where, if J ad. 
vance farther, I fuall certainly be exporeu to the 
danger of being confldered and treated as an in
tntder; and I mufl' hafku to make my retreat, 
which I {hall endeavour to effeCt by abruprly 
putting an end to this Chapter. 



CHAP. III. 

Probability that inln!.fi Heat frequently exiJiI , Iti the 
loti/ary Partides 0/ Fluid.>, which rieitlier ,the 
Feeling nor tbe Tbermomcter can detelI.-7'l1Je~'V(l~ 
poration of lee during the fevereft Frofi explained 
on tbat Supprjilirm.-Probabiiity Ibat the Metau 
would evaporate when cxpqftd to the AElion of t~e , 
Sun's Rays wcr.: tbty 110/ good ConduEt()rJ aIBeat. 
-Mercury is nenally found to evaporate under 
the mean Temperature of the AtmoJPhere.-T'his 
Fall if a jlriking Proof that FLUiD MERCURY 

is 0. NM-ronduf/or of Hcat.-Probability that the 

Ilertt generatcd by //.ie Rays of Ligbt is always 
the Jame ill IIl/mjity; and thaI thoft Effills which 
have been attributed. to L igM ought perhop{ ill 
all Calo /0 he "firibcd to the A tlirm of the #fat 

. gener{/ted by them~A jlriking Proof that ' the 
mojt inh"yc Heat does /ometillles exift where we 
jhfluld 1Iot expea to find it.- Gold aallally melud 
by the Heat wbich cx!fts in the Air of the .it~~ 
Jphcrc, wbere [here is no Appearance of Fire, or 
0/ any Thing red.hot.-ffTe ought to be cautious 
in attributing to the A8ion of unknown PflWtrr, 
Eifells jimilar to thoft produced by the Agemy of 
Reat.-The mofl illtCllft Heat mayexifl without 
leaving any vifible Traces of its Exiflence behind 
it.-This important .Fall illJ{/lrated by the nettf 
Jary Refult. (an imaginary Expl!ri1lJenl. 

HOW far the pallibility of the communication of 
Heat between the integrant particles of a Fluid 

BB2 may 
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~ot<may not be owing to the extreme mobi .. 
-lity of thafe particles. and to tae infinitely fhort 
ti1'l1:~ that t:wo of them, of different fpecific gravi.
tiest (o~ng to a difference of temperature) can 
rematn in contafl, I l~ave others to determine; in 
the mm time, it is mofi. certain that the eriftence 
of "this hnpoffibility of any immediate communica
tion of Heat among the particles of a Fluid renders 
the diftributiop o:f Heat very unequal; and it 
fems highly probable that many appearances 
which have been attributed to very different caures, 
are in faa owing to inte'ife Heat exifiing and pro
ducing the effects proper to it in fitua t~ons where 
its exifl:ence has not even been fufpctled. 

If Fluids are nor::·conduaors of Heat, no fitu
ation caD poffibly be more favourable t 'J its pre • . 
fervation than when it exifl:s in them; and i~ is 
n6t only evident a prhri that the moll intenfe 
Heat may (xijt in a few folitary particles of forne 
Fluids, without i ts being poiTible for us to detea: 
it, or to difcover the faft, either by our feelir;g or 
by the thermome.ter; but there are man)' ap .. 
pearances t~at ftrongly indicate,-and others that 
pro,'e, that intenfe Heat actually does exiIl: in that 
concealed or imperceptible fiate very often. 

There is no reafon to fuppofe that it is poffible 
for ice to be reduced to fl:eam without being pre
vioufly melted; and it is weU ~own that ice can
not be melted with a lower degree of Heat than 
that of 32'0 of Fahrenheit's fcale: "but in the midft 
cf winter, in the coldeft climates, and when the 
temperature of air of the atmofphere, as !hown by 

3 the 
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the thermometer, has b'een much, below 3t;; 
ice, . expofed to the air, has been fow}d -to evapo'; 
rate. 

How can we account for this event, except i~ be 
by fupPfJfing that fome of the particles of~, 'w'Lith 
accidentally (as we exprefs it) caIne into 'i9tact 
with the ice, are fa hot, as not only to mef.i c~~ 
fmall particles of ice which they happen to to1,lcll. 
but alfo to reduce a part of th.e generated wateJ.: ,tQ 

fieam, before it has time to freeze again; OT"",PY 
fuppofing that this is eff"eEted by intenfe Heat g~ 
rated by light abforbed by imall projeCl:ing pointi 
of the ice? As ice is a very bad conduBar of Heat, 
that circumftance renders it more likely that the 
event in queftion fhould aCl:ually take place, in 
either of thefe ways. ' 

If the metals \Vere very bad conduCl:ors of Heat, 
inftead of being very good conductors of it,_ I 
think it more than probable that even they would 
be found to evaporate, when expofed to the a8:ion 
of the dire£!: rays of the fun; and perhaps alfo· in 
fituations in which fuch an event would appear Rill 
more extraordinary. 

MERCURY has been aCtually found to,evaporate 
under the mean temperature of the atmofphere !-:
'Vhat a fhiking proof is tbis that fit!id ".Itrcury is a 
non·conduCtor of Heat ;-and al[o, that "ery intenfe 
Heat may be generated, or exift, where it would 
not naturally be expected to be found. And ' dOes 
no~ the evaporation of water under the mean tern· 

:I B J per-ott.ure 
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;etilutl"tif die atni.ofpl}er~ afford another proof of 
tlil,H.1ffufl i 
'~,:-i'hat the" moll: intenfe H eat is often excited in 
~ {mall particles of folid bodies difperfed about 
In the mid/l of matfes of cold liquips is nN to be 
dou~. It is well known what an intenfe Heat 
the .. raYs of the fun are capable of exciting; and it 
fe-ems 'to 'be. highly probable that Heat aCtually ex
cited by diem is always the fame-that is to fay
inte,ye i;' the extreme: but when rhe rars a~e few, 
and' when circumltances are not favourable to the 
accumulation of the Heat they generate, it is often fo 
fo oQ. difperfed, that it efcapes the cognizance of our 
fenfes, and of our inilruments; and fometimes 
leaves. no vifible traces of its exifl:t:n; e bl~hind it. 

Why lhould we not fuppofe that the Heat gene
rated by a ray of light, which, entering a mafs of ' 
cold wateT, accidentally meets with an i!lfinitely 
[mall particle of any folid and opaque fublbnce 
which happens to be floating in the liquid, and is 
abforbed by it, is not jufl as intenfe a~ that gene
rated in ,the focus of the moft powerful burning 
urinor, or lens?' 

Mr. Senebier has given us an account of a great 
number of interefl:ing Experiments on the elfe8:s 
prod~c·e(f on different bodies by expofure to the 
q~reft rays of the fun; but why may we not attri
bute: all thofe effecb to the intenfe IOCir! Heat, gene-: 
rated by the1ight abforbed by the infinitely fmall
'ahd, if .} may ufe the exprellion-il1ulated partide~ 
. . . . of. 
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of the ~ wllich,_were f9I!1ldto,bcaffoae.(i!J 
it? 

The furface of wood of various kinds.;was tlirned ' 
browI;I. '~e fam~. appearances '~jgbt ~ ¥~.~~ed 
in a fbor.ter .time by the rays whicb proc!!ed.n:~ a 

." '{ ", 1;.'_. . 

red-bot ,iron, )Vhich change.ttle flJTface of.tl1:e.~_ 
to an imperfetl coal. B\lt were not ,tQe/r~~ 
of tbe woods which were turned hro.wn 1>Y ' ~J!e 
light of the fun in Mr. Senebier's experimefttl" 
changed 10 an imperfe!5t cQat ?-And is i.t potIibf~ 
for a Heat lefs interne than that of jncaiukftenc.".~o 
produce that elfetl:? . . 

Amor.g the many faD:s tha~ might be a:ddu~ed 
to prove that the moll: intenfe Heat may, and .{rc;.~ . 
quently docs et:fJl where we fuouldnot expect to 
find it, the following appears to me to be very 

. fhiking and convincing. It is, I believe, generally 
imagined that the intcnfiryof the ·:tleat gener<lt~ 
in tht combufiion of fuel is much lefs in a [mall 
fir~, than in a great on~; but there is reafon, ,tQ 
think that this is all erroneous opinion, founded on 
appearances that are not conclufivc; at lean it is 
certain that the intenfe Heat of .. large fmel!ing 
furnace, fuch as is nece(fary for melting the mon: 
refraEtory metals, aEtuaIly exifts in the feeble flame 
of the fmalleft candle :-and what may appear fiil~ 
more extraordinary,-this intenfe degree of ,Heat 
often exi/ls in the air of the atmofphere, where nt 

viJible fign' of H .. t appear, ;>s I /ha!! prefClldy 
{how. , . , 

Iron is fully red.hot by day light at the tempe~· 
fl.1~e of ilbout i 0000 of Fahrenheit's {eale; bralk 
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~ "''lit ~ if Hi4t 
.~~~ICI,?o,~ at 4sSf,...;.QVef at 
: .•• Jl!il'~.~.~ gold at 5237.; and nothing is more 
~ diaD. tMt the Heat muft be\ at that intenfiry 
~,di'cOrrefponds to ~e 5 Z 37th degree of Fahren
\~'8 fcal~ where gold is Jozind to "11}£/t. But very . 
fincgqid.' tilver., or copper wire, Batted, (fuch a,s is 
u[ed tq ',cover thread to make lace) melts inftanta
JlFOW'tY on beiog held in the flame of a qmdle. It 
will even be metted if it be held a few feconds owr 
the flame pf a candle, at the dfftanu of more than an 
inch fro~ th~ top of the flame, in a place where there 
is no ~ppearance of fire, Of of any thing red-hot. 
- FJ6m tb~ important information which we ac
quire from the ~efult of thefe Experiments, we fee 
how mu~h \Ve ought [0 be on our guard in forming 
-an opinion with refpel1: to the intmfity of the Heat 
which may exiJi in the invifible infulated partie.les or' 
matter of any kind' [hat may be fcauctcd about in 
a·, given fpace,-or which may float 'in any Fluid, 
where neither our feeling nor our thermometers 
can poffib~y be fcnfibly affecte<i: by it. 

A thermometer can do no more than indicate the 
~ oflhe diffo'"rent temperatures of all IhoJe bodieJ or 
~/jclis of matter wl'ith happen to come into contan 
with it. If it be fufpended in air, it will indicate the 
~ean <?f the temperatures of thofe particles of ::..ir 
f!'.hicb!mppen to touch it; but it can never give u~ 
~y~ infonnatioll refpeCl:ing the relative temperatures 
of tbofe particles of air. 
'. "If, ~uring the mon intenfe fron, a thermometer 
~re fufFflded in rhf neighbourhoQd of a burning 

. candle,-



candle,":'iri the' fame 
placed ov~r the candle, or 
be difianf"tTom it feveri1'l feet, 
duElor of Heat, there is :not the 
that fame 
to the intenfe of melting gold, 
the thermometer; but neither the' 
nor ·the hand held in the fame place, caula ' 
indication of fuch an event. ' ' .. 

As it appears froln all that has been raid that in: 
[enre Hear may exifl even under the form of /.!'njifilt 
Heat, where its prefence cannot be difcavered 'or 
deteCled by us; and as it fcems highl y prooaDte 
that in many cafes, where its exifl:ence may Id"ci'Pe 
our Qbfervation, it may ncverthelefs be capable of 
producing very vifible effeCls. I think we ought .m· 
ways to be much on our guard in accounting' for 
effeCts fimilar to thore which arc known to be pre?-
duced by Heat; and never, without very fuffiCiellt 
reafons, attribute them to t'he agency of any otbef~ 
unkmrdJll power: and t1~is ca~~~x.~ . ~o. in~.~ 
be pecuharly neceffary m ac gofor t1i9fe~·~;. 
feas which have been found to be p~oduc~! m"~ 
rious bodies when thq are e'Xpofed' to fhe"aaro. 
the fun' s rays. 

If the folar rays concentrated in the focuS' tof~' 

lens, when they are made to fall on a ' ~~ 'a, 
wood~ infiantly change its [u rface toa black ~ut, 
and reduce it to charcoal, why may w'e not '~con
elude that the change of cclour which is 'gradually 
or more Ilowly produced in tbe fame lWid of wood, 

when 
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,,,,b4I,~.\fi,,,ply expp\<sl, in, the funebeam,; ;, pro
ein:the f1,me-manner? 
!J; _~ ' .\. differeD(e in -tbe-time; necelfary to p;od~ce 
fininar . effeEl:s in ther~ two ·cafes ~ no proof that 
they are not. prod1!ced in the fomt manner; for if 
theYi!e effeCted merely by the agency of Heat, 
(\'i'hic'h I [up-pore) then the effeft:s produced in any 
given time will not be as the denCit)' of the light, 
or as the number of rays, but as that part of the 
H eat generated, which, not being immediately dif
perfed or carried of{' by the air, has time to pro~ 
duce the aa ion proper to it in the wood ; and con
fequently mu ll be incomparably greater, in propor
tion. when the . rays are concentrated, than when 
'they are not. 

LIma cornea cxpofed to the aCtio!'! of 'light 
changes colour j- but why ihould we nc:t attribute ' 
this · change to the t!xpullion of ·the oxyg2n united 
witb the metal, by the agency of the Ilcar gr:nerated 
by' the light? To remove every poflible objection 
to ·this explanation of the phenome-non wlhing 
.more appears to be neccflary than to ad mit , what 
.is well .known, that this metallic ond may be re~ 

doced, .. without addition, 'iv;tb flme ~lcgrCi' if HCdt , 
-and that this fubIlancc is a bad conduUor of 
Heat'. 

Will not the admifficn of our hypothefis r~ 
fpetling the in.teiftt! of the H eat lvhich is fuppofed 
to be generated where light is flopped, and of that 
ref~Eting the . no~-conduaing pow(:r of Fluids 
witb... . r~gard to Heat. enabll! us to .acco~.mt~ ~l ;t 

manner . 
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manner more ntilfu&ry. Ibm. haa tutheTt. ~., 
done, for the elfef.l. of tbd ... -':tight iii bleaching 
linen, when it is expofed WeHG the ''2fnon -()f his 
direa .rays? as alfo f13r 'the ~eduCHon of :thore Jlle. 
tallie oxyds which have be~n found to 'be -re·,ived 
by expofure to light ?-And ~t ,not ilfo 'a1I\4~ 
in accounting for the produaion of pure air iih lic 
beautiful Experiment of DoEtar Ingenhouz;' .;ja 
wh.ich the green leaves of living vegetables are ex
pofed, immerfed in water, to the. fun 's rays? 

Mr. Sencbier has /how;, ~0at ~he colouring m...att~ 
of healthy' "green It:avc-s of \cgetables. which is' e.z:. 
lraCted from them by fpirits of wine, anti which 
tinges the fpirits of a beautiful green colour, ' is 
dcfl:royed, or rather changed to a dirty bro\Vn co .. 
lour, in a few minutes, on expofing this tincture 
in a tranlparent phial, and ill cOll!all with pure air, 
to the direCt rays of a bright fun :-but why (haul" 
we not confider this pracefs as a real combufiion? , " 

The Heat acquired by the liquid,-which, as 'I
have ofren perceived in rt:peating the Experiment, 
is very confiderab!e,-and the neceffity there i$ for 
the prcfence of pure air, that the Experiment maT 
fucceed) feem to indicate that fomething very like 
combunion muft take place in it. , 

If liquids are non.condutlors of Heat, they o~ht 
!=ertainly, on that account, to be peculiarly well cal· 
culated for confining, and confequently furtherIng 
the operations of that Heat which is generated ' by 
light, or by any other 'means, in their integrant para 
Hdes, or ~~ the infinitely.{mpU and infulated par~ 

ticl~ 
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: i;:t..,~''.&l1\ply exp,o\el!, m .. he fun.beams, ;, pro-
~}ia:the ijune" manner? . . 
!1 Wbe differen:ce ·in the-tiln4l nec~lfary to produce 
finU1ar. effeB:s in thefe:. two -cafes is no proof that 
they are not. prod~ced in the fomt manner; for if 
they ,.re effeded merely by ' the agency of Heat, 
(~'hich I fuppofe) then the effeCl:s produced in any 
given time will not be as the denfity of the light, 
or as the number of rays , but as that part of the 
Heat generated, which , not being immediately dif
perfed or carried off by the air, has time fa pro
duce the aaion proper to it in the wood; and con
,fequently murt be incomparably greater, in propor
tion, when the . rays ate concentrated, than when 
-they are not. . 

L una ((!r:u'fl opofi.~d to !he <laio'] of light 
changes colour ; - but why lhould we nd attribute' 
this' change to the t:x:pulfion of 'the oxyg::n united 
with the metal, by the agency of the B ear gl;'nerated 
by' the ligh t ? To remove every pofiibJe objeCtio'u 
to ·this explanation of the phenomenon not hing 
.more appears to be necellary than to admit, what 
;$ well .known, that this metallic oxyd may be re~ 

duced, ... wilhout addition, with Jomt degree if Heat, 
-and that th;s fubUance is a bad conduaor of 
Heat', 

Will not the admilTicn of our hypothelis r& 
fpetling the intenJitJ of the H eat \vhich is fuppofed 
to be generated where light is napped, and of that 
Tef~aing the . nO':l,conduCl:ing pow("r of Fluids 
w-ith.,.re;gard to Heat. enahh: us to acco~lIlt~ ip ;t. 

manner · 




