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A N Kok T E NPT &c,

¥ VHIS th : T rad-the honous of laying
before the Royal Society ‘in May 1782, has- now been
found, from extenfive experience, both in my manufa&ories
and experimental enquiries, to anfwer the expectations 1 had
conceived of it ‘as a meafure of all degrees of common fire
above ignition : but at prefent.it ftands in a detached ftate, not
-conne€ted with any other, as it does not begin to take place till
the heat is too great to be meafured or fupported by mercurial
-ones.

What is now therefore wanting, to give us clear ideas of
the value of iits degrees, is, to cenne it with one which long
ufe has rendered familiar to us; fo that if the fcale of the
«common thermometer be continued indefinitely upwards as a
ftandard, the divifions of mine may be reduced to that fcale,
and we may thus have the whole range of the degrees of heat
brought into one uniform {eries, exprefled in one language, and
-comparable in every part, from the loweft that have hitherto
been produced by any artificial freezing mixtures, upto the
higheft that can be obtained in our furnaces, or that the mate-
irials of our furnaces and veflels can fupport,

The



Mr. WeDewooD's Method of conneéting, &c. 3

“The hope of .u.tt'unmg this defirable aund important objelt
gave rife to the experiments. which I have now the honour of:
communicating. How far I may have fucceeded, or whether-
the means employed were adequate to the end propoled, is,
with all deference, fubmitted to this illufttious Society.

This attempt is founded upon the conftrution and applica-
tion of an intermediate meafure, which takes in both the heats
that are meafurable by the mercurial thermometer, and a {uffi-
cient number of thofe that come within the province of mine
to conneét the two together; the manner of doing which will
be apparent from the three firlt figures (tab. XIV.);-wherein F
réprefents Famrenuarir’s thermometer, with a continuation of
the fcale; W my thermometer; and M the intermediate mea=
fure divided into any number of equal parts at pleafure.

For if the heat of boiling water, or 212 degrees of Fau-
RENHEIT, be communicated to M, and its meafure upon M
marked, as at 23 and if the heat of boiling mercury, or 600°
of FABRRENHEIT, be alfo communicated to M, and marked
as at 4 ; it is plain, that the number of degrees upon M be-
tween a and & will be equal to the interval between 212 and
6oo, that is, to 388° upon FanrenneiT.

In like manner, upon expofing M to two different heats
above ignition along with my thermometer pieces, if a certain
degree of my {fcale be found to correfpond with the point 4,
and another degree of mine with the point ¢; then the inter-
val between thofe two degrees upon mine muft be equal to the
interval de; and how many of FAHrRENHEIT s that interval is
equivalent to will be known from the preceding comparifon.
‘Thus we can find the number of FAHRENHEIT S degrees con-
tained in any given extent of mine, and the degree of Famn-
RENHEIT's with which a given point of mine coincides;

whence



4 Mr. Wenewoon’s Method of conneliing

whence either fcale is eafily reducible to the other through
their whole range, whether we fuppofe FAHRENHEIT’S conti~
nued upwards, or mine downwards,

_For obtaining the intermediate thermometer different means
were thought of ; but the only principle which, upon attentive:
confideration, afforded any profpet of fuccefs, was the expan-
Sion of metals, This therefore was adopted, and among dif-
ferent methods of meafuring that expanfiori, which cither oc=
curred to myfelf, or which I can find t6 have been practifed by
others, thereis no one which promifes either {o great aceuracy,,
or convenience in tfe, as a gage like that by which the ther~
momecter pieces are 1ﬁmmwm}y=n£—[hi‘ﬁ"gﬁgg had new
been confirmed to me by experience, and the machines and

= long rods, which have been employed for meafuring expanfions

on other occafions, were abfolutely inadmiflible here, on ac-
count of the infuperable difficultics of performing hice opera~-
tious of this kind in a red heat; and of communicating .3 per=
teétly equal heat through any confiderable extent.

‘Lo give a clearer idea of this fpecies: of gage, which, fim-
ple as:it is; I am informed has -been mfiﬁmder_ﬁood by {fome of-
the readers of my former paper, a reprefentation of one: ufed
o the prefenit oecafion: is annexed in fig. 4. where ABCD iga
imooth flat plate; and BEF and GH two rulers or fat pieces; a
quarter of an uich thick, fixed flat upon the plate, with the
fides that are towards one another made perfeéily true, a little -
further afunder at one end EG-than at the other end FH ; thus.
they clude between them a long converging canal, which is.
dividedon one fide-into a number of. {inall equal parts, and -
which may be confidered as performing. the offices both of the
sube and fcale of the common thermometer, It is obvious,
that if a. body, fo adjufed as to.fit cxatly at the wider end, of

' this °
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Lis Thermometer with the commen mercurial ones. %

this canal, be afterwards diminithed in its bulk by fire, as
the thermometer pieces are, it will then pafs further in the
canal, and more and more fo according as the diminution is
greater ; and converfely, that if a body, fo adjufted as to pafs
on to the narrow end, be afterwards expanded by fire, as is the
cafe with metals, and applied in that expanded ftate to the {cale,
it will not pafs fo far; and that the divifions on the fide will be
the meafures of the expanfions of the one, as of the contrac-
tions of the other, reckoning in both cafes from that point to
which the body was adjufted at firft. :

Iis the body whofe alteration of bulk is thus to be mea-
fured, which, in the prefent inftance, is a piece of fine filver :
this is to be gently pufhed or {lid along, towards the end FH,
till it 1s ftopped by the convergmg {ides of the canal.

K is a little veflel formed in the gage for this parncul'lr {eries
of experiments, the ufe of which.will appear hereafter.

‘T'hecontraction,which the thermometer pieces reccive from fire,
15 a permanent effe®, not variable by an abatement of the heat,
and which accordingly is meafured commodioufly and at leifure,

when the pieces-are grown cold. But the expanfion of bodies is

only temporary, comtinuing nn langes than the heat dees that
produced 1t ; and therefore its quantity, at any particular de~
gree of heat, muft be meafured in the moment whilc that heat
fubfifts, And further, if the heated piece was applied to the
cold gage, the piece would be deprived of a part of its heaton
the firft contaét; and as the gage receives fome degree of expans,
fion from heat as well as the picce, it is plain that in this cafe
the piece would be diminithed in its bulk, and the gage en-
larged, ‘before the meaflurement could be taken. It is therefore
_neceflary that both of them be heated to an exaé equality ; and

in that ftate we can meafure, not indeed the 7rue expanfion of
B either,




6 Mr. WeEpcwoon’s Method of conneéling

either, but the excefs of the expanfion of one above that of thée
other, which is {ufficient for the prefent purpofe, as we want
only an uniform and graduated cffe& of fire, and it is totally
immaterial whether that effe& be the abfolute expanfion of one
or theé other body, or the difference of the two, provided only

that its guantity be {ufficient to admit of nice meafurement.
Some difficulties occurred with refpet to the choice of z
proper matter for the gage; the eflential requifites of which’
are, to have but little expanfibility, and to bear the neceflary
fires without injury. All the metals, except gold and filver,
would calcine in the fire: thofe two are indeed free from that
objection, and accordingly it is of the moft expanfible of ther
that the piece is.amade ; but if the gage alfo was made of the
fame, the meafure itfelf would expand juft as muchas the body
to be meafured, and no expanfion at all would be fenfibles and
though the gage was made of one of thofe metals, and the
piece of the other, the difference between their expanfions
would be too fmall to give any fatisfaltory refults, as more
than two-thirds of the real expanfion of either would be
loft or taken off by the other. - : .
- Fﬂr-\wemuﬂwvmpoﬁﬁons;
which expand by heat much lefs than metallic bodics; and beap
the necellary degrees of fire without the leaft injury, I made
choice of tobacco-pipe clay, mixed with charcoal in fine pow-
der, in the proportion of three parts'of the charcoal to five of
the clay by weight. By a free accefs of air, in the burning by
which the gage is prepared for ufe, the charcoal is confumed,
and leaves the clay extremely light and porous; from which
circumftance it bears fudden alternations of cold and heat, often
requifite in thele operations, much better than the clay alone,
Another and more important motive for the ufe of charcoal
— . was,

R



bis T hermometer with the common mercurial ones, o

was, that in confequence of the remarkable porofity which it
produces in the clay, it would probably diminith the expanfi-
bility, by occafioning the mafs to contain, under an equal fus-
face, a much lefs quantity of folid or expanfible matter. It
may be objeted to this idea, that the expanfions of metals,
in Mr. ErvicorT’s * and Mr. SMEATON's § experiments, do
not appear to have any connefion at all with their denfities :
but the cafes are by no means parallel; for there the compari-
{on lies between different fpecies of matter; but here, between
one and the fame matter in different ftates of compacinefs. If
a metal could be treated as clay is in this inftance, that s, if a
large bulk of any foreign matter could be blended with it; and
this matter afterwards burnt out, foas to leave the metallic par-
ticles at the {ame diftances to which they had been {eparated by
the mixture of it, we may prefume that the metal thus enlarged
would not expand fo much as an equal volume of the folid
metal. Such at leaft were the ideas which determined my
choice to a compofition of clay and charcoal powder; and be-
ing afterwards defirous of fatisfying myfelf whether they had
any foundaticoean faét, T have, fince the experiments were
mz_;_de, Prepzred {fome p?ﬁnﬁn of clay with and without Chal‘CDEll;
and having burnt them in the {fame fire, I ground them at the
fides, to make them both fit exaétly to the {ame divifion near
the narrow end of the gage ; then, examining their expanfions
by equal heats, I found the picce with charcoal to expand cnly
one-third part fo much as that without; and thus was fully
fatisfied with the compofition of the gage. =

.. To afeertain a fixed point on the fcale for the divifions to be
counted from, the filver piece and gage were laid together for

° % Phil. Tranfad. vol, XLVH. p. 485.
g Ibid, wol, XLVIIL p. 612, : '
= B2z fome

T



8 Mr. Webpcwoob's Methed of conneiting

fome time in {pring water, of the temperature of 50° of Fan-

rRENHEDT ¢ the point which the picce went to mn this cold ftate
is that marked o near the narrow end of the gage. The ad-

juftment is re-examined at the beginning and end of every {uc-

ceeding experiment, left the repeated attrition, in fliding the
piece backwards and f{)}'wards, thould wear off fo much from
the {urface of this foft metal as to occalion an error in the mi-

nute quantities here meafured.
‘The apparatus is then expofed fuccefively to different degrees

of heat, with the piece lying always in a part of the canal at
leaft as wide as it is expeted to fill when expanded, otherwife
the fides of the gage would be burft afunder by its expanfion,
as I experienced in fome of my firft trials. When the whole

has received any particular degree of heat defired, the piece is

cautioufly and equably pufhed along, till it is {topped by the
convergency of the fides, of which I always find notice given
me by the gage itfelf (which is {mall and light) beginning to
move upon the continuance of theimpulfe. A flat {lip of iron,
a little narrower than the piece, bent down to a right-angle at

one end, and fixed in a long hand]e at the other, makes a ron=
venie : r drawing it

back égam, whilft red-hot : this mﬂ:mment at every time of
ufing, is heated to the fame degree as the picce itfelf,

The heat of boiling water is taken without difficulty, by
keeping the apparatus in boiling water itfelf during a {ufficient
fpace of time for the full heat to be communicated to it. The
water I made ufe of was a very fine {pring water, which on
chemical trials appeared very nearly equal in purity to that of
rain or fnow ; and I had previoully fatisfied myfelf, by trialsin
the cold, that the gage and piece being wet, or under water,

made no difference in the meafurement. The expanfion of the
ilver
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filver by this heat, that is, by an increafe of the heat from 50°
to 212° or a period containing 162° of Fanrennreir, was
juft 8 of the gage or intermediate thermometer M; whence
one of thefe degrees, according to this ¢xpetiment, containg
juft 20°} of FAHRENHEIT’s. The operation was many times
repeated, and the refult was always precifcly the fame,

For the boiling heat of mercury, it was neceflary to proceed
in a different manner ; not to convey the heat from the mer-
cury to the inftrument, but to convey it equally to them both
from another body. I made a fmall veflel for holding the mer-
cury in the gage itfclf, feen at Kifig. 4. and more diftinétly in
fig. 5. which is a tranfverfe feftion of the gage through this
veflel. The plate CD, which forms the bottom of the canal,
ferves alfo for the bottom of the. veffel, which is fituated clofe
to the fide of the canal, and as near as could be to that part of
it, in which both the filver piece, and the divifions required
for this particular experiment, are contained, By this arrange-
ment it 1s prefumed, that all the parts concerned in the opera-
tion will receive very nearly an equal heat.

-Ibagag;gvﬁh.ﬁ;me'métcury in the veffel, was laid upon a
fmooth and level hed of find.  on-theharrmm of an iran muffe
kept open at onc end; the fire increafed very gradually till the
mercury boiled, and then continued fteady, fo as juft to keep
it boiling, for a confiderable time. The boiling heat of mercury
was thus found to be 2%°1 of the intermediate thermometer,
which anfwering to an interval of §50° of FAurENuEIT,
makes one degree of this equal to juft 20° of his; a refule cor-
refponding even beyond my expefations with that which
boiling water had given.

Thefe ftandard heats of FAurenueiT’s thermometer are ob-
tained with little difficulty on a common fire; but it is far

' otherwife
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otherwife with the higher ones in which mine begins to apply ;
and all the precautions I could take, by ufing a clofe muffle,
{urrounding it as equally as poflible with the fuel, varying its
pofition with refpect to the draught of air, &c. proved infuf-
ficient for fecuring the neceffary equality of heat even through
the fmall fpace concerned in thefe experiments. Nor had I
any idea, before the difcovery of this thermometer, of the
extreme difficulty, not to fay impralicability, of obtaining,
in common fires, or in common furnaces, an uniform heat
through the extent even of a few inches. Incredible as this
may appear at firft fight, whoever will follow me in the operas
tions I have gone through, placing accurate meafures of the
heat. in_different-parts of one and the {ame veflel, will foon be
convinced of its truth, and that he can no otherwife expeét to
communicate with certainty an equal heat to difficrent pieces,
than by ufing a fire of fuch magnitude as to exceed perhaps
{fome hundreds of times the bulk of the matters required to be
heated. -

To fuch large body of fire, therefore, after many fruitlefs

attempts n frnall furn'lcea, not a little difcouraging by the

irregnlame - = fitting up
fot this purpofe an iron oven, ufed for the bummg-@n of enas

mel colours upon earthen ware, about four feet long, by two
and a half wide, and three feet high, which is heated by the
flame of wood condu&ed all round it. An iron muffle, four
inches wide, two inches -and three quarters high, and ten
inches long, «containing the gage and piece, was placed in the
middle of this oven, and the vacancy between them filled up
with earthen ware, to increafe the quantity of ignited matter,
and thereby communicate the heat more equably from the
oven to the muffle. In fuch a fituation of the muffle, in the
sty center
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center of an oven more than five hundred times its own capa-~
city, it could not well fail of being heated pretty uniformly, at
leaft through the finall fpace which -thefe experiments re-
quired ; nor have I found any reafon to {ufpet that it was not fo,
The gage being laid flat upon the bottom of the muffle, with
the filver picce in the canal as before, fome of the clay ther-
mometer pieces were fet on end upon the filver picce, with
that end of each downwards which is marked to go foremoft in
meafuring it ; that is, they were in conta& with the filver in
that part of their furface by which their meafure i1s afterwards
alcertained. I .was led to this precaution by an experiment I
had made upon another occaion, in which a number of ther-
mometer pieces having been fet upright upon an earthen-ware
plate, over a {mall fire, till the plate became red-hot, all the
picces were found diminithed, fome of them more than two
degrees, at the lower ends which refted upon the plate, whilit
the upperends were as much enlarged, not having yet pafled the
ftage of extenfion- which, as obferved in the former paper, al-
ways precedes the thermometric diminution : thus we fee how
Putdrealleovefy paitof the piece obeys the heat that a&ts upon it.
“The fire about the oven wwag flowwls: inercafod far fome hours;
and kept as even and fready as poffible, by an experienced fire~
man, under my own inipe&tion. Upon opening a fmall door,
which had been made for mtroducing the apparatus, and look-
ing in from time to time, it was obferved, that the muffe,
with the adjacent parts of the oven and ware, acquired-a vifible-
rednefs at the fame time; and in the progrefs of the operation,
the eye could not diftinguith the leaft diffimilarity in the afpe@-
of the diffcrent parts; whereas in fimall fires, the difference not
only between the two ends of the mutfe, but in much lefs
diftances, is fuch as to firike the eye-at once, +
When
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When the muffle appeared of a low red heat, fuch as was
judged to come fully within the province of my thermometer,
it was drawn forward, towards the door of the oven; and its
" own doot being then nimbly opened by an affiftant; 1 imme-
diately puthed the filver picce as far as it would go. DBut as the
Jivifion which it went to could not be- diftinguithed in that
ignited ftate, the muffle was lifted out, by means of an iron
rod pafled through two rings made for that purpofe, with care
to keep it fteady, and avoid any thake that might endanger the
difplacing of the filver piece. -

When grown -fufficiently cold to be examined, I noted the
degree of expanfion which the filver piece ftood at, and the
degree of ‘heat fhewn by the thermomcter pieces meafured in
their own gage; then returned the whole into the oven as be-
fore, and repeated-the operation with a ftronger heat, toobtain
* another point of correfpondence on the two fcales.

The firft was at 2°% of my thermometer, which coincided
with 66° of the intermediate one; and as each of thefe laft
has been before found to contain 20 of Faurexueit’s, the
66 will contain 13203 to which add 50, the degrec of his
{cale tosuhick the naf the intexmediate nometer was ad<
jufled, and the fum, 1370, will be the degree of FAHREN-
HEIT'S c_orrcfponding to my 2°%.

The fecond point of coincidence was at 6°% of mine, and
g2° of the intermediate 5 which g2 being, according to the
above proportion, equivalent to 1840 of FAHRENHEIT, add 30
‘as before to this number, and my 6°% is found to fall upon the-
18goth degrec of FAHRENHEIT.

It appears from hence, that an interval of 4 degrees upon mine
is equivalent to an interval of 520° upon his ; confequently 1 of
mine to 130 degrees of his ; and that the o.of mine correfponds-

to
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to'his 1077°%.  Several other trials were made, which gave re~

fults {o nearly alike, that 1 have little apprehenfion of any
material error. :

From thefe data it is eafy to reduce either {eale to the other
through their whole range; and from fuch reduction it will
appear, that an interval of near 480° remains between them,
which the intermediate thermometer ferves as a mealure for;
that mine includes an extent of about 32000 of FARREXNHEIT S
degrées, or about 54 times as much as that between the freez-
ing and boiling points of mercury, by which mercurial ones
are naturally limited ; that if the fcale of mine be produced
downwards, in the fame manner as we have fuppofed Fan-
RENHEIT'S to be produced upwards, for an ideal ftandard, the
'freezing point of water would fall nearly on 8° below o of
mine, and the freezing point of mercury a little below 8°z :
and that, thercfore, of the extent of now meafurable heat,
there-are about i ths of a degree of my fcale from the freez-
ing of mercury to the freezing of water; 8 from the freezing
of water to full ignition ; and 160° abave this to the hlghcﬁ:
degtee T have hitherto attained.-

As we are now enabled to compare not only the higher de-
grees among themfelves, and the lower among themitlves,
upon their refpeive {cales, but likewife the higher and lower
with each other in every ftage, it may be proper to take a ge-
nera} view of the whole range of meafurable heat, as exprefled
both in FarreNuEIT’s denominations and in mine; and for
+this purpofe 1 have drawn up a little table of a few of the prin-
cipal points that have been afcertained, to thew their mutual
relations or proportions to each ether: any other points that
have been, or hereafter may be, obferved, by thefe Or, any
ather known thermometers, may be infeyted at pleafure.

C Extremity
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_ : Faur. Webpe.
Extremity of the fcale of my thermometer 32277° 240°
Greateft heat of my {mall air-furnace - 21877 160
Caft iron melts - # - - E9ORT 130

Greateft heat of a common {mith’s forge 17327 185
Welding heat of iron, greateft - 2242 . G
leaft - - 12757 - 06
Fine gold melts - - - 5337 & 22
Fine filver melts - - - g7875 . 28
Swedifh copper melts - - 597~ g
Brafs melts - - - 38047 - 21
- Heat by whichmyenamel colours areburnton 1857 6
Red-heat fully vifible in day-light - 1077 o
Red-heat fully vifible in the dark - 947 I
Mercury boils - - - 6co getl2
'Water boils - - - 212 LS
Vital heat - - < 97 g4z
Water freezes. - . - 32 842,
Proof {pirit freezes - - - o F
The point at which mercury congeals, '
-eonfequently the limit of mercurial » about4o = 8.2°7%;
thermometers, - - j

T'o affift our conceptions of this fubjet, it may be proper to
view it in another light, and endeavour to prefent it to the
eye; for mumbers, on ahigh {cale, are with difficulty eftimated
and compared by the mind. I have therefore completed the
{cales of which a part is reprefented in fig. 1. and 3. by conti-
nuing the fame equal divifions, both upwards and downwards,
as far as the utmoft limits of heat that have hitherto been
attained and meafured *.

* Mr. Wepewoop prefented this, in the form of a very long roll, to the Society.

In
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_1In a fcale of heat drawn up in this manner, the compara-
tive extents of the different departments of this grand and
univerfal agent are rendered confpicuous at a fingle glance of
the eye. We fee at once, for in{tance,” how finall a portion
of it is concerned in ‘animal and vegetable life, and in the
ordinary operations of nature. From freezing to vital heat is
barely a five-hundredth part of thefcale; a quantity fo inconfi-
derable, relatively to the whele, that in the higher ftages of
ignition, ten times as much might be added or taken away,
without the leaft difference being difcernible in any of the
appearances from which the intenfity of fire has hitherto been
judged of. From hence, at the fame time, we may be con-
vinced of the utility and importance of a phyfical meafure for
thefe higher degrees of heat, and the utter infufficiency of the
common means of difcriminating and eftimating their force. I
have too often found differences, aftonifhing when confidered
as a part of this {cale, in the heats of my own kilns and ovens,
without being perceivable by the workmen at the time, or till
the ware was taken out of the kiln.

e

SINCE the foregoing experiments were made, I have feen
a very curious Memoir by Mefl L avorsier and Dt 1.4 Pr ACEy
containing a method of meafuring heat by the quantity of ice
which the heated body is capable of liquefying.. The applica-
tion of this important difcovery, as an intermediate ftandard
meafure between FAHRENHEIT s thermometer and mine, could
not efcape me, and I immediately fet about pteparing an appa-
ratus, and making the experiments neceflfary for that put-

Cz2 : pofe ;
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pofe; in hopes cither of attaining by this method a greater de-
gree of accuracy than I could expect from any other means, or
of having what 1 had already done confirmed by a feries oF
experiments upon a different principle.

But in the profecution of thefe experiments I have, to-my
great mortification, hitherto failed of fuccels; and I fhould
have contented myfelf for the prefent with faying little more
than this, if fome phanomena had not eccurred, which. appear
to me not unworthy of farther inveftigation.

The authors obferve, that if ice, cooled to whatever-degree
below ‘the freezing point, be expofed to a warmer atmofphere,,
it will be brought up to the freezing point through its whole.
mafs before any part of its {urface be:gmf‘ to liquefy ; and that
confequently ice, beginning to melt o the furface,  will be
always exally of the fame temperature, viz. at the freezing
point ; and that if a heated body be inclofed in a hollow {phere
of fuch ice, the whole of its heat will be taken up in lique~
fying the ice; fo that if the ice be defended from external
warmth, by furrounding it with ether ice in a fcparate veflel,
the weight of the water produced from it will be exaClly pro-
portional to the heat which the heated. body has loft ; or, 1
other words, will be a true phyfical meafure of the heat.

For applying thefe principles in pradlice, they employ a tin.
veflel, divided, by upright concentric partitions, into three
compartments, one within another. The innermoft compart-
ment is a wire cage, for recewmg the heated body. The. {econd,
furrounding this cage, is filled with. pounded ice,. to be melted
by the heat ; and the outermoft is filled alfo with pounded ice, to:
defend the former from the warmth of the atmofphere. The
fir(t of thefe ice compartments terminates at bottom in a ftem
fike a funnel, through which the water is conveyed off; and
the other ice compartment terminates in a feparate canal, for

difcharging



bis Thermometer awith the commion mercurial ones. 17

difcharging the water inte which #hat ice is reduceds As foon
. as the heated body is dropped into the cage, a cover is put on,
which goes ‘over both that and the firft ice compartment ;
which cover is itfzlf a kind of fhallow veflel, filled with
pounded ice, with holes i the bottom for permitting the water
from this ice to pafs into the fecond compartment, all the
liguefaétion that happens here, as well as there, being the
effe& of the heated body only. - Over the whole is placed ano-
ther cover with pounded ice, as a defence from. externalk
warmth.

As {oon as this difcovery came to my knowledge, on the 23d
of February, athaw having begun three days before, after a
froft ‘which had continued with very little intermifiion from:
the 24th of December, I colleted a quamlty of ice, and {tored
it up inalarge catk in a cellar.

I thought it neceflary to fatisfy myfelf in the firfk place, by
altual experiment, that ice; how cold foever it may be, comes
up to the freezing pomt through its whole mafs before it be-
gins to liquefy on the furface. For this purpofe I cooled a large:
fragment of aee, by a freezing mixture, to 17° of FAHREN-
uert’s thermometer, and then hung it up in a room whofe
temperature was §0%  When it-began-to-drop,. it was broken,
and fome of the internal part nimbly pounded and applied to
the bulb of a thermometer that was cooled by a freezing mix-
ture below 30°  The thermometer rofe to, and céntinued at,
32°; being then taken out, and raifed by warmth to 40° fome
more of the fame ice, applied as before to the bulb, funk it
again to 32°; fo thatno doubt could remain on this fubjec..

Apprehenfive that pounded ice, dire¢ted by the authors, might
imbibe and retain more or lefs of the water by capillary attra&ion,
according to circumitances, and thereby occafion fome error in
the refults, 1 thought it neccflary to fatisfy myfelf in this refpect

alfo:
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alfo by experiment. = I therefore pounded fome ice, and Laid it
in a conical heap on a plate ; and having at hand fome water, __
coloured with cochineal, I poured it gently into the plate, at
fome diftance from the heap : as foon as it came in contact with
“the ice, it rofe haftily up to the top; and on lifting up the
lump, I found that it held the water, fo taken up, asa fponge
does, and did not drop any-part of it till the heat of my hand,

as I {fuppofe, began to liquefy the mafs. On further trials I
found, that in pounded ice prefled into a conical heap, the
coloured water rofe, in the {pace of three minutes, to the
height of two inchesand a: half; and by weighing the water -
employed, and what remained upon the plate unabforbed, it
appeared, that four ounces of ice had thus taken up, and re-
tained, one ounce of water. :

To further afcertain this abforbing power, in  different cit-
cumftances, more analogous to thofe of the procefs itfelf, I
prefled fix ounces of pounded ice pretty hard into the funnel,
baving firft introduced a wooden core in order to leave a proper
cavity in the middle: then, taking out the core, and pouring .
“an ounce of water uPou the 1ce, I left the whole for half an
hour; at the end of which time the quantity that ran off was
only 12 pennyweightsand z graing, 16 that the ice had retained
7 pennyweights and 20 grains, which is nearly one-twelfth of
its own weight, and two-fifthis of the weight of the water.

Thefe previous trials determined me, inftead of ufing pounded
ice, to fill a proper veffel with a folid mafs of ice, by meaus of
a freezing mixture, as the froft was now gone, and then expofe
it to the atmofphere till the fuzface began to liquefy. The ap-
paratus I fitted up for this purpofe was made of earthen ware
well glazed, and is reprefented in fig. 6. (tab. XV.).

A, 18
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A, is a large funnel, filled with a folid mafs of ice, B,a

cavity in the middle of this ice, formed, part of the way, by
fcraping with a knife, and for the remaining part, by boring
with a hot iron wire. C, one of my thermometer picces,
which ferves for the heated body, and refts upon a coil of brafs
wire: it had previoufly been burnt with ftrong fire, that there
might be no danger of its {uffering any further diminution of
its bulk by being heated again - for thefe experiments. Disa
cork ftopper in the orifice of the funnel. E, the exterior veffel,
having the fpace between its fides and the included funnel A,
filled with pounded ice, as a defence to the ice in the funnel.
¥, a cover for this exterior veffel, filled with pounded ice for the
fame purpofe. G, a cover for the funnel, filled alfy with
pounded ice, with perforations in the bottomn for allowing the
water from this ice to pafs down into the funnel.
- The thermometer piece was heated in boiling water, taken
up with a pair of fmall tongs cqually heated, dropped in-
ftantly into the cavity B, and the covers put on as expeditioufly
as poffible ; the bottom of the funnel being previoufly corked,
that the water might be detained 6ill it fhould part with all
its heat, and likewife to prevent the water from the other ice,
which ran down on the outfide of the funnel, from min gling
with it. .

After ftanding about ten minutes, the funnel was taken out,
wiped dry, and uncorked over a weighed cup : the water that
ran out weighed 22 grains. Thinking this quantity too fmall,
as the piece weighed 72 grains, I repeated the experiment, and
kept the piece longer in the funnel; but the water this time
weighed only 12 grains. Being much diffatisfied with this
refult, I made a third trial, continuing the picce much longer
in the cavity ; but the quantity of water was now {till lefs, not
| | v/ : amounting
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amounting to quite three dropss; and, to my great furprife, I
found the piece frozen to the ice, {o as not to be eafily got off,
though all the ice employed was, at the beginning of the expe-
fiment, in athawing {tate.

1 had prepared the apparatus for taking the boiling heat of
mercury ; but bemg entirely difcouraged by thefe very unequal
refults, T gave that up, for the prefent at leaft, and heating
the piece to 6° of my thermometer, turned it nimbly out of
the cafe in which it was heated into the cavity, throwing
{fome fragments of ice over it. In about half an hour, I drew
off the water, which amounted to 1I pennyweights ; then
{topping the funnel again, and replacing the covers, 1 left the
whole about feven hours. |

At the end of that time, I found a confiderable quantity of
water in the funnel: the melting of the ice had produced a
cavity between it and the fides, great part of the way down,
which, as well as that in the middle, was nearly full. The
water neverthelefs ran out o flowly, that I apprehended {fome-
thing had {topped the narrow end of the funnel, but the true
caufe became afterwards apparent upon examining the ftate of
the ice. 'The fragments which 1 hadthrown over the thermo-
meter piece were frozen entirely together, and infuch a form as
they could not have affumed without frefh water fuperadded and
frozen wpon them, for the cavities between them were partly
filled with new ice. I endeavoured to take the ice out with
my fingers, but in vains and it was with fome difficulty 1
could force it afunder even with a peinted knife, to get at the
thermometer piece. \When that was got out, great part of
the cotled wire was found enveloped in new ice. The paflage
through the ice to the ftem of the funnel, which I had made
'.-pre.tty wide with a thick iron wite red-hot, was {0 nearly clofed

up,
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up, that theflow draining off of the water was now {ufficiently
accounted for, and indeed this draining was the only apparent
mark of any paflage at all. On taking the ice out of the fun-
nel, and breaking it to examine this canal, T found it almoft
entirely filled up with ice proje&ting from the folid mafs in cry=
ftalline forms, (imilar in appearance to the cryftals we often
meet with in the cavities of flints and quarzofe ftones.

If, after all thefe circumftances, any doubt could have re-
mained of the ice in queflion being a new prodution, a fa&
-which I now obferved muft have removed all fufpicion. I
found a coating of ice, of confiderable extent and perfeétly
tranfparent, about a tenth of an inch in thickne(s, upon the
outfide of the funnel, and on 2 part of it which was not in
contalt with the furrounding ice, for that was melted to the
diftance of an inch fromit.

Some of the ice being fcraped off from the infide of the
funnel, and applied to the bulb of the thermometer, the mer-
cury funk from 50° to 32°% and continued at that point till the
ice was melted; after which, the water being poured off, it
rofe in a little time to 47°,

. Aftonifhed at thefe appearances, of the water freezing after
it had been mmelted, though {furrounded with ice in a melting
ftate, and in an atmofphere about 50°% where no part of the
apparatus or materials could be fuppofed to be lower than the
freezing point, I fufpeted at firft that fome of the fale of the
freezing mixture might have got into the water, and that thie,
in diffolving, might perhaps abforb, from the parts contigﬁ{ms
to it, a greater proportion of heat than the jce of pure water
does.  But the water betrayed nothing faline to the tafte, and
I had applied the freezing mixture with my own hands with

great carc, to prevent any of it being mixed with the water.
' Y = To
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To remove all doubts, however, upon this point, I purpofed
'ref:eatitag the experiment with fome pieces of the ice I had
ftored up in the cellar, to fee if this would congeal, after
thawing, in the fame manner. ~ But'going to fetehrthe ice, and
examining it in the cafk in which it was kept, 1 was perfeély
fatisfied with the appearances I found there; for though much
of it was melted, yet the fragments were frozen together, fo
that it was with difficulty I could break or get out any pieces
of it with an iron {pade; and, when {o broken, it had the ap-
pearance of éreccia marble or plum-pudding flone, for the
fragments had been broken and rammed into the cafk with an
iron mall.

A porcelain eup-being laid wupon fome of this ice about half
an hour, in a reom whofe temperatire Wwas 0% It was found
pretty firmly adhering, and when pulled off, the ice exhibited
an exalt impreflion of the fluted part of the cup which it had
been in conta& with; fo that the ice muit neceflarily have
liquefied firft, and afterwards congealed again. 'This was re-
peated {feveral times, with the fame event. Fragments-of the
ice were likewife applied to one another, to {ponges, to picces
of flannel and of linen cloth, both meiftand dry: all thefe, in
a few feconds, began to cohere, and in abou oTute were
frozen fo as to require fome force to feparate them. After
ftanding an hour, the cohefion was fo firm, that on pulling
away the fragments of ice from the woollen and fponge, they
tore off with them that part of the furface which they were
11 contal with, though at the fame time both the fponge and
flannel were filled with water which that very ice had pro-
duced.

To make fome eftimate of the force of the congelation,
which was {tronger on the two bodies laft mentioned than on

linen,
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Iinen, I applied a piece of ice to a piece of dry flannel which.
weighed two pennyweights and a half, and furrounded them

with other ice. After lying together three quarters of dn
hour, taking the piece of ice in my hand and hooking the flan-
nel to a {cale, I found a weight of five ounces to be neceffary
for pulling it off, and yet fo much of the ice had liquefied as

to increafe the weight of the flannel above 12 pennyweights, I

then weighed the piece of ice, put them together again, and
four hours after found them frozen {o firmly as to require 78
ounces for their feparation, although, from 42 pennyweights
of the ice, 15 more had melted off: the furface of contact was
at this time nearly a {quare inch. I continued them again toge-
ther for feven hours; but they now bore only 62 ounces, the
ice being diminithed to 14 pennyweights, “and the furface of
contaét reduced to about fix-tenths of a {quare inch.

Having feen before that pounded ice abforbs water in very
confiderable quantity, I fufpeited that fomething of the fame
kind might take place even with entire mafles; and experiment
foon convinced me, that even apparently folid pieces of ice will
imbibe water, flower or quicker according to its ftage of decay.
I have repeatedly heated fome of my thermometer pieces, and
laid them wpen ice, in which they made cavities of confidera«
ble depth, but the water was always abforbed, fometimes ag
faft as it was produced, leaving both the picce and the cavity
dry. :

‘Thus, though I cannot fufficiently exprefs how much I ad-
mire the difcovery that gave rife to thefe experiments, I have
neverthelefs to lament my not being able to avail myfelf of it
at prefent for the purpofe I wifthed to apply it to.

That in my experiments the two {eemingly oppofite procefles
of nature, congelation and liquefattion, went on together, at

D2 the




24 Mr. Wencwoon's Method of conneting
the fame inflant, in the fame veflel, and even in the fame
fragment of ice, 1sa fa& of which I have the fulleft evidence
that my fenfes can give me; and I thall take the liberty of {fug-
gelting a few hints; whieh may tend-perbaps-to-elucidate their
caufe, and to fthew that they are not foincompatible as at firfk
fight they appear to be.

It occurred to me at firft, that water highly attenuated and
divided, as when reduced mto vapour, may freeze with a lefs
degree of cold than water m its aggregate or greflfer form ;.

hence hoar-froft is obferved upon grafs, trees, &c. at times.

when there 1s no appearance of ice upon water, and when the
thermometer is above the freezing point*. BorrHAAVE, k
find, in his elaborate theory of fire, afligns 33° as the freczing

point of vapour, and cven of water whernrdivided-only by being

imbibed 1n a linen cloth.

* I am aware, that experiments and obfervations of this kind are not fully
decifive ; that the atmofphere may, in certain circumitances, bemuch warmer ot
colder than the earth and waters, which, invirtueof their denfity, are far more
retentive of the temperature they have once received, and lefs fufzeptible of
traufient impreffions ; that even infenfible undulations of water, from the {lighteft
motion of the air, by bringing up warmer furfaces from below, may prove a furthes

tmpediment to—tgf__ﬁmmgq—wd,__ﬂw:dmrﬂar‘ﬂw which is

fufficient to produce hoar-froft, may poflibly, if continued long enough, be fuffi-
cient alfo to produce ice, I am not acquainted with any fatisfatory experiments
or obfervations yet made upon the fubjef; nor do I advance the principle as a
certain, but as a probable one, which occurred to me at the mement, which is
countenanced by general obfervation, and confentaneous to many known fadts ;
for there are numerous inflances of bodies, in an extreme ftate of divifion,

yielding eafily to chemical agents which, before fuch divifion, they entirely refift 3

thus fome precipitates, in the very [ubtile ftate in which they are at firft extricated
from their diffolvents, are re-diffolved by other menftrua, which, after their
‘eond¥etion into fenfible moleculwe, have no action upon them at all,

Now,
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Now; as the atmofphere abounds with watery vapour, or
water diflolved and chemically combined, and muft be parti=
cularly loaded with it in the neighbourhood of melting ice .
as the heated body introduced into the funnel muft necefiarily
convert a portion of the ice or water there into vapour; and’
as ice 1s-known to melt as foon as the heat begins to exceed Jat
ar nearly one degree lower than the freezing point of vapour s
I think we may from hence deduce, pretty fatisfaltorily, ali'
the phenomena I have obferved. For it naturally follows:
from .thefe principles, that vapour may freeze where ice is
~melting; that the vapour. may congeal even upon the furface
of the melting ice itfelf; and that the heat which (agreeably"
to the ingenious theory of Dr. Brack) it emits in freezing,
may contribute to the further Eiqnefzr&imrofd‘mt—veryiceupun-
which the new congelation is formed.

I would further obferve, that the freezing of water is at=
tended with- plentiful evaporation in a clofc as weil as an
open veflel, the vapour in the former condenfing into drops on.
the under fide of the cover, which either continue in the form
of water, or affume that of ice or a kind of {how, according
to circumftances * ; which evaporation may perhaps be attri-
buted to the heat that svac rnmfﬁned'wirb the Wat&l‘, at this
moment rapidly making its efcape, and carrying part of the
aqueous fluid off with it.  'We are hence furnifhed witha frefl
and continual fource of vapour as well as of heat; 1o that the
procefles of liquefadion and’ congelation may go on uninters
ruptedly together, and even neceflarily accompany one another,
although, as the freezing muft be in an under proportion tothe
melting, the whole of the ice muft ultimately be confumed.

#* Sce Mr, Baron’s paper on this fubjed, ‘n the Memoires of the Academy
of Sciences at Paris for the year 1753 =
In-
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In the remarkable inftance of the coating of ice on the out-
fide of the throat of the funnel, there are fome other circum-
flances which it may be proper to take notice of. Neither the
-cover of the-outer vellel;nor thie apertureamats-bottom which
the ftem of the funnel pafled through, were :sir-tight, and the
melting of the furrounding ice had left a vacancy of about an
inch round that part of the funnel on which the cruft had
formed. As there was, therefore, a pafiage forair through the
veflel, a circulation of it would probably take place: the cold
and denfe air in the veflel would defcend into ‘the rarer air of
rthe room then about 50°, and be replaced by air from above.
The effe€t of this circulation and fudden refrigeration of the
air will be-a-condenfation of patt of the moifture it contains
upon the bedies it is in contact withthethroat-of-the funnel,
being one of thofe bodies, muft receive its thare ; and the de-
gree of cold in which the ice thaws being fuppofed fufficient
for the freezing of this moift vapour, the contact, condenfa-~
‘tion, and freezing, may happen at the fame inftant.

~ The fame principles apply to every inftance of congelation
that took placein thefe experiments; and a recolle®ion of par-
ticulars which pafled under my own cye convinces me, that
the congelation was Itrongert il thore amre Va-
pour was moft abundant, and on thofe bodies which, from
:their natural or mechanic ftruture, were capacious of the
greateft quantity of it; ftronger, for inftance, on fponge
than on woollen, ftronger on this than on the clofer texture of
dinen, and far ﬁronger on all thefe than on the compact furface
.of porcelam. :

If, neverthelefs, the principle I have affumed (that watér
highly attenuated will congeal with a lefs degree of cold than
swater m the mafs) fhould 1ot be admitted ; another- has above

been
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Been hinted at, which experiments have decidedly eftablifhed,
from which the phanomena may perhaps be equally accounted
for, and which,. even though the other alfo is received, muft
be fuppofed to concur for fome part of the effeé ; T mean, that
evaporation produces cold; both vapour and fteam ﬂcérrjr‘iﬂg' off
fome proportion of heat from the body whieh produces them.
I, therefore, evaporation be mads to take place upon the fur-
face of ice, thecontiguous ice will thereby be rendered colder 3
and as it i—s,ah‘eady at the freezing point, the {malleft increafe
of cold will be fufficient for frefh congelation. It feems to be
on this principle that the formation of ice is effe@ted in the
Eaft Indics, by expofing water to a ferene air, at the coldeft
feafon of the year, in fhallow porous earthen 116_11_‘6:115__:_”1)__&_1'?_: of
the water tranfudes through the veflel, and evaporating from
the outfide, the remainder in the vellel becomes cold enough to
freeze ; the warmth of the earth being at the fame time in-
tercepted by the veflels being placed upon bodies little difpofed
to conduct heat *. If ice is thus Pfoducible in a climate where
natural ice 1s never feen, we need not wonder that congelation
fhould take place where the fame principle operates amidf
actual ice,

It has been obferved -aboye, that - the hoat emitted by the
congealing vapour probably unites with and liquefies conti-
- Buous portions of ice; but whether the whole, either of the
heat {o emitted, or of that originally introduced into the fun-
nel, 15 thus'taken up 3 how often it may unite with other por-
tions of ice, and be driven out from other new congelations ;
whether there exifts any difference in its chemical affinity or

¥ See a defcription of this procefs in the Philofophical Tranfadtions, vol,

LXV, p. 253, e
glective
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 clo@ive attraltion fo water in different ftates and the confi-
~ guous bodies; whether part of it may not ultimately efcape,
 without performing the office expefted from it upon the sees
o eahd to what diftance f'rTJﬁ*’fh‘E""é%zapurating_""iurﬁct"'tha.ref'ri-

oo effe@ of the evaporation may extend ; muft be lefe

it
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