that of the particles of liquid watet with which i i is
in conta®, (the warmer particles of this Fluid, in
confequence of their greater {'pe(:lﬁc gravrty, taking
their places below,) the communication of Heat
between the water and the ice is neceffarily very
flow on that account.

As foon hs the upper furface of the ice is covered
with fnow,} (which commonly happens foon after
the ice is {yrmed) this is an additional and very
powerful obifycle to prevent the efcape of the Heat
out of the water; and though the moft intenfe
celd may reign in the atmofphere, the increafe of
the thicknefs of the ice will be very flow.

During this time, the mafs of water which re-
mains unfrozen will lofe no part of its Heat ; on
the contrary, it will continually be receiving Heat
from the ground. This Heat, which is accumu-
lated in the earth during the fummer, will not only
ferve, in fome meafure, to replace that which is
.communicated to the atmofphere through the ice,
and prevent its being furnithed at the expence of
the latent Heat of the water in contalt with its
furface, but when the temperature of the air is not
much below that of freezing, this fupply of Heat
from below will be quite fufficient to replace that’
which the air carries off ; and the thicknefs of the
ice will not increafe.

Whenever the temperature of the air is not
attually colder than freezing water, the Heat which
rifes from the bottom of the lake will be all em-
ployed in melting the ice at its under furface, gnd
diminithing its thicknefs

VOL, 11, X It
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It will indeed frequently happen, when the ice i3
‘yery thick, and efpecially when its .upper furface is
covered with deep fnow, that the meliing of the
ice at its under furface will be going on, when the
temperature of the atmofphere is confiderably be-
low the freezing point.

As the particles of water which, réci:iving Heat
from the ground at the bottom of the laze, acquire
a higher temperature than that of 40%; -and bem&
expanded, and becoming fpecifically g
additional Heat, rife up to the upper furface of the
fluid water, and give off their fenfible Heat to the
under furface of the ice, never return to the
bottom, this communication of the Heat which
exhales from the earth produces very little motion
in the mafs of the water ; and this circumftance is,
no doubt, very favourable to the prefervation of the
Heat of the water.

- When a ftrong wind prevails, and the furface of
the. water is much agitated, ice is not formed,
even though the whole mafs of water thould, by a
long continuance of cold weather, have been pre-
vioufly cooled down to that point to which it is
neceffary that it fliould be brought, in order that
its internal motions may ceafe, and it may be dif-
pofed to-congeal ; for though the particles at and
near the furface may no longer have any tendency
to defcend, on being farther cooled, yet, as they
have fo confiderable a quantity of fenfible Heat
(cight or ten degrees) to difpofe of, after their
condenfanon with cold ceafes, and as the agitation
into” which the water is thrown by the wind does

not




fot permit any partiele to remain long enough in
contat with the cold air to give off all its Heat at
once, thert is a continual fucceffion of frefh parti-
cles at the furface, all of which give off Heat
to the air; but none of them have time to be
cooled fufficiently to be difpofed to form ice. - The
water will {ofe a vaft quantity of Heat, and as foon
as the winfl ceafes, if the cold fhould continue, ice
will be fon«ned very rapidly.

But it is"Sot merely the agxtatlon of the ivater
which renders\the communication of the Heat very
rapid, the agitation of the wind alfo tends to proa
duce the fame-pflect.

On the return of fpring, the fnow melting bes
fore the fun as he advances and his rays become
more powerful, all the Heat which the ‘earth
exhales is employed in diflolving the ice at its
under furface, while the fun on the other fide
ats ftill more powerfully to produce the fame
effect.

Though ice is tranfparent, yet it is niot perfeftly
fo; and as the light which is ftopped in its paflage
rhrough it cannot fail to generate Heat when and
where it is ftopped, or abforbed, it is by no means
furprifing that fnow fhould be found to melt when
expofed in the jun’s rays, even when the temperas
ture of the air in the fhade is confiderably below
the point of freezing. Snow expofed to the fun
melts long before the even furface of ice begins to
be fenfiblv fnftenad by its beams, and it is not ill

%2 fome
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©me time after all the hills are bare that the ice
on the lakes and rivers breaks up.
#7"Fhe tays which penetrate a bank of filow being
often refletted and refrated, defcend deep into it,
and the Heat is depofited in a place where it is not
expofed to be carried off by the cold air of the at-
mofphere ; but the rays which fall upa{ the hori-
gontal and fmooth furface of i ice, are“mofﬂy re-
fleCted upwards into the atmofphere; jand if any
part of them are ftopped at the furf;?jaf the ice,
the Heat generated by them therg'is inftantane-
oufly earried off by the cold air, and a particle of
~water is no fooner made fluid thin it is again
frozen.

Hence we fee that the fnow which I cold
countries covers the ice that is formed on the fur-
face of freth water, not only prevents the Heat of
the water from being carried off by the air, during
the winter, but alfo affifts very powerfully in thaw-
ing the ice early in the fpring.

Should the waters of a lake be fo deep, or fo
mperfeltly tranfparent as to intercept a great pro-
portion of rays of the fun before they reach the
bottom, in that cafe, the temperature of the water
at the bottom of the lake will be nearly the fame all
2he year round ; and in countries where there is any
froft in winter, and particularly in thofe lakes
which lie near high mountains, and are fed by
torrents which proceed from Glzciers, and melting
fnow, this confant temperature at the bottom can

never
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never be much above or below 41° F. whatever
may be thp heat to which'the furface of the lake
§ expofed in fummer, or however long -and in.
tenfely hot'the fummer may be

Let us \now fee what the confequences would
have been, frad the condenfation of water with cold

followed the law which obtams in regard to. all
other Fidids. :

"As the 1¥gernal motion of the water could mt
have failed to Yontinue as long as its fpecific gravity
continued to b increafed by parting with Heat,
ice would nolf have begun to be formed till the
whole mals of’ water had arrived at the tempera-
ture of 32° of. Fahrenheit’s thermometer.

To

*Ina ]emr from Profeffor PICcTET of Geneva to the Antbor, nf
the 7th July 1797, accompanying the 36th number of the BiBL10-~
THEQUE BRITANNIQUE,(in whichan account, or rather tranflation,
of the firt Edition of this Effuy is publifhed in the French language;)
there is the following paragraph.

¢ T tock the liberty to throw in, as ufual,” (in the tranflation)
¢t fome occafional notes ; one of which will, I hope, delerve your at-
¢ tention., It points out the near coincidence of the mean tempera-
¢¢ ture of the bottom, obferved in ten different lakes, by M, de Sauflure
" and mylelf, viz. 43° R."—(equal t0 413° F.) * with the tempera-
¢ ture where the minimum of volume, or maximum of denfity of water
¢ takes place. We vainly fliove to this day to explain the upie
¢ formity we obferved in that particular in feveral lakes very tllfﬂ'
¢ ently fituated, in many refpedls, but your refleftions feem mme
* fully to refolve the problem.™

“The following is the note in the Bibliothigus Enmuwgw, ailudod to
by Profeffor PicTET, in the foregoing paragraph of his letter.

** Cen'eft pas {eulement dans le lac de Genive que M. deSauflure,
“ notre favant ami, a fait les expériences curicules qui font ici rap-
¢ pelides, et a quelqucs uaes des quelles nous avons ew le plaifir
« d'aflider: il les a répéices dans la Méditerranée, et dans dix
* ¢ lacs qui bordent de part et d’zutre la chaine des Alpes. Nous
X3 “ ﬂmg
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::To fee what an enormous quannt} of Heat would
be foft when the water is deep in confdquence of
its whole _mafs being cooled in this manner, wz
have only to compute how much ice .this Heat
would melt, or how much water it would heat
from the point of freezing to that of bGging.

It has been fhown by experiment, that-any given
quantity of ice requires as much Heat to»fnf.lt it as
an equal quantity of fluid water lof?v in cooling

 tirons de forn grand ouvrage fur les mum:lgti“s les températures
€ obfervées au fondde ces lacs comme fuit;

Profondeurs Te.npé-atures du fond

¢ Noms des Lacs. ¢n pieds de France. Tlegrée de Reaumur.

¢¢ Lac de Gengve - 950 -~ 4.3
#¢ de Neuchatel - 325 - 41
¢ de Bienne - - 217 “ g5
#* du Bourget - 240 - FAYS
¥ dAnnecy - 1613 = 4.5
4 de Thun - = 150 - 4.0
¢ de Brientz - 500 . 3.8
% de Lucerne - Goo - 3.9
¢ de Conftance - 370 - L

s Lac Masjeur - - 3358 - 5.4

4¢ Température moyenne du fond de dix lacs 4.34, 0u43° R,

# 1] n'eft peutérre aucun de nos leQteurs qui, plein des idées que
# potre auteur vient de difcurcr, ne foir frappé de la coincidence entie
“.cette lell'npéralm’e du fond des lacs dans nos latitudes moyennes et
¢ pelle 3 laquelle 'eav atteint fon mimimum de volume ou maximum de
" denfié! La permanence de cette température, et fon identité dans
«f des lacs dailleurs trés-diverfement fitués, paroiffent intimément
4 liées avec cette circonflance duv mivimum de volume. Mais ce
wneft pas ici le lieu de donner cours aux idées gue peut fuggerer ¢p

* papprochement ; nous l‘md1qunns a l'auteur comme un objet digne
“ de ﬁi éditations.”

. The Author of this Effuy feels himfelf very much obliged to his

ingenious and refpetable friend, Profeflor PicTeT, for thefe inte-
refting obfervations.

6 140
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140 degrees; confequently the quannty of ice
_which might be melted by the Heat given off by
“any ngeniqumnty of water in coohng any given
number of degrees, is to the given quannty of
water, as the number of degrees which it is cooled,
to 140 deg

Hence i follows that when the temperature - of
the W'ﬂt:’l‘\ls 8 degrees above the freezing point, it
gives off in. cooling down to that temperature as
sitich Heat 2% would'melt .5, or % of its weight
of ice; the wi}er, therefore, whlch ic cooled from
the temperatufe of 40° to that of 132° if it be 35
feet deep, willgive off as much Heat in being fo
cooled as wauld melt a covering of ice 2 feet
thick.

But this ,even is not all; for as the particles of
water on being cooled at the furface would, in con-
fequence/ of the increafe of their fpecific gravity
on parting with a portion of their Heat, immedi-
ately defcend to the bottom, the greateft part of
the Heat accumulated during the fummer in ihe
earth on which the water repofes would be carried
off and loft, before the water began to freeze; and
when ice was once formed, its thicknefs would
increafe with great rapidity, and would continue
increafing during the whole winter ; and it feems
very probable that, in climates which are now tem-
perate, the water in the large lakes would be frozen
to fuch a depth in the courfe of a fevere. winter
that the Heat of the enfuing fummer would not be
fufficient to thaw them; and fhould this once hap~
pen, the following winter could hardly fail t&

X 4 change
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change the whole mafs of its waters to one folid
body of ice, which never more could trecover its
liquid form, but muft remain 1mmovatﬁlc tll the
end of time. 3

In the month of February, after a mﬁ_ which
had lafted a month, the temperature of Mieair being
38°, M. pe Saussure found the temberature of
the water of the Lake of Geneva, at the frface, at
41°,—and at the depth of 1000 feef, at 40°
Had the froft continued but a litt} longer, ice
would have been formed; but ha: the conftitu-
tion of. water been fuch that the  shole mafs of
that Fluid in the Lake muft have beln cooled down
to the temperature of 32° before ice could have
been formed, this event could not hyve happened
till the water had given off as much Heat as would
be fufficient to melt a covering of ice above 57 feet
thick |— \

“This quansity of Heat would be fufficient to heat,
to the point of boiling, a quantity of ice-cold water
as large as the Lake, and-49 feet deep.

- We cannot fufficiently admire the fimplicity of
the contrivance by which all this Heat is faved. It
well deferves to be compared with that by which
the feafons are produced ; and I muft think that
every candid enquirer, who will begin by divefting
bimfelf of all unreafonable prejudices, will agree
with me in attributing them both 10 THE same
AUTHOR.
: When we trace ftill rarther the aftonithing effeéts
which are produced in the world by the operations
of thatfimple law which has been found to obtain
in
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in the condenfation of water on its being ‘deprived
of Heat, ye fhall find more and more reafqn to
dmire thd wifdom of the contrivance.

\That Hgh latitudes might be habitable, it was
necifTary that vegetables fhould be protelted.from
ectspof the chilling frofts of a long and
inter : but if it be true that watery liquids
rt with their Heat but in confequent:e of
their mternal motions ; and if thefe motions are
occafioned I rely by the change produced in the
fpecific gravinyof thofe particles of the liquid which
receive Heat, 'or which part with it, who does ot
fce how veryypowerfully the fudden diminutiom
and final ceflafion of the condenfation of water im
cooling, as fopn as its temperature approaches to
the freezing/point, operates to prevent the fap in
vegetables from being frozen ?

But if/for the purpofes of life and vegetation,
it be neceflary that the ground, the rivers, the
lakes, and the trees be defended from the cold
winds from the poles, it may be afked how this
innundation of cold air is to be warmed ?—1I an.
fwer by the waters of the ocean, which there is
the greateft reafon to think were not only defigned
principally for that ufe, but particularly prtpard
for it, s
Sea water contains a large proportion efdfalt
in folution ; and we have feen that the condenfation
of a faline folution, on its being cooled, follows a
law which is extremely different trom that obferved
in regard to pure watet ; and which (as may eafilyp
be fhown) renders it peculiarly well adapted for

COmMInu-
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commumncating Heat to the cold winds which blow
over its furface.

- As fea water continues to be condcﬂ‘nfed as it
goes on to cool, even after it has paﬁ'e(’ the point
at which frefh water freezes, the partif ies at/the
furface, inftead of remaining there af] mafs
of the water had been cooled to about 40°, d pre-
venting the other warmer particles below fém com-
ing in their turns and giving off thzir Heat to the cold
air, (as we have feen always happens svhen frefh or
pure water is fo cooled,) thefe cooi:d particles of
falt water defcend as foon as they hi’re parted with
their Heat, and in moving downw‘%rd force other
warmer particles to move upwards} and in con-
fequence of this continual fucceflion bf warm par-
ticles which came to the furface of thé fea, a vaflt
deal of Heat is communicated to the air*—-incom-
parably more than could poffibly be comniunicated
to it by an equal quantity of frefh water at the
fame temperature, as will appear by the following
computation. o
- Without taking into the account that very great
advantage which fea water poflefles over frefh
water, confidered as an equalizer of the tempera-
ture of the atmofphere, which arifes from the com-
parative lownefs of the point of its congelation ; —{up-
pofing even fea water to freeze ar as high a tem-
perature as freth water, namely, at 3.°; and fup-
pofing (what is ftrictly true) that as foon as either
fea: water or frefh water is frozen at its furface,
and this ice covered with fnow, the communica-
tion of Heat from the water to the atmofphere

ceafes
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ceafes almoft entirely ;—we will endeavour to de-
termine haw much more Heat would, even on this
\ppofitiory be communicated. to the air by falt
waxr thanjby freth water, after both have arnved
tengperature of 40°

When fith water, in cooling, has arrived at’ tha
temperture, it ceafes to be farther condenfed with'
cold, andNits internal motions (which, as we have
already more than once cbferved, are caufed folely
by the change?;rroduced in the fpecific gravity of its

particles) ceafgfpf courfe, and ice immediately begins
to be formed ol its furface ; but as the condenfation
of falt water gfoes on as its Heat goes on to be di-
minifhed, its finternal motions will continue ; and
it is evident)y impoffible for ice to be formed at
its furface @l the whole mafs of the water has be-
come icefold, or till its temperature is brought
down to'32°. It would therefore give off a quan-
tity of Heat equal to 8 degrees, at leaft, of Fahren-
heit’s thermometer; more than the frefb water would
part with before ice could be formed on its fur-
face.

To be able to form an idea of this enormous
quantity of Heat, we have only to recolieét what
has already been faid, and we fhall find reafon to
conclude that it would be fufficient to melt a cover~
ing of ice equal in thicknefs to ;% of the depth of
the fea.—It would therefore be fufficient in “that
part of the North Sea (lat. 67°) where Lord Mul
grave founded at the depth of 4680 feet, to melt 2
cake of ice 265 feet thick !

Blit‘
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But the Heat evolved in the formation of each
l'apgrﬁcml foot of ice would be fufficient {o raife the ,
temperature of a ftratum of incumbenf air 2224
times as thick as the ice, (confequently(in the ¢éfe
in queftion 265x2220 feet, or 869 mjles thick,)
28 degrees, or from the temperatureAyf friezing
water, to that of 50° of Fahrenheit’s thermbmeter,
or to the mean annual temperature of the‘northern
parts of Germany :

The Heat gn en off to the air by ¢ach fuperficial
foot of water in cooling one degrfﬁ fufficient to
heat an incumbent ftratum of air 44imes as thick
as the depth of the water, 10 degries. Hence we
fee how very powerfully the water) of the ocean,
which is never frozen over, excepfin very hrgh
latitudes, mult contribute to warm Yhe cold air
which flows in from the polar regions. >

But the ocean is not more okl i m\bx}eraung
the extreme cold of the polar regions, than it is in
tempering the exceflive heats of the torrid zone ;=
and what is very remarkable, the fitnefs of the fea
water to ferve this laft important purpofe is owing
to the very fame caufe which renders it {o pecu-
liarly well adapted for communicating Heat to the
cold atmofphere in high latitudes, namely, fo /e
ﬁu’r awbhich it holds in folution.

+ As the condenfation of falt watcr with cold con-
tinues to go on even long after it lias been cooled to
the temperature at which frefh water freezes, thofe
pmacles at the furface which are cooled by an im-
mediate contact with the cold winds muft defcend,

and
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and take their places at the bottom of the fea,
where they muft remain, till, by acquiring an ad:
- ditional qiantity of Heat, their fpecific gravity is

ain dimigithed. But this Heat they never can re-
gain in th) polar regions ; for innumerable experi-
menwhl:av proved, beyond all poffibility of doubt,
that thkre i3™no principle of Heat in the interior pari:
of the g}\ube, which, by exhaling through the bottom
of the ocean, could comnmunicate Heat to the water
which refts upon it.

It has been found that the temperature of the
earth at greasfdepth under the furface is different
in different lajtudes, and there is no doubt but
this is alfo thejfcafe with refpett to the temperature
at the bottom »f the fea, in as far as it is not influ-
enced by theycurrents which flow over it ; and this
proves to aidemonitration that the Heat which we
find to exAt, without any fenfible change during
fummer and winter, at great depths, is owing to
the attion of the fun, and not te central fires, as
fome have too haftily concluded.

But if the water of the ocean, which, on bmg
deprived of a great part of its Heat by cold winds,
defcends to the bottom of the fea, cannot be
warmed where it defeends, as its fpecific gravity is
greater than that of water at the fame depth in.
warmer latitudes, it will immediately begin to
{pread orn the bottom of the fea, and to flow to-
wards the equator, and this muft neeeffarily pro-
duce a current at the furface in an oppofite direc-
tion; and there are the moft indubitable proofs of*
the exiftence of both thefe currents.

The
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. The proof of the exiftence of one of them
&muld indeed have been quite fufficient to have
-pﬂwed the exiftence of both, for ong¢ of them -
could not poflibly exilt w:thout the {ther; buf
there are feveral diret proofs of the dkiftency of
each of them.

‘What has been called the guiph ml;/‘ﬁi the
Atlantic Ocean, is no other than one of thffe cur-
rents, that at the furface, which movevfrom the
equator towards the north pole, modified by the
trade winds and by the form of the continent of
North America; and the progref!a of the lower
current may be confidered as proved?ﬂi retly by the
cold which has been found to exigt in the fea at
greﬁt depths in warm latitudes ;—a &egree of tem-
perature much below the mean annuél temperature

of the earth in the latitudes where\'{\has been

found, and which of courfe muft have b¥gn Aroxaht
Jrom colder latitudes.

" The mean annual temperature in the latitude of
67° has been determined by Mr. Kirwan, in his
excellent treatife on the temperature of different
fatitudes, to be 39°; but Lord Mulgrave found on
the 20th of june when the temperature of
the air was 484° that the temperature of the
fea at the depth of 4680 feet was G degrees
below freezing, or 26° of Fahrenbeit’s thermi.
meter.

On the 31ft of Auguft, in the latitude of 6¢°,
where the annual temperature is about 38° the
temperature of the fea at the depth of 4038 feet
was 32°; the temperature of the atmofphere (and

probably
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probably that of the water at the furface of the fea)
being at the fame time at 593"

But a {tijl more ftriking, and I might, I believe,
i.,y an indontrovertible proof of the exiftence of
curzents o‘o cold water at the bottom of the fea,
fetting frota the poles towards the equator, is the
very remarkable difference that has been found
to fubfilt between the tecmperature of the fea at
the furface and at great depth, at the tropic,~=
though the temperature ot the atmofphere there is
fo conftant that the greateft changes produced in
it by the feaforfs feldom amounts to more than five
or f{ix degrees ;,yet the difference between the Heat
cof the water '!.( the furface of the fea, and that at
the depth of 3500 fect, has been found to amount
to no lefs thayl 31 degrees ; the temperature above
or at the fysface being 84°, and at the given depth
below no ,.ﬁvore than 53°*.

It appears to me to be extremely difficult, if not
quite impofiible, to account for this degree of cold
at the bottom of the fea in the torrid zone, on any,
other fuppofition than that of cold currents from
the poles; and the utility of thefe currents in tem-
pering the exceffive heats of thofe climates is too
evident to require any illuftration.

Thefe currents are produced, as we have already
feen, in confequence of the difference in the fpeci~
fic gravity of the, fea water at different tempera-
tures ; their velocities muft therefore be in pro-
portion to the change produced in the fpecific gra-

* Phil, Tranfattions, 1732,
vity
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vity of water by any given charge of temperature ;
and hence we fee how much greater they muft be
in falt water than they could poffibly hav¢ been had
the ocean been compofed of frefh water!

It is not a little remarkable that th¢ wate/ of
all great lakes is frefh, and nearly fo iff all jiland
feas (like the Baltic) in cold climates, and “which
communicate with the ocean by narrow c]lxannels.
‘We fhall find reafon to conclude that this did not
happen without defign, when we confider what
confequences would probably enfy'e fhould the
‘waters of a large lake in an inland Jituation, in a
cold country, (fuch as the lake Syperior, for in-
ftance, in North America,) becom{ as falt as the
fea. ‘

Though the cold winds which b]ow%;r the lake

in the beginning of winter would be moge warmed,
and the temperature of the air on the fide df the lake
oppofite to the quarter from whence thefe winds
arrive, would be rendered fomewhat milder than
it now is; yet, as the water of the lake would give
off an immenfe quantity of Heat before a covering
of ice could be formed on its furface for its pro-
teltion, it would, on the return of fpring, be fornd
to be extremely cold ; aud as it would require a long
time to regain from the influence of the returning
fun the enormous quantity of Heat loft during the
winter, it would remain very cold during the
{pring, and probably during the greateft part of
the fummer; and this could not fail to chill the
atmofphere, and check vegetation in the furround-
ing country to 2 very confiderable diftance. And

though
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though a large lake of falt water in a cold country
would tehd to render the winter fomewhat milder
on one { de of it, namely, on the fide oppofite to
the quarser from whence the cold winds came;
‘yet this advantage would not only be confined to a
fmall tra& f country, but would not any wherebe
very important, and would by no means counter-
balance the extenfive and fatal confequences which
would be produced in fummer by fo large a col-
lection of very cold water.

‘When the Winter is once fairly fet in,—when the
earth is well fovered with fnow, and the rivers and
lakes with ice, and more efpecially when the ice
as well as the land is covered with that warm
winter garment, a few degrees more of cold in the
air cannot Hroduce any lafting bad confequences.
It may ob%ge the inhabitants to ufe additional pre-
cautions. to guard themfelves, their domeftic ani-
mals, and their provifions, from the uncommon fe-
verity of the weather ; but it can Lave very little
influence in the temperature of the enfuing fum-
mer ; and even it is probable, if it influences it at
all, that it tends rather to make it warmer than
colder. Lakes of falt water could therefore be of
no real ule in winter in cold countries, and in fum-
mer they could not fail to be very hurtful ; while
frefh lakes, as they are frozen over almoft as foon
as the winter fets in, and long before the whole
mafs of their water is cooled down to the tems
perature of freezing, preferve the greater part of
their Heat through the winter. and if they are of

VOL. IL s ng
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no ufe during the cold feafon, they probably do
little or no harm in fummer, (

But I muft take care not to tire my reader by
purfuing thefe fpeculations too far. If 1 have per-
Aifted in them,—if I have dwelt on thex!a with pe-
culiar fatisfaltion and complacency,—ijis becaufe I
think them uncommonly interefting,—and alfo be-
caufe I conceived that they might be of real ufe in
this age of refinement and feepticifi.

If, among barbarous naticns, the jfear of a
God, and the prattice of religious duties, tend to
foften favage difpofitions, and to prepare the mind
for all thofe fweet enjoyments which refult from
peace, order, induftry, and friendly intercourfe,~—
a belief in the exiftence of a Supreme Intelligence, who
rules and governs the univerfe with \wildom and
goodnefs, is not lefs effential to the hdppinefs of
thofe who, by cultivating their mental - powers,
HAVE LEARNED TO KNOW HOW LITTLE CAN BE
KNOWN,

DESCRIP.
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DESCRIPTION or Tue PLATES.

PLATE L

His Plate reprefents the cylindrical Paffage
Thermometer ufed in the Experiments, on the
conduéting power of liquids with regard to Heat.

Fig. 1. a, b, is a fettion of the brafs tube in
which the Thermometer ¢, with an oblong copper .
bulb, is placed.

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

£, 1s a ftopple of cork by which the end of the
brafs tube, a, b, is clofed ; and

h, is a circular difk of the fame fubftance.

The fpace in the brafs tube below this difk 4, fur-

rounding the bulb of the Thermometer, was occu-
pied by the liquid whofe conduting power was
determined. The fpace between the difk and the
cork-ftopper g, was filled with eider-down.
" Between the infide of the brafs tube and the
lower part of the bulb of the Thermometer are
feen the wooden pins which ferved to confine the
Thermometer in its place.

Fig. 2. This is an horizontal feGtion of the brafs
tube, and a bird’s-eye view of the Thermometer in
its place. _

PLATE
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PLATE IL

Fig. 3. This Figure fhows the manner in which
the Experiments were made, in which a cake of ice
at the bottom of a tall glafs jar was thawed by hot
water ftanding on its furface.

a, is an earthen bowl filled with pounded ice
- and water, in which the glafs jar, 4, was placed.

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

e, f, is the level of the furface of the water
ftanding on the ice in the jar.

END QF PART I. CF E55aAY VIL
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CHAP. 1

“escount of a Circumflance of a private Naturc, by
which the Author has been induced to add this and
the following Chapters to the Second Edition of this
Efjay.— Experimental Invefligation of the Subjelt
continued.—O1L found by Experiment to be a Non-
conduétor of Heat.—MERCURY is likewife a Non-
condultor.—Probability that all FLulDs are Non-
CONDUCTORS, and that this Property is ESSEN-
TiAL To Fruiprry.—The Knowledge of that
Fact may be of great Ufe in enabling us to form
more juft ldeas with regard to the Nature of thofe
mechanical Operations which take place in chemical
Solutions and Combiiations ; in the Procefs of Ve-
getation ; and in the various Changes- effected by
the Powers of Life in the Animal Economy.—Rapi-
dity of Solution no Proof of the Exiftence of an At-
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srackion of Affinity.—Strata of frefb Water and of
Jalt Water may be made to rcpsfe on each other in
actual Contact without mixing.~Probability that
the Water at the Bottom of frefb Lakes, that are
very desp, may be aclually falt.

T the end of a French tranflation of the Firft
Edition of this Effay, publifhed at Geneva, Pro-
feffor Pitet (the tranflator) has added the follow-
ing extra& of one of my private letters to him, (of
the gth June 1797,) written in anfwer to one from
him to me, acknowledging the receipt of a manu~
fcript copy of the Effay which I had fent him.

¢ T thould have been much furprifed if my Se-
¢ venth Effay had not interefted you; for in my
¢ life T never felt pleafure equal to that I enjoyed
<« in making the experiments of which 1 have given
¢ an account in that performance. You will per-
¢ haps be furprifed when I tell you, that I have
¢ fuppreffed a whole Chapter of inrerefting fpecu~
¢ lation, merely with a view of leaving to others a
¢« tempting field of curious inveltigation untouched,
¢ and to give more eftet to my concluding reflec-
¢ tion, which I confider as being by far the moft
 important of any I have ever publifhed.”

As thefe affertions, (which were not originally
intended for the public eye,)—are liable to feveral
interpretations, I think it my duty, not only to ex-
plain them, but alfo to let the Public know precifely
how far I have pufhed my inquiries in the invefti-
gation of the fubject under confideration : This is
an a&t of juiftice which I owe to thofe who may be

cngag( d
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engaged in the fame purfuits ; for it would be very
unfair, by Y8fcure hints of important information kept
back, to keep others in doubt with refpeé to the
originality of the difcoveries they may make in. the
profecution of their inveﬁigations This would tend
to damp the fpirit of inquiry, inftead of exciting it;
and thromng out fuch hints looks fo much like
lying in wait to feize on the fair fruits of thela
bours of others, that I cannot reft till I have thewn
that I do not deferve to be fufpeted of fuch pitiful
views.

My worthy friend, Profeflor Pl&et, certainly did
not fufpet any unhandfome defign in any thing I
faid to him in my (private) letter ; but thofe who
are lefs acquainted with my charaéter, may not be
difpofed to give e credit for candour and difinter-
eftednefs without proofs.

With regard to the affertion in my letter, ¢ that
I had fupprefled a whole Chapter of interefting
fpeculation, with a view to leaving to others a -
tempting field, untouched, for curious inveftiga-
tion ;”’—this is perfe@ly true in fa&, as will, I
flatter myfelf, appear, by what I fhall now lay be-
fore the Public ; and I am confident that thofe who
will take the trouble to confider with attention
the reafons which induced me to do this, will find
them fuch as will deferve their approbation:
Having, as I flattered myfelf, laid open a new
and mott enticing profpect to thofe who are fond of
philofophical purfuits, I was afraid, if I advanced
too far, that others, inftead of ftriking out roads for
\themfelves, might perhaps content themfelves with

z2 following
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following in- my tootlteps . .and ; confequéntly that
many, and probably the moft intezefting parts of the
new field of enquiry, would remain a long time uns
explored : And with regard to the reputation of
being a difcoverer, though I rejoice, I might fay, ex-
ult and triumph—in the progrefs of human know-
ledge,—and enjoy the {weeteft delight in contem-
plating the advantages to mankind which are de-
rived from the introduétion of ufeful improve-
ments ; yet I can truly fay, that I fet no very high
value on the honour of being the firft to ftumble
on thoft treafures which every where lie fo flighdy
covered.

In refpect to the  concluding refle®ion” of the

Firt Edition of this Effay ;—though fome may
fmile in pity, and others frown at it, I am neither
afhamed nor afraid to own, that I confider the fub-
ject as being of the wutmg/t importance to the peace,
order, and happinefs of mankind, in our prefent ud-
vanced flate of fociety. But to return from thefe di-
gre{lions—

-Though it appeared to me that the important
fa& I undertook to inveftigate, relative to the mag-
ner in which Heat is propagated in Fluids, is fully
eﬁabhﬂled by the Kxperiments, of which an ac-
count has been given in the preceding Chapters of
this Eﬂhy yet, as a thorough examination of the
fubject .is a2 matter of much importance, in many
refpedts, I did not reft my enquiries here, but made
a aumber of Experiments with a view to throwing
fill more light upon it;’ and enabling u$ to form
more.clear and diftinc ideas refpeéting thofe curious

mechanic
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meehamcn! operanons which appear to take place
in Fluids, when Heat is propagated in them,

Having frequently obferved when a quanfity of
water in one“of my glafs jars was frozen to a cdke
of ice, by placing the jar ina fréezing mixture,
that, as the ice firft began to be formed at the fides
of the jar, and increafed gradually in thicknefs, the
portion of water in the axis of the jar (which faft
retained its fluidity) being comprefled by the ex-
panfion of the ice, was always forced upwards to-
wards the end of the procefs, and formed a pointed
projeion of ice in the form of a nipple, (papilla,)
which was fometimes above half an inch high in the
middle of the upper fide of the cake ; I was led by
that circumftance to make the follomng interefting
Experiments.

Experiment, No. §5.

A cake of ice, 3 inches thick, which had a
pointed projection, ; an inch high, which arofe
from the centre of its upper furface, being frozen
faft in the bottom of a tall cylindrical glafs jar, 43
inches in diameter ; this jar, ftanding in an earthen
pan, and being furrounded by pounded ice *and
water, to the height of an inch above the level of
the upper furface of the ceke of ice, was placed on
a table, near a window, in 4 room where the air was
at the temperature of 31° of Fahrenheit’s thermo-
meter; and fine olive oz*’, which had prevxouﬂy
Reen coo‘ted down to the temperature of 32° was

3 poured
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poured into the jar till it ftood at the height of 2
inches above. the furface of the cake of ite.

-Having teady a folid cylmder of wrought iran,

15 4nch in diameter, and 12 inches beng, with a
fmall hook at one: end of it, by means of which it
could occafionally be fufpended in a vertical pofi~
tion, and furnifhed with a fit hollow cylindrical
fheath of thick paper, into which it juft paflfed,—
open at both ends, and about ;% of an inch longer
than the folid cylinder of iron, to which it ferved
as a covering for keeping it warm ; this iron cy-
linder, being heated to the temperature of 210° in
boiling water, and being fuddenly introduced into
its fheath, was fufpended by an iron wire which def-
cended from the ceiling of the room, in fuch a
manner, that its lower end entering the jar, (in the
diretion of its axis,) was immerfed in the oil to
fuch a depth, that the middle of the flat furface of
this end of the hot iron, which was direftly above
the point of the conical projection of ice, was dif-
tant from it only 7% of an inch. The end of the
fheath defcended 5 of an inch lower than the end
of the hot metallic cylinder.

As the oil was very tranfparent, and the jar
placed in a favourable light, the conical projeétion
of iee was perfettly vifible, even after the hot cy-
linder was introduced into the jar; and had any
Heat pescenpep through the thin ftratum of fluid
oil which remained interpofed between the hot fur-
face of the iron and the pointed projection of ice,
which was under it, there is no doubt but this

Heat muft have been apparent, by the melting of
th
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the ice; which event would have been difcovered,
either by the diminution of the height .of this pro-
jection, or by an alteration of its form,: But this
was not theseafe : theice did not appear to be inthe
fmalleft degree diminifhed, or otherwife affeited by
the vicinity of the hot iron.

My reader will naturally fuppofe, without, my
mentioning the circumitance, that due care was
taken in introducing the cylinder into the jar, to do
it in the moft gentle manmer poflible, to prevent the
oil from being thrown into undulatory motions ;
and that proper means were ufed for conﬁning the
cylinder, motionlefs, in its place, when it had ar-
rived there.

As this experiment appears to me to be unex-
ceptionable, and its refult unequivocal and decifive ;
in order that a perfet idea may the more eafily be
formed of it, I have added the Figure 4, where a
{ection of the whole of the apparatus ufed in making
it may be feen, exprefled in a clear and diftinét
manner.

If the general refult of the Experiments, of which
an account has been given in the two firft Chapters
of this Lffay, afforded rcafon to conclude that
water is a non-conductor of Heat, the refult of that
here defcribed ctrtamly proves, in a manner quite
as fatlsfa&ory, that oil is alfo a non-conductor ; and
ferves to give an additional degree of probability to
the conjeéture, that all Fluids are necgffarily non-
condutors of Heat.

As mercury, which is a metal in fufion, is differ-
gnt in many refpelts from all other Fluids, I

Z 4 was
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wasivery impatient to kbow if it agreed with them in
that effential property, from which they have been
denominated non-conductors of ‘Heat, and this 1

found to be altually the cale, by the sefult of the
following decifive Experiment.

Experiment, No.. §6.

Having emptied and cleaned out the cylindrical
glafs jar ufed in the laft mentioncd Experiment,
and replenifhed it with a freth cake of ice, with a
conical projeCtion in the middle of its upper fide, I
placed the jar, furrounded by pounded ice and
water, on the table, in the cold room, where the
foregoing Experiment had been made ; and poured
over the cake of ice as much ice-cold mercury, as
covered it to the height of about an inch. Having
cleaned the Turface of the mercuryin the jar with
blotting paper, I fuffered the whole to remain quiet,
about an hour; and then very gently introduced
the end of the hot cylinder of iron (inclofed in its
paper fheath) into the mercury, and fixed it immo-
veably in fuch a pofition, that its flat end, which
was naked, was immediately over the point of the
conical projection of ice, and diftant from it about
% of an inch; where I fuffered it to remain feveral
Tninutes.

It is neceflary that T fhould mention, that, in
order to prevent the internal motions in the mafs of
mercury, which would otherwife have been occa-
fioned by the rifing and fpreading out on its furface
of thofe particles- of that fluid, which, having!

touched



touched the flat end of the hot iron, became fpeci.
fically lighter in confequence of their.increafe of
temperature, the end of the hollow cylindrical
fheath, in which the folid cylinder of iron mwas
placed, was made to proje® about % of an imch
below the flat end of the iron. This precaution
was likewife ufed, and for a fimilar reafon, in the
preceding Experiment ; when oil was ufed in' the
place of the mercury; as was mentioned, though
without being explained, h giving an accountdf
that Experiment.

As the cake of ice, on which the mercury repofed,
"was at that temperature precifely at which ice is difs
pofed to melt with the finalleft additional quantity
of Heat, if any Heat had found its way downwards
through the mercary to the ice in this Expetiment,
water would moft undoubtedly have been formed ;
and this water would as undoubtedly have appeared
on the furface of the mercury on taking away the
iron: but there was not the fmalleft appearance of
any ice having been melted.

To find out whether the cake of ice was really at
that temperature at which it was difpofed to melt
with any additional Heat, I thruft down’the end of
my finger through the mercury, and touched the
ice; and this Experiment removed all my doubts;
for 1 found that, however expeditioufly I performed
that operation, it was hardly poffible for me to
touch the ice without evident figns of water having
been produced being left behind, on the clean and
bright furface of the mercury, on taking away my

- finger.
From
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~:§Fyorn the refults of all thefe experimental invefti-
gations it appears to me, that we may Tafely con-
chude that water, oil, and mercury are perfect non-
condultors of Heat; or, that when either of thofe
fubftances takes the form of a Fluid, all interchange
and communication of Heat among its particles, or
from one of them to the other, direétly, becomes
from that moment abfslutely impoffible.

That this is alfo the cafe with refpect to the par-
ticles of air, has been réndered extremely probable,
~—I believe I might fay proved,—by the Experi-
ments of which I gave an account in one of my
Papers on Heat, publifhed in the Tranfaétions of
the Royal Society ;—and I have fhewn elfewhere —
(in my Sixth Effay) how much reafon there is to
conclude, that the particles of Stecam and of Flame
are in the fame predicament.

But if all interchange and communication of
Heat, from particle to particle—immediatcly, or de
proche en proche, be abfolutely impoffible in {fo many
dlaftic and unclaftic Fluids,—and in Fluids fo ef-
fentially different in many other refpects,—is there
not fufficient grounds to conclude from hence, that
this property is common to all Fluids—and that it
is even ¢ffential to fluidity ? _

It is eafy to conceive, that the difcovery of fo im-
portant a circumftance muft neceffarily occafion a
confiderable change in the ideac we have formed in
refpe to thg mechanical operations which take
place in many of the great phenomena of Nature ;
as- well as in many of thofe ftill more interefting
: ' chemical
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chemical operations, which we ate able to dire@,
but whicH we find, alas ! very difficult to exphin.

In my Paper on Heat, above mentioned, publifbed
in the Philofophical Tranfactions for the year 2792,
I endeavoured to apply the difcovery of the non-
conducting power of air in accounting for the
warmth of the hair of beafts ;—of the feathers of
birds ; —of artificial clothing;—and of fnow, the
winter garment of the earth ; —and alfo,.in explain-
ing the caufes of the cold winds from the polar-re-
gions, and of their different direttions in different
countries, which prevail at the end of winter, and
early in the fpring.

In my Sixth Effay—(on the Management of
Heat and the Economy of Fuel)—I availed myfelf
of the knowledge of the non-condutting power of
fream and of flame, in explaining the effets of a
blow-pipe in increafing the aétion of pure flame;
and in :nvrﬂlganng the moft advantageous. forms
for boilers : and in the third Chapter of this Effay
I have endeavoured to apply the difcoveries which
had been made, refpe&mg the manner in which
Heat is propagated in zwater, in explaining the means
which appear to have been ufed by the Creator of
the world for equalizing the temperatures of the
different climates, and preventing the fatal effedts
of the extremes of heat and of cold on the furface
of the globe. Buta moft interefting application
Temains to be made of thele difcoveriegddp chemiftry;
—vegetation ;~——and the animal -economifly: d to
the learned in thofe branches of fcience I beg leave
moft earneftly to recommend them. If I am not

much
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much- ‘miftaken they -will throw a2 new I:ght on
tnany of thofe myfterious ogeratms of Nature, m
which imanimate bedies are put in motion —their
forms changed —their component parts feparated
and new combinations formed; and it is poffible
that they may even enable us to account, on me-
chanical principles, for-thofe furprifing appcarances
of preference and predilection among bodies, which,
without ever having been attempted to be explained,
have been diftinguithed by the appellation of chemi-
cal affinity.

Perhaps it will be found that every change of
form, in every kind of fubftance, is owing to Hents
and to Heat alone :—that every concretion is a true
eongelation, effeCted by cold, or a diminution of
Heat ;—and that cvery change from a folid to a
fluid form is a regl fufion. That the difterence be-
tween calcination in the wef and in the dry way, is,
in fa&, much lefs than has hitherto been generally
imagined ; and that no metal is ever diffolved till it
has firf¢ been melted.

Perhaps it will be found, that the apparent vio-
lence with which folid bodies of fome kinds ate at-
tacked by their liquid folvents,~—and which has, I
believe, been confidered as a proof of a ftrong che-
mical affinity—is not owing to any particular at-
traftion, or elettion, but to the confiderable degre=
nf hcat, or of cold, which is produced in their
i men&ma or to a great difference
‘gravity of the menftruum in its na-
tural ﬁate, ‘and that of the fame fluid after it has
been changed to a faturated folution. -




If Fluids are non-condu&orsof Heat, it is evxdent
that, if atty change of temperature takes place I
chemical folution, it muft neceflarily produce cur.
rents in the folvent; and that thefe currents muft
be the more rapid, as the change of temperature is
greater ; and as they neceflarily caufe a fucceffion
of frefh particles of the folvent to come into contaét
with the folid, it is evident,—all other things being
equal,—that the rapidity of the procefs of folution
will be as the rapidity of thefe currents,—or as the
change of temperature.

But the currents produced by the d1ﬁ'erence in
the fpecific gravities of the fluid menftruum, and
of the faturated folution, have perhaps, in general,
a ftill greater effet in bringing a rapid fucceflion of
freth particles of the menftruum into conta&t with
th~ folid body that is diffolved in it, than thofe pros
duced by the change of temperature.

When thefe two caufes confpire to accelerate tbe
motion of the lame current, or when ther ten-
dencies are in the fame direction, as is the cafe in
the folution of common fea-falt in water,—thc
folution ought to be moft rapid.

When common falt is diffolved in water, the fpeo
cific gravity of the faturated folution is greater than
that of pure water, and will therefore defcend init;
and cold being produced in the procefs, and water
being a non-conduétor of Heat, the fpecific gravity
of the faturated folution will be /il farther increafed,
in confequence of its condenfation with this cold,
by which its defcent in the water will be {till farther
.2ccelerated.

2 A curious
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x&cﬁnous quéftion here prefents itfelf, which,
could it be refolved, might greatly tend tb elucidate
this abftrufe fubje& of philofophical mveﬁxganon
Suppofing that, in a cafe where Heat is generated
in the folution of a folid in a fluid menfiruum, the
addition to the {pecific gravity of the menftruum,
afifing from its chemical union with the folid, thould
fo precifely counter-balance the diminution of the
fpecific gravity of the Fluid, by the Heat generated
in the procefs, that the Aot faturated folution thould
be precilely of the fame fpecific gravity as the cold
menftruum j;—would, or would not the procefs
of folution be poffible under {uch circum-
ftances?

If the apparent tendency to approach-each other,
which we fometimes perceive in folids and their
fluid menftrua, were real ;—if that peculiar kind of
attraction of predile¢tion which has been called
chemical affinity, has a real exiftence, and if its in-
fluence reaches beyond the point of actual contal?, (as
has, I believe, been generally fuppofed,) as there is
no appearance of any attrattion whatever, or affi-
nity, between any folid body, and a faturated folu-
tion of the fame body in its proper menftruum, it
feems probable that the folution would take place,
—under the circumftances defcribed : but fhould
the attraction of affinity, according to the definition
of it here given, have no exiftence in fa&t, (which
is what [ very much fufpet,) in that cafe it is evi-
dent that the® folution, though it would not be ab-
folutely impoffible, would be fo very flow.as hardly
to be perceptible. _

It



Je'would not be :m;ﬂﬁbk, becaule the particles Df
the menfttuum in immediate conta& with the folid,
though, in. the, moment of ‘their fataration, they
would have no tendency to move out of their plaf.es,
yet, as they would by degrees neceﬂanly give off,
to the undiffolved part of the folid, a part of the
Heat acquired in the chemical procefs by which
they were faturated, being condenfed by this lofs of
Heat, they would, at length, begin to defcend, and.
give place to other particles of the menftruum;
which, in their turns, would follow them, but with
velocities, however, continually decreafing ;~—on

count of the gradual augmentation of tempera-
ture of the undiffolved part of the folid, and of the
Heat communicated by that folid fubftance to the
whole mafs of the liquid menftruum.

Though it would, probably, be extremely diffi-
cult to contrive any fingle experiment, from the re-
fult of which a fatisfattory decifion of this queftion
could be obtained, yet it does not appear to be im-
poflible to difcover by indirect means, the principal
fa&t on which its decifion muft depend.

It is a well known fa&t, that, when water which
holds fea-falt in folution is mixed, in.any veflel,
with freth water, the falt will, after a fhort time, be
found to be very equally diftributed in every past of
the whole maf ; and I believe that it has been ge-
nerally confidered, that this equal diftribution of the
falt is owing to the affinity which is fuppofed to exift
between fea-falt and water.

Having doubts with refpet to the exxﬁence of
this fuppofed attralion ; and fufpc&mg that the

4 equal
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equal diftribution of the falt was owzng to a very
dtﬁfﬂrcnt caufe—the internal motions among the
particles. of the water, occafioned by accidental
changes of temperature—I made the following
Experiment, which, I fancy, will be conﬁdered as
decifive,

Experiment, No. 57.

I took a cylindrical glafs jar, 4% inches in diame-
ter, and 7{ inches high, and placing it in the
middle of another cylindrical glafs jar, 7 inches
in diameter, and 8 inches high, which ftoed~in”
a very fhallow earthen difh, nearlv filled with
pounded ice and water, I placed the difh, with its
contents, on a {trong table, in an uninhalited room,
in a retired part of the houfe, where the tempera-
ture of the air, which was the fame, with very
little variation, day and night, was at about 36° F.
Having prepared, and at hand, a quantity of the
ftrongeft brine I could make with fea-falt, which
was very cléar, tranfparent, perfeétly colourlefs,
and ice-cold; and alfo, a quantity of frefh, or
pure water,—ice-cold, lightly tinged of a red
colour with turnfol ; and fome ice-cold olive-oii ; 1
firft poured as much of the frefh water into the
fmall cylindrical jar as was neceffary to fill it up to
the height of above 2 inches ; and then, by means
of a glals funnel, which ended in a long and narrow
- tube, byintroducing this tube into the freth water,
and refting it on the bottom of the jar, I poured a

| quan\rizy'
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quantity of the brine, ‘equil to ‘thit of the frefh
water, into the far ; andiin performing this opera.
tion I took fo much care to do it gently, and with-
out difturbing the freth water already in the jar,
that, when it wag finifhed, the frefh water, which,
as it was coloured red, could eafily be diﬁ’lngﬂfhed
from the brine, remained perfeétly feparated: from
this heavier faline liquor; on which it repofed
quietly, withoyt the fmalleft appearance of any
tendency to mix with it.

I now filled, to the height of about 5 inches;’
the véid fpace between the outfide of the fmall jar
aiid~the infide of the large jar in which it was
placed, with ice-cold water, mixed with a quantity
of ice, in pieces as large as walnuts,—(pounded
ice would have obftruéted the view in obferving,
through the fides of the large jar, what paffed ‘in
the {maller)—and when this was done, I very care.
fully poured ice-cold olive oil* into the fmaller jar
till it covered the furface of the (tinged) frefh water
to the height of about an inch (feeFig. 5 Plate IV.);
and placing myfelf near the table, in a fituation
where I had a diftinét view of the contents of the
fmall jar, I fet myfelf to obferve the refult of the
Experiment.

After waiting above an hour without being able
to perceive the fmalleflt appearance of any motion,
either in the brine, or in the frefh water, (the one
continuing to repofe on the other with the moft

* This oil ferved not only to keep the water on which it rzpofbd.
quiet; but alfo to prevent any communication of heat between it
and the air of the atmofphiere,

L. 1. AA verfe&t
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&, sranquillity,and without the finateft difpefi-
n&umm together). I left the room..

When I réturned to it the next day, I.found
th ngs pregifely in the. ftate Jin Whlch 1 had left
them, and .they continued in tiys {tate, without
the fmalleft appeatance of any c ge, or of any
difpafition to.change, during fr.ur days.

At the end of  that time, thinking that any far-
the_r prolongation of the Experiment would be
quite ufelefs, I removed the fmall jar, taking care
not to agitate its contents, and placed it in the win-
dow of a room heated by 2 German ftove.

Ini lefs than an hour.I perceived that the brin~
and the (tinged) freth water began to mix, and at
the end of 24 hours they were intimately mixed
throughbur, as was evident by the colour of the
aqueous fluid on which the oil repofed ; which
now appeared to the eye to form one uniform mafs
of a light red tint.

I fhall leave it to philofophers.to draw their own
conclufions from the refults of this Experiment :
In the mean time; there is one faét which it feems
to point out that I fhall juft mention, which is not
only curicus in itfelf, but may lead to very import-
ant difcoveries. It appears to me to afford ftrong
realoms to conclude that, were a lake but very deep,
its waters, near the furface, would neceflarily be
frefh, even though its bottom fhould be one folid
mafs of rock falt! .

Would it be ridiculous to make Experiments to
‘determine whether the water at the bottom of fome
very deep lakes is not impregnated with falt?

2 Sk nuld




Should it be found to'be. a&wﬂﬂ#bc ca{e,.nmxght
prove an tnexhauftible treafuse in an inlaad coun-

try, where falt s fcarce.
As mines of rock-falt are often found inathe
neighbourh freth lakes, It feems' reafonable
to fuppofe that the waters of fuch lakes fhould
fometimes be in contal with fireta of thefe mines 3
and when 1 firft began to meditate on this fubjet,
I was much furprifed,~~not that the falt water
which may lie at the bottom of freth lakes fhould
not already have been difcovered,—for from the
firft I plainly perceived that nothing could happen
in.the otdinary courfe of things that could bring it
to the light, or even afford any grounds to fufpet
its exiftence;—but, as #rata of falt mines frequently
lie higher than the mean level of the country, I'was
furprifed that lakes of /fa/t water fhould not more
frequently be found ; and as thefe refletions. oc-
curred to me affer I had difcovered what appear-
ed to me to be an evident proof of the wifdom and
goodnefs of the Creator in' making all lakes in cold
countries fre/b, I began to be alarmed for the fatal
confequences that might enfue, if, by charice, the
fide of 4 lake fhould come into conta&® with a
mountain of falt; as I faw might eafily happen.
Shall I,——or fhall T not attempt to give my reader
an idea of what I felt, when, meditating on the
fubject, and almoft begipning to repent of. what
many, no doubt, have already condemned as the
foolith dream of an enthufiaftic imagination, I faw,
all at once, that the moft effeQual care had been
taken to prevent the evils I apprehended ;—that
AA2 from
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w.the. v cm&mmn of things, and the ordi
a %@fﬂ uﬁonn operation of the known laws of
%re, the permanent exiftence of a lake, SALT AT
TH;. SURFACE, is abfolutely impoffible ; even though
it fhould be furro‘?ndad on every %e by mountains

of falt*? :

Though the explofion of a volcano, an earth-
quake, or any other great convulfion, by which the
thores of a lake might be brought into contaét with
a vaft mine of falt, might caufe the whole_ mafs
of its water to be falt for a time; yet, the evil
would foon effe@ its own remedy : The falling in
of the cruft of earth and ftones by which mines of
falt are every where found to be covered, (and
without which they could not exift) would very
foon cover the naked falt, and the water af the
Jurface of the lake would again become perfettly
frefh. Should, however, the lake be fo deep that
the temperature at the bottom fhould remain the
fame fummer and winter, without any fenfible va-
riation, it is moft certain that its waters there—(at
the bottom of the lake)—would remain perfe&ly
faturated with falt for ever.

But are there not fome reafons to conclude that
the water at the bottoms of a// very deep lakes ought
neceffarily to be falt, even in fituatjons where there
are no mines of falt near?

The fea-fhells that are frequently found in high
inland fituations, as. well as many other appear-

© ® By the word Lake I mean, as is eafy to perceive, a colle&ion of

water, in @ high inland fitvation, from which there is a conftant
e,

anqgs
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ances woticed by naturalifts, &ro@y inidicate that
moft of otr continefits have been covered' by the
waters of the ocean. Now if that event ever hap-
pened—hawever remote the period may: beeat
which it took plgee—it feems highly probable that
the falt water left at the bottoms df all deep- lakes,
by the fea, on its retiring, muf? be there now. :

I cannot take my leave of this I‘ubje& ‘without
juft obferving, that the difcovery of the impoffibility.
of the permanent exiftence of what we can plainly
perceive would be an evil, certainly ought not to
diminifb our admiration of the wifdom of the great’
Avchieft of the Univerfe,

4A7
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CHAP. IL

Water made to @ngeal at its under Surface.~0b-
Jervation refpedting the Formation of Ice at the
Bottoms of Rivers.—Reafons for concluding that
Heat -can never be equally diftributed in any
F!md.—-Perpema! Motions occafioned in Flyjds by
the unegual Diftribution of Heat. —dAn inconceiv-
ably- rapid Succeffion of Collifions among the in-
tegrant Particles of Fluids is occafioned by the in-
ternal Motions into which Fluids arc thrown in the
Propagation of Heat.—An Attempt to ¢ftimate the
Number of thefe Collifions which take place in a
given Time.—~—Thefe Invefbigations will greatlychange
our Ideas refpecting the real State of Fluids appa-
rently at reff.—FLUIDITY may be called the LiFe
oF INANIMATE Bopies.—Conjectures refpecting
the ViTAL PRINCIPLE in Living Animals ; and
the Nature of Phyfical STIMULATION.

WHATEVER the mechanical operation may in

fatk be,. by which thofe effects are produced
that have given rife to the idea of the exiftence of
an attraction of affinity—(a power different from
gravitation)—between folid bodies and their liquid
menftrua, and between different portions of the
fame menftruum differently faturated ; the refult
of the foregoing Experiment (No. 57) proves that
two particles of water in combination with very

differeélt



differant quantities of “fes-falty"or ‘atpavticle of
water jaturated With falt, and dnéther-perfedly free

from falt ; nary be i ‘conta&t withieach other for any

length of time without fhewing' any appeatanct of
a difpofition to ggualize the falt. Jetween theth.

But fhould we even admit as a fa&; what tﬁm
Experiment feems to indicate; ‘namely,- that there
is no fuch thing as an &itradion of prediletion Be-
tween folids and their folvents ; and that all thofe
motiens which have been attributed to the action
of that fuppofed power,—(as well as all other
motions which take place in Fluids,)—are the ims
mediatg effeéts of grawvitation alting according to
immutable laws, and changes of j;aerg,ﬁc gravity by
Heat ; yet, there would {hll remain one great diff-
culty in explaining chemical folution. As all me-
chanical operations require @ certain time for their
performance ; and as the motion which is occafion-
ed in a Fluid by a change of fpecific gravity in any
mdividual particles of it, begins as foon as the
change begins to take place, if there be no at-
tra@tion between the particles of folid bodies and
the particles of their menftrua ;—as Heat is fuppofed
to be generated or abforbed, or, to fpeak miore
properly,—both generated and abforbed,—in the
contaé? of thofe particles,” and previous to the coms=
pletion of their chemical union ; —how- does it ha.p-
pen that the particle of the menftruum whofe fpe-
cific gravity is neceffarily changed by this change
of temperature, does not immediately quit the folid,
in confequence of this change ; and before the pro-
cefs of folution has bad time to be completed ?

AA4 A cone.
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. 4 confideration of the. eﬁu&so{ the wvis inertie
an;;e particle of the menfiruum whole fpecific
gravity is thus changed, and alfo of the vis inertie
of ¢he reft-of the Fluid, and the refiftance it muft
oppofe to the motion o{ its individual folitary par-
ticles, would furtith us with arguments that might
be employed with advantage in removing this diffi-
culty; but I fancy that the refult of the Experi-
ment of which I fhall prefently give an account
will be more fatisfatory than any reafoning, un-
fupported by falls, that I could offer on the
fubjett,

‘When a doubt arifes with regard to the paﬂib:bty
of any operation of a peculiar kind, which is_fip-
29/ed to take place, in any procefs of nature among
thofe infinitely fmall integrant particles of bodies
which efcape, and muit ever efcape, the cognizance
of our grofs organs, however they may be affifted
by art, the fhorteft way of deciding the queftion is
to, put the known powers of nature in action under
fuch circumftances that the effe@ts produced by
the;n muft fhow, unequivocally, whether the fup-
pofed operation be pofﬁble, or not: and I_f it be
found to be poffible in one cafe, we may then
argue with lefs diffidence on the probability of its
altually taking place in the fpcc:ﬁc cafe in

ucfhon ,

- It has been abundantly proved by the Experi-
~ments of M. de Luc, and by thofe of my friend
Sn‘ Charles Blagden, that, when water, in cool-
-1ng, “has arrived at the temperature of about 41°F.
its condenfauon with cold ceafes ; and it begins to

expand ;
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€xpand ; and contimies:to expand’ ng as ns'
tempaamrc goes on 'to be farther dinis
it is changed to ice. = Availing myfelf of that mnﬁ
important difcovery, I made the following Emgtri-
ment,

Experiment, No. 58.

Having pourea mercury, at we wemperature Ot
60° into a common glafs-tumbler, €1l th:sl"hu&
ftood at the height of about an inch; Ithenponred
about twice as much water (at the fame temperatirre)
upon it; and placing the tumbler in a fhallow.
earthen difh, furrounded it to the height of the -
level of the furface of the mercury with a freezing,
‘mixture of fnow and common falt. Havmg done
*“this, T was very curious indeed to fee in what part
of the water ice would firft make its appearance,
Could it be at the upper furface of it? That ap-
peared to me to be impoffible; for the Experi-
ment being made in a room warmed hy a German .
ftove, the temperature of the air which repofed on
that furface was confiderably above :he pomt at
which water freezes.

Could it be at its lower furface, where it refted’
on the upper furface of the mercury?—If that
fhould happen, it would fhow, that, notwithftand-
ing the diminution of the fpecific gravity of the
water ‘in paﬂing from the temperature of 41° to
that of 32°; and the tendency which this diminu-
tion gave it to quit the furface of the mercary
from the inftant when, in being cooled by a con-
tat with it, it had paffed the point of 41°; yet,

there
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i Was-time fuffieient for the congelation 6 be
W deforé the particle of water fo cooled could
make its eftape.
<#The reader ‘will naturally conclude from what
was faid in the preceding page, that it was merely
with a view to the determination of that fingle
fa@, that this Experiment was contrived ; and he
will perceive by the refult of it that my expett-
ations with regard to it were fully anfwered.
Ice was not only formed at the bottom of the
water, at its under furface, where it was in con-
ta&t with the cold mercury; but, I found on re-
peating the experiment, and varying it, by-previ-
ouﬂ)r cooling  the mercury in the tumbler to about
10, that bailing hot water, poured gently upon it,
was inftantly frozen, and gradually formed a thick -
cake of ice, covering the mercury ; though almoit
the whole of the mafs of the unfrozen water, which
refted on this ice, remained nearly boiling hot.

‘This Experiment not only determines the point
for the decifion of which it was undertaken;
but alfo enables us to form a juft opinion refpect-
ing a matter of fa&t which has been the fubject of
a good deal of difpute.

-Theugh many accounts have been publithed of
ice found “at the bottom of rivers, yet doubts
have been entertained of the pofiibility of its being
Jformed in that fituation. From the refult of the
foregoing Experiment it appears to me that we may
fafely conclude, that, if after a very long and a
VERY. fevcrc froft, by which the furface of the ground
has not onl}' been frozen to a confiderable depth,

but




but alfo qocled feveral degiees ‘below-the hz:i'fg
point, a river fhould overflow its batdks;untlvover
the furface of ground previoufly fo coukéd, ice
would be formed at the bottom of - the wateﬁ‘bm
all the Experiments that have been made ‘on ‘the
congelation of water fhow the abfolute impoffibi
lity of ice being ever formed, in any country, at'thé
bottom of a river which conftantly fills its bartks;
or which never leaves its bed expofed, dry, to thié
cold air of the atmofphere.

By reflefting on the various contequences it
ought to follow from the peculiar manner in which
Heat sppears to be propagated in Fluids, we are led
to conclude, that it is almoft impofiible that any.
Fluid expofed to the action of light fhould: ever be

- throughout of the fame temperature, though s
malfs bc ever fo fmall; and that the difference in
the Heat of its different particles muft occaﬁm
perpetual motions among them.

Suppofe any open veflel,—as a2 common glafs
tumbler for inftance,—containing a piecc of mnios
ney, a fmall pebble, or any other fmall folid opacue
body, to be filled with water, and expofed in a
window, or elfewhere, to the altion of the fun’s
rays. As a ray of light cannot fail to generate
Heat when and where it is {topped or abforbed;
the rays, which, entering the water, and paffing
through it, impinge againft the fmall folid opaque
body at the bottem of the veflel, and are there ab-
Jforbed, muft neceffarily generatea certain quantity
of Heat ; a part of which will penetrate into the_
interior parts of the folid, and a part of it will be"

commuit-
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' .to thofe colder particles: of the water
M&@oﬁ en its furface. .. .|

%Lt us fuppofe the quantity of Heat {o commu-
nicgted to one of the i integrant partmies of the wa-
ter to bé fo fmall, - that its effe@ in diminithing the
fpecific gravity of the part:cle is but juft fufficient
to caufe it to move upwards in the mafs of the li-
quid with the very fmalleft degree of velocity that
would be percepuble by our organs of fight, were
the particle in motion large enough to be vifible.
This would be at the rate of about sne bundredth
part of an inch in a {econd.

This velocity, though it appears to us to bg flow
in the extreme, when we compare it with thofe
motions thaf we perceive among the various bodies
by which we are furrounded, yet, we fhall be fur-
prifed when we find what a rapid fucceflion of
gvents it is capable of producing.’

If we fuppofe the diameter of the integrant par-
ticles, or moléicules of water, to be one millionth
part of an inch—(and it is highly probable that
they are even lefs—*)—in that cafe, it is moft cer-
tain that an individual particle, moving on in a
quiefcent mafs of that Fluid with the velocity in
queftion, namely, at the rate of -3+ part of an irch
in 1 fecond, would .run through a fpace equal to

:® Leaf gold, fuch as is prepared and fold by the gold-beaters,
is not four times as thick as the diameter here affumed for the integrant
particles of water.” Thefe leaves of :"o!id metal haye been found by
computation to be no more than yy5{z5 of an inch in thicknefs.
How: much lefs muft be the diameter of the integrant particles of

gold?
1en



ten thoufand times the length of &t diameder.in ony
Jecond, and confequently, would come intecontalt
with at leaft £x hundred thoufand differemt particles
of water in that time. '

Hence it appears how inconceivably ihort: the
time muft be that an individual particle, -ip
motion, of 2y Fluid, can remain in contact with
any other individual particle, not in motion, againit
which it ftrikes in its progrefs, (however flow that
progrefs may appear to us to be) through the
quiefcent mafs of the Fluid !-

Suppoimcr the conta&t to laft as long as thg
moving particle employsin paffing through a fpace
equal to the length of its diameter—which is evi-
dently all that is pofiible; and more ‘than is pro-

. bable ;—then, in the cafe juft {tated, the contaft
could not poffibly laft longer than ys¢++ part of 2
fecond! This is the time which a cannon bullet,
flying with its greatefl velocity, (that of 1600 feet
in afecond) would employ in advancing 2 inches. . -

If the cannon bullet be a nine pounder, iz diame+
ter will be four inches; and if it move with a ve-
locity of 1600 feet (=19200 inches) in a fecond,
it will pafs through a fpace juft equal to 4800 times
the length of its diameter in 1 fecond. But we
have feen that a particle of water moving 42+ of
an inch in a fecond atually paffes through a fpace
equal to 10000 times the length of its diameter in
that time: Hence it appeys that the wvelacity with
which the moving body quits the fpaces it occupies is
more than twice as great in the particle of water,

as in the cannon bullet ! .
' There
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/e 2 ome more computatron which may be of

wlie inenabling us to form ‘mnore uft ideas of the
fubje& under confideration,~and’ furely too much
camnot be done to enlighten the mind, and affift the
imagination, in our attempts to contemplate thofe
invifible operatios of nature which nothing but
the tharpeft ken of the intelletual eye will ever be
able to detect and feize.

As fucceeding events which fall under the cog-
pizance of our fenfes cannot be diftinguithed if
they happen oftener than about ten times in a fo-
cond *, it appears that when a particle of water
rooves in a quiefcent maf§ of that fluid at the rate
of +3» part of an inch only, in one fecond, its
fucceeding “ collifions with the different particles,
at reft, of that fluid, againft which it ftrikes as
it moves on, muit be fo inconceivably rapid that
no lefs than one thoufand of them mufi atually
take place, one after the other, in the fhorteit fpace
ef time that is perceptible by the human mind t.

After

* This affertion, in as far, at leaft, as it relages to objeéts of
fight, may be proved by the following eafy experiments Let a
wheel, with any known number of {pokes, be turned round its axis
with fuch a velocity as fhall be found neceffary, in erder that the
fpokes may difappear or become invifible.—From the velocity of the
wheel, and the number of fpokes in it, the fagt will be decided.

* 4 It probably will not efcape the obfervatian of my learned read-
ers, that the velocity which I have here affigned to the fingle particie
of water, moving upwards in that fluid in confuguence of a chan &
of its fpeaific gravity by Heat, though apparently very fmall;
{ris part of an.inch in a Fer:om‘i)-—-:s, however, moft probably con-
fiderably greaver, in fadl, than any individual fuiitary particle of that
$uid could poflibly acquire, in the fuppofed circumitances, by any
cllmge of temperature, however great, cwing to the refiftance which

would



After we- have. pa.uemlgs ﬁmmd&ﬁh@ m{nh‘. oﬁ
thefe mveﬁlgatmns, and. the Mmmgbﬂ bes
come familigrized with the conter G gf the
interefting faéts. they. prefent to it, how much will
our ideas b changed with regard to the seal fate
of fluids apparently at reft | They will then ape
pear to us to be, what no doubt they really are i
fa&, an affemblage of an infinite number of infin
nitely fmall particles of matter moving continuaily,
or without ceafing, and with inconceivable ,Yﬁio-
cities.

We fhall then cunﬁder fluidity as the life af
animate bodies, and congelation as the fleep of deal‘b*
—and we fhall ceafe to afcribe altive powers, or
exertions of any kind, to dead motionlefs matter. -
~ But what fhall we think of the wital principle in
living animals —Does not their life alfo depend
on the ingrnal motions in their fluids, occafioned
by an wnequal diftribution of heat ?—And is not

would neceffarily be oppofed to its motion by the quiefcent particles
of the fluid,  Aware of this ohjeftion, and being defirous of heing
prepared to meet it, I took fome pains to compute, by the rules laid
down by Sir Isaac NewTon in his Principia, book ii. feft. vii.,
what the grcarelt velocity is that a folitary pacticle of water (fuppofed
1o be yreiew: of an inch in diameter) could poffibly acquire by a
given change of its fpecific gravity:  And I found that if the fpecifig
gravity of water at the remperature of 32¢ F. be taken at 1.0008z, and
its {pecific gravity at 80°," at o.99759, 28 lately determined by accu~
vate ‘experiments, then, a fingle particle of water at the temperatme
of 809, fituated in a quiefcent mals of that fluid at 320, the grem&
velocity this hot particle could acquire in moving upwards in confe-
quence of its comparative levity would be that of xy'yy part of an
inch in 1 fecond. This is at the rate of about one inch and an hal{
in 1 hour.—But it is evident, that when great numbers of particles
unite and form’ currents, they will make their way through the quis
cfeent fluid with greater facility, and confequently will move fafter.

Simulation,
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e, in alf cafes, tha mere mcchamcai effe&
*d&he communication of Heat ?

4t is an opthion which we know to be as old as
the*days of Moszs, that the life of an animal refides
#n its blood ; and it is highly probable that it dates
from p period ftill more remote. It was lately re-
vived by an anatomift and phyfiologift, (now no
more,) who was eminently diftinguithed for faga-
gty ; and it appears to me that the late difcoveries
refpstthy the manner in which Heat is ptopagated
in Fluids tend greatly to elucidate the fubje, and
to give to the hypothefis a high degree of proba-
wity. ‘ ,

* . According to this hypothefis—(as it may now be

explained)—every thing that increales the inegua-

lity of the diftribution of the Heat in the mafs of -
the blood—(even though it fhould not immedi-

ately augment its quantity) —ought to increafe the

intenfity of thofe acfions in which life confifts. But

age there not many ftriking proofs that this is the

cafe in fat ?

- Do not re/}:rat:an,——drgq/hm,—-and ng/'ery"bfe
perfpiration all tend evidently—(that is to fay, ac-
cording to our affumed principles, with regard to
the manner in which Heat is propagated in Fluids)
—to produce, and to perpetuate this inequality of
heat in the animal fluids? And do we not fee
what an immediate and powerful effet they have
in increafing the intemfity of the action of the
powers of life ?

-~If animal life depends effentially on thofe in-
terml motions in the animal fluids,~which, as
has
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has been fhown,—are decafioned by the. differs
ence of the Jpecific gravities of their integraat par-
ticles, or molécules, arifing from their different tem-
peratures ;—in that cafe, it is evident that the
wital powers would be ftrengthened, or their aftion
increafed, either by heat or by cold properly applied.
But is not this found to be the cafe in fa&t?
Does not the dram of brandy at St. Peterfburgh
produce the fame effeéts as the draught of iced le-
monade at Naples, and by the fame mechanical ope-
ration, but a&ing in oppofite diretions? And
does not the /ofs of Heat, by infenfible perfpiration,
contribute as efficacioufly to the prefervation of
that inequality of temperature which is eflential to
life, as the introduction of Heat into the {yltem in
refpiration ? '

Is not the fudden coagulation of blood, when
drawn from a living animal, and are not all the
other rapid changes that take place in it, evident
proofs of an unequal diftribution of Heat? And
does not the wifzofity of blood, as well as its perpe-
tual motions in the vafcular {yftem, contribute
very, powerfully to the prefervation of that ines
quality ?

Are mot the livid fpots on the furface of the:
body, which indicate a beginning of mortification,
produced in confequence of a feparation, or pre-
cipitation of the heterogeneeus particles of the

aal Fluids, according o their fpecific gravities
individual temperatu¥es, occafioned by reit,
m interruption of circulation? And may we
emphatically pronounce fuch Fluids to be

. A
OL. 11, BB ‘Would



1% ] Of the Propagation of Heat

Wounld not any liquid in which Heat were
2qually difiributed be a fatal poifom if injelted
into the veins of a living animal? And would
not this be the cafe even were the liquid fo in-
je@ed a portion of the animal’s own blood, or of
the lymph or any other of its component parts,
and were it at the mean temperature precifely of
the healthy Fluids circulating in the veins and arte-
ries of the animal ?

Is not glandular fecretion a true precipitation ?
and is it not poffible that the formation of the
folids, and the growth of an animal body, may be
effetted by a procefs exaltly fimilar to conge-
lation? And are there not even circumftances
from which we might conclude, with a confider-
able degree of probability, that moft of thefe con-
gelations are formcd at or about the temperature
of boiling water?

But I forbear to enlarge on this fubje@. I find I
have unawares entered a province, where, if I ad-
vance farther, I fhall certainly be expofed to the
danger of being confidered and treated as an in-
truder; and 1 muft haften to make my retreat,
which I fhall endeavour to effe¢t by abrupdy
putting an end to this Chapter.
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CHAP I

Probability that intenfe Heat frequently exifts M the
folitary Particles of Fluids, which neither the
Feeling nor the Thermometer can detedl. -—ﬂeEw-
poration of Ice during the fevereft Frgf? explained
on that Suppofition.—Probability that the Metal
would evaporate when cxpofed to the Altion of the
Sun’s Rays were they not good Condultors of Heat.
~—Mercury is actually found to evaporate under
the mecan Temperature of the Atmofphere~—This
Talt is a firiking Proof that FLuip MERCURY
is @ Non-conduclor of Heat.— Probability that the
Heat generated by the Rays of Licht is always
the fame in Intenfity ; and that tbgfe Effelts which
have been attributed. to Light ought perbaps in
all Cafes to be aferibed to the Aion of the Hgat
generated by them—A firiking Proof that the
mgft inicnfe Heat does fometimes exift where we
Jhould not expect to find it.—Gold actually melted
by the Heat which exifts in the Air of the Atmo-
Sphere, where there is no Appearance of Fire, or
of any Thing red-hot.—We ought to be cautious
in attributing to the Aftion of unknown Pewers,
Effects fimilar to thofe produced by the Agency of
Heat.—The moft intenfe Heat may exift without
leaving any wifible Traces of its Exiftence bebind
it.~—T his important Fact n'f;y?r ated by the necef-
Jary Refult of-an imaginary Experiment.

Hev far the poflibility of the communication of
Heat between the integrant particles of a Fluid

BD 2 may
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may’ or ‘may not be owing to the extreme mobi-
lity of thofe particles, and to the infinitely fhort
time that two of them, of different {pecific gravi-
ties, (owing to a difference of temperature) can
remajn in conta&, I lgave others to determine; in
the mean time, it is moft certain that the exiftence
of this impoffibility of any immediate communica-
tion of Heat among the particles of a Fluid renders
the diftribution of Heat very unequal; and it
feehs highly probable that many appearances
which have been attributed to very different caufes,
are in fa® owing to infenfe Heat exifting and pro-
ducing the effetts proper to it in fituations where
its exiftence has not even been fufpeéted.

If Fluids are non-conduétors of Hear, no fitu-
ation can poflibly be more favourable t its pre- -
fervation than when it exifts in them; and it is
nét only evident @ prisri that the molt intenfe
Heat may exif¢ in a few folitary particles of fome
Fluids, without its being poflible for us to detect
it, or to difcover the fact, either by our feeling or
by the thermometer; but there are many aps
pearances that ftrongly indicate,—and others that
prove, that intenfe Heat altually does exift in that
concealed or imperceptible ftate very often.

There is no reafon to fuppofe that it is poffible
for ice to be reduced to fteam without being pre-
vioufly melted ; and it is well known that ice can-
not be melted with a lower degree of Heat than
that of 32° of Fahrenheit’s fcale : "but in the midft
of winter, in the coldeft climates, and when the

temperature of air of the atmofphere, as fhown by
3 the



the thermometer, has been much below 31“
ice,. expoled to the air, has been found to evapo.
rate.

How can we account for this event, except it be
by fuppefing that fome of the particles of air, W‘illch
acc:dentally (as we exprefs it) come into conta&
with the ice, are fo hot, as not only to melt the
fmall particles of ice which they happen to touch,
but alfo to reduce a part of the generated water to
fteam, before it has time to freeze again; or by
fuppofing that this is effetted by intenfe Heat gene-
rated by light abforbed by {mall projeting points
of theice? As iceisa very bad condutor of Heat,
that circumftance renders it more likely that the
event in queftion fhould altually take place, in
either of thefe ways.

If the metals were very bad conduétors of Heat,
inftead of being very good conduttors of it, I
think it more than probable that even they would
be found to evaporate, when expofed to the ation
of the dire& rays of the fun; and perhaps alfo in
fituations in which fuch an event would appear ftill
more extraordinary. -

McercuRryY has been aftually found to evaporate
under the mean temperature of the atmofphere !—
What a ftriking proof is this that fluid mercuryis a
non-condu&or of Heat ;—and alfo, that very intenfe
Heat may be generated, or exift, where it would
not naturally be expe(ted to be found. And does
not the evaporation of water under the mean tem-

BD3 perature
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periturésf the atmofphere afford another proof of
this‘halt falt ?

“That the moft intenfe Heat is often excited in
$ery, fmall particles of folid bodies difperfed about
in the midft of maffes of cold liquids is ndt to be
doubged. It is well known what an intenfe Heat
the rays of the fun are capable of exciting ; and it
feems to be highly probable that Heat a&ua!l}r ex-
cited by them is always the fame—that is to fay—
intenfe in the extreme : but when the rays are few,
and when circumftances are not favourable to the
accumulation of the Heat they generate, it is often {o
foon difperfed, that it efcapes the cognizance of our
fenfes, and of our inftruments; and fometimes
leaves no vifible traces of its exiftence behind it

Why fhould we not fuppofe that the Heat gene-

rated by a ray of light, which, entering a mafs of
cold water, accidentally meets with an infinitely
fmall particle of any folid and opaque fubftance
which happens to be floating in the liquid, and is
abforbed by it, is not juft as intenfe as that gene-
rated in the focus of the moft powerful burning
mirror, or lens ?

" Mr. Senebier has given us an account of a great
number of interefting Experiments on the effets
produced on different bodies by expofure to the
diret rays of the fun; but why may we not attri-
butc all thofe effets to the intenfe /oca’ Heat, gene-
rated by the light abforbed by the infinitely fmall—
and, if I may ufe the expreflion—in/ulated particles
I N




of the bodies which were found to be affeGted by
it?

The furface of wood of various kinds was turned
brown. The fame appearances might be 'produced
in a fhorter time by the rays which proceed frdm a
red-hot jron, which change the furface of thewﬂod
to an imperfe® coal. But were not the fu%ms
of the woods which were turned brown by the
light of the fun in Mr. Senebier’s expenmemt'
changed to an imperfet caal ?—And is it poffible
for a Heat lefs intenfe than that of incandefcence to
produce that effet ? a

Among the many falts that might be adduced
to prove that the moft intenfe Heat may, and fre-
quently does exi/f where we fhould not expe& to
find it, the following appears to me to be very

" ftriking and convincing. It is, I believe, generally
imagined that the intenfity of the-Heat generated
in the combuftion of fuel is much lefs in 3 fmall
fire, than in a great one; but there is reafon to
think that this is an erroneous opinion, founded on
appearances that are not conclufive; at leaft it is
certain that the intenfe Heat of a large fmeltinﬁ
furnace, fuch as is neceflary for melting the mo
refractory metals, actually exifts in the feeble flame

* of the fmalleft candle :—and what may appear ftill

more extraordinary,—this intenfe degree of Heat
often exifts in the air of the atmolphére, wbere mp
vifible figns of Heat appear, as 1 fhall prefcﬂtlj’
thow. ' ' '
Iron is fully red-hot by day light at the tempera-
ture of about iooo° of Fahrenheit’s fcale; brafs
BB4 melts
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¥ 4807° y~-<opper - at 4587"—filver at
“-and gold at 5237°; and nothing is more
‘esftsin than that the Heat muft be at that intenfity
"Iﬂuch correfponds tothe 5237th degree of Fahren-
Hheit’s feale, where gold is fazmd to melt. But very -
ﬁncgq_ld, filver, or copper wire, flatted, (fuch as is
ufed to cover thread to make lace) melts inftanta-
neoufly on being held in the flame of a candle. It
will even be melted if it be held a few feconds over
the flame of a candle, ar the diffance of more than an
inch from the top of the flame, in a place where there
is no appearance of fire, or of any thing red-hot.
From the important information which we ac-
quire from the refult of thefe Experiments, we fee
how much we ought to be on our guard in forming
an opinion with refpe to the intenfity of the Heat
which may exif? in the invifible infulated particles of
matter of any kind that may be fcattered about in
a.given fpace,—or which may float in any Fluid,
where neither our feeling nor our thermometers
can poffibly be fenfibly affetted: by it.
,‘A thermometer can do no more than indicate the
spéan of the different temperatures of all thofe bodies or
prt:cks of matter which bappen to come into contalt
with it. If it be fufpended in air, it will indicate the
mean of the temperatures of thofe particles of air
which happen to touch it; but it can never give us
any information refpetting the relative temperatures
of thofe particles of air.
. If, during the moft intenfe froft, a thermometer
were fufpended in the neighbourhood of a burning
. candle,—_—




candle,—in the fame mom for inftance,—if it #@ﬁ
placed ovér the candle, or neaﬂy {o; ﬁlong'h it fhould
be diftant from it feveral feet, as air is'a~nofi<con-
duor of Heat, there is ‘not the {fmalleft’ &'ou'bt.but
that fome folitary particles of air ‘heated by ind
to the intenfe Heat of melting gold, wo!ﬁ&""
the thermometer; but neither the’ therm"_"‘ ;
nor the hand held in the fame place, couid gi‘vem,
indication of fuch an event.

As it appears froin all that has been faid that in-
tenfe Hedt may exi/t even under the form of /enfible
Heat, where its prefence cannat be difcovered ‘or
detetted by us; and as it feems highly prébable
that in many cafes, where its exiftence may efcipe
our obfervation, it may ncverthelefs be capable of
producing very vifible effeéts, I think we ought al-
ways to be much on our guard in accounting for
effets fimilar to thofe which are known to be pro-
duced by Heat ; and never, without very fufficient
reafons, attribute them to the agency of any othet,
unknown power : and this catﬁm}:pe'lrs to me to
be peculiarly neceffary in acce gifor thofe ef-
fe&s whith have been found to be pmduced i’ w
rious bodies when they are expofed to the- a&lu&ﬁ
the fun’s rays.

If the folar rays concentrated in the focus ‘of ‘3
lens, when they are made to fall on a ‘piece of
wood, inftantly change its furface toa black cpiour,
and reduce it to charcoal, why may we not ‘con-
clude that the change of celour which is gradually
or more flowly produced in the fame kind of wood,

when
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ﬁhﬁhﬂs fimply expofed in, 1he {fun-beams, is pro-
dubed'in the fame manner ?

.4 The difference ia the times neceflary to produce
ﬁrmlar effeéts in thefe, two cafes 18 no proof that
they are not produced in the fame manner ; for if
they are effeted merely by the agency of Heat,
(which I fuppofe) then the effefts produced in any
given time will not be as the denfity of the light,
or as the number of rays, but as that part of the
Heat generated, which, not being immediately dif-
perfed or carried off by the air, has time to pro-
duce the ation proper to it in the wood ; and con-
fequently muit be incomparably greater, in propor-
tion, when the rays are concentrated, than when
‘they are not.

Luna cornea expofed to the action of hght
changes colour ;—Dbut why fhould we nct attribute’
this' change to the expulfion of the oxygen united
with the metal, by the agency of the Heat generated
by the light? To remove every poflible objection
to ‘this explanation of the phenomenon nothing
more appears to be neceflary than to admit, what
is well known, that this mertallic oxyd may be re-
duced, without addition, <with fome degree of Heat,
—and that this fubftance is a bad conductor of
Heat.

Wwill not the admiffien of our hypothefis re-
Ipetting the intenfity of the Heat which is fuppofed
to be generated where light is ftopped, and of that
refpeting the non-conducting power of Fluids
with, regard to Heat. enable us to account, in 2

manner.




manner mote fatisfattory than has hitherto beesi
done, for ¢he effeéts of the fun’s light in bleaching
linen, when it is expoled wet to the a&tion of his
direct rays? as alfo for the reduction of thofe jne-
tallic oxyds which have been found to be revived
by expofure to light ?—And willit not alfo zfﬁﬁ us
in accounting for the production of pure air in the
beautiful Experiment of Doftor Ingenhouz, -in
which the green leaves of living vegetables are ex-
pofed, immerfed in water, to the fun’s rays?

Mr. Senebier has thows :hat the colouring matter
of healthy green leaves of vegetables, which is ex=
tratted from them by fpirits of wine, and which
tinges the fpirits of a beautiful green colour,’is
deftroyed, or rather changed to a dirty brown co-
lour, in a few minutes, on expofing this tin&ure
in a traniparent phial, and in contalt with pure air,
to the diraét rays of a bright fun :—but why fhould
we not confider this procefs as a real combuftion?. -

The Heat acquired by the liquid,—which, as T
have often perceived in repeating the Experiment,
is very confiderable,—and the neceffity therc is for
the prefence of pure air, that the Experiment may
fucceed, feem to indicate that fomething very like
combuftion muft take place in it.

If liquids are non-condu¢tors of Heat, they ought
certainly, on that account, to be peculiarly well cal-
culated for confining, and confequently furthering
the operations of that Heat which is generated by
light, or by any other means, in their integrant par-
hcles, or in the infinitely fmall and infulated par-

ticles
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',Mh'is firaply expuc{ed i, the fun -beams, i is pro-
dubed'in the fame manner?

4 The difference in the times ncceﬁary to produce
fimilar effefts in thefe, two cafes 18 no proof that
xhc;r are not produced in the fame manner ; for if
they are effeted merely by the agency of Heat,
(which I fuppofe) then the effefts produced in any
given time will not be as the denfity of the light,
or as the number of rays, but as that part of the
Heat generated, which, not being immediately dif-
perfed or carried off by the air, has time to pro-
duce the action proper to it in the wood ; and con-
fequently muit be incomparably greater, in propor-
tion, when the rays are concentrated, than when
‘they are not.

Luna cornea expofed to the adion of light
changes colour ;—Dbut why fhould we nct attribute”
this' change to the expulfion of the oxygen united
with the metal, by the agency of the Heat generated
by the light? To remove every poffible objection
to ‘this explanation of the phenomenon nothing
more appears to be neceflary than to admit, what
is well known, that this metallic oxyd may be re-
duced, without addition, <vith fome degree of Heat,
—and that this fub{t.mca is a bad conductor of
Heat.

Will not the admifficn of our hypothefis re-
fpeQing the intenfity of the Heat which is fuppofed
to be generated where light is ftopped, and of that
refpelting the non-conducting power of Fluids
with, regard to Heat. enable us to account, in a

manner .






