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e q u a li ty  of t h e  t o t a l  s e p a ra t io n s  a n d  t h e  r e la t iv e ly  in v e r te d  p o s itio n s  of th e  

lev els  d u e  to  th e  tw o  iso to p e s  199 a n d  201. T h e  s t r u c tu r e  n o w  p ro p o s e d  sh o w s 

t h a t  th e  a n o m a ly  n o te d  b y  S c h u le r  a n d  K e y s to n  re g a rd in g  th e  m a g n itu d e s  of 

th e  iso to p e  d is p la c e m e n ts  a n d  th e  fine  in te r v a ls  d o e s n o t  e x is t in  th e  6 1P 1 

lev e l.

I n  c o n c lu s io n , w e sh o u ld  lik e  to  re c o rd  o u r  d e e p e s t th a n k s  to  P ro fe sso r  

Y e n k a te s a c h a r  fo r  h is  g u id a n c e  a n d  e n c o u ra g e m e n t th r o u g h o u t  th is  w o rk . 

O ne of u s  is  in d e b te d  to  t h e  U n iv e r s i ty  of M y so re  fo r  t h e  a w a rd  o f a  sc h o la rsh ip .

Experiments with High Velocity Positive Ions. I I .— The 

Disintegration of Elements by High Velocity Protons.

B y  J .  D . Co c k c r o f t , P h .D .,  F e llo w  o f S t. J o h n ’s C o llege, C a m b rid g e , a n d

E .  T . S. W a l t o n , P h .D .

(C o m m u n ica ted  b y  L o rd  R u th e r fo rd , O .M ., F .R .S .— R ece iv ed  J u n e  15, 1932.)

[Pl a t e  12.]

1. Introduction.

I n  a  p re v io u s  p a p e r*  w e h a v e  d e sc r ib e d  a  m e th o d  o f p ro d u c in g  h ig h  v e lo c i ty  

p o s it iv e  io n s  h a v in g  e n e rg ie s  u p  t o  7 0 0 ,00 0  e le c tr o n  v o lts .  W e  f i r s t  u se d  th is  

m e th o d  to  d e te rm in e  th e  ra n g e  o f h ig h - s p e e d  p ro to n s  in  a i r  a n d  h y d ro g e n  a n d  

th e  r e s u lt s  o b ta in e d  w ill be  d e sc r ib e d  in  a  s u b s e q u e n t  p a p e r .  I n  th e  p r e s e n t  

c o m m u n ic a t io n  w e d e sc r ib e  e x p e r im e n ts  w h ic h  sh o w  t h a t  p ro to n s  h a v in g  

e n e rg ies  a b o v e  150 ,000  v o l ts  a re  c a p a b le  o f d i s in te g r a t in g  a  c o n s id e ra b le  

n u m b e r  of e lem e n ts .

E x p e r im e n ts  in  a r ti f ic ia l d is in te g ra t io n  h a v e  in  th e  p a s t  b e e n  c a r r ie d  o u t 

w i th  s tr e a m s  of a -p a r tic le s  a s  th e  b o m b a rd in g  p a r t ic le s  ; th e  r e s u lt in g  t r a n s 

m u ta t io n s  h a v e  in  g e n e ra l b e e n  a c c o m p a n ie d  b y  th e  e m iss io n  o f a  p ro to n  a n d  

in  som e c ases  y - r a d ia t io n .f  T h e  p re s e n t  e x p e r im e n ts  sh o w  t h a t  u n d e r  th e  

b o m b a rd m e n t  of p ro to n s , a -p a r t ic le s  a re  e m i t te d  f ro m  m a n y  e le m e n ts  ; th e  

d is in te g ra t io n  p ro c ess  is  th u s  in  a  sen se  th e  re v e rse  p ro c ess  to  th e  a -p a r tic le  

t r a n s fo rm a tio n .

* * Proc. Roy. Soc.,’ A, vol. 136, p. 619 (1932) denoted as (I) hereafter, 

t  Rutherford, Chadwick and Ellis, Radioactive Substances.”
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2 30 J .  D . C o c k c ro f t  a n d  E . T . S . W a l to n .

2. The Experimental Method.

P o s itiv e  io n s  of h y d ro g e n  o b ta in e d  fro m  a  h y d ro g e n  c a n a l r a y  tu b e  a re  

a c c e le ra te d  b y  v o lta g e s  u p  to  600 k ilo v o lts  in  th e  e x p e r im e n ta l tu b e  d e sc rib e d  

in  (I ) a n d  em erg e  th ro u g h  a  3 - in c h  d ia m e te r  b ra ss  tu b e  in to  a  c h a m b e r  w ell 

sh ie ld e d  b y  le a d  a n d  sc re en e d  fro m  e le c tr o s ta tic  fie lds. T o  th is  b rass  tu b e  is 

a t ta c h e d  b y  a  f la t jo in t  a n d  p la s t ic e n e  sea l th e  a p p a r a tu s  sho w n  in  fig. 1. A  

ta rg e t ,  A , of th e  m e ta l to  be  in v e s t ig a te d  is p la c e d  a t  a n  a n g le  of 45 deg rees to  

th e  d ire c tio n  of th e  p ro to n  s tre a m . O p p o site  th e  c e n tre  of th e  t a r g e t  is a  s ide  

tu b e  a cro ss  w h ich  is sea le d  a t  B  e i th e r  a  z in c  su lp h id e  sc re en  o r  a  m ica  w indow .

S tre am  of f a s t  p ro to n s

Fig. 1.

I n  o u r  f irs t e x p e r im e n ts  w e u se d  a  ro u n d  t a r g e t  of l i th iu m  5 cm . in  d ia m e te r  

a n d  sea le d  th e  s id e  tu b e  w ith  a  z in c  su lp h id e  scree n , th e  se n s itiv e  su rface  

b e in g  to w a rd s  th e  ta r g e t .  T h e  d is ta n c e  f ro m  th e  c e n tre  o f th e  t a r g e t  to  th e  

scree n  w as 5 cm . A  sh e e t of m ic a , C, of s to p p in g  p o w er 1 -4  cm . w as p la c e d  

b e tw e e n  th e  sc ree n  a n d  t a r g e t  a n d  w as m o re  t h a n  a d e q u a te  to  p re v e n t a n y  

s c a t te re d  p ro to n s  re a c h in g  th e  screen , s in ce  o u r  ra n g e  d e te rm in a tio n s *  a n d  

th e  e x p e r im e n ts  of B la c k e t t f  h a v e  sh o w n  t h a t  th e  m a x im u m  ra n g e  of p ro to n s  

a c c e le ra te d  b y  600 k ilo v o lts  is o f th e  o rd e r  of 10 m m . in  a ir . T he  sc reen  is 

o b se rv ed  w ith  a  m ic ro sco p e  h a v in g  a  n u m e ric a l a p e r tu re  of 0*6, th e  a re a  of 

screen  co v e red  b e in g  12 sq . m m . T h is  a rr a n g e m e n t w ith  th e  flu o rescen t 

su rfa ce  in s id e  th e  v a c u u m  is g e n e ra lly  u se d  in  th e  p re lim in a ry  in v e s t ig a tio n s

* In course of publication, 

t  ‘ Proc. Roy. Soc.’ A, vol. 134, p. 658 (1931).
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of e le m e n ts  a n d  w h e n  i t  is  n e c e s sa ry  to  d e te c t  th e  p re se n c e  o f p a r t ic le s  of 

s h o r t  ra n g e .

T h e  c u r r e n t  to  th e  t a r g e t  is  m e a s u re d  b y  a  g a lv a n o m e te r  a n d  c o n tro l le d  b y  

v a ry in g  th e  sp e e d  o f th e  m o to r  u se d  fo r  d r iv in g  th e  a l t e r n a to r  e x c it in g  th e  

d is c h a rg e  tu b e  (see P a p e r  I ) . C u r re n ts  o f u p  to  5 m ic ro a m p e re s  c a n  b e  

o b ta in e d . S in ce  m e ta ls  b o m b a rd e d  b y  h ig h -s p e e d  p o s it iv e  io n s  e m it  la rg e  

n u m b e rs  of se c o n d a ry  e le c tro n s  fo r  e a c h  in c id e n t  io n , i t  is  n e c e s sa ry  to  p r e v e n t  

th e  e m iss io n  o f th e s e  e le c tro n s  if  a n  a c c u r a te  d e te r m in a t io n  of th e  n u m b e r  of 

in c id e n t  io n s  is r e q u ir e d . T h is  h a s  b e e n  e ffe c te d  b y  a p p ly in g  a  m a g n e t ic  

fie ld  of th e  o rd e r  of 700  g a u ss  to  th e  t a r g e t .  S in c e  i t  is w ell k n o w n  t h a t  th e  

m a jo r i ty  of th e  s e c o n d a ry  e le c tro n s  h a v e  e n e rg ie s  b e lo w  20  v o lts ,  s u c h  a  fie ld  

sh o u ld  b e  a d e q u a te  to  p r e v e n t  s e c o n d a ry  e le c tr o n  e m iss io n  b e in g  a  se r io u s  

so u rc e  of e rro r .

A n  a c c u ra te  d e te r m in a t io n  o f th e  e x a c t  c o m p o s i tio n  o f th e  b e a m  o f io n s  h a s  

n o t  y e t  b e e n  m a d e , b u t  d e f le c tio n  e x p e r im e n ts  w ith  a  m a g n e t ic  fie ld  in  a  

s u b s id ia ry  a p p a r a tu s  h a v e  sh o w n  t h a t  a p p r o x im a te ly  h a lf  th e  c u r r e n t  is  

c a r r ie d  b y  p ro to n s  a n d  h a lf  b y  H 2+ io n s . T h e  n u m b e r  o f n e u t r a l  a to m s  a p p e a rs  

to  be  sm all.

T h e  a c c e le r a tin g  v o lta g e  u se d  in  th e  e x p e r im e n ts  is  c o n tro lle d  b y  v a ry in g  th e  

fie ld  of th e  a l t e r n a to r  e x c i t in g  th e  m a in  h ig h  te n s io n  t r a n s fo rm e r .  T h e  

s e c o n d a ry  v o lta g e  of t h i s  t r a n s f o r m e r  is  m e a s u re d  b y  th e  m e th o d  d e sc r ib e d  

in  a n  e a r lie r  p a p e r ,*  w h ic h  re c tif ie s  th e  c u r r e n t  p a ss in g  th r o u g h  a  c o n d e n s e r .  

A  m ic ro a m m e te r  o n  th e  c o n tr o l t a b le  a llo w s  a  c o n t in u o u s  r e a d in g  o f th i s  

v o l ta g e  to  b e  o b ta in e d . T h e  v a lu e  o f th e  s te a d y  p o te n t ia l  p ro d u c e d  b y  th e  

re c t if ie r  s y s te m  v a r ie s  b e tw e e n  3 a n d  3*5  tim e s  th e  m a x im u m  o f th e  t r a n s 

fo rm e r  v o lta g e  a c c o rd in g  t o  th e  b r ig h tn e s s  of th e  re c ti f ie r  f ila m e n ts . T h e  

a c tu a l  v a lu e  of th e  v o lta g e  is d e te r m in e d  b y  u s in g  a  s p h e re  g a p  c o n s is tin g  o f 

tw o  75 -cm . d ia m e te r  a lu m in iu m  s p h e re s ,  o n e  of w h ic h  is  e a r th e d .  I n  e a c h  

e x p e r im e n t th e  m u lt ip l ic a t io n  f a c to r  o f th e  r e c tif ie r  s y s te m  is  d e te rm in e d  fo r  

se v e ra l v o lta g e s  a n d  in te rm e d ia te  p o in ts  o b ta in e d  b y  in te rp o la t io n .  T h e  

a c c u ra c y  of th e  d e te r m in a t io n  of th e  v o lta g e  b y  th e  s p h e re  g a p s  h a s  b e e n  

c h e ck e d  b y  m e a s u r in g  th e  d e f le c tio n  of th e  p ro to n s  in  a  m a g n e t ic  fie ld . I t  

h a s  b e e n  fo u n d  t h a t  c o rre c t io n s  of th e  o rd e r  of 15 p e r  c e n t, m a y  be  re q u ir e d  

a s  a  re s u lt  o f th e  p ro x im ity  o f n e ig h b o u rin g  o b je c ts  o r  u n fa v o u ra b le  a r r a n g e 

m e n ts  of th e  c o n n e c tin g  le a d s . T h e  v o lta g e s  g iv e n  in  th is  p a p e r  h a v e  a ll  b e en  

c o rre c te d  b y  re fe re n c e  to  th e  m a g n e t ic  d e fle c tio n  e x p e r im e n ts .

Experiments with High Velocity Positive Ions. 231

* ‘ Proc. Roy. Soc.’ A, vol. 129, p. 477 (1930).
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232 J .  D . C o c k c ro f t  a n d  E .  T„ S . W a l to n .

3. The Disintegration of Lithium.

W h e n  th e  c u r re n t  p a ss in g  to  th e  t a r g e t  w as of th e  o rd e r  of 1 m ic ro a m p ere  

a n d  th e  a c c e le ra tin g  p o te n t ia l  w as  in c re a se d  to  125 k ilo v o lts , a  n u m b e r  of 

b r ig h t  s c in ti lla tio n s  w ere  o b se rv e d  o n  th e  scree n , th e  n u m b e rs  b e in g  p ro p o r

t io n a l  to  th e  c u r r e n t  c o lle c te d  a n d  of th e  o rd e r  of 5 p e r  m in u te  p e r  m ic ro 

a m p e re  a t  125 k ilo v o lts .

N o  s c in ti lla tio n s  w ere  o b se rv e d  w h e n  th e  p r o to n  c u r r e n t  w as c u t off by- 

s h u t t in g  off th e  d isc h a rg e  tu b e  e x c i ta t io n  o r  b y  in te rp o s in g  a  b ra s s  f lap  b e tw e en  

th e  b e a m  a n d  th e  t a r g e t .  S ince  th e  s c in t i l la t io n s  w ere  v e ry  s im ila r  in  a p p e a r 

a n c e  a n d  b r ig h tn e s s  to  a -p a r t ic le  sc in t il la tio n s ,  th e  a p p a r a tu s  w as n ow  c h an g e d  

to  a llo w  a  d e te rm in a t io n  o f th e i r  ra n g e  t o  b e  m a d e . F o r  th is  p u rp o se  a  m ica  

w in d o w  h a v in g  a  s to p p in g  p o w er o f 2 cm . w as se a le d  to  th e  s id e  tu b e  in  p la ce  

of th e  f lu o re sc en t sc reen , w h ic h  w as n o w  p la c e d  o u ts id e  th e  w in d o w . I t  w as 

th e n  p o ssib le  to  in s e r t  m ic a  sc ree n s  of k n o w n  s to p p in g  p o w e r b e tw ee n  th e  

w in d o w  a n d  th e  screen . I n  th is  w a y  i t  b e c a m e  a p p a r e n t  t h a t  th e  s c in ti lla tio n s  

w ere p ro d u c e d  b y  p a r tic le s  h a v in g  a  w e ll-d e fin e d  ra n g e  of a b o u t  8 cm . V a r ia 

tio n s  of v o lta g e  b e tw e e n  250  a n d  500 k ilo v o lts  d id  n o t  a p p e a r  to  a l te r  th e  

ra n g e  a p p re c ia b ly .

I n  o rd e r  to  c h ec k  th is  c o n c lu s io n , th e  p a r t ic le s  w ere  n o w  p a sse d  in to  a  

S h im izu  e x p a n s io n  c h a m b e r , th r o u g h  a  m ic a  w in d o w  in  th e  s id e  of th e  c h a m b e r  

h a v in g  a  s to p p in g  p o w er o f 3*6 cm . W h e n  th e  a c c e le ra t in g  v o lta g e  w as 

a p p l ie d  to  th e  tu b e  a  n u m b e r  of d is c r e te  t r a c k s  w ere  a t  once  o b se rv e d  in  th e  

c h a m b e r  w hose  le n g th s  a g re e d  c lo se ly  w ith  th e  f i r s t  ra n g e  d e te rm in a tio n s . 

F ro m  th e  a p p e a ra n c e  of th e  t r a c k s  a n d  th e  b r ig h tn e s s  o f th e  sc in ti lla tio n s  i t  

seem ed  n ow  fa ir ly  c le a r  t h a t  w e w ere  o b se rv in g  a -p a r tic le s  e je c te d  fro m  th e  

l i th iu m  n u c le i u n d e r  th e  p ro to n  b o m b a rd m e n t,  a n d  t h a t  th e  li th iu m  iso to p e  

of m a ss  7 w as b re a k in g  u p  in to  tw o  a -p a r t ic le s .

I n  o rd e r  to  o b ta in  a  fu r th e r  p ro o f  o f th e  n a tu r e  o f  th e  p a r t ic le s  th e  e x p e r i

m e n ts  w ere  re p e a te d  w ith  a n  io n is a tio n  c h a m b e r , a m p lif ie r  a n d  o sc illo g rap h  

of th e  ty p e  d e sc r ib e d  b y  W y n n  W illia m s  a n d  W a rd .*  T h e  m ica  w in d o w  on  

th e  s id e  tu b e  w as re d u c e d  to  a  th ic k n e ss  c o rre sp o n d in g  to  a  s to p p in g  p o w e r of 

1*2 m m . w ith  a n  a re a  o f a b o u t  1 sq . cm ., th e  m ica  b e in g  s u p p o r te d  on  a g r id  

s tr u c tu re . T h e  l i th iu m  t a r g e t  w as a t  th e  sam e  tim e  re d u c e d  in  size to  a  circ le  

of 1 cm . d ia m e te r  in  o rd e r  to  re d u c e  th e  a n g u la r  s p re a d  of th e  p a r tic le s  e n te r in g  

th e  c o u n te r . T h e  io n is a tio n  c h a m b e r  w as of th e  p a ra lle l p la n e  ty p e  h a v in g  a  

to t a l  d e p th  of 3 m m . a n d  w as sea le d  b y  a n  a lu m in iu m  w in d o w  h a v in g  a  s to p p in g

* ‘ Proc. Roy. Soc.,’ A, vol. 132, p. 391 (1931).
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Experiments with High Velocity Positive Ions. 2 33

p o w er of 5 m m . T h e  d e g re e  o f r e s o lu tio n  o f th e  a m p lif ie r  a n d  o sc illo g ra p h  w as 

su c h  t h a t  i t  w a s p o ss ib le  t o  r e c o rd  a c c u ra te ly  u p  to  2000 p a r tic le s  p e r  m in u te . 

W ith  th e  fu ll  p o te n t ia l  a p p lie d  to  th e  a p p a r a tu s  b u t  w i th  n o  p ro to n  c u r re n t ,  

th e  n u m b e r  o f  s p u r io u s  d e f le c tio n s  in  th e  o s c il lo g ra p h  w a s o f th e  o rd e r  of 2 p e r  

m in u te , w h ils t w i th  a n  a c c e le r a tin g  p o te n t ia l  o f 500  k ilo v o lts  a n d  a  c u r r e n t  

o f 0  • 3 m ic ro a m p e re s  th e  n u m b e r  o f p a r t ic le s  e n te r in g  th e  io n is a tio n  c h a m b e r  

p e r  m in u te  w a s of th e  o rd e r  o f 700.

I n  figs. 8, 9, 10 a n d  11, P la t e  12, a re  sh o w n  th e  o s c il lo g ra p h  re c o rd s  o b ta in e d  

a s  a d d i t io n a l  m ic a  a b s o rb e rs  a re  in s e r te d .  I t  w ill  b e  see n  t h a t  t h e  s ize  o f t h e  

d e f le c tio n s  in c re a se s  a s  a d d i t io n a l  m ic a  is in s e r te d ,  w h ils t th e  n u m b e rs  fa ll  off 

r a p id ly  w h e n  th e  t o t a l  a b s o rb e r  th ic k n e s s  is  in c re a s e d  b e y o n d  7 cm . I n  fig . 2 

is  p lo t te d  th e  n u m b e r  o f p a r t ic le s  e n te r in g  th e  c h a m b e r  p e r  m in u te  p e r  m ic ro 

a m p e re  fo r  in c re a s in g  a b s o rb e r  th ic k n e s s  a n d  fo r  a c c e le r a tin g  p o te n t ia ls  of 

27 0  k ilo v o lts  a n d  450 k ilo v o lts . T h e  s to p p in g  powre r  o f t h e  m ic a  sc ree n s  o f 

w in d o w s  h a s  b e e n  c h e ck e d  a n d  th e  f in a l r a n g e  d e te r m in a t io n  m a d e  b y  a  c o m 

p a ris o n  w ith  th e  a -p a r t ic le s  f ro m  th o r iu m  C. W e  f in d  t h a t  t h e  ra n g e  is  8  • 4  cm . 

P re l im in a ry  o b s e rv a tio n s  sh o w e d  t h a t  b e tw e e n  th e  lo w e s t a n d  h ig h e s t v o lta g e s  

u se d , th e  ra n g e  r e m a in e d  a p p r o x im a te ly  c o n s ta n t .  I t  is , h o w e v e r , o f g r e a t  

i n te r e s t  to  t e s t  w h e th e r  th e  w h o le  o f th e  e n e rg y  o f th e  p r o to n  is  c o m m u n ic a te d  

to  th e  a -p a r t ic le s ,  a n d  i t  is  in te n d e d  a t  a  l a t e r  d a t e  to  e x a m in e  th i s  p o in t  m o re  

c a re fu l ly . T h e  g e n e ra l s h a p e  o f t h e  ra n g e  c u rv e ,  to g e th e r  w ith  th e  e v id en c e  

f ro m  th e  s ize  o f t h e  o sc illo g ra p h  d e fle c tio n s , s u g g e s ts  t h a t  t h e  g r e a t  m a jo r i ty  

o f th e  p a r tic le s  h a v e  in i t ia l ly  a  u n ifo rm  v e lo c i ty ,  b u t  f u r th e r  in v e s t ig a t io n  wil) 

b e  r e q u ir e d  w ith  lo w e r t o t a l  a b s o r p t io n  t o  e x c lu d e  th e  p o s s ib il ity  of th e  e x is te n c e  

o f  p a r t ic le s  of s h o r t  ra n g e .

A s is  w ell k n o w n , th e  s ize  o f th e  o s c il lo g ra p h  k ic k s  a re  a  m e a s u re  o f th e  

io n is a t io n  p ro d u c e d  b y  th e  p a r tic le s .  A t  th e  b e g in n in g  o f th e  ra n g e  th e  size  

o f  t h e  k ic k s  o b se rv e d  w a s v e ry  u n ifo rm , w h ils t th e  a v e ra g e  size  v a r ie d  w ith  th e  

r a n g e  of th e  p a r t ic le  c o rre sp o n d in g  to  th e  io n is a tio n  g iv e n  b y  th e  B ra g g  c u rv e . 

P ig . 3 sho w s  th e  v a r ia t io n  o f t h e  io n is a tio n  o f th e  m o s t n u m e ro u s  p a r tic le s  

w ith  ra n g e .

T h e  sizes of th e  d e f le c tio n s  w ere  n o w  c o m p a re d  w ith  th e  d e f le c tio n s  p ro d u c e d  

in  th e  sa m e  io n is a tio n  c h a m b e r  b y  a -p a r t ic le s  f ro m  a  p o lo n iu m  so u rce , th e se  

d e fle c tio n s  b e in g  re c o rd e d  in  fig. 12, P la te  12, fo r  c o m p a riso n . I t  h a s  b e e n  

sh o w n  in  th is  w a y  t h a t  th e  m a x im u m  d e fle c tio n  fo r  th e  tw o  ty p e s  o f p a r t ic le  

is th e  sam e . T h is  r e s u lt ,  to g e th e r  w ith  th e  u n ifo r m ity  o f th e  io n is a tio n  p ro 

d u c e d  b y  th e  p a r t ic le s ,  is su ffic ien t to  e x c lu d e  th e  p o s s ib il ity  o f so m e o f th e  

p a r tic le s  b e in g  p ro to n s , s in ce  th e  m a x im u m  io n is a tio n  p ro d u c e d  b y  a
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2 3 4 J .  D . C o c k c ro f t  a n d  E .  T . S . W a l to n .

8 cm.
A ir  e q u iv a le a t of a b so rb e r  

270 kilovolts

cL 8000

^  6000

A ir e q u iv a le n t  of a b s o rb e r  

450 k ilo v o lts

F ig . 2.
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p ro to n  is less t h a n  40 p e r  c e n t,  o f t h e  m a x im u m  io n is a t io n  p ro d u c e d  b y  a n  

a -p a r t ic le .

Experiments with High Velocity Positive Ions. 2 3 5

8 cm . 9

A ir e q u iv a le n t of a b s o r b e r

F ig . 3.

T h e  v a r ia t io n  o f th e  n u m b e rs  o f p a r t ic le s  w ith  a c c e le r a tin g  v o lta g e  w as  

d e te rm in e d  fro m  th e  o s c il lo g ra p h  re c o rd s  b e tw e e n  200  k ilo v o lts  a n d  500  k ilo 

v o l ts , th e  c h a n g e  in  n u m b e rs  b e in g  c le a r  f ro m  th e  re c o rd s ,  figs. 13, 14, 15, 

P la te  12. F o r  v o lta g e s  b e tw e e n  70 k i lo v o lts  a n d  250  k ilo v o lts , th e  n u m b e rs  

o f p a r t ic le s  e n te r in g  th e  io n is a t io n  c h a m b e r  w ere  c o u n te d  b y  a  s in g le  s ta g e  

t h y r a t r o n  c o u n te r  o f th e  ty p e  d e s c r ib e d  b y  W y n n  W illia m s  a n d  W a rd .*  T h e  

r e s u lt s  a re  p lo t te d  in  fig . 4. T h e  n u m b e rs  in c re a s e  ro u g h ly  e x p o n e n t ia l ly  

w ith  th e  v o lta g e  a t  th e  lo w e r  v o lta g e s  a n d  l in e a r ly  w ith  v o lta g e  a b o v e  300  

k ilo v o l ts .f

I t  is o f g r e a t  in te r e s t  t o  e s t im a te  th e  n u m b e r  o f p a r t ic le s  p ro d u c e d  b y  th e  

b o m b a rd m e n t  of a  th ic k  la y e r  o f l i th iu m  b y  a  f ix e d  n u m b e r  o f p ro to n s . I n  

m a k in g  th is  e s t im a te  w e h a v e  a s s u m e d  t h a t  th e  p a r t ic le s  a re  e m i t te d  

u n ifo rm ly  in  a ll  d ir e c tio n s  a n d  t h a t  th e  m o le c u la r  io n s  p ro d u c e  n o  e ffe c t. 

W ith  th e s e  a s s u m p tio n s  th e  n u m b e r  o f d is in te g ra t io n s  fo r  a  v o lta g e  o f 250  

k ilo v o l ts  is  1 p e r  109 p ro to n s , a n d  fo r  a  v o lta g e  o f 500  k ilo v o lts  is  10 p e r  109 

p ro to n s .

I n  c o n s id e r in g  th e  v a r ia t io n  in  n u m b e rs  of p a r t ic le s  w ith  v o lta g e  i t  h a s , o f 

co u rse , to  b e  b o rn e  in  m in d  t h a t  w i th  a  th ic k  t a r g e t  th e  e ffec ts  a re  d u e  to

* ‘ Proc. Roy. Soc.,’ A, vol. 131, p. 191 (1931).

t  All the measurements in a single run, in which more than 2000 particles were counted, 

are included in the figure. The spread of the points in the centre part of the curve is 

probably due to variations in the vacuum and therefore in the voltage applied during the 

experiment. In other runs no evidence was obtained for such a variation.
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2 36 J .  D . C o c k c ro f t  a n d  E .  T . S . W a l to n .

p ro to n s  of a ll en erg ies  f ro m  th e  m a x im u m  to  ze ro  e n e rg y . I t  w ill be v e ry  

im p o r ta n t  to  d e te rm in e  th e  p ro b a b i l i ty  of d is in te g ra t io n  fo r  p ro to n s  of one 

d e fin ite  e n e rg y , a n d  fo r  th is  p u rp o se  i t  w ill b e  n e c e ssa ry  to  u se  th in  ta rg e ts . 

P re lim in a ry  e x p e r im e n ts  u s in g  e v a p o r a te d  film s o f l i th iu m  show  t h a t  th e  

p ro b a b il ity  o r  “  e x c ita tio n  ”  fu n c tio n  does n o t  in c re a se  so ra p id ly  w ith  v o lta g e  

a s  fo r  th e  th ic k  ta r g e t ,  b u t  o w in g  to  th e  sm a ll n u m b e rs  of p a r t ic le s  o b ta in a b le  

th e se  e x p e r im e n ts  h a v e  n o t  y e t  b e en  c o m p le te d .

4 0 0 0

00 300

K ilovolts

F ig . 4.

4. The Interpretation of Results.

W e h a v e  a lr e a d y  s t a t e d  t h a t  th e  o b v io u s  in te r p r e ta t io n  of o u r  re su lts  is to  

a ssu m e  t h a t  th e  li th iu m  iso to p e  of m a ss  7 c a p tu re s  a  p ro to n  a n d  t h a t  th e  

re s u lt in g  n u c leu s  of m a ss  8 b re a k s  u p  in to  tw o  a -p a r tic le s . I f  m o m e n tu m  is 

c o n serv e d  in  th e  p ro cess , th e n  e a c h  of th e  a -p a r t ic le s  m u s t  ta k e  u p  e q u a l 

a m o u n ts  of e n e rg y , a n d  fro m  th e  o b se rv e d  ra n g e  o f th e  a -p a r tic le s  w e conclude  

t h a t  a n  e n erg y  of 1 7 -2  m illio n  v o lts  w o u ld  be  l ib e ra te d  in  th is  d is in te g ra tio n  

p ro cess . T h e  m a ss  of th e  L i7 n u c leu s  fro m  C o s ta ’s d e te rm in a tio n  is 7*0104

w ith  a  p ro b a b le  e r ro r  of 0*003. T h e  d ec rea se  of m a ss  in  th e  d is in te g ra tio n  

p ro cess  is  th e re fo re  7*0104 +  1*0072 — 8*0022 =  0*0154 ±  0*003. T h is is 

e q u iv a le n t to  a n  e n erg y  lib e ra tio n  of (14*3 ±  2*7) X 104 * 6 v o lts . W e conclude , 

th e re fo re , t h a t  th e  o b se rv e d  en erg ies  of th e  a -p a r tic le s  a re  c o n s is te n t w ith  o u r
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Experiments with High Velocity Positive Ions. 2 37

h y p o th e s is .  A n  a d d i t io n a l  t e s t  c a n , h o w e v e r , b e  a p p lie d . I f  m o m e n tu m  is 

c o n se rv e d  in  th e  d is in te g ra t io n ,  t h e  tw o  a -p a r t ic le s  m u s t  b e  e je c te d  in  p ra c t ic a l ly  

o p p o s ite  d ire c tio n s  a n d ,  th e re fo re ,  if  w e a r r a n g e  tw o  z in c  su lp h id e  sc ree n s  

o p p o s ite  t o  a  sm a ll t a r g e t  o f l i th iu m  a s  sh o w n  in  t h e  a r r a n g e m e n t  o f fig. 5, 

w e sh o u ld  o b se rv e  a  la rg e  p r o p o r t io n  o f c o in c id e n c e s  in  th e  t im e  o f a p p e a ra n c e  

o f th e  s c in t il la tio n s  o n  th e  tw o  sc re e n s . T h e  l i th iu m  u s e d  in  th e  e x p e r im e n ts  

w as e v a p o r a te d  o n  to  a  t h i n  film  o f m ic a  h a v in g  a n  a r e a  o f 1 sq . m m . a n d  a  

s to p p in g  p o w e r o f 1 *1 c m ., so  t h a t  a -p a r t ic le s  e je c te d  f ro m  th e  l i th iu m  w o u ld  

p a ss  e a s ily  th r o u g h  th e  m ic a  a n d  re a c h  th e  s c re e n  o n  th e  o p p o s ite  s id e  o f t h e  

l i th iu m  la y e r .

T h e  tw o  sc ree n s  w ere  o b s e rv e d  th r o u g h  m ic ro sc o p e s  e a c h  c o v e r in g  a n  a re a  

of 7 sq . m m . a n d  a  t a p e  r e c o rd in g  m a c h in e  w a s u s e d  to  re c o rd  t h e  s c in t i l la t io n s ,

Stream of
fast protons

ZnS v  ZnS

T h in  l i th iu m  

ta rge t

Fig. 5.

a  b u z z e r  b e in g  in s ta l le d  in  th e  o b s e r v a t io n  c h a m b e r  to  p r e v e n t  th e  n o ise  o f th e  

re c o rd in g  k e y s  b e in g  a u d ib le  t o  th e  o b se rv e rs .  F iv e  h u n d re d  a n d  s ix ty -f iv e  

sc in t il la tio n s  w ere  o b se rv e d  in  m ic ro sc o p e  A  a n d  288  s c in t i l la t io n s  in  m ic ro 

sco p e  B , t h e  fo rm e r  b e in g  n e a r e r  t h e  t a r g e t .  A n a ly s is  o f th e  re c o rd s  sh o w e d  

t h a t  th e  r e s u l ts  a re  c o n s is te n t w i th  th e  a s s u m p tio n  t h a t  a b o u t  25  p e r  c e n t,  of 

th e  s c in t il la tio n s  re c o rd e d  in  B  h a v e  a  c o rr e sp o n d in g  s c in t i l la t io n  in  A . I f  

w e c a lc u la te  th e  c h an c e  of a  s c in t i l la t io n  b e in g  re c o rd e d  b y  B  w ith in  x s ec o n d s  

of th e  re c o rd  o f a  s c in t il la tio n  in  A , a s s u m in g  a  p e r fe c t ly  r a n d o m  d is t r ib u t io n  of 

sc in t il la tio n s ,  a n d  c o m p a re  th i s  w i th  th e  o b s e rv e d  re c o rd , th e  c u rv e  sh o w n  in  

fig. 6 is o b ta in e d . I t  w ill b e  se e n  t h a t  a s  th e  in te r v a l  x is  m a d e  less , th e  r a t io  

of th e  o b s e rv e d  to  th e  r a n d o m  c o in c id en c es  in c re a se s . W e  a lso  p lo t  fo r  c o m 

p a ris o n  th e  th e o re t ic a l  c u rv e  (sh o w n  b y  b ro k e n  lin e ) w h ic h  w o u ld  b e  o b ta in e d  

if th e re  w ere  25 p e r  c e n t, o f c o in c id en c es . I t  w ill b e  se e n  t h a t  th e  tw o  c u rv es  

a re  in  g o o d  a cc o rd . T h e  n u m b e r  o f c o in c id e n c es  o b s e rv e d  is  a b o u t  t h a t  to  be 

e x p e c te d  o n  o u r  th e o ry  of th e  d is in te g ra t io n  p ro c e ss , w h e n  w e t a k e  in to  a c c o u n t 

th e  g e o m e try  of th e  e x p e r im e n ta l a r r a n g e m e n t  a n d  th e  effic iency  o f th e  z in c
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2 38 J .  D . C o c k c ro f t  a n d  E .  T . S . W a l to n .

su lp h id e  screen s. I t  is c le a r  t h a t  th e re  is s tr o n g  ev id en ce  s u p p o r tin g  th e  

h y p o th e s is  t h a t  th e  a -p a r t ic le s  a re  e m it te d  in  p a irs . A  m o re  c o m p le te  in v e s t i

g a tio n  w ill be m a d e  la te r ,  u s in g  la rg e r  a re a s  fo r  th e  c o u n tin g  d ev ice , w h en  i t  is 

to  b e  e x p e c te d  t h a t  th e  f r a c tio n  of c o in c id en ces  s h o u ld  in c re ase .

F ig . 6.

5. Comparison with the Gamow Theory.

I n  a  p a p e r  w h ich  w as la rg e ly  re sp o n sib le  fo r s t im u la t in g  th e  p re s e n t in v e s t i

g a tio n , G a m o w f h a s  c a lc u la te d  th e  p ro b a b i l i ty  W x* o f a  p a r t ic le  of ch arg e  Ze, 

m a ss  m a n d  e n e rg y  E , e n te r in g  a  n u c le u s  o f c h arg e  Z 'e . G am o w ’s fo rm u la  is

- 4 t t  7 ( 2 t o ) ZZV» J

_  eh  '  7 ( E )  ’ *

w h ere  Jkis  a  fu n c tio n  v a ry in g  slo w ly  w ith  E  a n d  Z. U sin g  th is  fo rm u la , we 

h a v e  c a lc u la te d  W j* , th e  p ro b a b i l i ty  of a  p ro to n  e n te r in g  a  lith iu m  nu c leu s , 

fo r  600, 300 a n d  100 k ilo v o lts , a n d  f in d  th e  v a lu e s  0 -1 8 7 . 2 -7 5  X  10-2  a n d  

1 -78 X  10~ 4. U sin g  th e se  fig u res , o u r  o b se rv ed  v a r ia t io n  of p ro to n  ra n g e  w ith  

v e lo c ity  fo r a  th ic k  ta r g e t ,  a n d  a s su m in g  a  t a r g e t  a re a  of 10~ 25 c m .2, th e  

n u m b e r  of p ro to n s  N  re q u ir e d  to  p ro d u c e  o n e  d is in te g ra t io n  m a y  be c a lc u la ted . 

F o r  600 k ilo v o lts  we fin d  N  to  be of th e  o rd e r  of 106, a n d  fo r  300 k ilo v o lts  of 

th e  o rd e r  of 2 X  107.

T h e  o rd e r  of m a g n i tu d e  of th e  n u m b e rs  o b se rv e d  is th u s  sm alle r  th a n  th e

t  ‘ Z. Physik,’ vol. 52, p. 510 (1928).

 D
o
w

n
lo

ad
ed

 f
ro

m
 h

tt
p
s:

//
ro

y
al

so
ci

et
y
p
u
b
li

sh
in

g
.o

rg
/ 

o
n
 0

4
 A

u
g
u
st

 2
0
2
2
 



Experiments with High Velocity Positive . 2 39

n u m b e r  p r e d ic te d  b y  th e  G am o w  th e o ry ,  b u t  a  c lo se r  c o m p a r is o n  m u s t  be 

d e fe rre d  u n t i l  th e  r e s u l ts  fo r  a  t h in  t a r g e t  a re  a v a ila b le .

6. The Disintegration of other Elements.

P re lim in a ry  in v e s t ig a t io n s  h a v e  b e e n  m a d e  to  d e te rm in e  w h e th e r  a n y  

e v id en c e  o f d is in te g ra t io n  u n d e r  p r o to n  b o m b a r d m e n t  c o u ld  be o b ta in e d  fo r  

th e  fo llow ing  e le m e n ts  : B e , B , C, 0 ,  F , N a , A l, K , C a, F e , Co, N i, C u , A g , P b , 

U . U s in g  th e  f lu o re sc e n t  sc re e n  a s  a  d e te c to r  w e h a v e  o b s e rv e d  so m e  b r ig h t  

sc in t il la tio n s  f ro m  a ll th e s e  e le m e n ts , t h e  n u m b e rs  v a ry in g  m a rk e d ly  f ro m  

e le m e n t to  e le m e n t, th e  r e la t iv e  o rd e rs  o f m a g n i tu d e  b e in g  in d ic a te d  b y  fig. 7 

fo r  300  k ilo v o lts . T h e  r e s u lt s  o f t h e  s c in t i l la t io n  m e th o d  h a v e  b e e n  c o n firm ed  

b y  th e  e le c tr ic a l c o u n te r  fo r  C a, K , N i, F e  a n d  Co, a n d  th e  s ize  o f th e  o sc illo 

g ra p h  k ic k s  su g g e s ts  t h a t  t h e  m a jo r i ty  o f th e  p a r t ic le s  e je c te d  a re  a -p a r tic le s .
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T h e  n u m b e rs  of p a r t ic le s  c o u n te d  h a v e  u p  to  th e  p re s e n t  n o t  b e e n  su ffic ien t 

to  e n ab le  th e se  fig u res  to  b e  t a k e n  a s  a n y th in g  o th e r  t h a n  a n  o rd e r  of m a g n itu d e . 

I n  p a r t ic u la r ,  th e  p o ss ib il ity  m u s t  b e  b o rn e  in  m in d  t h a t  so m e of th e  p a r t ic le s  

o b se rv e d  m a y  b e  d u e  to  im p u r it ie s .  I t  m a y , h o w e v er , be of so m e in te r e s t  to
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240 J .  D . C o c k c ro f t  a n d  E . T . S . W a l to n .

d esc rib e  b rie fly  th e  g e n e ra l c h a ra c te r  of th e  e ffec ts  o b se rv e d  in  som e of th e  

m o re  in te re s t in g  cases.

Beryllium.— T w o ty p e s  of s c in t il la tio n  w ere  o b se rv e d  w ith  b e ry lliu m , a  

few  b r ig h t  sc in ti lla tio n s  h a v in g  th e  a p p e a ra n c e  of a -p a r t ic le  sc in tilla tio n s  

to g e th e r  w ith  a  m u c h  g re a te r  n u m b e r  of f a in t  s c in t il la tio n s  a p p e a r in g  a t  a b o u t 

500 k ilo v o lts , th e  n u m b e rs  in c re a s in g  r a p id ly  w ith  v o lta g e . W e w ere n o t  a b le  

to  o b se rv e  th e  f a in t  s c in ti lla tio n s  o u ts id e  th e  v a c u u m  c h a m b e r , so t h a t  th e y  

a re  p re s u m a b ly  d u e  to  p a r t ic le s  of s h o r t  ra n g e .

Boron.— N e x t to  li th iu m , b o ro n  g a v e  th e  g r e a te s t  n u m b e r  of sc in tilla tio n s , 

m o s t of th e  p a r t ic le s  h a v in g  a  ra n g e  o f a b o u t  3 -5  cm . S c in ti lla tio n s  w ere 

f irs t o b se rv e d  a t  v o lta g e s  of th e  o rd e r  o f 115 k ilo v o lts ,  th e  n u m b e rs  in c re as in g  

b y  m o re  t h a n  100 b e tw e e n  th is  v o lta g e  a n d  375 k ilo v o lts . T h e  in te re s t in g  

p ro b le m  as  to  w h e th e r  th e  b o ro n  s p li ts  u p  in to  th r e e  a -p a r t ic le s  o r  in to  B e8 

p lu s  a n  a -p a r t ic le  m u s t  a w a i t  a n  a n sw e r  u n t i l  m o re  d e ta i le d  in v e s t ig a tio n  is 

m a d e .

Fluorine.— F lu o r in e  w as in v e s t ig a te d  in  th e  fo rm  o f a  la y e r  o f p o w d ered  

c a lc iu m  f lu o r id e . A  few  s c in t il la tio n s  w ere  f ir s t o b se rv e d  a t  a  v o lta g e  o f 200 

k ilo v o lts , th e  n u m b e rs  in c re a s in g  b y  a  f a c to r  of a b o u t  100 b e tw e e n  th is  a n d  

450 k ilo v o lts . T h e  ra n g e  o f th e  p a r tic le s  w as fo u n d  to  b e  a b o u t  2 • 8 cm . O n 

th e  a s s u m p tio n  t h a t  th e y  a re  a -p a r t ic le s , th e  e n e rg y  w o u ld  be 4 -1 5  X  106 

e le c tro n  v o lts . I f  n o w  w e a ssu m e  t h a t  th e  r e a c t io n  is

E1 9  +  11! =  0 1 6  +  He4

i t  is  of p a r t ic u la r  in te r e s t  to  c o m p a re  th e  o b s e rv e d  e n e rg y  w ith  th e  e n e rg y  to  

b e  e x p e c te d  fro m  th e  m a ss  c h a n g e s , s in ce  a ll  th e  m a sses  in v o lv e d  a re  k n o w n , 

f ro m  th e  w o rk  of A s to n , w i th  fa ir ly  g o o d  p re c is io n .

U sin g  A s to n ’s d a ta ,  th e  e n e rg y  l ib e ra te d  sh o u ld  be  5 • 2 X 106 e le c tro n  v o lts . 

A llow ing  fo r  th e  e n e rg y  t a k e n  b y  th e  re co il o f th e  o x y g e n  n u c leu s  a n d  th e  

e n erg y  of th e  b o m b a rd in g  p ro to n , th e  e n e rg y  o f  th e  a -p a r tic le  sh o u ld  be a b o u t 

4 -3  m illio n  v o lts , g iv in g  a  ra n g e  o f 2 -9 5  cm . in  a ir , in  g o o d  a c co rd  w ith  th e  

o b se rv e d  ra n g e s.

Sodium.— A  sm a ll n u m b e r  of b r ig h t  s c in ti lla tio n s  w ere  o b se rv ed  b eg in n in g  

a t  300 k ilo v o lts , th e  p a r t ic le s  h a v in g  ra n g e s  b e tw e en  2 a n d  3 -5  cm . In  

a d d it io n  to  th e  b r ig h t  sc in ti lla tio n s , a  n u m b e r  of f a in t  s c in tilla tio n s  w ere 

o b se rv ed  s im ila r  to  th o s e  seen  in  th e  c ase  of b e ry lliu m . T h e  fa in t  s c in tilla tio n s  

a re  a g a in  p r e s u m a b ly  d u e  to  p a r t ic le s  of s h o rt  ra n g e  sin ce  th e y  co u ld  n o t be 

o b se rv ed  o u ts id e  th e  tu b e . T h e  p ro b a b le  a -p a r t ic le  tr a n s i t io n  w ou ld  be

Na23 +  E-i =  -^e2o +  He4.
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Cockcroft and Walton. Proc. Poy. S o c A , wZ. 137 , PL 12 .

Î ig . 8.—270 Kv. 4*0 cm. absorber.

4 ig . 9. 270 Kv. 5*0 cm. absorber.

Fig . 10. 270 Kv. 6*6 cm. absorber.

Fig . 11. 270 Kv. 7-9 cm. absorber.

F i g . 12.—Polonium a-particles 2 cm. 

absorber.

F i g . 13.—250 Kv. 3*1 cm. absorber. 

F i g . 14.—210 Kv. 3*1 cm. absorber. 

Fi g . 15.—175 Kv. 3*1 cm. absorber.

(Facing p. 2J0.>
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Experiments with High Velocity Positive Ions.241

Potassium.— P o ta s s iu m  is  o f sp e c ia l in te r e s t  o n  a c c o u n t o f i t s  r a d io a c t iv i ty .  

T h e  v e ry  sm a ll e ffec ts  o b s e rv e d  m a y  e a s ily  b e  d u e  to  a n  im p u r i ty .  T h e  m o s t 

lik e ly  re a c tio n  to  o c c u r

K39 +  H i  =  A 36 -f- H e 4,

w o u ld  p ro b a b ly  h a v e  a  n e g a tiv e  e n e rg y  b a la n c e .

Iron, Nickel, Cobalt, Copper.— T h e se  e le m e n ts  fo llow  e a c h  o th e r  in  th e  

p e r io d ic  ta b le ,  so  t h a t  t h e  sm a ll r e s u l t  o b ta in e d  fo r  iro n  c o m p a re d  w ith  t h a t  

fo r  th e  fo llow ing  th r e e  e le m e n ts  is  o f sp e c ia l in te r e s t .  T h e  e ffe c t fo r  iro n  is o f 

th e  sa m e  o rd e r  a s  t h a t  fo r  p o ta s s iu m , a n d  a g a in  m a y  be d u e  to  im p u r i ty .  

F o r  th e s e  e le m e n ts  m o s t o f th e  p a r t ic le s  h a d  a  r a n g e  of a b o u t  2 -5  c m ., b u t  a  

few  p a r tic le s  w ere  p re s e n t  h a v in g  a  s l ig h t ly  lo n g e r  ra n g e .

Uranium.— U sin g  p o te n t ia ls  o f u p  to  600  k ilo v o lts  a n d  s t r o n g  p ro to n  c u r re n ts ,  

th e  n u m b e r  o f s c in t i l la t io n s  o b s e rv e d  w a s  a b o u t  fo u r  t im e s  th e  n a tu r a l  r a d io 

a c tiv e  e ffec t, a n d  th e  a r t i f ic ia l ly  p ro d u c e d  p a r t ic le s  a p p e a r e d  to  h a v e  a  lo n g e r  

ra n g e  t h a n  th e  n a tu r a l  o n es. T h e  n u m b e rs  o b ta in e d  d id  n o t  a p p e a r  to  v a r y  

m a rk e d ly  w ith  v o l ta g e .

W e h o p e  in  th e  n e a r  fu tu r e  to  in v e s t ig a te  th e  a b o v e  a n d  o th e r  e le m e n ts  in  

m u c h  g re a te r  d e ta i l  a n d  in  p a r t i c u la r  to  d e te r m in e  w h e th e r  a n y  o f t h e  e ffec ts  

d e sc r ib e d  a re  d u e  to  im p u r it ie s . T h e re  se e m s  t o  be l i t t l e  d o u b t ,  h o w e v e r , t h a t  

m o s t o f t h e  e ffec ts  a re  d u e  to  t r a n s f o r m a t io n s  g iv in g  r ise  to  a n  a -p a r t ic le  

em iss io n . I n  v iew  o f th e  v e ry  sm a ll p r o b a b i l i ty  o f a  p r o to n  o f 500  k ilo v o lts  

e n e rg y  p e n e t r a t in g  th e  p o te n t ia l  b a r r ie r  o f th e  h e a v ie r  n u c le i b y  a n y  p ro c e ss  

o th e r  t h a n  a  re so n a n c e  p ro c e ss , i t  w o u ld  a p p e a r  m o s t lik e ly  t h a t  su c h  p ro cesses  

a re  re sp o n s ib le  fo r  th e  e ffe c ts  o b s e rv e d  w ith  t h e  h e a v ie r  e le m e n ts .

W e h a v e  seen  t h a t  th e  th r e e  e le m e n ts , l i th iu m , b o ro n  a n d  f lu o r in e  g iv e  th e  

la rg e s t e m iss io n  o f p a r tic le s ,  th e  e m iss io n  v a ry in g  s im ila r ly  w ith  r ise  o f v o lta g e .  

T h ese  e le m e n ts  a re  a ll o f th e  in  +  3 ty p e ,  a n d  p re s u m a b ly  th e  n u c

u p  of a -p a r t ic le s  w ith  th e  a d d i t io n  o f th r e e  p ro to n s  a n d  tw o  e le c tro n s . I t  is 

n a tu r a l  to  su p p o se  t h a t  th e  a d d i t io n  o f a  c a p tu r e d  p ro to n  le a d s  to  th e  fo rm a t io n  

of a  new  a -p a r t ic le  in s id e  th e  n u c le u s . I11 th e  case  of li th iu m , i t  seem s p ro b a b le  

t h a t  th e  c a p tu r e  of th e  p ro to n ,  th e  fo r m a t io n  o f th e  a -p a r t ic le  a n d  th e  d is 

in te g ra t io n  of th e  r e s u lt in g  n u c le u s  in to  tw o  a -p a r t ic le s  m u s t  a t  th is  s ta g e  be 

re g a rd e d  a s  a  s in g le  p ro c ess , t h e  ex cess  e n e rg y  a p p e a r in g  in  th e  fo rm  o f k in e tic  

e n e rg y  of th e  e x p e lle d  a -p a r t ic le s .*  U n t i l  f u r th e r  a n d  m o re  a c c u ra te  d a ta  

a re  a v a ila b le  i t  is n o t  d e s ira b le  to  d iscu ss  a t  th i s  s ta g e  th e  p o ssib le  b e a r in g  o f

* Such a view does not preclude the possibility that sometimes part of the energy may 

appear in another form, for example, as y-radiation.
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2 4 2 Experiments with High Velocity Positive Jons.

th e se  new  o b s e rv a t io n s  o n  th e  p ro b le m s  of a s t ro p h y s ic s  a n d  o n  th e  q u e stio n  

o f th e  a b u n d a n c e  o f th e  e lem e n ts .

I n  c o n c lu s io n , w e w ish  to  e x p ress  o u r  th a n k s  to  L o rd  R u th e rfo rd  fo r h is 

c o n s ta n t  e n c o u ra g e m e n t a n d  a d v ic e . W e a re  in d e b te d  to  D r. W y n n  W illiam s 

fo r  c o n s id e ra b le  a s s is ta n c e  w ith  th e  e le c tr ic a l  re c o rd in g  a p p a r a tu s ,  a n d  to  

m e m b e rs  o f th e  re se a rc h  s ta ff  o f M e tro p o lita n -V ic k e rs  E le c tr ic a l C o m p a ny  fo r 

th e i r  a s s is ta n c e  in  s u p p ly in g  m u c h  of th e  a p p a r a tu s  u se d  in  th is  w ork . O ne of 

u s  (E .T .S .W .)  h a s  b e e n  in  re c e ip t o f a  se n io r  r e s e a rc h  a w a rd  fro m  th e  D e p a r t 

m e n t  of S c ien tific  a n d  In d u s t r ia l  R e se a rc h .
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