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imroceed from the region of the * zona”; ‘and probably have their . )

origin in the cells by which the latter is surrounded. If so, the au-
thor thinks we cannot suppose them to arise in any other way than
that which, according to his observations, appears to be the universal
mode of reproduction ; namely, by division of the nuclei of the pa-

rent cells. Nor can we suppose that minuteness is any hinderance

to their subsequent increase by the same means.

Deceinbeg' 17, 1840.

The MARQUIS OF NORTHAMPTON, President, in the Chair.

The following communications were made to the Society, viz,

1. “ Present state of the Dismond Mines of Golconda.” By T.J.
Newbold, Esq., of the Madras Army, A.D.C. to Major-General
Wilson, K.B. Communicated by S. H. Christie, Esq., M.A.,
Sec. R.S.

The author gives an account of the tract of country in which the
diamond mines of Golconda are situated, and of the processes by
which the diumonds are obtained. The latter consist merely in
digging out the rolled pebbles and gravel, and carrying them to small
square reservoirs, raised on mounds, having their bottom paved with,
stones, and then carefully washing them. Dry weather is selected
to carry on these operations, in order.to avoid the inconvenience and
expense of draining. A description is then given of the mines of
Banaganpully, Munimudgoo, Condapilly, Sumbhulpoor, and Poonah
in Bundlekund. .

2. ** Magnetic-term Observations made at Milan.” By Professor
Carlini, Director of the Observatory.at that place : also ¢ Magnetic-
term Observations made at Prague.” By Professor Kreil, Director
of the Observatory at that place. . :

3. * On the Production of Heat by Voltaic Electricity,” By J. P.
Joule, Esq. Communicated by P. M. Roget, M.D., Sec. R.S. .
The inquiries of the author are directed to the investigation of the
cause of the different degrees of facility with which various kinds of
- metal, of different sizes, are heated by the passage of voltaic elec-
tricity. The apparatus he employed for this purpose consisted of a
coil of the wire, which was to be subjected to trial, placed in a jar
of water, of which the change of temperature was measured by a vel

sensible thermometer immersed in it ; and a galvanometer, to indicate. .

the quantity of electricity sent through the wire, which was estimated
. by the quantity of water decoinposed by that electricity. The con-
clusion he draws from the results of his experiments is, that the ca-
lorific effects of equal quantities of transmitted electricity are pro-
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portional to the resistances opposed to its passage, whatever may be
the length, thickness, shape, or kind of metal which closes the cir-
cuit : and also that, ceteris paribus, these effects aré in the duplicate .
ratio of the quantities of transmitted electricity ; and consequently
also in the duplicate ratio of the velocity of ‘transmission. He also
infers from his researches that the heat produced by the combustion
of zine in oxygen is likewise the consequence of resistance to electric
conduction. .

b
The President informed the Meeting that the Council had voted
the following Address to Her Majesty, the Queen :— .

“To the Queen’s Most Ezcellent Majes@.

“ The Humble Address of the President, Council, and Fellows
of the Royal Society of London for improving Natural
Knowledge. :

* Most Gracious Sovereign,

“ We, Your Majesty’s most dutiful and loyal subjects, the Presi-
dent, Council, and Fellows of the Royal Society of-Londen-for im-
proving Natural Knowledge, approach Your Majesty with the most
heartfelt satisfaction at the birth of the Princess Royal. We feel
the deepest gratitude to the Almighty Disposer of events for His
gracious protection vouchsafed to Your Majesty in your late con-
finement, and we ardently pray that the same protection may continue
to be long afforded to a life so precious to all the inhabitants of
these realms. :
** It is also our most ardent hope that Your Majesty’s daughter may
grow up to be a pattern of every virtue that can adorn and dignify
her high station, and that Your Majesty may continue to be blest
with every happiness, both public and private.”

The President also stated to the Meeting, that the Council had |
adopted the following Address to His Royal Highness Prince Albert,
of Saxe Coburg and Gotha :— ’

““ To His Royal Highness Prince Albert of Saxe-Coburg and Gotha,
. KG.,FRS. .

*The humble Address of the President, Council, and Fellows
of the Royal Society of Loundon for improving Natural
Knowledge. -

« May it 'please Your Royal Highness,

“ We, the President, Council, and Fellows of the Royal Society of .
London for improving Natural Knowledge, beg leave to tender to
Your Royal Highness vur warmest congratulations on the safety and
recovery of Your Royal Highness’s Consort, our beloved' Sovereign, .
and on the birth of Your Royal Highness’s daughter. That she
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- the excision of a limb, also frequently heal. -

ST e B

and gohietimes at}heif base : in the first case, pafis_éirfxﬂaf to those

removed were invariably reproduced in différent.states of develop-
ment, and in the latter, 'gantTirq new limbs werejformed‘; in some i
stances, at the second change of the. larva, when it passed into the

pupa state; but in two or three instances no reproduction took

*place. At first view, this difference in the results might appear to
favour the opinion that thjg reproduction of limbs depends on the
existence of parts especially adapted to perform this function, and
which, ifi those experiments that had. failed to exhibit the phenos
menon, had been, themselves removed. DBut t:he author found that '
in every instance of the mutilations thus practised, the perfect in-
. sect possessed a coxa, or basilar part of the limb ; and this was the .
case even in those in which a new organ was n& reproduced. From -
this fact, taken in conjunction with the formatioh of new entire limbs
in the Iulide after the removal of every portion of| the previous
ones, the author infers that the power of reproduction resides in the
whole of the organized tissues, U R ‘

The author found that each newly produced limb is, in every
case, composed of all it essential parts, namely coxa, femur, tibia,
tarsus and claw ; but its'development is scarcfly ever| entirely nor-
mal, being either deficient fn some of the tarsal joiuts, or irregular
in the development of its armature. R f

* The following are the general conclusions \#j*hich tl}e author . de-

_duces from his investigations. Slight wounds ih the latvae of inscets
~always heal, except when the viscera have protruded, or excessive
hemorrhage has occurred : severe wounds, such as those attending
, ft is when the wound
is.in the line of action of the princijpal muscles of the body that pro-
trusion of the viscera takes place. For the healing of wounds, the
first requisite is the arrcst of the hemorrhage§ and this is effected,
as in the higher animals; by the coagulation of the blood, and the
forination of a clot; and then a complete union of the separated
parts takes place beneath the eschar formed by the clot. - After this
union, the reparation of the injury is commenced by a development,
from the injured surface, of ‘Farts cofresponding to those that had
been removed. For the production of a new limb, gne change of
skin, at least, is necessary. The healing of the wound after the
removal of a part, and the subscquent reproduction, glthough they
- do not prevent, yet certainly retard the patural changes.  Lastly,
the author has cstablished: the fact, that reproduction| of lost parts
takes. place in metaholic as well as in the ametabolic articulata.
The paper is accompanied with drawings of reproduced parts.

5. “ On the Changes of Temperature in‘oducfed by the Rarefaction
and Uondensation of Air.” By James Prescott Joule) Esq.  Com-
municatéd by P. M. Roget, M.D., See. R.S. o

In order to estimate with greater accuracy than has hitherto been
done the quantitics of heat evolved or absorbed duging the conden-
sation or rarefaction of atmospheric air, the author [contrived an

apparatus where both the coudensing pump and the recciver-were

; ) . H
‘ |
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~immersed in a large quantit; of water, the changes in:the tempe-

H : [y p i
rature of which were ascertained by a thermowneter of extreme sen-

sibility. By comparing the amount of force expended in-condensing
air in the receiver with the ?ua'n(ity"of heat evolved, af‘t.%r.dcducting

that which was the effect of friction, it was found that a mechanical

. force, capable of raising 823 pounds to the height of one foot, must

%

be applicd in the conden_sart_ﬂon’ of air, in order to raisc the tempe-

“rature of one pound of water one degree of Fahrenheit's scale. In

another experiment, when air condensed in on¢ vessel was allowed
to pass into another vessel rr(')m which the air had been exhausted,
both vessels being immersed in-a large recciver full of water, no
change of temperature took place, no mechanical poWer having been
developed. The author considers. these results as. stljohgly COrro.
borating the"dynamical theory of the nature of heat, in opposition
to that which ascribes-to it materiality ; but he reserves the further
discussion of this question} to a future communication, which he
hopes soon to present to th'{“, Royal Society. | ’ . .

The Societyy then adjourned over the long vacation, to mect again
on the 21st Nov. next. | | .
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Diese Untersuchungen erfordern minutidse Vorsichts-
mafsregeln, wenn das Endresultat fehlerfrei seyn soll. Das
Rheometer mufs hinreichend entfernt seyn, damit es nicht
von dem durch den Volta’schen Strom erregten.Magnetis-
mus afficirt werde. Die durch Magnetisirung und Ent-
wagnetisirung der Elcktromagnete in dem Schliefsdraht der
Thermosiule erzeugte Induction mufs in Rechnung gezogen
- werden. Die Elektromaguete diirfen nur it dicken Drih-
ten construirt werden, nnd wan mufs sich versichern, dafs
der Durchgang der Elekiricitiat sie nicht auf eine fiir das
Mefsinstrument merkliche Weise erwirme. Man mufs alle
nicht durch den diathermanen Korper gehenden Wirme-
strablen der Quelle ausschliefsen, die Glimmersiulen so
wihlen und aufstellen, dafs sie von der durchgehenden
Wirme die moglich grofste Menge polarisiven uw. s. w.
Die von Hru. W. beobachteten Effecte sind nicht sebr
betrachtlich, aber er hilt sie dennoch fiir entscheidend. Er
glaubt, dafs man durch kriftigere elektrische Apparate und:
ein emfindlicheres Rheometer die Unterschiede in der Ab-
lenkung der Nadel vergrofsern wiirde. Man darf nicht ver-
gessen, dafs das Mittel, welches er zur Polarisation der
Winae hat anwenden gemufst, nur einen Theil derseiben po-
larisirt, ‘und dafs nur bei diesem mehr oder weniger gro-
fsen Bruch von der gesammten Stralung eine Drehung der
Polarisationsebene ‘und ein Unterschied im Durchgang durch
die zweite Glimmersiule stattfindet,

A —— -~

X1. Ueber das Mazximum der Dichte des FVassers;
“von James P. Joule und Lyon Playfair.
(Phil. Magaz., Ser, IlI, ¥Vol. XXX, p.41. Auszug.)

Zur Losung der oftmals behandelten Aufgabe, das Dich-
tigkeits -Maximum des Wassers zu bestimmwen, haben sich
die Verfasser der von Hope erfundenen und spiter vou
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Tralles, Rumford, Eckstrand, (Hillstriom) ') und
.Despretz angewandten Methode bedient, welche daranf
berubt, dafs in Wasser, dessen Schichten eine ungleiche
Temperatar besitzen, diejenigen von der Temperatur des -
Maximums niedersinken, wihrend die tibrigen sich erheben.
Sie halten diese Methode fiir genauer als die, bei welcher
entweder die Ausdehnung des Wassers in einem Gefifse
gemessen, oder das Gewicht eines starren Korpers bei ver-
schiedenen Temperaturen in Wasser bestimmt wird, glau-
ben aber, dals Hope und seine Nachfolger sie noch nicht
in der vortheilhaftesten Weise ausgeftihrt haben. Sie fan-
den es nothig, zu diesem Belufe ein Instrument von fol-.
gender Einrichtung zu gebrauchen,

aa, Fig. 11, Taf. II, sind zwei cylindrische Gefilse von
Weifsblech, 44 ¥ufs in Hohe, 6 Zoll im Durchmesser, und
am Boden durch eine Messingrohre & mit wohl schliefsen-
dem Hahn mit einander verbunden. Die Rohre ist 6 Zoll
lang, und tritt einen Zoll tief in jedes Gefifs hinein. Bei
geoffnetem Hahn ist zwischen beiden Gefifsen einc freie
Communication von einem Zoll Durchmesser. ~ Oben sind
die Gefifse verbunden durch eine rechteckige Rinne. von
Blech ¢, 6 Zoll lang und 1 Zoll breit. In der Mitte die-
ser Rinne findet sich ein Schieber, durch welchen nathi-
genfalls die Bewegung des Wassers in der Rinne gehemmt
werden kann.

An zwei Stellen werden dle Gefifse durch Holzleisten
d, d gehalten, und um zu verhiiten, dafs durch die Atmos-
phire grofsere oder geringere Erwirmungen oder Erkil-
tungen als die gewiinschten eintreten, sind sie vollstindig mit
Heuvbdndern (Haybuads) bekleidet. Wihrend der Versu-
che steht das Instrument auf einem Dreifufs, und dieser
wiederum auf einer vom Fufshoden getrennten Unterlage;
“um alle Erschiitterungen fern zu balten.

Sind nun die belden Gefiifse mit Wasser gefiillt, und
sowobl durch Oeffnung des Hahns als durch Fortnahme
1} Dessen Untersuchuug den Verfassern unbekannt geblieben zu seyn scheint.

P,
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des Schicbers in Gemeinschaft gesetzt worden, so wird sich
offenbar in der Rinne oben an den Gefifsen ein Strom
einstellen, sobald die Dichtigkeit des Wassers in dem ei-
nen Gefifse im Mindesten anders ist als in dem zweiten.

Die angewandten Thermometer waren von Hufserster
Genauigkeit, ihrer ganzen Linge nach calibrirt, und so
empfindlich, dafs sie Temperatur- Aenderungen von weniger
als 0,01 eines Fahrenheit'schen Grades angaben. Ihr Frost-
punkt war einige Stunden vor den Versuchen sorgfiltig be-
stimmt worden. Jedes Gefifs war mit einem Rithrer verse-
hen, bestehend aus einer an einem diinnen Eisenstab befestig-
ten Blechscheibe von 4 Zoll Durchmesser; vor jedem Ver- -
such wurde das Wasser wit diesem Werkzeug wohl um-
geriibrt.

Um die Bewegung des ‘Wassers in der Rinne am obe~
ren Ende ‘der Gefifse zu messen, legte man.auf dasselbe
eine hohle Glaskugel von drei Viertelzoll Durchmesser und
so abgepafstem Gemcbt dafs sie 8o eben schwamm, Sorg-
faltig sah man darauf, dafs sie nicht an den Seiten anhing.

Das angewandie 'Wasser hatten die Verfasser selber in
sauberen Blechgefifsen destillirt, und moglichst luftfrei ge-

~ halten.

Das Verfabren war folgendes. Nachdem die Gefifse
mit destillittem Wasser von etwa 37° F. gefiillt worden,

wurde die Temperatur des einen Gefifses, dutch Zusatz
von heifsem Wasser, auf 41°,5 F. gebracht. Dann tauchte
man zwei empfindliche Thermometer, von Stativen gehal-
ten, mit ihren Kugeln bis zu einer Tiefe von sechs Zoll
in das Wasser, rithrte, bei verschlossenein Hahn und ein-
gesetztem Schieber, das Wasser in jedem Gefafse wohl durch,
und zeichnete die von den Thermometem angegebenen Tem-
peraturen auf.

Nun dffnete man den Hahn und entfernte vorsichtig den
Schieber, setzte nach drei Minuten die Glaskugel in die
Rinne und beobachtete zwei bis drei Minuten lang dic Be-

- wegung derselben mit Halfe einer au der Rinne befindli-
chen Scale. ' i
Auf
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‘Auf diese Weise wurden die folgenden Beobachfungs
reihen erhalten, bei dereri erster die Lufttemperatur im La-
boratorio 38° F. und deren tibrigen 41° F. betrug.

Temp. des Wassers im fMiul, Termp.

wirmeren | kilieren heider Gesd;vi;;x?;gkqhsdes aStmms.
Gefafse. Gefafse. olte pro Stunde.
Reihe & :
41°,183 37%,348 | 39°26% 280 ans dem whrmeren Gefifs
41,129 387 ,368 39 248 240 = dite -
40,959 37 363 39,181 2 -~ - dito -
40 905 37 ,368 39 ,136 8§ « - dito -
40,711 37 317 39,014 40 - - lkiliteren -
. Reihe K
40°,742 37°,368 990,055 22 - - killteren -
40,758 37 420 39,080 -8 - - waArmeren - ~
40,773 a7 470 39,128 60 - - dito -
 Reihe IL
40°,332 379633 38°,982 70 ~ ~ kilteren -
40 ,402 37 682 39 ,043 86 - -~ dito -
40 425 37,709 39 067 6 -~ - dito -
40 ,440 37,745 39 492 8 -~ - dito -
40 ,448 37,1 39 120 30 - -~ dite -
49 467 37 837 39,152 12 -~ -~ wirmeren ~
440 483 37 813 39,178 3o - - dito -
Raihe IV,
39°.921 38°383 39°,151 8% - .~ wiirmeren -
39864 | 35,39 | 39,331 - - dite -
39 8321t 38 362 39,091 0 - - dito -
39,7182 38 332 39 ,057 24 - =~ kiiteren -

Indem nun die Verfasser mittelst einer graphischen Con-
struction die Temperatur bestimmen, bei welcher, nach die-
sen Beobachtungen, die Geschwindigkeit des Wassers in
" der Ripne Null ist, finden sie den Punkt des Maximums
der Dichte des Wassers: '

Aus L 390102 F.
- 11 39 078 -
- 39 ,134 -
~ i¥ 39 091 -~ ‘
Mittel 38°,101 F.=3°945 C.
PaggeudoriPs Annal. Bd. LXX1. 37




578

und sie halten diesen Werth bis auf ein Hundertel eines Fah-
renheit’schen Grades fir richtig. Sehr nahe stimmt damit
der von Depretz nach der Hope’schen Methode gefun.
dene Werth ==39°,177 F. ==3°987 C. (S. Ann. Bd. 4},
S.64), was die Verfasser als ein Kennzeichen der Gite
dieser Methode ansehen, wihrend sie in den betrachilichen
Abweichungen, welche die auf anderen Wegen erhaltenen
Resultate theils unter sich, theils mit dem obigen Werthe
darbieten, einen Beweis der Unzulinglichkeit dieser Me-
thoden erblicken *).

XII. Genaue Bestimmung der Dispersion des Men-
schenauges durch divecte Messungen;
von Hrn. Adolph Matthiessen aus Altona..

Die Comptes rendus (T. XXIV, p.875) theilen von die-
ser, der Pariser Academie iiberreichten Arbeit folgende Re-
sultate mit: -

1) Der Abstand des deutlichen Sehens einer Theilung
auf Glas im Durchschein von rothem monochromatischem
Lichte, dessen Wellenlinge im Mittel dem Strahl B des
Sonnenspectrums’ entspricht, ist fiir Fernsichtige mehr als

t) Man darf dabei aber woll nicht iiberschen, dofs die Unzuverlassigheit
dieser 2u schr verschicdenen Zeiten evhalicnen Resultate {deven iltere
man von Hallstrém in dies. Ann,, Bd. 1, S 148, tghellarisch zusam-
mengestellt findet) nicht allein in den Metboden, sondern auch und ge-
wifs nehr noch in der Art jhrer Ausfilkrung, in der Beschalfenheit der
dabei angewaandten Ther ter u. s. w, zu suchen ist. In sciner leiz-
ten Abhandlung setzt Hallstrom den wahrscheinlichsten, aus VWigun-
gen sich ergebenden VWerth =23°90=:004 C. (Ann., Bd. 34, S. 245)
was nicht gar schr von dem obigen abweicht. Nach der Hope'schen
Methode, die derselbe, nack der ilteren VWeise ausgefihri, far nicht sehr
zaverlissig erklan, fand er ira Mite} 224°004 C (beim Eckalten 4575
beim Erwirmen 3°433 ) (Ann., Bd. 9, S. 543). Der letztere Werth
stimmt nahe mit dem van Des pretz durch 18 Versuche mit VVasser-
ther tern gefund ==24°007 C. (Aon , Bd. 41, S. 65 und Bd. 62,
5.284). : p.
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 skeleton is highly dé‘vél_oped,‘ the vertebra appeéar to have the double |

concave articulation cdmnﬁon amongst fish and enaliosaurs, -
The author, in ‘cot’)clus‘pn, acknowledges his obligations to Sir
Philip M. de Grey Egerton, M.P,, Dr. Mantell; Mr. Binney, Mr.

J. E: Gray and Mr. Searles Wood, for l‘heir_j‘v_aluab_l‘ “co-operation

in supplyin'g‘many‘impo'rtént specimens for e)fa!nirlatim;.»

. _‘ CE i !
4. “ On the Mechanical Equivalent of Heat.” l+y_J. P. Joule,
Cor. Associate R, Acad. Sciences, Turin, &¢. - Communicated by
M. Faraday, D.C.L., F.R.S., Foreign Memb. Acadl, of Sciences,
Paris, &e. ‘ R ‘ S ‘

After passing in review the experimental researches of Rumford,
Davy, Dulong, Faraday, and others who have successively discoveréd:
facte tending to p_roVe-thqt heat is not-a substance, but a mode of
force, the author mentions the papers he has élrea’dy comnmunicated
to the Royal Society, and 1publishe(l in the Philosophical Magazine,
in which he has endeavouied to show that in the production of heat
by the expenditure of force, and vice versd,p‘in the | production of
force by the expenditure of heat, a constant relation always subsists
between the two. - ‘This relation he denominﬁates the « Mechanical
Equivalent of Heat,” and the object of the present paper is to advance

| 0

“fresh proofs of its éxistence, aud to give to it the numgrical accuracy

n carrying out the above design, the autlior has determined the
relation of work done to heat produced ih the cases ‘of the friction,—
1st, of water ; 2nd, of mercury ; and 8rd, of cast iron.

In the experiments on the friction of the! fluids, the liquid”was
contained in a covered cylindrical vessel of copper of iron, and the
agitation was effected by vanes of brass or iron, fixed to a vertical
axis revolving in tho centre of the vessel, whilst fixed vanes pre-
vented the liquid being whitled in the direction of rofation. In the:
experiments on the friction of*solids, a disc of cast iron was rotated
against another disc of cast iron pressed against it; the whole being
immersed in a cast-iron vessel filled with mereury.
~ The force expended was measured by the descent of the weights
cmployed in rotating the apparatus; and great care was taken to
correct it for the friction of the axes of the pullies enjployed, &e.

The heat evolved by the friction was measured by, exact thermo-
‘meters, and very laborious precautions were taken in order to climi-
‘nate the effects of radiation or conduction of heat tg and from the
surrounding atmosphere. The cortécted thermometric cffect was
then reduced to a known capacity for heat, by means of extensive
series of experiments made in order to ascertain the specific heat of
the materials in which the thermometric effect was observed.

In this way the number of units of work, estimated in pounds one
foot high, required to be done in order to develope one degree Fahr.
in one pound of water takenm at about 50°.wvas found to be as
follows :— ‘ . 1 ' '

772:692 from friction of water, a mean of 40 experiments.
774-083 from friction of mercury, a mean of 50 experiments.
774:987 from friction of cast iron, a mea‘n of 20 tk'xpcrimcnts.

rc(}uisite to fit it as a starting-point for further inquirjes.



. re g

:

1L On the Mechanical Equivalent of Heat. By Jawss Puscorr Jouis, F.C.S,,
Sec. Lit. and Phil. Society, Manchester, Cor. Mem. R.A., Turin, &c. Commu-
nicated by MicHaeL Faravay, D.C.L., F.R.S., Foreign Associate of the Academy
of Sciences, Paris, &c. §c. &c. ’ f ' .

Received June 6,—Read June 21, 1849,

* Heat is a very brisk agitation of the insensible parts of the object,ﬂw!iﬁch produces in us that sensation

from whence we denominate the object hot; so what in our sensation is heat, in the object is nothing but
motion.”"—LocxE. ' ‘ o .

* The force of a moving bedy is proportional to the square of its velocity,i or to the height to which it would
rise against gravity.” —LEeisxiTz, ’

IN accordance with the pledge I gave the Royal Society some years ago, I have now

the honour to present it with the results of the experiments I have made in order to

~ determine the mechanical equivalent of heat with exactness. I will commence with
a slight sketch of the progress of the mechanical doctrine, endeavouring to confine

myself, for the sake of conciseness, to the notice of such researches as are imme--

diately connected with the subject. I shall not therefore be able to review the valu-
"able labours of Mr. Forees and other illustrious men, whose researches on radiant
heat and other subjects do not come exactly within the scope of the present memoir.

For a long time it had been a favourite hypothesis that heat consists of “ a force or .

*_ power belonging to bodies*,” but it was reserved for Count Rumrorp to make the first

experiments decidedly in favour of that view. That justly celebrated nhmral philoso--

pher demonstrated by his ingenious experiments that the very great quantity of heat
excited by the boring of cannon could not be ascribed to a change taking place in the
calorific capacity of the metal; and he therefore concluded that the motion of the

borer was communicated to the particles of metal, thus producing the phenomena of

heat :— It appears to me,” he remarks, < extremiely difficult, 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 3-tbese experiments, except
it be motion+.” ' . :“ i o

One of the most important parté of -Count Rumrorp’s pépér, “thuugll one to x;rhieh o

* Crawford on Animal Heat, p- 15,

. vol. aviii p. 286.

|

-

Al

i i v
Lk R

+ “ An Inquiry concerning the Source of the Heat which is excited by T—icﬁgn."g: Phil. Trans, Abndged,
L k |
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little attention has hitherto been paid, is that in which be makes an est;maté of the
_ quantity of mechanical force required to produce a certain amount of heat. | Refer-
__ring to his third experiment, he remarks that the - total ‘quantity of ice-cold water
which, with the heat actually generated by frlctlon, and accumulated in 2" 30™, might
have been heated 180°, or made to boil,=2658 1bs.” * In the next page he states that
 “the machmery used in the experiment could easily be carried round by the fo: ce of
one horse (though, to render the work lighter, two ho;ses were actually employed in
doing it).” Now the power of a horse is estimated by Watt at 33,000 foot-pounds
per minute, and therefore if continued for two hours and a half will amount to 4,950,000
foot-pounds, which, according to Count Rumrorp's experiment, will be equivalent to
26:58 1bs. of water raised 180°. Hence the heat required to raise a lb. of water 1° will -
be equivalent to the force represented by 1034 foot-poundq This result is not very
widely different from that which I have deduced from my own experiments related
in this paper, viz. 772 foot-pounds ; and it must be observed that the excess of Count
Rumrorp’s equivalent is just such as might have been anticxp'lted from the circum-
stance, which he himself mentions, that “no estimate was made. of the heat accu-

\
mulated in the wooden box, nor of that dispersed during the experiment.”

~About the end of the last century Sir Humpary Davy, communicated a paper to . |

Dr. Beppoes’ West Country Contributions, entitled, « Researches on Heat, Light
and Respiration,” in which he gave ample confirmation to the views of Count Rum-
rorp. By rubbing two pieces of ice against one another in the vacuum of an air-
pump, part of them was melted, although the temperature of the receiver was kept
_ below the freezing-point. This experiment was the more decisively in favour of the
doctrine of the immateriality of heat, inasmuch as the capacity of ice for heat is much
less than that of water. It was therefore with good reason that Davy drew the in-
ference that  the immediate cause of the phenomena of heat is motion, and the laws
of its communication are precisely the same as the Iaws of the communication of
motion+.” ‘

The researches of DuroxG on the specific heat of elastic fluids were rewarded by
the dxscove:y of the remaxl\able fact that “equal volumes of all the elastic fluids,
taken at the same temperature, and under the same pressure, being compressed or
dilated suddenly to the same fraction of their volume, disengage or absorb the same
absolute quantity of heatt.” This law is of the utmost 1mp0|tance in the development
of the theory of heat, inasmuch as it proves that the calouﬁc eﬁ'ect is, under certain
_conditions, proportional to the force expended. ) ~

In 1834 Dr. Farapay demonstrated the Identity of the Chemwal and Eiecmcal
Forces.” This law, along with others subsequently dlSCuvered by that great man,
o showmg the relations Whlch subsist between magnensmw electnmty and hght ‘have

¥ An Inqmry concerning the Source of the Heat'which is exc;ted bL Frtctwn - Phil, 'l’rams Abndged
- xviii. p. 283. o ‘

Elements of Chemical Phglosoph_v, p. 94 Mémmres de l'Ad:ademxe des Scxences, t. x.p: 188. .

P |
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enabled him to advance the idea that the so-called imponderable bodies are merely
the exponents of different forms of Force. ‘Mr. Grove and M. Maver have also’ »
given their powerful advocacy to similar views. e P
My own experiments in reference to the subject were commenced in 1840, ini‘}vhieh

year I communicated to the Royal Society my discovery of the law of the heat ejolved
by voltaic electricity, a law from which the immediate dedgctions were drawn,—1st,
that the heat evolved by any voltaic pair is proportional, ceeteris paribus, to its inten-
sity or electromotive force*; and 2nd, that the beat eyoljved by the combustion of
a body is proportional to the intensity of its affinity for oxfgen*%. I thus succeeded
in establishing relations between heat and chemical aflinity. In 1843 I showed that -
the heat evolved by magneto-electricity is proportional toj the force absorbed; and
that the force of the electro-magnetic engine is derived from the force of chemical

affinity in the battery, a force which otherwise would be ev‘olved in the form of heat:

from these facts I considered myself justified in announ(‘:ing “that the quantity of

heat capable of increasing the temperature of a Ib. of wat%er by one degree of Fanr-
ENHEIT'S scale, is equal to, and may be converted into, a mechanical force capable
of raising 838 Ibs. to the perpendicular height of one foot}.”

In a subsequent paper, read before the Royal Soeiety in 1844, I endeavoured to
show that the heat absorbed and evolved by the ra;efac_tfoné and condensation of air
is proportional to the force evolved and absorbed in those 6perations§. The quan-

titative relation between force and heat deduced from these experiments, is almost
identical with that derived from the electro-magnetic experimnents just referred to,
and is confirmed by the experiments of M. SEcuix on the dilatation of steamjj.. -

From the explanation given by Count Rumrorp of the heat arising from the fric-
tion of solids, one might have anticipated, as a matter of course, that the evolution
of heat would also be detected in the friction of liquid and gaseous bodies. Movre-
over there were many facts, such as, for instance, the warmth of the sea after a few
‘days of stormy weather, which Lad long been commonly attributed to fluid friction.
Nevertheless the scientific world, preoccupied with the hypothesis that heat is a sub- -
stance, and following the deductions drawn by PicteT from experiments not suffi-

_ ciently delicate, have almost uhanimously denied the possibility of generating heat in
that way. The first mention, so far as I am aware, of experiments in which the evo-
~ lution of heat from fluid friction is asserted, was in 1842 by M. Maver€], who states
that he bas raised the temperature of water from 12° C. to'13° C,, by agitating it,
without however indicating the quantity of force employed, or the precautions taken
to secure.a correct result. In 1843 I announced the fact  that < heat is evolved by
the passage of water through narrow tubes**,” and that each degree of heat per 1b.

of water required for its evolution in this way a mechanical force represented by »

i : b
* Phil, Mag. vol. xix. p. 275. t Ibid. vol. xx. p. 111." } 1 Ibid. vol. xxiii. p. 441,
§ Ibid. vol. xxvi. pp. 375. 879. I Comptes Rendus, t. 25, p. 421, S
9 Annalen of WaiiLer and Liksie, May 1842, : *# Phil. Mag. vol. xxiii, p. 442.
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770 foob—pounds. Subsequently, in 1845* and 1847+, I gmployed a paddles}wheel to
.produce the fluid friction, and obtained the eqm_valepts 7815, 7821 and 18/ ‘6, re-
spectively, from the agitation of water, sperm-oil and mercury. Results ﬂo closely
coinciding with one another, and with those prevmusly derived from expe riments
with elastic fluids and the electro-magnetic. machine, left no doubt on my mmd as to
the existence of an equivalent relation ‘between force and heat ; bat still it appealed
of the highest importance to obtain that relation with stlll greater accuracy. This I
have attempted in the present paper. ‘ »

- Description of Apparatus—The thermometers employed had their tubes calibrated

and graduated according to the method first indicated bﬂr M. Reenaurt. Two of them,
- which I shall designate by A and B, were constructed by Mr. Dancer of Manchester ;
the third, designated by C, was made by M. FasTr of Paris. The graduation of
these instruments was so correct, that when compared itogether their indications co-
incided to about 135th of a degree Fanr. I also possessed another exact instrument
made by Mr. DaNceRr, the scale of which embraced b}oth the freezing and boiling-
points. The latter point in this standard thermometer was obtained, in the usual
manner, by immersing the bulb and stem in the steam arising from a considerable
quantity of pure water in rapid ebullition: During the trial the barometer stood at
29'94 inchés, and the temperature of the air was 50°; so that the observed point re-
quired very little correction to reduce it to 0760 metre and 0° C., the pressure used
in France, and I believe the Continent generally, for determining the boiling-point,
and whieh has been employed by me on account of the number of accurate thermo-
metrical researches which have been constructed on that basis}y. The values of the
scales of thermometers A and B were ascertained by plunging them along with -the
standard in large volumes of water kept constantly at various temperatures. The
value of the scale of thermometer C was deterimined by comparison with A. It was
thus found that the number of divisions corresponding to 1° Faur. in the thermo-
meters A, B and C, were 12:951,'9-829 and 11647, respectively. And since constant
practice had enabled me to read off with the naked eye to Ji5th of a division, it fol-
lowed that 53gth of a degree Faur. was an appréciable temperature.

* Plate VILI. fig. 1 represents a vertical, and fig. 2 a horizontal plan of the apparatus em-
ployed for producing the friction of water, consisting of a brass paddle-wheel furnished
with eight sets of revolving arms, a,a,&c., working betwe;en four sets of stationary vanes,

* Phil. Mag., vol. xxvii. p. 205. .t Ibid. vol. xxxi. p. 173, and| Lomptes Rendus, tome xxv. i). 309.
% A barometrical pressure of 30 inches of mercury at 60° is very generali} employed in this country, and

- fort\mately agrees almost exactly with the continental standard. In the * Report of the Committee appointed

by the Royal Society to consider the best method of adjusting the Fixed Points of Thermometers,” Philosophical
Transactions, Abridged, xiv. p. 258, the barometrical pressure 29:8 is recommended, but the temperature is
~not named,—a remarkable omission in a work so exact in other respects. '
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b, b, &e., affixed to a framework also in sheet. brass. - The brass axis of the | ddle—
wheel worked freely, but without shaking, on its bearings at c, c, and at d was divided
into two parts by a piece of boxwood int'e'rvening, §0 as to prevent the conduction of

heat in that direction. : : e s S
* Fig. 3 represents the copper vessel into which the revolving apparatus was ﬁrmly
- fitted: it had a copper lid, the flange of which, furnished with a very thin washer of
leather saturated with white-lead, could be screwed’ perfectly water-tight to the flange
of the copper vessel. In the lid there were two necks, a, b, the former for the axis to

~ revolve in without touching, the latter for the insertion of the thermometer.
Besides the above I had a similar apparatus for experiments on the friction of mer-
cury, which is represented by figs. 4,5 and 6. It differed from the apparatus already
described in its size ; number of vanes, of which six were rotary and eight sets sta-
tionary ; and material, which was wrought iron in the paiddle—whecl, and cast iron

in the vessel and lid. :

|

Being anxious to extend my experiments to the friction of solids, I also procured
the apparatus represented by fig. 7, in which ¢ @ is the axis revolving along with the
beveled cast-iron wheel &, the rim of which was turned tn‘Qe. By means of the lever
¢, which had a ring in its centre for the axis to pass through, and two short arms d,
the bevel turned cast-iron wheel e could be pressed against the revolving wheel ; the
degree of force applied being regulated by hand by wmeans of the wooden lever f
attached to the perpendicular iron rod g, Fig. 8 represents the apparatus in its
cast-iron vessel. -

Fig. 9 is a perspective view of the machinery employed to set the frictional appa-
x’%tﬁs just described in motion. aa are wooden pulleys, 1 foot in diameter and.
2inches thick, having wooden vollers bb, bb, 2 inches in diameter, and steel axles cc, e,
one quarter of an inch in diameter. The pulleys were illrneti perfectly true and equal
to one another. Their axles were supported by brass friction wheels dddd, dddd, the
steel dxles of which worked in holes drilled into brass plates attached to a very strong

~ wooden framework firmly fixed into the walls of the apartment*, '
. The leaden weights e, e, which in some of the ensuing experiments weighed aboat
291bs., and in others about 10 Ibs. a piece, were suspended by string from the rollers
- bb, bb; and fine twine attached to the pulleys a a, connected them with the central
- voller f; which, by means of a pin, could with facility be attached to, or removed
from, the axis of the frictional apparatus. ' o

The wooden stool g, upon which the frictional uppa-ramsi‘ stood, was perforated by

a number of transverse slits, so cut out that only a very few points of wood came in
contact with the metal, whilst the air had free access to almost every part of it. In

this way.the conduction of heat to the substance of the stmln! was avoided.

* This was a spacious cellar, which had the advantage of possessing an m,ffurm-itjy of temperature far 's'ﬁpé‘ ’

. Tior to that of any other laboratory I could -have used.
__-MDCCCL. K
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‘A" large wooden screen (not represented in. the figure) completely obvmted the
‘effects of radiant heat from the-person of the experimenter.
The method of experimenting was simply as follows :—The temperature of the fnc-
 tional apparates having been ascertained and the Wewhts wound up with theJ assist-
ance of the stand &, the roller was refixed to the axis. The precise bexght}of the
weights above the ground having then been determined by means of the graduated
slips of wood k, £, the roller was set at liberty and allowed to revolve until the
weights reached the flagged floor of the laboratory, after accomplishing a fall of
about 63 inches. The roller was then removed to the stimd the weights wound up
again, and the friction renewed. After this bad been repeated twenty times, the ex-
periment was concluded with another observation of tbe temperature of the appa-
ratus. The mean temperature of the laboratory was determined by observations:
made at the commencement, middle and termination of e‘ach experiment.
Previously to, or imnmediately after each of the experiinents, I made trial of the
effect of radiation and conduction of heat to or from thF atmosphere, in depressing
or raising the temperature of the frictional apparatus. In these trials, the position of
the apparatus, the quantity of water contained by it, the time occupied, the method
of observing the thermometers, the position of the experimenter, in short everything,
with the exception of the apparatus being at rest, was the same as in the experiments
in which the effect of friction was observed.
1st Series of Experiments—Friction of Water. Weight of the leaden Weights along
with as much of the string in connexivn with them as served to increase the pressure,
= 203066 grs. and 203086 grs. Velocity of the weights in descending, 2'42 inches per

- second. 'Time occupied by each experiment, 35 minutes. Thermometer employed
for ascertaining the temperature of the water, A. Thermometer for registering the
temperature of the air; B.

TaeLe L
No. of experitr;ent Total fall of Mean tl‘)‘i(f:ee;e;c;:e;f e Temperi“i",ﬂ?gfnis Gain or loss of
and cause of change weights in temperatare 1.1 o s and 6 c ¢ i T " £ heat during
-of temperature. inches. of air. and column 3. Oc;uﬁx;;;x;;:;r::: i glsé:iyt?;.o . experiment.
-} Friction ...... 125696 | 35698 3232 55118 55774 | 0656 gain
1'Radiation ol 0 57-868 2:040— 55774 55-882 0:108 gain
. §2 Friction ...... 125516 - 58-085 1-875— 55882 56:539 | 0-657 gain
{2 Radiation - 0 58370 1:789— 56539, 56:624 0+085 gain -
3 Friction ...... - 1253-66 60-788 1:586 — | 58870 59515 0645 gain
3 Radiation ... 0 60-926 1373~ 59515 59:592 0:077 gain
|4 Friction ......| 125274 61001 1110— 59-592 60-191 | 0-599 gain
4 Radiation ..; - 0 | 60890 0:684— 60-191 60-222 - | - 0°031 gain
S e 3 O T T S -
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.TasLe I. (Continued.)
No. ofuexperiment > Total fall of ~Mean : g een mnce :):f BN Tempa‘mt'ufe of apparatus. Gain or loss of
and eause of change]  weights in temperature | oopine s and 61 G : & 1 Terminati of heat during .
of temperature, inches. of air. and column 3. | of experiment: | experiment. ¥
5 Friction....... 125181 66-940 0431— | 60-222. 66797 0-575 gain
5 Radiation .... = @ 61-035, 0237 — - 60-797 60-799 8002 gain
6 Radiation ... 0 59675 0125+ | 59805 59795 | 00101loss
6 Friction 1254-71 59-919 0157+ 59795 . 60°357 0-562 gain
7 Radiation ... 0 59-888 0-209— | 59677 59-681 0004 gain
7 Friction......|  1254-02 60076 0-111— 59-681 60249 0-368 gain
& Radiation ... 0 58-240 0609+ 58871 58-828 0-043 loss-
8 Friction ......| 1251-22 58237 0-842 + 58828 59-330 0-502 gain
| .
9 Friction......| 125392 55328 0070 + 55118 55678 0-560 gain
© 9 Radiation ... 0. 55528 0-148 + 55678 55674 0-004 loss
10 Radiation ... 0 54941 0-324— 54614 54620 0-006 gain
10 Friction....... 1257-96 54-985 0-085 — 54-620 55-180 0-560 cain
11 Radiation .. 0 55111 0-069+ 55-180 55180 | - 0-000
11 Friction...... 125859 55229 0227 + 55-180 55733 0-553 gain
12 Frietion .. .. 125871 55-433 0-238 4 55-388 55:954 0-566 gain
12 Radiation ... 0 55687 0-265 + 55-954 55-950 0004 Joss
13 Friction...... 1257-91 55677 0542 4 55950 56-488 0:538 gain
13 Radiation ... 0 55674 0-800 + 56-488 56461 0-027 loss
14 RaAdiation 0 55579 0583 — 54987 © 55006 0-019 gain
14 Friction.......|  1259:69 55-864 0568 — 55+006 550387 0581 gain
15 Radiation ...| 0 56-047 L0448 — 55°587 55612 0025 gain
15 Friction...... 125950 56-182 0-279— 55612 56195 0-583 gain |
16 Friction...... 125964 55-363 0-099+ 55195 55739 0-544 gain
16 Radiation ... 0 55483 0-250 + 55739 55728 0-011 loss
17 Friction....... 125964 53498 © 0499 4 55728 . 56266 0°538 gain
17 Radiation ... 0 55541 0709+ . 56-266 56-235 0-031 loss
18 Radiation ... 0 56769 1512 — 55230 | 55284 0054 gain
18 Friction......  1260-17 56966 1372 — 55-284 55-905 0-621 gain
19 Radiation .. 0 60-058 1763 — 58-257 58334 0-077 gaid™
19 Friction......| 1262-24 60-112 1450 — 58354 58990 0-656 gain
20 Radiation ... 0 60-567 1542 — 58990 59-060 0-070 gain
20 Friction...... 126104 60-611 1239 — 59:060 59-685 _0°625 gain
21 Friction......| 126407 58:654 0321 — 58030 58616 0:566 gain
21 Radiation ... - 0 58-627 0018 — 58-61‘@ 58-603 0013 loss .
22 Friction......| 120297 58631 0243+ 58603 | . 50145 | 0542 gain
22 Radiation ... 0 58624 0505+ 59'14‘5 59-114 0031 joss
23 Friction...... 126472 59-689 14100 — 58284 | 58894 0610 gain
23 Radiation ...| - 0 59-943 1027 — 58894 . | - 58938 0-044 gain
1 2 3 4 5 6 7

K2
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Tasre I.- (Continued.)
No. of experiment | Total fall of | Mean | pierencebe |  Temperature of apparatus. | gy o oss of
and cause of change w.eights in temper.ature 1 5 and 6. Coms t | Termination of heat glurn‘g
of temperature. inches. of air. and-column 3. | of experiment. experiment. rexperiment.
24 Radiation , 0 60157 | 1160 — | 58977 | 59017 10040  gain
24 Friction ......| 1263:94 59811 | 0505 — | 59017 - | 59595 (0578  gain
25 Radiation ... 0 59654 0061 — | 59595 59591  l0-004  lodgy
25 Friction ......| 1263+49 . 59-675 0185 4+ | 59591 || 60129 0538 gain
26 Radiation ... 0 59156 0609 — 58541 58554 00013  gain
26 Friction ......| 1263+49 59:333 0488 — | 58554 || 59137 0-583  gain
27 Friction ...... 1263-99 159536 0198 — | 59054 59623 (0569  gain
27 Radiation ... 0 59-726 0101 . — 59623 59-627 0-004 gain
28 Friction ...... 1262-99 59750 0155 + | 59627 || 60183 10556  gain
28 Radiation ... 0 59475 0102+ | 59385 59:569 0016 loss
* |29 Friction ...... 1263-31 58695 . | 0182 °— | 58230 58796  10-566  gain
29 Radiatien ... - 0 58906 0108 — | 58796 || 58801 0005  gain
30 Radiation ... 0 59770 - | 1:286 — | 58454 58:515  0-061. . gain| .- -
30 Friction ......, 126399 - 60048~ | 1228 — | 58315 | 59135 0620 gain
31 Friction ......| 1263% © 59-343 0022  + | 5900 59639 10548  gain
31 Radiation ...| -0 59435  |[-0198 4 | 59639 59627  [0012  loss
32 Radiation ... 0 59:374 0357 — | 59015 59020 0005  gain
32 Friction ......| 1263-49 59+407 01056 — | 59020 59585 0565  gain
33 Radiation ... 0. 59069 | 0201 — | 58867 56:870 0003  gain
33 Friction ......| 126349 59234 0081 — | 58870 59436 0566  gain
34 Friction ...... 1262:99 56328 | 0331 4 | 56387 56:932 0545  gain
34 Radiation ... 6 56643 0287 + | 56932 . 56929 0003 loss
35 Frietion ...... 126299 56-790 0413 + |  56-929 57477 0548 gain
35 Radiation ... 0 56772 0687 + | 57477 57442 10035  loss
36 Radiation ... 0 55839 | 0304 — | 55527 55543 0:016 . gain
36 Friction ......| 1262:99 56114 0281 — | 55543 56124 0581 gain
|37 Radiation .| o 56257 | 0127 — | 56:124 56137 10013  gain
37 Friction ...... 126299 56°399 0024 + | 56137 56709 0572  gain
38 Radiation ...| . 0 55826 5965 — | 55759 55764 10005  gain
38 Friction ......| 126299 55951 | 0093 4 | 55764 "56+325 0561  gain
39 Radiation ... 0 | 56101 0220 4+ | 56325 56317 10008 loss
39 Friction ...... 126299 56182 0409 4 | 56317 56865 0548  gain
40 Friction ......| 1262:99 56108 | 0100 -+ | 55929 56:488 0559  gain
40 Radiation ... 0 56454 0036 4 | 56488 56:492 | 0°004  gain
. [MeanFriction...| 1260248 | ... | 0:805075— | ........ _ coeveeee | (0575250 gain
Mearli’liadiaﬁon. 0 15 0:322950— | ... cienesees 07012975 gain |
' 2 | 3 4 5 6| 7 '




From the various experiments in the above Table in which the effect of radiation
was observed, it may be readily gathered that the effect of the temperature of the sur:
rounding air upon the apparatus was, for each degree of difference between the mean
. temperature of the air and that of the apparatus, 0°04654. - "Therefore, since the ex-
ctss of the temperature of the atmosphere over that of the apparatus was 032295 in
the mean of the radiation experiments, but only 0%305075 in the mean of the{friction
experiments, it follows that 0000832 must be added to the difference between 0°57525
- and 0012975, and the result, 0°563107, will be the proximate heating effect of the
 friction. - But to this quantity a small correction must be applied on account of the
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s

mean of the temperatures of the apparatus at the commencement and termiﬁatiqn.of )

each friction experiment having been taken for the true mean temperature, whic

was not strictly the case, owing to the somewhat less riﬂpid increase of temperature

towards. the termination of the experiment when the water had become warmer. The -
ments ought therefore to be .

mean temperature of the apparatus in the friction expéri{ : »
estimated 0002184 higher, which will diminish the tixeating effect of the atmo-
sphere by 0°000102. This, added to 0563107, gives 0°563209 as the true mean
increase of temperature due to the friction of water*. . ‘

In order to ascertain the absolute quantity of heat evolved, it was necessary to
find the capacity for heat of the copper vessel and brass paddle-wheel. That of the
former was easily deduced from the specific heat of copper according to M. REGgNavuLT.
Thus, capacity of 25541 grs. of copper x 009515 = capacity of 24302 grs. of water.
A series of seven very careful experiments with the brass paddle-wheel gave me
1783 grs. of water as its capacity, after making all the requisite corrections for the
heat occasioned by the contact of the water with the surface of the metal, &c. But
on account of the magnitude of these corrections, amounting to one-thirtieth of the
whole capacity, I prefer to avail myself of M. REeNauLT'S law, viz. that the capa-
city in metallic alloys is equal to the sum of the capacities of their constituent metalst.
Analysis of a part of the wheel proved it to consist of a very pure brass containing
3933 grs. of zinc. to 14968 grs. of copper. Hence o ‘

/ Cap. 14968 grs. copper X 009515 = cap. 1424'2 grs. water.
~ Cap. 3933 grs. zinc X 009555= cap. 3758 grs. water.

. " ‘ Total cap. brass wheel = cap. 1800 grs. water.

* This increase of temperature was, it is necessary to observe, a mixed quantity, depending partly upon the

friction of the water, and partly upon the friction of the vertical axis of. the;z apparatus upon its pivot and bear:

ing, ce, fig. 1. The latter source of heat was however only equal to about ;th of the former. Similarly also,
‘in the experiments on the friction of solids hereafter detailed, the cast-iron wcs revolving in mercury, rendered -
it irpossible to avoid a very small degree of friction among the partticles of| that fluid. But since it was found
that the quantity of heat evolved was the same, for+the same quantity of for#e expex;ded, in.both cases, i. e, whe
thet a minute quantity of heat larising from friction of solids was mixed with the heat érising from the friction
- of afluid, or whether, on the other hand, a minute quantity of heat arising from the friction of a fluid was

- -mingled with the heat developed by the friction of solids, I thought there could be no impropriety in’ con-

sidering the heat as if developed from a simple source,—in the one case éntxrelyﬁ‘om ijhe friction-of a fluid,
Hin: the oﬁ;éx Entirely from the friction of a sclid body.. Pl iioas e L

|

washer, weighing only 38 grs., was ieckongd as copper »in this estimate, -1 Ann, de Ch. 1841, t. 4.
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'The capamty of a brass stopper which was placed in the neck b, fig. 3, for the pur-

pose of preventing the contact of air with the water as much as possible, was equal
to that of 10-3 grs. of water: the capacity of the thermometer had not to be esti-

" mated, because it was always brought to the expected temperature before immersion.

oo

S af mer cury contaxned bv it, 4‘)8’9" grs.

-in other words, 1° Fanr. in 7:842299 lbs. of water.

The entire capacity of the apparatus was therefore as follows —

Water . . . . .. . 932207
Copper as water. . . ‘2430‘2
. |

Brass as water . . . 1810'3‘ :
e " omamal
Total -. . 9,4/0'2‘

So that the total quantity of heat evolved was 0563209 in 97470‘2 grs. of water, or,

The -estimate of the force applwd in generating this heat may be made as follows:

- —The weights amounted to 406152 grs., from which musﬂ be subtracted the friction
arising from ‘the pulleys and the rigidity of the string ; whlch was found by con-

necting the two pulleys with twine passing round a roller of equal diameter to that
employed in the experiments. Under these circumstances, the weight required to be

-added to one of the leaden weights in order to maintain them in equable motion was
found to be 2955 grs. The same result, in the opposite direction, was obtained by _

adding 3055 grs. to the other leaden weight. Deducting 168 grs., the friction of the
roller on its pivots, from 3005, the mean of the above numbers, we have 2837 grs.
as the amount of friction in the experiments, which, subtracted from the leaden

. weights, leaves 403315 grs. as the actual pressure applied.

The velocity with which the leaden weights came to the ground, viz. 2:42 inches

- per second, is equivalent to an altitude of 0:0076 inch. This, multiplied by 20, the

number of times th= weights were wound up in each experiment, produces 0152 inch,
which, subtracted from 1260248, leaves 1260-096 as the corrected mean height from
which thie weights fell.

This fall, accompanied by the above-mentioned pressure, represents a force equiva-
lent to 6050:186 1bs. through one foot; and 0:8464 X 20=16-928 foot-lbs. added to

it, for the force developed by the elasticity of the string after the weights had touched

the ground, gives 6067°114 foot-pounds as the mean corrected force.
6067114

Hence 5 7842299 = 77364 foot-pounds, will be the force Which, according to the
above experiments on the friction of water, is equivalent to 1° Fanr. in a lb. of water.

2nd Series of Experiments.—Friction of Mercury. Weight of the leaden weights
and string, 203026 grs. and 203073 grs. Velocity of the weights in descending, 243
inches per second. Time o€eupied by each experiment, 30 minutes. Thermometer
for. ascertaining the temperature of the mercury, C. Thbrmometer for registermg
the temperature of the air, B. Weight of cast iron apparatus, 68446 grs. Weight

1
i
|
i
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e

f

No..of experiment | Total fail of ° Mean gge:c;be& Tesp of appa Gain or loss of
tand canse of changel  weights in temperature Jumns 5 and 64 ¢ | Termination of | De8t|during
_ of temperature. inches. of air. ) 7a'nd eolumn 3. of experiment. experimen. exp .
1 Friction....... 126542 58401 452 + 58780 61107 - | 3-327 Em
1 Radiation ... 0 58-939 2056 + 61107 60-884 | 0223 loss
2 Radiation ... 0 58390 0237 — 58119 58:188 | 0069 gain
2 Friction...... 126577 58949 0467 + 58-188 60-644 2456 gain
3 Friction...... 126573 57-322 1203 + 57325 7| 59725 2400 gain
3 Radiation ... 0 57:942 1678 + 59-725. 59515 | 0210 loss
4 Radiation ... 0 57-545 0-010 — 57-518 57-553 | 0-035 gain
‘4 Friction......| 126472 58135, 0624 + 57553 - 59-965 | 2412 gain
5 Friction....... 126573 57-021 0907 + | 56715 | 59141 | 2426 gain
5 Radiation ...| -— 0 57°396 1474 4 5914} 58:999 | 0142 loss
6 Radiation ... 0 56206 0174 4+ | 56365 56595 | 0030 gain
6 Friction......| 126565 57057 0749 + 56-595 ‘59017 | 2422 gain
7 Friction....... 126955 58319 0049 + 57115 59622 | 2507 gain
7 Radiation ... 0 58771 0831 + 59-622 59:383 | 0039 loss
8 Radiation ... 0 60-362 0612 — 59-691 59811 0-120 gain
8 Friction ...... 125770 60-842 0209 + 59811 62292 | 2481 gain
9 Friction ...... 125577 60-282 1044 + 60-129 % 62524 . | 2:395 gain
9 Radiation ... 0 60-862 1576 + 62-524 ! 6‘2"352 0172  loss
10 Friction...... 125533 60-725 0764 + 60-266 62:713 2447  gain
10 Radiation ... 0 61:340 1813 + 62713 62:393 | 0:120 loss
11 Radiation ... 0 58654 0169 + 58755 58772 | 00017 gain
11 Friction...... 126647 59-234 0746 + 58772 61189 | 2417 gain
12 Radiation ... 0 56436 0247 + 56673 56694 0-021 gain
12 Friction ...... 1265°80 57-240 0673 + 56-694 59°133 2:439 gain
13 Friction...... 126470 55002 1808 + 55638 57982 | 2344 gain
13 Radiation ... 0 55633 2213 + 57982 57711 0271 loss
14 Friction...... 126520 54219 1273 + 54-290 56694 | 2404 gain
14 Radiation ... 0 54°595 1972 + 56694 56-441 0253  loss
15 Radiation ... 53-476 0-174 + 53633 53-667 0034  gain
15 Friction...... 126563 53-995 0872 + 53-667 56-067 | 2:400  gain
16 Radiation ... 0 52-082 0254 + 52-332 52-341 0-009 gain
16 Friction...... 1265°45 52-479 1047 + 52341 54711 2:370  gain
17 Friction...... 125750 50485 1453 + 50-772 58105 | 2:333 gain
17 Radiation ... ) 50821 2164 + 53105 52865 | 6:240  loss |
118 Radiation ... 0 48-941 0450 — | . 48434 48554 | 0120  gain
18 Frietion......, 1257-50 49:330 0-462 + 48-554 51-081 | 2477 gain’
19 Friction......| 1257-50 48-135 1273 + 48-219 50-598 2379 gain
|19 Radiation .. 0 48725 14780 + 50-598 50:413 | 01185 - foss
|20 Radiation ...| 0 48878 | 0148 — | 48687 48773 | 0086 gain
|20 Friction."....| 125750 49-397 . 0:397 4 - 48773 51-216 = | 2443  gain}-
1262-731 ' || 241395 gain
0 I _6:0657010375
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* From the above Table, it appears thab&he eﬂ'ect of each degree of dlﬁ'erence between,
~ the temperature of the laboratory and that of the apparatus was 0>13742. ‘ Hence
~ 2741395400657 40007654 =2°487304, will be the proximate value of the i mcrea.se
of temperature in the experiments. The further correction on account of the mean
temperature of the apparatus in.the friction éxperimiénts having been in| reality’
0028484 higher than is indicated by the table, will be G°003914, which, aﬂded to
the proximate result, gwes 2°491218 as the true thermometrical effect of the ‘fnctlon
of the mercury. : I ‘
In order to obtain the absolute quantity of heat evolvéd it was requislte to ascer-
tain the capacity for heat of the apparatus. I therefore (J:dused it to be suspended by.
iron wire from a lever so contrived that the apparatus cd)uld be moved with rapidity
and ease to any required position. The temperature of the apparatus having then
been raised about 20°, it was placed in a warm a1r-bath, in.order to keep its tempe-
rature uniform for a quarter of an hour, during which tﬁne the thermometer C, im-
inersed in the mercury, was from time to time obselveﬂ The apparatus was then
rapidly immersed into a thin copper vessel containing 141826 gris. of distilled water,
the temperature of which was repeatedly observed by thermometer A. During the
experiment the water was repeatedly agitated by a copper stirrer; and every precau-
tion was taken to keep the surrounding atmosphere in a uniform state, and also to
prevent the disturbing effects of radiation from the person of the experimenter. In
this way I obtained the following results :—

Time of Temperature Temperature
observation. of water. of apparatus.
0 47705 70'518
~ Apparatus in air-bath . . .{ 5 47705 70°492
10 47713 70518
Instant of immersion. . . . 11 )
133 : 49'836 . 57673
16 50493 52641
Apparatus immersed in water 21 50694 : 50941
26 50°690 50778
31 50667 50744
36 50636 50709

By applying the correction to the temperature of the water due to its observed in-
crease during the first ten minutes of the experiment, amz] the still smaller correction
+ due to the rise of the water in the can covering 60 square inches of copper at the tem-
_perature of the atmosphere, 47714 was found to be the|temperature of the water at
‘the instant of immersion. To remove the apparatus from the warm air-bath, and
~to imamerse it into the water, occupied only 107, dmmtr which it must (according
to prehmma:y expenments) have cooled O°'021 The heatm“ effect of the air-bath




- . the atmosphere (deduced from the observations of the cooling from 26 to 3
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l durmg the remammg 50" (es’nmated from the rate of increase of temperature bratween
. the observations at 5' and 10') will be 0°004. = These correctlons, applied to 70"'318

leave 70° 495 as the temperature of the apparatus at the moment of immersion. - -

The tempemtme of the dpparatus at 26’ was 50778, indicating a loss of 19> 7 17. -

That of the water at the same time of observation, bemg corrected for the effect of

'land of
the heating from 0' to 10'), will be 50°777, indicating a gain of 3>063. Twenty such
results, obtained in exactly the same manner, are collected in the following Table.

Tasre III.

Corrected temperature Corrected temperature
No. of water. Gain of heat of apparatus. Loss of heat by §
Commencement | Termination of by the water. C t | Termination the apparaius.
of experiment. experiment. of experiment. || of experiment.
1 47714 50-77 3-063 70-495 50-778 19717
2 48127 514113 2-986 70518 51147 19-371
3 48453 51:430 2977 70-642 51452 19:190
4 47543 50-598 3055 70674 50684 19-990
5 44-981 48449 3468 . 70:901 48-468 22:433
6 45289 48-701. 3412 70-769 48657 22-112
7 45087 48-497 3410 70-504 48-494 ,22:010
8 46375 49614 3-239 70678 49-662 21-016
9 47671 50832 3161 71500 50873 20-627
10 47-693 50801 3-108 70878 50-821 20057
11 48728 51714 2:986 70-947 51714 19233
12 47240 50°414 3174 71-006 _ 50-392 20614
13 48324 51-345 3-021 70-939 51-362 19°577
14 19079 51-905 2826 70-332 51937 18:395
15 49-635 52:490 2855 71012 - 52:504 18508
16 47-207 50-282 3075 70°265 50-263 20-002
17 46-227 49°402 3175 69877 49-314 20563
18 46053 49-296 3-243 70:367 49-258 21109 .
19, 45733 48981 3:248 70-068 49:001 21-067
20 47-170 50317 3147 70741 50-332 20409
Mean...| wcoveee | e, 313145 | e | e 20-300 -

I did not consider these experiments on the capacity )

complete, until I had ascertained the heat produced by the‘wetting 'of the ‘surface of -

the iron vessel. For this purpose the following trials were made in a similar manner
to the above, with the exception that the observations dld not requu'e to be extended
: ;beyond 26¢'. ‘ !

_ MpcccL.

,..73

f the apparatus sufficiently
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TABLE IV
Comcted temperature ’ : : Curmcted teméerature
e e =114 LR U o 1 I
. C it} Terminati C “Terminati ‘apparatus.
of experiment. | of experiment. |. . - of experimem.-z of experiment.

1 50-558 sb:556 | G002 loss | 5065 || sdss9 | Go2s gain

2 49-228 49232 | 0004 gain | 49-239 49254 | G015 gain]

3 48-095 48°106 = | 0-011 gain | 48034 48-099 0065 gain

4 47-416 47425 | 0009 gain | 47-384 47:429- | 0045 gain

5 47484 47532 | 0048 gain | 48-103 47782 | 0321 loss
6 47429 47439 | 0:010 gain | 47703 47610 | 0093 loss

7 47°624 47:637 0013 gain 47-870 47790 0:080 loss

8 47705 47712 | 0007 gain | 47915 | 47859 | 0056 loss

9 47°685 47702 1 0017 gain | 47891 || 47837 | 0054 loss
10 48738 48793 | 0060 gain | 49498 || 49112 | 0386 loss
1 49689 49694 | 0005 gain | 499046 | 49842 | 0104 loss
12 48191 48168 | 0023 loss 47972 48134 | 0162 gain
13 48:101 48119 | 0018 gain | 48310 48254 | 0056 loss
14 49413 149:390 | 0:023 loss 49249 | 49413 | 0164 gain
15 49-243 49-241 0:002 loss 49-343 49-318 0025 loss '
16 49103 49103 |0 49172 49172 | o

17 46-991 46902 | 0:089 loss 46-204 46923 | 0719 gain
18 4680 46814 | 0013 gain | 47-139 46953 | 0186 loss
19 46:624 46624 |0 46-652 46652 |0

20 46-266 461158 | 0-108 loss 45-369 46167 | 0798 gain
Mean...| ......... 0:0016loss | ......... 0-03155 gain .

By adding these results to those of the former table, we have a gain of temperature
in the water of 313305, and a loss in the apparatus of 20°33155. Now the capacity
of the can of water was estimated as follows :—

Water . . . . . . . . . 141826 grs.
15622 grs. copper as water . 1486 grs.
~ Thermometer and stirrer as water 118 grs. &
- Total . . . . 143430 grs.

Hence 230,235310555x143430 2210227, the cap'icity of the apparatus as tried. The
addition of 21'41 (the capacity of 643 grs. of mercury w‘ ich bad been removed in
_order to admit of the expansion of 70°) to, and the sqbsuactlon of 52 grs. (the
capacity of the bulb of thermometer C, and of the iron wﬁre employed in suspending
*  the apparatus) from this result, leaves 2207168 grs. ef Water as. the capacny of the
'.,.I,appaframs employed in the friction of mercury. | :
. The temperature 2° 491218 in the above capacity, equwalent to 1°in 7 785505 Ibs.
water, was therefore the absolute mean quantlty of heat evolved by the fncuon of |



The leadeu weights amounted to 406999 grs., fmm thch 2857 grs., subtra¢ted for
~'.the friction of the pulleys, leaves 403242 grs. - The mean height from which they
':feli as given in Table I, was 1262:731 inches, from Whichﬂ 152 inch, suhtraqted for
.the velocity of fall, leaves 1262'579 inches. Thls’ helght? combined with thi“, above
. weight, is equivalent to 606101 foot-lbs., which, inereased by 16 929 foot-lbs. on
account of the elasticity of the string, gives 6077:939 foot-lbs as the mean fot"ce em-
ployed in the experiments. . ‘ ) %

(;?:3; -;:ig =773'762 ; which is therefore the equnalent (%emed from the above expe-
riments on the friction of mercury. The next series of expeuments were made with
" the same apparatus, using lighter weights. : ‘

3rd Series of Experiments—Friction of Mercury. VV‘%ight of the leaden weights
and string, 68442 grs. and 68884 grs.  Velocity of the weights in descending, 1'4 inch
per second. Time occupied by each experiment, 35 minutes.
ascertaining the temperature of the mercury, C.
temperature of the air, B.

Thermometer for
Thermometer for registering the

Tasie V.
No. of experiment Total fall of Mean Pv:gé;c;z:!}) ?)-f Temperature of apparatus. Gain er loss of
and cause of change weights in temperature | .1 ones and 6 C Terminati " heat during
of temperature. inches. of air. and column 3. 0‘;“;?;;?;2:;? i;?le:iantlﬁ:t.o experiment. -
1 Friction......... 1292-12 49539 0-399 + 49507 50370 | 0863 gain
1 Radiation ...... 0 50-165 0-226 + 50-370 50-413 | 0-043 gain
2 Friction......... 129200 49-865 0189+ | 49606 50:503 | 0-897 gain
2 Radiation ...... 0 50-363 0159 + 50-503 50542 0-039 ' gain
3 Friction......... 129318 50-189 0-460 4 50:168 51030 | 0-862 gain |
3 Radiation ....., 0 50-617 0°408 + 51-030 51021 | 0009 loss
4 Radiation ...... 0 50:750 0-146 + 50-873 50920 | 0-047 gain
4 Friction......... 129325 51-401 0-013— 50°920 - 51-856 | 0936 gain
5 Radiation ...... 0 49'936 0121 + 50-031 50083 | 0052  gain
5 Friction.........| 120492 50°551 - 0-020 — 50-083 50:980 | 0897 gain-
6 Radiation ...... 0 50638 0135+ 50-752 50-795 0043 gain |
6 Friction......... 1294-43 51172 0-065+ 50:795 51680 | 0885 gain
7 Radiation ..... 0 51:558 0-260 — 51-237 51349 | 0112 gain |
7 Friction......... 129407 52-194 0-371— 514349 52:298 | 0049 gain
8 Friction......... 1293:30 52774 0-019— 52:298 53212 | 0914 gain
8 Radiation ...... 0 53-029 0:204 + 53212 53255 | 0043 gain |
9 Friction.........| 129405 | 51513 0306+ 51379 | 5er éag '} 0880 gain
19 Radiation ...... 0 52:093 0177 + 52:259 52281 | 0022 gain |
129395 | 51197 0180+ 50907 . | 51847 0940 gain |
0 51-960 0-079— .1 51847 | 51916 . | Wssg',gaia; |
120280 | 50577 0652+ | 50804 | 51654 {0650 gain
0 | 51°055 0577+ |- 51654 | 51611 . |0-043 loss |
T e
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Difference be~

No. of experiment Total fall of Mean tween mean of Temperature of apparatus. Gain or loss of
and cause of change | - weights in temperatare o o1one's and 6 p Termination of " heat during
b p C 1 Ter o of T .

) of temperature. inches, of air. and column 3. | espex‘iljnent. 1 experment. experiment.

. j . j
12 Radiation ...... 0 - 51-416 0483 — 58-3650 51:006 0146 gain
12 Friction.........| 129325 | 52:057 0551  — 51-006 52:006 1-000 gain
13 Radiation ...... 0 51747 | 0246 — | 51456 51:347 | 0-091 - gain
13 Friction.........| 1293-25 52:403 0389 — 51°547 52-482 0935 gain
14 Friction......... 129345 " 52703 0054  + 52:294 55221 0-927 gain
14 Radiation ...... 0 53-201 0050 - + 53-221 53281 0-060 gain
- = I -
T
15 Frietion......... 129393 53-644 0088 + 53-281 54183 0902 gain
15 Radiation ...... 0 54061 | 0145 + 54-183 54230 0047 gain
L N
16 Radiation ...... 0 51:492 0318+ 51-821 51-800 | 0-021 loss
16 Friction......... 1292-83 52011 0232 4 51-800 52:706 ! 0-906 gain
17 Radiation ...... 0 31:350 0055 — 51-272 51:319 0-047 gain
17 Friction......... 1292-83 52:057 0264 — 51:319 . 52:268 0-949 gain
18 Friction......... 1292:84 52:576 0147  + 52:268 53178 0-910 gain
18 Radiation ...... 0 52:906 0276+ 53178 53187 0-009 gain
19 Radiation ...... 0 50119 0142  — 49928 5002 0-099 gain
19 Frietion......... 1292-33 "50-760 0272 — 50-027 50-950 0923 gain
20 Friction......... 1293-01 51:004 0147 — | 50-370 51:345 0975 gain
20 Radiation ...... 0 51:798 *385 — | 51-345 51482 0-137 gain
21 Radiation ...... % 52:194 0646 — 51:482 51615 0133 gain
21 Friction...... ] 1292-83 52:383 0208 — 51615 52:555 0940 gain
22 Friction......... 1292-33 50-389 0374 4 50:332 51-195 0-863 gain
22 Radiation ...... 0 50-958 0239 + 51-195 51°199 0004 gain
23 Radiation ...... 0 51218 0498 — 50-636 50-804 0168 gain
23 Friction 1294:69 51°848 0546 — 50'804 51-800 0996 gain
24 Friction......... 1294-33 50-582 0286 4+ 50-435 51-302 0-867 gain
24 Radiation ...... 0 51-223 0092 + 51-302 51-328 0026 gain
25 Radiation |.....|” 0 51665 0406 — 51-190 51-328 0138 gain
25 Frietion......... 1294-33 52-281 0464 — 51-328 52:306 0:978 gain
26 Friction......... . 1294-34 52652 0105  + 52:306 53208 8 0:902 gain
26 Radiation ...... 0 52:957 0259 +° 53-208 53225 0017 gain
27 Friction.........|  1293-83 49-463 0277  + 49-293 50-188 0-895 gain
27 Radiation ...... 0 50-068 0142 4+ 50-188 50233 0045 gain
| 28 Radiation ...... 0 48-420 0145 4 48-537 48-593 0056 gain
| 28 Friction......... 129433 49132 0093 — 48:593 49-486 0-893 gain
29 Friction......... 1294-84 19142 | 00902 4+ | 48755 49696 | 0923 gain
129 Radiation ...... 0 49-783 0053 — 49-696 49765 0:069 gain
/130 Radiation ....., 0 50251 0422 —'| 49765 49894 04129 -gain’
130 Friction......... 1294-33 500597 0246 . — 49-894 50:808 | 0:914 - gain '
Mean Friction 1293532 | ... 00074314+ | © i | e 09157 gain
ean Radiation... o | . 00048 4 | e weeiee | 0°0606 gain
2. 3 4 5 6 T
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The eﬂ“ect of each degree of difference between the temperamre of the laborzitory
and that of the apparatus being 0™18544, 0"915, —0”06064-0°000488=0"855588,
wdl be the proximate mean increase of temperature in the above series of exben-
ments. The correction, owing to the mean temperature of the mercury in the friction
experiments being 0013222 higher than appears in the table, will be 0> 002f.92
which, being added to.the proximate result, gives 0>°85804 as the true thermometrical
effect. This, in the capacity of 2207168 grs. of water, is equal to 1° in 270548 lbs.
of water. ‘

The leaden weights amountud to 137326 grs., from which 1040 grs. must be sub-
tracted for the friction of the pulleys, leaving 136286 grs. 1as the corrected weight.
The mean lieight of fall was 1293532 inches, from which 0 047 inch, subtracted on
account of the velocity with which the weights came to the‘ ground, leaves 1293-485
inches. This fall, combined with the above corrected Wexght, is equivalent to

2098'618 foot-lbs., which, with 1'654 foot-lb., the force developed by the elasticity

of the string, gives 2100:272 foot Ibs. as the mean force employed in the experiments.

2100-272
5 ‘054'5* =776303, will thewﬁne be the equivalent from the above series of ex-

periments, in which the amount of frlcnon of the mercury was moderated by the use
of lighter weights.

4th Series of Experiments.—Friction of Cast Iton. Weight of cast iron apparatus,
44000 grs.  Weight of mercury contained by it, 204355 grs. Weight of the leaden
weights and string attached, 203026 grs. and 203073 grs. Average velocity with
which the weights fell, 3-12 inches per second. Time occupied by each experiment,
38 minutes. Thermometer for ascertaining the temperature of the mercury, C.
‘Thermometer for registering the temperature of the air, A.-
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Ny TaBue VI.

No.of experiment | Totalfallof | - Mesn Difference be- | Temperature of apparafus. | .y o Jogs of
and cause of change weights in temperature | o1 <5 and © c L Termination of heat during
of temperature. inches. of /an'. and columx; 3. | of e}:pexitrjsent. iperim’::t.o ‘1 experiment.

N o o, ! © &
1 Friction......... 1257-90 48362 2-544 + 46-837 50976 4139 gain
1 Radaatmn 0 46648 . 3950 4 50976 T 50220 0-756 loss
2 Radiation ...... 0 47296 0455 — . 4673 46953 0-223  gain
2 Friction......... 125897 47°891 1-247 3 ; 46'95( 51-323 4370 gain
3 Friction......... 126180 | 47705 14830 + " 474858 51718 4:366 gain
3 Radiation cegges 0 . 48547 2950 + 51718 - 51-276 0-442 loss
4 Radiation 0 47°825 0044 — 47756 47-807 0-051 gain
4 Friction......... 1260-35 48-385 1-598 + 47-807 52:160 4:353 gain
5 Radiation ,..... 0 48:323 0:248 — [ 48009 48:142 0133 gain
5 Friction......... 1260-15 48'833 1-494 4 48°142 52513 4371 gain
6 Friction......... 125995 48-049 1995 + 47-902 52-186 4284 gain
6 Radiation ...... 0 48632 3283 + 52186 51-645 0541 loss
7 Radiation ...... 0 50-385 0°240 — 50053 50°237 0-184 gain
7 Friction......... 126313 51018 1-408 4 50237 54616 '4-379 gain
8 Friction......... 1262:12 48:385 © 14096 + 47-249 51°714 4:465 gain
8 Radiation ...... 0 49-199 2:343 + 51714 51371 0-343 loss
9 Friction......... 125720 49-721 2:495 + ' 50-160 54273 4113 gain
9 Radiation ...... 0 50:338 3643 -+ 54273 53-689 0584 loss
10 Radiation ...... 0 48-439 0-821 + 49-271 49-250 0-021 loss
10 Friction......... 125870 49-690 2282 + 49-877 54067 4190 gain
-} Mean Friction ...| 1260027 | ... 17989+ | e ] e | 4303 gain
Mean Radiation... [ . 16003+ | ovevees s 02096 loss
1 2 3 4 5 6 7

From the above Table, it appears that there was a thermdﬁ rical effect of 020101
for each degree of difference between the temperature of the laboratory and that of
the apparatus. Hence 4303 4-0°20964-0° 03992=4"55252, will be the proximate
mean increase of temperature. The correction, owm«r to the mean temperature
of the mercury in the friction experiments appearing 007625 too low in the table,
will be 0>01533, which, added to the proximate gsult, glves 456785 as the true
mean increase of temperature.

The capacity of the apparatus was obtained by expemﬂunts made’in plwf‘zely the
‘same manner that I have already described in the case of the mercurial apparatus

for fluid friction. Theu vesults are collected into the following T'a.ble

1

. N 1
|

i

i

1
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- : TABLE VIL
Corrected temperature o Corrected tempemtﬂte
. . of water. .. | Gain of hieat by - of sppaxatus.... Loss of heat by }
Nos the water. = P ) the apparatus.
Commencement | Termination G ent | - Terminati H
of experiment. | of experiment. - bfexpeﬁmf:nt. of experiment. |

1 43335 4%-305 1770 71112 43421 | 23601 °

2 46-210 47937 1727 71292 || 48073 23-219

3 45-334 | 49023 1689 - 71-454 49151 -} 22:303

4 49-007 50555 1548 71152 50632 20-530

5 47-895 49-498 1°603 71-249 " 49636 21613

6 48-784 50-357 1573 - | 71445 50-460 20°985

7 50-323 51757 14434 70793 51-808 18985

8 47-912 49-525 1613 71253 || 49653 21600

9 48-449 50-013 1-564 70798 || 50083 20-715

10 49-836 51:337 1501 71356 | 51-375 19-981

1 46-870 48559 1689 71026 | 48657 22:369

12 48-562 50-151 1°589 71-291 50199 | 21092
Mean...| oo | e 160833 | e | e 21-42275

By adding 0%00071 and 00141, the loss and gain of Table IV. reduced to the
surfaee of the solid-friction apparatus, to the above mean results, we have a gain of
160904 by the water and a loss of 21°43685 by the apparatus. The capacity of the

~can of water was in this instance as follows :— -

Water . . . . . . . . . 155824 grs.
Copper can as water. . . . 1486 grs.
Thermometer and stirver as dltto 118 grs.

Total . . . 157428 grs. )
Hence ,,1 50904 % 157428=11816" 47, will be thé capacity} of the apparatus as tried.
: 1-43685
By applying the two corrections, one additive on account of the absence during the
trials of 300 grs. of mercury, the other subtractive on account of the capacity of the
thermometer C and suspending wire, we obtain 1179607 grs. of water as the capacity
of the apparatus during the experiments, t
The temperature 4>°56785 in the above capacity, eqmvalent to 1°in 769753 lIbs.
of water, was thercfore the mean absolute qua'mty of heaq evolved b} the fmctlon of
cast iron. ' ’ o
The leaden weights amounted to 406099 grs., from whic h 285 7 grs‘, subndcted on
“ account of the friction of the pullew leaves 403242 grs. as the pressure apphed to -
_ the apparatus. et E
- Owing to the friction being in the simple ratio of the véloextv, it :eqmred a good
f -dea] of practace to hold the negulatmg lever so as to cause the wetghts to descend to
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, the gtound with anythmg like a umform and moderate velomty Hence, although
the mean: velocity was 3-12 inches per second, the force with which the \weights
struck the ground could not be correctly estlmated by that velocity as in the case of
- fluid friction. However, it was found that the noise produced by the impact was on-
the average equal to that produced by letting the weights fall from the height of
one-eighth of an inch. It generally happened also that ‘in endeavouring to regulate
the motion, the weights would stop suddenly before arriving at the ground. This

would generally happen once, sometimes twice, during the descent of the weights,

and I estimate the force thereby lost as equal to that lost by impact with the ground.

Taking therefore the total loss at one-fourth of an inch }in each fall, we have twenty
times that quantity, or 5 inches, as the entire loss, whiclfx, subtracted from 1260027,
leave 1255°027 inches as the corrected height through which the weight of 403242
grs.operated. These numbers are equivalent to 6024'757 foot-lbs., and adding 16-464
foot-lbs. for the effect of the elasticity of the string, we have 6041-221 foot-lbs. as the
force employed in the experiments.

The above force was not however entirely employed in genelatmg heat in the
apparatus. It will be readily conceived that the friction of a solid body like cast
iron must have produced a considerable vibration of the framework upon which the
apparatus was placed, as well as a loud sound. The value of the force absorbed by
the former was estimated by experiment at 10266 foot-lbs. The force required to
vibrate the string of a violoncello, so as to produce a sound which could be heard at
the same distance as that arising from the friction, was estimated by me, with the
- concurrence of another observer, at 50 foot-lbs. These numbers, subtracted from

“the previous result, leave 5980955 foot-lbs. as the force actually converted into heat.

5580955 .
7—@7—53——776 997, will therefore be the equivalent derived from the above experi-

ments on the friction of cast iron. The next series of experiments was made with
the saine apparatus, using lighter weights.

5th Series of Experiments.—Friction of Cast Iron. Weight of leaden weights,
68442 grs. and 68884 grs. Average velocity of fall, 1-9 inch per second. Time
occupied by each experiment, 30 minutes. Thermometer for ascertaining the
temperature of the mercury, C. Thermometer for registering the tempemture of the
laboratog, A. :
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o - Tasie VIIL.
Y o o 'Diﬁ‘erenee be- Températare of apparatus. . l' of
No. of experiment | Total fall of Mean ’ - - Gain or loss
and cause of change vgeights in temperature . tween msea ;'13,6 P sment | Termination of heat d“'“’}‘ :
of tEmPBN@{ﬁ inches. . of air, | “and column 3. qfexpe@em. > . t :‘ i .
1 Friction......... 1281-07 47404 | d852 + 47494 49018 | 1524 gain-
1 Radiation ...... 0 48003 | 0998 + 49018 48-984 | 0-034 loss
2 Radiation ...... 0 | 48269 0702 + 48984 48958 0026 loss
2 Friction......... 1280°74 48-516 1189 + 48958 - 50-452 1-494 gain |
3 Radiation ..... 0 " 49003 0133 — 48812 | 48928 0116 gain -
3 Friction......... 1285°10 49-728 0022 4 48'92? ) 50:572 1-644 gain
4 Friction......... 1283-83 | . 50138 1172 + 50-57# 52049 1477 gain
4 Radiation ...... (1} 50408 1°581 + 52'04? 51°929 - | 0:120 loss
5 Friction......... 128245 46-798 0558 + 46554 48-159 1'605 gain
6 Friction......... 1281-29 47:296 1-571 + 48159 49°576 1-417 gain
5 Radiation ...... 0 47'535 1929 + 49-576 49-353 0223 logs
6 Radiation ...... 0 47651 1607 + 49-353 . 49164 0°189 loss
7 Radiation ...... 0 46261 0298 — 45-880 46-047 0:167 gain
8 Radiation ...... 0 46-748 0617 — 46-047 46-215 0168 gain
7 Friction......... 1276-07 46-810 0978 + 47-022 48-554 1532 gain
8 Friction......... 1275:17 47-366 1-883 + 48554 49:945 1-391 gain
9 Radiation 0 46-771 0271 — 46-425 46575 0150 gain
9 Friction.........| 1276-95 47126 0258 + | = 46575 48194 | 1619 gain
10 Friction......... 127684 47238 | 1655 + 48195 | 49593 1-399 gain
10 Radiation ....., 0 47-335 2142 + 49:593 49-361 0-232 loss
Mean Friction ...| 1279957 | ... 10138 4 R 15102 gain
Mean Radiation... 0 0764 + 0-0223 loss
1 2 3 4 5 6 7

From the above Table, it appears that the effect of each degree of difference between
the temperature of the laboratory and that of the apparatus was 0>1591. Hence
©51024-0%0223 4003974 = 157224, will be the proximate heating éffect. To this "
the addition of 0°00331, on account of the mean temperature of the apparatus in the
friction experiments having been in reality 0°02084 higher than appears in the Table,
gives the real increase of temperature in the experiments at 157555, which, in the
capacity of 1179607 grs. of water, is equivalent to 1° in 2%'65,504 Ibs. of water.

The leaden weights amounted to 137326 grs., from which 1040 grs., subtracted
for the friction of the pulleys, leaves 136286 grs. The velocity of descent, which
- was in this case much more easily regulated than when| the heavier weights were

used, was 19 inch per second. Twenty impacts with this velocity indicate a loss

of fall of 0-094 inch, which, subtracted from 1279957, leaves 1279‘863 inches as the
corrected height from which the weights fell. ' ‘ Ui ! '
- The above height and weight are equivalent to 2076517 foot-lbs., to which the addi-
i .’tibn“b‘f 1°189 foot-Ib. for the »elastic,ity of the string, gi\'es 2077-706 foot-lbs. as the
CCCL. i M : AL P -7
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" total force applied. The corrections for vibration and sound (deduced from the data
obtained in the last series, on the hypothesis that they were proportional to the fric-
tion by which they were produced) will be 347 and 16'9 foet-lbs. These guantities,
subtracted from the previous result, leave 2057-336 foot-1bs. as the quantity of | force

converted into heat in the apparatus.

22027536346_-,/4 88, will therefore be the eqmvalent as derived ffom this last series"

of experiments.

The following Table €ontainsa summar) of the eqm\ alents derived from the expe-
riments above detailed. In its fourth ¢olumn I have supphed the results with the
correction necessary to reduce them to a vacuum.

Tapre IX. ‘ "

No. of Material Equivalent Equivalent Mean, .
series. | employed. in air. in vacus.
1 Water......... 773:640 772:692 772692
2 Mereary ...... 773762 772814 7744083
3 Mercury ...... 776303 775352 |
1
4 ast i 76- 776 s .
Cast iron...... 776-997 776:045 774987
5 Cast iron...... 774880 773930 -

- It is highly probable tlﬁt the equivalent from cast iron was somewhat increased
by the abrasion of particles of the metal during friction, which could not occur
~ without the absorption of a certain quantity of force in overcoming the attraction of
cohesion. But since the quantity abraded was not considerable enough to be weighed
after the experiments were completed, the error from this source cannot be of much
moment. I consider that 772:692, the equivalent derived from the friction of water,
is the most correct, both on account of the number of experiments tried, and the
great capacity of the apparatus for heat. And since, even in the friction of fluids, it
was impossible entirely to avoid vibration and the production of a slight sound, it is
probable that the above number is slightly in excess. I will therefore conclude by
considering it as demonstrated by the experiments contained in this paper,—
1st. That the quantity of heat produced by the jrzctton of bodies, whether solid or
liquid, is always proportional to the quantity of force elpended And, -
2nd. That the quantity of heat capable of i mcreaszng th)f temperature of a pound of
water (weighed in vacuo, and taken at between 55° and 60°) by 1° Fanr., requires

\
Sfor its evolution the expenditure of a mechanical force repre;sented by the fall of 7 /2 1bs.

thmugh the space of one foot

Oak lField, near Manchester’,
. June 4th, 1849.
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" "I'he first experimerits described in tllis'pa;iérishowv:tl\at the ano-

# ',mal’ies exhibited in the ‘_laslt"table of cxpcrimeé)ts, in the paper pre-
‘iatiuns of tcml‘)eraltui'e in the issuing steam

the pressure with wféﬁé_lrth(: ;e‘nter_'mg air is

ceding,it*, are due to flycty
"éoqsc‘qucnt on g change OA
* “forced into the plug. It :\!ppcaré from these c%&pcrimc; ts, that when
a’considerable alteration iﬁ suddenly made in the pressure of the en.
tering strearo, the issuing ‘strezim experiences ﬂcm_n{rkagl!lc successions .
of augméntations and diminutions of tem;f);cr’qt@é‘}'iivﬁ}icll are some-
* v times pereeptible for half an hovr after the pressure of the entering
stream has ceased to vary% o |
~ Several series of ‘experiments are next des
forced (by means of the large pump and othe
in the first paper) througL a plug of cotton 7
pressed together, at prestures varying in tllci'r. excess above the

atmospheric pressure, from five or ¥ up to fifty or sixty pounds on
the square inch. By these-it appears that the coolir{g cffect which
_the air, as found in the authors’ previous éijerime 1ts, always ex-
periences in passing through the porous plug, varies | proportionally
to the excess of the pressure of the air on entering the plug above
that with which it is allowed to escape. - Seven sctics of experi-’.
mnents, in cach of which the air entered the plugat a temperature of '
about 16° Cent., gave a mean cooling effeet of abou '0175%Cent.,
per pound on the square iich, or -27° Cent, per atmasphere, of dif-
ference of pressure.  Experiments made at Jower and jat higher tem-
peratures showed that the cooling, effect is very sc éi_bly lessfor
high than-for low temperatures, but have ot yet led to sufficiently
exact results at other temperaturcs than ~th.a‘t 'stated|(16° Cent.) to
indicate the law according to which it varics __‘withf the tcmpc;atdre. '
* " Experiments on carbonic acid at diﬂ'érgnt? tempertures are also
described, which show that at about 16° Ceniﬁ., this gas experiences
.4} times as great a cooling cffect as air. ‘fl‘hicy‘agr'ee well at all the

* Communicated to the Royal Society, June 1833, é;md publiihedv.in the Trarf€. .

_actions,
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et

different tcmpcratures wnh a theorcucul rcsult deuved according to
* the general dynamlcal thcory from an’ cmpmc'll formula for the
pressure of carbonic acid in terms of its’ tcmperature ‘and densxty,
which was kindly' commumcated by Mr. Rankmc to the authors,
having. been investigated b him upon no othu ‘experimental data
~ than those of l{egnault on the expansxon of the gas by heat and its
compressxbxhty ' :

Experiments were a\so ‘ z\de on hydrogen gas, which, although
" not such as to lead to accurate determinations, ¢ 'appearcd to indicate
~ very decidedly & cooling c‘ﬁect amounting to a small fraction, per:

“haps about g, of that whrh air would experience in the same cir-

cumstauces

 I'he following theorctlcéd%ducuons from these experiments arc
made :— | ;

I. ‘The relations bctweén the heat gcncrated and the work spent
in compressing carbonic hcnd air and hydrogen, arg investigated
- from the expenmental resulte In each case‘ the relation is nearly
“that of cquivalence, but the heat developed sxceeds ‘hc cquivalent

“of the work spent, by a wery 'small amount er hydrdgen, consider-
~ ably more for air, and still more for carbémc acil. For slight
compressions with the gases kept about the tempcjaturc 16°, this
excess amounts to about oy of the whole heat emitted in the case
of carbonic acid, and 3} in the case of air. ' l
I1. It is shown by the géneral dyn’umca\ theory, that the air ex-
) penmcnts, taken in connexion with Regnault's expetimental results
" on the latent heat and pressure of saturated steam, jnake it certain
that the density of saturated stcam increases very mmuch more w ith
the pressure -than according to Boyle's and Gay- L ssac’s gascous .
laws, and numbers are given expressing the theoreticul densities of
1 desired should

saturated steam at different temperatures, which it i
be verified by direct experiments.

I11. Carnot’s function in the * Theory of the Motive Power of -
Heat” is ehown to be very nearly cqual to the mech
of the thermal unit divided by the temperature froq

i

nical equivalent-
the zero of the
air- thennometcr (that is, temperatu re Centn;,mdc with a number cqual
to the rccnprdcal of the cocflicicnt of expansion added), and corree
tions, depending on the amount of the observed cooling effccts in the
new air cxpenmcntﬂ and thc -deviations from the [gascous laws. of



; exp’melon and comprcssxon determincd by Regnault, are appliéd to
give a more precise cvaluatl{n. - ' B

V. An absolute scale of
on refercncc to any pamc

empelaturﬁ that 1s, a scale not founded
lar thermomctnc subﬂtanc

3 or to any

deﬁmtlon ' 5

lf a plzyszcal syetem be subjected to cycles of perfec;ly reverszble
operations and be not allowed to take in or to emrt heat e
lities, at two fired temperatures, these lempcratur&s are prloportwnal lo
the whole quantities of heat|taken in or cmzttal at them respeclwely

‘cepl in loca-

during a complete cycle of the oper ations. -
The principles upon which the unit or degree of temperature is to
be chosen, so as to make th difference of temperatures n the abso- -
lute scale, agree with that on any other scale ﬁPr a partcular range
of temperatures. If the difterence of tempeiatunes etween the
freczing and the boiling- pomts of water be made lOO‘T an the new
scale, the absolute tcmpcmturc of the freezing- pomt is'shown to be
about 2737 ; and it is demonstrated that the te mperat&ree from the
freezing-point on tlie new scale will agree vcr} closcl
grade temperature by the stand'u'd air- thu‘mometcr Lqulte within’
thie limits of the most accurate pmctxcal thermometry v»&men the tem-

perature is between 0° and 100° Cent., and vci‘y nearly if not quite
within these limits for temperatures up to 300° Cent.

|

with Centi-

V. An cmpmcal formula for the pressure qf air_in’ terms of its
density, and its temperature on the absolute scale, is unJc«ug,ated by
using forms such as thosc first propoecd and used by Mr. Rankine,

and determining the constants so as to fulfil the con itions (1) of - ’

‘giving the observed cooling cffects, (2) of agreeing wi h Regnault s
observations on expansion by heat, and (3) of agrccm¥ with Reg-
nault’s cxpcnmental rcsults on comprcssxb hty -at a particular tem-
perature. . :

A table of comlnmon of tcmpcraturc by the airithermometer
under varied conditions of temperature and pressure with the abso.’
lute scale, is deduced from this formula. ‘ 7 |

hxprcssxons for the specific heats of any fluid in terms of the ab-
solutc tcmpcrature, the densuty, and the prcssurc, derived from the.
general dymnuc.q thcory. are worked out for the ease pf air accord-

ing to the cmpnmal formula; and tablés of numoncal results derived

|
|
|

N



: "‘vsoluble' in alcohol and in cther.

* exclusively from 't'lllese»e‘x; ressions and the ratlo of tlu specific heats
‘as determined by ‘the theory of sound, are, given. | These tables
show the mechanical values of the spec:ﬁc heats of air at different
constant pressures, and 'at differcnt constant densitics. ‘Taking
1390 as the mechanical chuwalent of the thermal unitas determined
Ly Mr. Joule’s expenme}l on the fnctlon of ﬂuld{ the authors

eat of air under co nstant P
from 0° to 100° Ceht.
from 0° to 300° Cént.

find, as the mean specific essure,
2390

XII. « Note on Nitro-glycerine.” ByA.\V.lWlLll,iALMéON, Ph.D.,
F.C.S.,, Professor o{ Practical Chemistry in University Col- '
lege. Communicated by Dr. SHARPEY Sce. R.S. Received
June 15, 185%. » L

| ‘ ‘

“This? compound is formcd by dcting upon ly'cerir\e with a mix-
“ture,”in cqual volumes, of _concentrated mtnF and sy Iphuric acids,

the glycerine being added- by a few drops at a time.-

- It is heavier than water, in which it is: shghtly goluble, and is

4

From its proneness to decomponmon in drymg, even by thc air-
pump, a complete analysis could not be madc. but a qualitative ex-
amination of the relative amounts’ of carbon dnd nitrogen gave the

following rcsults —im

Volumes of mlxed gaecs ...... v eere g IBI f".’) } ;9 95

~ Volumes of nitrogen not absorbed by potash 32 05 34 33

Carbonic acnd abeorbed by potash-. . ... 69 6l 65 64
Mixed gases........ 178 12.:)4 13"/3 91 192
Nitrogen .......... 61 66 58 65 G5
COp vrvervneennens - 117 128 115 199 127

” From these results the following formula was deduged :—
CgH, 04+3NO, _.053;}6 05+ 3HO.

It would thereforc appear that 3H are r(placcd by 3N 0,.
On boiling thxs compound with concentrated solution of potash, it
is decomposed mto gl)cerme and nitrate of p?tnﬂh '

\ ’
S . b




Havmg cxnmmed thous nds (l way say myﬁiails) of {these elegant
organising, I am induced to suggest the following i arm
1. 'Layena (W alker): ;uu‘l Entosolenia (Wlllmmeon)
2. Nodosaria and Marg inulina (D'Orb. ), &e. ' ’
3. Vorticialis (D'Orb’,) Rotaha (lnm ). llobatula (l* len.), Globi-
_qlrma (l) Orb.), &e. | o

ngcment $

4. Textularia (])efrancc),‘ Uvignri’im (D‘(,)rb;.),, &c. _
.5." Miliola (Lam.), Biloculina (D’Orb.), &e..

I'his division-must, however, be modified by amore
subject, ns [ only p;rofus t
trate Macleay's thc()r) of

case may be put thu

extended and

0 treat of the

_cosmopolitan view of the
British species. To illus

A uinary and
circular arrangement, the ¢

fl)

Lagenada.
1.

74
2
%
%
2
T
L)

% . N
’//?, " < 5\‘

s | /4
- The. ﬁrat hrm\y is wunutcd h) the. typl('(\l genys Lagena with
“the sccond, ard by Lintosoline with the fifth; the sc

Cond is united
with the third thirough Marginuling ;- the third w

ith the l'(ﬁlrtln '
‘through Gloszcrzrz(t, and the fourth with the last through Uvige-
rind. : f

Whethcr these smgu]ar und llttlc Lnown animals ¢

.or belong to the Amacba, remains yet to be satisfactdrily made out.
London, June 18, 1855. L :

are Khizopodes,

XVI. « l’ldlmmm‘y R(‘scarch on the M.tgnctlsm
~fron Bars by Electrical Currents.”
llcccwcd Junc 21, 1855.

developed in

By@l. P.Jouvee, INR.S.

e

T he author lmd many years ago, tound tlmt thc 1]

agnetism deve-
loped by clectlo ma"mtnc conls n l)dl’a of upw.\rd of

Ird of an inch
s
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“diameter, was nearly pr’oport‘iohal to the stl"éh’gth" of the current and
the lcngth of the wire, any alteration, within certa;n limits, of the
diaméter of a bar, bem  attended with: only trifling eficcts, so long
~ as the point of saturatlon was not ne'uly approache( . The Russian
philosophers Lenz and ‘acobx had, howcvei’. state ‘ 'that the: mag-.
~ netism developed vas, c‘wterzs pambus, propomonaL to the diameter
ts is considered-

t circumstances

of the bar. 'Thé discrepancy befween the above resu

_ by the author to be owing rather to the! dlﬂ'ere

under which the experiments were tried tlmn to any inaccuracics in

the experiments themselves. l‘ulther, it appcared;to him that in
any case of induction by electric currents, c‘arcful distinction should
be made between the s}:wcml cffccts, whxch compo‘undcd together,
constitute the total ma,
= tion be made between the maguctlsm cxnspng under the inductive

gnetic action. l'.sl ccially ihould a distinc-

influénce of the currcnt and that per manjntly deyeloped so as to
remain after the clcctucal circuit is broken, and therefore the first
~ ctlorts of the author wcrc directed to acccrtj\m the Iaws which regu-
late this permanent cﬂcct or, as he thmks it may be convemontly
termed, the magnetic sel. L B
In his experiments the magnctlsm of any| ‘bar wag ascertained, by
placing it vertically with its-lower cnd ncar a delicately suspended
magnetic needle. ‘I'his was a piece of - sewing-ncedle %ths of an
inch long, furnished with an index of finc drawn |glass. tube tra-
versing over n gmduatcd circle six inches in diameter.  It#vas- sus.
pended by a filament of silk.  T'he tangent;of the deflection of the
‘needle'was found to be the exact measure of the at{raction of a bar,
In working with ¢his instrument, it was found that the resistance of
the air prevented -the ncedle from smngmg even once beyond the
point of cquilibrium to which it always arrived ip less than ten
scconds. This resistance of the air, so uscful f?r bringing the
“necdle rapidly to a state of rest, rendered it necessary to keep the
entire: instrument at a uniform temperature, for the slightest local ‘
application of heat produccd currents of air within the glass case of
suflicient ﬁtrcngth to occasion considerable detlections. I'he cir-
cumstance pomts to the possnbnhty of constructmg a ncw and very
_ scnsitive thermometer which might be uschl, mrtlcuhrly in experi-
ments on the conduction of heat. : : '
The mcthod of cxpcnmcntmg consxstcd ‘m obseyving,—1st. the
magnetic attract:on of any bar \\hcu a cur;rcnt circulated through

i
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its spu‘al Qnd the attfaction still cubnnstmg after the cnrcunt was
~ broken ; 3rd the attractlo_ of the other pole bf then eeJIc on the
' reversal of the current v»and 4th. the attmctnon remaining after
this reverse current was |cut off. “*Ihe ﬁum of thel Ist and 3rd
: observatlons gives the toﬂal change in the. magnetn of a bar by
the reversal of the current. The sum of the 2nd and‘4th gwcs the
total permanent change o ‘magnetlsm, or the magnelw scl.

The- expenments were®hade with iron bafs of the sueral dia-
meters, sz 73 . jmd one inch, the iength lremg in cach
case one yard; and also with iron bars §, 4, % and one inch diame-
ter, of ‘the length of tW(J yards. In all the b'lrS of small diameter
up to 4 of an inch, the ma‘gnet:c set obtamcd by the| use of feeble -
currents was found to be proportional to the |square bf the current
employed in producing them. This law was found to subsist
through a long series of electnc mtcnsmes, ‘but thn the current
d in the bars

was increased to a certam amount, the sel, as. _observe

fw« and _“ - of an inch dlameter, increased 1 n a much hlgher ratio,
th powers of

$0 as’ to.vary, in some mstancee with the 4th and
the current. ‘T'he point at which this phcnomcnon takcs place is
ca]led the magnelic brcakmg point. A furthcr increase of the cur-.
" rent was attended with a rapid decreasc of tlm ratio as the satura-
“tion of the bar was approached.
T'he total change of maguietic. condition by rcvcrcal of the cur-
rent, minus the magnetic set, is found  to be nequy proportional to
the intensity of the current, - ‘ -
" Results of exactly similar chamcter were obtmm( by the use of
an electro-magnet, conslstmg of a bar of hard stccl 4 of an inch in
diameter and 7§ inches long. | ‘ ‘
In conclusion, the author points out thc striking qnd instructive
analogy which exists between the .above phenomcna and those of
the set of materials as exhibited by Professor Hodgkinson, who, in
" his admirable rescarches, has proved that . .the set) or permancnt
ch'mgc of figure, in any beam is proportional to the square of the
pressure to which it has, bcen exposed. :

Commumcatlons were read also from the As'rnc NvoMER Rovarn
and Mr. MACQUORN lhuxmz* j :

* r\otlccs of these will appear in the ﬂcxt Numhcr.




CXIIL : Introduc'téay Researci: on the Induétio;z qf Magm’tm byElectrzcal Currents.
By J. P. Joug, F. R S Corr. Mem R. 4., Tm*m, Htm. Mem. of tke thlasopkzcal
Saaety, Cambridge, 8;:: :

Received June 21,—Read June 21, 1855. ,
THE rescarches of Jacosr and Lenz led them some years ago to the announcement
as a law, that when two bars of iron of different diameters but equal to-one another
in length and surrounded with coils of wire of the same length carry equal streams
of electricity, the magnetism developed in the bars is proportional to their respective
diameters. Experiments which I made about the same time threw doubts on my
mind as to the general accuracy of the above proposition, for I found that the mag-
netism induced in straight bars of a variety of dimensions varying from } to 1 inch
in diameter, and from 7 inches to one yard in length, was nearly proportional to the
length of the wire and the intensity of the current it conveyed, irrespectively of the
shape or magnitude of the bars. The valuable experimental researches which have
recently been made by WEBER, RoBinsoN, MGLLER, Dus and others, refer chiefly to the

“attraction of the keeper or submagnet, and are not calculated to confirm or disprove
either of the above propositions; and the correct view is ptobaﬂy that of Professor
Tromson, who considers both of them as corollaries (applying to the particular con-
ditions under which the experiments were made) of the general.law, that " similar-
bars of different dimensions, similarly rolled with lengths f wire propomoual to the
squares of their linear dimensions and carrying equal currents, cause equal forces at
points similarly situated with reference to them*.” I have been induced to under-
take some further experiments with an endeavour to eiucﬂdate the subject, and also
to open the way to the investigation of the molecular cbanges whlch occur durmg
magnetxzanon o

I procured four iron bars one waxd long and of the respectwe diamieters 3,1, }and
1inch, their we;ghts being 1/36 3802, 14560, and 55060 grs. Each bar was wound
with 56 feet of copper wire 2;th of an mch in diameter cow‘vered with silk,.the number

.of convolutions being 1020, 712, 388, and 207 respectively. The smallest bar was
closely covered throaghout its entire length, but on acco‘jnt of the larger surface of
the other bars the coils had to be distributed upon them as evenly as possible. . Four

- other bars were also procured of the same diameters as the above, They were

however twice as long, weighing 3500, 7624, 29944, and 108574 grs., and were wrapped

‘ wuhﬁdouble the length of wire, forming 2060, 1435 6 5 and 418 con gémns
resp etwely. ”

* Letter to the author,
2r2
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'I‘o measure- the electucal currents, 1 employed a galvanometer of tangents, the
~ needle of which, half an inch long, carried a glass index over adivided circle 6 inches
in dlamcter. This instrument was furnished with a coil of sixteen circumvolutions
‘of 1 foot diameter, which could be exchanged for a single circle of 1 foot diameter
~ when the intensities to be measured were very considerable. It was ascertained by
experiment that the tangent of deflection by the former coil was exactly sixteen times
that of the latter when the same intensity of currént was employed. For convenience
-sake I have reduced all the observations to the latter standard; the unit current
being therefore that which, pds&mﬂ thmugh a circle 1 foot in diameter, is able to
deflect the needle through 45°
The amount of magnetism induced in a bar was ascertained by placing it vertically
with its lower end at a distance of 6 or 12 inches from a magnetized needle ths of
an inch long and J}th of an inch in diameter, suspended by a_filament of silk, and
having a fine glass index traversing over a graduated circle 6 inches in diameter.
The force of torsion of the filament was found to be so trifling, that the tangents of
the deflections of the needle could be taken as representing, without sensible error,
the magnetism of the bar. Observations with so small a needle were made with
great facility, the pointer moving steadily up to and attaining a new angle of deflec-
tion in eight or ten seconds after the electrical circuit was completed, the resistance
of the air to the motion of the pointer being such as to prevent the smallest degree of
oscillation. This resistance, however, of the air, so useful in bringing the needle
speedily to rest, renders it necessary to guard carefully dgamst any irregularity of the
temperature of the case in which it is enclosed. A ray of sun-light would speedily
occasion a deflection of several degrees*; and I found that the heat of the hand neld
‘over a part of the thick glass case 45° in advance of the_pointer was sufficient, after
penetration throngh the glass, to produce a current of air ausing a steady deflection
of no less than 30°% a deflection which subsided with extreme regularity and ‘great
slowness after the hand was removed. I would suggest that this circumstance points
to the means of constructing a new and exceedingly sensible thermometer which
would be valuable in many researches, particularly those on the conduction of heat.
Previously to employing Eﬁctuc currents, I made some experiments simply with a
view to ascertain the inductive power of the earth’s magnetlcm on the bars; and in
which the action on the suspended needle was observed both at the distance of
12 and 6 inches, in order to determine the influence of distance for the convenience
of future reductions. Iaving noticed the deflection produced by any bar, it was
- reversed and the observation repeated, the sum of the tangents of deflection showing
the total effect produced on the magnetism of_the bar by its reversion. I may here
remark, that both ends of the pointer of the nEedle were invariably observed, though
to save unnecessary detail the tangent of the mean is only given.

. * Dr. Trypars has drawn attention to the importance of guarding agamst these effects of heat on a deli-
E vcately poised needle. - Philosophical Magazine, 4th series, vol. iii. p. 127.
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Eﬁ“eétof Revérsal Aof’Bars tﬁwyo; yardvék‘}ong. :

' Sum of tarigents of deflection. -
P :

Diameter of bar. At 6 imghes distance, ; At 12 inches d—is?tance.
ginch . . . . . . 0450 . . . . . . . 0088
rinch . . . . . . 080 . . . .. . . -0300. -
Fimch™ . . . . 0 o os912 L L UL L. 1029
N Linch . . . . . . 1'8910 . . . . . . . -4598

The magnetism induced in the smaller bars appears to be nearly proportional to
the square of the diameter, as might have been anticipated. The ratio of the
attraciion at 6 inches to that at 12 inches is 2-98.

Effect of Reversal of Bars one yard long.

Sum of tangents of deflection.
AL

Diameter of bar. At 6 inghes distance. At 12 inches dis}:ance.
sinch . . . . 0480 . ... . . . . ‘0138
finch . . . 0 0 260 (. L L .. 0384
finch . . . . 0 . w026 . . . . .. . 1430
Linch . . . . . . 10380 . . . . . . . -3084

The magnetisin induced in the smaller bars of the above set is nearly proportional to
the square of the diamneter; the greater amount of discrepancy arising in all pro-
bability from the inferior length of the bars compared with those of the last set.
The ratio of the attractions at the two distances is as 3'39 to unity.

In the following experiments on the induction of magnetism in the above bars by

electrical currents, the method employed wus,—1st, to observe the magnetism of a bar
under the influence of the current; 2nd, that left permanently developed ; 3rd, to
observe the magnetism when the current was reversed ; and 4th, the magnetism
remaining after the current was the second time cut off. The difference between the
first and third observations gives the entire change in the magnetism of the bar con-
sequent on the reversal of the current; the difference between the second and fourth

gives the entire permanent change, or as I may term it for convenience, the mag-

netic set,

The results were obtained by using currents of four degrees of intensity, in the
first two of which the needle was at 6 inches distance, in the last two at 12 inches.
The latter results are reduced to the action at 6 inches distzjince by employing the
data arrived at from the foregoing experiments, |
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TABLE I

P

Attraction, at 6 inéhes,of’ baré,on‘e yard long wrapped with 56 feet of wire.

- Total change of B Total change | Total change
X Intensity of gaetism b . . .. | Set divided by |_. Vi
Diameter of bar. current. | . reversal of V| Maguetic set. | minus ;::_'gn@c square of current. mm!:'; :ﬁ,’rg:xded
current. B ’
0044 0164 +0014 0150 72:31 3:409
! inch 0197 . ‘1012 0266 0746 68-54 - 8787
o MMCA wevees 0415 3020 -1085 -1935 62:40 4640
-1450 27747 1-7036 1:0711 8103 7+387
-0041 0364 -0038 0326 22605 .|  7:951
' inch 0197 +2336 -0628 *1708 161-82 8670
7 e s -0414 8708 +4085 4713 238-34 11-384
-1446 82871 49179 3:3692 - 235°20 23-300
. +0045 -0857 0113 0744 55802 16533
1} ineh 0194 4573 0882 *3691 234'35 19-026
----- 0419 -1-2162 -3207 *8955 182:67 21-372
*1460 86948 | 27628 59320 12961 40-630
0045 Ce1017 -0128 0889 632-10 19+755
ch 0195 -5089 0817 4272 214-86 21-908
ICH o eeees 0416 10935 T3y *9558 79:57 22:976
L 1404 56858 1-0248 46610 51-99 33-198
1 2 | 3 4 5 6 7

Although the covered wire was fine and wound close to the iron, it could not be
expected to act with exactly equal advantage in the bars of small as of large diameter,
chiefly on account of the circuit taken by the wire being, relatively to the circam-
ference of the bar, greater in the small than in the large bars. In comparing the

“results together, it should therefore be borne in mind, that those obtained with the

bar of 3th of an inch diameter are somewhat dlmlmshbd fxom the above c1rcum-
stance. ~

A very cursory inspection of the results convmced me that the magnetic set
followed a very different law from that which regulated the magnetic action under .
the influence of the carrent. I have therefore subtracted the former from the latter
in the 5th columu of the Table. Even after this separation has been effected, it will
be seen from column 7 that the magnetic action over and above the set-increases
with considerably greater rapidity than the intensity of the carrent, a result which
is I believe owing to a portion of the set actually existing during the action. of the
current being destroyed on the breaking of the circuit. It will be remarked, on
inspecting column 6, that the set of the bars of 1 % and 1 of an inch diameter increases
nearly in proportion to the square of the current, but that with the thicker bars the
ratio is diminished ; so that, although the set of the bars of small diameter is greater

,Wthan that of the large bars when a current of powerful intensity is employed the

reverse takes place when a weak stream is used, From the 7th column it may bé
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gathered that the magnetism induced by an equal é&»’_xrrént,finéifeaﬁiag_at first nearly
with the section of the bars, becomes ultimately almost independent of their thick-

‘ness, the attractions of the balf-inch and inch bars béing almost exactly equal to one

~ another. i

' Tasce 11,

Attraction, at 6 inches, of bars two yards long wrapped wi_th 112 feet of wire.

. Total change of | Tota! change o Total chan
. Intensity of magnetism by . . o | Set divided by | _. nge
Diameter of bar. ! Magnetic set. | minus magnetic ‘minus set, divided
iameter cutrent. ] rec\uer::‘l:f "~ g set.‘g square of cum:nt.i by cnr.rent.
0042 0150 | 0009 0141 .| 5102 3357
\ inch *0160 -0826 0190 0636 74-22 3975
s 1NCH oo -0281 *1440 *0410 *1030 5192 3665
-0988 16531 10030 6501 10275 6580
-0042 T 0451 -0037 -0414 209-75 9-857
inch .. 0167 © 2555 0513 2042 18394 12227
inch...... 0297 6227 2392 -3835 27117 12:912
<1048 6:5007 4-3887 21120 39959 20°152
0044 +0937 -0095 0842 490-70 19136
! inch 0192 5275 -0870 -4405 23600 22-943
7 ek ... -0386 1°2243 2597 *9646 174:30 24990
*1338 106557 49784 56773 278:08 42-429
<0043 © 1280 0128 | 1152 | 692.27 26-791
inch -0178 6088 -0822 -5266 | 259-44 29-584
HCH ceeeeenes 0316 10440 -1833 8607 183-56 27-237
1154 61017 16200 | 4-4817 12165 38-836
1 2 3 { 4 ! 5 6- ¥

An inspection of the ahove results, obtained from bars of double length wrapped
with twice the length of wire, leads to conclusions similar to those we drew from
Table I. | ‘

It appeared to me a matter of very great importance to investigate more closely
the laws which regulate the magnetic set, and to determine with certainty whether
the proportionality between the set and the square of the current, leading as it inevi-
tably would to the better understanding of the nature of the molecular changes which -
occur in a magnetized bar, existed, and to what modiﬁcationj it was subject. Seeing,
therefore, that the supposed law began to fail when the thic er bars were employed,
in which the mutual action of the particles distributed over a large section would

‘naturally tend to counteract the magnetic induction developed on the exterior sur-
face, I constructed two straight electro-magnets, one of an iron wire one yard long

and z; of an inch in diameter, the other of an iron wire one yard long and 35 of
an inch in diameter. The former was wrapped with a single layer of covered copper
wire 25th of an inch in diameter and 21 feet long, the latter similarly\with wire
27 feet long. The attractions of these wire electro-magnets were ascertained at
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‘fdlstances of 2and 6 mches ’I‘hey are-all however reduced to the latter distance by
means- of the data derived from the comparison of the action of the wire electro-
magnets at the respective distances.

In the adjoining Table, all the results except the hst six were obtamed at 2 inches
dlshnce, and the observations are divided by 8 06, the relative attraction at 2 inches
to that at 6 inches, called unity: the first recorded magnetic set was deduced from
the mean of thirty-six experiments on the attraction at 2 inches distance. The mean
deflection amounted to no more than 247 of a minute of a degree, and as the error
incident to any single observation is from 1 to 2 minutes of a degree, it follows that
no great reliance can be placed on this first result. '

Tasre II1.

Attraction, at 6 inches, of wire-electro-magnet, 5 inch diameter, wrapped with
21 feet of wire,

No. of experi- |  Intensity | Total éhange of - Total change Set divided Total ébange
ments forming I of magnetism by re-! Magnetic set. minus by square of |minus set, divided] .,
the mean result.] current, versal of current. magnetic set. current. by current.
36 <0044 . .t 00072 *00001 +00071 5161 11617 ;.
32 '0086} 0065 00145 :00010 00135 | 1352 34 157199
18 0195 *00377 00029 00348 763 178
20 -0391 -00929 +00152 00777 *994 *198
9 0568 01528 00330 +01198 1023 211
8 0787 102657 00782 +01875 1-263 238
8 0806 +02798 +00855 - 01943 1-316 241
8 0848 >+0841 -02998 +00939 02059 1-306 >1:315| 243 »-246
8 0870 *03220 +01001 02219 1-323 255
8 +0908") 03529 +01228 +02301 1-489 *253 )
8 0961 { | *03976 +01488 +02488 1611 L 5 ool #2589 |,
8 -0992 b 0983 04570 -02090 02480 | | 2124 (1765 Lo50 0256
8 <0992 i 04413 +01809 02604 1-838 262
8 '1012 i 04573 01904 02669 |- | 1-834 262
8 1046 { . 04838 02047 102791 | 1:871 { . 267 | oam
8 1085 (1960 Lo5zsg 02355 02983 | 2:000 (2742 .g75 1987
8 1089 1 09969 06240 *03729 5:262 +342
8 *1134 L 05972 02835 «03137 | 2:205 277
8 1151 3 '1!56‘ *10190 06580 03610 ! 4967 »3:168] 314 »291
8 ‘lé84 | 06622 03269 *03353 | 2:332 283
8 116537 , I 14570 09900 -04670 | | 36237 2831 ,
8 1753 ‘7°3| 19320 14220 05100 4-623} 4125 -291} 287
8 +30411 | 29710 *21420 -08290 2:316 ,, 2721,
8 -3045} 3043 32810 | 22900 09910 2-470} 2:393) 305 [ 298
8 4372 *38750 *24760 *13990 ‘ 1-295 320
6 1-2919 *52080 *26400 26580 I e 12} -206
1 s | s + | 5 | 6 7

From the results of the above Tab]e, it appears that, through the range of clectrical
intensities from 0065 to 0841, the set of the wire electro-magnet is proportional to
~ the square of the current; that fx m the latter intensity to *1060 the set increases
'With‘:much greater rapldxty, varymg at one point with the 6th or 7th power of the
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" current ; and that from the intensity *1060 the rate of increase rapidly declines as
 the limit of magnetization is approached. 'Frorh the last column of the Table, it will
be seen that the magnetic effect of the current, separated from the set,increases very
uniformly with the cux"rent; though a little: more -rapidly. - Similar conclusions may
be drawn from the results of experiments with the—electro-magnet of thicker wire
 contained in the next Table, in which all the observations but the last four were made
at 2 inches distance, and are reduced to the standard of the rest by dividing by 6668,
the observed action on the needle at the distance of 2 inches compared with that at

6 inches. S . '
TasLe 1V.

i . i
Attraction, at 6 inches, of wire electro-magnet, -, inch diameter, 1 yard long,
: wrapped with 27 feet of wire. ’

Number of expe- Intensity Total change of Total change Set divided Total change
riments forming of magnetism by re- Maguetic set. minus by square of !minus set, divided!
the mean result. current, versal of current. magnetic set. current. by eurrent.

44 -0043 -00213 -00007 . *00206 3786 -479

20 0089 00443 - 00027 00416 . 3°408 -469

20 +0248 +01498 00180 - +01318 2:927 *531 -,

10 +0493 *03835- 00719 03116 2:958 632

10 +0900 *10720 03611 07109 4:458 790

10 11717, ‘18702 08508 *10194 6-205 . 8711 .

10 1205 } 188 9104 10560 08844 | | 7273 6739) 7, p 802

10 +1998 *45360 31840 *13520 7976 677

10 *3448 68450 -43310 *25140 3643 729

6 1-1633 1-07320 *48640 58680 359 *504

1 2 3 4 E 5 6 7

My next experiments, recorded in the following Table, were made with a bar of
hard steel, 7% inches long, 1 of an-inch in diameter, wound with 34 feet of silked
copper wire {gth of an inch in diameter, distributed in two layers. The first five
observations were obtained at the distance of 3 inches, and are reduced to the stand-
ard of the remaining observations at 9 inches by dividing by 22-762, the number of
times that the attraction at 3 inches was observed to surpbss that at 9 inches.

. NDCCCLVIL 2q
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e 'fanm V
Attractwn dt 9 mches of steel electro»magnet, /% mches Iong, 1 inch diameter,
o ‘ .- wound w;th 34 feet of wire. -

L

- VR ! T i |
Number of o Total change of : . otal o " S | “Total change
experi .| ty of 5 tism on _ Magnetic set. n;ll‘nui;l m!;;';genc Set divided by gminus sei,div%;ed
forming the .|~ current. i re‘i';tgihe “set. square of current. by current.
mean result. ! i urren. : :

i 40 ; 0045 Lo 00281 5 +0000092 *00280 454 | 622
i 40 i +0089 Lo 00543 | -0000448 00539 366 . 606
20 ; +0263 : 01663 - | 0002157 01641 312 . 624
10 ; *0489 - 03132 +0008769 ~03044 +367 622
8 0921 ; ‘06046 003227 *05723 381 621
20 <1594 ‘ 122992 02356 20636 927 1-294
! 8 +3201 i 65241 17791 *47450 1-736 1-482
i 6 4582 . 109119 *39722 69397 1-892 1-514
! 6 ~5688 . 1°45540 | 58421 87119 1-806 1:531
% 6- *8381 . 2:22020 103410 { 118610 1-472 1-415
2 1:5108 | 296510 1-29880 | 1:66630 *569 1-103

1 | 2 i 3 4 5 6 | 7

‘From the preceding Table it appears that the set of the steel bar increases almost

~ exaetly with the square of the current from the intensity "0045 to ‘0921 ; that thence

to *1594 it increases more rapidly than.the cube’ of the éurrent ; and@that from that
point it increases in a gradually diminishing ratio as the point of saturation is
approached. -It will be remarked that the first five numbers of column 7 are nearly
equal to one another; but that when the set begins to increase more rapidly than
with the square of the current, the magnetism of the bar over and above the set
increases more rapidly than the current.

There is a striking and instructive analogy between the phenomena above pointed -
out and those relating to the set and elasticity of materials. Professor Hopcxinson

has pomted out that the set or permanent change of figure in any beam is propor-
tional to the square of the force which has been applied, a law which of course is
transgressed near the breaking-point. May we not with propriety term the point at
which, in the foregoing-experiments, the set- increases so abruptly, the magnetic break-
ing-point? Mr. Tnomson has propounded the view, that the elasticity of all bodies is

perfect when abstraction is made of the effect of set. The foregoing Tables indicate
" approximately the same law respecting What unght be termed the magnetic elasticity.
The analogy thus established between magnetic and ordinary molecular'acnons, :

when viewed in connexion with those changes of dimension which take place in iron

"-.bars by magnetlzatlon and which I propose to study more |deeply, promises to afford

a point of view whence a more perfect insight into the nathte of magnetism than we
at present possess, may ulumate}y be attained,.

Oak erld Moss Stde, M’anchester ’ ’ o
June 20, 1855. - :
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-» Afin d’obtenir des résultats d’une utilité pratique, il m’a fallu entre-
Erendre un trés-grand nombre d’expériences sur la vapeur surchauffée,, sur
les métaux Portes a de tres—hautes températures, sur l’acnon respiratoire
ou pulmonaire, etc., etc., qué je me propose de faire connaltne Prochame—
ment 4 I’Académie. e et =

» Cependant on pourrait voir des extraits de mes recherches ‘dans un
Mémoire présenté & I'Institut des. Ingéuieurs civils"de Londres, dans ses
séances de 1852-1853, et récompensé par la médaille de Telford. Le titre
de ce travail est : On the conversion of heat into mecbamcal eﬂect

» Jaiprésenté, en outre, 2 I'Institut des Ingemeurs-Mecamcmm d Antﬂe-
terre, un Mémoire sur un condensateur-regulateur (1850).

» Enfin, Y'ai des hrevets pris en France et en Angleterre depuis. 1847
et 1851, dans lesquels mes idées se trouvent exposées et appliquées aux
machines, - ,

" » Un de mes appareﬂs fonchonnera, Je l’espere, ala prochame Expom-
tion, I'Académie sera alors mise en état de juger, par expérience,- de la
valeur réelle des xdees theorlques d’ot je suis parti. »

PHYSIQUE. — WNote sur I'équivalent ﬁ‘zécdr,iiqué de la chaleur;
- par 3.-P.- dovrE. --

« Dans un article de M. Person, pubhe ‘dans-les- Comptes® rendu.s‘ le
r1 décembre x 854, on a donné plusmurs valeurs de 'équivalent mecamque
de la chaleur qui différent tellement les unes des autres, qu'elles pourraient
contribuer-a jeter des doutessur la rxgueur des méthodes qu’on a employées
pour y parvenir et sur la doctrine méme 4 laquelle elles se rattachent.
Cependant aucune théorie physique n’est appuyée sur des fondementsplus
solides, et-ne permex une-plus grande exactitude dans la-détermination des
coefficients numériques.-Je rappe]leral d’abord qu’aprés la découverte du-
principe de la convertibilité rec1proque de lachaleur en travail, & ]aqueﬂe je
fus conduit, en 1843, par mes expériences sur I'électro-magnétisme (1),
j'entrepris des expériences sur les effets thermiques produits parla-dilatation
et la compression de V'air, dans le but d'établirleur rapport avec [a. converti-
bilité mutuelle du travail en chaleur. Ces experlences communrqtrees, en
1844, Ala Somete royale, étaient de trois especes. Dans les’ premleres, la
quantité de chaleur qui résulte-de la compression de I'air élait ‘comparée au
travail de cette compressmn feur rapport se trouva tres-approche du rap-

(1 ) P/ulo;aplucal ﬂ]agmme,_ 1843 -

<
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port d'équivalence, auquel j'étais déja arrivé précédemment. Dans la
deuxiéme série d’expériences, un vase rempli d’air comprimé et un vase
semblable ot le vide était fait se trouvaient réunis par un tuyau muni d'un
robinet; le tout était plongé dans un réservoir rempli d’eau. Quand le ro-
binet était ouvert et que 'air pouvait se répandre dans V'espace additiorinel
que lui présentait le deuxiéme vase, on n’observait aucun changement sen-
sible dans la température. Dans la troisiéme catégorie d’expériencés, on
comprimait de 'air dans un réservoir, et on le laissait s'échapper par un
serpentin plongé avec le réservoir dans de I'eau. La diminution de tempéra-
ture observée dans I’eau était' comparée au travail nécessaire pour élever une
colonne d’air atmosphérique d’une certaine hauteur, et cette comparaison
servit & montrer 1'équivalence tres-approchee de ces deux quantités.

» Les expériences de la deuxiéme série, que j'ai décrites plus haut, ont
été récemment répétées par M. Regnault, et le célébre physicien est arrivé
aux mémes conclusions que moi-méme; c’est-2-dire que, dans les circon-
stances de ces ‘expériences, ou tout effet thermique se distribue travers
une masse d’eau con51derable, on ne reconnait aucune diminution sensible
de température quand I'air dans I'acte de ladilatation se restitue & lu;fmeme,
sous forme de chaleur, tout le travail produit par 'expansion. Il est pourtant
important d’observer que cette conclusion n’est qu'une approximation, et
que, dans la réalité, il se produit un peu de froid quand de lalr se dllate
sans produire aucun travail extérieur.

» Le professeur Thomson, qui le premier avait soupconne ce falt pro-
posa, dans le but d’en vérifier I'exactitude, de faire des expériences oti la
température d’un fluide élastique confiné sous pression constante est ob-
servée immédiatement avant et aprés son-passage A travers un corps poreux
non conducteur, en se répandant dans 'atmosphére. Par cette méthode (1),
dont la sensibilité est goo fois plus grande que celle que M. Regnault et
moi-méme avons employée, il a ét¢ établi avec évidence qu’il se produit,
dans I'air et les gaz, un trés-léger refroidissement quand leur volume aug-
mente sans aucune production de travail. Plus récemment, ces expériences,
conduites sur une vaste échelle par M. Thomson et moi-méme, ont fait voir
qu'aux températures ordinaires ce refroidissement s’éléve pour 'air atmo-
sphérique 4 0°,26 seulement; mais dans I'acide carbonique il s’éléve & 1°,14
par chaque atmosphére de différence de pression(2).

(1) Philosophical Magazine, 1852.
(2) Philosophical Transactions, 1855.

41..
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-»_L'équivalent mécanique, tel que M. Person I'a déduit de ia vitesse du
son, et de la détermination de la chaleur spécifique de 1'air sous pression
constante, faite par M. Regnault, est donc une valeur tres-approchee* et
je ferai observer qu ‘elle est presque identique avec celle 4 laquelle j’ai été
amené par mées expemences sur la chaleur produite par la frmtmn des fluides
et dont le résultat est mdependant de toute hypothése. : :
R équivalent mécanique mdlque par M. Mayer dans un Memon;e rés-
remarquable, pubhe dés 1852, fut estimé d une maniére analogue , mais il
s'éloigne considérablement. de la vérité & cause de l’mcorrechon du nombre
qu’il avait admis pour Ja ‘chaleur sPeclﬁque de Yair. A cette époque, la vé-
ritable cause du’ developpement de chaleur PI‘OdlIlt par la compression de
air p’avait pas. été établie. Aussi le resultat obtenu par cet éminent
physicien, quelle que soit la sagacité dont il a fait preuve, ne pouvmt étre
regardé que comme hypothétique. ~ . .~ - ... . ey

» Dans un Mémoire, sur une- machme a an'(l), le professeur Thomson
et moi avons calculé la, chaleur spécifique de I'air au moyen de-la yitesse
du son et de T’ eqmvalent mécanique déduit de mes expemences sur la fric-
tiondes. fluides. Le résultat auquel nous sommes arrivéss’est trouvé trés-con-
forme avec mes propres déterminations expérimentales, et presque identique
avec 1es plus exactes de toutes celles de M. Regnault. Récemment (2) nous
avons comge les cal culs relatl_fs ala chaleur- spemﬁque £t aux autres pro-
priétés de I'air, en tenant compte des. écarts que présentent ces élémenis,
relativement aux lois ardinaires des gaz, ainsi que M. Regnault les a établis,
et en introduisant les corrections qui resultent du faible refrdessement de
Iair dilaté, doutJ al dejél parle plus haut. .- o R e

~» En terminant, je crois pouvoir etabhr que la s série nombreuse d’ expe-
riences surla friction des flnides que j'ai faites, il .2 plusieurs années (3 ),
m’a permls de ﬁxer la valeur de l équivalent mécanique de la chaleur d’une
maniére absolue, et mdependammmeut de toute- hypothese. C.es result@t
sontles les suwants T A Lo

-En pieds anglals et degres Farenllelt...’-.'_,:.'r.", Ciees .;'f"vjy;_z —
- L7 71 En pleds anglais et -degrés centigrades... :'.9. Lei T 138g,5 0 T
: E;:Lmejles_fraugals et degrés. centigrades.... ...7 - 43,51 & - N

1) Philosophical Transac;ion-&; 1855~ - s

(1)
(2) Philosophical Transactions, 1855. .
(3)

Philosophical Transactions, 1850.
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TII. Letter fro 1 James P. JoULE, Esy. FRS. to Prof. STOKES,

in reference to the Paper of Dr. Wdops read on the 10th
of January 1856. Received February 22, 1856, -

: ! Aanchester, Fcbfunry 21st, 1856.
In the abstract of Dr. Woods’ paper: printed in the ¢ Proceedings’
for January 10th, the following temark oceurs: “Mr. Joule published
in the Philesophical Magazine for June 1832, a memoir proving
exactly the same proposition, but giving meé the merit of priority in

a preliminary remark.”  In jnstice to myself T must state that my
oods has

actual words were— ‘I observe with pleasure that Dr. W
at the

recently arrived at one of the results of the paper, viz. “th
decomposition of a compound body oceasions as much cold as the
combination of its clements originally produced heat,’ by the use
of an clegant experimental process deseribed in this Magazine for
October 1851. I ought, however, to remark, that previoug to the
year 1843 I had demonstrated “that the heat rendered latent in the
electrolysis of water is at the expense of the heat which would other-
wise have been evolved in a free state by the circuit.””

The memoir referred to by Dr. Woads was acknowledged by the
French Academy in its « Comptes Rendus® for Feb. 9, 1846, and
according to established rule dates from that period. T may how-
ever observe that the law he claims was published by me in the Philo-
sophical Magazine for October 1841, where 1 pointed out that the
heat evolved by the combination of oxygen and hydroger is equal to
that due to the electrical intensity required to separate water into its
elements. The same fact was reiterated in various subsequent
papers, in which it is also proved that < the quantitics of heat which
arc evolved by the combustion of the chemical equivalents of bodies
are proportional to the intensities of their affinities for oxygen”
(Phil. Mag. xx. p. 111), a proposition which is given ag his own by
Dr. Woods, and considered by him as ¢ an original idea.”

James P. JouLk.
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_caused by currents of aif of different velocities thus produced, he -
was enabled to drrive at a measure of the velocities in tubes placed
in a still atmgsphere, as described in his former paper. ¢
The author in that paper pointed out a correspondence between
the variations of force in the upward currents of .atmospheric air in
the tubes and variations in the humidity of the atmosphere, and
expressed his belief .that the variations were attributable in great
miéagire to the varying hygrometric conditions of the atmosphere.
-7 In further proof of this position, he has appended two tables,
<. ‘-showing that ¥oth natural and artificial increase of atmospheric

+ 2, humidity are accompanied by increase in the velocity of the yotations,
~and that in each case Increase of humidity is attended by inerease of
* velocity, indépendent of temperature.

III. “On the Thermal Effects of Fluids in Motion.” By J. I.
Joury, Esq., F.R.S,, and Professor W. Tuoysox, RS,
Received May 23, 1856.

On the Temperature of Solids ceposed to Currents of Lir.

In examining the thermal effects expericneed by air rushing through
narrow passages, we have found, in various parts of the stream, very
decided indications of a lowering of temperature (see Phil. Trans.
June 1853), but never nearly so great as theoretical considerations
at first led us to expect, in air forced by its owu pressure nto so
rapid motion as it was in our experiments. The theoretical tnvesti-
gation is simply as follows : — Let P and Vo deuote the pressure aud
the volume of a pound of the air mpving very slowly up a wide pipe
towards the narrow passage. Let p and o denote the pressure and
the volume per pound in any part of the narrow passage, where
the velocity is ¢. Let also e—E denote the difference of mtrinsic
energies of the air per pound in the two situations, Then the equa-

tion of mechanical effect is
7 _ 7 .
25 = (PV pt)+(E e),

gince the first member is the mechanical value of the motion, per

/
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pound of air; the first bracketed term of the second mewnber is the
exeess of work done in pushing it forward, above the work spent by
it in pushing forward the flnid immediately in advance of it in the
narrow passage; and the <econd bracketed term is the amount of
intrinsic energy given up by the thuid in passing from one situation
to the other. :

Now, to the degree of accuracy to which air follows.Bovle’s and
Gav-Lussac's laws, we have

pr= ;{; Py,

W and T denote the temperatures of the air in the two positions
rechoned from the absolte zero of the air-thenimometer.  Also, to
abont the see degree of decuraey, our experiments on the tempera-
fre of e exeaping fron astate of hivh pressure through a porous
phics establish Mayer's hyvpothesis as the thermo-dyvnamic law of
evprusion s and to this desree of acenracy we may assume the in-
WInsIe ey of 2 iss of air to be independent of its density when
Hs temperatare vevias unaltered, Lasdy, Carmot's principle, as
meshiied e the dyiieal theory, shows that a fluid which fultils
those three Tan - st hane s capacity for heat in coustant volume
eorstant for all temperatures aud pressures,—u result confirmed by
Bezianls divect experimeats to acorrespoling degree of accuracy.
Henve the variation of arinsie cierey ina mass of air is, according
foothose v <hnply the ditference off temperatures maltiplied by a
covstantoarvespeetively of woe expaaision or condensation that may
leve b ovperioneeds Henee, if N denote the capacity for heat of
i pensd o air i constant volume, and J the mechanieal value of the
thernal une, we have

E—e=JN (T —1).
Thus the preceding cquation of mechanical etfect becomes
- t R
o py (1 -~ ,:>+Jf\ (T—1).
2y 1
Now (see ™ Notes on the Air-Engine,” Phil. Trans. March 1852,

po 1 or Thermal Effeets of Fluids in Motion,” Part 2, Phil. Trans.
Juue 1854, p. 361) we have

PV
= U _ 1

F—

1= %=1 T
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" where / denotes the ratio of the specific heat of air under constaut
pressure to the specific heat of air in constant \'olllni(r; I, the pro-
duct of the pressure into the volume of a pound, or the * height of
the homogencous atmasphere” for air at the freezing-point (26,215
feet, according to Regnault’s observations on the density of air), and
¢, the absolute temperatwie of freezing (about 274° Cent.).  Henee ’
o have - )

G . 1 ¢ Y t
=V m) () =T (=)
Now the velocity of sound in air at any temperature is cqual to
the product of 4//% into the velocity a body would acquire in falling
under the action of a constant force of gravity through halt the

height of the homogeneous atmosphere; and therefore it we denote

by a the velocity of sound in air at the temperature T, we have
a'=hkygPV.

Henee we derive from the preceding equation,

T—t  h—1 gy
() (a)

which expresses the lowering of temperature, in any part of the

narrow chanucl, in terms of the ratio of the actual velocity of the
air in that place to the velocity of sound in air at the temperature
&% the stream where it moves slowly up towards the rapids. Tt 15 to
be observed, that the only hypothesis which has been made is, that
in all the states of temperature and pressure through which it passes
the air fulfils the three gaseous laws mentioned above; and that
whatever frictional resistance, or irregular action from irregularitics
in the chunnel, the aiv may have experienced hefore coming to the
part cousidered, provided only it has not been allowed either to give
out heat or to take in heat from the matter round it, nor to luse
any mechanical energy in sound, or in other motions not amonz its
own particles, the preceding formule will give the lowering of tem-
perature it experiences in acquiring the velocity ¢, It is to be
observed that this is not the velocity the air would have in issuing in
the same quantity at the density which it has in the slow stream
approaching the narrow passage. -Were no fluid friction operative
in the circumstances, the density and pressure would be the same in
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the slow stream flowing away from, and in the slow stream approach-
ing towards the narrow passagc;; and cach would be got by con-
sidering the lowering of temperature from T to ¢ as simply due to

expansion, so that we should have

' Vb=t
=)

by DPoisson’s formula.  Henee it Q denote what we may call the
“reduced veloeity™ inany part of the narrow channel, as distine

guished from ¢, the actual or true velocity in the same locality, we

v P\
Q = '- r/ = (T) s

and the rate of flow of the air will be, in pounds per sccond, wQ A,

have

i e denote the weight ot the unit of volume, under pressure P, and
Athe area of the seetion in the part of the channel considered.
The preeeding equation, expressed in terms of the *reduced velo-

('l(.\‘,” then beconies

i A=1 INES (a>’
T T ) '

and therctore we have

ERVAT= ORI ()

The seeond member, which vanishes when ¢ = 0, and when t=T,

attains o mantimon when

t = ~3T,
the naaximum value Leing

Q .

— =578,

a

Henee, it there were no fluid triction, the ¢ reduced velocity”” could
never, o any part of a narrow channel, exceed 578 of the velocity
of sound, in air of the temperature which the air has in the wide
parts of the channel, where it is moving slowly. If this temperature
be 137 Cent. above the freezing-point, or 287° absolute temperature
(being 55° Fahr., an ordinary atmospheric condition), the velocity
of sound would be 1115 feet per second, and the maximum’ reduced
velocity of the stream' would be 644 feet per second. The -cooling
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effect that air, must, in such circumstances, experience in acquiring

such a velocity would be from' 287° to 268° absolute temperature,

or 19° Cent. ) 3
The cffects aof thad friotion in different parts of the stream would

require-to be known in order to estimate the redueed veloeity inany’

narrow part, according to cither the density on the high-pressure
side or the density on the Tow-pressure side. We have not as vet
made any suflicient investigation to allow ts to give even o enjees
tural estimate of what these effects may be inany case, But it
appears bnprobable that the *redueed voloeity,” aceniding to (hwl
density on the hizhi-pressure wde, coultd everswith friction exeeed”
It

the greatest mmovnt it couli possibly. have withont fiiction.
i terins off

therefore seems improbable that the © redueed velocity™
the density on the high-pressupe gide can ever, in the narres et part
of the channel, exceed 611 feet per second, i the temperature cCile
high-pressure air moving slowly he about the atmospherie temperas
ture of 137 Cent. used i the precedme estunate.

I’.\pcrimum\’ i which we have foreed abe throneh apertin.os at’

and A4 ths of aninch diamerey dilled o thin

2a A3
Toodr room

plates of eopper, have given us a mavinun veloeity rediecd o the
density of the high-prv--lnvv side cqual to 350 feet per w cond, Bt
there can be little-doubt that the stream of it afier isstitn foone an
orifice in a thif plate, contracts as that of water does mder el
circwmnstances. 11 the veloeity were caleulated trone the eoc ot

contracted part of the streany, it i< hizhly probable that the s
wi veloeity redueed to the density on the high-pressive < de weadd
be Tound as near G1f feet as the degree of wecuraey of thhe e
ments warrants us to expeet.

As an example of the results we have obtained on examnining the
temperature of the rushing stremn by a thermo-clectvie Junetion
p]acod Lth of an inch ghove the orifice, we eite an experinient, iy
I the tatal pressure of the air in the vecciver being 9% inches of
35 and 1750

whie
mercury, we found the velocity in the orifice equal to &

feet respectively as reduced to the density on the high-pressure and
that on the atmospheric side. The actual velocity in the small
aperture must have been greater than ecither of these, perhaps not
much greater than 1780, the velocity reduced to atmospheric den-
sity. If it had been only this, the cooling effect would have been
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k=1 1780\? . - ]
exactly 1 i) that is, a lowering of temperature amount-
Z N

ing to 130 Cent. Bt the amount of cooling effect observed i the
experiment was only 13- Cent.; nor have we ever suceceded in ob-
serving (whether with thermowmeters held in various positions i the
stream, or with a thermo-clectric arrangement constituted by a nar-
row tube through which the air Hows, or by a straight wire of two
ditferent metals in the axis ot the stream, with the junction in the
place of most rapid motion, and i other positions on cach side
of 1) a greater cooling effeet than 200 Cent ;. we therefore infer
that a body ronnd whecl wr is flowing rapidly aequires a ligher
temperatre ta the arerage temperature of the air elose to it all
rond, Phe explimation of this conelnsion probably is, that the
surtuce of contaet hetween the air and the solid is the loeality of the
most intense trictinal generation of heat that takes place, and that
consequently w stratum ot air round the body has a higher average
tewperature than the air turther oft; bat whatever the explanation
iy bey it appears certainly demonstrated that the air does not give
its own temperature even to a tube through which it flows, or to a
wire or thermometer-bulb completely surronnded by it.

Having been convineed of this conclusion by experiments on rapid
motion of air thronsh small passages, we inferred of course that the
same phenomenon must take place mwniversally whenever air flows
against a ~olil or a solid s carried through air. It a velocity of
750 teet per seeond me the foregomg expernment gave 1377 Cent.
diference of teamperature hetween the air and the solid, how probable
st that metecrs teoving at from six to thirty miles per secoud even
throush o tavefied atmosphiere, really acquirve, in accordance with
the same Taw, all the heat which they manitest ! On the other hand,
i secmed worth while to look for the same kind of effeet on a much
swadler seale i hoadies moving at moderate veloeities through the
ordinary atmosphere. Accordingly, although it has been a practice
i general undoubtingly tollowed, to whirl a thermometer through
the air tor the perpose of tinding the atmospheric temperature, we
have tried aad found, with thermometers of different sizes and va-
riously shaped Lulbs, whirled throngh the air at the end of a string,
with velocities of from 80 to 120 feet per second, temperatures
always higher than when the same thermometers are whirled in

e
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.+ exaotly the samc-circi;h%‘staﬂces at smaller velocities. ’ By alternately
whirling the same thermonieters- f;)r half a minute or so fast, and
then for a similar time slow, we have found differences of “tempera-
tare sometimes little if"nt all short of a Fahrenheit.degree. By
whirling a thermo-eléc,tric _junctiou alternately fast and slow, the
same phenamenon -is most satisfactorily and strikingly exhibited by

- a-galvanometer.  This'last experiment we have performed at night,
under a cloudy, sky, with the gnlvanbmete): )vilhi'n, doors, and the
testing thermo-electric apparatus whirled in the middle of a field;

., and-thus, with as little as can be conceived of disturbing circum-
stances, we confirmed the result we had previously found by whirling
thermometers. ‘

Felocity of Air escaping through narrow Aperhu*ﬂ&*.

In the foregoing part of this communication, referring to the cir-
‘ciunstaunces of certain experiments, we have stated our opinion that -
the velocity of atmospheric air impelled through narrow orifices was,
in the narrowest part of the stream, greater than the reduced veloeity
corresponding to the atmospherie pressure ; in other words, that the

- deusity of the air, kept at a constant temperature, was, in the narrow-

est part, less than the atinospheric deusity. In order to avoid mis-
coneeption, we now add, that this holds true only when the difference
of pressures on the two sides is small, and friction plays but 4 small
part in bringing down the velocity of the exit stream. If there is a
great difference between the pressures on the two sides, the reduced
velocity will, on the contrary, be less than that corresponding with
the atmospheric pressure ; and even if the pressure in the most rapid
|mr£ falls short of the atmospheric pi:c‘ssurc, the density may, on ac-
count of the cooling experieneed, exceéed the atmmospheric density.

g We stated that, at 57° Fahr., the gréntcst velocity of air passing
" through a small orifice is 550 feet per second, if reduced to the

* density on the high-pressure side. The experiments from which we
obtained this result enable us.also to say that this maximum occurs,
* ' with the above temperature and a barometric pressure of 3014 inches,
when the pressuré of the air is equal to about 50 inches of mercury .

- above the atmospheric pressufe. - At-a higher or lower pressure, a
- «gmaller \jo_lumc of the con§prcssed air escapes in & gii’é}l time, '
e o Reccived June 19, 1856, - L
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Surface Condenser.—A threc-horse power high-pressure steam-
engine was procured for our experiments. Wishing to give it equal
power with a lower pressure, we caused the steam from the eduction
port to pass downwards through a perpendicular iron gas-pipe, ten
feet long and an inch and a half in diameter, placed within a larger
pipe through which water was made to ascend. The lower end of
the gas-pipe was connected with the feed-pump of the boiler, a small
orifice being contrived in the pump cover in order to allow the
escape of air before it could pass, glong’,w,ith the tondensed water,
into the boiler. This simple arrangement ‘constituted a ““surface
condenser’ of a very efficient kind, giving a vacaum of 23 inches,
although considerable leakage of air took place, and the \1ppumtus
generally was not so perfect as subsequent experience wouy have
cnabled us to make it.. Besides the ordinary well-known advantages
ot the *“surface condenser,” such as the prevention of inerustation

N}

of the boiler, there is one which may be especially remarked as
appertaining to the system we have adopted, of causing the current of

steam to move in an opposite direction to that of the water employed

to condense it. The refrigerating water may thus be made to pass
out of the condenser at a high temperature, while the vacuum is that
due to a low témperature ; and hence the quantity of water used for
the purpose of condensation may be materially reduged. We find
that our system does not require an amount of surface so great as to
involve a cumbrousness or cost which would prevent its general

adoption, and have no doubt that it will shortly supﬂse(]e that at’

the present time almost universally used.

IV. “On the Stability of Loose Earth.,” By W. J. Macquorn -

RangiNg, Esq., C.E, FRSS. L% E, Regius Professor of

Civil Engineering and Mechamcs in the Umvcxslty of

Glasgow. i . : .
(Abstract) SRR

The ohJect of tlus paper is to deduce the mathematjeal theory ‘of

. that kind of stabnhtv which depends on the mutual friction of ‘the.

parts of a gmnulnr mass devoid of tenacxty, from the kuown laws of
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[1. “Ou the Thermo-eleetricity of Ferruginous Metals, and on
the Thermal Effeets of stretehing Solid Bodies.” By J. P,
Jovre, F.R.S.  Received January 29, 1857, :

3

The experiments on the above subjects were tmade with a thermo-
multiplier placed in the vacuum of an air-pump.  Its sensibility was
<uch that with the junction antimony and bismuth, a thermometrie
effert not greater than, ¢ 4 of a degree Centigrade could he esti-
mated. Tu determining the thermo-cleetrie position of the metals, it
was neeessary to juerease the resistance of the instrument a hundred-
fold, by placing in the cirenit aeoil of tine wire.  In thermo-eleetrie
arrangement gfec! wu@fuuml to be nearer copper than iron was. - By
hardening, steel was raised ahmost to the place of copper.  Cast iron
wits fond e surpass ecopper: <o that the Junetion cast iron and
copper is reverse to thar of wranght iron and copper, and the
arringement east iron and w ronght iron is much more powerful than
copper and wroneht ron. A new test of (‘h« qulit_\' and purity of
ferrnginous metals is thus indicated, which will probably e found of
value to the arts.

The experiments on the stretehing of solids showed, in the case of
e metals, a decrease of temperature when the stretehing weight was
applied, and a heating effeet when the weight was removed,  Aniron
wire 4 o1 an inch in diwmeter was cooled } ot a degree Centigrade-
Similar results were ob-

when stretehed by woweight ot 775 1bs.
The thermal

tained with east iron, hard steel, copper, and lead.
etfects were in all these cases fornd to be almost identieal with those

Jeduced from Protessor Thomson's theoretical investigation, the par-
. . . . ¢t
tenlar formula applicable to the case in question being llzJ— X Pe,

where 11 is the hieat absorbed in a wire one foot long, ¢ the absolute
temperature, J the mechanical equivalent of the thermal unit, P the
weight applied, and e the coefticient of expansion per 1°. 'With
zutta-percha also a cooling effect.on extension was observedi hut a
reverse action was discovered in  the ense of vuleanized india-
rubber, which became heated when the weight is laid. on, and _cool‘ev_l

when the weight was rembved.  On learning. this curious-result, -

Professor Thomson, who had already intimated the pl‘ol}ﬂbility VQF

VOL. VIIf, - -
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" & reverse adtion, being observed under certain circumstances with
" india-rubber, siggested to the author experiments to ascertain

- whether vulcanized india-rubber stretched by a weight is shortened
by increase of temperature.  Accordingly, on trial, it was found that
this material, when stretched by a weight capable of doubling its
length, has that length.diminished by one-tenth when its temperature
is raised 50° Centigrade.  This shortening effeet was found to increase

. rapidly with the stretching weight employed ; and, exactly according

with the 'héating effects observed with different stretching weights,
entirely to confirm the theory of Professor Thomson.

February 5, 1857. .
The LORD WROTTESLEY, President, in the Chaur.

Tue Bakeriay Lecrvne was delivered by Micnaen Faranay,
Esq., F.R.S., “ On the Relations of Gold and other Metals
to Light,”

The Lecturer gave an exposition, illustrated by experiments, of
the substance of a paper presented by him to the Socicty under the
above title. The following is an abstract i —

The author of this paper l)()pés that ‘the undulatory theory of
light, when more fully and perfeetly developed, may aid in camparing
local actions'with those which take place at a distance, and even help

. towards the comprehension of the physical means by which the latter
are carried on ; and with that view he endeavoured, Rpcrim(ntulh
-to subject a ray of light to the action of pnrtxdes s0 small In size as
to have an 1mmedmte af:d near relation, not 01\1) to the.undulations
_of light, but even to.the far smaller miotions of the parts of thc ether,

* which are supposed to produce, by their joiut and suacessne action,

the light-wave.- His hope was, that by choosing purtu,lns ‘of a fitting
substance, experimental” results mxght be obtained which, in the bands

cof the mathematxeal phllosopher, rnxg\xt aid in perfecting the theory ;

am] for. tlms nurPQSe_ gol as, selected because of its; high optical
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-January 10, 1856. _ .

® ' cL .
ADMIRAL BE]‘)C[IEY, V.P., in the Chair,

In consequence of there not being a sufticient number of Fellows
]m sent, the Ballot for the qucslwu of thc readmission of M. Sievier —
was postponed to’the nc\t Mecting. ’

'1 he fullownw commumcatxons were-read :—

"

I “On Insoligic \cul ” By AUGUS'!‘US W. HOFMANN, I’h.I}E.,

F.RS. &e. Reeciv (,d Dccemben'- 20, 1855, '
N (\bstrmt) : =

In mtemptmo to puniy cuininie acid by bonlmg w1th ‘ehromic . v

“ncid, observed that this ‘acid experienced, on the ‘part. of this

reagent, a prooressne alteration. By twenty-four, hours” ebullltmu, 3

-+ cuminic-acid-is completely couverted into an. acul msoluble in alcohol‘

VOL, VIl‘l




XXI ¢« On the Thermal Effccts of T‘lmds in Motmn :—Tempe-

rature of a Bady moving s l(mlv tln'omh A By Prof.

77 Tiosson, F.R.S., and J. Po Joveg, Fsq, ¥.R.S
Received June 18, 1607 ’

" The motion of air in thc‘néizrlr)?)ixfllt)o(l of a body moving very .
slowly through. it, may be upprn\nnatoly deternsined by treating the
problem as if air were an incompressible fluid. The ordinary hydro-

dynamical equations, so applied, give the velocity and the pressure
of ‘the finid at any point ; and the variations of (len\ltv nad tempe-
rature actually experienced by the air are approximately determined
- by using the approximate cvaluation of the pressure thus obtained.
Now, if a solid of any shape be carried uniformly through a perfeet
liquid *, it experiences fluid- pre\;nro at different parts of its surfuce,
expressed by the following formula,—
p=1+1 V=10,

where I1 dpnnt(»s the fluid-pressure ut eonsiderable distanees from the
solid, p the mass of unity of volume of the fluid, V the velocity of
translation of the solid, aund ¢ the velocity of the flaid relatively to
the solid, at the point of its surface in question. The effeet of this

pressure on the whole is, no resultant force, and unl) a resultant

Y couple which vanishes in certain cases, inclading all in which the

solid is symmbtrical with referenee to the dircetion of motion. It
the surface of the body be everywhere convex, there will be an aug-
mentatmn of pressure in the fore and after parts of it, and a dimi-
"nution of pressure round a medium zone. There are clearly in every
such case just two pomts of the surface of the solid, one in the fore
par(, and the other i the after part, at which the vclocity of the flul d

v re]amd) to it i3 zcro, and which we way eall the fore and after pole

respectively. The middle region round the body in which the relative
velocity exceeds V, and where wnscquenll) the fluid pressure is dimi-

- nished by-the motmn, may-be called the equatorial zone ; and where

. there is a definite middle line, or line of maximum relative voloeity,
this lme mll be called- the cquntqr. ] :

* That is, a8 ue shall call it for breuty, an zdeal ﬂ.uuf per feul) incompressible
.and per[ecﬂy frce from mutual fru.uon among nts pans.
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If the fluid be air instead of the idéal « perfect liquid,” and if the

" motion be slow enough ‘to admit of the approximation referred to’
above, there will be-a heating effect on the fore and after parts of

the bady, and a cooling effect on the equatorial zone:, If the di-

ménsions and the thermal conductivity of the bedy be such that

there is no sensible loss on these héating and co oling “effects by

. (pndurtmn, the temperature maintained at any point of the surface

by the air flowing against it, will be given by the equation
41

o P\
t—.H(” ) .

where O denotes the temperature of the air as uninfluenced by the
motion, and p and-11 denote the same as before *. 1lence, using for
-p its value by the preceding equation, we have

"4
=0 { 1 +.‘“(\-;_,12)} 141

”~Bm it H denote the length of a colwmn of homogencous ﬂtmmp]wre,

of u?m,.h the weight is equal to the pressure on its perpendicnlar
seetion, mu

df ¢ denote the dynaiieal measure of the force of gravity -
(322 i feet peggecond of veloity generated per s((‘ond), we have
p]I =I1; L

and it we denote by a tR \clncn\ of sound in the air, wlnol\ is equal

to 11, H, the expresSgn for the tcmpvmturc becomes

3 '\2—( Vil . »

1:0{\+ 5 ael} ) . T
2% :

Aceording to the supposition on whiy

¢l our approximation depends,
that the velocity of the motion is sma , that is, as we now see, a
suall fraction of the veloeity of sound, tis expression becomes

vy

- \
:O{ +»“X—‘2.

At either the fore or after pole, or generally'gt every point where
. the velocity of the air relatively to the solid vani

ies (at a re-entrant

* The temperatures are reckoned according to the absolite f.herniodyﬁumic
cy correspondent
with that of the ordinary “ gaseous laws," be taken as temperah e Centigrade by -
the air-thermometer, with 273°-7 added in each case. *- See the afthor’s previous.
paper “On the Thermal Effects of Fluids in }\iotlon " Part ll

Transactions, 1834, -part 2. p."333.

scale which we have proposed, and may, to a degree of accun
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angle for instanee, if there is such), we have ¢=uo, and therefore an
elevation of temperature amounting to

2

2a?
If, for instance, the absclute terﬁpomture, 0, of the air at a distance
from the solid be 287° (that is 53° on the Fahr. seale), for which the
velocity of sound is 1115 per sccond, the clevation of temperature at
a pole, or at any point df no relative motion, will be, in degrees

v W
588 x (—)9, or 5858 x (r\r)i,
a 1115

the velocity V being reckoned in fect per sccond. If, for instance,
the velocity of the budy through the air be 8 feet per second (60
miles an hour), the elevation of temperature at the points of no

relative motion is *36°, or rather more than § of a degree Centi-

4l x 0.

Centigrade,

grade.

To find the greatest depression of temperature i any case, it i3
necessary to take the form of the body into account. It this be
spherical, the absolute wlwit'_\‘ of the fluid backwards across the
equator will be half the velocity of the ball forwards; or the relative
velocity (¢) of the fluid across the equator will be 3 of the veloeity
of the solid.  Hence the depression of temperature at the equator of
@ sphere. moving slowly through the air will be just § of the ele-
_vation of temperature at each pole. It iy obvious from this that a
spheroiﬂ of revolution, moving in the direction of its axis, would
“experience at its equator a depression of temperature, greater it it be
an oblate spheroid, or less if it be a prolate spheroid, than § of
the clevation of temperature at each pole.

It must be borne in mind, that, besides the limitation to velocities
of the body small in comparison with the velocity of sound, these
conclusions involve the supposition that the relative motions of the dif-
ferent parts of the air are unresisted by mutual friction, a supposition
which is-not even’approximately truc in most cases that can come
under observation. ~-Even-im the cuse of & balk pendulum vibrating -

- in air, Professor-Stokes* finds that the motion is seriously influenced

. On the Effect of the Internal Friction of Fluids on the Motion of Pen-

- dulums,” read to the Cambridge Philosophical Society, Dec. 9, 1850, and pub-
lished in vol. ix. part 2 of their Transactions.



559

by fluid friction. Hence with velocities which could give any effect
sensible on even the most delicate of the ether thermometers yet
made (330 divisions to a degree), it is not to be expected that any-
thing like a complete verification or even illustration of the preceding
theory, involving the assumption of no friction, can be had. It is
probable that the forward polar region of heating effect will, in con-
sequence of fluid friction, become gradually larger as the velocity is
increased, until it spreads over the whoie equatorial region, and does
away with all cooling effects.

Our experimental inquiry has hitherto been chiefly directed to
ascertain the law of the thermal effect upon a thermometer rapidly
whirled in the air.  'We have also made somec experiments on the
modifving effects of resisting envelopes, and on the temperaturey at
ditferent parts of the surface of a whirled globe.  The whirling ap-
paratus consisted of a wheel worked by hand, communicating rapid
rotation to an axle, at the extremity of which an arm carrying the
thermometer with its bulb ontwards was tixed.  The distance between
the centre of the axle and the thermometer bulb wag in all the expe-
riments 39 inehes. The thermometers made use of were filled with
cther or chloroform, and had, the smaller 275, and the larger 330
divisions to the degree Centigrade.  The lengths of the eylindrical

buths were 0 and 14 inch, their diameters -26 and -48 of an inch

1
respectively,

Tisre [.—Small bulb Thermometer.

Veloeny i feet Rize of temperature in Rise divided by
per second. divisiuns of the scale, square of velocity.
A0 L 72 S | I )
Y3 TS P 1 323 |
A0 0100
Y T <0109
075 v 0109
/2 S VS N 1 ]
91 ..o . 0083
| S 0089
172 oevenae.. 0097
| 0090

Mean.. ‘01026
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.
The above Table shows an increase of temperature nearly pro-

_ portional to the square of thie velocity.

2
Y =
} 'T\/-mozu

in air of the same density, would have raised the tempersture

= 1637 =the velocity in feet per sccond, which,

1° Centigrade. -

Tasre II.—Larger bulb Thermometer.

Velocity in feet Rise of temperature in Rise divided by

per secomd. divisions of scale. square of velocity.
363 .. | I 11 1451
666 ... ... P RUTTS
848 ... S N L P
1256 ... P L PN 0043

Mean. . UUOR
In this wstanee V= \/ 30 = 1835 feet per second for 1 Cen-
R TNhY
tigrade. It is however possible that the full thermal effeet was not
8o completely attained in three winates (the time occupied by cach
whirling) as with the smaller bulh. On the whole it did not appear
to ns that the experiments justiticd the conclusion, that an inerease
of the dimensions of the bulb was accompnuicd by an alteration ot

the thermal effect.

TasrLe I1L—Larger bulb Thermometer covered with fise tulds

oft writing-paper.

Velneity in ‘fect Rise of temperature in Rise dlsvided by
per second. divisions of scale. sare of veloety,
36:3 ... 20 00 Lo 0oL
Sld B P 12 N4
P (O . 01vl
o 132 . oo o T00YD

The increased thermal cffect at comparatively slow veloeities, exhi-
bited in the above Table, appeared to be owing to the friction of the
air against the paper surface being greater than against the polished
glass surface. . '

One quarter of the cnveloping paper was now removed, and the
bulb whirled with its bared part in the rear. The results were as

folluw :—

N
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Tanre IV.—Paper removed from posterior side.

Velacity in feet
pur second.

706

968

Rise of temperature in
divisions of scale.
R (1]

chee sene .

87 .o

Rise divided by
square of velocity.

L. 0105

.. 0083

On whirling in the contrary direction, so that the naked part of

the bulb went fiest, we Zot,—

Tasrr V.—Paper removed from anterior side.

Velociny in feet
prrosecond.

Rise of temperature in
divisions of scale,

Rise divided by
square of velocity.

N7 ] B 008
DS o 2 0082

On rotating with the bare part, posterior and anterior in turns, at
the constant volocity of 90 foet per second, the mean result did rot
appedr to holicate any decided ditference of thermal effect,

Another guarter of paper was now renoved from the opposite
sides Then on whitlinig so that the bared parts were anterior and
posterior, we ehtaiued arise of 83 divisions with a veloeity of 93-8.
Bt en turming the thermometer on its axis one querter round, so

that the bared parts were oneach side, we found the somewhat

saidlor rise o 02 dividons for a veloeity of 9008 feet per second.

The cifet of sifaee fction: having been exhibited at slow velo-

cities with the papered bulb, we were

indueed to try the effect of

mereasing it by wrapping ivon wire round the bulb,

Thanr VI

Larges bulb Thermometer wrapped with iron wire.

Vodoeany gy feet Ris u divisions Rise divided hy
peooseeo of seale. squure of velocity,

1o-36 e 1 0131
23014 S 33 N [ R §
SOTLE PP § A 0022
160N B £ 1 L L S X
6012 R e U206
-3t 145 . s 0149
26072 0000 207 coeee 01290
153 55 ... uhove 280 ~.... above ‘0118

¢ The whirning sound began at this velocity.

According to- its intensity the
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On inspecting the above Table, it will be seen that the thermal
effect produced at slow velocities was five times as. great as with the
bare bulb. This increase is evidently due ‘to friction. In fact, as
one layer of wire was employed, and the coils were not so close as to
prevent the access of air between them, the surface must have been

‘about four times as great as that of the uncovered bulb. At high

velocities, it i8 probable that a cushion of air which has not time to

~escape past resisting obstacles makes the actual friction almost inde-

pendent of variations of surface, which leave the magnitude of the
body unaltered. In conformity with this observation, it will be seen
that at high velocities the thermal effect was nearly reduced to the
quantity observed with the uncovered bulb.  Similar remarks apply
to the following results obtained after wrapping round the bulb a fiue
spiral of thin brass wire.

TasrLe VII.—Bulb wrapped with a spiral of ‘fine brass wire,

Velocity in feet Rise in divisious Rixe divided hy

per second, of svale, syuare of veloaty.
708 .. e P T VR 1
15°36 e 130 ..o o000 0 0672
2304 ... .00 365 ... ... QON7
071 s AR L5049
4608 .. ..o GED Lo L B0
768 ..., E U Y I 1 1)
PIS18 oo 22485 L 0169
14878 ... ..., 260 ... ..., 0119

The thermal effects on different sides of a sphere moving through
air, have been investigated by us experimentally by whirling a thin
glass globe of 3-58 inches diamcter along with the smaller ther-
momcter, the bulb of which was placed successively in three positions,

viz. in front, at one side, and in the rear. In cach sitnation it was

placed as near the glass globe as possible without actually touchig it.

thermal effect must necessarily suffer diminttion ; unlesy indeed it gives rise to
increased resistance,
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TanLE VIIL—Smaller 'l'h:_;rm_omcler whirled along with glass“glol;e';

Rise"in divisions of scale.
. N

‘Veloeity in feet. . —— — -
per second. Tuerm, infront.  Therm. at side. Therm, in rear,
R T 1 DS T 4
TOS . 266 L a0 . 105
L6 Lo oo 419 oL, 7B L .. 5L
Z8OL Ll T2 e 90 L L. Sy
384 RS s i - 90 L. ... 68
T ¢ 11 N e ., ...... 76
TOO2 107

The effeets of fluid friction are. strikingly evident in the above
results, particularly at the slow veloeities of 3 and 7 feet per second.
It is clear frony these, that the air, after cotuibg in contact with the
teout of the globe, traverses with friction the equatorial parts, giving
out an aceumulating thermal, effeet, a part of which is carried round
to the after pole. At higher velocities the effeets of friction’ seem
rapidly to diminish, so that at velocities between 23 and 38 feet per
second, the wean indication of thermometers placed all round the
globe would be nearly constant.  Qur anticipation (written before
these latter experiments were made), that a complete verification of
the theory propounded at the commencement was impossible with
our present weans, 1s thus completely justified.

It way be proper to obscrve, that in the form of experiment
hitherto adopted by uy, the results are probably, to a triﬂing extent,

Influenced by the vortex of air oceasioned by the cireular motion.

We hase on «overal occasions noticed the effect of sudden changes
i the foree of wind on the tewmperature of a.thermometer held in it.
Sometines the thermometer was observed to rise, at other times to
fall, when a gust eame suddenly on. When a rise occurred, it was
seldom cquivalent to the effect, as ascertained by the foregoing cx-
periments, due to the increased velocity of the air.  Ilence we draw
the conclusion, that the aectual temperature of a gust of wind'is lower
than that of the subsequent lull.  This is probublybwing to the air_
in the latter case having had its vis vira converted into -heat by



" zeollision with ‘materia) oljects.
situations, such’ for instance as. one or-two inches ahove a wall op-

In fact we find that in sheltered

posite te the wind, the thermometer indicates a higher temperature
than it does when Exf)i;setlvtd the blast. The question, which is one
" of ‘great interest . for meteorological science, has hitherto been only
fmrtially disc'usscjd by us, and for its complete solntion will reguire a
Cﬂrt’f‘lﬂ’ estimate of the teipperature. of the carth’s surtace, of the
effects of radiation, &c., and also 2 knowledge of the vauses of gusts

in-different whinds.

XNIL « Onthe Thermal Effeets of LBongitwdinal Compressien
of Solids” By J. PoJovis, g, PN aud < On the
Alterations of  Temperatare accompinying Chanzes of

Pressie i Flaids” By Prof W Tiowsox, RS,

Received June 18, 1357
»

In the further proseention of the experient. of which an out-

line was given in the < Procecdings’ tor Juamary 20, 1=57, the anthor

has verified the theory of Profissor Thoson, as applicd o the

thermal effeets of Taving weizhts on and taking them et dlie

pillars and eyvlinders of vitternized indiaerablior. Flent i evehved
by compression, ancd absobed on romoving the conpre e foree
I the ease  f Ao he

in every substanee yet experbinite Jd oo
results agree very closely with the formula o which e, the Tong-
tudinal expansion by heat wader prossure, s comsiderod the san e

as the expansion without pressnre. Joowas obaersed, owovers thit
all the (-xp("rinwnlz\l results wore a little i oveess of the thearetieal,
and it Lecame therefore importaut to inquire whether the force

_of elasticity w.tals i3 dapaired by heat, In the fird arranee-

purpose, the actual (-\l):nhiun of the bars emyploved
-t

" ments for this
in the experiments was ascertained by a micrometric apparatus,
when there was 110 tensile furce, and 2ud, when a weight of 700 s,

was hung to the extremity of the quarter-inch rods. The results,

reliable to less than one-hundredth of their whole value, did not
notable effeet of tensile turee on the cactheient ol ox-

exhibit- any
heat, An esperiment susceptible of greater delicacy

pansion_ by
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was now tricd.  Steel wire of g5th of an inch in diameter was
4 of an inch in diameter. This, was

heated to veduess. Then, after plunging in cold water, the spiral

] -
wound upon a rod of iron

was stipped off. The number of convolutions of the spiral was 420,
and its weight 58 grains. Its length, when suspended from one
e, was 6:345 inchies, but on adding to the extremity a weight of
120 wrains, it stretehed without sensible set to 14+535 inches. The
temperature of the spiral thus stretehed was raised or lowered at
Jpletare by pattive it in, or removing it out of an oven.  After
several experinents it was tound that between the Jimits of tempe-
rature N1 and 250 P, ench degree Centigrade of rising teni-
4 orature consal the spived to Tengthen as much as (00337 of an
Lich el thad acontraction of cqual amonnt took place with each

S Cenin

e

rlcof descending tenrperataure. Tenee, as Mr. James

Thomeon bas <hown that e ?'n\'«in; out of a spiral is cquivalent

to twisting aowire, it follows that the foree of torsion in steel wire |
teodoer ased oo by el degree of temperature,

1

An cgadle devisive resadt was s obtaiued with eopper wire, of

which an chastie spiradd was formed by streteling out a picee of

< fCwires ad thon rolling ¢ onoa rod o aninch in diameter,

1
4

Tl ~pual thus formed eonsisted of 255 tarns of wire, 4‘“ of an
\

rach o ducacter, weizhinz aliogether 2800 wrains, Unstretehed,

U eeasurcd 607 dnehios, hatwith a o weicht of 1251 grains attached

to it stnctehied, withont son G 10200 fnchess Bxperiments made

1

woli Saved an chazation Sf 00107 of ancineh tor each degree

Contznnh of dlevation of tamperature, amd an t'quul shortening on

lowere o the toanperature. The diminution of the foree of torsion

Wiis L ihis case conu a7 per dogree Contigeade®,

st ng ihe above, Lhe hecome acqaaninted with ML Kupfter's re-
cearctis oo the avlaence of temperature on the elasticity of mctals (Comple-
Feowdu feaeel, SUPetenshurgl, 1350 He tinds by Bis wethod of twisting and
transverse asenbatians, that the decretse of elastieity for steel and copper is “000471
sl 00ETSC Vo careful experiments reeently made h)’ Prof. Thomson, indicate
asbghtinerease of expansib ity by heat in wires placed under tension. —August I,
Jor
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" Professor Thomson has obligingly furnished me with the fol-
lewing investigation : -

On the Alterations of Temperature accompanying Changes of
Pressure in Fluids.

- Let a mass of fluid, given at a temperature # and under a pres-
sure p, be subjected to-the following cycle of four operations in
order,

(1) The fluid being protected against gain or loss of heat, let
the pressure on it be increased from p'to p+a.

(2) Let heat be added, and the pressure of the fluid maintained
coustant at p + =, till its temp:ernturc rises by dt.

(3) The fluid being again protected against gain or loss of heat,

let its pressure be reduced from p+@ to p.
) Let heat be .abstracted, and the pressure maintained at
" p, till the temperature sinks to ¢ again.

At the end of this evele of operations, the fluid is again in the
same physical condition as it was at the begiuning, but, as is shown
by ‘the -following considerations, a certain traustormation ot heat
into work or the-reverse has been effected by means of' it.

In two of these four operatious the fluid increases in bulk, and
in the other two it contracts to an equal extent.  If the pressure
were uniform during them all, there would be neither gain nor loss
of work; but inasimuch as the pressure is greater by @ during
operation (2) than during operation (1), and rises during (1) by
the saine amount as it falls during (3), there will, on the whole, be
an amount of work equal to @ e, done hy the Huid in expanding,
over and above that which is spent on it by pressure from without
while it is contracting, if dv denote a certain augmentation of
volume which, when = and J¢ are infinitely small, is intinitely
nearly equal to the expansion of the fluid during operation (2), or
its contraction during operation (1). Hence, considering the bulk
of the fluid primitively operated on as wuity, if we take

dr
dt

=e,

- to denote an average cocfficient of expansion of the fhuid under

éonstant pressure of from p to p+ @, or simply its cocthicient of
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expansion at temperature ¢ and pressure p, when we regard w as
infinitely small, we hyve an amount of work equal to

wedt

gnined from the evele. The ease of a fluid such as water below
3u--1 Fahr., which contracts under constant pressure, with an ele-
vation of temperature, is of course included by adinitting negative
values for e, and making the corresponding changes in statement.

Sinee the fluid is restored to its primitive physical condition at
the end of the eyvele, the source from which the work thus gained
is drawn, must be heat, and since the operations are each perfectly
reversible, Carnot’s prineiple wmust hold; that is to say, if ¢ denote
the excess of temperature of the body while taking in heat above
its tewperature while giving out heat, and if g denote «“ Carnot’s
functiofi,”” the work cained, per unit of heat taken in at the higher
temperature, must be equal to

: w

¢

Bat while the fhaid is ziving out heat, that is to say, during operation
(1), its temperature is ~inkiaz from £+t to ¢, and may be regarded
ws behng on the average £+ 346wl while it is taking in heat, that
is, during operation 2, its temperature s rising from what it was
at the end of operation (1) to a temperature higher by d¢, or on
the averaze exeeeds by L6, the temperatare at the end of operation
(™. The average temperature while heat is taken in consequently
eveends the averaze temperature while heat s given out, by just as

much as the body rises i temperature during operation (1).  If;

therefore, this e denoted by o, and it Kde denote tbe quantity of

heat taken in during eperation (2), the gain of work from heat i
the whole eyele of operations must be equal to 0 K ¢, and hence
we have
wt . Kdt==medt.
From this we And o
0="“Klﬂ,

where, according to the notation that has been introduced, A is the
clevation of temperature consequent on a sudden augmentation of
pressure from p to p+@; e is the coetlicient of expansion of the
fluid, and K its capacity for heat, under constant pressure ; and p
is Carnot's function, being, according to the absolute thermodynamie




. sca'le of tempemture, sxmplv the reuprocrll of the temperaturo, mul-
: tlphed by the mechanical equivalent of the thermal. unit, If then

¢ denote the nhso]ute temperature,. which we. have shown by ex-

periment * agrees seusibly with temperature by the air:thermometer
Cent. with 271° added, and if J denote the mechanical equivalent
of ‘the therma] unit Cemxgradc, we have
f (’ ..
: R _-Jl\ -

v Thls expressmn agrees in renlltv, but' is somewhat more conve-
nient in form, than that first given, Dynaniical Theory of Heat, § 1Y,
Trans. R.S.E. 1851,

Thus for water, the value of K, the thermal capacity of a enbic
foot under coustant pressure, is 63447, and e varies from (0 to about
7755, for temperatures rising from that of maximum density to a°
Cent., and the elevation of temperature produced by an augmentation

" of pressure amounting to z times 2117 lbs. per square’foot (that is
_to say, to n ntmoephoros) 18 -
tex2l 17 17

1350 X417

o tex2117

T390 x28:08 "

If, as a rough cstimate, we take:

T
’ 16 2200°
t(t—278
(420000 .
If, for iustmme; the temperature be 300° on the absolute scale (that

* For mercury, we have

%

thiy becomes'

s, 26° of the Centig. thermometer), we have
n
as the heating effect produced. by the sudden mmpwmun of water
at that temperature : 80 that ten atmospheres of pressure wonld give
dyofa degree Cent., or about:five divisions-on the seale of th most
sensm\e of the ether thermometers ue have as yet Had constructed.
" Thus if we take x55 03 the value of e, thls be‘.oincs i
- . £
S 10.5000

i

% Soe Part IT. of our Paper % On’ the 'l‘hermnl I‘ﬁ'octs of Fluids in \Tolw]l.
‘Phllmphleal Trlnncnonl, 1854 R, .
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and at tempvmtmc 26% Cent., , the hvatmw effect of tcn atmowplmres E
is found fo.be of a degree Cent. : : '

Tanie giving the’ thmmal effects of aprceenre of ten ntmospheres

ol \mtu and mercury®. \ . . 7
!nm ease o1 dur(‘aw of Incnezne of tcmperaiun- ' ; -
Temperatire, (t-mpu.zéure in water, in mercury,” : b
07 . 005 deerease oL 026 .,
305 o e 0261
W0° o 006 ducrease L. ..., 027
20° L0 doc L.l LLooe28 - F
BO% o022 doo L . 029 ;
o 20 dos L 0z T e
0T 035 do. L o031
60 . Lo 0a do. L T 032
O 7 dee L 083
ST as des L 034 E
o ey do. Lo 035
VOO% L 0FR e L 036

XXM “On the Phonomenon of Rolief of the Tmage formed iR
on the Ground Glass of the Camera Obscura.” By A .
Cravoer, By, PGS, Reeeived June 17, 1857, ‘ -

{Abstract. )

The author having observed that the image fm‘mcll ‘on thé"}
ground glass of the camera obseura appears as much’ m nel:cf‘)qsy:
the natural objeet when seen with the two eves, has: m‘:d(ﬁavo‘ (f«l »
to diseover the eause of that phenomenon, and his expe fl’m((‘nts“mlcl
researches -have disclosed the ‘singular and \meXpemggliacihth&t\

althongh onl\ one image seems d(‘pmtm] on thib gmqncﬁ ﬂra“,.s{‘.lll

I
I
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THE ROYAL SOCIETY.

Navémbér 19, 1857.
Dr. W. A. MILLER, V.P., in the Chair.

In ncmrdnnce with the Statuteﬁ, noticc was given of thc ensuing

: \nmwremv ‘Mecting for the election of Councnl and Officers. '
Mr. Thomas Davidson, Mr. George Bowdler Buckton, and Mr.

Joseph Whitworth, were admitted into the Society. . .

- Mr. Gnsuot,,\lr Hardwick, Mr. Iorner, Dr. Percy, and Mr.

“Archibald Smith, were elected by ballot as Awditors of the Trea-

surer's’ -\ccouuts, on the part of the Society.

The lnllowmg communications were read :—

L. “ On the Anatomy of Fridacna.”’ B) J.D. \IACD(WALD Esq -

_ (lor Abstract, see vol. viii. p. 589.) -

I, « \umtmr) ‘of a paper on the Spinal Cord as a lcadcr for
'\( nsnlnht) and Voluntary Movements.” - By E. Brown-

Stqu \un M.D.
. " (See vol. viti. p. 591.)

111, “Summary of a paper on the resemblance between the
| cffects of the scetion of the Sympathetic Nerve i the Neck
and of a transverse scction of a lateral half of the Spinal |
. (.md » B) F. Brow~- SLQUARD, M.D. o
: ‘ (See vol. viii. p- 591.)
1V, “Experimental Researches on the Tutluence of Eﬁ'bf_ts;qf
Tuspiration on the :Movements of the Heart.” By E.
Brows-Sfquarn, M.D; ’ '
| (See vol. viii. p. 596.)
VOL. 1X. | : B
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LL.l) John Percy, M. D.; Lyon Playfair, Ph D.; The rRev. Bar-
-tholomew Price, M.A. ;' Arclnbald meth, Esq., M.A,; Charles
oW lmntstone, Esq. '

. Mr. Ilemy Clifton Sorby was admitted into the Society.

[y

The following communications were read :—

L. “On the Expansion of Wood by Ilcat » By J.P. JouLe,
: LL D., F.R.S. &c. Received November 5, 1857. '

In pursmng the rcseurclles of which abstracts have been gwen in
- the * Proceedings’ for January 29 and June 18, the author found that
~ the heat evolved by compressing wood, cut either in or across the
direction of the grain, was uéarly that due to the application to the
particula’r case of Professor Thomson’s formula. Exact agreement
could not be expected, on account of the discordant results arrived at .
by dxll'crent experimenters on the expansnon of wood,  On 1mest1-_ o
- gating the subject, the author finds that the cxpansmn of wood cut
in the direction of the grain, is greatly inﬂuénced by the tension to
* which it is exposed, as well as by its humidity. A rod of well-
“seasoned and dried bay-wood, ths of an inch in diameter, and exposed
to the tension of 26 Ibs., gave an expansion of * 00000461 per degree :
Centigrade, but when a weight of 426 lbs. was hung to it, its co-
efficient of ‘expansion’ was increased to $00000366. ~In_ conformity
-with this result, it was found that the clasticity of the rod was con- -
sulerably diminished by an increasc of its temperature On inves- -
twatm,, the effect of humidity, the author found’ that lt occasxoned ‘
a diminution in the expansibility by heat After the rod of bay- wood :
with which the above cxpcnmcnts were made had been immersed in
“water until it had taken up 150 grains, making its total weight:
.887 grs ., its expanslon with a tensnou of 20 lbs, was found to be.
: onl) *000000436. - Experiments with & rod of deal 33 inches long, .
and wcig.hing when dried 425 grs., gave similar results, - Its expan-
. sion when 'dry, with 26 Ibs. tenslon, was "00000.28, and witll 226 1bs.
'000()0138 but when made to absmb water, its coeﬂ‘lc:ent of -
cxpansmn gradually decreased, until, when it wexghed 874 grs.,
indicating an absorption of 449 grs of water, expansion by heat .
.. ceased altogether, and, on the contrary, a contraction by heat equalf
» ’>to ()0()0006.36 was expcnonced : _
' B2
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I11. ““ Ou the Thermal Effect of draw ing out a Film of Liqxiid »
By Professor WirLiam Thoumsown, F:R.S.,~ &e., bemg ex-
_ tract of two Itters to J. P. Joure, LL.D., F.R.8,, dated
February 2 and 3, 1858. Reccived April 30, 1858.

A very novel application of Carnot ] cycle has just occurrcd to
me in congequence of looking this morning into Waterston's paper
on Capillary Attraction, in the January Number of the Philosophical
Magazine. Let T be the contractile force of the surface (by which
in Dr. Thomas Young's theory the resultant effect of cohesion on
_ a liquid mass of varying form 13 represented), so that, if II be the

_ atmospheric pressure, the pressure of air within a bubble of the

- liquid of radius r, shall be — 4T + 1. Then if a bubble be blownbA

~ from the end of a tube (as in blowmg soap-bubbles) the worl\ spent, "
- per unit of augmentation of ihe area of one side of the film, will be '
equal to 2T. ‘
Now since liquids stand to different heights in capillary tubes at
different temperatures, and generally to less heights at the higher
temperatures, T must vary, and in general decrease, as the tempe-
rature rises, for one and the same liquid. If T and T' denote the
' values of the capillary tension at temperatures. £ and ¢' of our abso-
lute scale, we shall have 2(T—T') of mechanical work gained, in
allowing a bubble on the cnd of a tube to collapse so as to lose &
- unit of area at the temperature ¢ and blowing it up again to its
- original dimensions after having raised its temperature to #. If #'—¢ -
- be infinitely small, and be denoted by €, the gain of work may be
expressed by :

and By using Carnot’s principle as modified for the D&namical
Theory, in the usual manner, we find that there must be an absorp-
tion of heat at the high temperature, and an evolution of heat at the -

low temperature amountmg to quantities dxﬂ'enng from ‘one an- .

other by .
| -2dT
Fx—@ *%

. and each xnﬁnltely nearly equal to the mechamcal cqmvalent of this



~ tity of heat equal to
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difference, divided by Carnot’s function, which is '—}, if the tempera-
ture is measured on our absolute scale. Ilence if a film such as a
soap-bubble be enlarged, its area being angmented in the ratio of

1 to m, it experiences a cooling effect, to an amount calculable by
finding the lowering of temperature produced by removing a quan-

t —dT
mIX —dr

from an equal mass of liquid uhclianged in form.

For water T=2-96 gr. per lineal inch.
Work per square inch spent in drawing out a film =592, say

' ‘6 grams, =5 50'1‘ or thereabouts.
t' 300

~ Suppose J=1390x 12" then the quantxty of heat to be romovod

to produce the cooling effect, per square inch of surfncc of nngmcn-

 tation of film will be x%y5. Suppose, then, 1 grain of water to he

N

: heatmg eﬂ'ect of .

drawn out to a film of 16 square inches, the cooling effect will be

<480 of a degree Cenhgrade ‘or about L%, The work spent
i’ dravhng it out is 16X 6=96 grains and is eqmvalent to a

96 1

12%1390 174" ‘ IIence the total energy (reck-

_oned in heat) of the matter is mcreased e+ -d-— of & degree Cen- ‘
: hgrade, when it is drawn ont to 16 b square inches. " -

IV. *On thc Logocychc curve, and the gcomctncal ongm'
of Logarithms.” By the Rev. J. Boo'm, LL.D., F.R.8
Recewed April 15, 1858. . o

‘Ina paper read before the Mathematlcal Section of the Brmsh-

| Association during its meeting at Lheltenham in 1856, and whick.

was printed among the reports for that year, I developed at some
length the geometrical origin of logarithms, and showed that a tri- -
gonometry exists as well for the parabola as for. the circle, and that
every formula in the latter may be translated into another which

. shall. indicate” some EroLerty of parabohc ares analogous to that .
i —from wh!ch |t has ‘been dmml l showed morcover, that the‘j

i st v
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same formatlon has been traced together wnh hthodomous perfora-
tions by Dr. Carlo  Gemimellaro and Baron v. Wnltershmsen along
the sea-shore as far north as Taormina, beyond the voleanic region -
of Etna. . From these and other data enlarged upon in the memoir,
Sir C. Lyell concludes, first, that a very high antiquity must be’
assigned to the successive eruptions of Etna, each phase of its vol-
canic energy, as well as the excavation of .the Val del Bove, having
occupied a lnpse of ages compared to which the historical period is
brief and insignificant ; and secondly, that the growth of the whole
mountaim must nevertheless be referred geologlcally, to the more
modern part of the latest Tertiary epoch.

II. “On some 'l‘hermo-dynami‘c Propertics of Solids.” By J.
P. Joure, LL.D,, F.R.S . &c. Received April 22, 1858,
(Abstract.) :

A résumé of the greater part of this paper has already appeared
in the ¢ Proceedings’ for January 29, June I8, and Vovember 26,
1857. The author has since examined the expansion by heat of
wood cut across the grain, which, as well as that cat in the direction
of the fibre, he finds to be increased by tension and decreased by -
‘moisture. \'k'hen a sufficient quantity of water has been absorbed
the expansibility hv hest ceases, and wood is contracted in each di-
rection by rise of temperaturé. Nevertheless, when wood, saturated
with water, is weighed in water of different temperatures, the result
shows cubical expansion of the substance of the wood by heat: The
inference drawn by the adthor from these facts is, that the contraction
of the dimensions of. wét wood is owing to the action “of 'heat in di-
minishing the force of capillary attraction, and that thus the walls of
the minute cells and tubes of the woody structure are partially re-
lieved from a force which thrusts them ssunder, a small quantity of
water exuding at the same time. In the case of wet wood which
contracts by heat, he finds, in accordance with Professor Thomson's
. formula, that a rise of temperuture is produced by the application of
tension. In conformity with the deductions of the same philosopher,
" the author has also been able to detect experimentally the minute
. quanmy of heat absorbed, iu bending or twisting an elastic spring,
arising féom tbe diminution of the elut:c force of me(hls wnth arise -
of tempenturé ’ .

o R j,.w..,‘;M,L, N R S L im “»m:&yuhlu
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If the spm be nearer to the station, or if the difference in den-
sity be more than 1-100th part, these deflections must be multlphed
. by a corresponding quantity.

7. The paper is concluded by a revision of some of the calcu]atxonp
in the former communication.” The mass of the mountain region
above the level of the plains is shown to be somewhat more fhnn/ /
four-millionths of the mass of the earth. - ' /
. v y o J/‘, .
II1. “On the Thermal Effects of Compressing Fluids.”” ByJ. P.

Joure, LL.D., F.R.S. &c. Received October 9, 1858.

(Abstract.)

The author in this paper gives an experimental demonstration of

the 'éorrecthess of Professor Thomson’s formula, 0= }‘é’, where 6 is

~ the thérmal effect, T the temperature from absolute zero, e the ex-
pnnslbxhty by heat, p the pressure, J the mechanical equivalent of °
the thermal unit, and K the capacity for heat.” The fluids experi-

A ;_mented on were water and oil, with the results tabulated below :—

|

Tem rature | Pressure . p o inental] Theoretical

of tbrehqu\d t‘l’l’l‘“l n premlt : Threl:lll.

utmospheres. ;
f2 Cent.! 2534 . —00083 | —0071
5 {2534 0-0044 00027
11-69 br25°34 00205 00197
Water...< . 1838 | 2534 00314 00340
30 2534 00544 00563
3137 . 1564 | 00394 00353
404 - 1 1564 ‘ 0'045()i 00476
+ :

' 1 16 o 792 | 00793 00886
Oil ......4: 1729 15-64 01686 | - 01758
i 16- 97 I 2534 02663 0 2837

U R, R e o fr | e

IV. “ Note on Archdeacon Pratr’s paper on thc Effect of iocal '

o Attractlon on the English Arc.” By Captain CLARKE, R.E.
Communicated by Licut. Coloncl J Ames, R.E. Received
June 30, 1858. :

The following letter of Colonel James will explam the nature of
_this eommumcatxon the numerical statements, being not susceptible

/
/

R
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‘ On the Therma.l Eﬂ'ects of Flulds in Motion.” By J. P
~JouLe, LL.D;; F R S., and. Professor w. 'l‘uomson, LL.D,,
F R S Recewed May 9 1860

- m-.-

In otif. paper pubhshed inthe’ Phllosophlcal Transactions for 1854,
we explmned the object of our experiments to ascertain the differ-
".ence.of temperature-between--the-high and low-pressure sides of a
porous plug throuvh whlch elastic fluids were forced. OQur experi-
ments ‘were then hm;ted to air and ‘carbonic acid. ~With new appa-
ratus, obtained by an allotment from the Government grant, we have
been able to determine the thermal effect with various other elastic
The following -is- ‘8 brief summaryof our-primeipal results at
a low temperature (about 7° Cent.).

F ' . : Thermal effect

. er 100 lbs. pressure
Elastic fluid. ~ pon the sq.m:r[:: inch, | -
. in degrees Centigrade.
) Air. - 1-6 Cold.
39 Air +96:1 Hydrogen .... 0°116 Heat.
7°9 Air - +492'1 Nitrogen ...... 1:772 Cold.
51 Air +94'9 Oxygen ...... 1-936 Cold. - |
35 Air 4965 Carbonic acid . . 8:19 Cold.
58'3 Air +41-7 Hydrogen' Lo 07 Cold.
625 Air +37°5 ~Carbonic acid .. 3486 Cold.
54'6 Nitrogen+45°4 Ov(/igen ...... 1-696 Cold.
+46°47 Hydrogen .. e |
423 Air +49-3 Carbonic acid 2848 Cold.

Further experiments are being made at high temperatures, which
show, in the gases in which a cooling effect is found, a decrease of
this effect, and an increase of the heating effect in hydrogen. The
results at prescut arrived at indicate invariably that a mixture of gases
gives a smaller cooling effect than that deduced from the average of
the effects of the pure gases.
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conformab
hydroge'n,‘ unlike’ ocher g
than’jn ‘the mverse ratn ! ; s
* made numerous” expcnments with mixtures o fgases, the remnrkab]e«.‘ o
result bemg that the thcrmal eﬂ'ect (qoolmg) of  the mmpound gas
. islesg than it would be if the gnses after mixture retmned in mtegnt
the physlcal chnracters they possessed while i m a pure state
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