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demonftration, that Heat is propagated in water iz
confequence of its imternal motions;e—or tln.t it is
tranfported ar carried by the particles of that li-
~yuid, and that it does not fpread and expand in a
as has generally been imagined.

I have thewn in another place, and I believe I
may ventuze to fdy I have proved *, that Heat is
actually piopagated in air, in the fame manner I
here fuppofP to be propagated in water ; and if
the conduling powers of both thefe fluids are
found to be inipaired by the fame means, it affords
very ftrong gtounds to conclude that they both
condu&t Heat in the fame manner : but thzs has
been found to be altually the cafe.

Eider-down, which cannot affet the fpecifical
qualities of either of thofe fluids, and which cer-
tainly does no more when mixed with them, than
merely to obftru& and embarrafs their internal
motions, has been found to retard very much
the Propagation of Heat in both of them: on com-
paring thefe Experiments with thofe I formerly
made on the conduéting power of air, it will even
be found, that the condutting power of water is
nearly, if not quite, as much impaired by a mix-
ture of eider-down as that of air.

In the courfe of my Experiments on the various
fubftancyg ufed in forming artificial clothing for
confiningyHeat, I found that the thicknels of a
ftratum of air, which ferved as a barrier to Heat,
remainipfy the fame, the paflage of Heat through
it way {fometimes rendered more difficult by in-

* See Philofophical Tranfaftions, 17912,
creafing
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¢reafing the quantity of the light fubftance which
was mixed with it to obitrut its internal motion.
To fee if fimilar effefts would be produced by
the fame means when Heat is made to pafs througlt
water, I repeated the Experiments with eider-down,
reducing the quantity of it mixed with the water to
48 grains, or ome quarter of the'quantity ufed in
the Experiments No. 11 and No. 12. ,
. The refults of thefe Experimer;{-:, and a com-
parifon of them with thofe before mentioned, may
be feen in the following Tables:

Time the Heat was i paffing
inio the Thermometer,

Through ( Thr ough |

|“ ater \uth Water w1th| Througl
4.8grs or % lgzgrs umg‘
of 1ts bulk |} of ltahulk WAL
of Etpex- | of Eipes- ’
| DOWN. DOWN.
|
{Experiment | Experiment Mc“ﬁ‘:hwn
No. 13. No. 11. N“s&N""
Tn heati ling the Ther. Seconds. | Scconds. Seconds.
mometer from 32° 51 83 45
to 40°
from 40" to 6o” 47 55 35z
60° to 80° 39 49 32}
I00% 40 52 30
izcel 44 57 36%
140° 56 67 44
160”7 74 93 613
1800 ul 133 QL%
2000 293 1 360 ] 220}
Total times in heating X £
et gioinace §| 198 949 \91
Times employed in
heating the inftru- - v w
ment 80 dcgrccs or 15 269 2
from 80° to 160°




In cooling the Ther-
mometer from 20c%
to 150°

from 180° to 160°
160° to 140°
1209

100°

80°

6o°®

40°

Total times in couling
from 200° to 40°

Times emploved in
cooling the inftru-
ment8odegrees,viz,
from 160%t0 Bo®

|
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{ Time the Heat was palling oUT o8
the Thefmometer,.

|

Through | Through b
Water withiWater with .
rs. o1 3| 192 grs. or \u‘eg
ofits bulk {5% of itsbulk g ]
of Eiper- | of Eiper- 2
DOWN. DOWN.
Eﬁperiment Ex?erimmt Me?él:;two
0. 14. No. 12. Ne 6 & N°8.
Seconds. Seconds, Seconds.
49 68 41%.
50 61 39:
56 72 43
70 91 524
g6 120 73
151 177 1083
262 279 202
661 673 472
1395 1541 1032
373/! 460” 27710

The refults of thefe Experiments are extremely
interefting. They not only make us acquainted
with 2 new and very curious faét,—namely, that
teathers, and other like fubftances, which, in air,
are knowa fo form very warm covering for con-
fining Hea , not only ferve the fame purpofe in
water, bul that their effects in preventing the
paffage of Heat is even greater in water than

in air.-

Thig
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‘This difcovery, if 1 do not deceive myfelf;
throws a very broad light over fome of the moft
intereﬁmg parts of the economy of Nature, and
give us much fatisfadtory information refpecting-
the final caufes of many phznomena which have
hitherto been little underftood.

As liguid water is the vehicle of Heat and
nourithment, and confequently of lifp; In every
living thing ; and as water, left to Jtfelf, freezes
with a degree of cold much lefs'than that which
frequently prevails in cold climates, it is agreeable
to the ideas we have of the wifdom of the Creator
of the world, to expe&t that effettoal meafures
would be taken to preferve a fufficient quantity of
that liquid in its fluid ftate, to maintain life during
the cold feafon: and this we find has afually been
done; for both plants and animals arc found to
furvive the longeft and moft fevere winters;
but the means which have been employed tc pro-

duce this miraculous effe® have not been invefti-
gated;—at lealt not, in as far as they relate to
vegetables.

But as animal and vegetable bodies are cffentially
different in many refpects, it is very natural to
{uppofe, that the means would be different which
are employed ro preferve them againft the fatal
effets which would be produced in eg’h by the
congelation of their fluids. :

. Among organized bodies, which 1%. on the
furface of the earth, and which of couxfe are ex-
pofed to the viciffitudes of the fealons, we find
that as the proportion of fluids to folids is g‘rca{f.:r,
1 the
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‘the greater is the Heat which is required for the
fupport of life and health; and the lefs gre they
able to endure any confiderable change of their
.temperature.

‘Thc proportion of Fitids to Solids is much
greater in animals than in vegetables ; and in order
to pg_gferve in them the great quantity of Heat
which 15 acceffary to the prefervation of life, they
are furnifhec: with lungs, and are warmed by 2 pro-
cefs fimilar to that by which Heat is generated in
the combuftion of inflammable bodies.

Among wegetables, thofe which are the moft
fucculent are annual. Not being furnifhed with
lungs to keep the great mafs of liquids warm,
which fill their large and flender veflels, they live
only while the genial influence of the fun warms
them, and animates their feeble powers; and they
droop and die as foon as they are deprived of his
fupport.

" There are many tender plants to be found in cold
countries, which die in the autumn, the roots of
which remain alive during the winter, and fend off
frefh fhoots in the enfuing fpring. In thefe we
fhall conftantly find the roots more compact and
denfe than the ftalk, or with fmaller veflels, and a
fmaller proportion of Fluids.

Among the trees of the foreft, we fhall con-
ftantly fi-d, that thofe which contain a great
proportion’ of thin watery liquids, not only fhed
their leaves every autumn, but are fometimes
frozen, and actually killed, in fevere frofts.
Many thoufands of the largeft walnut-trees werg

killed
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killed by the froft in the Palatinate, dunng the very
cold winter in the year 1788 ; and it is well known
that few, if any, of the deciduous plants of our
temperate climate would be able to fupport the ex-
ceflive cold of the frigid zone.

The trees which grow in thofe inhofpitaltje
climates, and which brave the colds of the fevereft
winters, contain very little watery liquyd The
fap which circulates in their veflels & thick and
vifcous, and can hardly be faid to befluid. Is there
not the ftrongeft reafon to think, that this was fo
contrived for the exprefs purpofe of preventing their
being deprived of all their Heat, and killed by the
cold during the winter ?

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

As the bodies and branches of trees are not
covered in winter by the fnow which protedts
their roots from the cold atmofphere, it is evident
that extraordinary meafures were neceflary to’ pre-
vent their being frozen. The bark of all fuch trees
as are defigned by nature to fupport great degrees
of cold, forms a very warm covering; but this
precaution alone would certainly not have been
fufficient for their protettion. The fap, / all trees
which are capable of fupporting a long dontinuance
of froft, grows thick and vifcous on the approach
of winter. What more important purpofe could
this change anfwer, than that here indicated ?>—

And
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And it would be more than folly to prefend that
it anfwers no ufeful purpofe at all.

We have feen, by the refults of the foregoing
xperiments, how much the fimple embarrafiment
liquids in their internal motions tends to retard
the Propagation of Heat in them, and confequently
itsSpeflage out df themj;—and when we confider
the extréme fmallnefs of the veffels in which the
fap moves*in vegetables, and particularly in large
trees;—when we recolle@ that the fubftance of
which thefe fmall tubes are formed, is one of the
beft non-conduétors of Heat known* ;—and when
we advert to the additional embarraflments to the
paflfage of the Hear, which arife from the increafed
vifcofity of the fap in winter, and to the almoit
impenetrable covering for confining Heat, which is
formed by the bark, we fhall no longer be at a lofs
to account for the prefervation of trees during the
winter, notwithftanding the long continuation of
the hard frofts to which they are annually expofed.

* I lately, by accident, had occafion to obferve a very friking
proof of the extreme difficulty with which Heat paffes in wood. Be-
ing prefent at the foundery at Munich, when cannons were cafting,
I obferved that the founder ufed a wooden inftrument for 'ﬁirring the
melted metal. It was a piece of oak plank, green, or unfegloned,
about ten inches fquare and two inches thick, with a long wooden
handle, which was ‘fitted into a hole in the middle of it, As this
inftrument was frequently ufed, and fometimes remained a confider-
able time in"he furnace, in which the Heat was moft intenfe, I was
furprifed to fiad that it was not confumed ; tur I was ftill more far.
prifed, on examining the partof the plank which had been immerfed
in the melted metal, to find that the Heat had penetrated it to fo
irconfiderable a deprh, that, ar the diftance of one-twentjeth of an
inch below its furfuce, the wocd did not feem to ha¥é been in thé
leaft affeCted by it. The colour of the wood remained unchanged,
and it did not appear to-have lofl even its moifture,

VOL. II. R On
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On the fame principles we may, I think, ac-
count, ir"a fatisfattory manner, for the prefervation
of feveral kinds of fruit,~—fuch as apples and pears
for inftance,—which are known to fupport, without
freezing, a degree of cold, which would foon re,
duce an equal volume of pure water to a folid maf‘*
of ice.

At the fame time that the compact fkof the
fruit effeCtually prevents the evaporation<f its fluid
parts, which, as is well known, could not take
place without occafioning a very great lofs of Heat,
the internal motiors of thofe fluids are fo much
obftructed by the thin partitions of the innumerable
fmall cells"in which they are confined, that the
commuhication of their Heat to the air ought, ac-
cording to our hypothefis, to be extremely flow
and difficult. Thefe fruirs do, however, freeze at
laft, when the cold is very intenfe; but it maft be
remembered, that they are compofed almoft en-
tirely of liquids, and of fuch liquids as do not grow
vifcous with cold ; and moreover, that they were
evidently not defigned to fupport, for a long time,
very fevere frofts.

Parfnips and carrots, and feveral other kinds of
roots; fupport cold without freezing, ftill longer
than apples and pears, but thefe are lefs watery,
and I believe the veflels in which their fluids are
contained, are fmaller; and both thefe circum-
ftances ought, according to our aflumed principles,
to render the paffage of their Heat out of them
more difficult, and confequently to retard their
congelation,

But
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But there is ftill another circumftangg, and a
very remarkable one indeed, which, if our conjec-
tures refpeting the manner in which Heat is
propagated in liquids be true, muft a&t a moft im-

ortant part in tht prefervation of Heat, and'con-
equently of animal and vegetable life, in cold
cliniates. But'as the probability of all thefe de-
dudtions muft depend, very much, on the evidence
which is"broughg to prove the great fundamen-
tal fa&t on which they are eftablifhed ;—that re-
fpeting the internal motions among the particles
of liquids, which neceffarily take place when they
are heated or cooled ;—before I proceed any
farther in thefe fpeculations, I fhall endeavour to
throw fome more light on that curious and intereft-
ing fubjet.

R 2
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CHAP I

Farther Inveftigations of the internal Motions among ;
the Particles of Liquids, which neceffarily tah:
place when they are heated or cooled.— DefiFiption
of a mechanical Contrivance, by which thefe Mo-
tions in Water were rendered vifible—An Account
of warious amufing Lxperiments, which were
made with this new-invented Infirument.—They
lead to an important Difcovery.—Heat cannot be
propagat:d DOWNWARDS in Liguids, as lmg as
they. continue 1o be condenfed by Coldi—Ice found,
by Experiment, to melt more than eighty times
Slower, when boiling-hot Water ftood on its Surface,
than wwhen the Ice was fuffered to fwim on the
Surface of the bot Water.—The melting of Icz by
Hater flanding on its Surfuce can be accounted for,
even on the Suppofition that Water is a perfed
Non-conductor of Heat.—According to the affumed
Hypothefis, Water only cight Degrees of Fabren-
beit’s Scale above the freczing Point, or at the
Temperature of 40° oughi to melt as much Ice,
in any given Time, when fanding ox its Surface,
as an cqual Volume of that Flud, at any higher
Temperature, even were it boiling  hot.—This
remarkable Facl is proved by a great Variety of
decifive Experiments.—Watcr at the Temperature
of 41° is found to melt even MORE lce, when fland-
ing on its Surface, than boiling-hot Water.—The

I Refults
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Refults of all thefe Experiments tend to prove that
Water is, in fall, a perfect Non-conductor of Heat ;
or that Heat is propagated in it, merelyin confe-
quence of the Motions it occafions among' the in-
fulated or [olitary Particles of that Fluid, which,
among themfelves, have ne Communication or Initer-
eourfe whatever in this Operation.—The Difcovery
of this Falt cpens to our View one of the grandeft
and ot intcrefling Scencs in the Economy - of
Nature.

As the particles of water, as alfo of all other

Fluids, are infinitely too fmall to be feen by
human eyes, their motions muft of courfe be im-
perceptible by us; but we are frequently enabled
to judge, with the utmoft certainty, of the motions
of invifible Fluids, by the motions they o¢cafion in
vifible bodies. Air is an invifible Fluid, but we
acquire very juft notions of the motions in air, by
the duft, and other light bodies which are carricd
along ‘with it in its motions. Nobody who has
ever feen a whirlwind [weep over the furface of a
ploughed field in dry weather, can have any doubt
refpecting the nature of the motions, into which
the air is thrown on thofe occafions ; notwithftand-
ing that they are extremely complicated, and would
be very difficult to defcribe.

It was by the motions of the very fine particles
of duft, which -by accident had been mixed with
the fpirits of wine in my large thermometer, and
which, when ftrongly illuminated by the diret
beams of the fun, became vifible, that I firft dif=

R 3 covered
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covered the internal motions in that Fluid, which
take place when it is cooling ; and, availing myfelf
of this kind hint, I contrived to render the internal
‘motions of water equally vifible. This, I immedi-
ately faw, could be dene with the utmoft facility,
if I could but find any folid body of the fame
fpecific gravity as water, which would be proper.ts
mix with it ;—that is to fay, that would not be
liable to be diffolved by it, or to be reduced to fuch
fmall particles as to become itfelf invifible ; but
fuch a fubftance was not to be found. On reflec-
tion it occurred to me, that it is very fortunate
that fuch fubftances do not abound ; for otherwife
we fhould find great difficulty in procuring water
in a pure ftate.

Not being able to find any folid fubftance fit for,
my purpofe, of the fame fpecific gravity as pure
water, I was obliged to have recourfe to the fol-
lowing ftratagem.

Looking over the tables of fpecific gravities, 1
found that the fpecific gravity of tranfparent yellow
amber was but a little greater than that of water,
being 1.078, while that of water is 1.0003; and it
occurred to me, that by diffolving a certain quan-
tity of pure alkaline falt, I might augment its fpe-
cific gravity, or rather bring the fpecific gravity
of the folution to be precifely equal to that of the
amber, without impairing the tranfparency of the
liquid, or changing any of its properties, by which
the manner of its receiving and tranfporting Heat
could be fenfibly affeéted.

This



"This contrivance was put in execution S s
following manner, with complete fuccefs. - Having

provided myfelf with a number of glafs globes of
various fizes, with long cylindrical necks, I chofe
one which wag abéut two inches in diameter, with
a cylindrical neck % of an inch in diameter, and
twelve inches slong; and putting into it about
half a tea-fpoonful of yellow amber, in the form
of a coade powder, (the pieces, which were irre-
gular in their forms, and tranfparent, being about
the fize of muftard-feeds,) I poured upon it a certain
quantity of diftilled water, which was at the tem-
perature of the air in my room—(about 60°F.)

Finding, as I expected, that the amber remained
at the bottom of the globe, I now added to ‘the
water as much of a faturated {olution of pure vege-
table alkali, as was fufficicnt to increafe the fpecific
-gravity of the water, (or rathtr of the diluted faline
folution,) till the pieces of amber began to float,
and remained apparently motionlefs, in any part
of the liquid where they happened to reft.

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

Having fhaken the content: of this glafs body
well together, I placed it, with its cylindrical tube
in a vertical pofition, on a wooden ftand, and left
it to repofe in quiet, in order to fee how long the
folid particles of amber—(which appeared to be very

R 4 equally
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equally difperfed about in the whole mafs of the
,l,; wid)—would remain fufpended.

Though the greater number of thele particles
{cemed at firft to have no tendency either to afcend,
or to defcend, yet fome of them foon began to move
very flowly upwards, and others, to move as ﬂowly
downwards ; and as thefe pamcles were moving 2t
the fame time promifcuoufly in all parts of the fame
liquid, anpd even in the fame part of it ir both di-
rections at the fame time, the alcending and de-
fcending particles frequently paffing each other fo
near as to touch, I faw that thefe motions were in-
dependent of any internal motion of the liquid, and
arofe merely from the difference of the fpecific gra-
yity of the different fmall picces of the amber, and
of that of the liguid. Some of the pieces of amber,
being evidenily .heavier than the liquid,. moved
downward, while others which were Lighter afs
cended to its furface. ’

Finding that there was fo much difference in the
fpecific gravities of the different pieces of amber,
I now added more of this fubftance to the liquid,
and fuffering it to fubfide after I had fhaken it well
iogether, I gently poured off what had rifen to the
top of the liquid, and retaining only that which had
fettled at the bottom of it, I increafed the fpecific
gravity of the liquid by adding a iittle of the alkas,
line folution, till the fmall pieces of amber which
remained in the glafs were juft buoyed up and fuf-
pended in the different parts of the Fluid, where
they feemed to have taken their permanent fta-
tions.

I had
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1 had now an inftrument which appegred to me
to be well calculated for the very interefting Ea-
periments I had projefted, and it will uﬁly be
imagined that 1 10& no time in makmg ufe
of it.

The firft Etpenment I made with tb1s mﬂ!gr
ment was to phunge it into a tall glafs jar, neasly
filled with water almoft boiling hot. The refuslt
was jult avhat I expected. Two currents, in op-
pofite diretions, began at the fame inftant to move
with great celerity in the liquid in the cylindrical
tube, the afcending current occupying the fides of
the tube, while that which moved downwards oc-
cupied its axis.

As the faline liquor grew warm, the velocity of
thefe currents gradually diminifhed; and at length,
when the liquor had acquired the temperature of
the furrounding water in the jar, thefe motions
ceafed entirely.

On taking the glafs body out of the hot water,
the intcrnal motions of the liquor recommenced ;
but the currents had chanqed their directions,
that which occupied the axis of the tube being now:
the afcending current.

When the cylindrical tube, inftead of being held
in 2 vertical pofition, was inclined a little, the af
cending current occupied that fide of it which hap-
pened to be uppermoft, while the under fide of it
was occupied by the current which moved (with
equal velocity) downwards.

When the contents of the glafs body had ac-
quired the temperature of the air of the room,

thefe
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thefé motions ceafed, but they immediately recom.

menced on expofing the inftrument to any change

of temperature.

“'In all cales where the inftrument received Heat, .
the current in the axis of its cylindrical tube, when

it was placed in a vertical pofiticn, (and that which

occupied its upper fide when it*was inclined,)
moved downwards.—When it parted with Heat its

motion was in an oppofite direction, that ‘is to fay,
upwards.

A change of temperature amounting only to a
few degrees of Fahrenheit’s feale, was fufficient to
fet the contents of the inftrument in motion ; and
the motion was more or lefs rapid as the velocity
was greater or lefs with which it acquired or parted
with’ Heat, and the motion was molfl rapid in thofe
parts of the inftrument where the communication
was not rapid.

A partial motion might at any time be preduced
in any part of the inftrument, by applying to that
part of it any body either hotter or colder than the
mftrument. If the body fo applied were hotter
than the inftrument, the motion of the faline liquor
in it in that part of it immediately in conta&’ with
the hot body, was upwards,~if colder, downwards ;
and whenever a hot or cold body produced a cur-
rent upwards or downwards, this current immedi-
ately produced another in fome other part of the
liquid which flowed in an oppofite diretion.

“On' inclining the cylindrical tube of the inftru-
ment te an angle of about 45 degrees with the plane
of the horizon, and holding the middle of it over the

flame
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flame of a candle, at the diftance of three or four
inches above the point of the flame; the motion
of the Fluid in the upper part of the tube became
exceffively rapid, while that in the lower end of it
where it was united to the globe, as well as- that
in the globe itfelf, remained almoft perfeCtly..at
reft.

I even found that I could make the Fluid in the
upper part of the tube alually boil, without that
in the lower part of it appearing to the hand to be
fenfibly warmed. But when the flame was dire&-
ed againft the lower part of the tube, all the upper
parts of it in contaé with the liquid, and efpecially
that fide of it which was uppermoft as it lay in an
inclined pofition, where the alcending current was
moft rapid, where it impinged.againit the glafs,
were very foon heated very hot.

The motions in oppofite dire€tions, in the liquid
in the tube, were exceedingly rapid on this fudden
application of a ftrong Heat, and afforded a very
entertaining fight :--but to a {cientific obferver they
were much more than amufing. They detefted
Nature, as it were, in the very at, in one of her
moft hidden operations, and rendered motions vi-
fible in the midft of an invifible medium which
never had been feen before, and which moft pro-
bably bad never been fufpected.

Encouraged by this fuccefs, and confirmed in
my opinions refpeing the interefting fact I had
undertaken to inveftigate; I now proceeded with
confidence to {till more direft and decifive Expe=
fiments, .

k
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<8 15" an opinion which, I believe, is generally
seceived among philofophers, that water cannot
Be heated in conta&t with ice: reflciting on the
fabje@, I immediately perceived that either this
muft be a miftake, or all my ideas refpeting the
manner in which Heat is propagated in that Fluid
muft be erroneous. [ faw that as long as the ice
floats at the furface of water which is attempted to
be warmd over a fire, (c¢r in zny other way,) the
ice-cold water which refults from the melting of
the ice, muft, according to my own hypothefis,
defcend, and {preading over the bottom of the con-
taining veflel, and, before it has time to be much
heated, being in its turn forced to give place to
the ice-cold water, which, as long as any ice re-
mains, continges,to defcend in an uninterrupted
ftream as long as this operation is going on, the
mafs of the water cannot be much heated ; but on
the fuppofition that water is not a conduftor of
Heat, according to the common acceptation cf that
term, or that Hear cannot pafs in that Fluid except
when it is carried by its particles, which, being put
in motion by the change it occafions in their fpeci-
fic gravity, franfports it from place to place, it
does not appear how ice, if inftead of being per-
mitted to {wim on water, were confined at the
bottom of it, or at any given diftance below its fur-
face, could in any way affect the temperature of the
fuperincumbent water, or prevent its receiving Heat

from other bodics.
“Were water a condulor of Heat, there is no
doubt but that the influence of the prefence of the
ice
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ice would be propagated in- the water in'all direc-
tions.

The ' metals are all conduftors of Heat, and
Profeffor Picter found, by an ingenious and .des
cifive Experiment *, that in a bar of coppcr{-:.-:;g..
inches in length, placed in-a vertical pofition, Heat:
paffed downwards as well as upwards, and nearly
with the fame facility in both thefe direGtions; and
if it can berfhown that Heat cannot defcend in water,
that alone will, I imagine, be thoaght quite fufficient
to prove that water is not a conductor of Heat.

When we meditate profoundly on the nature
of Fluidity, it feems to me that we can perceive
fome faint lights which might lead us to fufpe®
that the caufe, and 1 may fay the very gfence of
Jfluidity, is that property which the particles of
bodies acquire when they become fluid, by which
all farther interchange or communication of Heat
among them is prevented. But however this may
be, the refult of the following Experiments will
certainly be confidered as affording indifputable
evidence of one important fat, refpetting the man-
ner in which Heat is propagated in water.

Experiment, No. 15.

Into a cylindrical glafs jar 4.7 inches in diame-
ter, and 14 inches high, I fitted a circular cake of
ice nearly as large as the internal diameter of the
jar, and 3;inches thick, weighing 10§ oz.

* Effais de Phyfique, tome 1. Gendve 1790.

This
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This cake of ice being ready, I now poured into
the jar 6 Ib. 1} oz. Troy, of boiling-hot water,
and putting the ice gently into it, I found thatit
was entirely melted in 2 minutes and 58 feconds.

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

Experiment, No. 16.

Into the fame jar which was ufed in the fore-
going Experiment, I now put a cake of ice of the
fame form and dimenfions as that aboye delcribed,
but inftead of letting it fwim at the furface of the
hot water, I faftened it down on the bottom of the
jar, and poured the water upon it.

This cake of ice was faftened down in the jar
by means of two flender and elaftic pieces of deal
about ¢ of an inch thick, and 4 of an inch wide,
which being a trifle longer than the internal dia-
meter of the jar, were of courfe a little bent when
they were introduced into it in an horizontal po-

‘fition, and on being put down upon the ice, at
right angles to each other, ferved to confine the
ice, and prevent its rifing up to the furface when
the water was put into the jar upon it.
- To protet the ice while the boiling-hot water
was pouring into the jar, its furface was covered
with 2 circular piece of ftrong writing paper, which
was afterwards removed as gently as pofiible by
means
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means of a ftring which ‘was faftened to one fide
of it; and to prevent the glafs jar from being
cracked by the fudden application of the beiling-hot
water, [ began by pouring a fmall quantity of cold
water into the jar,—juft enough to fill up the in-
terflices between the ice and the glafs, and to
_cover the ice te the height of about ; of an inch}
and in pouring the hot water into the jar, out
of a large tea-kettle in which it had been boiled,
I took care ro direét the ftream againt the mid-
dle of the circular piece of paper which covered
the ice,

The jar with the ice and the hot water in it being
placed on a table near a window, I drew away as
gently as poflible the paper which covered the furs
face of the ice, and prepared myfelf to obferve at
my eafe the refult of this moft interefting Expe-
riment. .

A very few moments were {ufficient to fhow me
that my expectation with regard to it would not be
difappointed. In the former Experiment a fimilar
cake of ice had been entirely melted in lefs than
three minutes; but in this, after more than twice that
time had elapfed, the ice did not thow any apparent
figns of even beginning to melt. Its furface remained’
fmooth and fhining, and the water immediately
in contat with it appeared to be perfedtly at reft,
thotigh the internal motions of the hot water above
it, which was giving off its heat to the fides of
the jar and to the air, were very rapid, as I could
diftinctly perceive by means of fome earthy particles

or
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orat?u' impurities which this water happened to
contamn.

‘I examined the ice with a very good lens, but
it was a long time before I could petceive any figns
of its melung. The edges of the cake remamed
fharp, and the minute particles of duft, which by
degrees were precipitated by the hot water as it
grew colder, remained motionlefs as foon as they
touched the furface of the ice. ' .

As the hot water had been breught from the
kitchen in a tea-kettle, it was not quite boiling hot
when it was poured into the jar. After it had
been in the jar one minute, I plunged a thermo-
meter into it, and found its temperainre to be at
180°. )

After 12 minutes had elapfed, its temperature at
the depth of onc inch under the furface was 170%
At the depth of feven inches, or one inch above
the furface of the icc, it wasat 169,%; while at only
£ of an inch lower, or } above the furface of the
ice, its temperature was 40°.

‘When 20 minutes had elapfed, the Heat in the
water at different depths was found to be as follows :

Immediately above the furface of the ice 40°
At the diftance of ! an inch above it ~ 46°

At 1 inch . - - 1 1300
At 3 inches 5 g ® - 159°
At 7 inches - - - 160°

When 35 minutes had clapfed, the Heat was as
follows :

At the furface of the ice - 40°

1 an inch above it - . 76°
1 inch
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I inch aboveit. .. .- 1Y
» inches. v . i Y
ginches . .7 - .0 g8°
5 inches - - T iR 1&8‘},‘
7 inches - - - 1497
At the end of one hour the Heat was as folluws 23
At the furface of theice - 40° .
1 inch above it . - o o 6%
2 inches - - s " 23803
3 inches - . - 1289
4 inches - - - ago®
¥ inches - : 13i°

After 1 hour and 1§ minutes had elapfed .the
Heat was found to be as follows :

At the furface of the ice - * - _4-or
1 inch above it . - 82°
2 inches . - - 1060
3 inches - - 123°

The Heat of the water had huherto been. taken

near the fide of the jar;—in the two following’
trials it was meafured in the middle or axis of-_-thg_.
ar. : _
J When 1 hour and 30 minutes (reckoning al-
ways from the time when the boiling-hot water
was poured into the jar) had elapfed, the Heat of
the water in the middle of the jar was found to be
as follows :

At the furface of the ice - 40°

1 inch above it - - 84
2 inches . s - 115°
7 inches = . " 116°
7 ‘inche} . - - 1y°

VOL. 1L 5 When
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e boors had elapled, the Heat in the middle
ek was found to be as follows :

* At the furface of the ice 40°
1 inch above it - - 76°
2 ‘inches - - - g4
ginches = - . - 106°
4 inches - - ., - 108°
6 inches - - - 108%°
4 inches - 1082%°

Am end bemg now put to the Expenment, the
hot water “was poured off from the ice, and on
welghmg that which rémained, it was found that
g0z 6 ga-ams 'I’roy (=%406 graing) of ice had
betn melted. e ‘

- Taking the mean temperature of the water at
the ‘end of the Experiment at 106° it appears
that the mafs of hef awater (which weighed 735
ounces) was cooled 48 degrees, or from the tem-
pei':rti&re of' 184° to that of 106°, during the Ex-
perlment Now, as it is known that one ounce of
ice abforbs juft as'much Heat in bemg changed to
water as one ounce of water lofes in being cooled
140 degrees, it is evident that one ounce of water
which is cooled 78 degrees, gives off as much Heat
as would be fufficient to melt ;2% of an ounce of
ice; confequently the 73} ounces of#hot water,
which in this Experiment were cooled 78 degrees,
attually gave off as much Heat as would have been
fufficient to have melted 733X78=40.% ounces of
‘ir.'e. e

""But, the quantity of ice actually melted was
onlyabout five ounces ; and hence it appears that

lefs
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was communicated to tbe ice; the reft. b:ﬂ;g c@'ngd
off by the air.

As the fame quantity of hot wa,tcr wﬁs y@m
this Experiment, and in that, No. 15, wh;cﬁxﬁ:—
mediately preceded it, 3nd as this water wa,&ocmg
tained by the fame veflel —-(the glafs jar above
defcrlbed,)-—xt -appears that ice melts more tbg‘n
eighty timgs flower at the bottom of a- mafs of boi il
ing-hot water, than when it is fuffered to fwim
its furface: For, as in .the Experiment, ] Nk 15,
104 oz. of ice were melted in 2 minutes md 5$
feconds, 5 ounces at leaft muft have been melw;l
in 1 minute and 29 feconds; but in the Ex-
periment No. 16, 2 hours or 120 minutes were
employed in melting 5 ounces.

The ice however was melted, though very flowly,
at the bottom of the hot water; and that circum-
ftance alone would have been fufficient to have
overturned my hypothefis refpetting the ‘manner
in which Heat is propagated in liquids, had I.got
found means to account in a fansfa&ory manper
for that fat, without being obliged to abnndcm my
former opinions.

In about half an hour after the hot water had
been pored into the jar, in the laft Experiment,
examining the furface of the ice I difcovered an
appearance which fixed my attention and em!;ed
all my curiofity ; T percewed that the ice had been
melted and diminithed at its furface, excepting only
where it had been covered, ot as it were [hadoied,

s2 by
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By the flat flips of deal by which the cake of ice
'ﬁs faftened down in its place.

Had the ice been prote&cd and prevented from
‘being melted by that piece of the wood only, which,
being undermoft of the two, repofed immediately
on the furface of the ice, I fhould not perhaps have
been much furprifed ; but that part of the furface of
the ice being likewife protefted which was fituated
immediately under the other piece of wond,—that
which, lying acrofs the under piece, and refting on
it, did not touch the ice any where except juft at its
edge,—that circumftance attracted myattention; and
I could at firft fee no way of accounting for thefe
appearances but by fuppofing that the ice had been
melted by the calorific rays which had been emitted
by the hot water ; and that thofe parts of the ice
which-had been fhadowed by the pieces of deal,
receiving none of thefe rays, had of courfe not
been melted.

- T'was fo much ftruck with thefe appearances, that
Timmediately made the following Experiments, with
a view mérely to the elucidation of this matter.

- Experiment, No. 17,

Into ¢ *a cylmdncal glafs jar, 61 mches in diame-
ter, and 8 inches high, I put a circular cake of ice,
3. large as could be'made to enter the jar, and
about 3. inches thick ; and on the flat and even
furface of tl}e ice I placed a circular plate of the
thinneft tin 1 could procure, near 64 inches in dia-
meter,
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This plate of tin (wh:ch to prcferve its form, or
keep’ it quite flat, was ﬁrengthened by a ftrong
wire, which ‘went round it at its cucumfemnce)
had a circular hole in its centre, juft two mchus in
diameter, and it was firmly fixed down on the
upper furface f the cake of ice, by means of feve-
ral thin wooden wedgeés which paflfed between its
circumference and the fides of the jar.

A fecond circular plate of tin, with .a circular
hole in its centre two inches in diameter, and in
all other refpetts exaétly like that already defcribed,
was now placed over the firft, and parallel to it, at
the diftance of juft one inch, and like the firft was
firmly fixed in its place by wooden wedges. .

Thefe perforated circular platcs being fixed in
their places, the jar was placed in a room where
Fahrenheit’s thermometer ftood at 34°; and ice-
cold water was poured into it till the water juft
covered the upper plate; and then the jar was
filled to within half an inch of its brim’ with boil-
ing water : and being covered over with a board,
was fuffered to remain quiet two hours.

At the end of this time, the water, which was
ftill warm, was poured off, and the circular plate
being removed, the ice was examined. o

A circular excavation, juft as large ‘as the hole
in the tin-plate which covered the ice, (namely two
inches in diameter,) ant cbnﬁ’l'npndmg with jt,—
perfe&lv well defined, and abou; w?of an inch
deep in the centre, had been made I the ice.

e

$3 This
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This was what 1 expe@ed to find ; but there
was fomething more, which I did not expect, and
which, for fome time, T was quite at a lofs to
account for. Every part of the furface of the ice
which had been covered by the tin plate, appeared
to be perfect, level, and fmooth, and fhowed no
figns of its having been melted or “diminifhed, ex-
cepting only in one place, where a - channel about
an inch wide, and a little more than % of an inch
-deep, which fhowed evident marks of having been
formed by a ffream of warm water, led from the
‘excavation juft mentioned, in the centre of the
upper part of the cake of ice, to its circumference.
As the edge, or vertical fide, of the cake of ice
was evidently worn away where this ftream paffed,
there could be no doubt with refpet to its direc-

tion. It certainly ran out of the circular excava-
tion in the middle of the ice ; and though it might
at firft appear difficult to explin the fa&, and to
fhow how this hot water could arrive at that place,
yet it was quite evident that the immediate caufe
-of the motion of this ftream of ‘water could be no
other than its fpecific gravity being greater than
‘that of the reft of the water at the fame depth:

and that this greater fpecific gravity was at the
{ne time accompanied by a higher degree of Heat,
‘is evident from the deep ¢hannel which this ftream
‘had ‘melted -in the ice, while other parts of the
-futface of the ice, at the fame level, were not
‘melted by the water which-refted on it. To eluci-
date rﬂs-pémt, 1ﬁi§de«the following Experifent :

Expes



Enﬁex‘im&i‘, Nﬂ. 1 8.

Thmkmg it probable, that if the circular exca-
vation in the ice, which anfwered to the cﬂ'mlm'
hole in the middle of the tin-plate which cavereﬂ
the ice, and alfo to that in the fecond plate which
was placed an inch higher, had been melted by
radiant Reat, (as it has improperly been called,)
or by the calorific rays from the hot water ; then,
in that cafe, as fome of thefe rays muft probably
have been refleCted downwards at the furface. of
the water, in attempting to pafs vpwards into the
air, I thought that by preventing this part of them
from reaching the ice, which I endeavoured to do
by caufing them to be abforbed by a light black
body, (a circular piece of deal board, covered over
with black filk,) which I caufed to fwim on the
furface of thc water, their effets in melting ‘the
ice might perhaps be fenfibly diminifhed. Had
this really been the cafe, it would certainly have
afforded ftrong grounds to fufpet that thefe rays
were in faét the caufe of the appearances in quef-
tion; but on making the Experiment with the
greate{t care, I could not perceive that the cover-
ing of the furface of the hot water with a black
body produced any djfference whatever .in "the
refult of the Experiment as it was firft ‘made,
(Experiment No, 17,) ar when this. black s:pwﬁng
was not ufed.

After fome msdztatwn on :the fub}e&, it 0gs
currsd to .me that this melting of -the fice at its

S 4 upper
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upper furface could be accountad for, in 2 manner
which appeared to me to be perfeétly fatisfattory ;
_without fuppofing either that water is a conduétor
of Heat, or that the effet in queftion was produced
by calorific rays.

Though it is one of the moft general laws of na-
ture with which we are acquainted, that all bodies,
folids as well as fluids, are condenfed by cold;
yet, in regard to water, there appears to'be a very
remarkable exception to this law. Water, like
all other known bodies, is indeed condenfed by
cold at every degree of temperature which is con.
fiderably higher than that of freezing, but its
condenfation, on parting with Heat, does not go
on till it is changed to ice ; but when in cooling its
temperature has reached to the goth degree of
Fahrenheit’s fcale, or eight degrees above freezing,
it-ceafes to be farther condenfed; and on being
cooled ftll farther, it aflually expands, and con-
tinues to expand, as it goes on to lofe more of its
Heat, till at laft it freezes; and at the moment
when it becomes folid, and even after it has be-
come folid, it expands ftill more, on growing
colder. This faét, which is noticed by M. px Luc,
in his excellent treatife on the modifications of the
atmofphere, has fince been farther inveftigated and
put beyond all doubt, by Sir CHarLts BLAGDEN.
See Philofophical Tranfactions, vol. Lxxviil.

«Now, as water in conta&t with meltmg ice: is
always at the temperature of 32°, it is evident that
water at that  temperature muft be fpecifically
lighter than water which is eight degrees warmer,’

or
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or at the temperature of 40°; ‘confequently; iftwo
parcels of water at: thefe two' tempem e
contained in the fame veffel, that which /@i the
coldeft and llghteﬂt thuft neceﬁhnly give' :
that which is warmer and heavier, and ‘cukren
of the warmer water will defeend in that’ wﬁu:ﬁ i
colder.

In the two laft Experiments, as the eircularitins
plate whith covered the furface of ‘the ice féeved
to confine the thin fheet of water ‘which wag he~
tween ‘the plate and the ice, as this' water-tould
not rife upwards, being hindered by-.the plate;
and as it had no tendency to defcend, it is pro<
bable that it remained in its place ; and as it 'was
ice-cold, it was not capable of melting the xcg ‘on
which it repofed. e

But as the tin-plate had a circular hola in’ iu
centre, the furface of the ice in that part was of
courfe naked, and the ice-cold ‘water in contaét
with it being difplaced by the warmer and Heavier.
water from above, an excavation, in the form of &
fhallow bafin, was formed in the ice by this deX
fcending warm current.

The warm water contained in th;§ !ﬂfsn mr.‘
flowed its banks as foon as the bafin-Hegsn to:be

‘formed ; and iffuing out on that fide which: kg
pened to be the lowelft, opened itfe
under the tin-plate to the edge of
which it was precipitated, and fell- dog: e
bottom of the jar. The water of this m W
warm, it foon formed for itfelf aﬂeep%hannd!n
the ice; and at the-end of the E: : ﬁ
fo
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Dopnd to.oe every where degper than the bottom of
wa whepe it took its rife,

Mhis manner of accounting for the appearances
% queftion feemed to me to'be quite fatisfaltory ;
and the more 1 medxtated on the fubject, the more
1 was confirmed in my fufpicions that al/ liguids
muft neceffarily be perfett non-condactors of Heat.

On thefe principles 1 was now enabled to ac-
count for the melting of the ice at the bottom of
the bot water in the Experiment No. 16; as alfo
for the flownefs with which that procefs went onj
—and encouraged by this fuccefs, I now proceeded
with confidence to plan and to execute {till more de-
cifive Experiments ; from the refults of which, I
may venture to fay it,— the important facts in quef-
tion have been put beyond all poflibility of doubr.

‘s}f water be in fat a perfe& non-conducior of
Heat,—that is to fay, if there be no communication
whatever of Heat between neighbouring particles
or.molécules of that fluid, (which is what I fuppofe,)
then,~+as Heat cannot be propagated in it but only
in. confequence of the motions occafioned in the
AMluid by the changes in the fpecific gravity of thofe
pazticles. which are occafioned by the changes of
their -temperagure, it follows that Heat cannot be
ﬁmgﬂlﬂl dm&mwara’: in -water, as long as that
I_ﬂm&. tiines to be .condenfed with cold ; and
‘that it £ _' ¥y #n that direclion, (downwards, )that it
S be propuyated after the water has arrived at that
Fémperature, where it begins to be expanded by
£6ld ;which "has been found ito be at about the
qoth:deguie of Fahrenheit’s fcale,

Realoning
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Reafoning “on “thefe princigles, we e led 10
this rcmarkable conclufion ; namely, that- “Rpatr
which is only eight degrees abm the freeaing’ j'mn:,
or at the temperature of 40°, muft be able to:melt as
much ice in any given time, WHEN sTAR'DIh'b ‘o
ITS SURFACE, as an equal wolume of 'wareraw
higher temperatire, EVEN THOUGH IT WERE ne%b«
ING HOT. #
My philofophical reader will doubtlefs “think
that T muft have had no fmall degree of confidence,
in the opinion I had formed on this interefling
fubje@, to have had the courage to make, even iz
privaie, the Experiments which were neceffary to
afcertain that fact.

Expertment, No. 19.

Into a cylindrical glafs jar, 4.7 inches in dtamﬁ-
ter, and 13.8 inches hlgh I put 43.87 cubic inches,
or 1 Ib. 113} oz. Troy, in weight, of water, ‘and
placing the jar in a freezing mixture, conipofaﬂ"___df
pounded ice and common fea-falt, I caufed the
water to freeze into one compa& mafs ; which ad-
hered firmly to the bottom and fides of the jar, and
which formed a cylinder of ice juft three inches
high. i ' N

Had the bottom of the jar been quite flat, i
of being raifed or vaulted, the cylinder of ice woul
have been no more than 2.67 inches hlgh

As foon as the water in the jar was completely
frozen, the jar was removed from the frcezmg
‘mixture, and placed in a mixture of pounded ite
and pure water, where it was fuffered to remain

four
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ﬁbhm, in order that the cake of ice in the jar
-mg!u be brought to the temperature of 32°

"The jar ftill ftanding in a fhallow difh in the
pounded ice and water, the furface of which cold
mixture was juft-on a level with the furface of the
ice in the jar, I covered the top of the cake of ice
with a circular piece of ftrong paper, and poured
gently into the jar 73i oz. Troy of boiling-hot
water, which filled it to the height of eight inches
above the furface of the ice. (See Plate II.)

I then removed very gently the circular piece
of paper which covered the furface of the ice, and
after leaving the hot water in conta& with the ice
a certain number of minutes, I poured it off, and
~weighing immediately the jar, and the unmelted
ice which remained in it,—I alcertained ths quantity
of Jce which bad been melted by the hot water during
the time it had been fuffered to remain in the jar.

This Experiment I repeated four times the fame
day, (16th March 1797,) varying at each repe-
tition of it the time the water was permitted to
rcmam on the ice. The refults of thefe Experi-
me.nts w.cre as follows :

|ix Tlmt. the| Temperature| Tcmpcratun:l

.Numher of hot wi | of the hot| of the water 'Quantity
the Expe.| [€F, Te- | water when; 1 inch below i
o2 t'.P .mained | it was pour-| its furface at | Ited
iment | on the | ed on” the | the ead of the; ™C
¢ gl ice. ice. Experiment. I

ol -Minutes. Grains. |
"No.19 | 1 . 186 | Not obferved | 1632
“Noizo 1 3} 185° . | Not obferved | 1824
- No:21r 4 .15 g [ 170° 57
“No.22 |. 6o 1867 T 140” 2573 |

From



From the refuits of: thgﬁ: L XpeYimenits,.
plain that a very conﬁ&'era‘ble ﬁomon_ﬂf;
which was melted, was meﬁed in the very
ning of the Experiments, or ‘while' the h
was actually powring into the j ]ar ; which opc;ga?im
comrnonly lafted about one minute : and the irre-
gularities in the refults of the Expenments, and
particularly of the three firft, fhowed ewdenﬂ'_g
that the quanmy of ice melted in that opera-
tion was different in different Experiments. 4 ha :
indesd forefeen that this would be the cafe ; and
on that account it was that 1 covered the furfac_c__\
of the ice with a circular piece of ftrong paper,
and always took care to pour the water very gently
mto the jar : bur I found that all thefe precautions
were not fuflicient to prevent very confiderable
anomalies in the refults of the Experiments; dnd
as I found reafon to' fufped that the motion in the~
mafs of the hot WateF,: “which was unaveldably oc-
cafioned by removmg the circular piece of paper
which covered the ice, was the principal caufe of:

thefe inaccuracies, 1 had‘recourfe to anothc:r, anﬂ"‘
a better contrivance. '

Having procured a ﬂat, fhallow difh, of light
wood, half an inch deep, 43 mches in dmmemﬁ,_
(or fomething lefs than the internal diameter of the
jar,)—and about } of an inch thick at its bo
I bored a great number of very fmall holes througb
its bottom, which gave it the appearance:of @
fieve. 'This perforated wooden difh having been
prewouﬂy made ice-cold, was placed on the furface
of the ice in the jar; and the hot water being

gently:




u,go the’égm through a long wooden
Jube; ns thls perforated difh foated and remained
conftantly at the furface of the water, and as the
water pafling through fuch a great number (many
hundreds) of fmall holes, was not projetted down-
wards with forcé, it is evident that by this fimple
contrivance thofe violent motiong in the mafs of
water in the jar, which -before took place when
the hot water was poured into the ice, and when the
paper. which covered the ice was removed, were,
in a great meafure, prevented.

In order that the water which was poured
through the wooden tube (the bore of which was
‘about half an inch in diameter) might not impinge
perpendicularly and with force againft the bottom
of the difh, the lower end of the tube was clofed
by:a fit cork-ftopple, and the water was made to

- iflue horizontally through a number of {mall holes
in the fides of this tube, at its lower end.

As foon as the operation of pouring the hot
water into the jar was finifhed, the perforated dith
was carefully removed, and the jar was covered
with a circular wooden cover, from the centre of
which 2 fmall mercurial thermometer was fuf-

- The cﬂ'e&s produced by this new arrangement of
the machmery will appear by comparing the refults
of the two following Experiments with thofe juft
mentioned.
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In order ftill more effeCtually to prevent the -
accuracief arifing from the mtemaj motions zn the
mafs of hot water which were occaﬁoﬁed‘mpmn'-
ing the water into the jar, (and which could ot
fail to affe@, more or lefs, the refults of theEx-
periment,) I had recourfe to the foﬂomng col~
trivance.

I filled a {fmall phial containing 8% cubic’ md&u
with ice-cold water, and then emptying ‘the’ phhl
in the jar, I covered the furface of the ;cc " with
this ice-cold water to the height of o.493 q’f'ﬁ
inch.

On the furface of this ice-cold water, nftead’ Qf
that of the ice, I now placed the perfora.ted wooden
difh previoufly made ice-cold, and poured “the fit
water upon it.

The refults of the following Experiments thow
that this conttivance tended much. to dnmmfh $¢
apparent irregularities of the Expcnmcnu ; J.

The air of the room in which thefe Es
were made was of the temperature of 41°




thel: glm; water onc anch uantity
: beiow its {u:face, of ice
I melted.
1 At __t_hc At the
“tbeginning| end.
‘ i 1
PR b S : 2 Grains.
No.25. | .. 10 192° 182° 580
A No. 26 ¥ '30 i -1909'-. . lﬁ,ﬂ 914
No.: z'} 180 . 199° . 95° 3200

rrom thc rcfults of thefc laft three Experiments,
we cap now determine with a very confiderable
degree uf gertainty how much ice was melted iz
the ait of pauring the water into the jar, and con-
fequently the rate at which it was melted in the
ordinary courfe of the Experiment s—{uppofing

equal: qua:mncs to be melted in equal times.

;s in the 27th Expenment 3200 grains were
mcked in 180 minutes, and in the 25th Expe-
riment; 585 grains were melted in 10 minutes,
we may,,fafely conclude that the fame quantity

!;u!.fl hm been melted in the fame time (10
]in the 27th Experiment; if, therefore,

320:: grains,—the quantity melted in 180
minutes .in this laft Experiment,—we deduct 580
grains.for. the quantity melted during the firft 10
minutes, there will remain 2620 grains for the
qmn%melwd in_ tlp fuccecdmg £70 minutes,
wiljen the motions. eccaﬁaued in the water on its
b;upg poured isito the jar having fubfided, we may
fuppote the procefs of meltmg the ice to have gone

o Fegulasly.

But if in: thc rcgular courfe of the Etpcnment,

no, more than 2620 grains were melted in 170
6 minutes,
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minutes, it is evident that'not more than 134 grains
could have beeri melted in"the' ordinary courfe of
the procels in 10 minutes ; for 150 minutest 2620
grains : : 10 minutes : 154 grains.—If, therefore;
from 580 grains, the quantity of ice aGually melt:
ed in 10 minutes in the 25th Experiment, we de:
dut 154 graingy there remains 426 for the quan:
tity melted in pouring the water into the jar.

Let us fee now how far this agrees with the re:
fult of the 26th Expenment In this Experiment
914 grains of ice were melfed in 30 ‘minutes:
If from this quantity we dedut 426 grains, thé
quantity which according to the foregoing coms
putation muft have been melted in pouring the hot
water into the jar, there will remain 478 “grains
for the quantity melted in the ordinary courfe
of the procefs in 30 minutes; which gives 159
grains for the quantity melted in 10 minutes;
which differs very little from the refult of the
foregoing computation, by which it appeared to
be=154 grains. This difference however, {mall
as it is, is fufficient to prove an important falt,
namely, that the effets produced by the motion
into which the hot water had been thrown i
being poured mtdn#k jar had not ceafed entirely
in 1o minutes; or'when an' ehd was put to the sth
Fxpenment We fhall therefore come nearer' the
truth, if, in our endeavours to difcover the quantity
of ice ‘melted in any given time in the otdinary
courfe of the Experiments, we found our com-
putation on the - refults of the two Exzperiments
No. 26 and No. 27i

VoL 1, T fn
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488 the Iutter of thcfe Experiments 4200 grains
d‘imwere meltedin 180 minutes, and in the
former gr4 graiss were melted in g0 minutes. I,
therefore, from 32&0 ‘grains, the quantity melted
in 180 minutes; we take the qpantity melted in
the firlt 30 minwutes,=¢14 grains, there will re-
main 2286 grains for the quantity melted in the
fucceeding 150 minutes, and this gives 152 grains
for the quantity melhed i 10 minuteg. By the
former computation # turned out to be 154
grains, : e
. But if 153 graing of ice 8 the quantity melted
in 1o minutes, in the ordinary courfe of the
procefs, three times that quantity, or 456 grams
only, could have been melted in tbis manner in the
3o .minutes during which the 26th Experiment
hited; and dedulting this quantity from 914
grains, the quantity a&ually melted in that Expe-
zimeat, the remainder, 458 grains, fhows how
much sauft have been melted in the pouring the
hot water on the ice, or in confequence of the
“motions into which the water was thrown in the
.performance of that operation. By the preced-
‘ing ~computation this quantity turned out to be
- From the refult of thefe' gogiputations I think
e may fafely conclude, that in the, ordinary courfe
of the Experiments aot more thag 152 grains of
Jdpe-were melted by the hot water i 10 minutes.
-} $hall now proceed to give an a¢count of feveral
Experiments in which the water employed o mglt
the ice was at a mwd lower temperature.

Having



Having removed a fmall quantity of ice which
remained unmelted in the bottom of thc.gr Eput
a freth quantity of water iato it, and p
jar in a freezing mixture, caufed this m, wlnch
filled the jar to the height of four inches, to freege
into one folid mafs of ice. I then placed the jar
in a fhallow eagthen dith, and furrounded it to the
height of the level of the top of the ice withva
mixture of fnow and water (fee Plate IL); and
‘Placing it in a room in which there had been no
fire made for many months, and in which the
temperature of the air was at 41°, I let.it remain
quiet two hours, in order that the ice might acquire
the temperature of 32°

This being done, I took the jar out of the
earthen difh, and wiping the outfide of it dry with
a cold napkin, I weighed the jar with the ice in it
very exaltly, and then replaced it in the éarthem
difh, and furrounded it as before with fnow and
water, to the height of the level of the furface of
the ice.

I then poured 73} ounces Troy (=1 5,160 graing)
of water, at the temperature of 41° into the jar,
which covered the ice to the fame height to which
it had been covered in the former Experiments w
namely, to about '8 inches; and fuffering it to
ftand on the ice a certain number of minutes, I
then poured it off, and wiping the outfide of the
jar, weighed it, in,order to alcertain bow much
ice had been melted.

In putting this cold water into the jar, the fame
precautions: were ufed (by pouring it through the

T 3 Wi
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‘wogden;tube inta the pq‘forated wooden difh, &c.)
as. were ufed when the Experiment was made with
boiling the water.

2. The following Table fhows the refults of fix
Experiments made the fame day, (the 19th March
1797) in the order in which they are numbered,
aond .which were all made with the wtmoft care :

g r’fcmpemure of the |
| water in the jar
Number| 1 inch below its Tempe Time the Quantity

f the furface, rature o-f WHLET 1o ol iee

o b . |mained on
ment. |{A% the be| At the the AT 1 the ice. melted.

inning of] end of | .
the Exp. | theExp.

e

Minutes, Grains.

' No. 28 41° 40° 41

10 203

No. 2g 41° 40° 41° 10 220
No.go | . 41° 40° 41° 10 237
No. 31 41° | g0° 41° 1 228
No.32 | 41 3%° 41° 30 617

331 -4t 39 ) 4l - 30 585
Ne. o 8° | 417 : | 58

The agreement in the refults of thefe Experi-
ments is not much lefs extraordinary than the fur-
prifing fa& which is proved by them,—namely,
that boiling-hot water does not thaw more ice in
any given time when flanding quietly on its furface
than water at the temperatufe of 41°—or nine
degrees only above the point of freezing !

-« There is reafon to conclude that it does not even
thaw fo much ;—and this flill more remarkable
circumitance may, I think, be accounted for in a
fatisfaétory manner,.on the fuppofition (which,
however, Iimagine will no longer be confidered as

6 a bare
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4 bare fuppofition) that ‘watér is a non-condudor’
of Heat.

It appeared from the refults of the Experitne
made with hot water, that the quantity of ice thelt-
ed in 10 minutes in the ordinary courfe of that
procefs amounted to no more than 152 gmm;-—-*
but in thefe Kxperiments with cold water, "the'
quantity melted in that time was never lefs tham
203 grains, and taking the mean of four Exper;-
ments, it amounted to 222 grains.

There is one circumftance, however, refpe&mg’
thefe Experiments with cold water, which it is ne<
ceffary to inveftigate before their refults can be:
admitted as complete proof in the important cafe
in queftion,

In the Experiments which were made thh Hd't
water, it was found that a confiderable part of the;
ice which was melted, was melted- in confequence-
of the motions into which the water was thrown
upon being poured into the jar, and that the effe®’
of thefe motions continued to be feufible for a
longer time than moft of thefe Experiments with’
cold water lafted. Is it not poffible that the refults
of thefe Experiments with cold water: may alfo-
have been affeéted by the fame caufe ? - Th:s is whatﬁ
Idhall endeavour to find out. ~ * 77wt

In the 32d Expenment 617 grains of ice were:
melted in 30 minutes, and in the 33d Expemmmt*
585 grains were melted in the fame time; a8d
taking the mean of thefe two Experiments it ap-
pears that 6o1 grains were melted in 30 minutes;*
If now from this quantity we dedu@ that which,

T 3 according
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agconding to the spean wefult.of the four preceds
ing: Experiments, muft have been melted in 10
mes, samely, 222 grains, there will remain 379

ins for the quantity melted in the laft 20 mi-
nutes in thefe two Experiments; confequently,
half this quantity, or 189§ grains, is what muft
have been melted m 10 minutes ia the ordinary
courfe of the procefs.

But this quantity, (189} grains,) though lefs
than what was atually melted in the Experiments
which lafted only 10 minutes, is ftill confiderably
greater than 152 grains, the quantity which was
found to have been melted in the fame time in
the ordinary courfe of the procefs in thofe Expe-
riments in which hot water was ufed; confe-
guently the great queftion, for the decifion of which
thefe Experiments were contrived, is,—I believe 1
may venture to fay,—decided.

- But, however cenclufive the refult of thcfc Ex-
periments appeared to me to be, I felt myfelf too
much interefled in the fubje& to reft my inquiries
here. ;

.. Having found, as well from the refults of the
Experiments made with cold water as from thofe
made with hot water, that a confiderable quantity
of ice wag melted in the a& of pouring the water
into the jar, and in confequence of thofe undulatory
motions into which the water was thmwn in that
operation, notwithftanding all the pains I had taken

ifh thofe motions and prevent their effeéts, .
.I.npw doubled. my precautions in guarding againit
thoie foutces of error and uncertainty.

Before



Befsre 1 poth ﬁwmirﬁoﬂ:em
the furface of thieice to the height c.g¥6 bf'an
inch with ice-cold water, asid this Bidid whel wite
at the temperature of 41° was ‘aféd; a%&wh

rthofe Experiments in which btﬁngaﬁm ey’
employed. In the former Experiménts I had-covered
the furface of the ice with ice-cold water only i
thofe Experiments in which hot water was uféd;
.and even-in thofe I ufed only half as muchiice-
cold water as I now employed for that purpefel’ '
I alfo now poured the water into the jar inia
{maller ftream, emplo;nng no lefs than three'mi:
nutes in filling it up to the height of eight inctes
above the furface of the ice; and 1 enfleavoured
to afcertain how far the refults of the Experitfrents
were influenced by the temperature of the &ir, antt

alfo by wrapping up the jar in warm covering.*" -
The fame jar was ufed in all the Experiments,
and it was always placed in the fame earthen difh,
and furrounded, to the level of the top of the ice,
with melting fnow. This jar is very regular inits
form, being very nearly a perfe&t cylinder, and“is
on that account peculiarly well calculated for the
ufe for which I feletted it. ;
In each of the three firft Expmments,

are entered in the following Table, the jar was well
covered up with a very warm covering of cotton
wool. This covering (which was above an inch
thick) reached from the furface of the melfifig
fnow in which the jar ftood, quite to the top of the
jar. The mouth of the jar was firft covered with
a round wooden cover, (from the centre of whicha
T 4 ‘thermao-
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ermometer, the bulb of which reached one inch
low the furface of the water, was fufpended) and
m'dxe top of this wooden cover there was put a
thick covering of cotton.
* In all the Experiments in the following Table,
exccpt the three firft, the jar was expofed naked to
the air, except the lower part of j, which, as [
have already more than once obferved, was always
covered, as high as the ice in the jar reached, with
mcltmg fnow, or with pounded ice and water.

In the two Experiments No. 37 and No. 38,
which are marked with aﬂenﬂcs, the furface of the
ice was covered with ice- cold water to the depth
of 0.478 of an inch only ;—in all the other Expe-

-yiments it was covered to-the depth of 0.956 of
an inch,




}  |Teauperature of thef, - R By
- : wa.tcrhin Ehe Jar [ v it o
wmber | 1 inch below its {4 Mime thé e .
of the | furface, Temp "?' water re- Q}- :
Experi- | t;:rc ' |mained on| O 15 ¢
! ment. |Inthe be-] At the | ™ #* | the ice, Md-
ginning of| end of R SRR
the Exp. |the Exp.
! ! Minutes. | Graimse: |
| No.34 | 188° 179° 41° 30 634
4 No. 35 |* 189° 180° 41° 30 747
No. 36 | 1go® 147° 41° 180 3963 -
| No.37 [ 41° 38° 41° 30 592 *
| No. 38 41° 43° 61° 30 676 *
i No. 39 | 186° 157° 61° 30 550
No. 40 | 188° 1562 61° 30 5785
No. 41 | 190° 156° 61° 30 542
No. 42 41° 43° 61° 30 573
No. 43 | 42° 44° 61° 30 578
No. 44 42° 35° 61° 120 2155 |

The refults of thefe Experiments afford matter for
much curious fpeculation, but I fhall content myfelf
for the prefent with making only two or three obfer»
vations refpecting them. And in the firlt place, it
is remarkable, that although in the Experiments
No. 34 and No. 35, of 30 minutes each, conﬁder-
ably lefs ice was melted than in that No. 26, which
Jafted the fame time ; yet, in that No. 36, of 180
minutes, more was melted than in that No. 27, of
the fame duraton. This difference in the two
laft-mentioned Experiments will be accounted for
hereafter, '

With regard to the difference in the rcfulrs of
the Expenments of 30 minutes, there is no doubt
but that it arofe from the precautions which had

been
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been taken in this laft fet of Experiments to pre-
went the effect of the violent!motions into which
the hot water was thrown in ‘being poured into the
jar, that lefs ice was mclted in the Experiments
No. 34 and No. 35, than in that No. 26.

Sccondly, 1t appears that more ice was melted in
the fame time, in the Experiments in’which the jar
was covered up with warm covering, than in thofe
in which it was left naked and expofed to the air
of the room.

The difference is even confiderable. The quan-
tity melted in 30 minutes when the jar was covered,
at a mean of two Experiments, (No. 34 and
No. 35,) was 6904 grains ;~—but when the jar was
nzked, the quantity at a mean of three Experiments
{No. 39, No. 40, and No. 41) was only 558%
grains.

Tbirdly, The quantity of ice melted under fimilar
circamitances,—that is to fay, when the jar was
naked,—was fenfibly greater when the water was
at the temperature of about 41°, than when it was
nearly boiling hot. In the Experiment No. 41,
when the water which was poured on the ice was at
the temperature of 190 deg. 542 grains only of ice
were melted in 30 minutes ; whereas, in the next
Experiment, (No. 42,) when the water was at 41°,
or 149 degrees colder, 573 grains were melted in
tTle fame time. '

- Finding that covering up the jar with a thick and
warim covering of cotton caufed more ice to be
melted by the hot water, I was curious to fec what
effe®s would be produced by keeping the jar

plunged



plunged quite up to ifs brim in a mixture of fnmt
and water, inftead of merely furrounding ‘that part
of it which was occupied by the czke of ice by this
cold mixture.

I was likewife defirous of finding out,~tnd ¥
pofible at the fame time,—~whether water, st '»
temperature jomething above that at which . that
Fluid ceafes to be condenfed with cold, would mot
melt mere ice in any given time than an equal
quantity of that Fluid, either colder or much hotters
"The refult of the 43d Experiment had thewn e,
—what indeed a very fimple computation would
have pointed out,~—namely, that when the tempes
rature of the water is but a few degrees above the«
point of freezing, if its quantity or depth is not
very confiderable, it will foon be fo much cocled
as very fenfibly to retard the procefs of melting the
ice : and with refpe to hot water, the mcreafed
quaumy of ice which was melted by it when the
jar was covered up with 2 warm covering, coms
vinced me that the real caufe which prevented the
hot water from melting as much ice as the cold
water in my Experiments, was the embarrafiments
in the procefs of melting the ice, which were
occafioned by the defcending currents formed in
the hot water on its being cooled by the air at”its
furface, and by the fides of the jar.

Thefe defcending currents meeting in the re-
gion of the conftant temperature of 40° with thofe
cold currents which afcended from the furface of
the ice, it feems very probable that the afcending

curren&,
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Ly ts, on the motion of which the melting of ice
epends, were checked by this collifion.
£ By retardmg the coolmg of the hot water above,
Bjr wrapping up the jar in a warm covering, the
velocity of the defcending currents was of courfe
‘diminifthed ; but when this was done, the refults of
the Experiment fhowed that the melffog of the ice
was accelerated.

‘When the jar being naked, the coolirg of the
hot ‘water, and confequently the motions of the
defcending currents, were rapid, no more than
about 542 grains, or at moft 575 grains, were
melted in 30 minutes; but when the jar was
«covered with a warm covering, 634 ;jrainf;, and in
©me Experiment (that No. 35) 747 grains, were
welted in the fame time.

As plunging the jarinto a cold mixture of fhow
and water could not fail to accelerate the cooling of
the hot water in the jar, and confequently to
increafe the rapidity of the defcending currents in
it, onght not this to embarrafs, in an extraordinary
degree, the afcending currents of ice-cold water
from the furface of the ice, and to diminith the
quantity of ice melted ?—This is what the follow-
ing Experiments, compared with the refults of
thofe No. 39, No. 40, and No. 41, will fhow.
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Quantity of ice melted in thefe § Experiments, 1997

1 Temperature of thefp o :
water in the jar} o : W S S
Number | 1 .inch below its ;‘. ter:f’. Time the] i
of the furface, ;;‘ i hI n \water res % .
Experi- e lke mained onf. _
ment. |In the be{ At the Jalr Was 3 PY the ice. | melted. sina
" lginning of| end of | P u;ge to , LR
*he Expy | the Exp. | 'ts brim. _
Minutes, (i;:,:ip* o
l Na. 45 *188° €3° 32° 30 {'PB
| No.g46 | 186 67° 32° 30 449
| No. 47 189" 6387 32° 30 s 4,33' &
No. 48 187° 6%° 32° 30 355
No. 49 188° 68° 32° 30 364"
|

Mean quuntity melted by hot water when the jar was Grains.
kept plunged to its brim in melting ice and water, 399%

‘Mean quantity melted by hot water in 3o minutes, in

the two Experimcnts, No. 26 and No. 27, when the

part of the jar occupied by the water was furrounded :

by air, at the temperature “of 417, - - 456
Mean quantity melted by Eot water in 30 minutes, in

the three Experiments, No, 39, No. 40, and No. 41,

when the part of the jar occupied Ly the water was -4

furrounded by air, at the temperature of 617, - 5583 _
Mean quantity melted by hot water in 30 minutes, in

the two Experiments, No. 34 and No. 35, when the Mg

part of the j jar oct upied by the water was kept covered

_upb bv a thu.e( and warm covcrmg of cotton, - 6_)01

As all the Experiments were made in the fame
manner, and with equal care, and differed only in
refpe& to the manner in which the outfide of the
jar, above the furface of the ice in it, was covered,
their refults fhow the eftcits produced by thole
differences.

I fhould
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pcrhaps have ﬁsfpe&ed that the greater
ity of ice which was melted when the heat of
‘water in the jar was confined for the longeft
ne had been occafioned, at lealt in part, by the

t communicated downwards by the medium of
‘the glafs ; but that this could not have been the
cafe was evident, not only from the manner in
which the ice was always found to have been
melted, but alfo from the refults of fimilar Expe-
riments made with much colder water.

" Had it been melted by Heat communicated by
the glafs, it would undoubtedly have been moft
melted in thofe parts of its furface where it was in
contat with the glafs, but this I never once found
to be the cafe.

The refults of the following Experiments wxll
fhow,—what indeed might eafily have been fore-
feen,—that the temperature of the medium by
which the upper part of the jar was furrounded
.does not always affect the refult of the Experiment
in the fame degree,—nor even always in the fame
manner,—in different Experiments jn which the
temperature of the water in the jar is very
different.

To facilitate the comparifon of thefe Experi-
ments, and that of the foregoing, which are
fimilar to them, I thall here place them together.




TPmpcrature of the . RS
‘water in the er‘tm‘c&em "I"methg ;
Number | t inch below ‘its | medium by :

of the | furface, _ which thr.: wat“:;" %.'E‘ﬁt?
Experi- | nfper part mﬂ:h:- ot e
ment. In the be-| At the' | of the jar °’;m | meltads

gmmng oflend of the| was fur- 45 5
l‘the xp- Exp. | rounded. L5

Grains. [ Mm

No. 5o 41° 36° g2° 30
No. 37 41° 38° | 41 30 59:
No.gz | 4r° 43° 61° 30 - ]

It is certainly very remarkable indeed that fb
much more ice fhould be melted by water at the
temperature of 41°, when the jar which contained
it was furrounded by a cold mixture of pounded ice
and warer, than by an equal quantity of boiling-
hot water in the fame circumitances. In the Expe-
riment No. 5o, the quantity melted by the cold
water was 342 grains, while that melted by the
boiling-hot water, taking the mean of five Experia
ments, (thofe No. 45, 46, 47, 48, and 49,) was
no more than 3993 grains. But the refults of the
+ four following Experiments are, if poflible, ihll
more furprifing.

Thefe Experiments were made with water at thc
temperature of 61°, the temperature of the air of
the room being at the fame time 61°; in the:‘two
firft of thefe Expenments the jar was kept plunged
to its brim in a mixtute of fnow and water,—in
the two laft its lower part only, namely, as high
as the level of the furface of the ice, was furrounded

by



g Uy ;cnid mu:ture, its upper part being naked,
ndd furrounded by the air of the room.

"In each of the Experiments, (as in thofe which
pmcedcd them,) before the water was poured into
the jar the furface of the ice was covered to the
height of 0.956 of an inch with ice-cold water, in
order more effeCtually to defend it afainft the ef-
fects of the temporary motions into which the
water employed to melt the ice was unavoidably
thrown in the performance of this operation ; and
the fame quantity of water was always ufed, name-
ly, 731 ounces Troy, or as much as was fufficient to
fill the jar to the height of 8 inches.

Temperature of the'Tempcra-l
) wa}‘t‘rh ir]::} ].thc jar 'turré,‘ftth 3
mmber | 1 inch below its | medium |Time the!

of the | furface, by which |water re-| %antlty
1 Experi- the uppermained on!
ment. In the be. | At the |pa.rt0f the| the ice.
fginning of| end of jarwas{ur-
L the Exp. | the Exp.| rounded.

of ice
melted.

Minutes. | Grains.

-No. 51 61° 49° | 32° 30 660

No. 52 61° 50° 32° 30 662
No.s3 | - 61° 60° 61° 30 642
No.54 {. 61° 60° 61° 30 650

Thcfe Experiments are remarkable, not only on
account of the very fmall differénce in the quan-
tities of ice melted which refulted from the cooling
of the fides of the jar, but alfo, and more efpecially,
38 that difference was direttly contrary to the ef-
fells; produced by the fame means in the Experi-
ments with hot water, More ice was melted when

the



the outfide of the jar was kept fce-cold“than whent
it was furrounded by air at' the temperature of
61°

All thefe appearances might, I think, be ac-
counted for in a fatisfattory manner on the prin-
ciples we have affumed refpeéhng the manner H
which Heat is propagated in liquids; but w;thout'
engaging ourfelves at prefent too far in thefe ab-
ftrufe fpeculations, let us take a retrofpective view
of all our Experiments, and fee what general re-
fults may with certainty be drawn from them.

One of the Experiments in which the greate&
quantity of ice was melted by hbot water is that
No. 36, in which 3963 grains were melted in three
hours, or 180 minutes. If now from this quantity
we dedu& that which, according to the refults of
the two preceding Experiments, muft have been
melted in the firft 30 minutes, namely, 6901 grains,”
there will remain 3272% grains for the quantity
melted in the laft 150 minutes, which gives 654§
grains for the quantity melted in 30 minutes in
the ordinary courfe of the Exper:mem _

This quantity, 6541 grains, deducted from that
which at a mean of two Experiments (thofe No. 34
and No. 35) was found to be actually melted in 36
minutes, namely, 690 grains, leaves 36 grains for
the quantity which in thefe two Experiments was
melted in -confequence of the temporary motions
into which the hot water was thrown in the opera~
tion of pouring it into the jar. The difference
‘between thefe two quantities (=36 grains) is very

VOL. i1 U incon.
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fiderable, ami fhows that the means ufed for
ﬁhnmﬂung the effects produced by thofe motiong
had been very efficacious.

" As the refults of the three Experiments No. 34,
No. 35,-and No. 36, were exceedingly regular
and fatisfattory,—as the Heat of the water appears
to have been fo completely confined by the warm
covering which furrounded the jar, and as the
procefs of melting the ice went on regularly or
equally for fo great a length of time (three hours)
in the 36th Experiment, we may venture to con-
clude that more ice could not poffibly have been

.melted by boiling-hot water—/fanding on it—than
was melted in thefe Experiments.

This quantlty was found to be at the rate of
654% grains in 30 minutes,

But as in thefe three Experiments extraordinary
means were ufed, by which an uncommonly large
quantity‘ of ice was melted, they cannot be con-
fidesed as fimilar to thofe which were made with
cold water, and confequently cannot with propriety
be compared with them.

‘When the Experiments were fimilar, the mean
refults of thofe which were made with water at
different temperatures were as follows :




In the Experiments in

which the part of the jar
which was occupied by
the water was expofed
uncovered to the air at
the temgperature of 61°

In the Experiments in
which the part of the jar
which was occupied by
the water was furround-
ed by pounded ice and
water, and confequently
was at the temperature
of 32°

¥y

L
{
i

et

[With boiling-hot water
(Experiments No. 39,
40, and 41)

perature of 61° (£x-
periments No. §3 and

No. 54
With water at the tem-

periments No. 4z and

L No. 43) '

[ With boiling-hot water,
(Experiments No. a5,
465 47, 48, and 49)

With water at the tem-
perature of 61° (Ex-

No. 52)
With water at the tem-
peratute of 41° (Ex-
[ periment MNo- 50)

periments No. 51 and

With water at the tcm-§

perature of 41° (Ex-}

;

melted
-} in 30
; minutej

T

Grains,
5453

574
399%

661

543 1

i

From the refults of all thefe Experiments we
may certainly venture to conclude, that' boiling-hot
water is not capable of melting more ice when
Sfanding on its furface, than an equal quantity of
water at the temperature of 41% or when it is only
nine degrees above the temperature of freezing !

This fact will, 1 flatter myfelf, be confidered
as affording the moft unquettionable proof that-
could well be irhagined, that water is a perfeét non-
conductor of Heat, and that Heat is propagated in

it only in confequence of the motions whic

U2

h the

Heat
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Heat qaceafions in the infuiated and {olitary particles
of that fluid"

The difcovery of this faé opens to our view one-
of the moft interefting fccneé‘% the economy of
Nature :=—but in order to prepare our minds for
the contemplation of it, it will be not amifs to re-
freﬂl our memory by recapitulating “what has al-
ready been faid on the Propagation of Heat in
Fluids, and particularly in water ; and adding fuch
occafional obfervations as may tend to elucidate
that abftrufe fubjett.

Thofe who enter into the fpirit of thefe invefti-
gations will not confider thefe repetitions and illuf-
trations as either fuperfluous or tirefome.

* The infight which this difcovery gives us in regard to the nature
of the mechanical precels which takes place in chemical folutions is
too evident to require illuftration j—and it appears to me that it will
enabie us to account in a fatisfaltory manner for all the various
phznomena of chemical affinities and vegetation. Perhays ail the
motions among inanimate bodies on the furface of the glube-may be
traced to the fame caule,~namely, to the non-condudling power of
Fluids with regard to Heat,



Buar m
Recapitulation, and farther Inveftigation of the Sub:
gelt.—All *Bodies are condenfed by Cold withant
Limitation, WATER ONLY EXCEPTED.— o4
derful Effects produced in the World in confequence
of the particular Law which obtains in the Cona
denfation of Water.—This Exception to one of thé
moft general Laws of Nature, a firiking Proof of
Contrivance in the Arrangement of the Univerfe ;==
a Proof which comes home to the Feelings of every
ingenuous and grateful Mind.—This particular
Law does not obtain in the Condenfation of SALT<
WaTer.—Final Caufe of the Saltnefs of the Sea
~—The Ocean probably defigned by the Creator to
Sferve as an Equalizer of Heat—Could not have
anfwered that Purpofe had its Waters been frefb.—
Final Caufe of the Frefbnefs of Lakes and inland
Seas in bigh Latitudes.—Ufefulnefs of thefe Spe«

culations.

As the immediate caufe of the motions in a liquid,
which take place on its undergoing a changc

of temperature, is evidently the change in the
fpecific gravity of thofe particles of the. llq-.ncl
which become either hotter or colder than the reft
of the mals, and as the fpecific gravities of fome
liquids are much more changed by any given
change of femperature than that of others, ought
U3 not
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ot this tieumftance (independent of the more or
1 perfedt fruidity of tlz%:jqui Yo make a fenfible
difference in the condulling pogger of liquids ?

“ The more a liquid is expawded by any given
change of temperature, the more rapid will be the
afcent of the particles which firft receive the Heat ;
and as thefe are immediately replaced by other
colder - particles, which, in their turns, come to
be héated, this muft of courfe produce a rapid
communication of Heat from the hot body of the
liguid. _

- But when, on the other hand, the fpecific gra-
vity of a Hquid is but little changed by any given
change of temperature, the motions among the
particles of the liquid occafioned by this change
muft-be very fluggith, and the communication of
Heat of courfe very flow.

Let us ftop here for one moment jult to afk
ourfelves a very interefting queftion. Suppofe that
in the general arrangement of things it had been
neceffary to contrive matters fo that svater thouvld
not freeze in winter,—or that it thould not freeze
but with the greateft difficulty ;—very flowly ; and
in the fmalle quantity poffible ;—How could this
have been moft readily effeted ?—

Thofe who are acquainted with the law of the
condenfation of Water on parting with its Heat
hitve already anticipated me in thefe {peculations ;
a}i& it does not appear to me that there is any .
thing" which human fagacity can fathom, within
the "widé-extended bounds of the vifible creation,
which affords~a more ftriking or more palpable
proof
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proof of the wildgm of the Créator;, and of the
fpecial care he has*ta in ‘the general’ arrange.
ment of the univezfe to préferve animal life, than
this wonderful ‘@ntrivance :—for though _the
extenfivenefs and immutability of the general
laws of Nature imprefs our minds with awe and
reverence for the Creator of the univerfe, yet.
exceptions to thofe laws, or particular modificatians
of them, from which we are able to trace. e&ﬁﬁ.
evidently /alutary or advantageous. to ourfeim
and our fellow-creatures, afford flill more ftnkmg
proofs of contrivance, and ought certainly - to
awaken in us the moft lively fenummts of admiras
tion, love, and gratitude. ; s,

Though in temperatures above blﬂod heat tha
expanﬁon of water with Heat is very conﬁderable,
yet in the neighbourhood of the freezing point it is
almoft nothing. And what is ftill more remarkable,
as it is an exception to one of ‘the moft general
laws of Nature with which we are acquainted,
when in cooling it comes within eight or nine des
grees of Fahrenheit’s fcale of the freezing point,
inftead of going on to be farther condenfed. as- it
lofes more of its Heat, it alfually expands ‘as' it
grows colder, and continues to expand more and
more as it is more cooled.

If the whole amount of the condenfation of
any given quantity of boiling-hot water, on being
cooled to the point of freezing, be divided into any
given number-of equal parts, the condenfatioris
correfponding to’equal changes of temperature will,
bé very:unequal in different temperatures.

" x| ta




Irl cooling 22 degreee of Fahrenheit’s fcale,
(gr oone-cighth part of the ingerval between the
boilmg and the freczingpoints) the condenfation

wﬂl be,
Condenfation.

In cooling 221° viz. from 212° to 189%° - 18 parts
1891° = 167° - 16.2
167° — 144%1°° . 13.8
1441° — 122° - 11§
122° — 091° - 0.3

995" — 77° - 1
77° — 543° - 39
548° — 32° - oz

Hence it appears that the condenfation of water,
or increafe of its fpecific gravity in being cooled
-22% degrees;of. &hrenhelt s fcale, is at leaft ninety
tinies greater W‘hen the water is boiling-hot, than
whin it is ‘at. the mean temperature of the at-
mofphere in Engtand (544 ®), or within 221 degrees
of freezmg-——(for 18 is to 0.2 as go to 1).

All liquids, it is true, in cooling, are more: con-
denfed by any given change of temperature when
they are very hot, than when they are colder ; but
thefe differences are nothing compared to thofe we
obferve in water. -

The ratio of the condenfation in cooling from
212° to 1891° to that in cooling frem 541° to 32°
in each of the under-mentioned fluids, has been
fhown, by the Experiments of M. pe Luc, to be
as follows : -

. Olive oil - - asii%tor
Strong {pirits of wine - as 12%to 1

A faturated folution of fea-
falt in water 2 I7gy to 1

Pure water n asgo tor

The



The difference benweqx thc laws ofthe con-
denfation of .pure &r and of the fame fluid when-
it holds in- folution a pd&m of falt, is ftriking 3
but when we traﬂ: the effedds which are produced
in the world by that arrangement, we fhall be loﬁ
in wonder and admiration.

Let me be} the attention of my reader while: 1_
endeavour to inveftigate this moft interefting fub-
jet, and let me at the fame time befpeak b&
candour and indulgence. 1 feel the danger to
which a mortal expofes himfelf who has the
temerity to undertake to explain the defigns of
Infinite Wifdom.—The enterprife is adventurous,
but it cannot furely be improper.

The wonderful fimplicity of the means employed
by the Creator of the world to produce the changes
of the fealons, with all the innumerable advantages
to the inhabitants of the earth, which flow from
them, cannot fail* to make a very deep and a
lafting impreflion on every human being whofe
mind is not degraded, and quite callous to every
ingenuous and noble fentiment: but the farther
we purfue our inquiries refpecting the conftitution
of the univerfe, and the more attentwely we exa-
mine the effects produced by the various modifi-
cations of the altive powers which we perceive,
the more we fhall be difpofed to admire, adore,
and love that great Firlt Caufe which blought all
things into exiftence.

Though wiater and fummer, fprmg and au-
tumn, and ali the variety of the feafons, are pro--

duced in a manner at she fame time the moft
ﬁmple
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fimplé'dnd the moft ftapendous (by the inclina-
&ion of the axis of the earth:to the plane of the
eliptic) ; yet this me@hamckcomrwance alone
would not have been fufficiefit (as I fhall endea-
vour to fhow) to produce that gradual change
of temperature in the various climates which we
find to exift, and which doubtlefs is indifpenfably
neceflary to the prefervation of animal and vege-
table life. :

Though change of temperature feems neceffary
to the growth and perfettion of moft vegetables,
yet thefe changes muft be within certain limits.
Some plants can fupport greater changes of tem-
perature than others, but the extremes of Hf:at
and of Cold are alike fatal to all.

As the rays of the fun are the immediate caufe
of the Heat on the furface of the globe, and as
the length of the days in high latitades is [> very
different in fummer and in winter, it is evident
that, in order to render thofe regions habitable,
fome contrivance was neceffary to prevent the
confequences which this great inequality of the
Heat generated by the fun in {ummer and in win-
ter would naturally tend to produce ; or, in other
words, to equalize the Heat, and moderate its
extremes in thele two feafons. _.

Let us fee how far Warer is concerned in this
operation, and then let us examine how far
the remarkable law which has been found to ob-
tain in its condenfation by cold tends to ren-
der it well adapted to anfwer that moft important

purpofe.
The
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The vaft extent of the ocean, and its*great

- depth,—but ftill mote its numerous currents, and

the power of water: to ablorb a vaft quantity of

Heat, render it peduliarly well adapted to ferve as
an equalizer of Heat.

On the retreat of the fun after the folftice, it i
clofely followed by the cold winds from the regions
of eternal froft, which are continually endeavowss
4ng to prefs in towards the equator. As the
power of the fun to warm the furface of the-earth
and the air diminifhes very faft in high latitudes
en the days growing fhorter, it foon becomes too
weak to keep back the denfe atmofphere which
prefles on from the polar regions, and the cold
increafes very faft.

There is, however, a circumf{tance by which thefc
rapid advances of winter are in fome meafure mo-
derated. The earth, but more elpecially the water;
having imbibed a valt quantity of Heat during.the
long fummer days, while they received the influ-
ence of the fun’s vivifying beams ; this IT¢at, being

. given off to the cold air which rufhes in from the-
polar region, ferves to warm it and foften it, and
confequently to diminith the 1mpetuoﬁty of its
motion, and take off the kccanefs of its blaft.
But as the cold air {till continues to flow in as‘the
fun retires, the accumulated Heat of fummer is foon
exhaufted ; and all folid and fluid bodies are re-
duced to the temperature of freezing water. In
this ftage the cold in the atnofphere increafes very
faft, and would probably increafe ftill fafter, were
it not for the vaft auantitv of Heat which is come

municated
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munieated to the air by the watery vapours which
ape  firlt condenfed, and then congealed, in the
atmofphere, and which” afterwards fall upon the
earth in the form of fnow; and by that ftill larger
quantity which is given off by the water in the rivers
and lakes, and in the ground upon its being frozen.

But in very cold countries, the ground is frozen
and covered with fnow, and all the lakes and rivers
are frozen over in the very beginning of winter.
The cold then firft begins to be extreme, and there
appears to be no fource of Heat left, which is fuf-
ficient to moderate it in any fenfible degree.

Let us fee what muft have happened if things
had been left to what might be called their natural
courfe ;=if the conda.nfarlm of water on being
deprived of its Heat had followed the law which
we find obtains in other fluids, and even in water
itfelf in fome cafes, namely, when it is mixed
with certain bodies.

“~ Had not Providence interfered on this occafion
in a manfier which may well be confidered as mi-
raculous;—all the frefh water within the polar
circle muft inevitably have been frozen to a very
great depth in one winter, and:every plant and
tree deftroyed ; and it is more than probable that
the regions of eternal froft would have fpread on
every fide from the poles, and, advancing towards
the equator, would have extended its dreary and foli-
reign over a great part of what are now the moft
fertile and moft inhabited climates of the world !

In latitudes where now the return of fpring is
hailed by the voice of gladnefs,—where the earth

decks



decks herfelf in her gayeft attire ; and millions of
living beings pour forth their fongs of joy and
gladgefs, nothing would have been heard ‘but the
whiftling of the rade winds,~—and nothing feen
but ice and fnow, and flying clouds charged with-
wintry tempefts.

Let us, with becoming diffidence and awe, ens
deavour to[fee what the means are which have
been empldyed by an almighty and benevolent
God to protet his fair creation.

As nourithment and life are conveyed to all
living creatures through the medium of water;
— liquid,—living water ;—to preferve life, it was
abfolutely neceffary to preferve a great quantity of
water in a fluid ftate, in winter as well as ?
fummer. _

But in cold climates the temperature of the
atmofphere, during many months in the year, is fo
much below the freezing point, that, had not mea-
fures been taken to prevent fo fatal an accident, all
the water mult inevitably have been changed to ice,
which would infallibly have caufed the deftruéton
of every living thing. .

Extraordinary meafures were therefore neceffary
for preferving in a liquid ftate as much of the water
exifting in thofe climates as is indifpenfablyneceflary’ '
for the prefervation of vegetable and animal life; and
this could only be done by Rontriving matters fo as
to prevent this water from parting with its Heat to
the cold atmolphere.-

It has been thown,—I believe I may venture to
fay proved,—in the shoft fatisfatory manner,—

that
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MWS part with their Heat oNLY in con-
#equence of their internal motions ;—and that
sthe more rapid thefe motions are, the more_rapid
48 «the communication of the Heat ;—that thefe
motions are produced by the change in the
fpecific gravity of the liquid, occafioned by the
change of temperature,—and or courfe that they
are more rapid, as the fpecific grapity of the
liquid is the more changed by any i&ren change_
of temperature. '

~ But it has been fhown that the change in the
fpecific gravity of water is extremely fmall, which
takes place in any given change of temperature,
below the mean temperature of the atmgphere ; and
garticularly when the temperature of the water is
very near the freezmg point ;- and hence it follows,
that water muft give off its Heat very flowly when
it is near freezing.

Buit this is not all. There is a {till more extra-
‘ordinary, and in its confequences more wonderful,
circumftance which remains to 'be noticed. When
water is cooled to within eight or nine degrees of
the freezing point, it not only ceafes to be farther
condenfed, but is attually expanded by farther
diminutions of its Heat ; and this expanfion gocs
on as the Heat is diminifhed, as long as the water
can be kept fluid; and when it is changed to ice,
it expands even ftill m8re, and the ice floats on the
Aurface of the uncongealed part of the Fluid.

* Let us fee how very powerfully this wonderful
congrivance tends to retard the cooling of water

when it is cxpof“d in a cold atmofphere.
It
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It is well known that there is no communication
of Heat between two bodies as long as they are
both at the fame temperature; and it is likewife
known that the mzdeng of Heat to pafs froma
hot body into one which is colder, with which it is
in conta&, is greater, as the difference is greater’in
the temperattires of the two bodies. !

Suppofe now that a mafs of very cold air repo[g;
on the quidt furface of a large lake of frefh water,
at the tempgrature of &5° of Fahrenheit’s ther»
mometer. The particles of water at the furface,
on giving off a part of their Heat to the cold air
with which they are in contat, and in confequence
of this lofs of Heat becoming fpecifically heavier
than thofe hotter particles on which they repofe,
muft of courfe defrend. This defcent of the parti-
cles which have been cooled neceffarily forces other
hotter particles to the furface, and thefe bein
cooled in their turns bend their courfe downwards ;
and the whole mafs of water is put into motion,
and continues in motion as long as the procefs of
cooling goes on. '

Before I proceed to trace this operation through
all its various ftages, I muft endeavour to remove
an objetion whi¢h may perhaps be made to ‘my
explanation of this phznomenon. As I have fup-
pofed the mafs of air which refts on the furface of
the water to be wery cold, and as I have taken it
for granted that there is no communication what.
ever of Heat between the particles of watet in
conta& with this very cold air, and the neighbour-
ing warmer particles of water, it may be a{ted,

ow
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how ﬁhppens that thefe particles at the furface are
#ot fo much cooled as to be immediately changed
%o ice? To this I anfwer, that there are two caufes
“awhich confpire to prevent the smmediate formation
of ice at the ‘furface of the water: Fir#, the fpe-
cific gravity of the particle of water at the furface
being increaled at the fame moment wifen it parts
with Heat, it begins to defcend as foon fas it begins
to be cooled; and before the air has/{ad time to~
rob it of all its Heat, it efcapes and gets out of its
reach: And fecondly, air being a bad conductor of
Heat, it cannot receive and tranfmit or tranfport it
with fufficient celerity to cool the furface of water
fo fuddenly as to embarrafs the motions of the
particles of that quuid in the operation of giving
1 off.

But to return to our lake: As foon as the water
n coolmg has arrived -at the temperature of about
40°,"#s at that temperature it ceafes to be farther
-condenfed, its internal motion ceafes, and thofz of
its particles which happen to beat its furface remain
there ; and after being cooled down to the freezing
point, they give off their latent Heat, and ice hegms
to be formed.

As foon as the furface of the water is covered with

ice, the communication of Heaf from the water
to the atmofphere is rendered extramnely flow and
difficult ; for ice being a bad conduclor of Heat forms
a very warm covering to the water,—~and more-
over it prevents the water from being agitated hy the
wigd. Farther, as the temperature of the i ice at
its lower furface is always very nearly the fame as
that





