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| consider in this paper three methods of determining the number of depisan atom of an elementary

substance, all of which lead to the conclusion that this numberhie shime order as the atomic weight of the
substance. Two of these methods show in addition that the ratio of themnohtorpuscles in the atom to the atomic
weight of the element is the same for all elements. Theatlgt@sent available indicate that the number of corpuscles
in the atom is equal to the atomic weight. As, however, the evidenather indirect and the data are not very
numerous, further investigation is necessary before we can be shieeaxjuality; the evidence at present available
seems, however, sufficient to establish the conclusion that the noftmpuscles is not greatly different from the
atomic weight.

It will be seen that the methods are very different and dealwidtbly separated physical phenomena; and although
no one of the methods can, | think, be regarded as quite conclusive fyhtselidence becomes very strong when
we find that such different methods lead to practically identesallts.

To enable the argument to be more easily followed, | shall begiravgémeral description of the methods and the
results to which they lead, and postpone the details of the theoryhobfethe methods to the latter part of the paper.

The first method is founded on the dispersion of light by gases. Ifgged@n atom as consisting of a number of
corpuscles dispersed through a sphere of uniform positive electaficdtis evident that the dispersive power of a
medium consisting of these atoms will depend upon the mass of the pelstitréfication as well as upon the mass
of the corpuscles, and will vanish if either of these massasds For consider what takes place when the electric
force in the light wave strikes the atom. Since the wave lengdigis compared with an atom, the latter may be
regarded as being in a uniform electric field; under this fielattnpuscles will be displaced in one direction, the
positive sphere in the opposite; and if the force persists long enougtisgiacement will go on until the force
exerted on the corpuscles in their displaced position by the positiveaitieds equal and
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opposite to the force exerted on them by the electric force ingtitewiave. The displacement of the corpuscles
relatively to the sphere of positive electricity will polarike titom, and the collection of polarized atoms will
increase the specific inductive capacity, and therefore thectise index of the medium. If the mass of either the
positive electricity or of the corpuscles were zero, then, hovahaet the time for which the electric force in the
light-wave acted, the corpuscles and the positive electricity waildtethemselves in exactly the same way as if the
electric force were continuous; so that the specific inductivecgg@nd the refractive index would be the same for
short waves as for long, and there would be no dispersion. If, howevarasises of both the positive electricity and
the corpuscles are finite, the relative displacement of the cdesusnd the positive electricity will depend upon the
period of the electric force; and since the specific inductiveaiigpand refractive index depend upon this
displacement, the refractive index of the medium will depend upon theel péithe electric force, and there will be
dispersion.

In the latter part of the paper the expression for the refraatidex of a monatomic gas is investigated; and it is
shown that if m is the refractive index of such a gas for lightegfuencyp, then

pﬂ-jl _ %W;E{‘;\[{e_—}—mE)

W+ 2 %m‘p(}hﬂ +m E) — ﬂ})gjﬁ’

1de 10 03/04/2017 11:5



Thomson on the Number of Corpuscles in the Atom

2 de 10

[Note: Thomson labels the above equation as (1).]

where N is the number of atoms in unit volume of the igetbe mass of a corpuscle, M the mass of the sphere of
positive electrificatione the charge on a corpuscle, E the whole charge on the sphere of psdivification, r the
density of the electrification in this sphere; e, E, and rgpeessed in electrostatic measure.

If the term inp? is small, equation (1) may be written
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since E=ne,wheren is the number of corpuscles in the atorma i the radius of the sphere of positive electrification

E=(4/3)pe3i. e. (NE/r) = N(4/3)@3 = volume of the atoms per cubic centimetre of gas; this is the v&n? - 1/n?
+ 2 whenp=0, i. e.for infinitely long waves. Writing pfor
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this quantity, we see, if | is the wave-length of the light,

o
W= 1 M m
p+2 ° E'

[Note: Thomson labels the above equation as (2).]
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e N(MA+nm) A*?

=P+ P’

where E' an@' are the values of E amdn electromagnetic measure. This is the expression for tleetigs index of

a monatomic gas. | have not been able to find any determinations o$pleesittn of such gases. Lord Rayleigh,
however, found that the dispersion of helium was of the same ordeatad tiatomic gases. If the atoms in the
molecules of a diatomic gas are not charged, the preceding expreskiamidifor the refractive index of such a gas;
if, however, the atoms carry electrical charges, the theory guéstly given shows that this expression has to be
modified. We know that as a matter of fact the atomic refracif some elements, oxygen for example, depends
upon the kind of compound in which the oxygen is found. This variation may be agortheccharges carried by the
atoms in the molecules. The atomic refraction of hydrogen seemsydmigebe constant; and | shall, in the absence
of data for monatomic gases, apply the preceding formula to this gas.

From Ketteler's measurements of the refractive index of hydrogdigtibof different wave-lengths, we find that for
hydrogen at atmospheric pressure

:_1 1 |
< =34 2:8014 x 104+
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we find
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M m | 1
K ¢ N(M +?’zm)

butm/e=1/1.7x 16and Ne'=0.8

=6 x 1078%;

hence

M ¢
M+nm E

=1, approximately ;

or, since E ' e,

M 1— =1, approximately
M+nma PPrOXIMAteLy.

This result shows (1) thatcannot differ much from unity, and (2) that M, the mass of thiecarof positive
electricity,
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cannot be small compared witm,the mass of the carriers of negative electricity. Hencafee that n, the number
of corpuscles in a hydrogen atom, is not much greater than unity. $histras been deduced from the consideration

of the properties of a diatomic molecule; and if the atoms in teaule were charged, the expression fof {m
1)/(m? + 2) would have to be modified; but since the dispersion of helium istgyRayleigh's result comparable

M l hat there cannot be a very large

-+ [m

number of corpuscles in the helium atom; fan ere large, the diépersion of helium would be far too small.

with that of hydrogen, we see, since the dispersion is proportioi

2nd Method. Scattering of Réntgen Radiation by Gases.
It is shown in my 'Conduction of Electricity through Gases' that whengRimays pass through a medium in which
there are N corpuscles per cubic centimetre, the energy indiéioa scattered per cubic centimetre of the medium
S Nt . : - . .
is 5- :\l‘_‘,f’[-j' where E is the energy of the primary radiation passing throughitieeaentimetree the charge, and
Q Mo
mthe mass of the corpuscle. Barkla has shown that in the casgesftha energy in the scattered radiation always

bears, for the same gas, a constant ratio to the energy in tla\primatever be the nature of the raye, whether
they are hard or soft; and secondly, that the scattered energy istiprgddo the mass of the gas. The first of these

results is a confirmation of the theory, as the ratio of theggrsmattered to that in the primary rays is (8p/8M(

m?), and is independent of the nature of the rays; the second resulttehotie number of corpuscles per cub.
centim. is proportional to the mass of the gas: from this it fallithat the number of corpuscles in an atom is
proportional to the mass of the ataneg. to the atomic weight. Barkla measured the ratio of the energgin t

scattered radiation to that in the primary in the case ofralrfaund that it was equal to 2.4 x #0Thus, for air

81 Net

3 m?

=24 x 1074,

Nowe/m1.7 x 10 and e = 1.1 x 1&% hence

Ne=10
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But if n is the number of molecules per c. c.,
ne=0.4
hence
N =2,

From this we deduce that there are 25 corpuscles in each moleaireaod this indicates that the number of
corpuscles in the atom is equal to the atomic weight; for theesogtby air is very nearly the same as that by
nitrogen, and 25, the number of corpuscles in the molecule deduced frora'8axrkleriment, is near to 28, the
number in each molecule if the number in the atom were equal toth& aveight.

3rd method. Absorption of b Rays.

We regard the absorption of the b rays as due to the effect of lisonslbetween these rays and the corpuscles
which they meet with in their path through the absorbing substancs.ttfé coefficient of absorption, it is shown in
the latter part of the paper that

Net Vit loo 1 aV? 1
i 'r_.. F— —'—;_" -—.— e
mr VT2 2N e ?

where N is the number of corpuscles per cubic centimetre, V kheityeof the b particles, ythe velocity of lighte
the charge on a corpuscle in electromagnetic measuhes mass of a corpuscle, amd length comparable with the
distance between the corpuscles in an atom.

A= 4

If d is the density of the absorbing substance, M the mass of anratioeennumber of corpuscles in the atom, we have
(N/m)M = d; so that

e en ﬂ""’] f aV? m
y r o o . L

A=0. 3;'?"?;”2 M Vgt 08 N VU e

Now | / d is approximately constant whatever be the nature of thebazsubstance; hence since the logarithmic
term only varies slowly, we conclude thmatnust be proportional to M, e. that the number of corpuscles in an atom
is proportional to the atomic weight. To find the number of corpusclas atom, let us apply the formula to the case

of the b particles from uranium, for which, as Becquerel has shéwri,.6 x 132 and Rutherford finds that for
copper and silver | / d = 7. Puttiegm= 1.7 x 189 e= 10720, v, = 3 x 139, we get

ne 1-4 x 10*

M= mVia Y
J\! - mV a 1

o \IOZ (:’2
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The value of the logarithmic term is somewhat uncertain, involvirigda®s the indeterminate quantityit cannot,
however, be large enough to alter the order of the term on the rightidand 8" is the mass of the hydrogen atom,

e/ M =104
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hence we have

I_  §F
1/ mV? a ;

102 X7 9 9 —1
& XOH 22

i. e., nis of the same order as M / M' the atomic weight of the efem

3
|
= b

Thus these three very different methods all lead to the resuththatimber of corpuscles in the atom of an element
is of the same order as the atomic weight of the element; @mctiie first method we conclude that the mass of the
carrier of unit positive charge is large compared with that ofdinéer of unit negative charge. If we suppose the

whole mass of an atom to be that of its charged parts, e/m fdivpasiit charge would be of the order*10

An obvious argument against the number of corpuscles in the atom beinglleassiimese results indicate, is that the
number of lines showing the Zeeman effect, which must therefore te thevibrations of corpuscles, in the
spectrum, say, of iron is very much greater tban the atomic wafigioh. This objection would be conclusive if it
could be shown that all these lines are due to the vibrations of capusside the normal atom of iron; but | submit
that there is no evidence that this is the case. When an atanelgiaent is giving out its spectrum either in a flame
or in an electric discharge, it is surrounded by a swarm of corguseid combinations, not permanent indeed, but
lasting sulfficiently long for the emission of a large number of vibinati might be expected to be formed. These
systems would give out characteristic spectrum lines; but threesssevliould be due, not to the vibrations of corpuscles
inside the atom, but of corpuscles vibrating in the field of force @itbie atom. Such lines would not be reversed by
cold vapour, though they might be by very hot vapours, by the vapours in flamek@®ngighbourhood of an

electric discharge: the number of lines showing the Zeeman edfemnted by cold vapours is, however, very limited.

We shall now proceed to consider the theory of the method on which thdipgerssults are based.
775
Index of Refraction of a Collection of Atoms.

If an atom consisting of corpuscles dispersed through a sphere of unifativepelectrification is in the path of a
wave of light, the electric force in the wave will displacedbguscles in the atom; the motion of these charged
corpuscles will produce a magnetic field in addition to that in theekafore it struck the corpuscle; the existence of
this field will alter the velocity of propagation of the wave by amant which we shall attempt to calculate.

Index of refraction of a monatomic gas whose atoms contain as much positagatise electricity-Consider an
element of volume so small that throughout it the electric fortieeinvave may be regarded as constant. Throughout
this volume the atoms will all be affected by the electricdfancthe same way. If xh, z are the displacements
parallel to the axes of, y, zof therth corpuscle of an atom,the displacement of the centre of the sphere of positive
electrification,e the negative charge on a corpuscle, E the charge of positivefigattm in the sphere, N the

number of atoms per unit volume; then X', Y', Z', the components eldhtric force due to the displacement of the
corpuscles, are given by the equations

X'=47N(Ex—2Xet,)
Y =4wN(Ey—2en,) };
Z' =7 N(Ez—2el)

iy
.

|

[Thomson labels the above three equations as (1).]

03/04/2017 11:5



Thomson on the Number of Corpuscles in the Atom :Mtprw.chemteam.info/Chem-History/Thomson-1906/Tlsom-1..

the summation is for all the corpuscles in one atom.

The equations of motion for the corpuscles and sphere of positivefalatitnh are
2
d’x
dt?
d*ZEr
dt?

wherem s the mass of a corpuscle and M that of the sphere of posgisteifedation.

M o =X +X)E—§mpeS(z—£),

—(X+XHE+ -§-7Tp€2(:r-—§r),

m

If all the quantities vary ee bpt we get from these equations

p— (K—I—X"_)Em |
~ 4np(Me+ mE) —mMp?
(X+XVEM
s7o(Me+mBE) —mp*

2§,=
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Therefore from equation (1) we have

_ 47 N(X+X')(mE? 4+ MEe)
— #mp(Me+mE) —mMp®
_ P& .

~1-P’

where P__ %W‘S(mEz"i_DIEQ)
~ 4mp(Me+mE) —mMp?

Xf

ar X{

In consequence of the motion of the charged corpuscles, the currenbigaothe polarization current , wherg iK

the specific inductive capacity of the aether; but this cuplastthe convection current ; thushe total current
parallel is given by the equation

KOdX_i_ 3 dX’
T A dt 4w dt
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If &, b, g are the components of the magnetic force,
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ap

dz

_dy
dy’

dru=

dﬁ dX dZ dy_dY _dX
(_f_t__ dz dz’ dt dz dy
Hence, since
dX . dY . dZ
dz © dy 7 =0,
we have
du _d*’X | &*X | &*X
YE T AR T T dR
_ d?’X ?)d‘)X<l A2X  d*X | d*X
I\D-EZ?I + de? dx® * dy® dz?’
. d*X 3P fi'r"\ d*°X  d*X  d*X
BGW+1_P A2 da? T tff t o= dz2

Hence, if m is the refractive index,

14

1

e N(mE? + mEe)

— P’

— 2mp(Me+mE) — mMp'

[Thomson labels this equation as (2).]

777

For very long waves, when the temip? may be neglected, we have

P =

{%'WNE

i'n-p

b

or, since E = (4/3)@e, wherea is the radius of the sphere of positive electrification,
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This is the value given by Mossotti's theory when the atoms are absoitme perfectly conducting spheres of radius
a.

Case of a diatomic molecule, the atoms carrying electrical charges igoesgnitude and opposite in sigaln this
case the refractivity P will contain a term due to the motidhe@tharged atoms relatively to each other under the
electric field due to the light-wave. We can calculate this t&s follows: -- Let M, M» be the masses of the two
atoms, E' the charge on the first atom, -E' that on the othex; be the displacement of the centre of the first atom,
Xo that of the other. The equation of motion will be of the form

M, S0 = XE — ¢(D) (01— a5),
~

122,
M, =2
“ dt?

=—XE'— (i)(D)(J?g _'I"'l)?

Where f(D) is a function of D, the distance between the atdrasalue of this function depending on the law of

force. If the variables as before vary e bpt , we find

M,E'X
AT (M, + M,)¢(D) — M, Mp*’
M,E'X
2= T (M, + My) (D) — M, Mpp**

The contribution to P of the motion due to the coordinatezoxs proportional to

N (B ¥ gy 4R
N'E2(M, + M)
(BII—!—}IQ)(#(U)'—'}II}IQ}J?} ’

[Thomson labels this last equation as (3).]
where N' is the number of these diatomic molecules per unit vollimeconsideration of this expression shows that
778

the part of the refractivity arising from the coupling of two atoogether may easily be comparable with the part due
to the corpuscles within the atom. Thus, to take the case wheratles are so long that we may neglect the term in

p2, the contribution to the refractivity due to the coupling is
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[Thomson labels this last equation as (4).]

If the force between the atoms changed as slowly as the forcedretiae two charges E' and -E' at a distance D, f(D)
would equal 2E2/ D3, and (1) would become

(N'D9) /2

If we compare this with 288, the value due to the corpuscles inside the atdmejng the radius of the atom, we see
that unless the forces between the two atoms varies very rapitlyheidistance, a considerable part of the
refractivity may be due to the coupling between the atoms.

If DP,, is the part of (fA- 1) / (m? + 2) when | is infinite due to the charges on the atoms in the d@matecule, we
see from equation (3) that the part of(m) / (n? + 2) due to these charges is approximately equal to

P,) 1_I1 M, l_ B _‘i'?T_Q
APy +(A /B E/ (M, +M,) NA*’

[Thomson labels this last equation as (5).]
where g' is the value of the charge in electromagnetic units.

In the case of a molecule consisting of two charged atoms, the dmatige negative atom will be due to the presence
on the atom of extra corpuscles which can move freely about. Thusréféts to the negative charge,/®;" will
equalm/g, wheremis the mass anelthe charge on a corpuscle; for the positive atopwill equal the mass of the
atom, while g will equale; if the atoms are monovaleng;2if they are divalent, and so on. Comparing the part of
the coefficient of 14 which is due to the charge on the atoms, with that (given by equatiaué2)p the corpuscles
inside the atom, we see that the facter/NE;' in (5) is the same aw/e'in (2); while if there are many corpuscles in
the atom, the facthJf : will be much larger tt M —

M, 4+ M, E(M 4 nm)
while E is equal tcmel, wheren is the number of corpuscles in the atom. Thus, unlegssDRry small compared
with P,, the dis-

fgndll only be a small multiple oéy,
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persion of the gas will depend more on the charges of the atoms toraidigas than on the corpuscles inside the
individual atoms.

The theory of the second method is given in my “Conduction of ElectricityghrGases.' We proceed to the
consideration of the third method, which depends on the absorption by mageidbdf moving corpuscles.

If we suppose that an atom consists of a number of corpuscles dexdrthuwugh positive electrification, wo can find
an expression for the absorption experienced by the corpuscles when thiéyqagsa collection of a large number
of such atoms. The rapidly moving corpuscle will penetrate the atahwidl be deflected when it comes near an
inter-atomic corpuscle by the repulsion between the corpuscles. Tleisiale will produce an absorption of the
cathode particles. If the corpuscle in the atom is held fixed bfptbes acting upon it, the colliding corpuscle will,
after the collision, have the same velocity as before, though tletigliref its motion will be deflected. If the inter-
atomic corpuscle A is not fixed, the colliding corpuscle B will caminate some energy to it and will itself go on
with diminished energy. Without solving the very complicated problem whisepts itself when we take into
account the forces exerted on A by the other corpuscles, we candimreridea of the effects produced by the
constraint introduced by such forces by following the effects produced basireggethc mass of A. The general
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effect of great constraint wonld be represented by supposing the nfass lné very large, while absence of
constraint would be represented by supposing the mass of A to be equabtdBtha

Let M1, M» be the masses of the corpuscles A and B respectively. Wesspptise that the velocity of the colliding
corpuscle is so great that in comparison the corpuscles in the apimermegarded as at rest. Let V be the velocity of
A before the collision, b the perpendicular let fall from A onf\2( is ths angle through which the direction of
relative motion is deflected by the collision, we can easily shetv t

l #
V[ MM, )
& \M,+ M,

sin? 8 =

1+

the force between two corpuscle, separated by a distance r bainpdssqual to% r2. Hence, if u, u' are the

Pages 780-781 will follow in the near future.
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