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experiments such as those made by Bellati. Suppose, for
example, p grammes of silica having a specific heat &, and w
orammes of water, are mixed and raised to a temperature 7,
and the mixture is then put into a Bunsen’s ice calorimeter
and cooled to 0° C., the heat given up 1s

| de dh - h |
(pk+w+p.s-is—-p.s. EZ_E)t = (pk+w-—pn3 -;) . b

approximately, from equation v.

It is necessary, therefore, to distinguish between the true
or absolute variafion and the apparent variation in the specific
heat of water in contadt with a solid. ‘I'he frue variation in

the specific heat'_ is propertional to %E, and 18 Probabl}r very

small; but since in any experiment it is impossible to prevent
the evolution or absorption. of heat at the surface depending

on the term j—f, the appafr?ént variation in the specific heat,

that is, the variation actually observed in any experiment, is

proportional to the difference of the terms ;%and g—?, that
)

is, approximately _propoftional to -

Hence the apparent specific heat of water in contact with

Ak

a solid is approximately (I—E -), where A is the area of

-
the surface of the water in contact with the solid, and w the
mass of the water. For example, in the earlier experi-
ments of the present investigation, the mass of water was
about 200 grammes and the area of surtace exposed by
4 grammes of powder was 4 x 10900=43600 sq. cm., and

the value of é was 37 x 10—7: hence the apparent specific heat

of the water was equal to (1—%383% x 37 x 10~7)="99919.
It is evident that if the mass of water is small compared with
" the mass of powder, the variation in the apparent specific
heat may be very great, so that it 1s not necessary to assume,
as Martini did, that some of the water is solidified on the
surface of the powder, in order to account for the apparent
variation in the specific heat.

V1. Experiments with Mercury.

Experiments were made to show a fall of temperature on
putting a finely divided solid into mercury. After several
fruitless attempts with silica, the following method was

adopted.
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~ About 3000 grammes of mercury were placed in a glass

beaker, and some cotton silicate was placed 1n the same
beaker above the mercury ; above the cotton.silicate was

o cardboard disk which covered the silicate entirely, except
that a space was left for the insertion of the thermometer, -
and a little space was allowed for the edge of the disk to
clear the sides of the beaker. On pressing down the disk
the cotton silicate was suddenly immensed in the mercury,
and in some experiments there wag a fall of temperature
amounting to *016° C. But the résults were not consistent,
for in other experiments there was a slight rise of tempera-
ture, caused probably by the cotton silicate being at a higher
temperature than the mercury. After leaving the cotton
<ilicate immersed in the mercury for some time, so as to take
the same temperature, it was suddenly released, and a rise of
temperature was the invariable result.. With 11 grammes
of cotton silicate the rise of temperature was about *02° C.,
and with 30 grammes of silicate the rise of -temperature was
about -05° C., but the results varied considerably.

~ These experiments do not lend themselves to quantitative
measurement, for the surface ot the mercury cannot be deter-
mined. When the filaments of cotton silicate are put into
mercury they tend to cling together in hundles or tufts, and
the mercury breaks up into a great number of little globules

between the tufts of silicate. The surface exposed by the
mercury is thus large and indeterminate. The results show,

however, that the sudden contraction of a mercury surface

" eauses an evolution of heat and corresponding rise of tempe-

rature, and the effect can ‘be regarded as a modification of
the Pouillet effect for a liquid which does not wet, or enter
into intimate contact with the solid.

~ H.M. Dockyard School, Portsmouth,

March 1902,

 XXVIIL. On some of the Consequences of the Emission of

Negatively Electrified Corpuscles by Hot Lodies. By J. d.
TeoMsoN, M.A., F.R.S., Cavendish Professor of Exper:-
mental Physics, Cambridge*.

IT was shown by Elster and Geitel  that an incandescent

metal wire in a good vacuum emits negative electricity;
in 1899 I showed that the carriers of this negative electricity
were “ corpuscles,” i. e. were identical with the carriers of

# Communicated by the Author. |
+ Elster and Geitel, Wied. Ann. xxxvil. p. 315,
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negative electricity in the cathode-rays*. Quite recently
Mr. O. W. Richardson 1 has made a series of measurements at
the Cavendish Laberatory of the rate at which the electricity
escapes at different temperatures. The results of these mea-
surements are very interesting ; they show that surprisingly

large currents can pass in the best vacua between a negatively’

electrified incandescent wire and a conductor placed 1n 1ts
neighbourhood ; thus Richardson has shown that the negative
electricity streams so fast from carbon ata white heat as to be
equivalent to a current of about 1 ampere for each square
centimetre of carbon surface. If we suppose that the cor-
puscles which carry the negative charge have the same
kinetic energy as the same number of molecules of a pertect
gas at the same temperature, this stream of corpuscles
would carry with them from the metal energy at the rate of
about 5 of a calorie per square centimetre of surface per
second: the number of corpuscles coming in each second
from this area is about 5X 10, The question naturally
suggests itself whether this great crowd of corpuscles does
not produce other effects besides the electrical ones already
mentioned : it is the object of this paper to indicate some of
these effects.

In the first place, since the corpuscles carry a charge of
negative electricity, they will move when acted on by an
electric force; so that, assuming the Electromagnetic Theory
of Light, they will be set in motion by a wave of light ; they
will thus absorb energy from the wave and give out this
energy as scattered light. We can easily calculate the energy
in the light scattered in this way.

" The rate at which a small charged particle, charge e and
acceleration f, radiates energy is equal to

1 2
3V

~ where V is the velocity of light. If the charged particle is -

acted on by an electric force X, then

Xe
=3¢

where m is the mass of the pz;,rticle; hence the rate at which
the charged particle is emitting energy is equal to

1l et 1,

3mE V>

* J. J. Thomson, Phil. Mag. xlviil. p. 547.
+ O, W. Richardson, Proc. Camb. Phil, Soc. xi. p. 286.
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Now if the electric force is that in a light-wave the mean
energy E per unit volume in the wave is equal to the mean

value of X2/47V?; hence we see that the mean rate at which

the particle is emitting energy (this is the rate of emission of
the energy of the scattered light) 1s '

4
iT ¢ vE.

3 m?

1£ there are N corpuscles per unit volume the energy in the
scattered light coming from each unit of volume per second
1s equal to '
47 Net
3 m?

VE.

The scattered diight will be polarized in the same way as

light reflected from small particles. Thisscattering of the light

will cause the medium to absorb light. We can find the co-
efficient of absorption as follows :—Supposé the axis of z1s'the
direction of propagation of the light. Let AB and CD be
two planes at right angles to z separated by a distance 0z,

CD being in front. Then if A is the area of either of these

planes, the rate at which energy is being scattered by the
particles between the planes is equal to

4o Net

3 m?

VE . Aoz,

Now when things are in a steady state this energy must be
supplied by the excess of the energy flowing into the region
between AB and CD through AB, over that.flowing out
through CD: the average rate at which energy flows across
AB is AEV: the rate at which it flows out across CD 1s

A(E438E)V: hence we have

4

—ASEV= 2T Ne VEASz;

3 m?

Or d_El = e 477- N84 E .

dz 3 m?
thus _ 47 Net,

E=Ce 3 m
: . . 47 Né
and thus the coefficient of absorption is —--—5-
| 3 m?

. Thus the region round incandescent metals or carbon will,
in virtue of the corpuscles coming from these substances,
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scatter light; and the scattered light will be polarized in the
same way as if the light had been reflected from small
~ particles. Since the corpuscles are in rapid motion if the

incident light is homogeneous, the spectrum of the scattered

light will by Dadpler’s principle broaden out into a band.
Similarly, if the corpuscles were illuminated by light showing
Frauenhofer’s dark lines, these will be ebliterated in the
scattered light.

The most conspicuous example of a hot body 1s the sun, the
photosphere of which is supposed to contain large quantities of
carbon or silicon at a temperature far higher than any we can
produce by artificial means. Thus the photosphere must be
emitting corpuscles in large quantities, these coming from
such hot bodies will be moving with great velocities, and may
leave the sun and travel out through the solar system. These
corpuscles will scatter the light from the sun; and since the
corpuscles are densest close to the sun, we should get a distri-
bution of luminosity due to the scattered light which would

be most intense close to the sun, and would fade away at

greater distances from it. The rate of decay would be fairly
rapid ; for not only would the intensity of the incident light
diminish inversely as the square of the distance, the number ot
corpuscles per unit volume would also diminish according to
the same law ; so that the intensity of the light scattered from
the corpuscles would vary inversely as the fourth power of
the distance. It seems to me probable that many of the
phenomena of the corona may be due to light scattered by
corpuscles ejected from the sun. Since cathode-rays produce
luminosity when they pass through rarefied gas, the corpuscles

ejected from the photosphere would in their passage through

‘the chromosphere cause the gases in the latter to become

luminous. The presence of some of the corpuscles throughout
the solar system would cause each part of this system to
 seatter a certain amount of light, so that no part of it-would

be absolutely dark, nor would it be pertectly transparent.

T am not aware of the existence of any observations bearing
~ on the absorption of light by interplanetary space.

The corpuscles when under the action of a wave or pulse of
electric and magnetic force will be pushed forward in the
direction in which the wave is travelling ; and thus if these
waves proceed from the sun, the latter will appear to repel
the corpuscles.

To SEOW this, let the direction of propagation of the wave
be along the axis of z, let X the electric force in the wave-
front be parallel to the axis of @, H the magnetic force
parallel to y. Let @, y, z be the coordinates of the corpuscle.
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I tﬁhen we have, since X=VH, where V is the velocity of
1ght, . .

m@ ;_-Xe—Heilfr-He(V—-—f ——He%a (1)

dt? dt dt |
d2y o
(i &-—t%/ =O, . . . . . . . . . . . . . (2)
d’z dz Bt o dz
m oy = He 7 Mg = He g0 (3)

where {=2—Vt. |
Let us first take the case where a pulse of constant electric

force is passing over the corpuscle. Thenif 2, z vanish when

dz dz

't=0 and % and w are the initial values of - and 3 We get

from (1) and (3)

m U
z=Vi+ - g (L—cos wt) +

wo—YV .

sin wl,

@
?Z—: =V +u sin ot + (0 —V) cos wt,
where w=He/m. _

Thus if the pulse lasts for a time T, long enough to make
oT large, the corpuscle will be set in motion in the direction
in- which the wave is travelling, and the average velocity of

the corpuscle will be that of the wave. Now
oT=THe/m=10".T . H;

thus if T the time the pulse takes to pass over the corpuscle is
large compared with 1/16"H seconds, the corpuscle will be
shot forward with great velocity in the direction in which the
Eulse is travelling. If oT were small, the velocity acquired
y a particle starting from rest would be +Ve?T
Lot us now take the case of a periodic disturbance; let H

be given by the equation

H=A cos?{}: (Vt;ﬁ) _=Acos?-31—- :

A
Equations (1) and (3) become
A2 : 2w, d§
?713?:-—15&6005—{ S ORI (4)
d?{ _ 2, dx . .
m oy = Aecos—;ﬁ.dt, N 1)

Phil. Mag. 8. 6. Vol. 4. No. 20. Aug. 1902, S
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from (4) we get - |

. dz _ A A Singz
’??EE—— 82'” N .

If dz/dt and § vanish simﬁltaneously, substituting in (5),
we have

or writing 9ifor _4_;_1' §, we have
- d0, A% .,
(—_—ZE:?— + —ﬂ";"ﬁ- 8111 9—0.

The equation of motion of a simple pendulum. Integrating

this equation, we find

L4 \2/dEN? Ae? 4w
"-2(1 ) (Ei?) =0+ cos 3~ &

me

where C is the constant of integration. Substituting for {its

value z— V¢, we have

1 /4m\? v dz\? “ A%? 4 v
o . ' ———— I - . tﬂs .
2( )\.)( dt) C me OO A ( _ )

" If dz/dt vanish when ¢=0, we have o
1.2 A2,2
1(‘!;_?)2[{ v_f?:} v | =2 o T (Vi—2)—1 1,

2 dt m A §
If w is the maximum value of dz/dt, we have
, A2 A2
@ (Vo ée * ;
V (V w) A2 m?
hence 1f A,
A*A%e* oo
4en? =V5

the maximum value of the veloéity of the corpuscle will be

equal to the velocity of light. If A?A2:2/V?m®m® is a small
quantity, then the maximum value of w is given by the
equation '
~ 1ARA%2 1
i PP A
- 22,2
Now ¢/m=10', V=3 x10'%; hence 4?:1';:%2‘?‘79 = 2:5A\*10-9,

Here A is the maximum value of the magnetic force and A
the wave-length, We see that for waves of sunlight
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A2 x10-% would be very small; so that the maximum
~ velocity acquired by the corpuscles would be very small com-
pared with the velocity of light. 1If, however, the sun gave
out Hertzian waves of considerable wave-length, these would.
communicate to the corpuscles velocities comparable with the.
velocity of light, so that the sun would appear to repel the
corpuscles with great vigour. Thus, for example, if a comet
by near approach to the sun got raised to such a high tempe-
rature that the corpuscles began to come off, these would be
repelled if any Hertzian waves came from the sun, and appear
behind the comet as a luminous tail. ' )
I now pass on to consider another result of the emission of
these negatively electrified corpuscles: we may regard these
corpuscles coming out of the metal as evidence for the exist-
ence in the metal itself of streams of corpuscles which move
freely between the molecules of the metal. Some of these
moving at more than a certain speed are ablé to escape from
the attraction of the metal, and produce the stream of nega-
tive electricity coming from the metal. These corpuscles
‘moving through the metal constitute streams of cathode-rays,
and when they come into collision with the molecules will
give rise to pulses of electric and magnetic force analogous
to those produced by the stoppage of cathode-rays in a
vacuum-tube ; inasmuch, however, as the velocity of the
corpuscles in a hot body 1s small compared with that of
cathode-rays in a vacuum-tube, the pulses produced by the
corpuscles will be very “ soft ”” compared with the Rontgen
rays produced in a vacuum-tube, z. e. the pulses produced in
the hot body are very much thicker than those produced in a
vacuum-tube. A succession of sufliciently broad pulses weuld,
however, on the electromagnetic theory of light, produce a
continuous spectrum of the kind given out by a hot body.
Part of the radiation from a hot metal might arise in this
way; and this part would bhave the characteristic property of
_ra(fira,tion from a solid of iIncreasing very rapidly with the
temperature. For we may regard the corpuscles in the metal
as analogous to the molecules of a liquid, and the escape of
the corpuscles from the metal as analogous to the evaporation
of the liquid. The corpuscles are supposed to be attracted
by the metal ; so thatit is only those escape from the surface
which start from near the surface and move so rapidly that
-their velocity is sufficient to carry them beyond the region of
the attraction of the metal. Thus suppose that ¢is the distance
‘at which the attraction of the metal on the corpuscles is
appreciable—c is analogous to the range of molecular attraction
an Laplace’s Theory o C‘apiléarity——and consider a layer of
- 2
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the metal of thickness ¢ next the surface: as soon as a cor-

puscle enters this layer it will be acted upon by a force
directed away from the surface ; it the corpuscle has only a.
small amount of kinetic energy it will soon be stopped, and

will turn back without ever reaching the surface, one with
greater velocity will get nearer to the surface, and those
moving above a certain speed will be able to reach the surface
and escape from the metal. If the distance c¢1s comparable
with the thickness of metal required to absorb the radiation
of the type produced by the impact of the molecules against
the corpuscles, then the rate of emission of radiation from the
metal will depend chiefly upon the more rapidly moving
corpuscles. For not only do these possess greater energy,
and therefore when in collision produce the more Intense
pulses, but they travel mearer to the surface so that the

radiation which they emit has not to travel through so great

a thickness of metal, and is consequently not so much

‘absorbed.

To calculate the rate at which energy is radiated from the
‘metal by the electromagnetic waves produced by the collisions.

between the corpuscles and the molecules, we require to know
the attraction exerted by the molecules on the corpuscles;
for without this knowledge we cannot tell how near to the
surface a molecule moving with a given velocity will pene-
trate: we also require to know how much of the radiant

energy produced by the collision is absorbed in passing from

the place of collision to the outside of the metal. In default

of information on these points let us calculate the rate of
emission of radiant energy on the assumption that only those

corpuscles whose velocity is greater than v, get near enough

to the surface for any of their radiation to escape, and that
.all the radiation from those moving with a velocity greater-.
than v, escapes without absorption. Assuming Maxwell’s -
law of distribution, and that the energy in the electromag-
netic pulse produced by the collision is proportional to the

square of the velocity, we find that the rate at which energy
3s emitted from the metal is proportional to

o _mvﬂ -
g3y v°e o dv,

‘where @ is the absolute temperature. 1f muv,® is large com-.

pared with 6, this expression increases very rapidly with 6.

*The collision of free corpuscles with the molecules will not
be the only source of radiation—indeed if it were only con-
ductors of electricity would radiate~—similar radiation will be
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produced by the motion of corpuscles inside melecules from
which they never become detached. The electromagnetic
effect will evidently be of much the same character, whether
the velocity of a corpuscle is reversed by a collision or. by
swinging round a closed orbit under the action of a central
force. If the orbits of the corpuscles in the ‘molecules are
circular, the calculation of the amount of energy radiated

from them is very simple. A corpuscle moving with an
1 ¢%F4

3 V- y Where

V is the velocity of light. If the corpuscle moving with a
velocity v describes a circle of radius 7,

acceleration f emits radiant enei*gy at the rate

f= 3;_ = % if w/r* is the force on the corpuscle divided

i by its mass.
vn—1

? _
#n—l .
and this is proportional to the rate at which the corpuscle is
emitting energy. Thus this rate is proportional to the kinetic
energy of the particle raised to the power 2n/n—1: and if
we assume that the kinetic energy of the corpuscles 1s pro-

portional to the absolute temperature 6, the rate of radiation
: ' . 2-]1, - ) . | e

Thus /=

“from the corpuscles variesas 8-1. If the force on the corpuscle 1

varies inversely as the square of the distance n=2, the
rate of radiation will be proportional to the fourth power ot

the absolute temperature. To calculate the rate at which

energy comes out of the body we require to know the law of

‘absorption ; if the corpuscles are moving with different
“wvelocities, the character of the radiation emitted by a cor-

puscle will depend upon its velocity; if the absorption does

'mot depend upon the character of the radiation, the rate at

which energy is emitted from the body is proportional to the

fourth power of the absolute temperature (assuming n=2);
but this is not the case if the absorption depends upon the
~character of the radiation. If, for example, as in the case of

Rontgen rays, the greater the velocity of the corpuscles the
more penetrating the radiation they originate, a larger pro-
portion of the radiation from the quicker corpuscles would
emerge from the body than of that from the slower corpuscles,

and the rate of escape of the radiation would 1ncrease more

rupidly than the fourth power of the temperature ; while if
the law of absorption went the other way it would vary less
rapidly. Although the calculation of the amount of radiation
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depends upon a knowledge of the law of absorption which we
do not at present possess, it is interesting to find that a
collection of corpuscles describing circles under forces varying
inversely as the square of the distance in the molecules of a
substance which shows no selective absorption would, like the
1deal ““black”” body, radiate at a rate proportional to the
fourth power of the absolute temperature. '

—_,—— e
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XXIX. On Spontaneous Nueleation and on Nuclei pq*oc?uced
by Shaking Solutions. By C. BARUS *. .

SPONTANEOUS NUCLEATION.

FN ¢ Science’ (xv. Jan. 1902, p. 178) T communicated some

results which seemed to give evidence of the spontaneous
production of nuclei from certain organic liquids. Though
my own work is rather more concerned with the diffusion of
the mlclel_ with an ulterior view to their VBIOCit}",.. no matter how
the nuclei may be localized, it nevertheless seemed interestino
to elucidate the subject incidentally. I therefore made a
serles of experiments in which condensation was produced by
the expansion method in case of gasoline, benzine, petroleum.
benzol, carbon bisulphide, and water. | ;

. H_g/dr?carbms.-——-Thg first three hydrocarbon liquids may
be dismissed summarily. The air above them, if carefully

treed from nuclei by precipitation, remained free from

nuclei indefinitely. The test was made by leaving the

receiver without interference for fifteen or more hours, all
the cocks being shut off, except the one communicating with

the atmosphere through a filter of compressed cotton, half a

‘metre long. A perfect filter is essential throughout. In case
of petroleum it is exceedingly difficult to remove the nucle;
by precipitation alone; but they vanish in the lapse of time
(days), and thereafter the air remains permanently without
nucleation. |

In case of benzol I was for a long time erroneously of
the opinion that nuclei arise spontaneously out of this liquid
and consistent results leading to this inference were obtained
In great number. Doubt was cast on this supposition by the

behaviour of the hydrocarbons just mentioned. The" true ,

explanation was subsequently found: on removing nuclei by
precipitation with the object of obtaining dust-free air, a
couche of nuclei is apt to remain brooding immediately over
the surface of the benzol, where it escapes detection. It is

* Communicated by the Author.
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in this couche that the nuclei which subsequently diffuse *
into and fill the whole vessel originate. They do not come
out of the benzol. ' o

To account for these couches, which occur more or less
frequently with all hydrocarbons and other volatile liquids,
it is necessary to consider the manner in which the nuclei are
introduced into the receiver. This is done expeditiously by
partially exhaus’cih% the receiver and allowing the inflowing
air to pass over phosphorus, or glowmg charcoal, or near a
sulphur flame. In the case of water vapour the nuclei after
entrance remain permanently apart. The nucleated air is
always homogeneous and the coronas regular. Semi-coronas
never occur. This indefinite suspension of nuclei means that
they remain small, diffuse relatively fast, and gravitate very
slowly. The phenomenon is very similar to the suspension
of particles of clay in water. The speed of subsidence is a
minimum.

In case of the hydrocarbons &c. the occurrences are very
different. 'What goes on while the nuclei are being introduced
is not of course visible ; butthe first exhaustion atter nucleation
shows a horizontally graded distribution, in which the nuclei
are wholly confined to a narrow stratum, usually imme-
diately above the liquid, as already stated. The fog stratum
may, however, show itself at the top of the vessel, or even
between two hemispheres of clear non-nucleated air. Indeed
the air is rarely, if ever, nucleated unitormly.

The distribution, therefore, is one of density ; and from the
relatively insignificant number of nuclei, it may be further
supposed that to influence the density of the strata, the nuclei
have been loaded on influx, almost without supersaturation,
even though the fog particles are small enough to remain
invisible. In sucha case it is hardly probable that the nuclei
have remained individualized as in the case of water vapour ;
it is more probable that they grow by coalescence or cohesion,
until they are large enough to condense hydrocarbon vapour
with the minimum of supersaturation or none at all. This
again is remarkably like the subsidence of clay in hydrocarbon
liquids, in which, from the cohesion of particles, the precipi-

‘tation is, relatively speaking, instantaneous.

It is not necessary, however, to assume loading. If the
nucleus diffuses slowly enough in organic vapours to virtually

# The rate of diffusion (roughly, ‘015 centim./sec., upward in benzol

vapour, for instance) is the feature of these experiicents on which I
am now at work. Incidentally cne may note that the ¢ granular” particles
in water vapour should diffuse much more rapidly than the “ flocculent ™
‘particles in benzol vapour, the nuclei being otherwise the same.




