THE
LONDON, EDINBURGH, axo DUBLIN
PHILOSOPHICAL MAGAZINE

AND

JOURNAL OF SCIENCE.

.[SIXTH SERIES.]

MARCH 1904,

XXIV. On the Structure of the Atom : an Investigation of the
Stability and Periods of Oscillation of a number of Corpuscles
arranged at equal intervals around the Circumference of a
Circle ; with Application of the results to the T leeory of Atomic
Structure. By J.J.TroMsox, F.R.S., Cavendish Professor
of Experimental Physics, Cambridge *,

HE view that the atoms of the elements consist of a
number of negatively electrified corpuscles enclosed in

a sphere of uniform positive- electrification, suggests, among

other interesting mathematical problems, the one discussed in

this paper, that of the motion of a ring of n negatively
electrified particles placed inside g uni%ormly electrified
sphere. Suppose when in equilibrium the = corpuscles are
arranged at equal angular intervals round the circumference
of 4 circle of radius a, each corpuscle carrying a charge ¢ of
negative electricity. Let the charge of positive electricity
contained within the sphere be ve, then if 3 is the radius of
this sphere, the radial attraction on a corpuscle due to the
positive electrification is equal to velafb*; if the corpuscles are
at rest this attraction must be balanced by the repulsion
exerted by the other corpuscles. Now the repulsion along
OA, O being the centre of the :ph’ere, exerted on a corpuscle

at A by one at B, is equal terTié cos OAB, and, if 0OA=0B,

2
this is equal to IJA—.‘,-‘_%I%EB: hence, if we have x cor-
puscles arranged at equal angular intervals 27[n round the
circumference of a circle, the radial repulsion on one corpuscle
* Communicated by the Author.
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due to the other (n—1) is equal to

2 2 3 (n=1)=

e ™ v v

—— | cosec— + cosec — + cosec--—- + ... + cosec——— |,
da n n n n

If the corpuscles are at rest this must be equal to the radial
attraction. Hence, if

T 2r n—1)ar
S, = cosec— + coseo —— + ... oosec L»-—%,
n n n
vila & S
T i
or a® 8,

T ¢

The following are the values of 8, from n=2 to n=6.
S,=1, 8,=2-3094, §,=3'8284, §;=55056, S;=7-3094.
In the important case when v=n, i.e. when the positive
charge on the sphere is equal to the sum of all the negative
charges in the ring of corpuscles, we get by (1) the following
values for a/b : —

a
n. b.
2 3

3 5773
4 16208
s B 6505
i . <6726

If the ring of corpuscles, instead of being at rest, is rotating
with an angular velocity o, the condition for steady motion is

2 3
ve'a ¢
g I I
= mae + iz S,
or va® moa S,
b - e2 4°

here m is the mass of a corpuscle..

We shall now proceed to find the forces acting on a
corpuscle when the corpuscles are slightly displaced from
their positions of equilibrium. Let the position of the
corpuscles be fixed by the polar coordinates » and & in the
plane of the undisturbed orbit, and by the displacement = at
right angles to this plane ; let 7, €, z, be the coordinates of
the sth corpuscle ; then, since the corpuscles are but slightly
displaced from their positions of equilibrium, 7,=a+p,
where p, is small compared with a, 2, is aleo small compared
with a, and 8,—6,_,= g; + ¢, — .1, where n is the number

of carpuscles and the ¢’s are small quantities,
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The radial repulsion exerted by the sth corpuscle on the

this equal to
2 4 1
d?“p (’I';, +7— 27'pracos (0,— Hp) +(z,— R

expanding this, retainin
we find that if R,

uning only the first powers of p, ¢, and 2,
is this repulsion

l 3_ 1
= Jd1_Pfo__ 1
P 4a%sin 1= (2 QSina\P)
parl 1
-2z m) —4(b—,) cot\p}’
where g =(p=s).
The tangential force ®,, tending to increase 8, is equal to
__° 1
7,40, {rp+ 1 — 2,1, c08 (6,— 0,) + (2,—2,)" TH

expanding this and retaining only the first powers of the
small quantities, we g8t

@ — . € cosy 1 3o, 1p,

pe = —

~ i e 12 =3 2 (¢ (ot + ptany) b,
Zpr, the force at right angles to the undisturbed plane of

the orbit, is easily seen to be given by the equation

4
ZP'= mlhw (Zp —Zs).

The total radial force R, exerted on the

th ¢ le b
all the other corpuscles, is equal to PR corpuscle by

e2
m S _PPA'/— EPP-HVA? P8 _a2¢p+ng ptay

where 1 1
S= - -+ 2 ‘en 1 i ;
sin — sin 225 sin (n=1)w
n 7 n
237 1 1
Alze\(_,(,,___ + = 1 )

3 + e —
403\ 2 sin™ sin?lr sin (n—1)m

n n n

1 1 1

2\ ., Al I
s g e (n= D)
n

n
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A & 1 + 1 )
P+ T gd s s/

sin~ - sin®’-
n n
s
’3 COS - -
n
B, .
ports= Bab ., o ST
sin?
m

] The coefficient of ¢, in the expression for R, vanishes,
since

ST
Ccos- ~
p L

L ST
sin?” -
n

As A, pis By.psr do mot involve p, it is mere conv enfent
to use the symbols A, and B, for these quantmem and to

write
R,,‘—". 1&1 S —PPA’ pp-l_g ang,,m
The tangential force @, acting on the p’th particle may

similarly be written

0, =%ppts B,—ad,C +aZdp+.C
wliere
cosw cos ZX
i g2
e’ n 2 1 2
4a3( o (co’r + 5 ‘mn )+—-——2;<cot +z“" —)+.,,),
sin? — sin? =
n 7
ST
e R 1 T
1 . 2377( ot —+2t'1n n);
sin® —
n \

while Z,, the force at right angles to the plane ol the orbit, is
given by the equation

- Zip=2,D) —E:,MDF,

where
2
e 1 1 1
pe (L A —iy)
Ba’\ . 4 g 2T . =1
sin? - sin®- sin’® - -
n n T
and
e 1
D=y
Sa* ., s
sin®-
n
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The equations of motion of the pth corpuscle are

d* do, velr,
m(dt‘ Cl i (—(Tt—_) ) = b:!p +Rp 3 ¢ (1)
m( difl +2—

z ve? .
—,:—-"ZP-"-/AP. . . . . . . . ('Y)

dr dOp\
dt dt =8; - ’ @

Retaining only the first powers of small quantities, we get

dé .
from these equations, if o is the value of T when the motion

is steady,
) T =mao’ +

2

(Zipf anaw—— —p,,(mw - -—) +Ro— g -—S.

If pp and @, vary as ¢, this equation may be written
(A—mg?)pp+ Asppsr+ Aspprat.

‘Zmawtq(ﬁp +aB1¢p+1+angbp+z+ 0

)
vela e
25,

where

o afy1 1 ot L)
A=4a3b+A/=8a"{o( . 1r+ . 27r+'">—( . 'rr+ —ar T
) "

Writing 1, 2, 3 forp we get
(A =mg®)py+ Brpe + Agps... 4 Ay 1pn—2maongd, +abidy + aByps+...=0

(A—mg?)pg+ Ayt Aopytoeneeee . —2mawiqds+aBips+abyp 4+..=01

(A=—mg¥)put Apy+Agpytoennnee . —2mawog¢n+aB;ﬁ1+aB2¢2+...=0 S
By equation 8 we have

meoy —B, ”"*‘ Bg”"g—z +...(C=mg?)by—Crpps1— Cotppia = - =0

W 1'1t1ng 1, 2, 3 in succession for p we get

.hmwr] -B,= —ng; s +(0—1mf)¢1—01¢2— Cops—...=0
2“?!&)’1’3 —Bl% _Bg% vew + (C—'mqg)¢g—02¢3—02¢1_...=0 (B)

1 —B.zp—z e A (C=mg?)pr— Urpy = Cugpa—

. "
2unw«/P -B,
« a
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To solve equations A and B we notice that
root of the equation z"=1 4. e. if w be o

of unity, equations A will be satisfied by
Pa=®p1, py=wp,y, py=wps... Gr=wp,, Py =w,, bi=od;...
provided - - :
PLA—mg* + wA) + w?A,+. . 0" 1A, )
+¢1a(-2bmwg+wBl+w2B2+w"—1B,,_l)=O; (1)

while equations B will be satisfied by the same values
provided

p(&imwg — 0B, — w’B,— "B, ;)

+ ¢1a(C—mgz—wCI—mz(fg—w""‘(),._l) =0.
Hence, if both sets of equations are
we have, eliminating p1 and ¢,

if be an
ne of the nth roofs

. @
satisfied by these values,
from (1) and (2),
(A-—mg®) +wA, + ®A,+.. 0" 4, )
(O—mqe—wol—wQOZ-w"—lOn_l)
=—{=2mwg+ B, + B, +. . w"~1B,)2

(1)
a biquadratic equation t

0 determine ¢ the frequency of the
oscillations of the system. Now a is of the form

2k

2kmr ..
COS — 44 sin ——
n ) n -

where £ is an integer between 0 and 72—

1. Substituting
this value for @, we find \
2

wA, +0’A,+ oA, = %{cos gk—w( L + 1

8a n R d . T

sin—~  gin3Z

dikmrs 1 1 6k 1- 1
R G = = 327) T\t _E)“L}
sin —  gin3Z- sin—  gjp?2"
n n n

We shall denote this by Lz; it will be noticed that I con-
tains no imaginary terms. We find also that

© C) + 0?Cy+ 0*Cy + 01

cos —
e kear n T 1, 7
n—1 = | cos cot - -4 ~tan —
4a n

nooL o, n
+-- 8In® —
n

[5

<008 — o

T S

T s 2
n

We shall denote this by Nz. +.. )
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. 2
Agdm, cos‘7—r— €Oos —
v.et (. 2km n L n Ak 2n
wB) +0’B,+ o 1B,.1= 82 (sm - . = — "y 9
n
3
coS —
. 6km ... >
+Sln——n .
sin? =—

=My, say.
Substituting these values, equation (1) bec:)mes 2 "
((A—mq") + L)Y (C—mg?—Nyp) = (M —2mwq)®. . _

D gi : hat C is the
) alue of C given on p. 240 we see t
vwﬁ?ﬁ' tl}‘ll(z :v}i:; (;c=0,gz;ind so may be denoted by N, and

that A= i e S—L,; hence equation (2j may be written

(l,3
(3'2 S+ L;—Lo —mgq) (Ny—Ny—mg?) = (M,—2mag)*. (3)
4: (A. £

—1); but we
in this i ay have any value from 0 to (n ;

kin fﬁllz -i-qxzt‘lggt?;{_k for k, the values of ¢ glverfl. by t:ﬁctigs(t
5?;12[?0;5 differ only in sign, and so give the same frequ cios;
e 1 = e
thus all the values of g can be got by putting k.—(), 1, }f’ )
if n be odd, or k=0, 1, g if n be even ; thusifn be odd there
if n be odd, =0, " e
e 1 oquations of the type (3). When k=0, M;=0, an
are —-

¢ re q L=} t
(l;) duces tO a quadratlc [&] llatlon, S0 that the Dumb I O

+1 .
n+lequationsis 4x "T=_9=2n; if n be

roots of these 2

— k _—
en there are - + 1 equa'lions 5 bllt as Mk 0 when 0
ev 9 .

ll 1]]1]1be] ‘()’f \r1)()1 3 ()[ lhese €q uati(ms 18 4{- + 1)—'4 =2n,
! " (2

i 1 to 2n, the
i umber of roots 1s equal
Thusb:;; gicgegisgstgg frll'eedom of the corpuscles in the plane
numbe egre ree " |
o Iﬁhilrsurl:(()lvlf tclz)lnbgge(l)'rt}ie motion at right angles to this plane
et u §
By equation ¢ we have ,
m @z = —Z(f'—“ 2o+ Dzp—Z2Duzp1s 3

de?
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or if zp is proportional to &7,

_ qve?
”’(‘53* -D—wﬂ) +3Duty, =0 ;
thus

-

ve*

2 B D- mgﬂ) +2.D; +2D;+...=0,

ve?
29 7),;._1)_17192) +53D1+24D2+..-=0, ! ]
. . . r O
ve? .
znl 35 —D—mga) +2 D +2D;+...=0.

—y

We see that @ again being .
0 ¥ 1
solution of equa{gions Cis re of tho nth raots of noity; the
22-—:([)21, Z3=w22, :4=wz-,; ..
ve? D 2 .
W —mq +¢0D1+0—‘2D2+w"—an—1=O. Y
Puttine o— 2%k . g/c'n- .
go=cos—- <+ ¢sin S we find, substituting the

values for D given above, that

2k AL
e ZET r ,
oD+ o*D n—1 e? cos n Cos —— COS‘G'—(E
1t 4o D,'_1= e + n n
8a? s 8 . g 2w =+
sin? T sind 2T i 57
n n

-

Denoting this by Pz and s ]
equation (4) bccﬁmeks nd noticing that D=P,, we find that.

e
i T Pe—Po—mg*=0.

Putting in succession £=0, 1

tin =0,1,...n—1, we ge lues

(!)Ifeq tglving the n frequencies corresponding t(i) ?l?é gis‘ ll(lxlclfes
‘I%r sa hrllgfrht angles to the plane of the undisturbed o}iblt .
Y e s'a now proceed to calculate the frequencies for

systems containing various numbers of corpuscles. The f. 01

quantities Lz, My, Nz, Pix which occur in Ith; fre 1(1; 01'“:

equation may be expressed in terms of three quanti(tlie:'ﬂg;V

Tk, Uk, where

T
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an—1 ks 1

T k:}.,l cos T e
sin® -~

n

s

<,u—1 2/\’871' —'—q,

Up=Z, s1n -
no .,
131 Sl

for we have
2

L =(Se+T0) g Ni= (2T St) g

9

2

Pr=Ty 3%3'

(!2

Bjk = Uk 8@3,
(lase of two corpuscles.
When n=2 we have

)
e e

9 2
L0= 823, M():O, No'-: 8(;;’ ].)0=bl’a3,
. 2 2 e‘.’ &
L1= - gz—:d, 1\11=0, N1= -_ 853’ P1$ —_ ‘S(—L—;.

Hence for vibrations in the plane of the orbit we have,

when £=0,
(‘i é - mq"’) (—mgh)= Amlw'q’

a3
the roots of this equation are
3 & dve?

=0 1=A/ 5 A=Vl T

When k=1, the frequency equation i3
2 2
(i 23 ——mq‘~’> =m0’y
the roots of this equation ure

_ L i)
g= oL e TOTeE mb®

3 14 ,_ Vet
q—‘“’i\/zmﬂ*“’ =—et A/

sign from the brst.

and

{he second sct of values only differing in

T T’.—J

e Lot o o IS4G S ST
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For the vibrations perpendicular to the plane of the orbit,

we have for £=0,

g= ,\/E,

mb*
Nl

ml®  dmad

Thus the six frequencies corresponding to the six degrees
of freedom of the two corpuscles are

T2 aved

0, 0, A/ 7% A e 20 AP
’ ml? mb® n® mb? T
When the corpuscles are not rotating round the circle,

two of these roots are zero, three equal to \/ and the
’IN

for k=1,

. Bve?
sixth equal to L[e, Thus the effect of rotation on the
triple frequency \/n/m[::" is to separate the roots, one re-
maining unaltered, one increasing, and the other di iminishing.

Case of three corpuscles.

When n=3.

S,= jo T:Si—/(iu U,=0, L0=5if% 8";

‘1=‘:j‘f’s’ le‘;is/;'s’ U‘:’\%’ I“:‘S%jsf;%’
N,— 10 ¢ 2 2 8§ &

- M= 5 —, Pi=——_

3.3 8 T V/38a® T 3,/3 84

8, =8, T=T, U,=-U,, L,=L,
1\12= —1\11, ng_—' Pl'

For the vibrations in the planc of the orbit, when £=0,
the frequency equation is

(\/3:; _'qu) (_"m']"’) '—'—4m2w9:1"’;

the solution of this is

v = {5 viwp = (05 e

—
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When k=1, the ‘['requency equatlon is

(et i)

The solution of this equatlon is

(4
= w+\/ +“’2""+\/:nb*’
7= \/5ma
31’6‘ ___1_ 2,

hen k=1;
When k=2 the ‘irequenmeb are the same as W
have thus six frequencies cor responding to thf six 01%_(‘%{}85;
of frecdom of the three cor puscles 1 the plane

disturbed orbit. - s
UllFler the vibration at right anglea to the plane of this

orbit, when k=0 the frequency equation is

or

(]='\/ m:'

When k=1, the frequency equahon is

ve: é 2 (),
— e —myT=
bs \/da g
or = +(U.

In the case of three corpuscle= as in that 0% Lw?é e\(;)uzee
that when there is no rotation three of the perio fa :wn 3
{hese are separated when the corpuscles are in ro

Case of four corpuscles.
When n=4,

s0_1+2¢2 Ty=4y/2+1, Up=0, Ly= (6y/T+2) oo )
(on+1)8, M,=0, Py= (/24 D) g0

&2
1 H— . = ——-2 '7:7
8;=-1 I=-1 IJ1"2\/2’ Ly 8a? \
, ] 2 » 5 & P — &
Ny=— L M,=2 v, Ba®
a 2

8= —2,/2+1, Te=—4/2+1 U,=0. Le=(—6+/2+2) %"

&2

& J+1) 55
N,=(— 6\/2-{1 o M,=0, Pz=("l\/2+1)5cc"

L R 1
. . - . e , . B
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When k=0, the frequency equation is
. B N
(Z 25 (14+2y/2) —mq2) (—mg?) =dmia’y;

the solution of which 1is

3ve? .

3 e —~ -
q=0, (]=\/; E§(1+2\/2)+4w2= wEY
When k=1, the frequency equation is

— 2 2 2 o 2
((6/2 +2) ;w' - 1)192) = (?\/2 ;ad - 2mw4]) H

the solution of this is .
= Vet
= oty /BEHL /2
7 ©x 3 md tot= ot mbs

—_— . 4\/2-“1 62 U
—_w+’\/________..;< [ — —_— ——
9 x 1 + o+ 2\/2_1_1,"102 2\//2"'1

ma?
‘When k=2, the frequency equation i3

2 2
(2 %3‘ — mf) ( —\!_;‘_Z 23— — m«ﬁ) =4m’e’/.

Regarding this as a quadratic in ¢%, we see that the roots are
positive, so that the values of ¢ are real and the arrungement

is stable. The roots of the equation are

e
m

92 .__3 5 €
q =8~/.2(4+ 4/2)7 + 20

TN A et ) S [N AL ) B T
128 ma' ¥ gyz ma
Let us now consider the motion at right angles to the
plane of the orbit. When £=0, the frequency equation is

ve' .
o —my =0,

b

or Vet
7—\/5ib" )
When £=1, the frequency equation is
ve®
.
or ¢=tw.

&2 0
e == )T =
sa? 1 ’

- (1V2+2)

L/241 e _ 2/20

249
e of the Atont.

Structu?
ation 1%

2, the frequency equ
’ "y 9
: ﬁ\/'z{ —-nuf-:-O,

—

) B /_

When k=

or
- . 2 . Ve « o
Thus, uwnless AV 22 V5320 s
© > L g T omb
8v2 the four ¢o¥”

@ oethen
uzcles the 2
}t)etrahedm“' wjhel.]’corpusc\es rners o
condition (1){ 0‘;:\ one plane at the corné
n
in steady ™9 10

Case ofﬁl‘e pmpuscles. P 7-(;788)
When n= U= "E‘"(l ’
. T ‘14 o

Q =5.,’05b, 0 _ £
0, Yo=y

o

|

on of which 18 Soe
ave +w2_

the soluti
q=07 'q:: bﬂ

1, the frequency equation 18 2

| ¢ 4‘856—2)'11034]) )

When k= . 2
(1787 a0 ) (s
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ve’
mb*’

or - 100185 4
q-wir\//lo ‘)186“3 to’=w+

90T 1£ 2
q-_-—wi\/zo 720&‘3 +w.
When k=2,

g é é
A 24— =(2103 " —
(6 eyl n'zq?)( 31-24 8 mg2) (d 103 R Qmwg)

By applying the usual methods we find that all the roots of
this equation are reul,'so that the steady notion of the five
particles is stable for displacements in the plane of the
orbit. , ,

Let us now consider displacements at right angles to the
plane of the orbit. When £=0 the frequency equation is

vet -
7 —W=0,

/"
7= mb*”

When k=1, the frequenay equation is

2
.

the solution of which is

mw*—mg*=0,
hence
J=w.

When k=2, the frequency equation is

ve® & .
or 19442, v 1942 v .
et g =0
19-42  , 842y .
I VR VR A S

Hence, in order that the equilibrium may be stable,

. 842 ve* ve® -
o’ must be 51m 7 > 433”7&7.

Thus the five corpuscles aro unstable when in one planc
unless the angular velocity exceeds a certain value; the
arrangement is stable, however, when the angular velocity
is large.
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Case of siwe corpuscles.
‘When n=6,

416 LRV
SO=5+%’ To=17+ g‘\*/*a’ U,=0, LO=(22+ ET\/%V)&L”
20 \ ¢ 716 ¢?

Syl Ty=To 2 L=(s- )&
1= _\/31 1= —3\/'5, U1=6+\/3: 1—( -3\/3)’&;“

].0 eg 8 e . 8 82
=(13— 775 )5 = _=)— P/ = _ - —.
Nl—(u 323/ 8a" M, (7 3\/3) g4t 7! (7 3\/3)8(["

Sg=—1—§§,T2=—7—%’UF“‘(};;’sz(‘s‘ai/ig)g;’
Nom(—18= s Mo (3= )i Pe=(=T 505 e
Si= =5+ g Ts=—17+s§g’ Us=0, To=(=224 70 )€
Nm(=20 45y Wm0 Pe=(=174509) 0

It is not necessary to write down all the frequency equa.
tions because, as we shall show, the arrangement of six
corpuscles is unstable. For when k=3 the frequency equa-
tion is

6, 4.é ¢ YO . o

(—8 ¢ +“/_§ oy —44 37 -—'mg‘)(:)b P —mg'):bn*w“g-,

or 14—-8/3)e . ¢ . 0 25
(_ (_S_Jt? —mg >(588? —my‘)=4m-w . (1)

As 14 —8 v3 is positive, we see that one of the roots of this
equation for ¢* is negative, so that ¢ is imagivary ; this shows
that the steady motion of 6 corpuscles in a ring is unstable,
however rapid the rotation. We can, however, make the
motion stable by putting a corpuscle at the centre; if we
have a negative charge equal to that of p corpuscles at the
centre of the ring the radial force it exerts on the sth

o PE o PE_20Ep
corpuscle is (atp)?’ or < 3 Fa
into the expression for the radial force we find the frequency

Introducing this term
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equation becomes

a

3 e 3pe -
(ZEL" So+ -+ L,—TL,— mg?)(l\‘ 0=Ni—mg?) =(My—2mawq)?,

) Using this fr_equency equation, and supposing that p=1
/. e. that there is only one corpuscle at the centre of the:
hexagon, we get instead of (1),

(
10+3%3e \i58e |
5 2" N gy —-mq~>=4m2w5‘y2-. - (2)

The roots of this equation in ¢2 are both positiv '

is real and the equilibrium is stable, ! Ve so that g

Let us now investigate the conditions for stabilit X

disEIacements at right angles to the plane of the 6rbilt.l v o

For the motion at right angles to the plane of the ring

the frequency equation when £=3 is ®
ve?  pe? 34 e

For this to represent the displacement of a stable sy 2
must be positive, so that if p=1 stable system g

vl 34e?

VT d T8
must be positive ; we have, however,
2 2 2
ve e € 4
2 4
m=mwt+ 5+ ~—.—( d+ —1;
b a7 4a*\ v3/)’

so that for

ve! €2  34e?
. . PT84
to be positive

2 - 20,02
mew? must be greater than 12-4/v3ve
e

Let us now consider the stability of the cofpusole at the
centre of the rm%]: if it is displaced through a distance = at
right angles to the ring, the equation of motion of the
corpuscles is

Z.e. 46 Keg
[)J .

m({ﬂz _ ve®  Ge?
de =T et @
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This value of w? is greater than that required to make the
equilibrium of the ring stable for displacements at right
angles to its plane; if the central corpuscle, instead of being
in the plane of the ring, was one side of the centre of the
sphere of positive electrification while the ring was on the
other side, the rotation .equired to make the equilibrinm of
the detached corpuscle stable would be less than when it was
in the plane of the ring; for equilibrium the distance of the
detaclied corpuscle from the centre of the sphere must be six
times the distance of the plane of the ring from that point.

Conditions for the stubility of rings containing more than
siz corpuscles.

I find that a single corpuscle in the centre is sufficient to
make rings of 7 and 8 corpuscles stable ; in the latter case,
however, one of the values of 42 though positive is exceedingly
small.  When the number of corpuscles exceeds 8 the number
of central corpuscles required to ensure stability increases
very rapidly with the number of corpuscles in the ring.

The frequency equation is

Q102 A
+ fgi%e,, ~—(Ly—L,) —7;199)(N0—Nk—‘m92) = (M, —2mag)®.

Now N,— Ny is always positive and M is small compared with
L and N; hence this equation will have real roots if

3 e 3pe?

e = (L= Ly
is positive. The greatest value of Lo—.Lk iz got by putting
k=n/2 whenn is even, and =(n—1)/2 when # is odd: hence
the condition that the values of ¢ should be real, ¢. e. that the
equilibrium of the ring should be stable, is

Ape? 3 ets .
- ::,“7 >(LO_LS) - r——ra,ﬂ when = 1s even,
and
3pe? : 3 e .
J‘Z? >(Lo—Lia1) — 50 When n is odd.
a v 4

From this equation we can calculate the least value of p
which will make a ring of n corpuscles stable. The values of
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p for a scries of values of m are given in the following
table :— ‘

n.. 5 6 7 8 9 10 15 20 30 40
p... 01 1 1 2 3 15 3% 101 232

For large values of n the values of p are proportional to.
n'. When p is greater than one, the internal corpuscles
necessary to produce equilibrium cannot all be at the centre:
of the sphere, they will separate until their repulsions are
balanced by the attraction of the positive clectricity in the
sphere. Thus when there are two internal corpuscles, as
when 2 =9, these two will separate and will form a pair with
the line joining them parallel to the plane of the ring. If we
agsunie, as is approximately the case, that the pair of equal
corpuscles exerts at external points the same force as a double
charge placed at a point midway between theni, the preceding
theory will apply, and the system consisting of the ring of 9
and the pair of corpuscles will be in stable equilibrium.
When »=10, the internal corpuscles must be three in number ;
these three will arrange themselves at the cornmers of an
equilateral triangle, and the system of 13 corpuscles will
consist of a ring of 10 and a triangle of 3, the planes of
the ring and triangle being parallel but not coincident ; the
corpuscles are all supposed to be in rapid rotation round the
diameter of the sphere drawn at right angles to the planes of
the ring. For a ring of 12 corpuscles we require 7 iuside,
but 7 corpuscles, as we have seen, cannot form a single ring,
but will arrange themsclves as a ring of 6 with one at the
centre. Thus the system of 19 corpuscles will consist of an
outer ring of 12, an inner ring of 6 in a plane parallel to the
outer ring, and one corpuscle along the axis of rotation.

In this way we =ce that when we have a large number of
corpuscles in rapid rotation they will arrange themselves ax
follows :—The corpuscles form a series of rings, the corpuscles
in one ring being approximately in a plane at right angles
to the axis of rotation, the number of particles in the rings
diminishing as the radius of the ring diminishes. If the
corpuscles can move at right augles to the planc of their
orbit, the rings will be in different planes adjusting themselves
so that the repulsion betweer the rings 1s balanced by the
attraction exerted by the positive electrification of the sphere
in which they are placed. We have thus in the first place a
sphere of uniform positive clectrification, and inside this
sphere a number of corpuscles arranged in a series of parallel
rings, the number of corpuscles in a ring varying from ring
to ring : cach corpuscle is travelling at a high speed round
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the circumference of the ring in which it is situated, and the
rings are so arranged that those which contain a large number
of corpuscles are near the surface of the sphere, while those
in which there are a smaller number of corpuscles are more
in the inside.

If the corpuscles, like the poles of the little magnets in
Mayer’s experiments with the floating magnets, are con-
strained to move in one plane, they would, even if not in
rotation, be in equilibrium when arranged in the series of
rings just described. The rotation is required to make the
arrangement stable when the corpuseles can move at right
angles to the plane of the ring.

Application of the preceding Results to the Theory of the
Structure of the Atom.

We suppose that the atom consists of a number of cor-
puscles moving about in a sphere of uniform positive electri-
fication : the problems we have to solve are (1) what would
be the structure of such an atom, i.e. how would the cor-
puscles arrange themselves in the sphere; and (2) what
properties would this structure confer upon the atom. The
solution of (1) when the corpuscles are constrained to move
in one.plane isindicated by the results we have just obtained—
the corpuscles will arrange themselves in a series of concentric
rings. This arrangement is necessitated by the fact that a
large number of corpnscles cannot be in stable equilibrium
when arranged as a single ring, while this ring can be made
stable by placing inside it an appropriate number of cor-
puscles. . When the corpuscles are not constrained tc one
plane, but can move about in all direetions, they will arrange
themselves in « series of concentric shells; for we can easily
see that, as in the case of the ring, a number of corpuscles
distributed over the surface of a shell will not be in stable
equilibrium if the number of corpuscles is large, unless there
are other corpuscles inside the shell, while the equilibrium
can be made stable by introducing within the shell an appro-
priate number of other corpuscles.

The analytical and geomet¥ecal difficulties of the problem
of the distribution of the corpuscles when they are arranged
in shells are much greater than when they are arranged in
rings, and T have not as yet succeeded in getting a general
solution. We can see, hlowever, that the same kind of pro-
perties will be associated with the shells as with the rings;
and as our solution of the latter case enables us to give
definite results, I shall confine myself to this case, and
endeavour to show that the properties conferred on the

T2
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atom by this ring structure are analogous in #hany respects
to those possessed by the atoms of the chemical elements, and
that in particular the properties of the atom will depend upon
its atomic weight in a way very analogous to that expressed
by the periodic law.

Let us suppose, then, that we have N corpuscles each
carrying a charge e of negative electricity, placed in a sphere
of positive electrification, the whole charge in the sphere.
being equal to Ne; let us find the distribution of the cor-
puscles when they are arranged in what we may consider to
be the simplest way, ;. e. when the number of rings is .
minimum, so that in each ring there are as nearly as possible
as many corpuscles as it is possible for the corpuscles inside
to hold in equilibrium. Let us suppose that the number of
internal corpuscles required to make the equilibrium of a
ring of n corpuscles stable is f(n). The value of f(n) for a
series of values of n is given in the table on page 254; in
that table £ (n) is denoted by p. The number of corpuscles
in the outer ring m; will then be determined by the condition
that N —n,, the number of corpuscles inside, must be just
qufficient to keep the ring of m corpuscles in equilibrium,
i. e, ny will be determined by the equation

Ne—nm=f(n)e « - = + + = (1)

I the value of n; got from this equation is not an integer
we must take the integral part of the value.

To get ng, the number of corpusclez in the second ring, we
notice that there must be N —n;—1 corpuscles inside; hence
ng is given by the equation

N —n—np=f (ng).

Similarly, 73, 74 -+ the number of corpuscles in the 3rd,
Ath, &ec. rings reckoned from the outside, are given by

N—nl—-ng—na=f("3)’

N—-nl—ng—na—m:f (ng).

These cquations can be solved very rapidly by a graphical
method. Draw the graph whose abscissa =f(n) and whose
ordinate is n. The values of F(n) for a series of values of n
are given on page 251 ; from these values the curve fig. 1
has been constructed.

To find how a nnmber of corpuscles equal to N will arrange
themselves, measure off on the axis of abscisse a distance
from O equal to N. Let OP be this distance, through P
draw PQ inclined at an angle of 135° to the horizontal axis,

%
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cutting the curve in Q, draw th i
cutting _ " e ordinate QM:
in%egral part of QM will be the value of nl,(‘?he ,111?111?{)10:1(1)2

Fig. 1,

[

B M; 20 ME a6 MR ) S 5 .

corpuseles i st ring reck :
evi(}i)entl ;s in the first ring reckoned from the outside. For

OM =£(QM),

and OM:ON__ . o . .
axis, NM —OM lﬁi\l{,c :nd since PQ is inclined at 45° to the

. ON—QM=/(QM).
Jomparing this with equation (1 i
Pa}fc P (% g his 5 ith, ¢ (;lof :;n (1) we see that the integral
o get the value of m, the number of i
secopd ring, we mark off che abscissa OP, =%>Ifl;f0%ie§ (glMthl(:
aﬁlanteger P, will coincide with M), then from P draw
1 tl fparallel to PQ cutting the curve in Q,; the irllteoral
pgr ot QM, w#ll be the value of n;. To get ny mark oft the
?nt:(nssai OP,=N —ny—ng, and draw P,Q, parallel to PQ; the
egral part of Q;Mg will be the value of n;. In this Wa’* we
Cm.i' 111n ? ;iery' short time find the configuration !
e following table, which gives the wa in which various
numbers of corpuscles group themselves, }?as he‘(enl((zzalgﬁ:t),gg

in this way; tl
intervals ot‘y5’. 10 numbers range downwards from 60 at

Numbe i 55
mber of coi})usclcs: ...... 60. ha. 50. 45, ¢ 40,  85.
Number in successive ri %0 . 16
T in successive rings... I)? 19 18 17 16 16
6o l“; 15 14 13 12
oLz om0, 8 ‘
i ) [
3001 1 IR
Numb TR E |
umber of corpuscles ......... 30 ‘J 25, 20, 15, | 10, I ‘;
N 0 . . i I
umber in successive rings... 16 1 13 12 10 L 8 5 l
0 9 7 5 2
i b | 8 1 1\
— — [E— —- 1
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We give also the entire series of ar angemenlt of cmpua\‘gls le
for which the outer ring consists of 20 corpuseles. :

o T T
o1.| 62.| 63.| 64 65. 66. 671

\
N i ive ri 201202 |20]20]|20|20]|20:20}3
Number in successive rings... 12 AR AR rART “ it

—— e
[
Number of corpuscles .........| 9. 60.

3 131813 |13 |14 14115

]s & 9] 9/10|10]10]10]10

23{313 3}414l5!5
1

59 is the smallest number of corpusc]e:§ which can have an
outer ring of 20, while when the number of corpuscles is
greater than 67 the outer ring will contain more than 20

cles
coa?éltﬁ::ow congider the connexion between these results
and the properties possessed by the atoms of the chemical
elements. We suppose that the mass of an atom 1s the sum
of the masses of the corpuscles it contains, so that the atomic
weight of an element is measured by the number of cor-
puscles in its atom. - An inspection of the results just given
will show that systems built up of rings of corpuscles in 'tbe
way we have described, will possess properties analogous to
some of those possessed by the atom. In the first place, we
sce that the various arrangements of the corpuscles can be
classified in families, the grouping of the corpuscles in the
various members of the family having certain features in
common. Thus, for example, we see that the group of (1510
corpuscles consists of the same rings of corpuscles as the
group of 40 with an additional ring of 20 corpuscles round it,
while the group of 40 consists of the same series of rings as
the group of 24 with an additional ring outside, while 24 hlS
the group 11 with an additional ring. To continue the
series for larger numbers of corpuscles, take the curve z=f (y(%
when 7 (») is the number of corpuscles that must be place

Fig. 2.

I s N
i |
|

. i) | L .

inside a ring of n corpuscles to make it stable. Let Q he
the point on this curve corresponding to 60 corpuscle?, i e
OP=60, from Q draw QP, inclined at an angle of 135° to
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- the axis of & ; then the number of corpuscles represented by

‘OP; will be arranged like the 60 corpuseles with an addition
ring of QiP; corpuscles (fig.2). To find the next member of the
family, draw Q,P; parallel to QP cutting the axis of @ in P,,
then OP, will represent the number of corpuseles in the next
member of the family; and by continuing the process we
can find the successive members. Thus we see that we can
divide the various groups of atoms into series such that each
member of the series is derived from the preceding member
(i. e. the member next below it in atomic weight) by adding
to it another ring of corpuscles. We should expect the
atoms formed by a series of corpuscles of this kind to have
many points of resemblance. Take, for example, the vibra-
tions of the corpuscles; these may be divided into two
sets :—(1) Those arising from the rotation of the corpuseles
around their orbits : if all the corpuscles in one atom have the
same angular velocity, the frequency of the vibratious pro-
duced by the rotation of the ring of corpuscles is proportional
to the number of corpuscles in the ring; and thus in the
spectrum of each element in the series there would be a series
of frequencies bearing the same ratio to each other, the ratio
of the frequencies being the ratios of the~numbers in the
various rings.

The second system of vibrations are those arising from the
displacement of the ring from its circular figure. Tt now the
distance of a corpuscle in the outer ring from a corpuscle in
the collection of rings inside it is great compared with the
distance of the second corpuscle from its nearest neighbour
on its own ring, the effect of the outer ring of corpuscles on
the inner set of rings will only “disturb” the vibrations of
the latter without fundamentally altering the character ot
their vibrations. Thus for these vibrations, as well as for
those due to the rotations, the sequence of frequencies would
present much the same features for the various elements in
the series ; there would be in the spectrum corresponding
groups of associated lines. We regard a series of atoms
formed in this way, 7. e. when the atom of the pth member i<
formed from that of the (p—1)th by the addition of a single
ring of corpuscles, as belonging to elements in the same group
in the arrangement of the elewents nccording to the periodic
law ; <. e, they form a series which, if arranged according to
Mendeléef’s table, would all be in the same vertical columnn.

The gradual change in the properties of the elements which
takes place as we travel along one of the horizontal rows in
Mendeléef’s arrangement of the elements, i also illustrated by
the propertics possessed by these groups of corpuseles. Thus
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consider the series of arrangements of the corpuscles given on
p. 258, in all of which the outer ring contains 20 corpuscles
An outer row of 20 corpuscles first occurs with 59 corpuscles ;
in this case the number of corpuscles inside is only just
sufficient to make the outer ring stable; this ring will there-
fore be on the verge of instability, and when the corpuscles
in this ring are displaced the forces of restitution urging
them back to their original position will be small. Thus when
this ring is subjected to disturbances from an external source,
onc or more corpuscles may easily be detached from it; such
an atom therefore will easily lose a negatively electrified cor-
puscle, and thus acquire a charge of positive electricity:
such an atom would behave like the atom of a strongly
electropositive element. When we pass from 59 to 60 cor-
puscles the outer ring is more stable, because there is
an additional corpuscle inside it; the corresponding atom
will thus not be so electropositive as that containing only
59 corpuscles. The addition of each successive corpuscle
will make it more difficult to detach corpuscles from the
outer ring, and will therefore make the atom less electro-
positive. 'When the stability of the outer ring gets very great,
it may be possible for one or more corpuscles to be on the
surface of the atom without breaking up the ring ; in this
case the atom could receive a charge of negative electricity,
and would behave like the atom of an electronegative element.
The increase in the stability of the ring, and eonsequently in
the electronegative character of the atom, would go on
increasing until we had as many as 67 corpuscles, when the
stability of the outer ring would be at a maximum. A great
change in the properties of the atom would occur with 68
corpuscles, for now the number of corpuscles in the outer
ring increases to 21; these 21 corpuscles are, however, only
just stable, and would, like the outer ring of 20 in the
arrangement of the 59 corpuscles, readily lose a corpuscle
and so make the atom strongly clectropositive.

The properties of the groups of 59 and 67 corpuscles, which
are respectively at the beginning and end of the serieswhich has
an outer ring of 20 corpuscles, deserve especial consideration.
The arrangement of corpuscles in the group of 59, although
very near the verge of instability, and therefore very liable
to lose a corpuscle and thereby acquire a positive charge,
would not be able to retain this charge. For when it
had lost a corpuscle, the 58 corpuscles lett would arrange
themselves in the grouping corresponding to 58 corpuscles
which is the last to have an outer ring of 19 corpuscles; this
ring is therefore exceedingly stable so that no further cor-
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puscles would escape fromi it, while the positive charge on
the system due to the escape of the 59th corpuscle would
attract the surrounding corpuscles. Thus this arrangement
could not remain permanently charged; for as soon as one
corpuscle had escaped it would be replaced by another, An
atom constituted in this way would be neither electropositive
nor electronegative, but one incapable of receiving permanently
a charge of electricity.

The “group containing 60 corpuscles would be the moxt
electropositive of the seriex; but this could only lose one
corpuscle; 4. e. acquire a charge of one unit of positive
electricity; for if it lost two we should have 58 corpnscles—
as when the group of 59 had lost one corpuscle—and in this
case the system would be even more likely than the other to
attract external corpuscles, for it would have a charge of two
units of positive electricity instead of one. Thnx the system
containing 60 corpuscler would get charged with one, but
only one, unit of positiv| electricity : it would therefore act
like the atom of a mono{ lent electropositive element.

The group containing 31 corpuscles would not part with
its corpuscles so readily! s the group of 60, but on the other
hand 1t could afford to' ise two, as it is not until it has lost
three that its corpuscles ve reduced to 58, when, as we have
seen, it begins to acquiy fresh corpuscles.  Thus this system
might get charged with wo units of positive electricity, and
would act like the atom’ of a divalent electropositive element.
Similarly the group of 62, though less liable even than
the 61 to lose its corpuscles, could, on the other hand, lose 3
without beginning to recover its corpuscles; it could thus
acquire a charge of 3 units of positive electricity, and would
act like the atom of a trivalent electropositive element.

Let us now go to the groups at the other end of the serics
and censider the propertics of the last of the sevies, the group
of 67 corpuscles. The outer ring would be very stable, hut
if the system acquired another corpuscle, the 68 corpuscles
would arrange themselves with a ring of 21 corpuscles on the
outside ; as 68 is the smallest number of corpuscles with an
outer ring of 21, the ring is very nearly unstable and easily
loses a corpuscle. Thus the group of 67 corpuscles, as soon as
it acquires a negative charge, would lose it again, and the
system, like the group ot 59, would be incapable of heing
permanently charged with elcetricity—it would act like the
atom of an element of no valency.

The group of 66 would be the most electronegative of the
series, but this would only be able to retain a charge of one
unit of negative electricity ; for if it acquired 2 units there
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would be 68 corpuscles, an arrangement which, as we have
seen, rapidly loses its corpuscles. " This gronp of 66 would
therefore act like the atom of a monovalent electroneguative
clement,

The group of 65 would be less liable than that of 66 to
acquire negative corpuscles, but, on the other hand, it would
under suitable circumstances be able to retain 2 corpuscles,
and thus he charged with 2 units of negative electricity, and
would act like the atom of a divalent electronegative element.

Similarly, the group of 64 would act like the atom of a
trivalent electronegative element, and so on.

Thus, if we consider the series of arrangemnents of corpuscles
having on the outside a ring containing a constant number
of corpuscles, we have at the heginning and end systems
which behave like the atoms of an element, whose atoms are
incapable of retaining a charge of either positive or negative
electricity ; then (proceeding in the order of increasing
number of corpuscles) we have first a system which behaves
like the atom of a monovalent electropositive element, next
one which behaves like the atom of a divalent electropositive
element, while at the other end of the series we have a system
which behaves like an atom with no valency, immediately
preceding this, one which behaves lik_ *he atom of a mono-
valent electronegative clement, while {hm,_ ~ain is preceded

by one belaving like the atom of a divaleRv., “~{ronegative
clement,

This sequence of properties is very like that obye. ~d in
the case of the atoms of the elements.
Thus we have the series of elements :

He i Be B ¢ N O F Ne.
Ne Na Mg Al 8i P 8 Cl Arg.

The first and last element in each of these series has no
valency, the second is a monovalent electropositive element,
the last but one is a monovalent electronegative clement, the
third is a divalent electropositive element, the last but two a
divalent electronegative element, and so on.

When atoms like the electronegative ones, in which the
corpuscles are very stable, are mixed with atoms like the
electropositive ones, in which the corpuscles are not nearly
<o firmly held, the forces to which the corpuscles are subject
by the action of the atoms npon each other may result in the
detachment of corpuscles .from the electropositive atoms
and their transference to the electronegative. The electro-
negative atoms will thus get a charge of negative electricity,
the electropositive atoms one of positive, the oppositely
charged atoms will attract each other, and a chemical

e e e
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compound of the electropositive and clectronegative atoms
i formed. ‘

WIETIDI?S(: as an uncharged conducting sp.here _wﬂl by eloﬁtrt‘)-
static induction attract a corpuscle in 1ts nelghbourho]o , ~1o
a corpuscle outside an atom will be att racted, even t}ou‘g‘l
the atom hax not become positively clu.u'ged by lf)ﬂn%h.t
corpuscle. When the outside corpuscle is dragged mto‘,._e
atom there will he a diminution in the potential cnelg)%
the amount of this diminution depending on the numbe‘r(')]

corpuscles in the atom. If now we have an at(imlzfx suLO;
that loss of potential encrgy dune to the fall lllt(])vt‘le a _,(?1‘111 of
a corpuscle from outside is greater ’.chan .t]_w \\'Qr]'\. 13(111}1:8 fo
drag a corpuscle from an atom B of a different kind, l(;l an
intimate mixture of Aand B atoms will result in the A . omﬁ
dpagging corpuscles from the B atows, thus th'(j, A dut?lllj \; ]1le
get negatively, the B atoms 1).051t1ve1y' elet-'gu‘h(,. , llll She
oppositely clectrified atoms will combine, for 111}11;_{.1‘ Lﬁ(ull
pound such as A_B,; in such a case as this ¢ 1en ’e;‘o
combination might be expected whenever the aécomat ‘1‘1ui‘11
brought into contact. Kven when the losshf) t]l)o evor‘]’
energy when a corpuscle falls into Alsless t ahn ‘1'6') .;‘. Z
required todrag a corpuxcle right away from B, the (ET (,.n%l
of ‘a suitable physical environment may lead to ¢ -Lml(:ill
combination hetween A and B. For when a 0'9111)1}5([1(\
is dragged out of and away from an atom a LOll;l;](l‘ll){;
portion of the work is spent on the corpuscle arter it 1‘13["(11«
the atom, while of the work gained \'\'heu a corpuscle ﬂlb
into an atom, the proportion doue 01.1t;~:1d.e to that dope 11:15.1(e‘
the atom ix smaller than the proportion for the corresponding
quantities when the corpuscle is dragged out of 1:11}E ‘ntonIl}.
Thus, though the work required to move a corpu,.sc. e (;0!}11 ,

to an infinite distance may be greater than that gained w ;;n
a corpuscle moves from an infinite distance into 1?, yetf §
work gained when a corpuscle went from the suy ace ?dt

into its interior might be greater than 'the \\'0}'1; 1'eq}J.]131L 1,0
move a corpuscle from the interior to the sur.tacewot a n
this case anything which dl!lnmshed the forcea. on 11e
corpuscle when they got outside the atom, as, for e.\alfll?_ te,_
the presence of a medinm of great specific inductive clap_du v
such as water, or contact with a metal such as p altmum
black, would greatly increase the chance of chemical com-
bination.

The Ewistence of Secondary Groups of Corpuscles
within the Atom,
The expression given on p. 238 for the 1':}(11115 of a 1'1}1g't]0t
M o - 3 ) 5 18 o
corpuscles shows that it depends on ve/l’, where ve is the
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amount of positive electrification within a sphere of radius b
thus ve/6® 18 equal to 4:p, where p is the density of the

positive electrification in the sphere : thus, if the density of
the electrification be kept constant, the radius of the ring will
be independent of the size of the sphere. Now let us take a
Jarge sphere und place within it a ring of such a size that
the ring would be in stable equilibrium if its centre were
at the centre of the sphere. To fix our ideas, let us take the
case of three corpuscles at the corners of an equilateral
triangle, and place this triangle so that its centre O’ is no
longer at the centre of the sphere: we can easily see that the
corpuscles will remain at the corners of an equilateral triangle
of the same size, and that the triangle will move like a rigid
!)Ody acted upon hy a force proportional to the distance of
its centre from O the centre of the sphere. To prove this
we notice +hat the repulsion between the corpuscies is the
same as W' n the centre of the triangle isat O. The attraction
of the 91" ere on a corpuscle P is proportional to OP, and so
may b resolved into two forces, one proportional to o'P
alons 20’ (O is the centre of the triangle) and the other
pro rtional to OO’ acting along O’0. Now the corpuscles
ar by hypothesis in equilibrium under their mutual re-
1 .sions, and the attraction to the centre proportional to O'P:
tnus the relative position of the corpuscles will remain
unu.ltered, and the system of threc corpuscles will move as
a rigid body under a central force acting on its.centre of
gravity proportional to the distance of that point from the
centre of the sphere.

The three corpuscles will, at a point whose distance from
their centrc is large compared with a side of the triangle,
produce the same effect as if the charges on the three
co.rpuscles were condensed at the centre of the triangle ; they
will thus at such points act like a unit, and the results we
have previously obtained for single corpuscles may be ex-
tended to the case when the single corpuscles are replaced
by rings of corpuscles which would by themselves be in
equilibrium. It should be noted that the atom in which
these systems are placed must be large enough to allow these
rings of corpuscles—sub-atoms we may call them, to be
separated by distances considerably greater than the distance
between the corpuscles in one of the rings.

If we regard the atoms of the heavier elements as produced
by the coalescence of lighter atomns, it is reasonable to suppose
that the corpuscles in the heavier atoms may be arranged in
secondary groups or sub-atoms, each of these groups acting

i
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as a unit. When the corpuscles are done up in bundles in
this way, it is possible to have stability when these bundles
are arranged in a ring with a smaller number of corpuscles
inside than when the corpuscles in the bundles are arranged
at equal intervals round the circumference of the ring.
Thus, take the case of a ring of 30 corpuscles ; if these
were arranged at equal intervals, 101 corpuscles wouald be
required inside the ring to make it stable.  If, however, the
30 corpuscles were grouped in ten sets of three each, only
3x3=9 corpuscles in the interior would be required to
make the arrangement stable.

Constitution of the Atom of a Radioactive Flement.

Our study of the stability of systems of corpuscles has
made us acquainted with systems which are stable when the
corpuscles are rotating with an angular velocity greater than
a ceriain value, but which become unstable when the velocity
falls below this value. Thus, to take an instance, we saw
(p. 249) that four corpuscles can be stable in one plane at
the corners of a square, if they are rotating with an angular
velocity greater than -325ve*/mb?, but become unstable it the
velocity falls below this velocity, the corpuscles in this case
tending to place themselves at the corners of a tetrahedron.
Consider now the properties of an atom containing a system
of corpuscles of this kind, suppose the corpuscles were
originally moving with velocities far exceeding the critical
velocity ; in consequence of the radiation from the moving
corpuscles, their velocities will slowly—very slowly—diminish;
when, after a long interval, the velocity reaches the eritical
velocity, there will be what is equivalent to an explosion of
the corpuscles, the corpuscles will move far away from their
original positions, their potential energy will decrease, while
their kinetic enmergy will increase. The kinetic energy

rained in this way might be sufficient to carry the system
out of the atom, and we should have, as in the case of radium,
a part of the atom shot off. In consequence of the very slow
dissipation of energy by radiation the life of the atom would
be very long. We have taken the case of the four corpuscles
as the type of a system which, like a top, requires for its
stability a certain amount of rotation. Any system possessiug
this property would, in consequence of the gradual dissi-
pation of energy by radiation, give to the atomn containing
it radioactive properties similar to those conferred by the four
corpuscles.





