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If a thermometer be inclosed in a receiver and
the air suddenly condensed, the thermometer
rises a few degrees above the temperature of the
atmosphere ; and if the air be exhausted from a
receiver inclosing a thermometer, the mercury
sinks a few degrees immediately ; but in both
cases after some time it resumes its former sta-
tion. These facts are well known to philoso-
phers of the present age, but they do not all
_égree in the explanation of them. Thinking the
subject worthy of elucidation, I was induced to
institute a series of experiments for the purpose,
which I apprehend have led to.a clear demon-
stration of the cause of the phenomena, and-
moreover make the facts themselves appear ina;
somewhat different point of view from what they
are seen in at the first moment,
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516 On Heat & Cold produced by Mechanical

One circumstance is very remarkable, that
whether the mercury rises or falls in these in-
stances, it is done wvery rapidly ; whereas in the
open air, if a thermometer be only two or three
degrees above or below the temperature, it
moves very slowly. This seems to have sug-
gested to every one the idea that the elasticity
of the glass bulb of the thermometer has a prin-
cipal sharein producing the effect, by causing
the bulb to yield a little to the pressure of the
air. It has however been found upon trial that
the same effects take place whether the ther-
mometer is sealed or not. My experiments
accord with this, having made a thermometer
and left it unsealed for the express purpose; in
all the experiments with condensed and rarefied
air, there was no.sensible difference observed to
arise from the inequality of pressure on the ex-
ternal and internal surfaces of the bulbs, the
sealed and open thermometers varying the same
in kind and also in degree, except from circum~
stances to be noticed hereafter. |

It bemg certain then that a real change of
temperature takes plac‘e, it remained to determine
the ‘quantity and manner of that change. Hav-
ing chosen a small and consequently sensible
thermometer; with a scale of degrees sufficiently
large to admit of dlstmgumhmg one tenth of a
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degree, I proceeded to ascertain several facts
experimentally,

EXPERIMENT 1.

Took a receiver, the capacity of which was
about 120 cubic inches, and suspended the ther-
mometer with its clear bulb in the central pars
of it; then letting the whole acquire the tem-
perature of the room, which was without a fire,
I exhausted the air and afterwards restored it,
marking the effects upon the thermometer. The
medium of several trials nearly agreeing with
each other was as under:

The Thermometer

in the air of the room stood at....36°8
sunk upon exhaustion to  .eveereceee. 34 .7
—————rose when the air was restored t0..38 .9

The suddénness of the fall and rise puzzled me
most :  after yeflecting upon it for some time,
I conjectured..that the real change of tempera-
ture of the air or medium was much greater than
the thermometer indicated, = but that the jne
quality existed only for a few seconds of time,
because the receiver, &c. immediately impart
heat to or abstract it from so small a quantity
of air as 120 cubic inches, which are only equal
10 40 grains in weight,—The phenomena of the
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thermometer seemed very well to accord with
the supposition of great heat or cold acting upon’
it for a few seconds only.

EXPERIMENT 2.

Iljursuirig.this idea I imagined that if two
thermometers whose bulbs were very unequal in
magnitude were inclosed together, the smaller
bulb ought to give the greater variation: ac-
cordingly I inclosed two, the diameters of their
bulbs being .35 and .65 of an inch respectively ;
and having exbausted the air and restored it
again repeatedly in succession, and found a
mean of the variations, that of the small bulb
~was 2°, 8, and that of the large, 2° 2.

'EXPERIMENT 3.

Repeated the exhaustion with the small ther-
momeéter inclosed in three different circum-
stances successivelys "1st with the bulb in the
centre of the receiver; od with the bulb resting
on the wet-leather of the plate; and-3d with the
bulb resting against the side of the receiver.

1st Case—Reduced by exhaustion ..........2°.45
2d Caste— wcereerresernnonene emeesseenceasratnenmsarsecns 2.15
8- Case— o e 1.2

1st Case—Raised by restoring the air «..... 4 .05
20 CaSBr crereraruensrnssrsnssssrvessnnesansanasinsssmnsens 2 .25

gd Case— reroseres woenmssannernssnseessarss sentasnsnanesens® « O
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EXPERIMENT 4.

Incloséd a wine glass with about a cubic inch
of water in it, containing the bulb of a thermo-
méter, in a receiver ; and, exhausting the air, the
thermometer sunk half a degree suddenly, and
then, continued stationary ; upon restoring the
air it suddenly rose half a degree,

All these experiments confirmed my conjec.
ture of a much greater degree of heat and cold
being produced in these cases than the thermo-
meter points out, but that its continuance is so
short as not to effect a material change in the
temperature of the mercury. The following
experiments were made to ascertain what may be
the real degree of heat and cold generated in
those ‘operations.

EXPERIMENT s.

The samereceiver & small thermometer as above
being used, I found the exhaustion was effect
ed by working the pump one minute. The ther~
mometer sunk nearly 2°in the first half minute,

- and the remainder, a few tenths of a degree, in
the latter half minute. The operation being
stopped, and things remaining in the same
state, it required some minutes of time
before the thermometer recovered one degree
. YOL. V. c¢
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of the heat lost. Upon opening the cock, tfld
receiver filled with air in five seconds, and the
greatest volocity of the rising mercury was about
the end of that time.  The rising continued
for 30'0r 40 seconds from its commencement,
but # of the effect were produced in the first
10 seconds. The greatest velccit‘y of the rising
mercury is 1°in 3% seconds. After the thermod
meter had’ attamcd its utmost hewht it be-
gan to fall again at the rate of of a degree
in ammute.

EXPERIMENT 6.

Took the same thermometer and heated it to
50° above the temperature of the air, then let-
it be cooled by the medium of air, and it be.
gan to fall at the rate of 2°in 3% seconds.

The two last experiments seem to prove that
when air is let'in to the recciver in thé ordinary
way, an_increase of temperature of 50°is produced
i the mediwm within the receiver for 31 seconds.
This high temperature is reduced in @ few seconds

by the receiver and surrounding bodies, 0 their
own temperature,
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EXPERIMENT 7,
On condensed Air.

Took a large spherical glass receiver,the capa-.
city of which was something more than twice,
that of the former (above one gallon), and sus-
pended a thermometer in. the centre of it, of a
larger bulb than that before used; .the receiver,
had a brass cap and stop-cock ad.apted‘.to its
Then doubled the density of the air within it
by a condenser. The thermometer rose 2°,oi‘
more. Let ont the air__sud,aen]y and the ther-
mometer immediately sunk each time from g3°
1o 3% 5: at the same time an exceedingly dense
wmist was produced in the receiver, which soon
subsided. ,

Suspecting that ggueous vafbur, which always
exists in the atmosphere, and is liable to assume
the liquid or aérial form according to circum-
stances, might be the principal agent in the pro-
duction of heat .and cold by condensation and
rarefaction, I'thought that an increase of it might
produce a greater effect, and that cold air, which
contains less vapour, might have a less effect,
The reverse however was the fact, as appears by
“the following,
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EXPERIMENTS 8 & o.

In a cold morning last winter when the air
was clear and the thermometer without stood at
20°, 1 took the receiver and condenser into the
open air, and let them stand for 15 minutes to ac-
quire its tempefature 3 then repeatedly condens-
ed the air to a double density, and suddenly libe.
rated it again. On a medium of 5 trials the
mercury fell 3°.3 on opening the cock.—The
‘vapour precipitated was whiter than usual and
not nearly so dense.

Again, took the receiver and condenser into
a dyer’s stove where the temperature was about
100° and the air abounded with vapour in a
transparent state ; after some time, condensed the
air and liberated it as before, when on a me-
dium of j trials the mercury sunk only g°, and
a very coplous mist was precipitated, so dense
that one could but just distinguish the degree of
the thermometer through it,

These experiments shew that the greater the
quantity of vapour condensed the less is the
change of temperature; and that consequently,
if air was entirely free from vapour, the change
of temperature would be a maximum. Indeed
this is clearly consistént with the known Ilaw,
that when vapour is condensed, heat is given



Condensation &3 Rarefaction of Air. 523

-out. Any process to cool the air must be re-
tarded by the condensation of part of the vapour
it contains.  Suppose for instance that a portion
of the atmosphere contained ¢ of its weight of
aqueous vapour, and that 2 of this vapour were
condensed by gocof cold ; that is, 15 of the whole
elastic masswas converted into water; then the heat
g\ven outwould be sufficient to raise the tempera.
tufe of the remaining mass of air and vapour 6 or
8>, which sufﬁcxently accounts for the small
difference observed in the results upon warm
vapoury air and cold dry air. Hence vapour,
far from producing the change of temperature
in question, tends tp diminish the effect.

If any doubt remained with me respecting
the real change of temperature that takes place -
in the operations related above, it was com-
pletely removed by the results of the two fol-
lowing experiments.

EXPERIMENT 10.

Inclosed a small graduated glass tube of 3% of an
inch internal diameter, & 1o inches long, witha
short column of mercury in it, in the large receiv-
er; the tube was sealed at one end and open at
the other, so that a portion of air of given ca~
pacity was confined by the mercurial column,
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which was near the open end of the tube, and
subject to rise or fall by any variation of elas-
ticity of the air on either side, being a proper
manoineter : then doubled the density of the
air in the receiver, and opening the stop-cock,
the mercurial column soon ran up to its former
station, but instantly turning the cock again, the
mercurial column returned or fell down gra-
dually for 5 or 10 seconds, to the amount of
nearly .. of the whole adrial column, and
then became stationary.  Again opening the
cock, a quantity of air rushed out, and the mer-
cury resumed its original station.” These effects
were aiways the same, on a repetition of the
experiment.

EXPERIMENT 11.

Let ‘the mercurial column of the manometer
down by a wire to L of the length of the tube
from the sealed end; then exhausted 3 of the
air from the receiver, which was seen by the
mercury rising to the top of the sube; and upon
opening the cock the mercury fell to its former
station, but then suddenly turning the cock, tke
mereury gradually rose for the space of 5or 10
seconds to smore than 1, of its original height
aboye the -stationary point, and remained there
till the cock was opened; after which it resum.
ed its proper station. |
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The phenomena in - the  two, last experi-
fnents can be explained only -on the fol-
lowing principle :—The air in the receiver and
in the manometer is subject to a like degree
of rarefaction and condensation in those ex-
periments, or very nearly so. When the equi-
librium. of heat in- the air is disturbed by the
operations :of condensation and rarefaction, it is
restored in the manometer snstantly by reason of
the contiguity of the glass to;the air; butin the
large receiver it requires a sensible time of 10
seconds or more’ to rcstore the. equnlxbnum
thxoual.out the whole internal capacity. . It is
this restoration- that. increases or diminishes. the
elasticity of the air confined in the receiver, and
thereby causes the retrocradation of the mercurial
column. ;: Now-1 have-found hy former experi-
ments that-a change of 50° in temperature effects
a: change of ;. neatly; in. the-capacity or bulk
ot air.. . Jt-follows thierefore that in.the case
of restoring the ;equilibrium in condensed air,
about 50° of- cold is produced; and .in letting
in air to an exhausted receiver something more
than 50° of heat is produced. The small differ~
ence seems to arise from this, that the conden-
sation of vapour in the former case diminishes
the effect, and in the latter, if any there be,
increases the effect, that would arise from ope-
rating upon purely dry air.
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- The experiments and observations hitherto
related go principally to ascertain facts with-
out any reference to the theory of them: This
however may be given in a few words, and ig
the same that is ascribed to Mr. Lambert by
Messrs. Saussure and Pictet and by them adopt-
ed. He conceives that a vacuum has its proper
capacity for heat, the same as air, or any other
substance; and that the capacity of a vacuum
for heat is less than that of an equal volume
of atmospherical air; also that the denser air is,
the less is its capacity for heat: upon these
principles the pbhenomena are ecasily referable
to that class of chemical facts where heat and
cold are generated by the mixture of two dif-
ferent bodies.~—If this theory be right, and I
think :there is little doubt of ‘it, we may hence
e led into a train of experiments, by which the
absolute capacity of a vacuum for heat may be
-determined; and likewise the capacities of the
different gases for heat, by a method wholly
new :—but this -must be left to future inves.

‘i gation.
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- ¢. The cineritious-and medullary substances
are the essential parts of the nervous system, the
coats or membranes of the encephalon, spinal
marrow and nerves being given them merely for
protection and not contributing directly eithet to
sensation, or motion.

3. Nervous matter is distributed t6 many
points, wliere we cannot demonstrate its pre-
sence to the eye and where we can only infer ity
existence from their sensibility. We cdnnot
prick the skin with the smallest instrument, with-
out exciting pain; whence itis evident, that there
is nervous matter in every point of the skin,
though we-have no' other means of proving it.

4- The blood vessels had evidently possessed
the power of circulating the blood in this‘mon-
strous fetus and, though it was much inferior in
size to its fellow-twin, its growth had p}océedéd
to a- certain extent, and bone, skin, cellilar mema
brane; ligament, cartilage; intestine; &c¢ had been
formed: Now I do not admit any power as
capable of giving energy to-the muscular fibres of
the arteries and veins, except the wvis nerves, or
nervous power. ‘

I'am of opinion, that no such power exists in
muscular fibres as a visinsita, or inherent power,
distinct from, or independent of, a nervous pow-
er. The experiments and arguments, adduced by

vOL. V. B B '
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Dr. Monro,* seem to prove fully that the corni-
traction of a muscle, which has been attributed to
this supposed vis insita, may be equally well ac-
counted for from the nervous power alone, and
that the former would be, a_ superfluous power
in the animal economy, the supposed vis insita
being excited, or destroyed bj the same meansas
the nervous power. When the brain or spinal
marrow is irritated, the muscles or muscular
fibres contract, tremble, or are convulsed ; ‘when
the point of a needle or other sharp body, is
pushed into a nerve, distributed to a particular
muscle, a contraction of that muscle ensuss; in
which -cases -the muscular fibres act confessedly
by virtue of their nervous power.  When a
needle is pushed into the. ﬂbres ‘of the muscle
itself, a contraction also- takes place, and in this
case it has been supposed Ly the celebrated
Haller and others, that the fibres contract by
virtue of their vis insita: But the only differs
ence appea‘rs;to consist in this; that in the for-
mer experiments the stimulus acts upon the
brain, spinal marrow or the trunk, or an evident
branch, of a nerve,whilst in the latter it acts upon
one, or more of those nervous filaments, or por-
tions of nervous matter,which, though not always
demonstrable to the sight, we have every reason

* Qbservations on the Nervous System, p. 91-—94.
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to ‘believe are constantly and invariably distri-
buted to every muscular fibre.— It has been
urged, as an argument in favour of a vis insita,
that muscles, or muscular fibres, will contract for
a considerable time, after their separation from
the body, on the application of a stimulus.* But
this fact may be perfectly explained by the ad-
mission of a nervous power only; for-why can-
not the neives, which evidently possess an energy
independently of the brain, retain this energy
after the removal of muscles from the body, as
long as the muscular fibres can retain their sup-
posed vis insita?

From what has been stated in the preceding
part of this paper, the following conclusions
amongst others may, I conceive, be very fairly
drawn.

1. That every perfect animal, from man to
the polypus, possesses the powers of sensation
and voluntary motion, ,

2. That infants, though born destitute of
brain, or even of brain and spinal marrow, pos-
sess these two important faculties.

g. That the fetus in utero is neither destitute
of sensation, nor voluntary motion,

% In warm-blooded animals this takes place for an
hour or more; in cold-blooded ones more thag a day
ffterwards,
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4. That the power of action in the arter
and veins, by which the circulation of the blo
and the formation of the different parts 2
effected in the most defective human monst
is derived from a nervous energy, independen
of brain, spinal marrow, or.even evident a
distinct nerves,
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