IV. dn Inquiry: concerning the Source of the Heat twhich ds

~excited by Friction. ' By Benjamin Count . of  Rumford,

Read Januaty ¢35, 1798.

Ir frequently happens, that in the ordinary affairs and occupa-~
tions of life, opportunities présent themselves of contemplating
some of the most curious operations of nature ; and very interest-
ing philosophical experiments might often be made, almost with-
out: trouble orexpence, by means of machinery contrived for
the mere mechanical purposes of the arts and manufactures

o Lhave frequently.had occasion to make this observation ; and-

am;persuaded; that a hablt of keeplng the eyes open to every
thing; that is going .on:in. the ordinary course of the business
of life has-oftener led,, as it were by:accident, or in the play-
ful excursions of the lmaglnatlon, put into act10n by contem-
plating the most,common, appearances, to useful doubts, and
sensible schemes for investigation and improvement, than all

the more mtense meditations of, phllosophers, in the hours ex-.

pressly set apart for study..

It was by accident that I was led to make the experiments
of which I am about to give an account; and, though they are
not perhaps of sufficient importance to merit so formal an in-
troduction, I cannot help flattering myself that they will be
thought curious in several respects, and worthy of the honour
of being made known to the Royal Society.
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Count RumrorD's Inquiry, &ec. 81

Being engaged, lately, in superintending the boring of can~
non, in the workshops of the military arsenal at Munich, I
was struck with the very considerable degree of heat which a
brass gun acquires, in a-short time;:in being bored ; and with
the still more intense heat:(much greater than that of ‘boiling
water, as I found by experiment,) of the metallic chips sepa-
rated from it by the ‘borer.

The more I meditated on these phaenomena, the more they
appeared to me to be curious and interesting. A thorough in-
vestigation of them seemed even tobid fair to give a farther
insight into the hidden nature of heat; and to enable us to
form some reasonable conjectures ‘respecting the existence, or
non-existence, of an igneous fluid: a subject on which the opi-
nions of philosophers have;in all ages, been. much divided.

- In order that the Society may have clear and distinct ideas
of the speculations and reasonings to which these appearances
gave rise in my mind, and also of the speciﬁc‘objec’ts of phi-
losophical investigation they suggested to me, I must beg leave
to state them at some length, and in such manner as I shall
think best suited to answer this purpose.

From whence comes the heat actually produced in the mecha-
nical operation above mentioned ? .

Is it furnished by the metallic cths which are separated by
the borer from the solid mass of metal ?

If this were the case, then, accordlng to the modern doc-
trines of latent heat, and of caloric, the capacity for beat of the
parts of the metal, so reduced to chips, ought not only to be
changed, but the change undergone by them should be suffi-
ciently great to account for ¢/l the heat produced.

But no such change had taken place; for I found, upon
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taking equal quantities, by weight, of these chips, and of thin
slips‘of theisame block of metal separated by means of a fine
saw, and putting them; at the same temperature, (that of boil~
ing water,) into equal iqfu'anti'ties: of cold water, (that is to say,
at the temperature of 59°% F.) the portion of water into which
the chips were put was not, to all appearance, heated either
less or more than the other portion, in which the slips of metal

were put.
This experiment being repeated. several times, the results

were always‘ so nearly the same, that I could not determine
whether any, or what change, had been produced in the metal,
in regard 1o its capacity for heat, by being reduced to chips by

the borer.*
From hence it is evident, that the heat produced could not

# As these experiments are important, it may perhaps be agréeable to the Society
to be made acquainted with them in their details.

‘One of them was as follows:

To 4590 grains of water, at the temperature of 59°7 F. (an allowance as compen-
sation, reckoned in water, for the capacity for heat of the containing cylindrical tin
vessel, being included,) were added 1016% grains of gun-metal in thin slips, separated
from the gun by means of a fine saw, being at the temperature of 210> F. When they
had remained together 1 minute, and had been well stirred about, by means of a small
rod of light wood, the heat of the mixture was found to be = 63°.

From this experiment, the spect ific beat of the metal, ¢alculated accordmg to the rure
glven by Dr. CrawFORD, turns out to be = 0.1100; that of water being = 1.0000.

An experiment was afterwards made with the metallic chips, as follows :

To the same quantxty of water as was used in the experiment above mentioned, at
the same temperature, (viz. 59°% ) and in the same cylindrical tin vessel were now
put 10161 grains of metallic chips of gun-metal, bored out of the same gun from
which the siips used in the foregoing experiment were taken, and at the same tempe-
rature (zm°) The. heat of the mixture, at the end of 1 minute, was Just 63°, as
before ; consequently the spemﬁc heat of these metallic chips was = o.1100. Each
of the ahove experiments ‘was repeated 3 times, and always with nearly the same

results.



the Source of the Heat excited by Friction. 83 4

possibly have been furnished at:the expence of the latent heat
of the metallic chips. ! But, not being willing to rest satisfied
with these trials, however conclusive they appeared to me to
be; I had recourse to the following still more decisive experi-
ment.

- Taking a cannon, (a brass six-pounder, ) cast solid, and rough
as it came from the foundry, (see fig. 1. Tab. IV.) and fixing
it (horizontally) in the machine used for boring, and at the
same time finishing the ouitside of thé cannon by turning, (see:
fig. 2.) 1 caused its extremity to'be cut off; :and, by turning
down the metal in that part, a solid cylinder was formed, 73
inches in diameter, and g+& inches long; which, when finished,.
remained joined to the rest of the metal (that which, properly.
speaking, constituted the cannon,) by a small cylindrical neck,
only 21 inches in diameter, and g-& inches long.

This short cylinder, which was supported in its horizontal
position, and turned round its axis, by means of the neck by
which it remained united to the cannon, was now bored with'
the horizontal borer used in boring cannon; but its bore, which:
was g.7 inches in diameter; instead.of being continued through
its whole length (9.8 inches) was only 7.2 inches in length;
so that a solid bottom was left to this hollow cylinder, which
bottom was 2.6 inches in thickness.

This cavity is represented by dotted lines in fig. 2; as also
in fig. 3. where the cylinder is represented on an enlarged
scale. |

This cylinder being designed for the express purpose of ge-
nerating heatbdy friction, by having a blunt borer forced against
its solid bottom at the same time that it should be turned round
its axis by the force of horses, in order that the heat accumu-

Me
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lated in the cylinder might from time to time be measured, a
small round hole, (see d, e, fig. 3.) o.g% of an inch only in dia-
meter, and 4.2 inches in depth, for the purpose of introducing
a small cylindrical mercurial thermometer, was made in it, on
one side, in a direction perpendicular to the axis of the cylinder,
and ending in the middle of the solid part of the metal which
formed the bottom of its bore.

The solid contents of this hollow:cylinder, exclusive of the
cylindrical neck by which it remairied united to the cannon,
were 8852 cubic inches, English measure; and it weighed
113.181b. avoirdupois : as I found, on weighing it at the end
of the course of experiments made with it, and after it had
been separated from the cannon with which, dui'ing the expe-.
riments, it remained connected.*

Ezperiment- No. 1.

This experiment was made in order to ascertain how much
heat was actually generated by friction, when, a blunt steel
borer being so forcibly shoved (by means of a strong screw)
against the bottom of the bore of the cylinder, that the pressure

* For fear I should be suspected of prodigality in the prosecution of my philoso-
phical researches, I think it necessary to inform the Society, that the cannon 1 made
use of in this experiment was not sacrificed to'it, The short hollow cylinder which
-was formed at the end of it, was turned out of a cylindrical mass of metal, about 2 feet
in length, projecting beyond the muzzle of the gun, called in the German language
the verlorner kopf, (the head of the cannon to be thrown away,) and which is
represented in fig. 1.

‘This additional projection, which is cut off before the gun is bored, is always cast
with it, in order that, by means of the pressure of its weight on the metal in the lower
part of the mould, during the time it is cooling, the gun may be the more compact
.in the neighbourhood of the muzzle; where, without this precaution, the metal would
be apt to he porous, or full of honeycombs.
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against it was equal to the weight of ‘about 100001b. avoirdu-
pois, the cylinder was turned round on its axis, (by the force
of horses,) at the rate of about ge times in a minute.

This machinery, as it was put together for the experiment,
is represented by fig. 2. W is a strong horizontal iron bar,
connected with proper machinery carried round by horses, by
means of which the cannon was made to turn round its axis.

To prevent, as far as possible, the loss of any part of
the heat that was generated in the experiment, the cylinder
was well covered up with a fit coating of thick and warm
flannel, which was carefully wrapped round it, and defended
it on every side from the cold air of the atmosphere. This
covering is not represented in the drawing of the apparatus,
fig. 2.

I ought to mention, that the borer was a flat piece of hardened
steel, 0.63 of an inch thick, 4 inches long, and nearly as wide
as the cavity of the bore of the cylinder, namelyl, gL inches.
Its corners were rounded off at its end, so as to make it fit
the hollow bottom of the bore; and it was firmly fastened to
the iron bar (m) which kept it in its place. The area of the
surface by, which its end was in contact with the bottom of the
bore of the cylinder was nearly I inches, This borer, which
is distinguished by the letter 7, is represented in most of the
figures.

At the beginning of the experiment, the temperature of the
air in the shade, as also that of the cylinder, was just 60° F.

At the end of go minutes, when the cylinder had made g6o
revolutions about its axis, the horses being stopped, a cylin-
drical mercurial thermometer, whose bulb was %% of an inch
in diameter, and g% inches in length, was introduced into the
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hole made to receive it, in the side of the cylinder, when the
mercury rose almost instantly to 180°.

Though the heat could not be supposed to be quite equally
distributed in every part of the cylinder, yet, as the length of
the bulb of the thermometer was such that it extended from
the axis of the cylinder to near its surface, the heat indicated
by it could not be very different from that of the mean tempera-
ture of the cylinder; and it was on this account that a thermo-
meter of that particular form was chosen for this experiment.

To see how fast the heat escaped out of the cylinder, (in or-
der to be able to make a probable conjecture respecting the
quantity given off by it, during the time the heat generated
by the friction was accumulating, ) the machinery standing still,
I suffered the thermometer to remain in its place near three
quarters of an hour, observing and noting down, at small in-
tervals of time, the height of the temperature indicated by it.

Thus, at the end of he heat, 18 shown by
4 minutes - - - 126°
after 5 minutes, always reckoning from the
first observation, - - 125°
at the end of -7 minutes - - - 1238°
12— - - - 120°
14 —— - - - 119°
16— - - - 118°
20 —————— - - - 116°
24 — - - - 115°
28 —— - - - 114/
31 e - - - . 113°
84 — - - - 112°
87% - - - 1r

and when 41 minutes had elapsed - - 110°
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Having taken away the borer, I now removed the metallic
dust, or rather scaly matter, which had been detached from the
bottom of the cylinder by the blunt steel borer, in this experi-
ment; and, having carefully weighed it, I found its weight to
be 8g7 grains Troy.

Is it possible that the very considerable quantity of heat that
was produced in this experiment (a quantity which actually
raised the temperature of above 113lb. of gun-metal at least
70 degrees of FAHRENHEIT’s thermometer, and which, of course,
would have been capable of melting 611b. of ice, or of causing
near 5lb. of ice-cold water to boil,) could have been furnished
by so inconsiderable a quantity of metallic dust? and this merely
in consequence of a change of its capacity for heat ?

~ As the weight of this dust (837 grains Troy) amounted to
no more than 1;th part of that of the cylinder, it must have
lost no less than 948 degrees of heat, to have been able to have
raised the temperature of the cylinder 1 degree; and conse-
quently it must have given off 66360 degrees of heat, to have
produced the effects which were actually found to have been
produced in the experiment!

But, without insisting on the improbability of this supposi-
tion, we have only to recollect, that from: the results of actual
and decisive experiments, made for the express purpose of as-
certaining that fact, the capacity for heat, of the metal of which
great guns are cast, is not sensibly changed by being reduced to
the form of metallic chips, in the operation of boring cannon
and there does not seem to be any reason to think that it can
be much changed, if it be changed at all, in being reduced ta
much smaller pieces, by means of a borer that is less sharp.
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If the heat, or any considerable part of it, were produced in
consequence of a change in the capacity for heat of a part of
the metal of the cylinder, as such change could only be super-
ficial, the cylinder would by degrees be exhausted; or the
quantities of heat produced, in any given short space of time,
would be found to diminish gradually, in successive iexperi-
ments. To find out if this really happened or not, I repeated
the last-mentioned experiment several times, ‘with the ‘utmost
care; but I did not discover the smallest sign of exhaustion
in the metal, notwithstanding the large quantities of heat ac~
tually given off.

- Finding so much reason to conclude, that the‘heat generated
in these experiments, or excited, as I would rather choose to
express it, was not furnished at the expence of the latent beat
or combined caloric of the metal, I pushed my inquiries a step
farther, and endeavoured to find out whether the air did, or
did not, contribute.any thing in the generation of it.

Ezperiment No. 2.

~ As the bore of the cylinder was cylindrical, and as the iron
bar, (m,) to the end of which the blunt steel borer was fixed,
was square, the air had free access to the inside of the bore,
and even to the bottom of it, where the friction took place by
which the heat was excited.

As'neither the metallic chips produced in the ordinary course
of the operation of boring brass cannon, nor the finer scaly
particles produced in the last mentioned experiments by the
friction of the blunt borer, showed any signs of calcination, I
‘did not see how the air could possibly have been the cause
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of the heat that was produced; but, in an investigation of this
kind, I thought that no pains should be spared to clear away
the rubbish, and leave the subject as naked and open to inspec-
tion as possible.

In order, by one decisive experiment, to determine whether
the air of the atmosphere had any part, or not, in the genera-
tion of the heat, I contrived to repeat the experiment, under cir-
cumstances in which it was evidently impossible for it to produce
any effect whatever. By means of a piston exactly fitted to the
mouth of the bore of the cylinder, through the middle of which
piston the square iron bar, to the end of which the blunt steel
borer was fixed, passed in a square hole made perfectly air-
tight, the access of the external air, to the inside of the bore of
the cylinder, was effectually prevented. (In fig. g. this piston
(p) is seen in its place; it is likewise shown in fig. 7 and 8.)

I did not find, however, by this experiment, that the exclu~
sion of the air diminished, in the smallest degree, the quantity
of heat excited by the friction.

"There still remained one doubt, which, though it appeared
to me to be so slight as hardly to deserve any attention, I was
however desirous to remove. The piston which closed the
mouth of the bore of the cylinder, in order that it might be
air-tight, was fitted into it with so much nicety, by means of
its collars of leather, and pressed against it with so much force,
that, notwithstanding its being oiled, it occasioned a consider-
able degree of friction, when the hollow cylinder was turned
round its axis. Was not the heat produced, or at least some
part of it, occasioned by this friction of the piston? and, as
the external air had free access to the extremity of the bore,
where it came in contact with the piston, is it not possible that

MDCCXCVIIL. N
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this air may have had some share in the generation of the heat
produced ?

Ezxperiment No. g.

A quadrangular oblong deal box, (see fig. 4.) water-tight,
11% English inches long, g+ inches wide, and g-£ inches deep,
(measured in the clear,) being provided, with holes or slits in
the middle of each of its ends, just large enough to receive, the
one, the square iron rod to the end of which the blunt steel
borer was fastened, the other, the small cylindrical neck which
joined the hollow cylinder to the cannon; when this box (which
was occasionally closed above, by a wooden cover or lid moving
on hinges,) was put into its place; that is to say, when, by
means of the two vertical openings or slits in its two ends, (the.
upper parts of which openings were occasionally closed, by means
of narrow pieces of wood sliding in vertical grooves,) the box
(g5 b, i, k, fig. 3.) was fixed to the machinery, in such a manner
that its bottom (7, #,) being in the plane of the horizon, its axis
coincided with the axis of the hollow metallic cylinder; it is
evident, from the description, that the hollow metallic cylinder
would occupy the middle of the box, without touching it on either
side, (as it is represented in fig. g.;) and that, on pouring water
into the box, and filling it to the brim, the cylinder would be
completely covered, and surrounded on every side, by that fluid.
And farther, as the box was held fast by the strong square iron
rod, (m,) which passed, in a square hole, in the centre of one of
its ends, (a4, fig. 4.) while the round or cylindrical neck, which
joined the hollow cylinder to the end of the cannon, could turn
round freely on its axis in the round hole in the centre of the
other end of it, it is evident that the machinery could be put
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in motion, without the least danger of forcing the box out of
its place, throwing the water out of it, or deranging any part
of the apparatus.

- Every thing being ready, I proceeded to make the experiment
I had projected, in the following manner.

The hollow cylinder having been previously cleaned out, and
' the inside of its bore wiped with a clean towel till it was quite
dry, the square iron bar, with the blunt steel borer fixed to the
end of it, was put into its place; the mouth of the bore of the
cylinder being closed at the same time, by means of the circu-
lar piston, through the centre of which the iron bar passed.

This being done, the box was put in its place, and the join-
ings of the iron rod, and of the neck of the cylinder, with the
two ends of the box, having been made water-tight, by means
of collars of oiled leather, the box was filled with cold water,
(viz. at the temperature of 60°.) and the machine was put in
motion.

The result of this beautiful experiment was very striking,
and the pleasure it afforded me amply repaid me for all the
trouble I had had, in contriving and arranging the complicated
machinery used in making it.

The cylinder, revolving at the rate of about ge times in a
minute, had been in motion buta short time, when I perceived,
by putting my hand into the water, and touching the outside
of the cylinder, that heat was generated; and it was not long
before the water which surrounded the cylinder began to be
sensibly warm.

At the end of 1 hour I found by plunging a thermometer into
the water in the box, (the quantity of which fluid amounted to
18.771b. avoirdupois, or eX wine gallons,) that its temperature

Na
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had been raised no less than 47 degrees; being now 107° of
FAHRENHEIT'S scale.

When go minutes more had elapsed, or 1 hour and go mi-
nutes after the machinery had been put in motion, the heat of
the water in the box was 14¢2°.

At the end of 2 hours, reckoning from the beginning of the
experiment, the temperature of the water was found to be raised
to 148,

At 2 hours 20 minutes it was at 200°; and at ¢ hours go mi-
nutes it ACTUALLY BOILED !

It would be difficult to describe the surprise and astomsh-
ment expressed in the countenances of the by-standers, on
seeing so large a quantity of cold water heated, and actually
made to boil, without any fire.

Though there was, in fact, nothing that could justly be con-
sidered as surprising in this event, yet I acknowledge fairly
that it afforded me a degree of childish pleasure, which, were L
ambitious of the reputation of a grave philosopher, I ought most
certainly rather to hide than to discover.

The quantity of heat excited and accumulated in this expe-
riment was very considerable; for, not only the water in the
box, but also the box itself, (which weighed 15%1b.) and the
hollow metallic cylinder, and that part of the iron bar which,
being situated within the cavity of the box, was immersed in
the water, were heated 150 degrees of FAHRENHEITs scale;
viz. from 60° (which was the temperature of the water, and of
the machinery, at the beginning of the experiment,) to 210°,
the heat of boiling water at Munich.

The total quantity of heat generated may be estimated with
some considerable degree of precision, as follows :
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Quantity of ice-cold water which,

Of the heat excited there appears to  with the given quantity of heat,
might have been heated 180 de--
have been actually accumulated, green ormade to boil - igh

In the water contained in the wooden box,

183 1b.’avoirdupois, heated 150 degrees, name- b,
ly, from 60° to 210° F. - - - 15.2

In 11g.181b. of gun-metal, (the hollow cylinder,)
heated 150 degrees; and, as the capacity for heat of
this metal is to that of water as 0.1100 to 1.0000, this
quantity of heat would have heated 12Llb. of water
the same number of degrees - - - 10.97

1In g6.75 cubic inches of iron, (being that part of
the iron bar to which the borer was fixed which en-
tered the box,) heated 150 degrees; which may be
reckoned equal in capacity for heat to 1.21lb. of water 1.01

N. B. No estimate is here made of the heat accu-~
mulated in the wooden box, nor of that dispersed
during the experiment. '

Total quantity of ice-cold water which, with the heat
actually generated by friction, and accumulated in 2
hours and go minutes, might have been heated 180 de-
grees, or made to boil - - - 26.58

From the knowledge of the quantity of heat actually pro-
duced in the foregoing experiment, and of the time in which it
was generated, we are enabled to ascertain the velocity of its
production, and to determine how large a fire must have been,
or how much fuel must have been consumed, in order that, in
burning equably, it should have produced by combustion the
same quantity of heat in the same time.

In one of Dr. CrawrorD’s experiments, (see his Treatise
on Heat, p. g21,) g71b. 70z. Troy,= 181920 grains, of water,
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were heated 215 degrees of FAHRENHEIT's thermometer, with
the heat generated in the combustion of 26 grains of wax.
This gives g820g2 grains of water heated 1 degree with 26
grains of wax; or 14693;% grains of water heated 1 degree, or
22 = 81.631 grains heated 180 degrees, with the heat gene-
rated in the combustion of 1 grain of wax.

The quantity of ice-cold water which might have been heated
180 degrees, with the heat generated by friction in the before-
mentioned experiment, was found to be 26.581b. avoirdupois,
= 188060 grains; and, as 81.6g1 grains of ice-cold water re-
quire the heat generated in the combustion of 1 grain of wax, to
heat it 180 degrees, the former quantity of ice-cold water, namely
188060 grains, Would require the combustion of no less than
2303.8 grains (= 47%50z. Troy) of wax, to heat it 180 degrees.

As the experiment (No. g.) in which the given quantity of
heat was generated by friction, lasted 2 hours and go minutes,
== 150 minutes, it is necessary, for the purpose of ascertaining
how many wax candles of any given size must burn together, in
order that in the combustion of them the given quantity of heat
may be generated in the given time, and consequently with the

same celerity as that with which the heat was generated by fric-
tion in the experiment, that the size of the candles should be
determined, and the quantity of wax consumed in a given time
by each candle, in burning equably, should be known.

Now I found by an experiment, made on purpose to finish
these computations, that when a good wax candle, of a mode-
rate size, £ of an inch in diameter, burns with a clear flame,
just 49 grains of wax are consumed in go minutes. Hence it
appears, that 245 grains of wax would be consumed by such
a candle in 150 minutes; and that, to burn the quantity of
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wax (==2303.8 grains) necessary to produce the quantity of
heat actually obtained by friction in the experiment in ques~
tion; and in the given time, (150 minutes,) nine candles, burn-
ing at-once, would not be sufficient; for, g multiplied into 245
(the number of grains consumed by each candle in 150 mi-
nutes) amounts to no more than ge2os grains; whereas the
quantity of wax necessary to be burnt, in order to produce the
given quantity of heat, was found to be 2303.8 grains.

.From the result of these computations it appears, that the
quantity of heat produced equably, or in a continual stream,
(if I may use that expression,) by the friction of the blunt steel
borer against the bottom of the hollow metallic cylinder, in the
experiment under consideration, was greater than that produced
equably in the combustion of nine wax candles, each 3 of an
inch in diameter, all burning together, or at the same tlme,
with clear bright flames.

As the machinery used in this experiment could easily be
carried round by the force of one horse, (though, to render the
work lighter, two horses were actually employed in doing it,)
these computations show further how large a quantity of heat
might be produced, by proper mechanical contrivance, merely
by the strength of a horse, without either fire, light, combus-
tion, or chemical decomposition; and, in a case of necessity,
the heat thus produced might be used in cooking victuals.

But no circumstances can be imagined, in which this method
of procuring heat would not be disadvantageous; for, more
heat might be obtained by using the fodder necessary for the
support of a horse, as fuel.

- As soon as the last mentioned experiment (No. g.) was
finished, the water in the wooden box was let off, and the box
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removed; and the borer being taken out of the cylinder,
the scaly metallic powder, which had been produced by the
friction of the borer against the bottom of the cylinder, was
collected, and, being carefully ‘weighed, was found to weigh
41445 grains, or about 8% oz. Troy.

As this quantity was produced in % hours, this gives 824
grains for the quantity produced in balf an bour.

In the first experiment, .which lasted only balf an bour, the
quantity produced was 837 grains.

In the experiment No. 1, the quantity of heat generated, in
balf an bour, was found to be equal to that which would be
required to heat 51b. avoirdupois of ice-cold water 180 degrees,
or cause it to boil.

According to the result of the experiment No. g, the heat
generated in balf an hour, would have caused 5.g11b. of ice-cold
water to boil. But, in this last-mentioned experiment, the heat
generated being more effectually confined, less of it was lost;
which accounts for the difference of the results of the two ex-
periments.

It remains for me to give an account of one experiment
more, which was made with this apparatus. I found by the
experiment No. 1. how much heat was generated when the
air had free access to the metallic surfaces which were rubbed
together. By the experiment No. ¢, I found that the quan-
tity of heat generated was not sensibly diminished when the
free access of the air was prevented; and, by the result of
No. g, it appeared that the generation of the heat was not
prevented, or retarded, by keeping the apparatus immersed in
water. But as, in this last-mentioned experiment, the water,
though it surrounded the hollow metallic cylinder on every
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side, externally, was not suffered to.enter:the cavity of its
bore,  (being prevented: by-the piston,): and, consequently: did
not come into contact with the metallic surfaces where the
heat was generated; to:see what effects would be produced
by giving the water free access to these surfaces, I now made
the

Ezxperiment No. 4.

The piston which closed the-end of the bore of the cylinder
being' removed, the ‘blunt borer and the cylinder were. once
more put together; and the box being fixed ;in its place, and
filled with water, the machinery was again putin motion.

There was nothing in the result of this experiment that ren-
ders it necessary for me to be very particular in my account of
it. - Heat was generated, as in the former experiments, and, to
all appearance, quite as rapidly ; and I have no doubt but the
water in the box would have been brought to boil; had the ex-
periment been continued as long as the last: The only circum-
stance that surprised me was, to find how little difference was
occasioned in the noise made by the borer in.rubbing against
the bottom of the bore of the cylinder, by filling the bore with
water. This noise, which was very grating to the ear, and
sometimes almost insupportable, was; as nearly as I could
Judge of it, quite as loud, and as disagreeable, when the sur-
faces rubbed together were wet with water, as when they were
in contact with air. \

- By meditating on the results of all these experiments, we
are naturally brought to that great question ,\wh'_i‘chk has so
often been the subject of speculation among philosophers;
namely,

MDCCXCVIIIL. o
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What ' is heat ?—Is ‘there any such thing as an igneous.
ﬂuzd 2—Is there any thing that can with propriety be called
caloric 2

We have seen that a very considerable quantity of heat may-
be excited in the friction of two metallic surfaces, and given
off in a constant stream or flux, in all directions, without inter-
ruption or intermission, and without any signs of dimi‘nution,’
or exhaustion.

From whence came the heat which was continually given off
in this manner, in the foregoing experiments ? Was it furnished
by the small particles of metal, detached from the larger solid
masses, on their being rubbed together ? This, as we have al-
ready seen, could not possibly have been the case.

Was it furnished by the air ? This could not have been the
case; for, in three of the experiments, the machinery being kept
immersed in water, the access of the air of the atmosphere was
completely prevented.

Was it furnished by the water which surrounded the ma-
chinery ? That this could not have been the case is evident;
first, because this water was continually receiving beat from
the machinery, and could not, at the same time, be giving to,
and receiving beat from, the same body ; and secondly, because
there was no chemical decomposition of any part of this water.
Had any such decomposition taken place, (which indeed could
not reasonably have been expected,) one of its component elas-
tic fluids (most probably inflammable air) must, at the same
time, have been set at liberty, and, in making its escape into
the atmosphere, would have been detected ; but, though 1 fre-
quently examined the water, to see if any air bubbles rose
up through it, and had even made preparations for catching
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them, in order to examine them, if any should appear, I could
perceive none; nor was there any sign of decomposition of
any kind whatever, or other chemical process, going on in
the water.

Is it possible that the heat could have been supplied by means
of the iron bar to the end of which the blunt steel borer was
fixed ? or by the small neck of gun-metal by which the hollow
cylinder was united to the cannon ? These suppositions appear
more improbable even than either of those before mentioned;
for heat was continually going off, or out of the machinery, by
both these passages, during the whole time the experiment
lasted.

And, in reasoning on this subject, we must not forget to
consider that most remarkable circumstance, that the source
of the heat generated by friction, in these experiments, ap-
peared evidently to be inexbaustible.

It is hardly necessary to add, that any thing which any in-
sulated body, or system of bodies, can continue to furnish with-
out limitation, cannot possibly be a material substance : and it
appears to me to be extremely difficult, if not quite impossible,
to form any distinct idea of any thing, capable of being excited,
and communicated, in the manner the heat was excited and
communicated in these experiments, except it be moTION.

I am very far from pretending to know how, or by what
means, or mechanical contrivance, that particular kind of mo-
tion in bodies, which has been supposed to constitute heat, is
excited, continued, and propagated, and I shall not presume
to trouble the Society with mere conjectures; particularly on
a subject which, during so many thousand years, the most

O2
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enlightened philosophers -have ‘endeavoured, but in vain, to
comprehend.,

But, 'alt'hdugh the mechanism of heat should, in fact, be one
of those mysteries of nature which are beyond the reach of
human mtelhgence, this ought by no means to discourage us,
or even lessen our ardour, in our attempts to mvestlgate the
laws of its operations. How far can we advance in any of the
paths which science has opened to us, before we find ourselves
enveloped in those thick mists which, on every side, bound the
horizon of the human \‘intellét;t'?' But how ample, and how in-
teresting, is the field that is given us to explore!

Nobody, surely, in his sober senses, has ever pretended to
understand the mechanism of gravitation; and yet what sub-
lime discoveries was our immortal NEwTon enabled to make,
merely by the investigation of the laws of its action !

. The effects produced in the world by the agency of heat,
are probably just as extensive, and quite as important, as
those which are owing to the tendency of the particles of
matter towards each other; and there is no doubt but its
operations are, in all cases, determined by laws equally im-
mutable.

~ Before 1 finish this paper, I would beg leave to observe,
that although, in treating the subject I have endeavoured to
investigate, 1 have ‘made no mention of the names of those
who have gone over the same ground before me, nor of the
success of their labours; this omission has not been owing to
any want of respect for my predecessors, but was merely to
avoid prolixity, and to be more at liberty to pursue, without
interruption, the natural train of my own ideas.
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DESCRIPTION OF THE FIGUREs (Tab. IV.)

Fig. 1. shows the cannon used in the foregomg experiments,
in the state it was in when it came from the foundry

Fig. 2. shows the machinery used in the experiments No. 1,
and No. 2. The cannon is seen fixed in the machine used
for boring cannon. W is a strong iron bar, (which, to save
room in the drawing, is represented as broken off,) which bar,
being united with machinery (not expressed in the figure)
that is carried round by horses, causes the cannon to turn
round its axis.

m is a strong iron bar, to the end of which the blunt borer
is fixed; which, by being forced against the bottom of the
bore of the short hollow cylinder that remains connected by
a small cylindrical neck to the end of the cannon, is used in
generating heat by friction.

Fig. g. shows, on an enlarged scale, the same hollow cylin-
der that is represented on a smaller scale in the foregomg
figure. It is here seen connected with the wooden box (g, b
i, k) used in the experiments No. g, and No. 4, when thls
hollow cylinder was immersed in water.

p, which is marked by dotted lines, is the piston which
closed the end of the bore of the cylinder.

n is the blunt borer seen side-wise.

d, e, is the small hole by which the thermometer was in-
troduced, that was used for ascertaining the heat of the cylin-
der. To save room in the drawing, the cannon is represented
broken off near its muzzle; and the iron bar, to which the blunt
borer is fixed, is represented broken off at .
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Fig. 4. is a perspective view of the wooden box, a section
of which is seen in the foregoing figure, (see g, b, 1, &, fig. g.)

Fig. 5 and 6 represent the blunt borer #, joined to the iron
bar m, to which it was fastened.

Fig. 7 and 8. represent the same borer, with its iron bar,
together with the piston which, in the experiments No. ¢ and
No. g, was used to close the mouth of the hollow cylinder,
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