JOULE’S THERMOSCOPE AND THE SECOND LAW OF
THERMODYNAMICS

Summary

This paper describes an instrument devised by Joule in 1863 to detect the energy of
moonlight. It is extraordinarily sensitive to heat and must convert heat into mechanical
energy with high efficiency. But since the temperature rise caused by moonlight is only
10™*°F, the Carnot theorem would give a maximum efficiency of 10°®.

JOULE’S THERMOSCOPE SHOWS THAT THE CARNOT
EFFICIENCY LIMIT, THE MOST COMMON EXPRESSION OF
THE SECOND LAW OF THERMODYNAMICS, IS WRONG

The thermoscope uses convection currents and involves an energy cycle at constant volume.
These features form the basis of proposals | have made for the efficient conversion of solar
energy into electricity that were placed on my website in March 2002, September 2002 and
March 2003. Indeed Joule’s thermoscope is identical to Figure 3 in the latter Simple Solar
Engine. It is my view that heat from fossil fuels or from solar energy can be converted into
mechanical energy or electricity with an efficiency of up to 100% using energy cycles at
constant volume.

I  would be very grateful for any  comments. [E-mail  address:
williams.a(AT)globalwarmingsolutions.co.uk]

Joule’s Thermoscope and the Second Law of Thermodynamics

In 1863 James Joule devised an instrument to detect the energy of moonlight™ 2. It was to
settle an argument with an adversary John Tyndall over whether the moon was hot or cold.
He described the thermoscope as “a sort of wind thermometer”.

| am grateful to the Museum of Science and Industry in Manchester for their efforts to track
down the instrument but it does not survive nor is there any detailed drawing. The only other
references found are in the introduction to a paper on the Convection Mill* and in a biography
of James Joule®.

The thermoscope is best described in a letter by Joule to his lifelong friend and colleague,
William Thomson?.
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“A glass receiver 2 feet high and four inches in diameter’ has a cardboard partition so as to
divide it into two parts vertically, but leaving a space of 2 inches at the top and at the bottom.
The cardboard is blackened and also two thin pieces placed in each side of the partition. It is
evident that if one side is heated this least degree more than the other, the air in it will rise,
descending in the other as in a bratticed coal pit shaft. The existence of such a current is
made manifest by a magnetic needle an eighth of an inch long ----, furnished with a long
glass index and hung by a single filament of silk.

“The delicacy of this thermoscope is such that a small blackened pan containing a pint of
water heated 30°F placed at 2 yards distance makes the index go through 5°. | have increased
the delicacy of the instrument by counteracting the magnetism of this earth, and now by
placing it at 2 yards from a shutter with a slit in it and marking the effect of the moon as a
beam of its light passes by, | find a distinct effect of about 4° which indicates, as far as | can
estimate it at present, that the air on one side of this diaphragm was raised about _ 1 of a
10000

degree F. 1 intend to improve on the instrument and make it more useful by the next time we
have a full moon.”

Comments

The instrument devised by Joule is extraordinarily sensitive to heat — a pint of water heated
30°F placed at 2 yards produces a 5° deflection. The light of a full moon causes a 4°
deflection. The energy supplied by the moon is five orders of magnitude less than that
supplied by the Sun.

THE THERMOSCOPE MUST COVERT HEAT INTO
MECHANICAL ENERGY WITH VERY HIGH EFFICIENCY

But the Carnot theorem tells us that the conversion of heat into mechanical energy has a
maximum efficiency of AT/T. Joule® estimates that “the air in the instrument must have been



heated by the moon’s rays a few ten thousandths of a degree.” The Carnot theorem therefore
gives a maximum efficiency of 10°°.

THE CARNOT THEOREM IS WRONG

Over the decades | have always accepted the Clausius and Kelvin-Planck statements of the
second law of thermodynamics. But the Carnot theorem which gives the maximum
efficiency for conversion of heat into mechanical energy as AT/T has been taken by
physicists to be equivalent to the second law of thermodynamics and has acquired the status
of a universal law.

Clausius: It is impossible for a cyclical device to transfer heat continuously from a cold body
to a hot body without the input of work or other effect on the environment.

Kelvin-Planck: It is impossible for a heat engine that operates in a cycle to convert its heat
input completely into work.

The Carnot theorem gives the maximum efficiency that any heat engine could have when
operating between temperatures Ty and T_ as 1- T, or AT
Th Th

Clearly the Carnot maximum efficiency does not apply to Joule’s thermoscope. I believe it

does not apply to Energy Cycles at Constant Volume (See earlier paper on this website —
Simple Solar Engine, page 8, March 2003).

Joule Sensitive Thermometer 1859

Joule devised a thermometer capable of detecting temperature changes not exceeding one
thousandth of a degree Fahrenheit®. It included a glass chimney-receiver which was sealed.
Joule says, “With air in the receiver at the atmospheric pressure, the mere standing at the
distance of two yards on one side of the instrument would in a short space of time cause the
needle to travel through 10° in consequence of currents of air produced by the unequal
heating of the walls of the glass receiver.”

This again implies conversion of heat into mechanical energy with very high efficiency and

in complete conflict with the predicted Carnot maximum efficiency. The instrument again
involves convection currents in an energy cycle at constant volume.

The Convection Mill 1897

Alfred R Bennett* devised an instrument to demonstrate the existence of convection currents.
A hollow metal cylinder painted black stands on legs inside a glass vessel which is sealed.
When the instrument is placed in daylight, the metal absorbs solar energy warming air inside
the cylinder which rises. It then descends in the space between the cylinder and the outer
glass vessel. Vanes on the outside of the cylinder and in a window within the cylinder rotate
in opposite directions demonstrating the path of convection currents. There is a Convection
Mill on display in the Heat section of the Science Museum in London.
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Addressing the Manchester Literary and Philosophical Society in 1897, Bennett’ said that,
“The delicacy of the motor is such that it is affected by the radiant heat of moonlight.”
Bennett devised many variations of his instrument that could be used for a range of physical
measurements”.

It is extraordinary that such an unsophisticated instrument as the Convection Mill could
detect the energy of moonlight. It must mean that this extremely small amount of heat is
converted into mechanical energy with very high efficiency.

But Carnot would predict a maximum conversion efficiency AT/T of about 10° for
moonlight.

THE CARNOT EFFICIENCY LIMIT CLEARLY DOES NOT APPLY

The instrument is another example of the use of convection currents in an energy cycle at
constant volume.

All the above are examples of Energy Cycles at Constant VVolume (earlier paper on this
website — Simple Solar Engine, March 2003). It is my belief that such configurations allow
conversion of heat into mechanical energy with a theoretical efficiency of up to 100%.
Indeed the configuration for Joule’s thermoscope is identical to Figure 3 in my proposals for
a Simple Solar Engine (March 2003).

The Second Law of Thermodynamics — Limits of its Application and
How to beat Carnot

The second law of thermodynamics was developed by Clausius, Rankine and Thomson 1850-
1854. It tried to reconcile the work of Carnot 1820-1832 with Joule’s dynamical theory of
heat 1840-1850 and the practical experience of working with steam engines. It was deeply
controversial in its formulation and took over 20 years to be accepted. It has however stood
the test of time. The Carnot theorem with its maximum efficiency AT/T has come to be
regarded as the decisive statement of the second law of thermodynamics and has acquired the
status of a universal law.

But when we look back to its founders — Joule never accepted the Carnot efficiency limit.
Clausius was very hesitant about the reliability of his proof of the Carnot theorem. Rankine
considered it “very unsatisfactory”. No one understood Rankine’s proof. Thomson found it
difficult to disagree with Joule, reluctantly accepted AT/T but wouldn’t accept Clausius’
concept of entropy. The intellectual origins of the second law of thermodynamics and its
embodiment as the Carnot efficiency limit are deeply unsatisfactory.

I believe Carnot’s theorem has stood the test of time simply because the heat engines that we
have produced have been very inefficient — fossil fuel power stations have an efficiency of
40%, motor vehicles 20%. We have been unable to devise machines that beat the Carnot
limit.



The Carnot theorem was derived from an energy cycle where work is extracted during the
expansion of a gas. All the classical thermodynamic cycles and all heat engines in operation
today involve extraction of work during the expansion of a gas. In an open cycle the exhaust
gases are simply discharged into the atmosphere with very large energy loss. In a closed
cycle the expanded gas must be compressed to complete the cycle; the energy lost during
compression goes into an energy sink. These are the sources of the inefficiency — large
quantities of heat are simply dumped into the environment.

| believe there are two ways of beating the Carnot limit:

(1) Waste Heat Recovery

Rankine® tried to develop the ‘perfect’ air engine. He realised that the more we minimised
‘the heat which is expended in elevating the temperature of the working substance, the more
nearly we shall attain to the maximum theoretical efficiency of the engine’. He suggested use
of a regenerator to recycle waste heat.

In his book ‘Power Cycles and Energy Efficiency’ Hoffman® elaborates multistage
compression and expansion with total waste heat recapture as the way to beat Carnot and
achieve a theoretical efficiency of up to 100%.

In my proposal on the Solar Chimney — would a regenerator improve efficiency? (see earlier
paper on this website - December 2001) waste heat is infinitely recycled in a vertical heat
exchanger driven by gravitation.

(2) Energy Cycles at Constant Volume

| believe there is something extraordinary about energy cycles at constant volume. If energy
is received into a closed system and work is extracted from that closed system at constant
volume the theoretical efficiency is up to 100%. There is no loss of energy to an energy sink
or to exit gases.

I believe that Joule’s thermoscope, Joule’s sensitive thermometer and Bennett’s Convection
Mill are examples of such systems. | have devised my website entries of March 2002,
September 2002 and March 2003 using such Energy Cycles at Constant Volume. Carnot’s
theorem does not apply and the theoretical efficiency is up to 100%.

D Aban Witliams July 2003
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JOULE’S THERMOSCOPE

Magnification of sketch drawn by James Joule

in his letter to William Thomson March 5" 1863



Reference 1 Proceedings of the Literary and Philosophical Society of Manchester

March 11" 1863, Volume 3, p 73-4
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Dr. Jom made the following communication respecting
a new and extremely sensitive thermometer :—*‘ Some years
ago I remarked the disturbing influence of currents of air
on finely suspended magnetic needles, and suggested that it
might be made use of as a delicate test of temperature. I
have lately carried out the idea into practice, and have
obtained results beyond my expectation. A glass vessel in
the shape of a tube, two feet long and four inches in diameter,
was divided longitudinally by a blackened pasteboard dia-
phragm, leaving spaces at the top and bottom, each a little
over one inch. In the top space a bit of magnetised sewing
needle, furnished with a glass index, is suspended by a single
filament of silk. It is evident that the arrangement is
similar to that of a ¢bratticed’ coal pit shaft, and that the
slightest excess of temperature on one side over that on the
other must occasion a circulation of air, which will ascend

on the heated side, and, after passing across the fine glase'
index, descend on the other side. It is also ev1dent that the
sensibility of the instrument may be increased to any required,
extent, by diminishing the directive force.-of the magnet
needle. I purpose to make several 1mprovements in m
present instrument, but in its present condition the heatly
‘radiated by a small pan, containing a pint. of water a&:” »
. 80° is quite perceptible at a distance -of .three yards.
" further proof of the extreme semsibility of the instrumen
- is obtained from the fact that it is able to detect the he
radiated by the moon. A beam of moonlight was admitted3
through a slit in a shutter. As the moon (nearly fyll
travelled from left to right the beam passed gradually acro:
the instrument, causing the index to be deflected several]
degrees, first to the left and then to the right. The e
. showed, according to a very rough estimate, that the air
.the instrument must have been heated by the moon’s ra
< few. ten-thousandths of a degree, or by a quantlty no d
‘the eqmvalent of the light absorbed by the blackened sur
on which the rays fell.”

u



Reference 2 Joule’s letter to Thomson March 5" 1863,

Manuscript Number MS Kelvin J171, by courtesy of

Glasgow University Library
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Typed transcript of Joule’s letter to Thomson March 5™ 1863

Gr Exmouth St
Birkenhead

March 5" 1863
My dear Thomson

| feel now to be amply revenged on Tyndall for | find that the moon is hot not cold as he
pretended. If you find space you and Tait must add something to your book on the wind
produced by the action of our satellite. | have made my experiment as follows. A glass
receiver 2 feet high has a cardboard partition so as to divide it into two parts vertically, but
leaving a space of 2 inches at the top and at the bottom. The cardboard is blackened and also
two thin pieces placed in each side of the partition. It is evident that if one side is heated this
least degree more than the other, the air in it will rise, descending in the other as in a bratticed
coal pit shaft. The existence of such a current is made manifest by a magnetic needle an
eighth of an inch long ----, furnished with a long glass index and hung by a single filament of
silk.

The delicacy of this thermoscope is such that a small blackened pan containing a pint of
water heated 30°F placed at 2 yards distance makes the index go through 5°. | have increased
the delicacy of the instrument by counteracting the magnetism of this earth, and now by
placing it at 2 yards from a shutter with a slit in it and marking the effect of the moon as a

beam of its light passes by, I find a distinct effect of about 4° which indicates, as far as | can

estimate it at present, that the air on one side of this diaphragm was raised about O(Z)L 5 ofa
1

degree F. 1 intend to improve on the instrument and make it more useful by the next time we

have a full moon.

| am returning from here on Saturday. | must contrive some means of getting our apparatus
to work again but | fear it cannot be managed at Thorncliff and | shall have to find some

other place in the neighbourhood.

Trusting Mrs Thomson has experienced no ill effects from her alarming accident and with
kind regards to her.
believe me
Yours always true

James Joule
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Reference 3 Joule’s letter to Tyndall, March 23" 1863,

Manuscript Number Rl MS JT/1/3/139 by courtesy of

The Royal Institution of Great Britain

0id Trafford, ; o
Manchester, '
Har 23/1883

My dear Sir

Yany thanks for your kindness in sending me copies
of your papers. [ am sorry I have nothing of much im-
portance to send by way of return. I send by this post
the last number of Procsedings of our Phil. Society in
which ! profess to have detected the hsat radiated by the
moon by means of a sort of wind thermoneter. %

Our Secratary, Mr Faxendell says that ¥ . had ob-
served the same thing, but J have not yet been able to
refer to his paper.

vYou will observe the lucubrations of one of our local
juminaries Hr Dyer. |1 was absent from the meeting or
mould have said something more than what is written in the
little note appended, which note I intended as a2 protest.

Mr Dyesr and 1 have disputed on these matters for a zood
share of 20 years but now he secems to te attacking hizher
zames. | dare say you will not think it worth while to writs
or reply to his observations. [ once invited him to zo
with me to Wiagara and offered to pav cur fioint expenses
if a higher temperature was not found at the bottom tnan
at the toop of the falls.

“glisve me Dear Sir

Yours very truly
cames P. foule.

* MELLONI
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Reference 4 A R Bennett, Engineering, Lond., 1897, Volume 63, p 239-241

Frs. 19, 1897.]

ENGINEERING. 239

9 A CONVECTION SCOPE AND !
CALORIM R.* |
By Aunrgen R, Bex , M.LEE,

THERE is an especial propriety i my paper on
this subject before the Ma y and Philoso-
pical Bociety, for in 1863 your great townsman, donle,

ication (eported m Volune FLE of your
[ Proceedings) on v thermoxeope, which, so far ax

wsare, i the only instrument which can in
1 ud a3 a forermmmer of the one to be deseribed to-
ght. Joule’s apparatus consisted of a glass tube 2 ft,
and 4in. in dinmeter, divided longitudinally into
compartments, but having openings about 1. wich:
# pand bottom. When cither face of the instrument |
exposed to u greater heat than the other a conveetion

current started, flowing from the warmer to the colder |
division at the top and from the colder to the warmer at
the bottom, a magnetised needle suspended by a silk
thread in the upper opening serving by its deflections over
a seale to indicate the difference of pressure existing
between the two columns of air,  With this thermoscope
Joule wanable to detect convective effects due to the heat
of moonlight.

Although in no way suggested by Joule's instrument,
with which T wis unaequainted until quite recently, my
own depeeds on the phenomenon of i
senerated i i confined aren by the action of wiegually
weated surfaces, vl of - suspended needle, my
index consists of a light fan or vane, aceurately poised,
which is caused to rotate hy the convective currents in
way as to afford a measure of the heat q.-nls:]oycd.

w f my instrument will be clearly under-
stood from Fig. 1, in which A is a metal funnel or chim-
v glasy or mica tulw, open at the hottom,
iium fan K. The whole
is covered by u g e G,

Another form of motor is shown in Fig. 2, where B is

wparent sereen, which i surmounted by o metallic
chimney A, In this case the air enters by w vertical
opening O i the side of the sereen and impinges on the
fterwards wsuming arotary motion weending |
G ois a glass shade, as hefore, covering the

eunment—which T Lave
Hemivection mill "—is placed in the open air or in
near i window, the ridiant heat of the sun, if it is shin

h : '
ame with vertieal Blades, pivoted, like the other, in a

or otherwise the ditfused radiant heat of daylight, \\'ﬁi

* Paper read Iwfore the Manchester Lit v wned Philo- !
ieal Bociety, January 26, 1897, |

Fi‘q .1,

T

fm.“ through the shade as through the glass of o green-
Fowarme the fan, ity supports, el the wa
On these surfaces the
tdegrarled into obseure radiations which are
e through the ghes shade, so that the
mator cool by conily v through its base and
by the aitl of convertion s, for sliveet molee
condietion throngh the g may be neglected, On ¢
sure to daylight, the sirin comtact with the motor surfaces
Becomes vxpaunde issties from the top of the
chinmey, st the glass, which absorbs
anel raefi vacess of lieat bronght from
the wan v thee Couled und eondensd,
i this sink the buttom of the <hade, whenee it is onee
more drawn into the tube and heated by contact
| fanand chimney surfaces, a cycle of operation
f tal A columm of warmed a
contimially vising through the ehimney, and o caseade of
coaled air falling down the walls of the shale, ay i
cated by the arrows in the dingrams,
o The fan, when well adeand well balaneed, will
i Iy rotate all day in the vpenair, whatever the
s wenther condi b I as affected by variations
Jinthe bavometrical pressure, and the speedd of rotation
perntire existing hetween

depends on the difference of ¢
ul the glass shiade, the height of the
‘ ery, amd e lition of the . Aclear sky
which permits of foe vadiation from the ade, together
| high Daeometer, icduees thae Xt spweeed of
iom, whi with a 3in. fan, b put at 160 pe-
volutions yeer minute,  In gloomy weather, when the
vidiation from the shide s tereepted by clowds, the
diforence of temperatire between the motop surfaves and
the wliss is mueh duieed, and the sped of rotation falls
off 5 bt o Aprl Tast, when the instrument was de-
X iom, to which T

stively stoppud during the hours of day-

Inowot weather, wotion el
gloomy weather, if the hagon s
times continue for several hours tl but with tine
weather and a clear ky it frequently pevsists all night, -
I the instrument has stopped about sunset owing to un-

“Favonrable conditions, it will recommence rotation shoukl
the sky become elear at any time during the night.  The !
seause of rotation after sunset, when there s no omgger any |
] rm the motor surfues, s ehiely due ;
stply to s continuous fall in the outside fem wrature,
However low this may sink during the night, the motor
surfaces will alwayx vemain a little warmer than the
shade, for they can only lose heat by vonvection and

Tug. 4.
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Reference 6 The Scientific Papers of James Prescott Joule

Volume 1, p 416-9 London: Dawsons of Pall Mall, 1887

6. At the outset it was obvious that a very delicate test
of temperature would be required, and no means appeared to
offer so many advantages as that of thermo-clectricity. Pro-

fessor J. D. Forbes had constructed a thermo-multiplier
acapable of detecting temperatures not exceeding one thou-
\.f sandth of a degree Fahrenheit. Adopting some of the re-

s

PROPERTIES OF SOLIDS. 417

“fnements introduced by Melloni and-Forbes, I have simplified
the instrument so as to render its construction and manage-
ment very easy, and also increased its reliability by immersing
it into the vacuum of an air-pump. My thermo-multiplier
-is represented by the adjoining sketch (fig. 87), where a is
an air-pump firmly clamped to a strong stool, the legs of

;

Fhich pass through holes in the laboratory-floor and are
-driven into the ground beneath ; 4 1is a glass chimney-receiver;
¢ a block of wood supported on feet which rest on the pump-
plate; d a piece of glass rod fixed to the block, over which
is thrown the filament which supports the astatic needles.
Two thick copper wires (¢) dip into mercury-cups formed in
the block, and;being carried out of the receiver through holes
drilled in the ground-glass plate f, are bent into two mercury-
cups placed on the top of the instrument. Pitch was em-
ployed to close all orifices air-tight.

7. The details of the astatic needles, which are poised
sccording to the plan first suggested by Professor Thomson,

2

a8 SOME THERMO-DYNAMIC

will be better understood by inspecting fig. 88. The necdlei‘j
are parts of one sewing-needle magnetized to saturation, one.
part being a little longer than the other, so as to exceed it-
in magnetic moment and give direction to the system. A
piece of glass tube drawn very fine, and bent as represented
in the sketch, is attached at right angles to the upper mag- "
netic needle and serves as the pointer. The lower needle is

hooked to the pointer by means of the fine glass tube to

=

Fig. &8,

{,;

which it also is attached. The coil consists of twenty turns
ot silked copper wire, 74 of an inch in diameter, the ends_
of which dip into the mercury-cups g¢ formed in the block™
of wood. ]

8. In order still further to increase the sensibility of £
instrument, a steel magnet one yard long, the permanen :
of which had been tested, was placed so as to counteract
almost entirely overcome the action of the earth’s magnetism
in the locality of the needle. A small telescope placed”-_,
the distance of a few yards, and looking obliquely downwards®
through the chimney-glass at the graduated circle, completed
the apparatus. )

9. With air in the receiver at the atmospheric pressure,

|| the mere standing at the distance of two yards on one sida'

of the instrument would in a short space of time cause the
needle to travel through 10° in consequence of the currents
of air produced by the unequal heating of the walls of the

i glass receiver.  But when the air was reduced to a pressure’

of only half an inch in the mercury-gauge, this did not

place, though still, when the hand was put in contact with

the receiver, a very considerable deflection of the needle was

speedily produced.
10. On working with my instrument, I was agreeably sur-

. prised to find that when the bar-magnet was placed so as to

. half-an-inch pressure.
<.where it could deflect the needle 30° the pointer would
‘'steadily travel towards that degree of deflection, and on

mske the needle take up one minute in being deflected to a
new position, no perceptible return swing of the needle took
place, even when the rarefaction of the air was carried to
Ifa small magnet was suddenly placed

'_}&uﬁvin'g there would remain settled without any previous

 oacillation that could be discerned. When the time of a

“wwing was reduced to 30 sec., a return swing was observed

* amounting to 1ig. J5, and y of the first swing, according

as the gauge was reduced to 1, +f;, and § inch respectively.
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January 26th, 1897.] PROCEEDINGS. Xxvil.

General Meeting, January 26th, 18g7.
Professor Harold B. Dixon, F.R.S., in the Chair.

Mr. J. Grossmann, Ph.D., Harpurhey Chemical Works,
Manchester, and Mr. J. F. Tristram, M.A., Hulme Grammar
School, were elected ordinary members.

Ordinary Meeting, January 26th, 18g7.
Professor Harold B. Dixon, F.R.S., in the Chair.

The thanks of the members were voted to the donors
of the books upon the table.

Mr. Acrrep R. Bexnert, M.LE.E., read a paper
entitled: ‘“A Convection Scope and Calorimeter,” which
was communicated by Mr. William Thomson, F.C.S.

Mr. BexxerTt described how he had devised a small and
exceedingly sensitive motor, which begins to revolve the
moment it is exposed to daylight in the open air, whether
the sun be shining or not, and which will also work all night
The delicacy of the motor is such that it
The motive

in clear weather.
is affected by the radiant heat of moonlight.
power is due to convection currents caused by the radiant
heat of daylight striking through a glass shade, with which
the instrument is covered; the glass is not heated, but the
metal surfaces of the instrument are, and air is consequently
expanded on the motor surfaces, and condensed on the glass,
the resulting difference of temperature setting up a convee-
tion current which does not cease so long as the instrument
is exposed to the radiant heat due to visible rays.
Descriptions were given of modifications by which surplus
heat is automatically stored during the day and employed to

xxviil. Proceepines. [ Janwary 26ih, 1897.

drive the instrument at night. During the months of May,
June, and July last, such a storage instrument continued in
motion without stopping day or night; and in fine climates,
like Egypt, much longer periods of continuous movement
could undoubtedly be secured. The speed of the instrument
is affected by barometrical pressure and hygroscopic condi-
tions. It is capable of marking the dew-point, and works
well, even when its glass shade is completely coated with
ice, or half-buried in snow. Mr. Bennett has succeeded in
adapting the instrument to act as a calorimeter by first
cooling the whole of the instrument to a given tempera-
ture, when rotation ceases, and then suspending pieces of
heated metal inside. In this way the specific heats of
substances can be accurately compared, since the number
of rotations caused is in direct proportion to the amount
of introduced heat. The instrument can also be used to
measure the comparative heat-retaining power of textile
fabrics, boiler compositions, &c., and the relative heat con-
ductivities of thin threads and wires.
instituted a series of experiments, as yet incomplete, into
the comparative sensitiveness to convection effects of various
gases, which promise interesting results, since the differences

Mr. Bennett has also

already noted are unexpectedly great, and, moreover, do not
bear any direct relation to the densities or other known
physical properties of the gases tried.



