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Proressor WiLniam THoMSON has published* a theoretical investigation of the subject
of the present paper, in which he arrives at the formula = %_ezz, where 4 is the increase

of temperature, T the temperature from absolute zero, ¢ the expansibility by heat, p the
pressure in pounds on the square foot, J the mechanical equivalent of the thermal unit
in foot-pounds, and K the capacity for heat in pounds of water, of a cubic foot of the
fluid employed. He has also given a Table of theoretical results for the compression of
water and mercury. The investigation being established on the basis of well-ascertained
principles and facts, the correctness of the Table could not be reasonably doubted.
Nevertheless, believing that an experimental inquiry would be interesting if not im-
portant, I have ventured to offer the following to the notice of the Royal Society.

The only previous experiments on the subject of which I am aware are those of

M. ReenavLr. To his memoir on the Compressibility of Liquids, he appends a notet
on the heat disengaged by the compression of water. The method employed by this
celebrated physicist, though less delicate, is similar to that which I have adopted. One
set of the junctions of a thermo-electric pile was placed in a copper vessel filled with
water, to which a pressure of ten atmospheres could be instantaneously communicated
by means of a reservoir of compressed air. The ;th of a degree Centigrade could be
detected by his thermo-multiplier. Nevertheless the conclusion arrived at was the
negative one, that *the heat disengaged by a sudden pressure of ten atmospheres on
water is unable to raise its temperature 55th of a degree Centigrade.”

In the absence of any statement to the contrary, we may consider that the tempera-
ture of the water compressed by REeNAULT was not above an ordinary one of the atmo-
sphere, say 18° Centigrade. Tnomson’s formula gives a thermal effect of 0°013 for a
pressure of ten atmospheres at this temperature; and therefore the conclusion of
ReeNavLr above cited is strictly correct: indeed it is so as regards any temperature
below 30° It is to be regretted that he did not pursue his experiments a little further,
for had he done so he would without fail have solved this, as he has done so many other
more difficult problems, by showing the minute but nevertheless appreciable thermal

* Proceedings of the Royal Society, June 18, 1857, vol. viil. No. 27, p. 566.
+ Mémoires de I’Académie Royale des Sciences, xxi. p. 462.
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effect which actually takes place at all temperatures but that of maximum or minimum
density.

The apparatus I employed consisted of a strong vessel of copper, 12 inches long and
4 inches in diameter. This vessel was connected at the upper part with a cylinder of
18 inch internal diameter, furnished with a piston, by means of which the requisite
pressure could be laid on or taken off at pleasure. A thermo-electric junction of iron
and copper wires was placed in the centre of the copper vessel, the orifice through which
it was passed being made tight by means of a plug of gutta percha. The outer junction
was immersed in a bath of water, and the induced currents were measured by the thermo-
multiplier én vacuo, described in my former paper.

The method employed was alternately to lay on and remove weights from the piston
and to examine the consequent deflection of the needle of the multiplier, from which, by
means of data derived from experiments made from time to time to determine the amount
of deflection arising from a change of temperature of the outer junction, the thermal
effect sought could be readily deduced.

It was found that the needle took rather more than half a minute to assume a new
deflection. I therefore fixed upon 40" as the time allowed to elapse between the applica-
tion or removal of pressure and the thermo-electric observation. It was at first suspected
that the small cooling effect in consequence of the dilatation of the copper vessel by
internal pressure might interfere with the effect sought for; but it was found on trial
that a sudden application of heat to the outside of the copper vessel did not sensibly
affect the temperature of the central part of the liquid in which the junction was plunged,
until an interval of time had elapsed equal to twice that occupied by a swing of the
needle. This source of error was therefore disregarded.

Another possible source of error occurred to me. Was the thermo-electric relation of
the metals employed to form the junction sensibly altered by the influence of pressure?
TroMsoN has shown that such an alteration in the metals copper and iron accompanies
the temporary strain produced by longitudinal tension*. This effect of temporary strain
is however very minute, and, in the case of pressure uniformly applied in every direction,
which we are now considering, is probably far too small to be appreciated by the most
delicate tests. However, I made an attempt to ascertain whether it existed, by applying
pressure when the temperature of the outer junction was widely different from that of
the inner, the needle of the multiplier being kept in range by means of a controlling
magnet. It was then found that the effect of pressure remained the same as before, and
therefore the conclusion was necessarily arrived at, that the effect of pressure, uniformly
applied, in altering the thermo-electric relation of the metals, was, if it existed at all, too
small to produce any sensible error in the present experiments.

In the case of oil, it occurred to me to inquire whether, in consequence of the im-
perfect fluidity of that liquid, the full thermal effect was communicated to the junction
(composed of wires w5th of an inch in diameter) in the 40" allowed for the swing of

# Philosophical Transactions, 1856, p. 711.
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the needle. To settle this point a long series of experiments was made, in which the
deflections after 40" were alternately observed with deflections after three minutes. It
was found that in the latter case the amount of deflection was one-tenth more than in
the former; and therefore, in my experiments with this fluid, the deflections, observed
at intervals of 40", were increased one-tenth, as will be observed in the sequel.

As it was not convenient to apply a manometer to the apparatus during the experi-
ments, I afterwards ascertained the pressure I had employed, by means of the indications
of a carefully graduated air-gauge, when the piston was pressed down with the same
weights T had employed in the experiments. The pressures thus obtained were nearly
the same as those estimated from the weights laid on the piston, a small allowance being
made for friction. The pressure given in the Table is that of the fluid after the weight
had been laid on half a minute, minus the residuary pressure arising from friction of the
piston after the weight was removed.

TaBLE I.—Experiments on the Heat evolved by the Compression of Water.

Tempera- Pressure | Capacity Theoretical
ture in | Expansibility by | in pounds |for heat of | Deflections of the needle, Value of Experimental |  effect, or
degree | heat per degree on the [a cubic foot each the mean of ten deflections thell‘)mal effect.| (273 ;)

Centigrade.| Centigrade. |square foot.| of liquid. observations. ' ’ —’—j%ﬁ' .

t. e. - K.

-2 | —-000042 | 53634 62-43{ = ‘ZZ?} Mean — 4:85| 596=1-03 | —0-0083 | —0:0071
5 +000016 53634 62-45 2-6 - 596=103 0:0044 0:0027
11:69 000112 | 53634 | 6245 { ig:g} Mean 142 | 596=1-03 00244 |  0-0197
11:69 000112 | 53634 | 6245 { g:g} Mean.  9:65| 596=1:03 0:0166 |  0-0197
18 000185 | 53634 | 6241 { %:g } Mean 1905 890=146 000312 |  0-0333

(| 143
1876 | 000193 | 53634 | 6241 ;(7):23 Mean  17-75 | 1454=258 0-0315 0-0347
190 J
36 ,
30 +000300 53634 6229 57 >Mean 417| 204=266 0:0544 00563
32
3137 1000303 | 33117 | 6229 { /W } Mean 176 | 554=1-24 00394 |  0-0353
1220
404 *000396 33117 62:14 229 SMean 22°90 694=1°36 0:0450 00476
238
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TasLe II.—Experiments on the Heat evolved by the Compression of Sperm Oil.

Capacity l
Tempera- . e Pressure |for heat of i i
ture in %25: YII)ZI;:) g:g“]:g in pounds |a cubic foot| Deflections of the needle, Value of the tgg’;!;{n :;;-:2}; Tehéggz tl(;:ra !
degree Centigrade. on the gf the oil, each the mean of ten deflections. increased (273+ B)ep
Centigrade. Py square foot.| in pounds observations. by one-tenth.| — JK
t. : - of water.
K.
oy ,o / 4 o o o
16 0007582 | 16777 | 20'83 { ggg} Mean 324 | 950=%11 60792 |  G-0886
1729 |  -0007582 | 33117 | 29-83 { oes } Mean 65:15| 867=204 01686 | 0-1758
1627 | 0007582 | 53634 | 2983 { }gg:g } Mean 109 | 950=2:11 02663 |  0-2837

The specific heat of the oil was found by the method of mixtures to be 05223 at
16°5. Tts expansion, determined by the weight of a volumenometer filled with it at
various temperatures, proved to be ‘0007582 at 21°-3. Its specific gravity at 0° was
0-915. It was important to ascertain its specific heat and expansion at a temperature
near that which it had in the experiments, because, though quite transparent, it became
considerably more fluid when the temperature was much raised. Such a gradual change
of state in any viscous substance is accompanied by the absorption of “latent heat,” and
an increase in the rate of expansion, which are greatest at the temperature at which the
change of state is most rapid.



