CLASSICS OF SCIENCE:

Rumford on Heat from Friction

Physics

Although the phenomenon of heat from fric-
tion is no novelty in this mechanical age, it will
be interesting to measure the amount generated
in a water-jacketed cylinder by various sorts of
borers—cast iron, tool steel, etc.—used with and
without lubricants.

AN INQUIRY CONCERNING
THE SOURCE OF THE HEAT
WHICH IS EXCITED BY FRIC-
TION, presented to the Royal Society.
i 1798, in The Complete Works of
Count Rumford, Boston, 1870.

Heat from Boring Cannon

Being engaged largely in superin-
tending the boring of cannon 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 separated from it by
the borer.

The more I meditated on these
phenomena, the more they appeared
to me to be curious and interesting.
A thorough investigation of them
seemed even to bid fair to givea far-
ther insight into the hidden nature
of heat; and to enable us to form
some reasonable conjectures respect-
ing the existence or non-existence of
an igneous flutd—a subject on which
the opinions of philosophers have in
all ages been much divided.

From whence comes the heat ac-
tually produced in the mechanical op-
eration above mentioned?

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

If this were the case, then, accord-
ing to the modern doctrines of latent
heat, and of caloric, the capacity for
heat of the parts of the metal, so re-
duced to chips, ought not only to be
changed, but the change undergone by
them should be sufficiently great to ac-
count for all the heat produced.

But no such change had taken place;
for I found, upon taking actual quan-
tities, by weight, of these chips, and
of thin slips of the same block of
metal separated by means of a fine
saw, and putting themn at the same
temperature (that of boiling water)
into equal quantities of cold water
(that is to say, at the temperature of
5974° 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.

Taking a cannon (a brass six-
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pounder), cast solid, and rough as it
came from the foundry, and fixing it
(horizontally) in the machine used
for boring, and at the same time fin-
ishing the outside of the cannon by
turning, I caused its extremity to be
cut off, and, by turning down the
metal in that part, a solid cylinder
was formed, 734 inches in diameter,
and 9 8/10 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 21/5
inches in diameter, and 3 8/10 inches
long.

This short cylinder, which was sup-
ported 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 can-
non; but its bore, which was 37 inches
in diameter, instead of being con-
tinued 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 cylinder being designed for the
express purpose of generating heat by
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 or-
der that the heat accumulated in the
cylinder might from time to time be
measured, a small round hole 0.37 of
an inch only in diameter, and 4.2
inches in depth, for the purpose of
introducing a small cylindrical mer-
curial thermometer, was made in it,
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on one side, in a direction perpen-
dicular 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.*

Experiment No. 1

This experiment was made in order
to ascertain how much heat was ac-
tually 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 against it
was equal to the weight of about 10,-
000 pounds, avoirdupois, the cylinder
was turned round on its axis (by the
force of horses) at the rate of about
32 times in a minute.

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 30 minutes, when the
cylinder had made 960 revolutions
about its axis, the horses being stop-
ped, a cylindrical mercurial thermom-
eter, whose bulb was 32/100 of an
inch in diameter, and 814 inches in
length, was introduced into the hole
made to receive (Twurn to next page)

*For fear I should be suspected of prodigality
in the prosecution of my philosophical researches,
I think it necessary to inform the Society that
the cannon I 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
cut 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).

This original 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 mnetal would
be apt to be porous, or full of honeycombs.
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Rumford on Heat from Friction—Continued

it, in the side of the cylinder, when the
mercury rose almost instantly to 130°.

Experiment No. 3

A quadrangular oblong deal box,
watertight, 1124  English inches
long, 9 4/10 inches wide, and
9 6/10 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 fas-
tened, the other the small cylindrical
neck which joined the hollow cylinder
to the cannon . . . it is evident, from
the description, that the hollow metal-
lic cylinder would occupy the middle
of the box, without touching it on
either side, and that, on pouring water
into the box, and filling it to the brim,
the cylinder would be completely cov-
ered and surrounded on every side by
that fluid. . . .

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 circular piston, through
the center of which the iron bar
passed.

This being done, the box was put
in its place, and the joinings of the
iron rod of the neck of the cylinder
with the two ends of the box having
ben made watertight by means of col-
lars of oiled leather, the box was
filled with cold water (wiz., at the
temperature of 60°), and the machine
was put in motion.

The result of this beautiful experi-
ment was very striking, and the pleas-
ure it afforded me amply repaid me
for all the trouble I had had in con-
triving and arranging the complicated
machinery used in making it.

The cylinder, revolving at the rate
of about 32 times in a minute, had
been in motion but a 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 one hour I found,
by plunging a thermometer into the
warm water in the box (the quantity
of which fluid amounted to 18.77
pounds, avoirdupois, or 214 wine gal-
lons), that its temperature had been
raised no less than 47 degrees; being

now 107° of Fahrenheit’s scale.

When 30 minutes more had elapsed,
or 1 hour and 30 minutes after the
machinery had been put in motion,
the heat of the water in the box was
142°.

At the end of two hours, reckoning
from the beginning of the experiment,
the temperature of the water was
found to be raised to 178°.

At 2 hours 20 minutes it was at
200°;and at 2 hours 30 minutes it
actually boiled!

It would be difficult to describe the
surprise and astonishment 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 considered as sur-
prising in this event, yet I acknowl-
edge fairly that it afforded me a de-
gree of childish pleasure, which, were
1 ambitious of the reputation of a
grave philosopher, I ought most cer-
tainly rather to hide than to discover.

By meditating on the results of all
these experiments, we are naturally
brought to that great question which
has so often been the subject of spec-
ulation among philosophers; namely,

What is heat? Is there any such
thing as an igneous fluid? Is there
anything that can with propriety be
called caloric?

We have seen that a very considera-
ble quantity of heat may be excited
in the friction of two metallic sur-
faces, and given off in a constant
stream or flux in all directions with-
out interruption or intermission, and
without any signs of diminution or
exhaustion.

From whence came the heat which
was continually given off in this man-
ner in the foregoing experiments?
Was it furnished by the small par-
ticles of metal, detached from the
larger solid masses, on their being
rubbed together? This, as we have
already seen, could not possibly have
been the case: first, because this
water was continually recetving Heat
from the machinery, and could not
at the same time be giving to, and
receiving Heat from, the same body;
and, secondly, because there was no
chemical decomposition of any part
of this water. Had any such decom-
position taken place (which, indeed,
could not reasonably have been ex-
pected), one of its component elastic
fluids (most probably inflammable
air) must at the same time have been

set at liberty, and, in making its es-
cape into the atmosphere, would have
been detected ; but though I frequently
examined the water to see if any air-
bubbles rose up through it, and had
even made preparations for catching
them, in order to examine them, if
any should appear, I could perceive
none; nor was there any sign of de-
composition of any kind whatever, or
other chemical process, going on in
the water. . . .

Was it furnished by the air? This
could not have been the case; for, in
three of the experiments, the machin-
ery 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 machinery? That this
could not have been the case is evi-
dent.

And, in reasoning on this subject,
we must not forget to consider that
most remarkable circumstance, that the
source of the heat generated by fric-
tion, in these experiments, appeared
evidently to be inexhaustible.

It is hardly necessary to add, that
anything which any insulated body, or
system of bodies, can continue to fur-
nish without limitation, cannot possi-
bly be a material substance; and it
appears to me to be extremely diffi-
cult, if not quite impossible, to form
any distinct idea of anything capable
of being excited and communicated in
the manner the heat was excited and
communicated in these experiments,
except it be motion.

Benjamin Thompson, Count Rumford,
was born at Woburn, Massachusetts,
March 26, 1753, and died at Auteuil, near
Paris, August 21, 1814, In 1776 he took
up his residence in England, and held
several positions in the department of
state. In 1783 he started for Austria to
join the army which was fighting the
Turks, but stopped in Strassburg and be-
came involved in the political affairs of
Bavaria. He lived in Munich for 11
vears, later returning to England. In
1804 he removed to Paris, where he mar-
ried as his second wife the widow of the
chemist Lavoisier. It was during his
residence in Bavaria that he was made a
Count of the Holy Roman Empire, tak-
ing his title from Rumford, now Concord,
Mass.

Count Rumford was interested in ex-
perimental science from boyhood through-
out his life. During his first residence in
England he studied firearms and ex-
plosives. In Munich he carried out strik-
ing sociological experiments to better the
lot of large beggar population. Back in
London, he invented an improved stove
and studied the nuisance of smoky chim-
neys. In 1799 he and Sir Joseph Banks
established the Royal Institution, select-
ing Sir Humphry Davy as lecturer.
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