PHILOSOPHTICATL

TRANSACTIONS

XIV. New Experiments upon Heat. By Colonel Sir Benjamin
Thompfon, Knt. F. R.'S. -In a - Letter to Sir Jofeph
Banks, Bart. P,-R. §.

Read March ¢, 1786,
DEAR SIR,

1 HAVE at length begun the courfe of experiments upon
heat which I have fo long had in contemplation; and I have
already made a difcovery, which, if not new to you, is perfeétly
{0 to me, and which I think may lead to a further knowledge
refpe&ing the nature of heat,
 Vor. LXXVI. Qo

Examinin g
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274 Sir BENJAMIN THOMPSON'S

Examining the conduéting power of air, and of various
other fluid and folid bodies, with regard to heat, I was led to
examine the condu&mg power of the Torricellian wvacuum.
From the ftriking analogy between the elettric fluid and heat
refpecting their conductors and non-conductors (having found
that bodies, in general, which are conduttors of the eleftric
fluid, are likewife good conductors of heat, and, on the con-
trary, that elefric bodies, or fuch as are bad conduors of the
eletric fluid, are likewife bad condu&orsof heat), I was led to
imagine that the Torricellian vacuum, which is known to
afford {o ready a paflage to the eleric fluid, would alfo have
afforded a ready paflage to heat.

The common experiments of heating and cooling bodies
under the receiver of an air-pump I concluded inadequate to
determining this queftion; not only on account of the impof-
fibility of making a perfet void of air by means of the pump;
but alfo on account of the moift vapour, which exhaling from
the wet leather and the oil ufed in the machine, expands under
the receiver, and fills it with a watery fluid, which, though
extremely rare, is yet capablé of condu&ing a great deal of
heat : 1 had recourfe therefore to other contrivances.

I took a thermometer, unfilled, the diameter of whofe
bulb (which was- globular) was -juft half an inch, Paris
meafure, and fixed it in the center of a hollow glafs ball of
the diameter of 13 Paris inch, in fuch a manner, that the
thort neck or opening of the ball being foldered faft to the tube
of the thermometer %% lines above its bulb, the bulb of the
thermometer remained fixed in the center of the ball, and
eonfequently was cut off from all communication with the
external air. In the bottom of the glafs ball was fixed a fiall

hollow tube or point, which projecting outwards was foldered
to
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to the end of a common baromcter tube about 32 inches in
.length and by means of this opening the fpace between the
internal furface of the glafs ball and the bulb of the thermo-
meter was filled with hot mercury, which had been previoufly
- freed of air and moifture by boiling. The ball, and alfo the
barometrical tube attached to it, being filled with mercury, the
tube was carefully inverted, and its open end placed in a bowl
“in which there was a quantity of mercury. The inftrument
now became a barometer, and the mercury defcending from
the ball (which was now uppermoft) left the fpace fur-
rounding the bulb of the thermometer free of air. The mer-
cury having totally quitted the glafs ball, and having funk in
the tube to the height of 28 inches (being the height of the
mercury in the common barometer at that time), with a lamp
and a blow-pipe I melted the tube together, or fealed it her-
metically, about three-quarters of an inch below the ball, and
cutting it at this place with a fine file, I feparated the ball
from the long barometrical tube. ‘The thermometer being
afterwards filled with mercury in the common way, I now
poffefled a thermometer whofe bulb was confined in the center
of a Torricellian vacuum, and which ferved at the fame time as
the body to be heated, and as the inftrument for meafuring the

heat communicated.

Experiment N° 1.

- With this inftrument (fee fig.1.Tab. VL) I made the following
experiment. Having plunged it into a veffel filled with water,
warm to the 18th degree of REAuMUR’s {cale, and fuffered it to
remaintheretillithadacquiredthe temperatureof the water, thatis

Ooz2 to
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‘o fay, till the mercury in the inclofed thermometer ftood at:
18°% 1 took it out of this veflel and. plunged it fuddenly into
a veffel of boiling water, and holding it.in the water (which.
was kept conftantly boiling) by the end of the tube, in fuch a
manner that the glafs ball, in the center of which was. the
bulb of the thermometer, was juft fubmerged, I obferved. the
number of degrees to which the mercury in the thermometer
had arifen:at different periods of time, counted from the mo-
ment of its immerfion. Thus, after it had remained in the
boiling water. 1 min. 30 fec. I found the mercury had rifen.
from 18° to 27°.  After 4 minutes had elapfed, it had rifen to
44°% 3 and at the end of 5 minutes.it had rifen to 48°2.

Experiment N¢ 2

Taking it now out of the boiling water I fuffered it to cool
gradually in the air, and after it had acquired the temperature
of the atmofphere, which was that of 15°R. (the weather
being perfeétly fine), 1 broke off a little piece from-the
point of the fmall tube whiclr remained at- the bottom of the
glafs ball, where it had been hermetically. fealed, and of  courfe
the atmofpheric air ruthed immediately into the ball: The ball
furrounding the bulb of the thermometer being now filled with
air (inftead of being emptied of air, as it was in the before--
mentioned experiment), I re-féaled the end of the fmall tube at
the battom. of the glafs ball hermetically, and by that means
cut off all communication between the air confined'in the ball
and the external air; and with the inftrument fo prepared I
repeated the experiment before-mentioned; that is to fay, I put
it into water warmed to 18°, and when it had ‘acquired' the tem-

| | perature
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perature of the water, I plunged it into boiling water, and
obferved the times of the afcent of the mercury in the thermo~
meter. They were as follows::

Time Heat
elapfed, acquired,
- Heat at the moment of being plunged into .
the boiling water, . . . } 18R,
M..S. o
After having remained in the boiling water o 45 27
Lo 34
2 10 447
2° 40 482
4 o 5622
5 o 602,

From the refult of thefe experiments it appears evidently, .
that the-Torricellian vacuum, which affords fo ready a .paffage
to the ele@ric fluid, fo far from being a good condu&or of heat,
is-a much worfe one than common air, which of itfelf is
reckoned among the worft: for in the laft experiment, when
the bulb of the thermometer was furrounded with air, and the
inftrument was plunged. inte boiling water, the mercury rofe
from 18° to 27° in 45 feconds; but in the former experiment,
when it was {urrounded by a Torricellian vacuum, it required
to remain in the boiling water 1 minute 30 feconds = go feconds,
to acquire that degree of heat. In the vacuum it required 5
minutes to rife to 48°:2 ; but in air it rofe to that height in
2 minutes 40 feconds; and the proportion of the times in
the other obfervations is nearly the fame, as will appear by .the~.
following table,

THe-
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The bulb of the thermometer placed in the
center.of the glafs ball, and

furronnded by a X

O furrounded by air
Torricellian vacuum. ’ ¥

(Exp. N° 1.) (Exp. N°® 2,)
Time Heat Time Heat
elapfed.  acquireds elapfed, acquired.
Upox? F)emg plunged mtO} 18° 180
boiling water
M. S. . M. S. .
After remaining init 1 30 27 o 45 27
I o 3044
4 ©° 44-°5 2 10 44+
5 0o 484 2 40 487
4 o 567
5 o 6o

Thefe experiments were made atManheim, upon the firft
day of July laft, in the prefence of Profeffor HEMMER, of
the Electoral Academy of Sciences of Manheim, and CHARLES
ARTARIA, ;Meteorological Inftrument-maker to the Academy,
by whom I was affifted.

Finding the conftru&ion of the inftrument made ufe of in
thefe experiments - attended with much trouble and rifque, on
account of the difficulty of foldering the glafs ball to the tube
of the thermometer without at the fame time either clofing up,
or otherwifc injuring, the bore of the tube, I had recourfe to
another contrivance much more commodious, and much eafier
in the execution.

At the end of a glafs tube or cylinder ten or eleven inches in
length, and near three-quarters of an inch in diameter inter-

nally, I caufed a hollow globe to be blown 1% inch in dia-
meter,



Experiments upon Heat. 279

meter, with an opening in the bottom of it correfponding
with the bore of the tube, and equal to it in diameter, leaving
to the opening a neck or fhort tube, about an inch or three-
quarters of an inch in length. Having a thermometer pre-
pared, whofe bulb was juft half an inch in diameter, and
whofe freezing‘ point fell at about 2% inches above its bulb, I
graduated its tube according to REAUMUR’s fcale, beginning at
0°, and marking that point, and alfo every tenth degree above
it to 80°, with threads of fine filk bound round it, which
being moiftened with lac varnifh adhered firmly to the tube.
This thermometer T introduced into the glafs cylinder and
globe juft defcribed, by the opening in the bottom of the
globe, having firflt choaked the cylinder at about 2 inches from
its jun&ion with the globe by heatingit, and crowding its fides
inwards towards its axis, leaving only an opening fufficient to
admit the tube of the thermometer. - The thermometer being
introduced into the cylinder in fuch a manner that the center
of its bulb coincided with the center of the globe, Imarkeda
place in the cylinder, about three-quarters of an inch above
the 8oth degree or boiling point upon the tube of the inclofed
thermometer, and taking out the thermometer, I choaked the
cylinder again in this place. Introducing now the thermometer
for the laft time, I clofed the opening at the bottom of the
globe at the lamp, taking care, before I brought it to the fire,
to turn the cylinder upfide down, and to let the bulb of the
thermometer fall into the cylinder till it refted upon the lower
choak in the cylinder. By this means the bulb of the thermo-
meter was removed more than 3 inches from the flame of the
lamp. 'The opening at the bottom of the globe being now
clofed, and the bulb of the thermometer being fuffered to

return into the globe, the end of the cylinder was cut off to
4 within
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within about half an inch of the upper choak.  This being don“e,
it is plain, that the tube of the thermometer prqye&ed beyond.
the: end-of the cylinder. ‘Taking hold of the end of the tube,
I placed the bulb of the thermometer as nearly as poffible in
the center of the globe, and obferving and markihg a_point in
the tube immediately above the .upper choak of the cylinder, 'L
turned the cylinder upfide down, .and fuffering the bulb of the
thermometer to enter the cylinder, and reft upon the firft or
lower choak, (by which. means the end of the tube of the ther-
mometer came further out of the cylinder), the end of the tube
was cut off at the mark juflt mentioned (having firft taken care
to melt the internal cavity. or bore of the tube together at that
placc), and a fmall folid ball of glafs, a little larger than the
internal diameter or opening of .the choak, was foldered to the
end .of -the tube, forming a little button .or .knob, Whlch
refting upon:the upper choak of the cylinder, ferved to fuf-
pend the thermometer in {uch a manner that the center of its
bulb coincided with the .center of the globe in which it was
fhut up. The end of the cylmder above .the upper choak
being now heated and drawn out to a point, or rather being
formed into the figure of the fraftum of a hollow cone, the
end of it was foldered to the end of a barometrical tube, by the
help of which the cavity of the cylinder and globe containing
the thermometer was completely voided of air with.mercury 3
when, the end of the cylinder being hermetically fealed, the
barometrical tube was detached from it with a file, and the
thermometer was left completely thut up in a Torricellian va-
cuum, the center of the bulb of the thermometer being con-
fined in the center of the glafs globe, without touching it'in
any part, by means of the two choaks in the cylinder, and
the button upon the end of the tube.

2 Of
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Of thefe inftruments I provided myfelf with two, as nearly
as poffible of the fame dimenfions; the one, which I fhall
call N° 1. being voided of air, in the manner above defcribed ;
the other, N° 2. being filled with air, and hermetically fealed.

With thefe two inftruments (fee fig. 2.) I made the follow-
ing experiments upon the 11th of July laft, at Manheim, be-
tween the hours of ten and twelve, the weather being very
fine and clear, the mercury in the barometer ftanding at 27
inches 11 lines, REAUMUR’s thermometer at 15° and the qhill
hygrometer of the Academy of Manheim at 47°

Experimenis N° 3, 4, 5 and 6.

Putting both the inftruments into melting ice, I let them
remain there till the mercury in the inclofed thermometers
refted at the point o°, that is to fay, till they had acquired
exaltly the temperature of freezing water or melting ice ; and
then taking them out of the ice I plunged them fuddenly into
a large veflel of boiling water, and obferved the time required
for the mercury to rife in the thermometers from ten degrees
to ten degrees, from o° to 80°, taking care to keep the water
conftantly boiling during the whole of this time, and taking
care alfo to keep the inftruments immerfed to the fame depth,
that is to fay, juft fo deep that the point o° of the inclofed
thermometer was even with the furface of the water.

"Thefe experiments I repeated twice, with the utmoft care;
and the following table gives the refult of them.

Vos. LXXVL Py Ther-
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4 hermometer N° 1. i
Its bulb half an inch in dia-
meter, fhut up in the center
of a hollow glafs globe, 13
inch in diameter, void of air,
and hermetically fealed.
Taken out of freezing water,
and plunged into boiling water.

- Dhermometer N° 2.
Its bulb half an inch in dia-|
meter, fhut up in the center
of a hollow glafs globe, 13
inch in diameter, filled with
arr, and hermetically fealed.
Taken out of freezing water,
and plunged into boiling water.

Time elapfed. ]

Time elapfed.

of heating from o° to 80°.
Total time from o° to 40° :

M. S.

In Exp.N° 3.=11 3

In Exp. N° 4.=10 34

s et

Medium =10 48%

He_at He-at
Exp. N° 3. Exp. N° 4.| acquired: 1 o N° 5. Exp. N° 6, | acquired.
. o° o°
M. S. M. 8. o M. S. M. S. o
o §I o 51 10 o 350 o 30 10 .
° 59 o 59 20 © 35 © 37 20
1 I 12 30 0 41 o 41 30
1 18 1 22 40 0 49 0 53 40
1 24 1 23 50 I 1 o 59 50
2 © I 51 6o I 24 1 20 60
3 30 3 6 70 2 4% 2 2§ 70
11 41 10 27 8o 9 10 9 38 8o
22 44 21 1=total time| 16 55 17 3=total time

of heating from o° to 80°.
‘Total time from ©° to 40°:
M. S.
In Exp. N° 5.=4 45
In Exp. N°6.=7 235

Medium =7 35

It appears from thefe experiments, that the condu&ing
power of air to that of the Torricellian vacuum, under the cir-

-cumftances defcribed, is as 73

5
T

to 10 #% inverfely, or as 1000

to 702 nearly ; for the quantitics of heat communicated being

4

equal,
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equal, the intenfity of the communication jis as the times
inverfely.

In thefe experiments the heat pafled through the furrounding
medium zzz0 the bulb of the thermometer: in order to reverfe
the experiment, and make the heat pafs out of the thermo-
meter, I put the inftruments into boiling water, and let them
remain therein till they had acquired the temperature of the
water, that is to fay, till the mercury in the inclofed thermo-
meters ftood at 80°; and then, taking them out of the boiling
water, I plunged them fuddenly into a mixture of water and
pounded ice, and moving them about continually in this mix~
ture, Iobferved the times employed in cooling as follows.

Thermometer N° 1. Thermometer N° 2.
Surrounded by a Torricellian wacuum. Surrounded by a7,
Taken out of boiling water, and plunged | Taken out of boiling water, and plzz;zgm’
into freezing water. into freexing water.
Time elapfed. Time elapfed.
: - Heat loft. ' Heat loft,
Exp. N°7. Exp.N°8. Exp.N°g. Exp.N°10. |
: 80° . | 80°
M. S. M. S, o M. S. M. S.
2 o 54 70 o 33 o 33 70
‘o 58 1 2 6o ' 0 39 o 34 6o
117 118 1 0 44 0 44 50
1 46 137 40 o 53 055 40
2 5 2 16 30 119 1 18 30
314 3 10 20 157 I 57 20
42 559 10 3 44 3 40 10
Not obferved. Not obferved. o 40 10 Not obferved. o]
{Total time of cooling from 8§0° to 10° | Total time of cooling from 80° to 10°,
' M. S, M. s.
In Exp. N° 7.=16 4 In Exp. N° 9. =9 49
In Exp. N° 8.=16 16 In Exp. N® 10.=9 4I
Medium=16 10 ’ Medium=g 45
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By thefe experiments it appears, that the condufting power
of air is to that of the Torricellian vacuum as &3 to 1612
inverfely, oras 1000 to 603.

To determine whether the fame law would hold good when
the heated thermometers, inftead-of being plunged into freez-
mg water, were fuffered to cool in the open air, I made the
following experiments. ‘The thermometers N° 1. and N° 2.
being again heated in boiling water, as in the laft experiments, I
took them out of the water, and fufpended them in the middle
of a large room, where the air (which appeared to be perfe&tly
atreft, the ‘windows and doors being all fhut) was warm to
the 16th degree of REAUMUR’s thermometer, and the times of
cooling were obferved as follows.

(Exp. N° 11.) (Exp. N” 12.)
] Thermometer N° 1. Thermometer N° 2.,
Surrounded by a Torricellian vacuum, Surrounded by air.
Heated to 80°, and fufpended in the open | Heated to 80°, and fufpended in the open
air warm to 16°, air avarm to 16°,
Time elapfed.  Heat loft, Time elapfed.  Heat loft,
—— go? —— 8o°
M. S. o M. S. o
Not obferved, 70 Not obferved, 70
1 24 6o 0 51 60
1 44 50 15 50
2 28 40, 134 4O
4 16 30 2 41 30
10 12=total time employed 6 51=total time employed
in cooling from 70° to 30°. in cooling from %70° to 30°.

Here the difference in the condu&ting powers of air and of
the Torricellian vacuum appears to be nearly the fame as in
the foregoing experiments, being as 61% to 1012 inverfely, or
as 1000 to 6o5. I could not obferve the time of cooling from

3 8a°
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80° to %0°, being at that time bufied in fufpending the
inftruments,

As it might poflibly be objected to the conclufions drawn
from thefe experiments that, notwithftanding all the care that
was taken in the conftru@ing of the two inftruments made
‘ufe of that they fhould be perfeétly alike, yet they might
in reality be fo far different, either in fhape or fize, as to occa-~
fion a very fenfible error in the refult of the experiments; to
remove thefe doubts I made the following experiments.

In the morning towards eleven o’clock, the weather being
remarkably fine, the mercury in the barometer ftanding at 27
inches 11 lines, REAUMUR’s thermometer at 15° and the hy-
grometer at 47°, 1 repeated the experiment N° 3. (of heating
the thermometer N° 1. in boiling water, &c.) and imme-
diately afterwards opening the cylinder containing the thermo-
meter zt its upper end, where it had been fealed, and lettmg
the air into it, I re-fealed it hermetically, and repeated the ex-
periment again with the fame inftrument, the thermometer
being now furrounded with air, like the thermometer N° 2.

The refult of thefe experiments, which may be feen in the
ffollowmg table, thews evidently, that the error arifing from
the difference of the fhapes or dimenfions of the two inftru-
ments in queftion was mconﬁderable, if not totally imper-
ceptible.

(Exp.
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Thermometer N 1.

Its bulb half an inchin dia-
meter fhut up in the center of
a glafs globe 1} inch in dia-
meter, voided of air, and her-
metically fealed.

 Taken out of freexing water,
and plungea' into botling water.

— N T

(Exp. N° 14.)
The fome Thermometer (N° 1.)
The glafs globe, containing
the bulb of the thermometer,
being now filled with air, and
hermetically fealed. ‘

Taken out of freezing water,
and plunged into boiling water.

Time elapfed. IHeat acquired.
B o°
M. S. o
o 55 10
o 55§ 20
r 7 30
115 40
1 29 50
2 2 60
3 21 70
13 44 8o

24 48 = total time of
Theating from o° to 80°%

Total time from 0° to 70°=
II/ 4'//‘

Time e/lapfcd. . Heat acquired. {
o)

©
M. S. .
o 32 10
o 32 20
© 43 30
o 50 40
1 1 - 50
1 24 60
2 38 70
10 2§ 3o
18 5 = total time of

heating from o° to 8c°.
Total time from o° to 70°=

7/ 40//-. _ }

‘It appears, therefore, from thefe experiments, that the con-
du&ing power of common atmofpheric air is to that of the

» 40

Torricellian vacuum as 533 to

114, inverfely, or as 1000 to

602 ; which differs but very little from the refult of all the

foregoing experiments.

Notwithftanding that it appeared, from the refult of thefe
laft experiments, that any difference there might poflibly

have been in the proportions or

dimenfions of the inflruments

N° 1. and N° 2, could hardly have produced any fenfible error

n
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in the refult of the experiments in queftion ; I was willing,
however, to fec how far any confiderable alteratlons of fize 1n
the inftrument would affe@ the experiment : I therefore pro-
vided myfelf with another in\ﬁ'rument, which 1 thall call Ther-
mometer N° 3. different from thofe already defcribed in fize,
“and a little different in its conftru&ion,

The bulb of the thermometer was of the fame form and
fize as in the inftruments N° 1. and N° 2. that is to fay, it was
globular, and half an inch in diameter; but the glafs globe,
in the center of which it was confined, was much larger, being
3 inches 7% lines in diameter; and the bore of the tube of the
thermometer was much finer, and confequently its length, and
the divifions of its {cale, were greater. The divifions were
marked upon the tube with threads of filk of different colours
at every tenth degree, from o° to 80° as in the before-men-
tioned inftruments. ‘The tube or cylinder belonging to the
‘glafs globe was 8 lines in diameter, a little longer than the
tube of the thermometer, and perfeétly cylindrical from its
upper end to its junétion with the globe, being without any
choak ; the thermometer being confined in the center of the
globe by a different contrivance, which was as follows. To
the opening of the cylinder was fitted a ftopple of dry wood,
covered with a coat of hard varnith, through the center or
axis of which pafled the end of the tube of the thermometer.:
this confined the tube in the axis of the cylinder at its upper
end. To confine it at its lower end, there was fitted to it a
{mall fteel fpring, a little below the point o°; which, being
confined round the tube of the thermometer, had three elaftic
points proje&ting outwards, which prefling againft the infide
of the cylinder, confined the thermometer in its place. The
total length of this inftrument, from the bottom of the globe

to



288 Sir BENJAMIN THOMPSON’S

to the upper end of the cylinder, was 18 inches, and the freez-
ing point upon the thermometer fell about 3 inches above the
bulb, confequently it lay about 1} inch above the ]un@uon
of the cylinder with the globe, when the thermometer was
confined in its place, the center of its bulb coinciding with the
center of the globe. Through the ftopple which clofed the
end of the cylinder paflfed two fmall glafs tubes, about a line
in diameter, which being about a line longer than the ftopple
were ftopped up occafionally with fmall ftopples fitted to their
bores. ‘Thefe tubes (which were fitted exatly in the holes
bored in the great ftopple of the cylinder to receive them, and
fixed in their places with cement) ferved to convey air, or any
other fluid, into the glafs ball, without being under a neceflity
of removing the ftopple clofing the end of the cylinder ; which,
in order to prevent the pofition of the thermometer from being
eafily deranged, was cemented in its place.

1 have been the more particular in the defcription of thefe

inftruments, as 1 conceive it abfolutely neceflary to have a
perfe@ idea of them in order to judge of the experiments made
with them,
- With the inftrument laft deferibed (which I have called
Thermometer N° 3.) I made the following experiment. It was
upon the 18th of July laft, in the afternoon, the weather va-
riable, alternate clouds and fun-thine; wind ftrong at S.E.
with now and then a f{prinkling of rain; barometer at 27
inches 101 lines, thermometer at 18°3,, and hygrometer va-
riable from 44° to extreme moifture.

In order to compare the refult of the experiment made with
this thermometer with thofe made with the thermometer N° 2.
1 have, in the following table, placed thefe experiments by the

fide of each other.
(Exp.



Euperiments upon Heat. 289

(Exp. N° 15.) ] . (Exp.N” 4.and N° 5)
Thermometer N° 3, : ' Thermometer N° 2.
Its bulb half an inch in dia- Its bulb half an inch in diameter, fhut up in
dmeter, fhut up in the center of | the center of a glafs globe, 1 inch in dia-
a glafs tube, 3 inches 7% lines | meter, and furrounded by air, ‘
in diameter, and furrounded by | Taken out of freezing water, and plunged inec
Jair. boiling avater.
{Taken out of freezing water, and
plunged into boiling water, Time elapfed, Heat -
Time elapfed. Heat acquired. | Exp. N” 4. Exp.N” 5. Medium, acquxredt
— o° ' ; (o)
M. S. . M. S. M. S. M. S. .
0 33 10 0 30 0 30 o 30 10
o038 20 © 35 o 37 © 36 . 20
o 54 - 30 O 41 O 41 0 41 30
o st 40 0 49 © 53 o 51 40
1y 50 I 1 0 59 ) S} 50
1 28 . 60 I 24 I 20 122 6o
2 28 40 2 4% 2 2§ 2 35 70
9 © 8o 9 10 9 38 9 24 8o
_ 16 59 = total time of { 16 g5 17 3 16 g9 = total"
heating from o° to 80°. . time of heating from 0° to 80°, R
{Time from o° to 70°=7" 59"’. Time from 0° to 70°==~' 35"

If the agreement of thefe experiments with the thermome-
ters N° 2. and N° 3. furprifed me, I was not lefs furprifed
with their difagreement in the experiment which follows.

Experiment N° 16.

Taking the thermometer N° 3. out of the boiling water, 1
immediately fufpended it in the middle of a large room,
where the air, which was quiet, had the temperature of 18°%
R. and obferved the times of .cobling as follows.:

Vor. LXXVIL Qg Time
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Time clapfeds  Heat loft,

e 8o®
M- S. 0.
I 355 79
o 12 - 6o.
o 33 500
2 Iy 40
4 O 30

9 55 = totalitime of cooling from-80° to 30%

Time from 70° to 50°=8’0”; but in the experiment N
¥2. with the thermometer N? 2. the time employed in cooling
from 70°to 30° wasonly 6’ 11”7, In thisexperiment, with
the thermometer N° 3. the time employed in cooling: from 60°
to 50° was 7’ 48”5 but in the above-mentioned experiment, with
the thermometer N° 2, it was only §” 207 It is true, the air of’
the room was fomewhat cooler when the former experiment
was made than when this latter was made with the thermo-
meter N° 3.3 but this difference of temperature, which- was.
only 2°% (in the former cafe the thermometer in the room
ftanding at 16° and in the latter at 18°%) certainly could not
have occafioned the whole of the apparent difference in the
refults of the experiments,

Does air receive heat more readily than it parts with it # ‘This.
is a queftion highly deferving: of further inveftigation, and I
fhall not fail to give it a full examination in the courfe of my
projected inquiries 3 but-leaving it for the prefent, I fhall proceed
to give an aecount of the experiments which I have already
made *,

It

* Conceiving it to be a flep of. confiderable importance towards coming at a
further
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It having been my intention from the beginning to examine
the conduéling powers of the artificial airs or gafles, the
thermometer

further knowledge of the nature of ‘heat, to afcertain, by indifputable evidence,
its paffage through the Torricellian vacuum, and to determine, with as much
precifion as pofiible, the law of .its motious. in that tnedium ; ‘and being appre-
henfive that doubts might arife with refpe& to the experiments before defcribed,
on account of the «contaét of the tubes of the inclofed thermometers in the
inftruments made ufe of with the containing glafs globes, or rather with their
cylinders; by which means it might be fufpeéted, that a certain Quantity, if not
all the heat acquired, might poffibly be communicated: to put this matter
beyond all doubt, I made the following experiment.

In the middle of a glafs body, of a pear-like form, about 8 inches long, and
21 inches in its greateft diameter, I fufpended a fmall mercuiial thermometer, §%
inches long, by a fine thread of filk, in fuch a manner that neither the bulb of
the thermometer, nor its tube, touched the containing glafs body in. any part.
“The tube of the thermometer was ‘gradua'ted, and marked with fine.threads of filk
of different colours bound round .it, as .in the thermometers belonging to the
other inftruments already defcribed; and the thermometer was ﬁifpended in its
place by means of a fmall fteel fpring, to which the end of the thread of filk
which held the thermometer being attached, it (the fpring) was forced into a
fmall globular protuberance or cavity, blown in the upper extremity of the glafs
body, about half an inch in diametcr, where the {pring remaining, the-thermo-
meter neceflarily remained fufpended in the axis of the glafs body., There was
an opening at the bottom of the glafs body, through which the thermometer was
introduced ; and a barometrical tube being foldered to this opening, the infide of
the glafs body was voided of air by means of mercury; and this opening being
afterwards fealed hermetically, and the barometrical tube being taken .away, the
thermometer was left fufpended in a Torricellian,vacuum,

In this inftrument, as the inclofed thermometer did not touch the containing
glafs body in any part, on the contrary, being diftant from its internal furface an}y
inch or more in every part, it is clear, that whatever heat pafled izto or oxz of the
-thermometer muft have paffed #hroxgh the furrounding Torricellian vacuum : for
it cannot be fuppofed, that the fine thread of filk, by which the thermometer
was fufpended, was capable of conduéting any heat at all, or at leaft any fenfible
quantity. I therefore flattered myfelf with hopes of being able, with the

Q.q 2 affiftance
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thermometer N° 3. was conftru@ed with: & view to thofe expe--

fiments ;. and havmg now provided myfelf with & ftock of thofe:
different kinds of airs, I began with fived air, with which, by

affiftance of- this inftrument, to determine pofitively with regard to the paffage. of-
heat in the Torricellian vacuum's- and this,. I think, I have done; notwithftanding:
that an unfortunate accident put it out of my power to puifue the-experiments {o:
far as I intended.

This infiriment being fitted to a fmall ftand or foot of wood; inm futh a manner”
that the glafs: body remained in'a perpendicular fituation,. T placed it in my room,
by the fide of anothier irclofed thermometer (N° 2.);. which was furfrounded by’
air, and obférved the effe@ of the variation. of heat in‘the atmofphere.” 1 foon:
difcovered,; by the motion of the mercury in the inclofed” thermometér,. that the:
heat pafled through the Torricellian vacuum; but it appeared plainly from the.
fluggifhnefs or great infenfibility of the  thermometer,. that the: heat- paffed’ with:
much greater difficulty in this medium than in common air. I now plunged both»
the thermometers into a bucket of cold water; and I obferved that the mercury:
in the thermometer furrounded by air defcended- much fafter than’ that in the-
thermometer furrounded by the Torricellian vacuum..' T took them out of the!
cold water, and plunged them into a veffel of hot water (having no' convéniencies!
at hand to repeat-the experiment in form with' the freezing and with the boiling:
water); and the thermometer furrounded’ by the Torricellian vacuum ap’péhm&’.
#till to be much more infenfible or fluggifh than that furrounded by air,

Thefe trials were quite fufficient to convinge me ‘of the paffage of hieat in the:
Torricellian vacuum, and alfo of the greéfér difficiilty. of-its paffage’ in' that
medium than in common air ; but, not fatisfied t6' reft my inquiries- heré,: T'took:
the firlt opportunity that offered, and fet myfelf to repeat the experimients which’
1 had before made with'the infttuments N° 1, and' N° 2: 1 plunged this- inftrus
ment into freezing water, where I let it remain titl the mercury in the inclofed
thermometer had defcended to ¢®; when, tax‘ing it out of the freezing water, ¥
plunged it fuddesly into-a veflel of boiling water, and prepared’ myfelf to obferve
the afcent of the mercury in the inclofed therniometer as in the foregbing: experis
ments; but unfortunately the moment the end’ of. the glafs body touched the
boiling water, it cracked with the heat at the point where it"had béeti hermetically
fealed, and the water rufhing into the body, fpoiled the experintent :- and I have
not fince Had an opportunity of providing myfelf with- another inftrument’ to
repeat it,

means-
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means of water, I filled the globe and cylinder containing the
thermometer; and. ﬁoppmg up the two holes in the great {top~
ple clofing the énd of the cylinder, I expdfed the inftrument in
freezing water till the mercury in the inclofed thermometer had.
defcended to o°; when, taking it out of the freezing water,.
I plunged it into. a lirge veflel of boiling water,: and prepared.
myfelf tooblerve the times of heating,. as‘in the former cafés ;.
but an accident happened, which fuddenly puta ftop to the:
experiment. Immediately upon plunging the inftrument into.
the boiling water, the mercury began to rife in the thermometer-
with fuch uncommion celerity, that it had pafled the firft divi-
fion-upon the tube (which markeéd the 1oth degree, according.
to REAuMUR’s {cale) before I wasiaware of its being yet in
motion ; and having thus mifled the opportunity of obferving.
the time elapfed when the mercury arrived at that point, I
was preparing to obferve its paffagéof the next, when all of a
fudden the ftopple-clofing the- end of the cylinder was blown
up the chimney with a great-explofion, and the thermometer,,
which, being cemented to it by its tube, was taken along with
it, and was broken to piecés, and'deftroyed in its fall.

‘This: unfortunate experiment, though it put a ftop for the:
time to the inquiries propofed, opened the way to other re-
fearches not lefs interefting, = Sufpe@ing that the explofion was.
occafioned by the rarefaftion of the water which remained:
attached to the infide of the globe and cylinder after the ope-
ration of filling them with fixed air; and thinking it-more:
.than probable, that. the uncommon celerity, with whichthe
mercury rofe in the thermometer, was principally owing to-
the fame caufe ; I was.led to examine the condué"mg power of:
maift air, or air faturated. with.waters .

Fog!
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For this experiment I provided myfelf with a new thermo-
meter N° 4. the bulb of which, being -of the fame form as
thofe already defcribed (wiz. globular) was alfo of the fame fize,
or half an inch in diameter. To receive this thermometer
a.glafs-cylinder was provided, 8 lines in diameter, and about
T4 inches long, and terminated at one end by a globe 1} inch
in diameter. In the center of this globe the bulb of the ther-
mometer was confined, by means of the ftopple which clofed the
end of the cylinder ; which ftopple, being near 2 inches long, re-
‘ceived the end of the tube of the thermometer into a hole bored
through its center or axis, and confined the thermometer in its
place, without the affiftance of any other apparatus.. Through
this ftopple two other fmall holes were bored, and lined with
thin glafs tubes, as in the thermometer N° 3. opening a paf-
fage inte the cylinder, which holes were occafionally ftopped
up with. fome ftopples of cork; but to prevent accidents, fuch
as I had before experienced from an explofion, great care was
taken not to prefs thefe ftopples into their places with any con-
fiderable force, that they might the more eafily be blewn out
by any confiderable effort-of the confined air..

Though in this inftrument the thermometer 'was not alto-
gether {o fteady .in its place as+in the:thermometers N° 1. N° 2.
and N° 3. the elafticity of the tube, and the weight of ‘the
metcury -in the bulb of the thermometer, occafioning a {mall
vibration or trembling of :the .thermometer upon any fudden
motion or:jar:; -yet T preferred this method- to the others, on
account of the lower part of this thermometer being intirely
free, .or{ufpended infuch a manner as not to touch,. or have
any:communication with, the lower part of the cylinder or
the globe: for though the quantity of heat received by the
itube of the thermometer at its contact with the cylinder at its

choaks,
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choaks, in the inftruments N° 1. and N° 2. or with the
branches of the fteel {pring in N° 3. and from thence commu-~
nicated to the bulb, muft have been exceedingly fmall; yet I
was defirous to prevent even that, and every other poffible
“error or inaccuracy, however fmall, that might arife..

Does humidity augment the conducting power of air ¥
To determine this queftion. I made the following experis

ments, the weather being clear
barometer ftanding at 27 inches
19°, and the hygrometer at 44°.

and fine, the mercury in the:
8 lines, the thermometer at

(Exp. N° 17.)

T hermomeier N° 4.
Surrounded by air dry to the
44th degree of the quill hy-
grometer of the Manheim
Academy. :
| Taken out of freezing waler,
and plunged into boiling water.

The fame thermometer (N° 4.)

(Exp. N°18,)

Surrounded by air rendered
as mojft as poflible by wetting:
the infide of the cylinder and
globe with water.

Taken out of freexing awater,}
and plunged into boiling water. |

Timé elapfed.  Heat acquired.:

e e 8o°

M. S. .

o 34 10

9 39 20

0 44 30

o §5I 40

1 6 50

I 35 6o

2 40 %0

notobferved. 8o
8 — total time of

heating from ° to %50°.
g

heating from o° to 70°

Time elapfed,  Heat acquired, |}
Q

O;
M. S.
o 6 10
o 4 20
o 3 30
o 9 - 40
o 18 50
o 26 60
0 43 70
7 45 8o

|

1 51 = total time of|

Erom.
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From thefe experiments it appears, that the conduding
power of air is very much increafed by humidity. To fee if
the fame refult would obtain ‘when the experiment was re-
verfed, I now took the thermometer with the mojff air out of
the boiling water, and plunged it into free'zing ‘water ; and
moving it about continually from place to phce in the freezmg
water, I obferved ‘the times of - coolmg, as fet down in  the
followmg table. N. B. To compare the refult of this experi-
ment ‘with thofe made with &y a/r, T have placed on one fide
in the following table the experiment in queftion, and on the
other fide the experiment N° 19. made with the thermo-
meter N° 2.

(Exp. N° 19.) . " (Exp N° 10)
Thermometer N° 4. Thermometer N° 2.,
Surrounded by mojf? air. | Surrounded by dry air.
Takern out of boiling water, | Taken out of boiling water,
and plunged into freexing waler and plunged into freezing water.
Time elapfed. - Heat loft. ‘ Time elapfed.  Heat loft,
. 80° i 80°
M. S . M. S. .
o 4 7° © 33 70
014 o 34 60
‘o g1 -50 o 44 590
~0 §2 40 o 55 40
‘1 22 ‘30 118 30
‘2 3 20 157 20
4 2 10 3 40 10
, ) 8 ="total time of g 12 = total time of
Jcooling from 8ovto 10°. ~ |cooling from 80° to 10

Though the difference of the whole times of cooling from
80° to 10°in thefe two experiments appears to have been very
5 {mall,
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fmall, yct the difference of the times taken up by the firft
twenty or thirty degrees from the boiling point is very re-
markable, and fhows with how much greater facility heat
pafles in moift air than in dry air. Even the {lownefs with
which the ‘mercury in the thermometer N° 4. defcended in
this experiment from the 3oth to the 20th, and from the 2oth
to the 1oth degree, I attribute in fome meafure to the greqt
condu&mg power of the moift air with which it was fur-
rounded ; for the cylinder containing the thermometer and the
moift air, bemg not. wholly fubmerged in the freezing water,
that part of it which remained out of the water was neceffarily
furrounded by the air of the atmofphere ; which being much
warmer than the water, commumcated of 1 its heat to the ghfs :
which, pafling from thence into the contained moift ar as
foon as . that air became colder than the exterml air, was,
clofed thermometer, Whlch prevented its coolmg o faft as it
“would otherwife have done. But when the weather becomes
cold 1 proyofe to. repeat this experiment with variations, in
fuch a manner as to put the matter beyond all doubt. 1In the
mean time I .cannot help obferving, with what infinite wifdom
and goodnefs Divine Providence appears to have guarded us
aga,mﬂ: the evil effets of exceflive heat and cold in the atmo-
{phere; for if it were poffible for the air to be equally damp
durlng the fevere cold of the winter months as it fometimes is
in fummer, its condué’cmg power,,and confequently its apparent
coldnefs, when apphed to our bodies, would be fo much in-
creafed, by fuch an additional degree of moifture, that 1t
would become. .quite intolerable; but, happily for us, its
power to hold water in folution is diminithed, and with it its
power to rob us of our animal heat, in proportion as its

Vor. LXXVIL Rr coldnefs
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coldnefs is increafed. - Every body knows how very difagreeable
a very moderate degree of cold is when the air is very damp;
and from hence it appears, why the thermometer is not always
a juft meafure of the apparent or fenfible heat of the atmo-
{phere. If colds or catarrhs are occafioned by our bodies being
robbed of our animal heat, the reafon is plain why thofe dif-
orders prevail moft during the cold autumnal rains, and upon’
the breaking up of the froft in the {pring. It is likewife plain
from whence it is that fleeping in damp beds, and mhabltmg
damp houfes, is fo very dangerous ; and why the evemng air 1s
{o pernicious in fummer and in autumn, and why it is not o
~during the hard frofts of winter. It has puzzled many very
able philofophers and phyficians to account for the manner in
which the extraordinary degree or rather quantity of heat is
generated which an animal body is fuppofed to lofe, when ex-
pofed to the cold of winter, above what it communicates to
the furrounding atmofphere in warm fummer weather ; but is
it not more than probable, that the difference of the quantities
of heat, atually loft or communicated, is infinitely lefs than
what they have imagined? Thefe inquiries are certainly very
interefting 5 and they are ‘undoubtedly within the reach of
well contrived and well condu&ed experiments, But taking
my leave for the prefent of this curious {ubjeét of inveftiga<
tion, I haften to the fequel of my experiments.

Finding {o great a difference in the conduéting powers of
common air and of the Torrlcelhan vacuum, I was led to
examine the condu&mg powers of common air of different
degrees of denfity. For this experiment I prepared the ther-
mometer N° 4. by ftopping up one of the {mall glafs tubes
pafling through the ftopple, and opemng a paffage into the
cylinder, and by fitting a valve to the external overture of the

other,
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other. The inftrument, thus prepared, being put under the
receiver of an air-pump, the air pafled freely out of the globe
and cylinder upon working the machine, but the valve above
defcribed prevented its return upon letting air into the receiver.
The gage of the air-pump thowed the degree of rarity of the
air under the receiver, and confequently of that filling the
globe and cylinder, and immediately furrounding the thermo-
meter. ‘

With this inftrument, the weather being clear and fine,
the mercury in the barometer ftanding at 24 inches ¢ lines, the
thermometer at 15°, and the hygrometer at 47°, I made the fol-
lowing experiments.

- (Exp. N° 20.)
Thermometer N° 4.
Surrounded by common

(Exp. N” 21.)
Thermometer N° 4.
Surrounded by air rare-

(Exp. N° 22.)
Thermometer N° 4.,
Surrounded by air rare-

air, barometer ftanding at
27 inches g lines,

| Taken out of freezing wa-
tery and plunged into boiling

fied by pumping till the
barometer-gage. ftood at,
6 inches 114 lines, )

Taken out of freezing wa-
tery and plunged into boiling

fied by pumping till the
barometer-gage ftood at
t inch 2 lines. -
Taken ont of freezing wa.
tery and plunged into boiling

7 36 =total time of
heating from o° to 70°.

water, water, |water,

Time Heat Time - Heat “Time Heat
elapfed.  acquired. elapfed.  acquired. -elapfed,  acquired.
— oo ar— 00 et Oo
M. S, . M. 8. . M. S, .
o 31 10 o 31 10 0 29 10
0 40 20 0 38 20 o 36 20
0 41 30 0 44 30 © 49 30
0 47 40° ‘0 §1 40 1 1 40
1T 4 .80 17 ‘50 A § 1e]
12§ 6o 119 6o T 24 60
2 28 70 2 27 70 2 31 70
10 17 8o 10 21 8o not obferved, 8o

S —

7 37=total time of

o st

9 st==total time of

heating from 0° to 70°.

_lheating from ©° to 70°,

Rra2

The
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The rtefult of thefe experiments,. I confefs, furprifed me
not a little; but the difcovery of truth being: the fole obje& of
my inquiries (having no favourite theory to defend) it brings
no difappointment along with it,- under whatever unexpected
fhape it may appear. I hope that further éxperiments may lead
to the difcovery of the caufe why there is fo little difference in
the conduéting powers of air of fuch very different degrees of
rarity, while there is fo great a difference in the conduing
powers of air, and of the Torticellian vacuum. At prefent,
I thall not venture any conjetiires upon the fubjeét; butin the
‘mean time I dare to affert, that the experiments I have made
~ may be depended on. |
The time of my ftay at Manheim being expired (having had

the honour to attend thither his moft Serene Highnefs the
Ele&or Palatine Duke of Bavaria, my moft Gracious Maftet,
in his late journey), I was prevented from purfuing thefe in-
quiries further at that time 3 but I fhall not fail to recommence
them the firft leifure time I can find, which I fancy will be
.about the begmmng of the month of November. ~In the mean
time, to enable myfelf to purfue them with effect, 1 am
{paring neither labour nor expence to provide a complete appa-
ratus neceffary for my purpofe; and his Electoral Highnefs
has been gracioufly pleafed to order M. ArTARIA (Who is in
his fervice) to come to Munich to affift me. With fuch a
‘Patron as his moft Serene nghnefs, and with fuch an affiftant
‘as ARTARIA, I fhall go on in my purfuits with chearfulnefs.
Would to God that my labours might be as ufeful to others as
they will be pleafant to me!

I thalt conclude this letter with 2 fhort-aeeount- of -fome
experiments I have made to detérmine the condulting powers
4 of
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of water and of mercury; and with a table, thowing at one
‘view the conduling powers of all the different mediums.

which I have examined.

- Having filled the glafs globe inclofing the bulb of the ther-
mometer N° 4. firft with water, and -then with mercury, T
made the following experlments, to afcertain the conduing
powers of thofe two fluids.

(Exp. N° 23.)
Thermometer N° 4.
Surrounded by aater.
Taken out of freezing water, ‘and

plunged into boiling water,

 Time elapfed. Heat acquired.

wamminiines o°

M’ Sl ’ o
[e] 19 10
o 8 20
o 9 30
o 11 40
o 1§ 50
0 21 6o
o 34 70
2 13 8o

1 57 =total time of heat-
ing from o° to 70°

(Exp. N° 24, 25, and 26.)
Thermometer N° 4 -

Surrounded by mercary,

Taken out of freezing avater, and plunged into
boiling water.

Time elapfed, Heat
Exp.N°24. Exp.N°25. Exp N°26. 2quired.
. — N . OO'

M. 8. M. S. M. S.
o 5 o 5 o 3 10
o 4 o 2 0. 5 20
o 2 o 2 o 4 30
o 4 o 3 o 3 40
o 4 o 4 o 7 50
o 7 o 4 o 8 60
013 o0 9 o 14 #0
Not obferved. o 58 =~ Not obferved. 8o
O 41 0 31 0 48 =total times
of heating from 0° to ¥0°.

The total times of heating from o° to 70° in the three ex-
periments with mercury being 41 feconds, 31 feconds, and
48 feconds, the mean of thefe times is 362 feconds ; and as in
the experiment with water the time employed in acquiring
the fame degree of heat was 17 57” =117 feconds, it appears

from
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from thefe experiments, thatthe conducting power of mercury
to that of water, under the circumftances defcribed, is as 36"’"
to 117 inverfely, or as 1000 to 313. - And hence it is plain,
why mercury appears {fo much hotter, and fo much colder, to
the touch than water, when in fa& it is of the fame tempera-
ture: for the force or violence of the fenfation of Aot or cold
depends not intirely upon the temperature of the body’ exciting
in us thofe fenfations, or wpon the degrce of heat it aGtually
poflefies, but upon the guantity of heat it is capable of commu-
nicating to us, of receiving from us, in any given fhort period
of time, or as the intenfity of the communication ; and this
depends in a great meafure upon the conduéting powers of the
“bodies in queftion. |
The fenfation of Aot is the entrance of heat into our bodies ;
that of cold is its exit; and whatever contributes to facilitate
or accelerate this communication adds to the violence of the
fenfation.  And this is another proof that the thermometer
cannot be a juflt meafure of the fenfible heat, or cold, exifting
in bodies; or rather, that the touch does not afford us a juft
indication of their real temperatures.

A Table
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A Table of the condulting Powers of the under-mentioned
- Mediums, as determined by the foregoing experiments.

Th;;*;n;)m. / Thermometer N° 4.
Taken out of freezing water, and plunged into boiling water.
Time elapfed.
t O .
s 7 o "»-il ’3 L 2 -~ -~ "~ o .
Ed‘r 'Eﬁg '5 |?’N 'g lrg :—303 sg’ bﬁ‘g g
EdT | szs (3ea 322 | €% | % | 32T |8
SR S &= L=Th=TN =R ° " B F O, ® &
fEs | ESS 555 558 78 g |FEa |8
] < < o S
SEa|S B RTE | E e &8 g 1 S
S w—— S— 00
M. S, | M.s. | M.s. | Mos.| M.S. | M.s.| M.s. |,
0 52 o 31 o 31 0 29 o 6 o 19 o s 10
058 | o40 | 038 | 036 | o 4 | o 8| o 32|20
1 3 | 041 044 | ©49 | © 5 | 0 9 | 0 2%2)30
1 18 o 47 o 51 11 o 9 O II © 4% | 40
125 174 17 1 1 o 13 o 15 o 5 |50
158 125 |° 19 1 24 o 26 o 21 o 61|60
3 I9 2 28 2 27 2 31 0 43 o 34 o 12% | 40
11 57 | 10 17 10 21 — 7 4% 2 13 o358 | 8o
1083 736 73 75 15 157 0 36%=to
tal times of heating from o° to 70°. '

" In determining the relative condu&ing powers of thefe me-
diums, I have compared the times of the heating of the ther-
mometers from o° to 70° inftead of taking the whole times
from o° to 80° on account of the {mall variation in the heat
of the boiling water arifing from the variation of the weight
of the atmofphere, and alfo on account of the very flow mo-
tion of the mercury between the oth and the 8oth degrees,
and the difficulty of determining the precife moment when
the mercury arrives at the 8oth degree.

Taking
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Taking now the eondulting power of mercury = 1000, the
condudting powers of the other mediums, as determined by
thefe experiments, will be as follows, vz,

Mercury . . 1000
Moiftair . . 330
Water, e 313
Common air, denﬁty- 1 8otk
Rarefied air, denfity = . 8o
Rarefied air, denﬁty.— - 78
The Torricellian vacuum 55

And in thefe proportions are the quantities of heat which,
thefe different mediums are capable of tranf{mitting in any
given time; and confequently thefe numbers exprefs the rela-
tive fenfible temperatures of the mediums, as well as their con-
ducing powers. How far thefe decifions will hold good under
a variation of circumftances experiment only can determine,
This is certainly a {ubje&t of inveftigation not lefs curious .in
itfelf than it is interefting to mankind ; and T wifh that what I
have done may induce others to turn their attention to this
long negletted field of experimental mqmry For my own
part, Iam determined not to quit it.

In the future profecution of thefe inquiries, T do not mean
to confine myfelf folely to the determmmg of the condudting
powers of fluids; on the contrary, . {olids, and partxcuhrly
fuch bodies as are made ufe of for c.loathmg, will be principal
fubjeéts of my future experiments. I have indeed already
begun thefe refearches, and have made fome progrefs in them
but I forbear to anticipate a matter which I propofe for the
fubje&t of a future communication.
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