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""""11"';"", thot Heat is P"'PQgated in ...... U, 
ton!equNfcc of its im:e:r.Jaal: IlWtiQD'j-or ~. it is 
tranfported or carried by the particles of t~ Ii. 

,",uid, aad that it does not fpread 3.o.d expa~ in it 
as has genel<\lly been imagined. ' 

I hav.e Illcwn in another place, and I believe I 
may vent lire to fay I have proved·, tbat Heat is 
aCl:ually 'J»,)yagared in air, in the fame manner I 
here fuppol~"' ~ to be propagated in water; and if 
the conducting powers of both thefe fluids. are 
found 'to be inipaired by the ]Ome meant, it affords 
very {hong grounds to concluue that they both 
condua Heat in the faille manner: but this has 
been found to be aCtually the cafe. 

Eider-drrwn, which (<lonat affeEt the fpecifical 
qualities of either of thofe fluids, and which eer. 
tainly does no more when mixed with them, than 
merely to obfhuCt and embarrafs their internal 
motions, has been fOlmd to retard very much 
the Propagation of Heat in both of them: on com~ 
paring thefe Experiments with thore I formerly 
made on the conduCting power of air, it will even 
be found, that the conduB:ing power of water is 
nearly, if not quite, as much impaired by a mix~ 
ture of eider-drr.tm as that of air. 

In the courfe of my Experiment$ on the various 
fubftanc~ ufed in forming artificial clothing for 
CO~finin1Heat, I found that the thicknefl: of ~ 
fhatwn air, which ferved as a barrier tQ Heat, 
remaini the· f.tme, the palfage of Heat through 
it woW fometimes rendered more difficult by in • 
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ti'ealing the quantity of the light fubllance' which 
Was mixed with it to oharua its internal motion. 

To fee if fimilar effeCts would be produced by 
the fame means when Heat is made to pafs through 
water, I repeated the Experiments with eider4lJ'Wn, 
reducing the quantity of it mixed with the water to 
48 grains, or one quarter of the' quantit!.. ufed in 
the Experiments No. I I and 1\"'0. 12. / 

. The refuits of thefe Experimenj":, and a com· 
parifon of them with thofe before ~lentioned, may 
be reen in the following Tables: . 

In h(a~;ng the Ther. 
mometer from 31~ 
to "",0 } 

" from 40" to 60 
60° to 80 

'00 
,,~ 

• 
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'<0 
,60 
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• 
• 
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"''''' 
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(rom 320to 200° S 
Time1 employtd in J 

heating tht innro
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from 80° to 160" 

) Tim, ,h, H", "" in p,/ling 
lNl"O the Thermometer, 

Through Through I 
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I Time the H~at wall paffing OOT Of 
the ThetMometcr,/' 

~gh Throup ~ 
W~tcr with Water with ~ 
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Ex.penment Experlmentl Exp. 

I ,. h~" ! I ~;'-:- -;::~ ~:-n coo mg t c _ ler_ 
mornett:!' from 2OC9. 49 611 . .p~ , 
to I ~OQ 

from I Roo to 160<> 50 
11)0° to 140 ° 56 

120<1 iO 
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6, 
7' 
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"0 
80" lSI 

~: ,I-_~~_:--!'-----1 
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' 79 
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460" 

39! 
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73 
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nloling th.: inthu_ 
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fI.)m 160"':0 tic" ! ____ -" ____ L ___ --' 

The refults of theft; Experiments are extremely 
interefiing. They not only make us acquainted 
with a new and very curious f.'la,-namelYt that 
feathers, and other like fubfiances, which, in air, 
are knO\\~'~ fO form vcr y warm covering for con.; 
fining Hea'i, not only lerve th~ fame purpofc in 
water, bu,f {hAlt their effeCts in preventing the 
paffage .of Heat is e-ren greater in water th2n 
in air. · 

Thi~ 
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.• ,~ '1.'1lis .difcbvery, if I do not deceive myfelf; 
:throws a very ~road light o\'er fome of the molt 
'intereiting pans of the economy of Nature, and 
give 'us much fatisIaC1:ory information re[peai~· 
the final c:lufes of many ph2:nomena which have 
hitherto been litde underfiood . 

.Ai litfuid 'Water is the vebide of Heat and 
nourilhment. and confequently of li~ 1ri every 
living thing; and as water, left to.4fclf, freezes 
with a degy-ee of cold much lef:lfhan that which 
frequently prevails in cold climates, it is agreeable 
to the ideas we have of the wifdom of the Creator 
of the world, to expeCl: that effeCtual meafures 
wO\l.ld be taken to preferve a fufficien~ quantity of 
that liquid in its fluid {late, to maintain life during 
the cold feafaD: and Ihis Wf: find has aCtually been 
done.; for both plants and animals arc found to 
furvive the Jongeft and moll fevere winters; 
but the means which have been employed tc, pro
duce this miraculous efieCt have not been inveili
gated;-at leafi: not, in as far as tbey relate to 
vegetables. . 

But as animal and vegetable bodies are cfTentially 
different in many refp\!Cts, it is very natural to 
fuppofe, that the means would be different which 
are employed to preferve them "'SJ.inft the fatal 
effects which would be produced in t!l}';h by the 
congdation of their fluids. . ~ . 
. Amoog organize~ bodies, which ve on the 
Wriice gf the earth, and which of cou e are ex
pofed to the viciffitudes of the feafons, ' ,"e find. 
-that as the proportion of fluids to folids is gr~r9 

the 



in F/1U'dt'. .., 
. the greater is the Heat which is required for the 
fupport of life and health; and the lefs .-e they 
able to endure any confiderable change of their 

, temperature. 
"\The proportion of Fluids to Solids is much 

gycater in anima/.; than in vegetables; and in order 
to . ~ferve in th.em the great quantiry of Heat 
which rs 'l!'f;ceffary to the prefervadon of life, they 
are furnilhe~:~th lungs, and a;e warmed by a pro~ 
cefs fimilar to ' that by which Heat is generated in 
the combuflion of inflammable bodies, 

Among wgetable.;, thofe which are the maft 
fucculent are annual. Not being furnifhed with 
lungs to keep the great mafl; of liquids warm, 
which fill their large and flender vetrels, they live 
only while the gt:nial influence of the: fun warms 
them, and animates their feeble powers; and they 
droop and die a .~ foon as they arc deprived of his 
fuppoTt • 
. There are many tender plants to be found in ~old 

countries, which die in the autumn, the foots of 
which remain alive during the winter, and fend oJf 
frefh fhoots in the enfuing fpring. In thefe we 
ihall conftantly find th.e roots more compaC't and 
denfe than the fialk, or with fmaller ve1Teb, and a 
fmaller proportion of Fluids. 

AmarI/{ the trees of the fordi:, we QIall con~ 
ft~ntly fi>d, that thofe which contain a .great 
proponion:: of thin watery liqUid.;, not only 1hed 
their II!3V""es every autumn, but are fometimes 
fro:zen, and actually killed, in fevere fWlls • 
.M~ny thoufands of the Jargeft walnut-trees wer~ 

killed 
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~Jed by the froll in the Palatinate, during the very 
~old wlnter in the year 1-788; and it is well known 
that f~, if any, of the deciduous plants of our 
temperate climate would be able to Cuppart the u..,:.-. 
ceffive cold of the frigid zone. 

The trees which grow in thore inhofpirat;le 
dimates, and which brave the colds of the fevC;left 
winters, contain very little wat~ry li~U The 
fap which circulates in their veffels As thick and 
vifcous, and can hardly be [aid to bc!'"Buid. Is there 
Dot the "flrongefl reafaD to think, that this was fo 
contrived for the exprefs purpafe of prc\'enting their 
being deprived of alI their Heat, and killed by the 
cold during the winter? 

We have feen by the foregoing Experiments, 
how much the Propagation of Heat in d liquid is 
retarded by diminilhing its fluidity ; anti who 
knows but this may continue to be the cafe, 
as long as any degree of fluidity remains ? 

As the bodies and branches of trees are not 
covere4 ~ winter by the (now which protea~ 
their Toots from the cold atmofphere, it is evident 
that extraordinary meafurcs were necelfary [o'pre~ 
vent their being froz<:n. The bark of all [nch tre-:s 
as ~re defigncd by nature to fupport great degrc~ 
of cold, forms a very warm cO\'cring; 'but this 
precaution alone would certainly not have been 
fufficient for their proreftion. The fap,jh all trees 
;which are capable of fupponing a long lontinuance 
of froft, grows thick and vifcous nn the approach 
of winter. What more important purpofe could 
this change an(wer, than that here indicated?-

And 



And it would be more than folly to pretend iliat 
it anfwers no ufeful purpofe at all. , 

We have feen, by the refulrs of the foregoing· 
xperiments, how much the fimple embarraffinent' 

liquids in their internal motions tends to r~ 
( e Propagation of Heat in them, and confequently 
its .,tTage out bf them;-and when "we confider 
the extrt:me [manners of the velfels in which the 
fap moves· in vegetables, and particularly in large 
trees j-when we recolleCt that the fubftance of 
whi~h there fmall tubes arc formed, is one of die 
bell non-conducrors of Heat known" ;-and when 
we advert to the additional embarraffrnents to the 
paftage of the HeaT. which arire from tne increafed 
vifcofity of the fap in winter, and to the almofl 
impenetrnble covering for confining Heat, which is 
formed by the bark, we /hall no longer be at a 10fs 
to accoun t for the prefervation of trees during the 
winter, notwithfianding the long continu:ttion of 
[he hard frolls to which they are annually expored • 

• I htrly, hy ~ccid~llt, had OCCJlioll 10 obfervt a verr ll:riking 
proor of Ih" CKlrf me difficulty wilh whid. J-leal pJires in wood. n __ 
jng prefent at Ihe round~ry at MUI,ie!., when cannon li we~ edlinr. 
lobferved thl! the founder ufed a woudpn inlhurnent for "ftirring the 
melle.:! metal. It wl~ ~ piece of o~k plank, green , or unreafo ned, 
about ttn illchn fquare and twu inch!!! thick, with a long wooden 
handle, which w~, 'fitted into a hoi. in the middle of it. As tbi~ 
inftrumtnt .... as frequently ufed, ~nd fomcrimes •• mained a confider. 
able lime in '-he furn~ce, in .. hieh Ihe lcI~at \Va" mqtl in t ,~r&, I 'ff3.' 
furprif~d 1.0 IhJ thaI it wn not (onfumed ; :,,,t I w~s Aill mOI'l: for_ 
pri!i:n , 011 examining Ihe pan or the plank. which had been immerfed 
in tht melted metal, to find that the Heal h~d penetrated it to fo 
ir.ean("le, .ble a depth , that, II the dillanee of anc.twentieth of an 
inch below ," rurf.~e. the .... ocd did not reern to hln- been in Ih,! 
luR alf~Ehrll>y it. The eol(>l/I' (>f the wOQd remained unthangroJ 
and it di,! not appear lo·bave1oi\ ~'fen iii IlIQifture, 

"OL. H. R On 
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On. the fame principles we may, I think, ac .. 
(ount, uta fatisfaCl:ory manner, for the prcfervation 
1')£ feveral kinds of fru'ir,-fuch as apples and pears 
for inftance,-which are known to fupport, without 
freezing, a degree of cold, whkh would foon re~ 

duce an equal volume of pure wa~tr to a folid rna~~ 
of ice. 

At the fame time that the compaCt lkirr'"Of the 
fruit effeCtually prevents the evaporation-of il s fluid 
parts, which, as is well known, could not take 
place without occafioning a very great lofs of Heat, 
the internal motions of thofe fluids are fo much 
obftruacd by the thin partitions of the innumerable 
{mall cells' in which they are confined, that the 
commurucalion of their H.:at to the air ought, ac· 
cording to our h)'poth~rls, to be extremely flow 
and difficult. Tbefe fruirs do, however, freeze a1 
lall, when the cold is very intenfe; but it m:lfl: be 
remembered, that they are compofed almofl en
tirely of liquids, and of fuch liquids as do not groVl 
vucous with cold; and moreovcr, that they were 
evidently not defigncd to fuppoftJ for a long time, 
very fevere frofis. 

Parfn'ips and carrots, and fevetal othet kinds of 
roots; fupport cold without freezin:z, fiill longer 
than apples and pears, but thefe are Iefs watery, 
and I believc the veifels in · which their fluids ate 
contained, are fmaller ; and b~th thefe circum~ 
fiances ought, according to our affnmed principles, 
to render the paiTage of their H e"t out-of them 
-more .difficult, and confcquently to retard their 
congelation. 

But 
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But there is frill another drcum~, an-a a 
very remarkable one indeed, which, if our _ conjec. 
tutes TerpeCl:ing the manner in which F{eat it 
propagated in liqui?.3 be {rue, muil aCt a moft,im .. 
~ortant part in th~" prefcrvation of Heat, and ' COOa 
{equently of a~imal and veg~t.able life, in cold 
c}"'iu"te,s. But as the probability of all thefe de
dufi:ions mull depend, very much, on the evidence 
which is " brough, to prove the great fundamen_ 
tal fact on which they are ellablilhed ;-that re
fpeCl:ing the internal motions among the partiCles 
of liquids, which neccjfifriJy take place when they 
are heated or cooled ;.....:..before I proceed any 
farther in thefe [peculations, I lball endeavour to 
throw fome more light on that curious and intereft .. 
iog fubject 
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Farther lnve.fligations of the internal M olions among; 
the Particle; of Liquids, which. nccdforily )(]/,:: 
plate when they are heated or (o.]lcd.-Dej5iplion . 
of a mechanical Contrivance, by ~uhirh theft Mo
li01l1 in Water were rendered 'UjJiblc.-An Account 
oj varjow annifing Experiments, w/,ich wert: 
made witb this nev . .:·iwl:cntcd by/rummt.-TLlcy 
lead to an important Difcovcry.-Heat cannllt be 
propagat~d DOWNW;'RDS in Liquids, OJ hng as 
they. continue [0 be r.tmdcnfcd by CoM.-lee found, 
by Expcri1llcr.t. to mdt more tban eigbt), timet 
flower, wben boiling-bot 1-rater Jlood on its Surface, 
than "c,:hen 'he let· '<f.iilJ Jitffind It) f.(·11I1 on the 
SUlface of the hot Watcr.-'Fbc me/ling of lc~ by 
~V<1ter jianding 011 ilJ SUlfdco' can be accounted for, 
'~.JCfl Oil the SuppojiliM that Wi,fer iJ a perfell 
Non-ronduElor of He(lt.-Ar(vrdill~'?; to th~ '!iTulIIed 
HJP()//~fh, Water Oll/Y ('~{/Jt De..~rccs of Fahren
heit's Stale ah(}'IJC tbe jiw::.iJlg Point, or at /hc 
'I'"mpera/uTe of 40°, ought to me/I as much Ice, 
in any gi':JC1I 'Tilllc, when ./landing r; ... jts Surface, 
m all equal Volume if thtlt }/Uld, al any higher 
'Temperature, C'J..'!'7I 'U)cre it bailing hot.-Thi.r 
remarkahle Fae? js l' oveJ by a great Variety of 
Jecffive E xptrimentJ.-Welcr at the T emperature 
0/ 41° is fOl!lld to mell tvm MORE Ice, when fland
illg 011 ils Surface, than boiling-h()/ Wetcr.-The 

1 R t(u/ts 



RtJulf! of all theft E~perimmls Una ff{jrMJi thtit 
Water is, in JoEl, (t perfta Non.:.conduElqr tf lfeat ; 
or that Heat h propagated in it, mere/,'Yil conft
quence of the Motiom it OCCnji~1 amrmg; the' In. 
/ulaJed or Jolitthy Particlt'$ of that Fluid, wf;;-ch, 
among thenfelvcs, have no Communication or [fitift,.. 
('Jiurj'e whatner in thiI Operation.-'The Dijc()'lJtty 
of tbis 'Fall opens to our View one of tbe grant/eft 
and 1ifqft intcrdling Scenes, ;'n the Economy OJ 
Nature. 

A s the particles of wateT, as' alfo of an other 
Fluids, arc infinitely too [mall to be feen by 

human e)'cs7 their motions mull of courfe be im. 
percepciblc by us; but we are frequently enabled 
,to juJge, with the utmoll certainty, of the motions 
of invitible Fluids, by the mo[ions they occafion in 
vifible bodies. Air j~ an invilible Fluid, but we 
acquire very jun notions of the DLotions,in air, by 
the Jull, and other light bodies which are carried 
along 'with it in it s motions. Nobody who has 
ever feen a whirlwind fweep over the furface of a 
ploughed field in dry weather, can have any doubt 
refpeding the nature of the motions, into which 
[he air is thrown 0 11 thofe occafions; notwithftand. 
ing that they are extremely complicated, and would 
b\! very difficult to defcribe. 

It was by the motions 'of the very fine panicles 
of dun, which ~by accident had been mixed with 
the fpirit s of wine m my large thermometer, and 
)vhich , when frrongly illuminated by the direfl: 
b~lTJ.s of the fun, became vifible, that I lirl!: dif-

~ 3 <over~ 
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~eUd the internal motions in that Fluid, which 
take place when it is cooling; and, availing myfelf 
of this kind hint, J contrived to render the internal 
motions of water equally vifible. This, I immedi. 
ately faw, could be dene ,with the utmcCi facility, 
if I could but find any folid body of the fame: 
fpecific gravity as water, which woUild be proper.,;-.t} 
mix: with it j-that is to fay, that would not be 
liable to be diffolved .by it, or to be reducoo to fuch 
{mall particles as to become itfelf invifible j but 
{uch a fubftance was not to be found. On reflec
tion it occurred to me, that it is very fortunate 
that ruch fubftances do not abound; for orherwife 
we {bould find great difficulty in procuring water 
in a pure fiate. 

Not being able to find any falid fuhflance fit fOT. 

my purpofe, of the fame fpecific g.ravity as pure 
water, I was obliged to have recourfe to the folp 
jawing ll~atagem. 

Looking over the tables of fpecific gravities, I 
found tbat the fpecifie gravity of tranfparent yellow 
amber was but a little greater than that of water, 
~ng J .078, while that of water is J .000 ; and it 
occurred to me, that by dilfolving a certain qUaI\P 
ory of pure alkaline fait, I might augment its fpep 
effie gravity, or rather bring the fpecific gravity 
of the folution to be preeifely equal to that of the 
amber, without impairing the tranfparency of the 
liquid, or changing any of its properties, by wqich 
the manuer of its receiving aDd tranfporting Heat 
could be fenfibly alfeCled. 

This 



'This contrivance was put in exOOuirin.in' the 
following manner. with complete fueccf$."> Having 
provided myklf with a number of glaftl glybes" of 
"Varjous fizes, with long cylindrical necks, L chore 
tone which wai aoout two inches in diameter, with 
a cylindrical neck i of an inch in diameter, aQ.d. 
t-,vr.ive inches .long; and putting iI!to it about 
half a tea-fpoonful of yellow amber, in the form 
of a coalie powder, ( the pieces, which WCl'e irre~ 
gular in their forms, and rranfparent, being about 
the fi ze of muflard.(ecdi,) I poured upon it a certain 
quantity of difiil1ed water, which was at the tem .. 
perature of the air in my room,-(about 60" F.) 

]~inding, as I expeCted , that the amber remained 
at the bottom of the globe, I now added to "the 
water as much of a faturated fol ution of pure vege. 
table Jlbli. as was fumcicm to increafe the fpecific 

' gravity of the water, (or r::J.ther of the diluted [aline 
[oIution, ) ti1I the pieces of amber beg-dn tl) float, 
and remained apparently motionlefs, in any part 
of the liquid where they happened to refl:. 

As the glafs body was not yet as full as I wifhed, 
I continued to add more of the alkaline [olution, 
and of water, in due proportions, till the globe was 
full ; and alfo till its cylindrical tube was filled to 
within about three inches of its end; and then 
elofed it well with a clean cork. 

Having fhaken the contem (! of this glafs body 
well together, I placed it, with its cylindrical tube 
in a vertical polition, on a wooden frand, and left 
it to repofe in quiet, in order to fee how long ttic 
folid particles of amber-(which appeared to be vdy 

• 4 equally 
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~y ,ffilj>~fed ,.hout, in Ih. whole mafs of .he 
~Sl!id)-would remain fufpended. ' 
"" ,Though the greater number of thefe particle. 
feemed at firfi: to have no tendency either to arceod" 
~; to defcend, yet rome of them won,began to move 
very !lowly" upwards" and others to move as flowly 
downwarih; and as thefe particles were mov-ing ?-"C 

the fame tim'e promifcuoufly in all parts of the fame 

ijijuid, apd even in the fame p:ut of it if' both di~ 
r~ruons at the fame time, the a[cending and de.,. 
[cending particles frequently palling each other fa 
Jl~r as to touch, 1 faw that thefe motions were in
dependent of any internal motion of [he liquid, and 
3t?fe merely from the diHcrcncc of the fpl:cific gra
vity of the different {:nail pieces of the amber, and 
of thai of th e liquid. Some of the pi ecl.S uf amber. 
being evidently ,heavier tban the liqu:J,. moved 
downward, while others which were lighter <lJ. 
cended to its furface . . 

Finding (hat there was fo much difference in the 
fpecific g ravities of the ditierent pieces of .>.mber, 
I now added more of this fubflance to the liquid. 
and 'fuffering it to fubfide after I had fhakcn it well 
together) I gemly poured off what had riren to the 
wp of the liquid, and retaining only that which had 
li:ttled at the bottom of it, I increafed the {peeine 
gravity of the liquid by adding a iittlt! of the alka .. 
fine [olution, till the {mall pieces of amber which 
retpaincd in the glafs were juft. buoyed up and fur. 
pended in the different parts of the Fluid, where 
1hey; feemed to have t;lken thidr permanent fta. 

J had 



· I had .now an in:£hument"l\>bich ap~to me 
to be well calculated for ' the veryi interC:rung :ia ... 
periments I had projeaed, and it will ,-fuy ~ 
imagined that I loft no time in ma~g .. iUfe 
of it. t .,.J . 

The firO: Experiment [ made with tJ;ris in~ 
ment was to plunge it into a tall glafs jar, nearij' 
filled with water almoll boiling hot. The ref*. 
was jult: what I cxp~aed. Two currents, in" op
pofite dire8.ions, began at the ram~ inHant to m<we 
with great celerity in the liquid in the cylindrical 
tube, {he afcenJing current Qccupying the fides cf 
the tube, wh~lc that which moved downv.-ards oc
cupied its axis. 

As the faline liquor grew warm, the velocity of 
thefe currents gradually diminifhed; and at length, 
when the liquor had acquired the temperature of 
the furr ounding water in the jar. thefe motioDl ' 
.ceafed t:ntircl y. 

On taking the glafs body out of the hot water, 
the int(:rnai motions of the liquor recommenced; 
b ut lhe currents had changed their direCl:iqne, 
that which occupied the axis of the tube being no~ 
the afcending current. ' 

'¥hen the cylindric.al tube, inflcad of being held 
in a vertical pofition, was inclined a little, the af. 
cending current occupied that fide of it which hap
pened to be uppermoll:, whife the under "de of it 
was occupied by the current which moved (with 
j:!qual velocity) downwards. 

'When the contents of the glafs body had a.c". 
'lu.i.te4 the tcmf eraturc of the air of the roo~~ 

there 
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till. "motiON ceafed, but they immediately recom. 
-incc4 on expofing th~ inftrument to any change 
el temperature. 
";' 10 all cafes where the infirument rtcei'l.-'ed H ettf, . 

the current in t.he axis of its cylindrical tube, when 
it was placed in a vertical pofiticn, (and that which 
occupied ,its upper fide when it- was inclined,) 
mOved downwards.-When it parted with Heat its 
motion wits in an oppofite direction, that "is to fay, 
upwnrdr• 

A change of temperature amounting only to a 
few degrees of Fahrenheit's rcale, was fufficient to 
ret the contents' of the inllrument in motion j and 
the motion wa~ more or lefs rapid as the velocity 
'Was greater or lefs with which it acquired or parted 
with" Heat, and the motion was moll rapid in "lOre 
parts ot the inftrument where the comm~njcatjoll 

was not rapid. 
A partial motion might at any time be prcduced 

in any ·part of the infhument, by applying to that 
part of it any body either hotter or colder than the 
irdhument. If the body fo applied were hotter 
ttban.the inftrument, the motion of the faline liquor 
in it in tbat part of it immediately in contaCt· with 
the hot body, was upu:{/rds,-if colder, downwilrds ; 
and whenever a hot or cold body produced a cur· 
Tent upwards or downwards, this runent immedi. 
atcy produced another in fame other part of Ihe 
liquid which flowe~ in an 0ppOfite diretl:ion . 

. On· inclining the cylindrical tube of the inflru. 
menu" an angle of about 45 degrees with the plane 
or tbe hori~on, and holding the middle of it over the 

flame 



flame of acanrUe, at the diftance of th~_ or 5lur 
inches above the point of ,the flame; the motiOJa 
of the Fluid in the upper part of the tube ·~me 
.exceffively rapid, while that in the IC!wer end oUt 
where it was united to the globe, as well as--. tha· 
in the globe hfeJf, remained almofl: perieCl:lJ"i. 
rell. 

I even found that I could make the Fluid in the·" 
upper part of. the tube aaunlly boil, wit"ut.that 
in the lower part of it appearing [0 the hand' to bit 
fenfibly warmed. But when the flame _ was dirotl'. 
cd againft the lower part of the tube, all the upper:. 
pans of it in contaft with the liquid, and efpeciallJ 
that fide of it which was uppermon as it lay in- an 
inclined pofition, where the afcending current was 
moil rapid, where it impinged. againfl: the glafs, 
were very Coon heated very hot. 

The motions in oppofite direEtions, in the liquid 
in the tube, were ext:eedingly rapidan this fudden 
application of a fhong Heat, and atfonlc:d a very 
entertaining fight :--but to a fcientitlc obferver they 
were much more than amufing. They detetl:ed· 
Nature, as it were, in the very afr, in one of her 
moft: hidden operations, and rendered motions vi
f1ble .jn the midft of an invifible medium whicn 
never had been feen before, and which moll: pro
bably had never _ b<~en fufpeCl:ed. 

Encouraged by this fucC'ef.~, and confirmed in 
my opinions r~fpeding the ,imereiling fua I h~d 
undertaken to inve!1:igate; I now proceeded with 
confidence to full m'ore direCl: an4 decifive E~, 
,iments, 
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;;. " ott"· an. opinion which, I believe, is generally 
I'tCteived among philofophers, that water cannot 
lie heated in contad: with ice: reflctl.ing on the 
fabjeCl:, I immediately perceived that either this. 
mull: be a mil1:ake, or aU my ideas Terpening the 
manner in which Heat is propagated in that Fluid 
mult be erroneous. J faw that :-t3 long as the ice 
Boats at the furface of water which is am::mpted to 
be warn*d over '3 fire, em in ~n}' otherw<lY,) the 
ice.cold water which refults from the melting of 
the ice, muil, according to my O\vn hypothefis, 
defcend, and fpreading over the boHolll of the coo
taining velfel" and, before it has time to be much 
heated, being in its turn forced to gi-/c place to 

. the ice-cold water, which, as lorig as any ice rc-
nlains, continues. to defcend in an uninterrupted 
{heam as long as this operation is going on, the 
mafs of the water cannot be much heated; but on 
the fuppofition that water is not a conauaor of 
Heat, 'according to the common acceptation cf that 
term, or that Hear cannot pafs in that Fluid except 
when it is (arried by its pa.rticle~, which, being put 
in motion by the change it occalions in their fpeci4 
fie gra\'iry, frnnjporfs it from place to place, it 
does not apjJear how icc, if inllead of being pet4 
mitted to /\vim on water, were confined at the 
bottom of it , or at any given difian('c below its fur .. 
{ace, could in any way affect the temperature of the 
faperincumbcnt water ~ or prevent its receiving Heat 
ftom other bodies. 
, \tv e!'e wrUer a conduaor of H eat, there is no 

doubt but that the influence of the prefenee of the 
ICe 



ice would ~, propagated; iu - the water ia5~Ldireca 
tions. 

The ' metals are aU condudors of Hc:ait.:. and; 
Profdfor PiCTET found, by an. ingenious and. ,do.! 
cifive Experiment·, that ill a bar of copperL.»,
inches in length, placed m.a vertical polition, Heat. 
paffed downwaris as well as upwards, and Dearly 
with the fame facility in both thefe direCl-ions; and 
if it can be- fhown that Heat cannot defcend in water, 
that alone will, I imagine, be thought quite fufficient 
to prove that water is not a conductor uf Heat. 

'Vhen we meditate profoundly on the nature 
of Fluidity, it feerns to me that we can perceive' 
fame faint lights which might lead' us to furpea 
that the carifj, and I may fay the very dfence qj 
jlu;dit.r, is that property which the particles of 
bodies acquire when they become fluid~ by which, 
aU farther interchange or communication of Heat 
among them is prevt:uted. But however this may 
be, the refult of the following Experiments will
certainly he confidered as afforJ.ing indifputable 
evidence of one important faCt, refpeB:ing the mana 
ncr in -which Heat is propagated in water. 

Experiment, No. 15. 

Into a cylindrical glafs jar 4.7 -inches in diame~ 
IU, and J 4 inches high, ] fitter! a circular cake of 
icc nearly as large as the internal diameter of the 
jar, and 3';' inches thick, weighing TO} oz • 

• Efrais ,Ie PhyfiqlU', lome t. Genhc 1790. 

This 
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'$:cake. of jce being ready, I now poured into 
(be: jar 6 lb. iT oz. Troy, of boiling.hot water, 
a,d putt#lg the ice gently into it, I found that it 
was entire:ly mehed in :2 minutes and 58 feconds. 

Having found by tnis Experiment how long the 
ice was in melting at the- furfa<:e of the hot water, 
I now endeavoured to find out whether it would 
not require a longer time to melt at the bottom 
of the water. 

ExperJmmt, No. 16. 

Into the fame jar which was ufed in the fore. 
going Experiment. 1 now p\lt a cake of ice of the 
fame form and dimen(lOns as that abore dercribed, 
but infi:ead of Jetting it [wim at the furface of the 
bot water, I failened it down on the bottom of the 
jar, and poured the water upon it. 

This cake of ice was fancned down in the jar 
by means of two flender and elaltic pieces of deal 
about";,, of an inch thick, and -l- of an inch wide, 
which being a trifle longer than the internal dia
Dleter of the jar, were of courfe a little bent when 
they were introduced into it in an horizontal po

' titian, and on being put down upon the ice, at 
right angles to each other, ferved to confine the 
ice, and prevent its rifing up to the fur face when 
the water was put into the jar upon it, 

To protea the ice while the boiling-hot water 
was pouring into the jar, it~ furface was covered 
w:ilh ,~ circular piece of fhong writing paper, which 
was afterwards removed as gently as poffible by 

mean, 
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mean. of . ,lhing which 'was faJlened ,to<lll('fide 
of it. j and to prevent the gtafs jar from · ~g 
cracked by the [udden application of the boitiag .. hot" 
water, I began by pouring a fmalt quantity"or·cold 
water into the jar ,-juft enough to fill up tlW:~ m.. 
terfiices, between the ice and the glafs, and to" 

cover the ice tB the height of about T of an inCb ; 
and in pouring the hot water into the jar, out 
of a large tea-kettle in which it had been boiled, 
I took care to direa the flrearn agaiJ;lU: die mid ... 
die of the circular piece of paper which covered 
the icc. 

The jar with the ice and the hot water in it being 
placed on a table near a window, I drew away as 
gently as poffiblc the paper which covered the .fur. 
fac~ of the ice, and prepared lnyfelf to obferve at 
my eafe the refuIt of this moil: interelling Expea 
rirncnt. 

A \'ery f~w moments were fufficient to thow ~ 
that my expecration with regard to it would' not be 
difappointed. In the form~r Experiment a fimilar 
cake of ice had been entirely melted in lefs than 
three minutes ; but in this, after more than twice that 
time had elapfed, the ice did not {how any apparent , 
figns of e~en beginning to melt. Its furface remained 
fmooth and {hiuing, and the water immediately 
iIl contaU with it appeared to be perfeCtly at reft, 
though the internal motions of the hot water al>ove 
ie, which was giving olf its heat to the fides of 
tnt jar and to the air, were very rapid, as I could 
diftinaJy per-ceive by means of fome earthy particles 

or 
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~ ,~et impurities which this water happened to 
cQ;ltain. 
:,',',}- eRmined the ice with a very good lens, but 
it"was a long time before! cOtJld perct:ive any figns 
of its melting. The edges of the cake remained 
iliarp, and the minute particles of dull, which by. 
degrees weJ:e precipitated" by the hot water as it 
grew colder, remained motionlefs as Coon as they 
touched the furflce of the ice. 

As the ~ot w<!ter had ocen brGught from the 
kitchen in a tea-kettle, it was not quite boiling hot 
when it was poured into the jar. .After j t had 
been in t~e jar one minute, I plunged a thermo
,meter into it, and found its t~mper;" :J rc to be at 
180°. 

After 12 minute'S had cbpfeJ, its Temperature at 
tile depth of olle inch under the fmface was 170" . 
.At the depth of fc\'cn inches, or ()n~" inch llbove 
the furface of the icc, it ' .... as at 169 l"~" ; while;lt only 
.~ of an inch lower, or ": abol'e file furiace of the 
ice, its temperature was 40". 

When '10 minutes had e1apfcd, t he H eat in the 
water at different depths was found to be as follows: 

lmmediately abon~ the furfaec of the ice 400 
At the diflancc of ~ an inch above it 46" 
At 1 inch fo 

At 3 inches 
At 7 inches 160 0 

When 35 millutes had clapf<::(l, 
follows: 

r h.;:: Heat was a8 

At the furfacc of the ice 
~ an inch abore it 

4°' 
76' 
I inch 



.' . , 

:. , " 

I incp.,a1$ovl! it , , "::-- ~. ~r?r 

~dnches. . . {tj ~~., 
3 inches 8° ,~, 
5 inches ~': l;4'~ 
7 inches ,t49~ . ,:£ 

At the end of one hour the Heat WiU 25 -foUowS;;r'~ 
At the furface of the ice .. 40., ~ 
I inch abo;e it , 80° .' '. z inches liS· ' 

• ! ' 

3 inches 1 i:i~., 
4 inches ;IJoii!: . 
7 inches - .. ,I 1310 

After I hour and J 5 minutes had el~p.red) lh~ 
Heat was found to be as follows: 

At the fUTface of the ice 
1 inch above it 
~ inches 

, , '_40'! 
.. 8~~ 

_106" 
3 inches 12-3° ... _ 

The Heat of the water had hitherto been. ta4en 
near the fide of the jar ;-in the two following~ 

trials it was meafured in th~ .middle or axis of, th; , 
jar. 

When 1 hour and 030 minutes (reckoning al
ways from lhe time when the boiling_hot water 
was poured into the jar) had elapfed, the Heat of 
the water i. the middle of the jar was found to be 
as follows: 

At the furface of the ice 
J inch above it 
2 inches 
3 inches 
7inche! 

VOL. U. , 

40" 
.84· 
1J5~ 

116-
J17-
Whe~ 



" {~ ho,Jrs bad ~Ja;>{ed,tl\<!'H'" in thentiddle 
,~ jar was fi?und to be, as, follows: . 0 

At the furface of the ice 40' 
J inch above it 76° 
:I 'indies 94° 
s-indiee" .. 106-
4 inches ' f08° 
6 ~es loBtO 

·.,.inchd ~ losr' 
'.N1 ~ bemg now put to the Experiment, the 

hot watei "'Was poured off {rolll the ice, and on 
wdghing ' that whK:h remained, it was found that 
S -oz. 6 gr3in~ 'TrCjy (== 2406 graim) of ice had 
bd:n melted. :'~'. . 
" Taking the nrean temperature of the water at 
the~nd of the . E.x~riment at J 06°, it appears 
that· the man of het·,~teT (which weighed 731 
ounces) was cookd-78' degrees, or from the tern· 
per.lture of 1840 to ' that of 106", during the Ex
periment. · Now, as it is kn.own that one ounce of 
ice abforbs jufl: at: much Heat in being changed to 
'Water as onc ounce of water lofes in being cooled 
'140 degrees, it Is evident that onc ounce of water 
which is cooled 78 degrees, gives off as much Heat 
as would be fufficient to melt ;ri of an ounce of 
~ce; confequenrly the 73 i ounces' of4'lbot water, 
which in this Experiment were coolen 78 degrees, 
'aChtally gave off as much Heat as would have been 
:ruffident" to have melted 71!X7 11 =40.~ ounces of 
:ice. ~ 
~~ · ·B~, the. quantity of ice aftually melted was 
9nlyQbtl\:!~ .~,· e ou.nees; and hence it appears thin 

, kji 
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kfs ,IMo ... -tightb PP'" 0/' tbtlu~' /# ?/~;.1!!",* 
was (onl"JrmicrzUd to t.b,- ' ju'; t~e rd1;;):~;it",. ~ 
oIf by the air. ' . , . .. ift;./·, ': 

As the fame quantity of hot ~~'· 1f1P. cPf!1!;'''' 
this Experiment, and in that, ~q. ;S"~'~':"~ 
media,tely preceded it, ~d as this wateJ;·~·."#?~ 
tained by the lame velfel,-(the gWs ior, ab!I*f 
defcribed,)-.it -,appears. tbat ice melts. mor~ t~ 
eighty limp flower at tbe bQuom of a.-~s f;I,f);iP9r 
jng-hot water, than 'Wheldt is fu1f~¢ ~(), ~~'~ 
its furface: For, as in .the ~xperiw:~}~'~~); 
lOi- oz. of ice were melted ijl ~ ~te5:. @d, ;&J 
feconds, 5 ounces at leaf!: murt have. ~ mc;l~ 
in I minute and 29 feconds; but in. tA~_ . ;~" 
periment No. 16, 2 hours or I 20 mipq~~ _. wClie 
employed in melting 5 OWlces. 

The ice however was n/:Cl;ed, thoug~ v~ ~t?WJf, 
at the bottom of the hot wa,ter; and that I;:.ir~ 
Itance alone would have been fuffiqexu:, ,\~ ~~ 
overturned my hypothdis refpecq?K thc;- ~r 
in which Heat is propagated in liquids, had Lw,t. 
foun.d means to account in a Catisfa&ry ~ 
for that faa, without being obliged to abandon my 
former opinions. 

In about half an hour .after the hot water had 
been potwed into the jar, in the Jait: ~~r~t, 
examining the furface of tbe ice I difcov~~ . ~p. 
appearance- which fix~d ,?Y attentio~ a,.;:td' ~_"#(~ 
all my curio{ity j l -perce.i.ved that the ic~ h~· ~ 
melted and dimiQiihed at its" furface, excepting .o~y 
where it ~d ~ covered, qt .as it w.ir::jha~lJ..~ 

. . s 2 :by 
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~:~',Bat sips of deal by which the cake of ice 
wa~faf1:ened · down' in its place. ' . 
~''')Iad the ice been proteCl:ed and prc"ented from 
;b'8ng melted by that piece of the wood only, which, 
being undermoft of the two, repofed immediately 
on the funace of the ice, IlhouU not perhaps have 
been much furprifed; but that part of the furface of 
the ice bejng likewife protected which was fituated 
jmmediately under the other piece of wood ,-that 
which" lying acrofs the under _piece, and refiing on 
it, did not ~outh the ice' any where except j'ffl at its 
edge,.-that·circumfiance attracred myattemion; and 
] could at firft fee no way of accountip.g for thefe 
appearances but by fuppofing that the ice had been 
melted bY'the calorific rOJl which had bei~n emitted 
by the hot water.; and [hat Ihofe parts of the ice 
which · had been jhadowed by the pieces of deal, 
receiving none of thefe rays, had of courfe not 
bee1> melted, 

I was {o much firuck with thefe appearances, that 
Jimmedi;ltdy made the fall~wing Experiments. with 
a view~mer~ly to the elucidation of this matter. 

,$KjJeri11Ullt, No. 17. . . 

Ipta ~ ,iyUri¥ic;al glafs jar, 6f ,inches in diam~. 
, t~r, and ' 8 in-~hes high, J put ~ circular cake of ice, 
, is:.Jarge' as cou,Id be ' made to enter the jar, and 
~ut 3 >,~ins~e~_ t.hick; and on the flat and ~ven 
rytfac~ ,p~~,~~,e j!=c I placed a, circular pla~ of th~ 
thhineJl.tiir I could procure. near 6! inches in dia-

meter, 



meter, or fufficiently larg~ juft ..to"cQ!# theJce. 
This plate of tin (which, to prciferve its ,torm, or 
keep ' it qui,te flat, was firengthened by"a: ~o~g 
wire, which 'went round it at 'its circumfe~ce) 
had a circular hole in its centre, juft two mch~:~ 
diameter, and it was firmly 'fixed down on _t~.c 
upper furface Of the cake of ice, by means of feve. 
ral thin wooden wedges which patfed between jts 
circumference and the fides of the jar. 

A fecond circular ' plate' of tin, with ,a cir<-ular 
hole in its centre two inches,in diameter, :ind in 
aU other refpe8:s exaaly like that already defcribe4, 
was now placed over the firft, and parallel to it, at 
the diftance of juft one inch, and like the fir~ wu 
firmly fixed in its place by wooden wedges. 

There perforated circular Plates being fixed in 
their places, the jar was placed in ,a room where 
:Yanrenheit's thermometer flood at 34"; and i~ 
cold water was poured into it till the w:il.ter jult: 
covered the upper plate; and then the jar w,u 
filled to within half an inch of its brim- with bOa
iog water: and being covered over with a board, 
was {uffered to remain quiet two hours. 

At the end of this time, the water, which WJ.I 

ftill warm, was poure~ off, and the circular p~e 
being removed, the ice was examined. ' '., 

'A circular excavation, jun as laTf;e ,,~ , the hO,ls 
in the tin:plate which ~pv~t'(dJ.he ice, (namely ~o 
inches in dianff;ter,) ~iHrc,b.JTtrJl.oQiiing , with it,--:, 
perfectly welt dtfi.-"led, and' ~4bO,4t~~,# an inch 
~p in the centre, bad been mat;Jitm ' t1i~,. ice. 

'3 . TbiI · 
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''nm .. wa;wbk, 1 ~a,d to !ina; but there 
~romething" m:ore) 'vI{bicn I did not expeC1, and 
·:.hkh, 'for f~me 'time~ 'I was quite at a lofs to 
-account Jor. Every part :ef tl:e {urface of the ice 
which had been covered by the tin plate, appeared 
to be perfett, leVel, and [moath, and thowed nb 
figns of "its mving ,been .melted or· diminifhcd, a
'cepting only"in one place, where a ·channel, abOut 
an inch wide, and a little more than T~'" of an inch 

·deep, which mowed evident marks of having been 
formed by a {!ream of warm water, led from the 

"excaYation jun:, mentioned, i!l the centre of the 
upper part of the cake of ice, to its c:ircuq1ference. 
As the edge, or vertical fide, of the cake of ice 
was' evidently worn away where this {tream paffed, 
there could be no doubt with refpell: to its dircc~ 
rion. "It certainly ran put 0/ the circular F.xc~va
tio~ ,in the midd.le of the ice; and. though it might 

-at tirft 'appear difficult to explain the faCt, and to 
Ihow -hoW 'this hot water could arrive at that place, 
:yet it 'was quite evident that the immediate caufe 

':of ; the~Dl0tion of this f1:ream of "water could be no 
other thfIl its 'fp'ecific gravity being greater than 

' tfiat of the refl'cjf the water ·· ar the fame depth: 
and' that tbis greater fpecific gravity was at the 
fame ti[Jl.e a£com:p:mied by a higner' de-gree or-Heat.. 

:'4 evident from: the deep channel ,which this fiream 
:,ptd: melt-ed ,.in the ke,while other parts of the 
.-tutface of -the ice'; -;:8.t the fame level, were 'not 
'melted ~ m.e iratt'~wl!i<"'re/led on it. To .Iuci
·date iat;;p.~i" .~iiid"~f"nowiDg EXpeiiinC!>': 

E,p'-



ExperiTTKnI, NQ~ 18. 

Thinking i, probable,'!>" if the circUIU .It''Q. 
varion in the ice, which anfwefed to the :.¢ir¢A,t~ 
hole in the middle of .the tin.plate whicb cbY~hd 
the ice, and alw, to that in the {econd pl;lte 'wbic,b. 
was placed an inch higher, had .been melted,by 
radiant Heal, (as it has improperly been call~~) 
or by the calorific rays from the hot water; th~ 
in -that cafe,_ as forne of thefe rays muft prohab~r 
have been refleCted downwards at the furface .. Q.f 
the water, in attempting to pars upwards into the 
air, [tbought that by prevent,jng this part of tb~m 
from reaciling the ice, which I endeavoured ilo .do 
by caufing tht;m to be abforbed by a light black. 
body, (a circular piece of deal board, cove,rs:dcnet 
with black filk, ) which J caufed to fwim' on the 
furface of the water, their effeCl:s .in melting ~h.e 
ice might perhaps be fenfibly diminiIbed. Had 
this r~liy been the cafe, it would ceJ1ainly hu~ 
afforded {hong grounds to fufpea that there raT' 
were in fad the caufe of the appearances in 'quef. 
tion; but on making the Experiment, with tb~ 
greateft carc, I could not ,perceive th,at the cover .. 
ing of the furface of the hot ;water ·with a p~ 
body produced any difference , whatev~J', '.in '~ipe 
refult of the Expenment as jt ,was '~;-'~e, 
(Exp.,,-iment No. 17,) or .when thisJ>I#kJlJ>~g 
was ·not" ufed.· ' ,' " .' 

,,,.Mrer 'fome lDfdl'atiDn pji;th. ,r.j,jOA, .i'·,99-
cu=d to .me that .thismehiilg .. "f t/loI:ice ,,,,,~ 

s 4 ~pPtr 
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uppef-furface could bc"acco..unted for, in a manner 
w~ch' appeared to me to be perfecUy fatisfa80ry j 
without fuppofing either that water is a conductor 
of Heat, or that the effetl. in quefrion was produced 
by calorific rays. 

Though it is -one of the, mon general laws of na· 
ture with which we are acquainted,othat all bodies, 
folids as well as fluids, arc condenfed by cold; 
yet, in regard to water, there appears to 'be a very 
remarkable exception to this law. WateT~ like 
all other . known bodies, is indeed conJenfed by 
cold at every degree of temperature which is con· 
fiderably higher .than that of freezing, but its 
condenfation, on parti~~ with Heat, does not go 
on till ,it is changed to ice; but when in cooling its 
temperature has reached [0 the 40th degree of 
Fahl'enhcies [cale, or eight degrees above freezing, 
it · ceafes to be farther condenfed; and on being 
cooled fiilJ farther, it aBually e:r:pnnds, and con
tinues to expand, as it goes on to lofe more of it$ 
Heat, till at taft it freezes; and at the moment 
when it becomes [olid, and even after it has be
come folid; it expands frill mo~e, on growing 
colder. This faCt, ,which is noticed by M. DE Luc, 
in his eXcellent treatife on the modifications of the 
atIl}ofphere, has fince been farther inveftigated and 
put beyond all doubt, hy. S~.R. CHAB.,LJ!S BLAGDEN • 

. See Philofophical TrtanfaClions, vol. Lxxviii . 
... ·Now, ·as "Water in "",con~a with melting ice, is 

31.~yS at tbe temperature of. 32°, it is evident that 
\vater at .that. temperature .muf!: be fpeci6ca11y 
ligllter t:hm.wate.r .. which is eight degrees warmer;· 

or 



"r at thetemper~tilre ;?I'40~j :"'Br~l'"If.\wd 
parceli of water at ,~ theiC ' tWo :tempe~\& 
contained in the fame :ve'ff'el;ihat ."hich,;~~1~ 
coldeft and lighteft '&lUft 'neeeffiitHy giy.e~Jt~~ttt? 
that which is wanner and heavier, .. 'an~;.'~ 
of the warmer ·water will deJcetzd ,in that'''''wliiCit4t 
~~ . -

In the two laft Ex~riments, as ·the eireulai.~ 
plate whith covered [he furfac,~f of ,.the :~d ~' 
to confine the thin theet of wiu:er ~.:whidt· ~'tIt~' 
tween ·the plate and the ice, as this' wat'~f\l:O&rd
not rife upwards, being hindered by ·~the plate;: 
and as it had no tendency to defeend',"'iris,prO! 
bable that it remained in its place; and :1,& it ,waI 
iu-cold, it was nnt capable of melting the ~ice '~:on 
which it repofed. /' " ,.:~'; : 

But as the dn"piare had a circular bole"i~~'~~ 
centre, the [urEace of the ice in that ptJrl·W2.1<4' 
courfe naked, and the ice-cold . water in ,cdnh.1t
with it being difplaced by the warmer indJl:eayici 
water from above~ an excavation, in the form .o"..i~ 
fhallow bafin, was formed in the ice by 1iia ~ 
feending ' warm current. 

The warm water contained in 
'80wed its banks as foon as 'h" bafil",.~1i! 

. formed; and i{fuing out" on 
pened to be the .loweD:, opened 
under the t~.phite to the·· edge of · 
which it was precipitat~ 'and fe·n· ,40] 
bottom of me jar_The water of 

wann, it foOD. formed for ~~~:::~~~i 
the ice. and. at th~.: cml of ,f: 



_~ ... """.,. ... h .... #r<""'.the bottom of 
_~J'''he>c_ it-took its rife. . _ 
;~f.l.'1B'- ~r of accouDtia.g for the appearances 
, .~ feemed ~ m.e. to1>e quite fatisfaClory .; 
_d. me ,more "] .~~~tated ort the fubjetl:, the more 
J wall:' -oonUrnu!4 . in my fufpicions that all liquids 
mult: neceff¥ily be perfeB non-condw{JorJ of Heal. 

On -lh:cfe" princ-iplcs I was now enabled to ac
~Dt fer ~e ,meking of the ice at the bottom of 
the !lot:vrater in the Experiment No. 16; as alfo 
for the Downer, with which that pracefs went on; 
-and enc.ouraged by this Cuccefs, J now proceeded 
~ C9Jlfidence"to plan and to execute flill more de
ci6:ve-Experiments; from .the rcfults vf which, I 
may ·"enture to fay it,-the important faas in quef
lion have be~n put beyond all poffibility of doubt. 
t,t{ 'w~tet: be in faa a petfea non-condue7or oj 
Heat,-that is to fay, if there be no communication 
whatroer of Heat between neighbouring particlci 
oT.'-7'1o/ecllie/<ofthat fluid, (\vhich is what I fur-pafe,) 
thco,-;nas Heat .cannot be propagated in it but only 
io::. QO,Afeq~ence of the motions occafioned in the 
:J;l,uid by the changes in the fpecific gravity of thofe 
~les. ,:which are occafioned by the change:!. of 
tHeir ',.perafur:e, it fellows that Heat cannot be 
~~tt.d. ,·(bwnw(lrdl· -in -M'ater, ,as long as that 

.6&Ua.~ to. be .conden-fed with cold; .and 
~jaati~?~'~' ih~t, .dirtitian.J (downwards,) that it 
~.I{.~qftJ after the water -has arrived at that 
j~~' Where it begin, to be e~p.ndc:d.by 
'~~~~:has ;been found Ito :be at about ,the 
,.j.;IQi~Qf"FabrCnhtit:' kale. 

Reafoning 



ltelOOnmg-"D "'here ' prbi.;P1ei, "'" W,,ji.ho' 
this remarkable concluftdD.; -nain'ely~' ''tbIt ''e.r.rtit' 
which is oniy eight tkgreei abfltlt .rib!' frctif:n.gV,pJ'nt" 
D! dt 'the 1emperaJure of 40°, '!l'tJl"/Je aflk ij~ '" 
"much ice in any gi'Uen tim!, WHlN -STANb~~";"') 
ITS SURFACE , as an CfJual vDlume.q wiJt;;' III '''; 
higher temperat';re, EV£N THOUGH IT WEIU' :B~ 

-:~ 
INO HOT. ..~. 

My p};)lofophical reader will' 'doubtlefs '\IiiiiIf 
that I muO: have had no fmall degr8e of confidem.~, 
in the opinion I had formed on this interkffiri.g 
fuhjt"Ct, to have had the courage to make, evtn"1hi 

pri'L'OIC, the Experiments whiCh were neceffary t9 
afccrrain that faEt, 

Experiment, No. 19-
Into a cylindrical glafs jar, 4.1 inch~ in ;a~#.:.. 

fer, and J 3.8 inches high, I put 43.87 cubic ihchd, 
or I lb. 1 IT oz. Troy, in weight, of water, 'aud 
placing the jar in a freezing m.ixture, compofelfgr 
pounded ice and common fea.falt, I caufed tb:: 
water to freeze into one compact mafs;· which ·31i. 
herct! firmly to the bottom and fides D,f the jar, 'and 
which formed a cylinder of ice juft three inches 
Iligh. - ,' • 

Had the bottom of the jar been quite fiat, ~ 
of ~eing raifed or vaulte~, the cylinder of ifC ~6~td 
have been no more than ·.~. 6 'l inches-1..1~gh: ', .. .•..• 

As foon as the water ilj. the jar wai cotnplet"elr 
'frozen, the' jar was _~emqve~ .fi:om . . t~:e "free1l!lg 
,mixture, .md pla~ed in a mixt}l~e FE. p91:1~d~)~e ' 
and pure w.ater, where it was'fu:tfered~ io '!re~~Jo 

fdur 



ijI 'fJ}' fhl ·Phfofali.. if ' Htat 

'~lioiin, ,·m Order thlt the cake of ice in the jar 
.... U t·_· . , 0 

'.sht be brotight to the temperarure of 32 . 
::' : The jar llill ~anding in , a /hallow' difh in the 
pounded ice "and water, the fu rface of which cold 
roixtut'e was juft.on,a level with the fur face of the 
ice in the' jar,. I covered the top of the cake of ice 
with a circula'r· piece d (h ong paper, and poured 
gently into . the jar 73! ' oz. T roy of boiling-hot 
wat.er, which filled it to the height of eight inches 
abdve the furface of the ice. (See Plate II.) 

I then removed very gently the circular piece 
of paper" which covered the furface of the ice; and 
after ,leaving the hot water in contaCl. with the ice 
a 'certain number of minutes, I poured it off, and 
~W'eighing immediatdy the jar, and the unmelted 
ice wruch rem~ll<:d in h,-I afcertained th '! quantity 
o/~(t 'Wb;(hbad bmt mellcd by the hot ,vater durinrr 
die time it had been fu.ff"c red to remain iu the jar. 
, This E xperiment 1 repeated four times the fame 
day, ( 16th Marc!l I 79i,) vary ing at each repc
.tition of it the tim!! the water was permitted to 
'rem3..in ' on the ice. The refults of thefe Experi
:men,t s"~re as follows; 

, , ; " , ' 

't" jTim..: th ..: T~tllper~lnro:! Temper.ltur~ I, 1 
" c : f hot wI. of the hotl of the wal ('T . ''1umrw:r 0 _ • ('\ uanfll\' 
, he E , tCl tc· waitt whr.-n I 10th bd('lw Ix::.f · . 
' .. ,(pc. ,aurincd it"'UPOUT. iI1rurf;,.~ at 0 t~ 
nmcD . OD t~e cd on the tb .. end of thc ' me t . ' 

~.: i~e: icc. ExpcrillJ~n t • 
, . 

i .... ,M inl>fft. Crainl . 
. :No. 19 , 1 86~ Not obftn'ed J6p 
"" NGOJso , , . II 185. Not ub[cnro 1S:z4 
, NQ .. il ', , ~ '1$ .. nt .. " 1 70~ ' 751 , ~; l9'o.,h 60 186' 1 4.0~ -' 5].1 From 



.. .. ~~ 
From i.be ,efu1't. <>!;'t~ ~!Pe:jlit'1fi,~; 

pla~n that a v~ry e.O!l~~~D1e ·'~~~J). :~~~~ 
which was melted, was melted m file, v.PY~. 
ning of the Experiments," 'or ' wlule' tbe n&t;W,aicr 
was aB:ually putiring into the ta.T i ~hkl(d~~~ 
commonly Jailed about.one ,mmute: ~!nnbe lr:r~ 
gularities in th6: refults of the E;;perlmenu, all!! 
particularly of the three firlt, thawed eV:ide#~i 
that the .quantity of ice IpeIJ~ ,..i.Q that o~ 
tion was different in different ExPeTI,ments. "IJ{a"",, 
inde~d forereen th~t this w'ou1d be the car~ .; '·art4: 
on that accollnt it was that 1 covered the' turf~ 
of the ice with a circular pie<:e of {hong. pa~; , 
and always took care to pour the water'very gently 
into the jar: but I found that all thefe pr~url~ 
were not fuffidcnt to prevent very confiderabJe, 
anomalies in the refults of the Experiroep.h; ~ 
as ] found rcafon t~' fu~~ that 'the m~i?n in, t~' 
mafs of the hOl wate!',: .' whic,h was unavoidably OC~ . 
cafioned by removing' 'the 'circular piece of papa., 
which covered the ice" w'u the principal caufe 'of . " ~ 

, thefe inaccuracies, I hall !recourf~ , to another;. and,· 
a better contrivance. , , '" 

Having procured a Hat, fhallow: dith.'" of light 
wood, half an inch deep, 4! incpes in diamerer,; 
(or fomething le[s than the' ipternal diam~ter?f t~ 
jar,)-and about i of an inch thick at" its .~ 
1 bored a great number of,very [mall holes 'thro. 
iu bottom, which gave it ,the . appear.auce ,;~,· V; 

Ucve. This' perforated wooden , dith, 'havi.ng , beeD 
previoufly made ice.-c;;/d, was p.I,ace4 \o~· .th~ f~rface 
of the h:e in the jar; and the 'hot water beipa 

--'''' P:~! 



-: .~ -. ' ¥'Ub""'1!iflt, th"'9gjl a long wooden 
,_ ' .. ",;'#-u:'1hD ~~ ,dHh Eoattd and remained 

' ~ '. ~' ," )r' it; #J~ furh¢e of the water, and iiS the 
water paffing througl;ducb a great number (many 
hundreds) of 'fmall holes, was -not 'projeEl:ed down
wards w.ith force, it is evident that by this fimple 
contrivance tliofe violent motion~ in the mafs of 
•• ter iI,1 the jar, wl;!.ich ~efore took place when 
the hot Water was poured into tne ice, aJ),d when the 
paper wbich covered the ice was removed, werC', 
in a great "meafure,· prevented. 

In ' order that the water which was poured 
througb the wooden tube (t~e bore of which was 
'about"half an inch in diameter) might not impinge 
perpendicularly and with fo~ce againfl the bottom 
.of th~ diJh, the lower end of the: tube was, dared 
. by: a fit cork-fiopple, and the water war. made [0 

, ifi"ue horizontally through a number ot JmaU holes 
in tb~ fides of this tube, at its lower end. 

h foon as the operation of pouring the hot 
~ 'into the jar was finifued, the perforated dilh 
-.as tarefully reriloved, and the jar was covered 
';nth a cirtular wooden cover, from the centre of 
·which a fmall mercurial thermometer was fuf. 
~d. 
" The etfeas produced. by this new arrangement of 
~e' ~c~en Will appear by comparing the refu1t .. 
Cf 'tbe t:Wo £ollQWinS Experiments with thofe jun. 
m<ntiooed. 



In order [till more efeau'any to pr<,.~.i 

accuraciet arifmg from · the ,:.~:~~~;~;~~. mafs of hot "wate;"which wer~ 
ing the warer into the jar, (and 

fail to affect, more or lees, the r~(~~~~~: 
periment,) I had recouife to ~he· 
trivance. 

I filled a fmall phi.l containing 8! c~b"i.'~ 
with ice-cold water, and then emptyi,ng-'~YphbI 
in. th~ jar, I covered the fu~~€ .?f ·.'t~~Jc{ ~ 
this Icc·cold water to the hCl,ht Of }'~,~,~r.:. 
inch. 

On the furface of thls ice..(;old water~ -iii!\.ei'f';c}f 
that of the ice, 1 now. placed the .perfon.ied~w~· 
difh previoufly made ice-cold, and poufea~~. 
water upon it. 

The refults of the ' followi~g' E,peri~tJ ;~ 
that this conttivance tended much. to diintlilll{ tft. 
apparent irregularities of tile E~ri~~~.:(":. :~~r · 

The air of the room in which .. ~§f~-~ 
Wf'TP made was of the tiuipetaturc of .L 



•• r."h·of ttl,efe laft three Experiments; 
,":e , c~lt with a very confiderable 
d~iree.~f.,~inty how much ice was melted in 
1~:pl1 ofHJ.lrinl the water into the jar, and con· 
reque~ry ' the .rate at which it was mehd in the 
or9.i.q;ary-90urfe of the Experiment j-fuppofing 
~t,l2h'iu'antities to be melted in equal times. 
{.,As :4n ·, ~~- 27th Experiment 3200 grains were 
~Ued_;in '180 .minutes, and in (he 25th Expt:
ru.:.enti sSo..,grains were melted in J 0 minutes, 
~ rq.ay • .Jafely conclude that the fame quantity 

. ~:. ~:pe-\ be¢n melted in the fame time (10 
~~), .. 1D., tlie. 2:7th Experiment; if, therefore, 
~:. J20a grains,:--the quantity melted in 180 
m!P~!~~~,thU laft Experiment,-we dedufl: 580 
&J1:1Q~ . .r.~·:_~e. q~~tity ~c1ted during .t.he firO: 10 

mlnu'~i; ,th~tF. ~¥J TC:~ 26.10 grams for the 
_~~ in.".~ , (ucc~ding 17 0 minutes, 
.Vi- ijl)if\l9ti9n~:: ~f=~~.~ed in the wat~r on irs 
IW:g,pou-.·qito the' jar having fubfided, we may 
f~ie,;the r.z:o~~lh?f ,meltina: the ice to have gone , 
•• "ff8'#W,Iy~ ..... ' ; . 
. " B\;f'if in."w,e, regular couTfe of the Experiment, 
rUb 'mOre than 2620 grams wer'c melted in 170 

6 minutt"i, 



· minutes, it il ~.,'Hiat:1t'ir::· more tbatn;J4'gruna 
could hue ~" filel~' in., :tb'.·~Ohiinarr~~.urfe 9f 
the procefa in 10 mmutel 'l 'far 17.o .'minuti!l..:' :I~2d 
grains: : J 0 ~inutes: .1 S;f~xrailm-lf, thercfor~ 

from 580 grairis, the quantity of ice aCluaU,i.rnelr:: 
ed in 10 minutes ,in the 2$th Es:periment, 'we 'de: 
duB: 1 S4 grain~ there remains 4~6 for the qu:an~ 
thy melted in pouring the water into the jar. 
_ 'Let us .~e now how far t~is agrees with the re,':' 
{nIt of the 26th Experiment. In this Experiment 
914 grains of ice were melted in 30 'minutes, 
If from this quantity we deduCl: 426 grain., th~ 
quantity which according to the foregoing com .. 
putation mull: have been melted in pouring tIM h()t 

water into the jar, there will remain 478 -grains 
for the quantity melted in the ordinary coune 
of the procefs in 30 minutes; which giv~ 159 
graim for the quantity melted in 10 minutet I 
which differs very Iitde from the refult of the 
foregoing computation, by- which it appeared to 
be=I54 grains. This difference however, fmaD 
as it is, is fufficient to prove an important faa. 
namely, that the eJfeas pToddced by the motion 
into which the hot. water. had been. thrown d1 
being poured iD~.~·'"jar had not ceafed entirely 
in 10 minutesj ' o%'~irlfen an' 'efld Was put to the' :sth 
Experiment. We rheill therefore come neater' the! 
truth~ if, in OUT endeavours to clifci>verctlit qUaiirlry
of ice ~melted in . any given. time .. ii,.. the Ofdina1j 
courfe .of the Experiments, ' we found our com .. 
putation on ·the ' tefults of the two Esperimenti 
N,?; 26 and No~' ~7: 

VOL, U. T 



.. ~.iMli"IIiiI·r1lt4t 
"M.J.t .. '_,.~ 3000 8"1i .. 
!olrD ' Were_ meltc<tf:ia' ,.8<>, ....... aDd, iathe 
~ 91,4~ra.ias w.' ~ ia 30 Runutee. 1£, 
llterefoR, "Iron.. 3sae'tnins, the quantity melted 
in .8 ... min • ...,'we -tob tbt qaantity melted in 
tbe fiiIl: 30 ;tllintcS,=9I4 gtaiBa, theFe will re~ 
main .. 86 sralos, for .h~, ~_titj< mlked in the 
fucceeding 150 utinutC!. 5Uld thill gives 15 t grains 
for Ike qundtPllelted ill '0 minutel. By the 
for..Ilet COIJlpliitabOB it t.me€! Ollt to be 154 
gn.io.I~ • 
, .But if·" S2 graiftl of ice is the quUltity melted 
in (0 lnimst~ in the ordinary coone of the 
proce£s, three times ' tbat quantity, or 456 grains 
~y, -could have been melted in tbiJ lRo'mer in the 
;!o . O»nutetl during which tbe- 26th Experiment 
1aJl.ed.; and deduCling this quantity from 9'4 
(f'Iins, the quantity aflnaHy melted in that Expe
JimeM, the retllainder, 458 grains, lbows bow 
'much,.JDU1i, haVe been melted in the pouring the 
hot water Oft · the ice, or in con.fequcnce of the 

"~1Ll into who tbe water was thrown in the 
.porfonnance of that operation. By the p<eced. 
' 1Iog -~t";o. Iilio quanlity , •• ned out to be 
~~. .- -" 
. F_ .~ . refook qf ,tllefc: ~tati\>n' 1 think 

"'~ ruy Weir «>Ddud&.tJo,;t-'li W, Q<dinuy courfe 
.t u.. '~" ...,. ·tIIOIO tIIa\i:.IS' grain. of 
, __ aeI",," '"me lI« ....... ilI (0 oUnUlq. 

'.:,. I QlolI n".. pro<:eed to give aa IlA!CQl!Ilt of ""'.nol 
ExpoI ..... tt it .hO:h the _ <lPploJtd~ IIlOIt 
the .... ,_ala~6'-r~, 



·1<l'i"· . ' 
II .... '" mJI.' '" iuII cp!anrity.QN •• ·~ 

"""';oed,uDm<ltcd, ill ob< ....... of tlao,,;u. 1 put 
a frelli quantity of 'water ~to it, ~ ~ 
jar in a freezing mixtU:re. cawed this wata"., wbKh 
filled the jar to tbe keight of four inches. to '~ 
' into one folid. mali,of ice. I then placed the..j!l< 
in a thillOW' ea;cthen dllh, and. furrounded it to '. 
height of the level of the top of the ice witb"a 
mixture of (now and water (fee Plate II.);, UKf: 
placing it in a.. ream in . which there had heeD no 
fire made for many months, and in whicb. _ 
temperature of the air was at 41°, I let.-it remim ' 
quiet two hours, in order that the ice might acquira 
the temperature of 32°. 

Thi. being done, I took the jar out of the 
earthen dilh, and wiping the outflde of it dry wi,h 
• cold napkin, I weigbed 'he jar wi,h the ioe ill it 
very exaCUYJ and then replaced it in the ean.bea 
difh, and furrounded it as before with fQow cd 
water, to the height of the level of the fwface of 
the ice. 

I then poured73l ounc .. Troy (= '5 •• 60 groiDI) 
of water, at tbe temperature 'of 4J·, into the jar, 
which covered the ice to, the fame height to which 
it had been covered in the fonnu Experimenu,
..... ely. '0 abo.,·S ,indies; IIIld fulfering 'it .0 
ftand on the ice a cenam number of minur... • .J 
then poured ' it off, and. wipU>g the oudicle <Ii !be 
jar, weighed it, in_order ,to: afcerWa ,how,awah 
ice had been mcIt.ed. 

In putting this cold ,water into the jar" die flaM 
precautin"",,,,,,,,qt04, (by pourialg it darougb itIo 

T :l woodeD. 



.. ~ ~lict. l'rIJSl~ .. ,tf RI.t 

·lt~b\. mtQ tkpqfoT*cl~en dilb, be.' 
-'~r~ .pted when the Experiment was made with 
Qp"'lIP~. "ateT. 
:; .. ,The following Table iliowl the refults of rue 
~perimeDts made the fame -day, (the 19th March 
1797) in the order in which they are numbered, 
and ;which ,were -all made with the lItmaet care: 

, 
'temperature of the I I .. : ~ ''III,'lter in the iar 

Nult}ber I inch below Itl TC'mpe. Time tho:: . I 

. .of the furface, ~antJtr 

l:;~. TatUn! of wa.ter re· of ice 
------ - the air. mamed on It d 

ment. /'ft the bt: At the the icc. me c • 

.. ~~ning.;J end of 
the Exp. the Exp. 

-' 
Mjnut~J. Crainl. 

No. 28 4" 40' 4" '0 ' ° 3 
.No.29 4'" 40" 4" 10 "0 
No. 30. , 4J~ 40 ' 4" ' 0 '37 
No. 31 4" 4°' 4" '" ,,' 
No.):i: ' .p . 3" 4" I ,0 I G'LJ 
No.33~I Q i.' i" to ____ $~S ' 

"The- ~grecment in the refults of thefe !:xperi. 
~ is .not much lefs .extraordinary ~han the fur
Plj{ing ~a . which is proved by them,-nameiy. 
~hat boiling-hot water does not Jt~aw more ice in 
~ given time whm fiandmg·.(juietly on its fltrfact 
tban. ~ater at the - temperatj,lte of. 41°-or nine 
degrees only above ~he. point of free:ting ! 
,~~',1'be,e. ~ ,don to condude.tbat it doei not even 
~. f& mudl. ~-and this fr·ill more remarkable 
~nance . may, I think, be accounted for ,in a 
f~ilfaA.ory manner" on. the fuppofition (~'hich, . 
bowev~ ~ I.iin~g~e win nO" longer be confidered u 

6 a bare 



Ahare fuppafition) !hot ·~· it a noli-cilildU&.' 
of-Heat; 

It appeared from the refuks of the ·E~Ii' 
made with hot water, that the quautity of iCe, i6elt"l'~ 
~d in 10 minutes in the ordinary ·courfe <o{ ' tbat~ 
procefs amounted (0 no more than-J 5'1 graint i..:...? 
but in thefe Axperiments with cold water, ; .... '; 
quantity melted in that time was never lefi tbaDl., 
203 grains, and taking the mean of four" Experj.. , 
~ments, it amounted (0 222. grains. '.'. ,·.' _~ ik 

There is one circumftance, however, refpedin~
thefe Experiment! with cold water, which it is n~.t. 

celTary to inveftigate before their fefults can ' bC~ 
admitted as complete proof in the imponant cafe' 
in queftion. 

In the Experiments which w~ made with 'itdif 
water, it was found that 3 confiderable part 'of 'i~ 
ice which was melted, was melted- in confequent:e· 
of the motions into which the water' was thrown 
upon being poured into the jar, and that the effea~ 
of thefe motions continued to be feufible for a: 
longer time than -mofl. of thefe Experiments .,nth: 
cold water lalled: Is it not poffible tnat the refuha 
of thefe Experiments with cold water: ,'may- alfo' 
have, been atfeCled by the fame cau[e ? . Thil -i. what·, 
1.&a11 endeavour to find .out . . . ', 10"' . .. . ..: . : .. ; 

In lhe 32d Experi.ment 617 grains o( ice -wlWe' 
melted in 30 minuteil, and in the 33d Expertmenf 
585 grains were melted in the fame 'time; .... 
taking the mean of ·there two Experirrrent8 it .~' 

pears thin 601 · grains were inelta! in · :3o~ntife~~.< 
1£ now from tHiS quantity we deduCt that whicb·i 

T 3 acco~din" 



_Of ih< P'1hlll'!io!otf II .. , 

~ ", .IM _W-.ItJ>fp.. IOur ,precd, 
~Experiments, muft have -been melted , ill JO 

.ient~ ~ely', 21_2 gaias,.there will remain.. 3"79 
gnins for ,he .quaru!t1 mel1ed in the laIl: '0 mi. 
utei -in thefe two Ex~imcn14; confcquently, 
half _ quantity, 'Of JB9i grai.u,_ is what muft: 
hive been melted. lo .minuteli iG. the .ordinary 
ooune ·of. the procdS. 

_ .. thi. ~·uantity. (t89! grain.,) ,hough leI. 
than what was aCi:nally mehed in the Experiments 
whichWled only 10 minu",., is flill confiderably 
gteater than 152 grains, the quntity which was 
foUd to have bun melted in t,he fame time in 
oil. ordlaary courfe of ,he proccfs in thofe Expo • 
. rime:nts in which hot water was ufed; confe
qwr.tl~ the great qudlion, for the Gecifion of which 
thek ,Experiments were contrived, iJ,-I believe I 
ma-y .venture to far,-decided. 
, Bqt, however c"nc1ufive the refult of thefe Ex_ 

periments r.ppearcd to me to be, I felt ' myfdf too 

~uch interelted in the fubjea to reft my inquiries 
hero. 
" Having foUlld, .. well f,Om the refults of 'he 
~imenu made with cald water as from thofe 
~ with hot water, tha[ a confiderablc quantity 
of ice wa.s melted in the, aCt of poUMg the water 
Uno "the jar,' and in .oonfequence of thore undulakJry 
~N uno wbich tile water ¥1M thrown in that 
~n, .,otwithfr,a:nding all' the pains I h~d takon 
~~i~ni(h thofe.motioDS and prevent their eifefu, : 
l.i!/!",,<l!>ubled "'Y precaution> in .guarding a,gainA 
thj)ji! """ceo, of error and WlC~. 

Before 



Before! 'p.;oMl' ,*~~o 1he jtr°':ili!>l.elf' 
the fumee ofih't"ice 'n; tlil'1teight M~~br1ils 
inch with ice..c-otd Wa!et, add ·thisfJdUl\....rWitet' 
at 'tile temperature of 419 -'ftf"8ld(tr~ .. ;fit 

,thofe Experiments in ,mitlt btilSngilit!i '1iill~ 
employed. In therormet EXpOrjttli:ht.l h2ct~' 
the furface of "the ice ' with ite.cold water-onlf. 
thore Experiments in which hot water :wu '~ 

.ond even·in thofe I .red only half as mudt-'tw, 
cold water as J now employed.for that pnrpOfe¥" ;1~" 

I a1fo now -poured the 'Water into th.e jtr' '~ 
(maIler fiream, employing no 1efs than " ihree(~ 
nutes in filling it up to the height of eight indi"ti'. 
above the furfAce of the 'ic-e; and 1 endeaV'i:1u'red 
to afcertain how far the refults of the Experiittetits 
were influenced by the temperature of the zl;/-2l'I4 
alfo by wrapping up the jar in warm covering; ;· '~" 

The fame jar was ufed in 'all the Experifn~~ 
and it was always placed in thc' fame eanhen "cllih, 
and furrounded, to the level of the top of"The ic~ 
with melting fnow. This jar is very regular in ~ 
form, being very nearly a perfett cylinder, an&is 
on that account peculiarly well calculated for : the 
ure for which I {elefied it. ,., 

In each of the three firll: E:l:peririlents, whidi 
are entered in the following Table, the jar was we11 
covered up with a very warm "coVering of cotton 
wool. This covering (which " was above"" an: ~h 
thick) reached from the furface of tbe "ine!jiig 
fnow in which the_jar {lood, quite to th:ei~ ~Lhe 
j~r. The mouth ol the jar :was fiT{\: covered witli 
a round wooden covel', (from the centre of w~" 

T4 th~ 
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tb~er, th~ b~b of which nached one inch 
~:Ihe f",me of the water, w:u.,fufpended) and 
bQ.<,tb~ ~p. 'of t,his wo04~n cover there was put a 
c:iUck cove~g pf cotton. . > 

" . ~n ~11 the p::per~eIUs in the follo~ing Taplc. 
p'ccp~ ~he duee firIt, the jar wal: expofed naked to 
the air, eX,cept the lo~er part c..f ~, which, as I 
have ~~~dy- mote than once obferved, was al.ways 
4;.overed, ~s pigh as ~he i~e in the jar reac .. hed, with 
melting Jnow, or with pO\lnded ice anJ wat~r. ' 

In' the two Expcrimen~s No. 37 and No. 38, 
whiC)J, aTe marked with afierifks, the fut-face of the 
iFc : ~a~ '~oyered ,yith ice.c~ld w~ter to the d~prh 
of 0.478 at an inch only ;-in aU the ot.her Expe.o: 

. riments it was covered to · the depth of 0'956 of an incb. .. . 



The refuhs of the.fe Experiments afford matter for 
much curiuus. fpeculation, but I fhall content myfe1f 
for the prefent with making only two or three obfer .. 
vations refpeCling them. And in the fid\: place, · it 
is remarkable, that although in the Expe~~~, 
No. 34 and No. 35, of 30 minu~es each, confider
ably lefs ice was melted than in that No. 26, which 
lafted the fame time; yet, in tIl4t Nq, 36, of 18q 
minutes, more was melted than in that No. 27, of 
the fame duration. This difference in the two 
iaft-mentioned Experi~ents will be accounted for 
hereafter. 

With regard to the difference in the reful,ts of 
the Experiments d 30 minutes, _there is no doubt 
'puc that it afOre from the preca'J.uons which ba~ 

b .... · 
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b_ '~en in this -Ian ret of';E.-,;pcriments to pre~ 
.• " ihe effeCt of tbe violent lmooons into which 
"abe hot wat:er was thrown , in -being poured into the 
jar. tha:t lefs ice was melted in the Experiments 
No. 34 and No. 1S, than in mal No. 26. 

SaoluJ/y, It appears t.hat more ice was melted ill 
the fame time, in the Experiments ilf'which the jar 
Wai c6vered up with warm covering, than in thofe 
in which it was left naked and expofed to the air # 

of the room. 
The difference is even confider.cl.blc. The quan. 

tit, mehed in 30 minutes when the jar was covere<l, 
at a mean of two Experiments, (No. 34 and 
No. 35,) was 690t grains ;-but when the jar was 
naked, the quantity at a mean of three Experiments 
(No. 39, No. 40, and No. 41) was oaly 558~. 
grains. 

#f"hirdlyt The quantity of ice melted under fimilar 
circunillances,-that is to fay, when the jar was 
naked,-was fenfibly greater when the water was 
at the temperature of about 41", than when it was 
nearly boiling hot. In the Experiment No. 41, 
WIt"en the water which was poured on the ice was at 
thC;'temperature of 190 deg. 542 grains only of ice 
wefe melted in 30 minutes; whereas, in the next 
Experiment, (Nb. 42,) when the water was at 41°, 
or 149 degrees colder, 573 grains were melted in 
toe fame timc. ' . 
;.; .Finding t1'!-at coverinz up the jar with a thick and 
~.fm covcring of cotton caufed more icc to be 
Il'lelted by the hot water, I was curious to fec what 
~eas · would be produced by keeping the jar 

plunged 
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plunged quit • .. II in '""" in' 1l ,ml:r.tu. !'ftitO'il, 
and water, inJIeod of Jllm!ly furroundiiJg 'dial)art 
of it whlcb ..... oc:cupied'.bythe cake of,~\>y, 1hia 
cold mixture. 

I WaJ likewire defirous of finding out,~ if 
poffible at the fame time,-wbether water/ it';" 
temperature -:;:,metbing abo)'e that at )Vhich :# 
Fluid ceafes to be condenfed with cold, "ould." 
melt mere lee in any given time than an' _~ 
quantity of that Fluid, either colder or much hondo. 
The refult of the 43d Experiment had lheWD~~e, 
-what indeed a very funple computation woU:w 
have pointed out,-namely, that w~en the tem.peo. 
rature of the water i& but a few degrees above the.. 
point of freezing, if its quantity or depth -il DOl 
very conlidcrable, it will foon be fo much cooled 
as very fenfibly to retard the procCfS of melting the 
ice: and with refpelt to hot water, tne increafed 
quantity of ice which was melted by it when:th. 
jar was covered up with a warm cnvering, ~ 
vinced me that the real caufe y.rhich prevented the. 
hot water from melting as much ice as the "<#4 
water in my Experiments, W1.S the embarraffn:lli!!iltl. 
in the procers of melting the ice, which weq 

occafioned by the defcending currentl funned '. 
the hot water on its being cooled by the . air at.~ ~ 
{urEace, and by the ewes of the jar. 

Thefe defcending currents meeting in the. re.. 
gion of the conftant temperature of 40. with thpfe 
cold currents which afcended from the furEate Of 

. the ice, it feems v~ry probable that the afc~ding. 
cul't'Cll!!!>. 
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I=:',:~ on the motion of wlu\:h. the melting of ice 
dqieDdt, ' ",ere checb:d ,hy-this'-cdllHion. 
~·~~13y~retlrding the cooJing 'of the hot watet above, 
&i ~rapping up the jar in a warm covering, the 
'-:cfocity of the defcending currents was -of courfe 

'diminifhed j but whel1 this was done, the refulrs of 
the.EJ.:.perimcnt {howed that the mclt1'bg of the ice 
was accelerated. 

\Vlien the jar being naked, the cooling of the 
hot -water, and confequcntly the motions of the 
defcending currents, were rapid, no more than 
about- 542 gr~ins, or at maft 575 grains, were 
melted ' in 30 minutes j but when the jar was 
.covered with it. warm covering, 634 grains, and in 
~,'E.xperiment (that No. 35) 747 grains, were 
'-ehed in the fame time. 

As plunging the jOlT into it 'cold mixture of fnow 
and water could not fail to accelerate the COOling of 
tIle hot water in the jar, and confequently to 
indeafe the rapidity of the defcending currents in 
it;onght not this to embarrafs, in an extraordinary 
.degree, the afc~nding currents of ice-cold water 
from the furface of the ice, :md to Jiminilh the 
quantity of ice melted ?-This is what the follow
ing Experiments, compared with the -refults of 
thofe ~o; 39, !'iJO.40, 2nd No. 41, will fhow. 
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TtmjXTa~u:r~ .(If .thl rrID n.t-nrc: ~ "1. 

wateT In the jar f tt: ld~. . 
Number 1 inch below itl' o . (CO, iL"ime.ta.! ' d f • . f mll,ture: In oQuUb.tl 
of tnI.'. fur ace, whicb the water re- ' -bt ice' 
Expcn. I" k ma.ino:!d on-:.:3o..-1 

", mellt. Tn the be- At tbe lair ~a~~ ep th.e icc: ~' 
glnnmg 0 en 0 b . ..' ,-)..,.' 

I 
' , d f /lung ..... to - ':. 

,he Ex!\. the Exp. Its nm. ..;,:.:j;;'::';'" 

1
--- Minutes. GIIi~;" 
No. 45 ; ISS" f'sn 3%0 30 L.~. ' 

I No. -46 186' 6 7~ 31 ~ 30 . 4#' , 
'\ No. 41 1 89~ 6g~ 3z" 30 ~+3i ); 

NO·4': I " 8"~~ 6
6
Z: 3

3
!: 30 3~~,r No. +9 <, 30 _~ 

i 
I 

~ .. ntity of icc melted in thefe 5 Experimenta, ,1991,1> 

11I'Ican qU<l.rltity melted by hot water whtn the jar WIS Guins. ' 
I kept plunged to its brim ill melting icc and water, .599; 
;M c:1.Il quantit)· melted by Iwt water in 10 mimltn , in 

I 
tbe two Experiments, No. 16 and No. 27. when the 
part of the jar occupj~tl by .h~ Wa.UT was furrounded 
by air, at the tlmperalurt" of 41 '" - - 4W 

'Mean q l.lllutity melte<! by r.ot water in 30 minutes, in 
j tllc three Expcrimnlts, No, 39, No. 40, and NO.4-I, 
I when the part of the jar occupied Ly the waler WilS 
\ furroundc? by :\ir, ill the t<:mperatur:e of 61 °.' : 
'Mean quantIty mdtcd hy hot w;oter In 30 mmutn, 10 

the two Experil[lcnts, No. 34 aml No. 35, wht n the • '1 
part of the jar uccupicd by die watcr was kept t:O\'<!r~d . 
up bya thick aud warm cov'~ri:,g of cotton, - 690~ 

i - " - -"-,-- - -+"-"--" -----.- - .- - ----

As aU th<: Experiments were made in ~he fame 
manner, and with equal care, and differed oDly ,in 
refpeB: to the manner in which the outride of-the 
jar. above the furface of the ice in it, was covered, 
their rcfults {how tbe efllCts produced by thofe 
diff"reDC'es. 

I Ihoul~ 
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:W.~erh~ bave .f~aed fhat the groate!' 

- of.lee wfuch was mdtcid when the heat of 
~Ji Jbter in tbe J.ar --was confined for the lorigeR: 
I: 'ti~ betn oCcafioned, at l~ in part, by the 
.:' eat communicated 40wnwanis by the medium of 
the gIafs; but 'that ~i." ~ould nof have been the 
cafe wa! eviden~; not only from V-le manner in 
which the . ice was always found to have been 
mdled, but alfo from the refuIrs of fimi!ar Expe
riments made with much colder water. 

,- Had;t been melted by Heat communicated by 
~e ,glafs, it would undoubtedly hayc been moll 
molt~ in thofe parts of its [urface where it was in 
cantaa with the glafs, but this I never once found 
to be the cafe • 

. The refults of the, following Experiments will 
lhow,-what indeed might cafily .have been fore
feen,-that: the temperature of the medium by 
which , the ·upper part of the jar was furrounded 

~does not always affeft the refult of the Experiment 
in the faml! degree,-nor even always in the lame, 
1Mnnlr?;-in different Experimenu in which the 
tempepiLture of the water in the jar is very 
diJf'erent. 

1'0 facilitate the comparifon of thefe Experi
meDhs and that of tbe foregoing, which are 
IlmiIv to them, IlhaU her. place d,em together. 
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. . 
Ttmperatu~ , or the: Tem~ .'",c·' . '" , , 
'watn- i .. tht jar' 

"""'" tho nm~thf" 
, 

Nurnb!er 1 inch Hlow it. II1tiiiuna by 

~ or ... furfac~. . which the ' watCT ... '! -~lty Jllajaea ~ E:'(peri. " :r .... P'" ... <hi : . . .. . 
ment. lIn the be- At tbl!' o tbe JAr icc . .. , 

" ~"ning 0 elld of tht 1'ItIl1 fur- ' ,:.,. tE:lp. EKp. rounded. 
• --

Grains. 

I 
14._ 

No. ; 0 ", 36" 3" ,0 r~ 
No. 37 " , 3" ,,' 3° 59' 
No. 42 4" 43' 6,' go J'7,6,; 

It is certainly very remarkable indeed that t~ 
much more ice fhould be melted by water at th~ 
temperature of 41°, when the jar which contained. 
it was furrounded by a cold mixtwe of pounded ice 
and water, than by an equal quantity of boiling
hot water in the fame drcumltances. In the Ex~
riment No. 5(:), the quantity melted hy, the cofd\ 
water wag 54:2 grains,. while that melted by the 
boiling-hot water, taking the mP.3.Jl of fivo Experi .. 
ments, (thofe No. 45, 46, 47, 48, and: 49,) was" 
no more than 399';' grains. But the refults of tbe 
four following Experiments are, if poffib1e, ilill 
more fUJprifing. 

Thefe Experiments were m~ with water at the;: 
temperature of 61°, the temperature of the air of 
the room being at the fame time 61°; in tfte;:,two 

. .firft of there E~periments the jar was kepl plunged 
to its brim in ' a mixture of fnow and water,-in 
the two taft its lower part only, namely, as higli 
as the level of tIa furface of the ice, 'Wai furro.unded 

1>1. 
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fill' l¥"lbt fflIi/IiJfi. if ,Ytal 
!,' ' >~' • ,; 

r ;ci>i4"mi%tu:re. its upper l"¥t being naked, 
". '";it.rroun,ded by- th. air of the .t:.oom. . 
:r,1n ~ch of the Experirnent~, (as in thofe ·which 

pieceded them,) before the wacer wa-s poured ' into 
the: jar the furface of the ice was covered to the 
h"ejght of 0-956 of im inch with icewcold water, in 
erder mori elfetlually to defend it a'!;ainft the ef~ 
feas of th_c temporary motions -into which the 
water employed to melt the ice was unavoidably 
thrown in the performance of this operation; and 
the fame quantity of water was always ufed, name~ 
Iy, 731 ounces Troy, or as much as was fufficient to 
fill "the jar to the heisht of 8 inches. 

T emperature of the'Templ'ra. I 
wah'r ill the jar tun: of the 

Number t inch below Its medium Time the I~ ft 
oftbe [urract', bY"'hich watrr rc- i u;n. I Y 

Experi. J , . d 0 ICC 
t It: urper mamc onl It d 

mcnt. In the he At thl: !parto the the IC C. me I' • 

[ginnmgof cnd of ~arwasfur 
the Exp. the Exp'l rounded. 

---
M;nlltu. Grainl. 

NO'SI 6," '9' 3" 30 660 
No. 52 6,' 50' "' 30 66, 
No. 53 . 61" '0' 6,' 30 6,. 
No.H . 6,' 60" 6,' ,0 650 

. There Experiments are remarkable, .nor only on 
account of the very {mall .di~re~ce ·in the quan.
tities of ice melted which refultcd .ftom tbe cooling 
9f die. fIdes of the jar, but aIro, and more' efpecially, 
fa. that difference was .direaIy contrary to the ef. 
f«ls( produced by the fame means in the ~xperi. 
~~ with hot w.ter. More ice was melted when 

the 



'-~~ 
.he outfide of the jar was kept ice<old':t'b ... Whbl 

''- ' . i 
it was furrounded by air at · the tempcr;ri:ure of 
6J~ .' . 

All thefe appearances might, J think, '~ ' Ie,.. 
counted for in a fatisfa8:ory mariner on the priri. .. 
ciples w.e have afTumed refpetting th!! mannet !:i: . " 
~hich Heat is propaga.ted in liquids; but wjdiou~ 
engaging ourfelves at prefent too far in th~:fe~ ib .. 
ftrufe fpeculations, let .us take a retrafpective vieW 
of all our Experiments, and fee . what · general TPl 
fults may with certaintfbe d~aw:n from theJIl. 

One of the Experiments in which tbe greateft 
quantity of ice was melted by hot water is that 
;No. 36, in which 3963 grains were roeJ.ted in three 
hours, or 180 minutes. If now from this quantity 
we deduB: that which, according to the refults of 
the two preceding Experiments, muil have been 
nlelted in the fjrfi: 30 minutes, namely, 690t grains; 
there will n~main 327Zt grains for th~ quantitY 
melted in the lall 150 minutes, whIch gives 6S4f 
grains for the quantity melted ill 30 minutes iT, 
tbe ordinary courft 0/ the Experiment. · 

This quantity, 654i grains, dedufted from that 
which at a mean of two Experiments (thofe No. 34 
and No. 35) was found to be actually: melted in 30. 
minutes, namely, 690{ grains, leaves 36 grains for 
the quantity which in thefe two Experiments was 
melted in .confequcnce of the temporary motians 
into which the hot water wat. thrown in the opera
tion of pouring it into the jar. The difference 
be:ween thefe two quuntities (= 36 grains) i ~ v.ery 

\'01" lI. u inco"n. 



~::~~, .1I)d lhows that th,means ufe4 far· 
ip t:Jte e,ffelh prod~~ed by thof<: motiOn, 

very ·efficacio~~. 
" /15 the refuIts of the three Es:periments No. 34, 
~o. 35, . and No. 36, were, fxceedingly regular 
and fatisfaD:ory,-as tbe He .. t of the water appears 
to have been fo compJetely confine&' by the warm 
covering ",;,hkh ' {urrounded the jar, and as the 
pracers of melting the ice went on regularly or 
e~ually Jor fo great a length of time (three hours) 
in the 36th Experiment, we ' may venture to can· 
dude that more ice could not poilibly have peen 

. melted by boiling-hot watcr-jlanding on it-than 
~s me!ted in thefe Exp~riments. 

This quantity was found to be at qle rat~ of 
6S41' g~s in 3f' rninute~. 

But. as in. thefe thtee Experiments extraordinary 
means ~ere u(ed, by which an uncommonly larg~ 
quantity of ice w~ melted, they cannot be can-=
fid~ as fimilar to thpfe which were made with 
cold water, an~ confequently cannot with propriety 
be compared ~th diem. 

'When the Experit~ents were fimilar, the mean 
refuhs of thofe which were made with water a~ 
difF~t temperatures were as follows: 
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Ii:c
melted. 
in 30 

mwutt 

.Gralns, 
[With boiling-hot watU} 

(ExP"imutl No. 39. Sis; 
In the Experiments in ~o, ~H 4 1 ) '-, 

h' hth t f h' Wtth water at the tem"} 
w ~c e p2r 0 ~ e Jar er:lture of 610 (Ex. 
whIch was occupl1~d by p. 
the water was eXPOfed1 };rt""II)fI No. 53 ,,,,, 
uncovered to the air at . o. S4 . 
thctcmferatureof61" WIth water at the t~'J 

I peraturt' of "11" (E.
~";"t{fllt No. ,!-!Ii (HId 

L No. H) 

rWith boilillg-hot water,-} 
In the Experimenti in I (Exprriml1llt No. 45· 
which the pal'l c.f the jar 4(i, 41. 48, o,,,i 49) 
which was occupied by 'Vith water at the tem __ ] 
!he wat('rwasfurroulld_~ perature of 61" (E:>:
cd by pounded icc and f ~ri'llttntl No. 51 lind 
water, and cOllfcqucutlv I No, p) 
was :It the tenlpCtature With water at the tnn.} 
of 3:° pcratule of 41" (Ex_ 

• l ptriml1lt No. 50) 

574 

399~ 

From the refults of all thefe Experiments . we 
may certainly venture to conclude, that' boiling-hot 
'water is not capable of melting more ice .whm 
)landing on its fuiface, than an equal quanrit,y of 
water at the temperature of 41,\ or when it is only 
nine degrees above the temperature of freezing! 

This fad will, I flatter myfdf, be confidered 
as nffQrding the mofl Il1Hluet1ionable proof that 
could well be iinagined, that water is a perfea non
conduaor of Hca:, and that Heat is prop-.!ogated in 
it only iz: c0nl,"equence of the motions '\vhich the 

lJ 2. Ueilt 
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~-t.oceiflOns ,in the ipf~jated ~d [olit¥)! p4~cl~ 
!>f;.lhat fluid ' 
, The difcovery of this faa opens to our view one 
of the moft interefiing fcenes~ the economy of 
Nature :-but in order to prepare our minds for 
the contemplation of it, i.t will he not amifs to Te~ 
f~efh our m~mory by r~capitulating '-whqt has al. 
ready Qccn" [aid on the Propagation of B eat in 
Fluids, and particularly in water; and adding fuch 
occafional obfervations as may tend tp elucidate 
that abfirufe fubjeCl. 

Tho[e who enter into the [pirit of there invcfl:i_ 
gations will not confider there repetitions and illuf. 
trations as ~thcr · f).lpe·rfluous or tirefomt: . 

• Tile infight ... h;~h rhi, .Jir(ov~ry ~ivn u, in ng~n' to the n~lure 
1)( the mt~b~nic. 1 pratt'li which taku place in chemic:!1 r" lution$ ;s 
too nit/eM io ItIjU; ''t illuftralion ;_~ r,,1 it appears 10 me , 11:" il will 
(n"bie us to ae~ount in " (ati , faCt ury mann,er for aU lhe v~rioua 
pllznomena of ehemical affinities and .,eger~l i"n . l'e , hJFS alllh" 
~otions among inanimate bodies On the I'Il,face of tb~ glube"",ay be 

,raced IQ IIIe fame c~uCe,-na!1leJy. to the non.COndIl8il)g" puwtr uf 
fluids wilh; regard IQ ~ut. 
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Recapitulation, and farther Invej2igl1tion 'of tk S" 
jdl.-AII -Bodies are condenftd by Cold witl;Orit 
Limitation, WATER ONLY EXCEPTED.-Won .. 

derful Effetls prodllud in the World in ronf~mct · 
of the particular Law which obtain! in the Con .. 
denjafim of Water.-This Exception to one of the 
mqft general Laws of Nature, a flriking Proof oj 
Contrivance in the Arrangement of the Univcrft ;......:. 
a Proof which comes home to the Feeling! of ever! 
ingenuous and grateful Mind.-'Th:s particui4" 
Law del!! not obtain ilJ. the CondenJation D/ SALT

W ATER.-Final Gauft of the Saltnefi of the Sea-: 
-The Ocean probably dljigned '" the CnaJor tQ 

fil'UC as an Equalizer of Heat~Could not ha1J4' 
a,ywered tbat Purpoft had its Waters beenfrefh.-
Final GOI!fo of the FreJhnefl of Lakes and inland. 
Seas i" higb LatitudeJ.-Ufefulnejs of thefe Spe~ 
culotions. 

A s the immediate caufe of the motion,s in a liquid,. 
which takt:. place on its u~dergoing a change 

of temperature, is evidently ~be change: in the 
fpecific gravity of thore particles of the, liquid 
which become either hotter or coider than' the reR 
of the mats, and as the fpccific gravities of lome 
liquids" are~ ~~. more changed by any. given 
cliallgc:; .ot}etn~ture than that of others, ougb,t 

1J j riot 



~'s'9blm/lahce'{indep~t Qf the more or 
~~fe~' ftuidity of tQFiijqui~<> make '~ [enfiblc 
. di!'trence III the conduffing ~ cif lIqUids? 
. .. The more a liquid is e~pZd by any given 
change of temperature, the more rapid will be the 
afcent ~f the particles which firft recei,ye the' Heat; 
and as. there ate immediately replaced by other 
c~~ particles, which, in their turns; come to 
be 'hwc:d', this mull of courfe produce a rapid 
communication of Heat ' from the hot body of the 
liquia 

:But when, on the other hand, the fpe<:ific gra~ 
vity 9f a liquid" is but little changed by any given 
cPange of temperature, the motions among the 
P':¥ticies -of the .Iiquid occafioned by this change 
IIIU.Q;A,e vay flaggilh, and the- communication of 
Heat:.of courfe very flow. 
" Let us ftdp here for one moment jun. tl) alk 

durfelves a very interefting queftion. Suppofe that 
iA" the general a'rrangement of things it had been 
netdrary to contrive matters fo that lIWater fuould 
not'freeze in winttr,-or that it fhould not freeze 
jut with t}j~ great¢ dV/icully ;-very flpwly; and 
in tbf fmallffl quantity NlJib/e ;-How could this 
ba~' "been moll readily effeaed ?-
. Thofe who are acquainted with the law of the 

6mdenfation of Water" on parting with irs Heat 
hp-e ~dy anticipated me in thefe fpeculations ;" 
=P.@. it d6e~ not appear to me that there is any . 
~g! svhic.h human fag-achy can lathoin, within 
th~""'~:..extended bounds 'of the vifible creation, 
w.hkh ·aJfotds "a more fhiking or mote palpa,ble 

proof 



proof of the wifd~: of ~\~r. ,"i'dof tile. 
fpedal care he h~ ,!It 'the genera!" ~rtange" 
ment of tile univ,~'" Plrt!rVe animal life" !ban 
this wonderful ;~trivance , :-fo~ thougb . the 
extenfivenefs and immutability of . the g~ 
laws of Nature imprefs our minds with awe !ID4. 
reverence for the Creator of $e univetfe,,' y.~, 
e:((eptiolU to thoft lay.:I, or- particular. modific.i 
of thero, from which we are abJe to trace·.:~,. 
evidently fa/utar., or advantageous . to O~Y~I: 
and our fellow..creatures, afford fiill : more ~g 
proofs of cont'rlvance, and . ought certainIY''<'.t~ 
awaken in us the men. lively fentimelits of admi~

. rion, love. and gratitude. " .', /~~ 
Though in temperatures above blood~he~ ' tlte 

expanfion of water with Heat is very confid~le; 
yet in the neighbourhood of the frcei:ing point it,. 
almofi: nothing. And what is IIiIl ~Dre remarkable. 
as it is an exception to one of ' the moft general 
laws of Nature with which we are acquainted, 
when in cooling it comes within eight or' nine de
grees o( Fahrenheit's fcale of the freezing PO.;' 
infl:ead of going on to be farther condenfed. as- it 
lofes marc of its · Heat, it alltt4lly ~/onds '-as' it: 
grows colder, and continues to expand more ad 
more as it is more cooled. 

If the whole amount of the condenfatioa -()f 
any given quantity of boiling~hot water, on ~ 
cooled to the point of freezing, be divided into ,fill 
given number ',of equal pans,- the condenfatiojii 
correfpon~g' td eq.ual chang~ of ten:tperature ·wiU, 

·be<:veF·y~.u.qeq"al in dil{.erent temper~tui"es. 
u 4 



'W'!' - ", . ', . 
, 

c,~ ',\;\l!1li\lg •• f ~ of l'abr~,;t's feale, 
~r.-;~~.~e~jghth p~r.t ~tl tbe, ~~l between ~he 
~g and the freezl!!g,pomt~): the condenf.non 
~11 be, 

Cotldenfation. 
rn rooling 2%~8vil: . from;;!12 a to 1891" 

J89~o __ 16,0 
J67" - 144to .. -
!44 ~Q - 1220 

1%% 0 _ 99~o 

IS part~ 

16.2 

'3.8 
11·5 
H 

991:~ - ':70 7·J 
77° - 54~o 3·9 
H~o - " 31° 0.1 

Hence it appears that the ctmdenfatlon of water, 
or inG:reafe of its fpecific gra~ity in being cooled 

. !2.'lt degrees) ~:»hrenheit's fcale, is at leaR: ninety 
tit/lfi grl'otfc,Miilen the water is boiling-hot, than 
w~n it is 'at · the mean temperature of the at
m'ofphere in England CS4e), or within 22 ~ degrees 
of freezing-CfOT 18 is to 0.2 as 90 to 1). 

All liquids, it is true, in cooling, arc morc· ;.;on~ 
deufed by any given change of temperature when 
they are very hot, than wh~n they are colder; but 
thefe differences are nothing compared to thofe we 
obferve in water. . 

The 'ratio of the condenfation in cooling from 
~H:l° to lige to that in cooling from 54f' to 32. 
in- each of the undcr.men6oned fluids, has been 
ihown, by the Experiments of M. DE I.uc, to be 
3S follows: 

. Oli\,t: oil 
Strollg fpinu of wint: 
A faturated folution of fta-} 

falt in Wilter 
Pure water • 

115 I T'''~ to r 
as IT~"'~ to t 

as J7~~b to I 

iU90 tO I 

The 
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The difference ,,~~';~ laws ofrjl;le co"" 

denfation o£.pu~ fler,arid.,of tPe fame auid whell' 
.it holds in-folu~~~.,~ · po.,n of ~alt, is ftr~g; 
but when we tr-i'tbe.e./fells which arepr<><;luced 
in the world by that arrangement, we nlall be .~~ 
in Wonder and admiration. ,-' 

Let me be~ the attention of my reader while;~ 
endeavour to invefligate this moet ~tereIl:ing J~ 
jeC1:, and let me at the fame time befpeak. ~ 
candour and indulgenc~. I feel the , danger to 
which a monal expofes himfelf who bas the; 
temerity to uncleI take to explain the defigns of 
Infinite i.Vifdom.-The enterprife is "adveuturousl 

but it cannot Curely be improper. . ",., 
The wonderful fimplicity of the means employed 

by the Creator of the world to produce the cha~es 
of the [cJ.fons, Wilh all the innumerable advanlage~ 
to the inhabitants of the earth, which flow from 
dI em, cannot fail ' to make a very deep and. a 
laRing impreflion on every human being whofe 
mind i" not degraded, and quite callou~ to every 
ingenuous and noble fent~ment: but the farth~ 
we purfue our inquiries refpecung the conftitution 
of the univerfe, and the more attentively we exa· 
mine the effeCts produced by the various modifi. 
cations of the active powers which we perceiv~, 
the more we lhall be difpofed co admire, adore, 
anJ. love that great Firfl Caure which brought all 
things into exiftence. 

Though winter and 'fumm'!r, [pring and au· 
turnn, and aU the variety of t~e [carons, are pro. ' 
duced in a manner at t.he fame time t,he molt', 

fimple 



.. ''()l,b.l'i~iI':';' of He .. 

fimpI~\-dci tbe trioll a"jJertdo.' (by the indin3.. 
~'~f the axis of the- eartlij"f~ . the plane of the 
~liptic); yet this mePhani<4,~:·c:ontrjvance alone 
Would not have been :MJfficieftt' (as I (hall endea
vour to /how) to produce that gradual change 
of temperature in the various climates which we 
find to exift, and which doubtlef!! is" indifpenfably 
neteifary to the prefcrvation of animal and vege
table life. 

Though. change of temperature feems ncceffary 
to the growth and perfeCtion of moO: vegetables, 
yet thefe changes mull be within certain limits. 
Some plants can [upport greater changes of tem~ 
perature than others, but the extremes of Heat 
and of Cold are alike fatal 10 all. 

As the rOl Ys of 'the fun are the immedl::tre c:mfe 
of the Heat on the furface of the globe, and as 
the length of the days in high latitudes is [) very 
different in fum mer and in wimer, it is evident 
that, in order to render thofe regions habi~able, 
fome contrivance was nccefTary to prevent the 
confequenccs which this great inequality of the 
Heat generated by the fun in {ummer and in win
ter would naturally tend to produce; or, in other 
words, to cR,ualize the HeJ.t, and moderate it:~ 
extremes in thefe two feafons. 

Let us fee how far Water is concerned in this 
operation, and then let -'us examine how far 
the remarkable law which has been found to ·ob. 
tain in its condenfaticll by cold tends to ren
der-it well adapted to anfwer thac moll: important 
putpof .. 

Th. 



The nil tttent of the oeean, and' ,its '" great 
: depth,-.but ftill mbre its _merous curreno;_ and 
the power of watc;t;:-to a~rb a vall quaittity · Df 
Heat, render it pe~liarly well adapted to {erve '. 
an equalizer of Heat. 

On the retreat of the fun after the folfiice,. it 'il 
clofely Followec:t by the cold winds From the regio.p, 
of efernal trofi, which are continually endeavow.

..tng to prets in towards the equator. As the
power of the fun to warn} the furface of -the-.earth 
and the air diminifbes very faft in high latitud<;$ 
on the days growing fhorter, it foon becomes tOO 
weak to ke~p back the denfe atmofphere which 
preffes on from the polar regions, and the C91d 
increafes very fafr. 

There is, however, a circumfb.nce by which thefe 
rapid advances of winter are in rome mcafure roo-
derated. The earch, but more cfpecially the water,' 
having imbibed a vail quantity of Heat during . th~ 
long fummer days, while they received the iuflu. 
ence of the fun's vivifying beams; this 11(!at, being 

, given off to the cold air which rufbes in from the: ' 
polar region, ferves to warm it and foften it, and 
confequently to climinifh the impetuofity of i~ 
motion, and take off the kcc:1nefs of its bla{t;.. 
But as the cold air llill continues to flow in as' the 
fun retires, the accumulated Heat of fummer is foon 
cxhaufred; and all fcUd and fluid bodies are re.
duced to the temperature of freezing water. In 
this ftage the cold in the atlllofph,,'I'c increafes ,very 
fan.~ and would prob'ably increafe frill fafrO{, wer~, 
it not for ,he vall:: auantit\· d ' Heat which i~ CODl--. 
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. ' '01 )ht ,PrMliJi'ir'oj It,.t 
pm · ~'ted to the air by [he watery wpours wiech 
_~ firft condenfed. 'a.a.d then congealed, in the 
ftm,t'lfphere, and which:' afterwards fall u pon, the 
earth in the form of [now j ana.-by that ftill larger 
.quantity which is given oft" by the water in the rivers 
and lakes, and in the ground lIpDl; its being frozen. 

But in very eo'ld countries, the t;round is frozen 
aDd covered with fnow, and all the lakes and xivcrs 
are frozen over in the very beginning of winter. 
The cold then fira begins to he extreme, and there 
appears to be no fouree of Heat iefr, which is fuf~ 
ficieot to moderate it in any fcnfible degree. 

L:t us fee what rou(t have happened if things 
h~d been left to what migbt be called their natural 
courfe ;-if the condcnfation of water on being 
deprived of its Heat had followed the IaN which 
we" find obtains in other fluirJ s, anJ even in water 
irfelf in fome cafes, namely," when it i ~ mi..xed 
with Ctjl"tall bodies. 
" ~~ Had not Providence interfc: red on this occ;ifioll 

in a manfl.er which may \\"cll be cOllfidcrcd as mi
Tt'lcuIDus,- all the" frcfh water within the polar 
circle mu{l inevitably have been frozen to a vcry 
great depth in one ,vimcr, and,evCTY plant and 
tree deftroyed; and it is more than probable that 
the "regions of eternal froft would have [pread all 
every fide from the poles, and, auvarl.c:iug towardi. 
the equator, would have extended its dreary and f4ili
~ reign over a great part of what are now the moft 
fertile and mofi. inhabited "climates of the" world ! 

.;~." lat.itudes where now the return of [pring is 
hailed by the vo~ce of gladnefs,-where ,he earth 
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decks herfelf in her gayelt: attire; and .mitiions of 
living being~ pour ' forth :their fangs of joy and 
gladlfefs, nothing would have been heard""b1.tt:, the. 
whiflling of the rude winds,-and nothing <~ 
but ice and (now, and flying clouds charged..m
wintry tempefis. 

L et US'iirh becoming diffidence and awe', en
deavour t fee what the means are which hM 
.been empl yed by an almighty and benevolent 
God to proteCl: his fair creation. 

As nourifhmem and life are conveyed to all 
living creatures through the medhlm of water; 
- liquid,-living water ;-to preferve life, it was 
abfolutdy neccffary to preferve a great quantity of 
water in a fluid frate, in winter as well as ;
fummer. 

But in coIJ climates the temperature of the 
dtmofpherc, during lllany months in the year. is fo 
much below the freezing point, that, had' not mea
fures been taken to prevent fa fatal an accident, all 
the water mua inevitably have been changed to ice, 
V{hich would infalliblv ha\'c caufed the deftruilion 
of every living thing.' " 

Extraordinary meafures were therefore necelfary 
for prefcning in a liquid frate as much of the water 
cxifiingin thofe climates as is indifpenfablyneceffary" 
for the prefervation of vegetable and an"imallife j and 
this could only be done by ~ontriving matters fa a.s 
to prevent this water from parting with its Heat to 
the cold atnwf}'here. 

It has been lhown,-I believe I t?-lay venture to 
fay provcd,-in the moil fatisfactory manner,"""": 

th>t 



,~ f!f tM ,l',...j¢i<n ,,1:Itat 

~\~S part with thei~ Heat ONLY in con .. 
1IiIquence' of their internal ' motions i-and that 
.:idle more rapid thefe motions are, the more rapId ., . 
J:is .the communication of the Heat i-that thefe 
.. motions are produced by the change in the 
· fpecific gravity ~f the liquid, occafioncd by the 
change of te~perature,-and ~i COlir~. that they 
arc Illote rapIa, as the fpeeIfie gr lty of the 
liquid is the more changed by any .ven change_ 
of temperature. 

But it has been £hown that the thange in the 
fpecific gravit.y of water is extremely fm<1ll, which 
takes place in any given change of .temperature, 
belfJ'W the m~an temperature of the atmif,tJhcre; and 
prticularly when the temperature of tbe water is 
very .. pear the freez ing point ;- and hence it follows, 
tbat water mull give off its Heat "very flowly when 

· it'"is near freezing. 
But this is not all. There is a fiiH marc:: extra~ 

ordinary, and in its confequences more woncerful, 
circumffance whi.ch remains to be noticed. \Vhen 
:water is cooled to within eight or nine.degrees ~f 
[he freezing point, it not only ccafes to be farther 
condenfed, but is actually expanded by farther 
diminutions of its H eat; and this expanfion gOl:S 

on as the Heat is diminifhed, as long as the water 
can be kept fluid; <lnd when it is changed to ice, 
it expands even nill m~re, and th~ ice floats on the 

· furface of .the uncongealcd part of the Fluid. 
Let us fee how very powerfully this wonderful 

c~riv·ance ren.ds to retard the .cooling of water 
when it is cxpof~d in a cold 3tnlofl':)hcrc. 

It 



It is well ,known that there is no camau,micatioa 
of Heat bet-ween two bodies as long ai, they ,are 
both at the famt: temperafure; and it is lik.ewife 
knoWn that the tmdenq of Heat to pafidrQPl-a 
hot body into one which is colde~, with which.it.,i~ 
jn contaCt, is greater, as the difference is greatcr~iD 

the temper~tlres of the two bodies. ". 
Suppofe now that a lOafS of very cold air re~ 

pn the qui t furface of a large lake of frelli water, 
at {he tern ratute of 55° of Fahrenheit's tber", 
roometer. The panicles of water at the furfac~ 
on giving off a part of their Heat tQ the cold air 
with which they are ill contaEt, and in confcquence. 
{)f this lofs of Heat becoming fpecifically heaVi~ 
than thofe hotter particles .on which they repofe, 
10uft of courfe dckend. This defcent of the parti~ 
des which have been cooled necefTarily forces other 
hotter particles to the furface, and thefe being 
cooled in their turns bend ,their courfe downwards; 
and the whole mafs of water is put into motion. 
and continues in motion as long as lhe pracefs of 
cooling goes on. , ., 

Before I proceed to trace this operation throug1:t 
all it~ various fiages, I mull endeavoqr to remove 
an objection which may perhaps be made to 'my 
explanation of tbi~ pha;nomenon. As I have rUt 
pored the mafs of air which rells on the furface 01 
rhe wafer to be 'I.·cry cold, .and as I have' taken it 
for granted that there is no communication what. 
ever of Heat between the ]Jarticles of watet in 
contat\:. with this very cold air, and the neighbour
~ng v,'armer particle.> of water, it may be alked, 

how 



.~ 'of ihe~iJff'n if Ife/JI 

·JK:tW 'tt~ppens dJat thef~ particlefrat the fUTrace are 
'. to muth cooled as to be immediately change<l 
lo'"ice? To this I anfwer, that there are two caufes 
""hich confpire to prevent the immediate formation 
of ice ;it the '[utface of the water: Firjl. the fpe~ 

otitic gravity of the particle of water ~at the {utface 
being incre<lfed at the [arne mQment W]ell it parts 
'With Heat, it begins to defcend a,s [oon as i,t .begins 
to be cooled"; and before the a:.:r has iad tune to--. 
rob it of all its H eat, it efcapes and -.gets out of its 
Teach: And ftcondly , air being a bad t:onduc.tor of 
H eat, it cannot receive and tninfmit 0 .. tl"t11if'port it 
with fufficient celerity to cool the {utface of water 
fo fuddenly as to embaTTafs the motions of the 

particles of that liquid in the operation of giving 
it oiT. 

But to return to our lake: As foon as tn~ water 

i;1 cooling has arri\·cd -at the temperature ot about 
.... oo;~ at that temperature it ceafes to be hmher 

·condenfed, .its internal motion ceares, and thore of 
Its particles which happen to be at its rUtraCe remain 
~bere; and after being: cooled down to the freezing 
ppint, they give otT their latent H eat, and ice begins 
to be formed. 

As foon as the (urfaee of the water ·is covered witb 

ice, the commtmication of Heat frolll the water 
to the aimofpherc j); rendered extrcLi1cly flo\y and 
tiifficult j for ice being a b{ld conduflor of JJe;,; fo'tms 
~ very: warm covering to the "',ater .-and marc
over it prc\'ents the ,varer from bciIlg ag it;lt~d !)y tl)c '&0-. Fanhcr, as the temperature of Ihe ice at 
its lower rurfaec is always very 'near'l)' tI'e fame as 

that 




