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T h e s e  r e s u l t s  h a v e  b e e n  c o m b i n e d  w i t h  t h e  r a n g e  m e a s u r e m e n t s  o f  L e w is  

a n d  W y n n - W i l l i a m s  t o  g iv e  t h e  r e l a t i o n  b e t w e e n  v e l o c i t y  a n d  t h e  r a n g e  f o r  

a - p a r t i c l e s  o f  r a n g e s  b e tw re e n  4  a n d  9  c m .

I t  is  f o u n d  t h a t  f o r  r a n g e s  g r e a t e r  t h a n  5  c m .  t h i s  r e l a t i o n  i s  a c c u r a t e l y  

g iv e n  b y

V 2 3*26 -

T h e  c o r r e c t i o n s  f o r  lo s s  o f  v e l o c i t y  d u e  t o  a b s o r p t i o n  a t  t h e  s o u r c e  h av e- 

b e e n  f u l l y  d i s c u s s e d .

The Maximum Energy of the ft-Rays from Uranium X  

and other Bodies.

B y  B .  W . Sa r g e n t , M .A .,  Q u e e n ’s  U n i v e r s i t y ,  K i n g s t o n ,  O n t a r i o .

( C o m m u n ic a te d  b y  C. D . E l l i s ,  F .R .S .— R e c e iv e d  D e c e m b e r  2 8 , 1 9 3 2 .)

1 . Introduction.

I t  is  n o w  g e n e r a l l y  a c c e p t e d  t h a t  t h e  d i s i n t e g r a t i o n  e le c t r o n s  f r o m  r a d i o 

a c t i v e  n u c l e i  h a v e  a  c o n t i n u o u s  d i s t r i b u t i o n  w d th  e n e r g y .  T h e  e n d - p o i n t s  

o f  t h e s e  d i s t r i b u t i o n  c u r v e s ,  r e p r e s e n t i n g  t h e  m a x i m u m  k i n e t i c  e n e r g ie s  c a r r i e d  

b y  t h e  [3 -ray s , h a v e  b e e n  d e t e r m i n e d  i n  a  c o n s i d e r a b l e  n u m b e r  o f  c a s e s  a n d  

a p p e a r  t o  b e  q u i t e  d e f i n i t e .  T h e  p u r p o s e  o f  t h i s  p a p e r  is  t w o f o ld .  F i r s t ,  n e w  

e x p e r i m e n t a l  w o r k  o n  t h e  (3- r a y s  f r o m  u r a n i u m  X  w il l  b e  p r e s e n t e d  i n  s e c t io n s  

2 , 3  a n d  4 . T h is  in c lu d e s  a  d e t e r m i n a t i o n  o f  t h e  e n d - p o i n t  o f  i t s  n o r m a l  

(3 -ray  s p e c t r u m , w h ic h  w a s  f o u n d  t o  b e  2 * 3 2  m i l l i o n  v o l t s ,  a n d  a  s e a r c h  f o r  

(3 -ray s  h a v i n g  e n e r g ie s  f r o m  3  t o  7 m i l l i o n  v o l t s .  N o n e  w e r e  f o u n d ,  a n d  a n  

u p p e r  l i m i t  o n  t h e i r  n u m b e r  w a s  d e t e r m i n e d .  S e c o n d ly ,  a  c r i t i c a l  s u r v e y  o f  

t h e  d a t a  o n  t h e  e n d - p o i n t s  o f  a  n u m b e r  o f  [3 -ray  s p e c t r a  w i t h  a  l i s t  o f  p r e f e r r e d  

v a lu e s  w il l  b e  g iv e n  i n  s e c t i o n  5 . I t  w i l l  t h e n  b e  s h o w n ,  i n  s e c t i o n  6 , t h a t  a  

r e l a t i o n  b e tw e e n  t h e  m a x i m u m  e n e r g y  e m i t t e d  i n  a  s p e c t r u m  o f  (3 -ray s  a n d  

i t s  d i s i n t e g r a t i o n  c o n s t a n t  a p p e a r s  t o  e x is t .

2 . Methods of Determining the End-points of Continuous Spectra.

T h r e e  m e t h o d s  h a v e  b e e n  u s e d  t o  f in d  t h e  m a x i m u m  e n e r g ie s  i n  [3 -ray  s p e c t r a .  

O n e  d i r e c t  m e t h o d ,  c a r r i e d  o u t  p r i n c i p a l l y  b y  M a d g w ic k *  a n d  G u r n e y , f

* 4 Proc. Camb. P h il. S o c .,’ v o l. 23, p. 982 (1927).

t  ‘ Proc. R o y . Soc.,’ A , vo l. 109, p. 540  (1 9 2 5 ); vo l. 112, p. 380 (1926).
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660 B . W . Sargent.

c o n s i s t s  o f  a n a l y s i n g  t h e  (3- r a y s  w i t h  t h e  u s u a l  s e m i c i r c u la r  f o c u s s in g  in  a  

m a g n e t i c  f i e ld ,  a n d  d e t e r m i n i n g ,  f r o m  t h e  f ie ld  s t r e n g t h  a n d  t h e  r a d iu s  o f  

c u r v a t u r e  o f  t h e  p a t h ,  t h e  v e l o c i t y  o f  t h e  f a s t e s t  p a r t i c l e s  t h a t  c a n  b e  d e t e c t e d  

b y  e le c t r i c a l  m e t h o d s .

A  m o r e  r e c e n t  m e t h o d ,  u s e d  b y  T e r r o u x  a n d  A le x a n d e r ,*  a n d  C h a m p i o n , f  

is  t o  p h o t o g r a p h  t h e  t r a c k s  o f  t h e  (3 - p a r t ic le s  i n  a n  e x p a n s i o n  c h a m b e r ,  a n d  

f r o m  t h e  c u r v a t u r e  p r o d u c e d  b y  a  m a g n e t i c  f i e ld  a  d i s t r i b u t i o n  w i t h  v e lo c i ty  

c a n  b e  f o u n d .  S o  f a r ,  t h i s  m e t h o d  h a s  o n ly  b e e n  a p p l i e d  t o  t h e  f a s t  (3- r a y s ,  

w i t h  t h e  h o p e  o f  d e c id i n g  w h e t h e r  t h e  h i g h  v e l o c i t y  e n d - p o i n t s  a r e  r e a l  o r  

n o t .  I t  s e e m s  t o  t h e  w r i t e r  t h a t  i t  i s  v e r y  d i f f i c u l t  t o  c h o o s e  a n  a d e q u a t e  

c r i t e r i o n  f o r  r e j e c t i n g  t h o s e  t r a c k s  w h o s e  c u r v a t u r e s  h a v e  b e e n  a p p r e c i a b l y  

a f f e c t e d  b y  s c a t t e r i n g .  M o re  s a t i s f a c t o r y  r e s u l t s  m i g h t  b e  o b t a i n e d  i f  t h e  a i r  

i n  t h e  e x p a n s i o n  c h a m b e r  w a s  r e p l a c e d  b y  h y d r o g e n  t o  d i m in is h  s c a t t e r i n g ,  

a n d  i f  s t r o n g e r  m a g n e t i c  f i e ld s  w e r e  a p p l i e d .  T h is  m e t h o d  s u f fe r s  f r o m  t h e  

c o m m o n  f a u l t  o f  a l l  s t a t i s t i c a l  o n e s  i n  t h a t  a  l a r g e  n u m b e r  o f  p a r t i c l e s  h a v e  t o  

b e  r e g i s t e r e d ,  a n d  s o  t h e  w o r k  i n v o l v e d  is  e n o r m o u s .  I f  i t  w e r e  e x t e n d e d  t o  

g iv e  t h e  c o m p l e t e  d i s t r i b u t i o n  o f  t h e  (3- r a y s  w i t h  v e l o c i t y  t h e  v a r i a t i o n  o f  t h e  

e f f ic ie n c y  o f  r e g i s t r a t i o n  o f  t r a c k s  w i t h  v e l o c i t y  d u r i n g  t h e  t i m e  o f  e x p a n s io n  

w o u l d  h a v e  t o  b e  c a r e f u l l y  i n v e s t i g a t e d .

T h e  h i g h  v e l o c i t y  l i m i t  o f  a  (3 -ray  s p e c t r u m  c a n  b e  d e t e r m i n e d  i n  y e t  a n o t h e r  

w a y .  T h e  e f f e c t iv e  r a n g e  o f  t h e  (3- r a y s  is  f o u n d  i n  p a p e r  o r  a lu m in iu m ,  a n d  

t h i s  i s  u s u a l l y  a s c r i b e d  t o  t h e  f a s t e s t  p a r t i c l e s  i n  t h e  s p e c t r u m .  T h e  v e lo c i ty  

o f  t h e s e  m a y  t h e n  b e  o b t a i n e d  b y  c o m p a r i n g  t h e i r  r a n g e  w i t h  t h e  e x t r a p o l a t e d  

r a n g e s  o f  i n i t i a l l y  h o m o g e n e o u s  (3 -ray s . T h i s  p r o c e d u r e  w a s  f o l lo w e d  b y  

C h a l m e r s  |  f o r  t h o r i u m  a c t i v e  d e p o s i t  a n d  b y  t h e  w r i t e r §  f o r  a c t i n i u m  a c t i v e  

d e p o s i t .  I n  o r d e r  t o  a v o i d  c e r t a i n  d i f f i c u l t i e s  i n  i n t e r p r e t a t i o n ,  F e a th e r ;!  

p r e f e r r e d  t o  f i n d  t h e  e n d - p o i n t  o f  t h e  s p e c t r u m  o f  m e s o t h o r i u m  2  b y  c o m p a r in g  

h i s  v a l u e  o f  t h e  r a n g e  w i t h  t h e  r a n g e s  o f  t h e  [3 -ray s  o f  r a d i u m  E ,  t h o r i u m  C  a n d  

r a d i u m  C , w h o s e  m a x i m u m  e n e r g ie s  a r e  k n o w n  a p p r o x i m a t e l y  f r o m  m a g n e t ic  

a n a l y s e s .

T h e  f i r s t  a n d  t h i r d  m e t h o d s  e s p e c ia l l y  a g r e e  w h e r e  c o m p a r i s o n  c a n  b e  m a d e ,  

a s  i n  t h e  c a s e s  o f  t h o r i u m  B ,  t h o r i u m  C , r a d i u m  E ,  a n d  r a d i u m  C . T h is  a g r e e 

m e n t  m a y  b e  p a r t l y  f o r t u i t o u s ,  b e c a u s e  t h e  i n t e r p r e t a t i o n  o f  t h e  e x p e r im e n t a l

* Terroux, ‘ P roc. R o y . S oc .,’ A , v o l. 131, p. 90  (1 9 3 1 );  Terroux an d  A lexander, ‘ Proc. 

Camb. P h il. Soc.,’ vo l. 28, p. 115 (1932).

t  ‘ Proc. R o y . S o c .,’ A , v o l. 134, p. 672 (1932).

f  ‘ Proc. Camb. P h il. S o c .,’ v o l. 25, p. 331 (1929).

§ ‘ Proc. Camb. P h il. S oc .,’ vo l. 25, p. 514 (1929).

|| ‘ P h y s. R e v .,’ vo l. 35, p. 1559 (1930).
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The Maximum Energy of $-Rays. 661

r e s u l t s  b y  t h e  t h i r d  m e t h o d  is  s o m e w h a t  u n c e r t a i n  f o r  r e a s o n s  t h a t  w il l  b e  

g iv e n  l a t e r .  T h e  e x p e r i m e n t s  i n  t h e  r a n g e  m e t h o d  a r e ,  h o w e v e r ,  v e r y  s im p le  

a n d  c a n  b e  p e r f o r m e d  e v e n  w i t h  r a p i d l y  d e c a y i n g  s o u r c e s .  T o  f in d  t h e  r a n g e  

o f  t h e  (3 -ray s , t h e  i o n i z a t i o n  c a u s e d  b y  t h e  (3- a n d  y - r a y s  w h ic h  h a v e  p a s s e d  

t h r o u g h  a b s o r b i n g  s c r e e n s  o f  d i f f e r e n t  t h i c k n e s s e s ,  i s  m e a s u r e d  i n  a n  e l e c t r o 

s c o p e .  T h e  (3- a n d  y - r a y  e f f e c t s  m a y  b e  s e p a r a t e d  b y  u s in g  a  m a g n e t i c  f i e ld  

a s  D o u g la s *  a n d  t h e  w r i t e r f  h a v e  d o n e .  T h e  r a n g e  m a y  t h e n  b e  f o u n d  f r o m  

t h e  a b s o r p t i o n  c u r v e  o f  t h e  [3 -ray s  a lo n e .  A l t e r n a t i v e l y ,  t h e  r a n g e  m a y  b e  

f o u n d  f r o m  t h e  c u r v e  o b t a i n e d  b y  p l o t t i n g  t h e  c o m b i n e d  (3- a n d  y - r a y  i o n i z a t i o n  

a g a i n s t  t h e  m a s s  p e r  u n i t  a r e a  o f  t h e  a b s o r b i n g  s c r e e n .  T h is  c u r v e  is  a lw a y s  

c o m p o s e d  o f  t w o  m a i n  p a r t s ,  a  r a p i d l y  f a l l in g  o n e ,  w h e r e  t h e  i o n i z a t i o n  is  

m o s t l y  d u e  t o  t h e  (3- r a y s ,  a n d  a  s e c o n d  p a r t  a t  l a r g e  t h i c k n e s s e s  o f  a b s o r b e r ,  

w h e r e  t h e  i o n i z a t i o n  i s  d u e  e n t i r e l y  t o  t h e  y - r a y s .  T h e  e f f e c t iv e  r a n g e  o f  t h e  

(3- r a y s ,  o r  t h e  t h i c k n e s s  o f  a b s o r b e r  w h ic h  r e d u c e s  t h e i r  i n t e n s i t y  t o  a  q u a n t i t y  

t o o  s m a l l  t o  b e  d e t e c t e d ,  i s  t h e n  f a i r l y  e v i d e n t .  T h i s  p r o c e d u r e  w a s  a d o p t e d  

f o r  f in d i n g  t h e  r a n g e  a n d  t h e r e b y  t h e  e n d - p o i n t  o f  t h e  (3 -ray  s p e c t r u m  o f  

u r a n i u m  X .

3 . Experimental Results.

A n  a c t i v e  p r e p a r a t i o n  o f  u r a n i u m  X  ( =  X x -j-  X 2) o n  a  p ie c e  o f  f i l t e r  p a p e r  

w a s  p la c e d  i n  a  c a v i t y ,  2 - 5  c m .  d i a m e t e r  a n d  4  m m . d e e p ,  d r i l l e d  in  a  w o o d e n  

b lo c k .  T h is  p r e p a r a t i o n  w a s  c o v e r e d  w i t h  a n o t h e r  f i l t e r  p a p e r  a n d  a  p ie c e  

o f  g u m m e d  p a p e r .  T h e  b l o c k  w a s  p l a c e d  4  c m . b e lo w  t h e  p a p e r  b a s e  o f  a n  

i r o n  e le c t r o s c o p e ,  13  c m .  c u b e .  A b s o r p t i o n  s h e e ts  o f  c a r b o n  a n d  c a r d b o a r d  

o r  o f  a l u m i n i u m  w e r e  p l a c e d  o v e r  t h e  s o u r c e ,  a n d  r e a d i n g s  o f  t h e  i o n i z a t i o n  

d u e  t o  t h e  (3- a n d  y - r a y s  w e r e  t a k e n .

V e r y  c o n s i s t e n t  r e a d i n g s  w e r e  o b t a i n e d ,  a n d  s e t s  t a k e n  o n  d i f f e r e n t  d a y s  

a g r e e d  t o  2  p a r t s  i n  3 0 0  w h e n  a l lo w a n c e s  w e r e  m a d e  f o r  t h e  d e c a y  o f  t h e  

s o u r c e  a n d  v a r i a t i o n s  i n  a t m o s p h e r i c  p r e s s u r e .  A v e r a g e s  l i s t e d  i n  T a b le s  I  

a n d  I I  a r e  p r o b a b l y  c o r r e c t  t o  1 p a r t  i n  3 0 0 . T h e  r e s u l t s  a r e  p l o t t e d  i n  f ig . 1 , 

w h e r e  t h e  e f f e c t iv e  r a n g e  o f  t h e  (3- r a y s  i s  s e e n  t o  b e  1 - 0 6  g m . / c m . 2. A  p r e 

l i m i n a r y  s e t  o f  m e a s u r e m e n t s  u s i n g  a  b r a s s  e le c t r o s c o p e  y ie ld e d  1 *05 g m . / c m .2.

T o  t h e  v a l u e  1 - 0 6  g m . / c m . 2 m u s t  b e  a d d e d  t h e  m a s s  p e r  u n i t  a r e a  o f  t h e  

f i l t e r  p a p e r  a n d  t h e  g u m m e d  p a p e r  o v e r  t h e  s o u r c e ,  a l s o  o f  t h e  p a p e r  b a s e  o f  

t h e  e le c t r o s c o p e .  T h is  c o r r e c t i o n  a m o u n t s  t o  0 * 0 4 1  g m . / c m . 2, m a k i n g  t h e  

e f f e c t iv e  r a n g e  1 • 1 0  g m . / c m . 2 i n  a l u m i n i u m  a n d  c a r b o n .  F a j a n s  a n d  G o h r i n g J

* ‘ T rans. R o y . Soc. C an .,’ I l l ,  vo l. 16, p. 113 (1922).

t  ‘ P roc. C am b. P h il. S o c .,’ v o l. 25, p. 331 (1929).

X 1 P h y s. Z .,’ vo l. 14, p. 877 (1913).
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662 B . W . Sargent.

CARBON

ALUMjNtUM

GM./CM 2

F i g . 1.

T a b le  I . — A b s o r p t i o n  o f  (3- r a y s  o f  U  ( X x - f  X 2) i n  C a r b o n  +  C a r d b o a r d .

Carbon, 
(gm. /cm.2)

Total.
(gm ./cm .2)

Intensity .

(P + y)
Carbon.

(gm ./cm .2)
Total.

(gm ./cm .2)
Intensity. 

(0  +

0-785 0-792 100 0-785 1-156 56-6
0-785 0-855 74-4 0-785 1-174 56-6
0-785 0-916 63-8 0-785 1-216 56-2
0-785 0 -974 59-9 0-785 1-237 56-0
0-785 0-983 59-6 0-785 1-280 55-8
0-785 0-987 59-2 0-785 1-343 55-2
0-785 1-000 58-9 0 -785 1-407 55-0
0-785 1-013 58-4 0 -785 1-471 54-3
0-785 1-020 58-3 0-785 1-534 53-9
0-785 1-026 57-9 0-785 1-598 53-3
0-785 1-034 58-1 0-785 1-662 53-0
0-785 1-047 57-8 1-618 1-943 53-0
0-785 1-060 57-5 2-360 2-685 50-7
0-785 1-095 57-4 3-193 3-518 47-6
0-785 1*110 57-3

T a b l e  I I . — A b s o r p t i o n  o f  [3 -ray s  i n  U  ( X x - j-  X 2) i n  A lu m in i u m .

Alum inium . In tensity . Aluminium. Intensity .
(gm ./cm .2) (P +  y) (gm ./cm .2) (P +  r)

0-710 100 1-074 38-3
0 -779 65-9 1-104 38-2
0-821 54-6 1-129 37-8
0 -888 44-7 1-147 38-0
0 -926 41-7 1-172 37-7
0-931 41-5 1-238 37-2
1-005 39-2 1-306 36-9
1-018 38-9 1-374 36-8
1-035 38-7 1-441 36-5
1-048 38-6 1-508 36-3
1-060 38-5 1-785 36-2
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a n d  o th e r s *  h a v e  s h o w n  t h a t  u r a n i u m  X *  e m i t s  s lo w  (3 -ray s  a n d  u r a n i u m  X 2 

f a s t  o n e s ,  s o  t h i s  r a n g e  m u s t  b e  a s c r i b e d  t o  t h e  l a t t e r .  I f  V a r d e r ’s f  a n d  

M a d g w ic k ’s j  v a lu e s  o f  t h e  e x t r a p o l a t e d  r a n g e s  o f  h o m o g e n e o u s  (3 -ray s  in  

a l u m i n i u m  m a y  b e  a p p l i e d ,  w e  f i n d  H p  9 7 0 0  ( Y a r d e r )  a n d  8 8 0 0  ( M a d g w ic k )  

a s  e s t i m a t e s  o f  t h e  e n d - p o i n t  o f  t h i s  (3 -ray  s p e c t r u m .  T h e  m e a n  v a lu e ,  H p  

9 2 5 0 , c o r r e s p o n d s  t o  a n  e n e r g y  o f  2 - 3 1  m i l l i o n  v o l t s .  F e a t h e r ’s  ( . cit.)

e m p i r ic a l  e q u a t i o n ,

R  =  0 - 5 1 1  B -  0 - 0 9 1 ,

c o n n e c t i n g  t h e  r a n g e  R  o f  a  (3- r a y  s p e c t r u m  w i t h  i t s  m a x i m u m  e n e r g y  E ,  l e a d s  

t o  2 * 3 3  m i l l io n  v o l t s  f o r  t h e  e n d - p o i n t .

I t  s h o u ld  b e  p o i n t e d  o u t  t h a t  t h e  a b s o r p t i o n  c u r v e s  a r e  r e a l l y  s m o o th ,  

a n d  n o  d e f i n i t e  “ k i n k ”  i s  e v i d e n t  a t  t h e  r a n g e .  T h e  v a l u e  1 - 1 0  g m . / c m .2 

m a y  b e  r e g a r d e d  a s  c o r r e c t  t o  2  p e r  c e n t ,  w i t h  t h e  p r e s e n t  s o u r c e .  T h e  (3 -ray  

i n t e n s i t y  a t  t h e  r a n g e  w a s  n o t  g r e a t e r  t h a n  0  • 2  d iv .  p e r  m i n u t e ,  a n d  t h e  i n i t i a l  

i n t e n s i t y  o f  t h e  s o u r c e  w a s  e s t i m a t e d  a t  1 0 ,0 0 0  d iv .  p e r  m i n u t e .  T h a t  is ,  t h e  

i o n i z a t i o n  o f  t h e  [3 -ray s  h a s  b e e n  r e d u c e d  t o  2  p a r t s  i n  1 0 0 ,0 0 0 , w h ic h  is  a b o u t  

t h e  s a m e  o r d e r  o f  r e d u c t i o n  a s  i n  s o m e  p r e v i o u s  e x p e r i m e n t s  w i t h  o t h e r  (3 -ray  

b o d ie s .

I t  i s  w e ll  k n o w n  t h a t ,  u n le s s  t h e  i n i t i a l  a c t i v i t y  o f  t h e  s o u r c e  i s  v e r y  la r g e ,  

t h e  r a n g e  m a y  b e  u n d e r e s t i m a t e d .  F e a t h e r §  h a s  e x a m i n e d  t h i s  a n d  o t h e r  

p o i n t s  i n  d e t a i l .  A n  u n d e r e s t i m a t i o n  o f  t h e  r a n g e  i s  t h e  i n e v i t a b l e  r e s u l t  o f  

t h e  f i n i te  s e n s i t i v i t y  o f  t h e  e le c t r o s c o p e ,  a n d  t h e  f a c t  t h a t  t h o s e  r a y s ,  w h o s e  

r a n g e  w e  w is h  t o  m e a s u r e ,  f o r m  o n l y  a  s m a l l  f r a c t i o n  o f  t h e  w h o le  s p e c t r u m .  

I n  f a c t  w i t h  w e a k  s o u r c e s  o f  a c t i n i u m  (B  C ) t h e  w r i t e r  (loc. cit.) f o u n d  i t  

n e c e s s a r y  t o  s e p a r a t e  t h e  (3- a n d  y - r a y  e f f e c t s  w i t h  a  m a g n e t i c  f i e ld ,  a n d  t o  

e x t r a p o l a t e  t h e  a b s o r p t i o n  c u r v e  o f  t h e  (3- r a y s .  T h e  s m a l l e s t  i n t e n s i t y  o f  

(3 -ray s  t h a t  c o u ld  b e  m e a s u r e d  w a s  0  • 1 p e r  c e n t ,  o f  t h e  i n i t i a l  o n e .  W h e n  t h e  

l o g a r i t h m  o f  t h e  (3 -ray  i n t e n s i t y  w a s  p l o t t e d  a g a i n s t  t h e  m a s s  p e r  u n i t  a r e a  o f  

a b s o r b in g  s c r e e n ,  i t  w a s  p o s s i b l e  t o  e x t r a p o l a t e  t h e  c u r v e  o b t a i n e d  i n  a  r e a s o n 

a b le  w a y ,  w i t h  t h e  p u r p o s e  o f  a v o id in g  t h e  e r r o r  j u s t  c o n s id e r e d .  O n  t h e  o t h e r  

h a n d ,  i f  s u f f i c ie n t ly  a c t i v e  s o u r c e s  w e r e  a v a i l a b le ,  i t  w o u ld  b e  p o s s i b le  t o  o v e r 

e s t i m a t e  t h e  r a n g e ,  e v e n  i f  t h e  s p e c t r u m  h a d  a n  e n d - p o i n t  b e y o n d  w h ic h  t h e r e  

w e re  n o  (3 -ray s  w h a t e v e r .  O w in g  t o  s t r a g g l i n g  w i t h i n  t h e  a b s o r b in g  m a t e r i a l  * * * §

* F leck , ‘ P h il. M ag.,’ v o l. 26, p. 529 (1913);  H ahn  an d  M eitner, ‘ P h ys. Z .,’ vo l. 14, 

p. 758 (1913).

t  ‘ Phil. M ag.,’ vo l. 29, p. 725 (1915).

% ‘ Proc. Camb. P h il. S oc .,’ v o l. 23, p. 970 (1927).

§ ‘ Proc. Camb. P h il. S oc .,’ vo l. 27, p. 430  (1931).
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664 B . W. Sargent.

t h e  e f f e c t iv e  r a n g e  o f  a  s p e c t r u m  o f  [3 -ray s  w o u ld  n o t  b e  t h e  e x t r a p o l a t e d  

r a n g e  o f  t h e  f a s t e s t  o n e s , a s  d e f in e d  b y  Y a r d e r  ( cit.) a n d  M a d g w ic k  (loc.

cit. ) ,s o  t h e i r  d a t a  w o u ld  n o t  b e  a p p l i c a b l e  f o r  a  d e t e r m i n a t i o n  o f  t h e  e n d 

p o i n t .  I t  s e e m s ,  t h e r e f o r e ,  t h a t  t h e  g o o d  a g r e e m e n t  a m o n g  t h e  e n d - p o in ts  

o b t a i n e d  b y  d i r e c t  a n d  i n d i r e c t  m e t h o d s  m a y  b e  d u e ,  i n  p a r t ,  t o  a  f o r t u n a t e  

c h o ic e  o f  a c t i v i t y  o f  t h e  s o u r c e s .

T h e  e a r l y  e x p e r i m e n t e r s  w e r e  m a i n l y  i n t e r e s t e d  i n  f in d in g  t h e  a b s o r p t i o n  

c o e f f ic ie n ts  o f  t h e  [3 -ray s  i n  d i f f e r e n t  m a t e r i a l s ,  a n d  so  i t  w a s  u n n e c e s s a r y  t o  

c a r r y  o u t  t h e  m e a s u r e m e n t s  t o  l a r g e  th ic k n e s s e s  o f  a b s o r b e r .  T h e r e  is ,  t h e r e 

f o r e ,  v e r y  l i t t l e  p r e v i o u s  i n f o r m a t i o n  a b o u t  t h e  e n d - p o i n t  o f  t h e  [3 -ray  s p e c t r u m  

o f  u r a n i u m  X .  L e v i n ’s *  a b s o r p t i o n  c u r v e  i n  a l u m i n i u m  s h o w s  t h e  e f f e c t iv e  

r a n g e  t o  b e  a b o u t  0 - 9 5  g m . / c m . 2, b u t  t h i s  is  o n ly  a  r o u g h  e s t i m a t e  s in c e  h i s  

c u r v e  h a s  n o t  b e e n  c a r r i e d  q u i t e  f a r  e n o u g h .

M a n y  y e a r s  a g o  S c h m i d t f  p u b l i s h e d  a  r o u g h  i o n i z a t i o n  d i s t r i b u t i o n  c u r v e  

o f  t h e  [3 -ray s  u s i n g  m a g n e t i c  a n a ly s i s .  T h e  c u r v e  i n d i c a t e d  a n  e n d - p o i n t  a t  

H p  9 0 0 0 ,  b u t  l i t t l e  w e i g h t  s h o u l d  b e  a t t a c h e d  t o  t h i s  v a l u e  b e c a u s e  t h e  f o c u s s in g  

w a s  p o o r  a n d  n o  a t t e m p t  w a s  m a d e  t o  a l lo w  f o r  s c a t t e r e d  r a d i a t i o n .

4 . (3 -raysof 

O f t h e  c o n t i n u o u s  s p e c t r a  c o n t a i n i n g  t h e  p r i m a r y  e l e c t r o n s  d u e  t o  t h e  

n o r m a l  m o d e  o f  d i s i n t e g r a t i o n ,  o n l y  o n e ,  r a d i u m  C , h a s  a n  u p p e r  l i m i t  o f  

e n e r g y  g r e a t e r  t h a n  3  m i l l i o n  v o l t s ,  w h i le  f o u r  o t h e r s  h a v e  l i m i t s  n e a r  2  m i l l io n  

v o l t s  [ s e e  l a t t e r ) .  E v i d e n c e  h a s  b e e n  a c c u m u l a t i n g  w h ic h  s e e m s  t o  s h o w  t h a t  

c e r t a i n  [3- r a y  b o d i e s  o c c a s io n a l l y  e m i t  e le c t r o n s  p o s s e s s i n g  e n e r g ie s  o f  t h e  o r d e r  

o f  7  m i l l i o n  v o l t s .  I n d i c a t i o n  o f  t h e i r  p r e s e n c e  w a s  f i r s t  g iv e n  b y  f e e b le  

t r a c e s  o n  p h o t o g r a p h i c  p l a t e s  e x p o s e d  i n  a  m a g n e t i c  s p e c t r o g r a p h .  W h i le  th e s e  

d if f u s e  t r a c e s  m a y  b e  c a u s e d  b y  s e c o n d a r y  e le c t r o n s  p r o d u c e d  b y  p e n e t r a t i n g  

y - r a y s ,  a t  p r e s e n t  i t  s e e m s  m o s t  r e a s o n a b l e  t o  c o n s id e r  m o s t  o f  t h e m ,  in  f a c t  

t h o s e  a b o v e  H p  1 2 ,0 0 0 , t o  b e  f r o m  p r i m a r y  e le c t r o n s  a r i s i n g  f r o m  a n  a b n o r m a l  

a n d  i n f r e q u e n t  m o d e  o f  d i s i n t e g r a t i o n .*  T h e  e v id e n c e  f o r  s u c h  h ig h - s p e e d  

(3 -ray s  h a s  b e e n  s u m m a r i z e d  b y  R u t h e r f o r d ,  C h a d w ic k  a n d  E l l i s  (loc. cit.), 

a n d  a l s o  b y  d ’E s p in e .§  E x p e r i m e n t s  b y  J .  A . G r a y  a n d  O ’L e a r y ,  || C ave,^{

* ‘ P h y s. Z .,’ vo l. 8, p. 585 (1907).

t  ‘ P h y s. Z.;  vo l. 10, p. 6 (1909).

J R utherford, Chadw ick an d  E llis , “ R ad ia tion s from  R ad ioactive  Substances,” 

pp. 381 -384 .

§ * A nn. P h y siq u e ,’ vo l. 16, p. 5 (1931).

|| ‘ N a tu re ,’ vo l. 123, p. 568 (1929).

Tf ‘ Proc. Camb. P h il. S oc .,’ vo l. 25, p. 222 (1929).
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The Maximum Energy of ft-Rays. 665

C a v e  a n d  G o t t , *  C h a m p io n  (loc. cit.), a n d  W a n g f  a g r e e  i n  s h o w in g  t h a t  in  

p a r t i c u l a r  e x p e r i m e n t s  t h e  n u m b e r  o f  h ig h - s p e e d  (3- r a y s  f o r m s  a n  e x t r e m e l y  

s m a l l  f r a c t i o n  o f  t h o s e  e m i t t e d  i n  t h e  u s u a l  s p e c t r u m .  C le a r l y  (3 -ray s  h a v i n g  

e n e r g ie s  o f  10  m i l l i o n  o r  e v e n  o f  4  m i l l i o n  v o l t s  a r e  o f  g r e a t  i n t e r e s t .  W h i le  n o  

e v id e n c e  o f  s u c h  h ig h - s p e e d  (3 - p a r t ic le s  f r o m  u r a n i u m  X  h a s  e v e r  b e e n  g iv e n ,  

a n  i n v e s t i g a t i o n  s e e m e d  o p p o r t u n e  w h e n  t h e  e n d - p o i n t  o f  i t s  c o n t i n u o u s  

s p e c t r u m  w a s  b e in g  d e t e r m i n e d .

T h e  e x p e r i m e n t a l  a r r a n g e m e n t  w a s  t h a t  d e s c r ib e d  i n  s e c t i o n  3 , a n d  a n  

a b s o r p t i o n  m e t h o d  w a s  u s e d .  I o n i z a t i o n  m e a s u r e m e n t s  w e r e  c a r r i e d  o u t  

u n t i l  t h e  m a s s  o f  c a r b o n  a n d  c a r d b o a r d  b e t w e e n  t h e  s o u r c e  a n d  t h e  e l e c t r o 

s c o p e  w a s  3 - 5 2  g m . / c m . 2. R e l a t i v e  v a l u e s  o f  t h e  t r a n s m i t t e d  r a d i a t i o n  a r e  

g iv e n  in  c o lu m n  2  o f  T a b l e  I I I .  A t  e a c h  s t a g e  t h e  r a d i a t i o n  i s s u in g  f r o m  t h e  

a b s o r b e r  w a s  t e s t e d  b y  p a s s i n g  i t  t h r o u g h  a  l e a d  f o i l  o f  0 - 0 9 7 5  g m . / c m . 2. 

T h e  p e r c e n ta g e s  t r a n s m i t t e d  b y  t h e  f o i l  a r e  g i v e n  i n  c o lu m n  3 , T a b le  I I I .  I t

T a b l e  I I I .

Mass of carbon, Transm ission Transmission
etc. by  carbon, by lead foil

(gm ./cm .2) etc. (0*0975 gm ./cm .2)

per cent.
0 -792 100 51-3
0 -855 74-4 62-5
0-919 63-8 70-7
0-983 59-6 73-8
1-046 58-1 74-3
1-110 57-3 74-2
1-174 56-6 74-3
1-237 56-0 74-2
2-685 50-7 74-5
3-518 47-6 74-3

is  s e e n  t h a t  a f t e r  1 - 0 4 6  g m . / c m . 2 o f  c a r b o n  t h e  t r a n s m i s s i o n  r e m a in s  c o n s t a n t  

f o r  t h i s  fo i l  a t  7 4 - 3  p e r  c e n t ,  t o  1 p a r t  in  3 0 0 . T h i s  s h o w s  t h a t  t h e  r a d i a t i o n  

r e m a in s  u n c h a n g e d  i n  q u a l i t y .  B e lo w  1 - 0 4 6  g m . / c m . 2 t h e  p r e s e n c e  o f  (3 -ray s  

i n  t h e  r a d i a t i o n  i s s u in g  f r o m  t h e  c a r b o n  a b s o r b e r  is  w e ll  s h o w n  b y  t h e  la r g e r  

a b s o r p t i o n  i n  t h e  l e a d  fo il .

F r o m  w h a t  f o l lo w s  w e  c o n c lu d e  t h a t  t h e  r a d i a t i o n  p e n e t r a t i n g  th ic k n e s s e s  

o f  c a r b o n  g r e a t e r  t h a n  1 - 0 6  g m . / c m .2 m u s t  b e  a l m o s t  e n t i r e l y  o f  t h e  y - r a y  

t y p e .  I t s  m a s s  a b s o r p t i o n  c o e f f ic ie n t  in  t h e  le a d  f o i l  is  3  • 0 5 , w h i le  2  • 4  g m . / c m . 2 

o f  c a r b o n  d i m i n is h e s  i t  t o  8 3  p e r  c e n t ,  o f  i t s  v a lu e  a t  1 -1 1  g m ./ c m .2, o r  p t/p  in

* Vide “ R ad ia tion s from  R ad ioactive  S u b stan ces,” p. 383. 

t  ‘ Z. P h y s ik ,’ vo l. 74, p. 744 (1932).
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666

c a r b o n  i s  a b o u t  0 - 0 7 7 .  T h a t  i s  jx /p  i n  l e a d  i s  3 9 - 6  t i m e s  jx /p  i n  c a r b o n *  

O n l y  a  y - r a d i a t i o n  c a n  h a v e  t h i s  p r o p e r t y ,  f o r  w i t h  (3 -ray s  t h e  m a s s  a b s o r p t i o n  

c o e f f ic ie n t  i n  l e a d  is  o n l y  a b o u t  1 -5  t i m e s  t h a t  i n  c a r b o n .  W i t h o u t  g o in g  in t o  

c u m b e r s o m e  d e t a i l s  w e  e s t i m a t e  t h a t  i f  0 - 2  d iv .  p e r  m i n u t e  o f  t h e  r a d i a t i o n  

i s s u in g  f r o m  1 - 1 1  g m . / c m . 2 c a r b o n  w e r e  o f  t h e  (3 -ray  t y p e  i t  c o u ld  j u s t  h a v e  

b e e n  d e t e c t e d  b y  t h e s e  a b s o r p t i o n  m e a s u r e m e n t s .  T h is  e s t i m a t e  is  s u p p o r t e d  

b y  a n  i n s p e c t i o n  o f  t h e  a b s o r p t i o n  c u r v e s  i n  f ig . 1, a n d  i t  p r o v id e s  a n  u p p e r  

l i m i t  o n  t h e  i o n i z a t i o n  p r o d u c e d  b y  (3 -ray s  h a v i n g  r a n g e s  b e t w e e n  1 -1 1  a n d  

3  • 5 2  g m . / c m . 2 c a r b o n .  I f  t h e  e q u iv a l e n c e  o f  c a r b o n  a n d  a l u m i n i u m  is  a s s u m e d  

w e  f in d  t h a t  (3 -ray s  r e q u i r e  e n e r g ie s  o f  2 - 5  a n d  7 - 0  m i l l io n  v o l t s  t o  p e n e t r a t e  

t h e s e  t w o  t h ic k n e s s e s .

I n  o r d e r  t o  s e t  a  l i m i t  o n  t h e  f r a c t i o n  o f  h ig h - s p e e d  (3- r a y s  t h e  i n t e n s i t y  o f  

t h e  s o u r c e  w i t h  n o  a b s o r b e r  i n  p o s i t i o n  m u s t  b e  k n o w n .  T h is  w a s  r o u g h l y  

e s t i m a t e d  f r o m  t h e  i o n i z a t i o n  m e a s u r e m e n t s  g i v e n  i n  T a b le  I V .  T h e s e  h a v e

B . W . Sargent.

T a b le  I V .

Absorber (gm ./cm .2).

jS-ray activ ity

Carbon.

1
Lead.

(d iv ./m in .)

0 -458 700
0 -458 0-0975 235

Lead plate containing sm all hole over source.

_ _ 220
— 0-0975 59-0

0*458 0-0975 3-90

* T he effective  w ave-len g th  o f th e  y -ra y s issu in g  from  1 • 1 g m ./c m .2 carbon or alum inium  

can  b e a p p rox im ately  ca lcu la ted . T he m ass absorption  coefficients m easured w ith  the  

exp erim en ta l arrangem ent were 0 -0 7 5  (carbon), 0 -0 8 8  (a lu m in iu m ), 0 -1 4 0  (cardboard)  

an d  3*05 (lead  fo il). T hese w hen  corrected  for th e  oblique p assage  of som e of th e  y -ra y s  

th rou gh  th e  absorption  sh eets  becom e 0 -0 6 8 , 0 -0 7 9 , 0 -1 2 6  a n d  2 -6 8  resp ective ly . For  

th is  correction  a  form ula  g iven  b y  W . a n d  F . M. S od d y  an d  R u ssell ( ‘ P h il. M ag.,’ vo l.  

19, p. 725 (1 9 1 0 ))  w a s used . S in ce m uch  of th e  rad iation  sca ttered  in  th e  forw ard direc

t io n  enters th e  e lectroscop e a  further correction  h a s to  be app lied , particu larly  for the  

l ig h t su b stan ces in  w h ich  th e  p h otoelectric  absorption  is  sm all. C om pton’s form ula  

( ‘ P h y s. R e v .,’ v o l. 21 , p. 483  (1 9 2 3 ))  for th e  d istr ib u tion  o f scattered  rad ia tion  w ith  

angle , regarded as sa tisfa cto ry  for th ese  w ave-len gth s, w as used . T he m ass absorption  

coefficient in  carbon th en  becom es 0  • 144, w hich  corresponds to  an  effective w ave-length  

of 0 -0 9 3  A . T he coefficient in  lead , 2 -6 8 , corresponds to  0 -0 8 3  A . I t  is  be lieved th a t the  

lead  fo il con ta in s a  fa ir ly  h igh  percentage o f im p u rity  so  th a t  X =  0 -0 8 3  is  probab ly  too  

sm all. I t  shou ld  be n o ticed  th a t  th e  ap p aren t absorption  coefficient in  cardboard is 

about tw ice  th a t in  carbon. T he cardboard m u st con ta in  a  considerable am ount o f heavy  

m aterials in  order th a t th e  photoelectric  absorption  can be appreciab le.
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The Maximum Energy of ft-Rays. 667

b e e n  c o r r e c t e d  f o r  y - r a y s .  T h e  f i r s t  tw o  w e r e  o b t a i n e d  b y  u s in g  t h e  w h o le  

s o u rc e .  A  l e a d  p l a t e  c o n t a i n i n g  a  s m a l l  h o le  w a s  t h e n  p l a c e d  o v e r  t h e  s o u r c e  

in  o r d e r  t h a t  t h e  i n t e n s i t y  o f  t h e  [3 -ray s  c o m in g  t h r o u g h  c o u ld  b e  d i r e c t l y  

m e a s u r e d .  T h e  i n i t i a l  6 - r a y  i n t e n s i t y  o f  t h e  w h o le  s o u r c e  is  2 2 0  X  2 3 5 /3 * 9 0  

o r  1 3 ,2 0 0  d iv .  p e r  m i n u t e .  I t  i s  a l s o  s e e n  t h a t  0 * 4 5 8  g m . / c m . 2 c a r b o n  c u t s  

d o w n  t h e  i n t e n s i t y  f r o m  5 9 * 0  t o  3 * 9 0  d iv .  p e r  m i n u t e ,  i.e., t o  6 * 6  p e r  c e n t .  

T h e  s e c o n d  e s t i m a t e  o f  t h e  i n i t i a l  a c t i v i t y  is  t h e r e f o r e  7 0 0  X  1 0 0 /6 * 6  =  1 0 ,6 0 0  

d iv .  p e r  m i n u t e .  I t  w a s  f o u n d  l a t e r  b y  u s i n g  a  t h i n  l a y e r  o f  t h e  a c t i v e  m a t e r i a l  

t h a t  0 * 4 5 8  g m . / c m . 2 c a r b o n  t r a n s m i t s  7 * 1  p e r  c e n t ,  o f  t h e  [3- r a d i a t i o n  in c i d e n t  

o n  i t .  T h is  a g r e e s  w i t h  6  • 6  a n d  w i t h  f ig u r e s  o b t a i n e d  i n  a n o t h e r  c o n n e c t io n ,  

6*1  p e r  c e n t ,  f o r  t h e  s a m e  m a s s  p e r  u n i t  a r e a  o f  p a p e r  a n d  5 * 7 5  f o r  c a r d b o a r d .  

I f  7 * 1  p e r  c e n t ,  i s  t a k e n  t h e  i n i t i a l  a c t i v i t y  i s  9 8 0 0  d iv .  p e r  m i n u t e .  T h e s e  

e s t i m a t e s  a r e  a c c u r a t e  e n o u g h  f o r  t h e  p r e s e n t  p u r p o s e ,  a n d  a  r o u n d  f ig u r e  

1 0 ,0 0 0  d iv .  p e r  m i n u t e  is  a d o p t e d  a s  t h e  f i n a l  v a l u e  o f  t h e  i n i t i a l  (3- r a y  a c t i v i t y .

T h e  c o n c lu s i o n  r e a c h e d  i s  t h a t  o u t  o f  a  t o t a l  o f  1 0 ,0 0 0  d iv .  p e r  m i n u t e  le s s  

t h a n  0 * 2  p e n e t r a t e  1 * 1 1  g m . / c m . 2 c a r b o n .  T h e  i o n i z a t i o n  o f  t h e  f a s t  (3 -ray s  

h a s  b e e n  d i m in is h e d  b y  t h i s  c a r b o n ,  a n d  a t  t h i s  p o i n t  i t  i s  n e c e s s a r y  t o  a s s u m e  

a  v a l u e  f o r  t h e i r  i n i t i a l  e n e r g y .  I f  w e  t a k e  7 m i l l i o n  v o l t s ,  M a d g w ic k ’s*  c u r v e s  

s h o w  t h a t  a b o u t  5 5  p e r  c e n t ,  o f  t h e  i n i t i a l  i n t e n s i t y  is  t r a n s m i t t e d .  O n  t h e  

o t h e r  h a n d ,  i f  w e  t a k e  3 m i l l i o n  v o l t s  a s  t h e  e n e r g y  o f  t h e  [3 -ray s , in  p a s s in g  

t h r o u g h  1 * 1 1  g m . / c m . 2 c a r b o n  t h e i r  i o n i z a t i o n  i s  r e d u c e d  t o  1 8  p e r  c e n t ,  o f  

i t s  i n i t i a l  v a lu e .  T h e  i n i t i a l  i n t e n s i t y  o f  t h e  f a s t  ,6 - ra y s  is  t h e r e f o r e  e i t h e r  0  • 3 6  

o r  1 • 1 0  d iv .  p e r  m i n u t e  i n  a  t o t a l  o f  1 0 ,0 0 0 ,  e i t h e r  1 i n  2 8 ,0 0 0  o r  1 i n  9 ,0 0 0 .  

T h e  io n iz in g  p o w e r  o f  t h e  f a s t  ,6 - ra y s  is  l e s s  t h a n  t h a t  o f  t h e  a v e r a g e  o n e s  

( a v e r a g e  e n e r g y  8 2 0 ,0 0 0  v o l t s ) .  A l lo w in g  f o r  t h i s  w e  f in d  t h a t  u r a n i u m  X  

e m i t s  le s s  t h a n  o n e  [3 -ray  o f  3  m i l l i o n  v o l t s  e n e r g y  in  6 ,5 0 0  n o r m a l  o n e s ,  a n d  

le s s  t h a n  o n e  [3 -ray  o f  7  m i l l io n  v o l t s  e n e r g y  i n  1 5 ,0 0 0  n o r m a l  o n e s .

5 . Collected Results for several [3 Bodies.

Uranium X v — A b s o r p t i o n  c u r v e s  o b t a i n e d  b y  L e v i n  (loc. cit.), S c h m i d t  

(loc. cit.), F a j a n s  a n d  G o h r i n g  (loc. cit.), a n d  H a h n  a n d  R o t h e n b a c h f  f o r  t h e  

(3-rays o f  u r a n i u m  ( X x - f  X 2) s h o w  a  g r o u p  o f  v e r y  a b s o r b a b l e  [3 -ray s  t o  b e  

p r e s e n t .  T h e i r  r a n g e  l ie s  b e tw e e n  0 * 0 1 4  a n d  0 * 0 2 1  g m . / c m . 2 a lu m in iu m ,  a n d  

t h e  m e a n  0  • 0 1 8  g m . / c m . 2 is  h e r e  c h o s e n . T h e s e  (3 -ray s  m u s t  c o m e  f r o m  u r a n iu m  

X j .  U s in g  S c h o n l a n d ’s J  a n d  Y a r d e r ’s  (loc. cit.) v a lu e s  f o r  t h e  r a n g e s  o f  h o m o -

* ‘ Proc. Cam b. P h il. S oe .,’ vo l. 23, p. 970  (1927).

t  ‘ P h ys. Z .,’ v o l. 20, p. 194 (1919).

t  ‘ Proc. R oy . S oc .,’ A , vo l. 104, p. 235 (1 9 2 3 ); vol. 108, p. 187 (1925).

2  YVOL. C X X X IX .— A .
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668 B . W . Sargent.

g e n e o u s  (3 -ray s , w e  f in d  t h a t  t h i s  r a n g e  c o r r e s p o n d s  t o  H p  1 3 0 0 , o r  1 3 0 ,0 0 0  

v o l t s  e n e r g y .  M e i t n e r ,*  i n  h e r  m a g n e t i c  a n a ly s i s  o f  t h e  l in e  s p e c t r u m ,  f o u n d  

a  b a n d  e x t e n d i n g  f r o m  1 0 8 ,0 0 0  t o  1 2 4 ,0 0 0  v o l t s .  I f  t h i s  c o n t a i n s  t h e  d i s i n t e g r a 

t i o n  e le c t r o n s  i t s  m a x i m u m  e n e r g y  a g r e e s  v e r y  w e ll  w i t h  t h a t  f o u n d  f r o m  t h e  

r a n g e .

Radium B.— F r o m  S c h m i d t ’s f  a b s o r p t i o n  c u r v e  t h e  r a n g e  o f  t h e  (3 -rays  

o f  r a d i u m  B  is  e s t i m a t e d  a t  0 - 2 1 6  g m . / c m . 2 o f  a lu m in iu m .  T h is  c o r r e s p o n d s  

t o  H p  3 3 8 0  ( V a r d e r )  o r  t o  H p  3 1 7 0  ( M a d g w ic k ) .  T h e  m e a n ,  H p  3 2 8 0 , s h o u ld  

b e  c o m p a r e d  w i t h  G u r n e y ’s ( l o c .cit.) v a l u e  H p  

d e f le c t io n .

Radium C.— A  n u m b e r  o f  e s t i m a t e s ,  r a n g i n g  f r o m  H p  1 1 ,0 0 0  t o  H p  1

o f  t h e  e n d - p o i n t  o f  t h e  (3- r a y  s p e c t r u m  o f  r a d i u m  C  h a v e  b e e n  m a d e .  M a d g w ic k  

a n d  G u r n e y i  f o u n d  H p  1 2 ,0 0 0  b y  m a g n e t i c  a n a ly s i s  w h e n  c a r e  w a s  t a k e n  t o  

e l i m i n a t e  s c a t t e r e d  (3- r a y s .  D ’E s p i n e |  f o u n d  t h e  e n d - p o i n t  t o  l ie  b e tw e e n  

H p  1 1 ,0 0 0  a n d  H p  1 2 ,0 0 0  f r o m  p h o t o g r a p h i c  p l a t e s  e x p o s e d  i n  a  m a g n e t i c  

s p e c t r o g r a p h .  T h e  r a n g e  o f  t h e s e  (3 -ray s  is  e s t i m a t e d  a t  1 - 6 2  g m . / c m .2 f r o m  

S c h m i d t ’s§ a b s o r p t i o n  c u r v e ,  w h ic h  y ie ld s  H p  1 2 ,5 0 0  a s  t h e  e n d - p o i n t .  F e a th e r j |  

h a s  d e t e r m i n e d  t h i s  r a n g e  v e r y  c a r e f u l l y  a n d  f o u n d  1 - 5 4  i  0  -0 2  g m . / c m .2, 

w h ic h  c o r r e s p o n d s  t o  H p  1 2 ,0 0 0 .

Radium E.— M a n y  r a n g e  e s t i m a t e s  h a v e  b e e n  m a d e  a n d  a r e  b e s t  s h o w n  in  a  

t a b l e  (V ). C h o o s in g  0 - 4 7 5  g m . / c m . 2 a s  t h e  r a n g e  t o  w h ic h  Y a r d e r ’s  a n d  

M a d g w ic k ’s  d a t a  m a y  b e  a p p l i e d  w e  f i n d  t h a t  H p  5 1 0 0  is  t h e  e n d - p o i n t  o f  

t h e  (3 -ray  s p e c t r u m .

K o v a r i k  a n d  M c K e e h a n ^ I  h a v e  o b t a i n e d  a  d i s t r i b u t i o n  c u r v e  o f  t h e  r a y s  o f  

r a d i u m  E  b y  u s i n g  m a g n e t i c  d e f l e c t i o n  a n d  a  p o i n t - c o u n t e r .  T h is  c u r v e  

f a l l s  r a p i d l y  t o w a r d s  H p  5 5 0 0  b u t  e x t e n d s  a s  f a r  a s  H p  8 0 0 0 . T h e  l a t t e r  is  

p r o b a b l y  d u e  t o  s c a t t e r e d  (3 -ray s . I t  s h o u l d  b e  n o t i c e d  t h a t  f o r  r a d i u m  C  t h e y  

f o u n d  a  s im i l a r  e x t e n s i o n  o f  t h e  d i s t r i b u t i o n  c u r v e  t o  H p  1 6 ,0 0 0 . M a d g w ic k * *  

g iv e s  H p  5 0 0 0  f o r  t h e  e n d - p o i n t  o f  t h e  r a y  s p e c t r u m  o f  r a d i u m  E ,  a l t h o u g h  h is  

d i s t r i b u t i o n  c u r v e  w o u ld  j u s t i f y  c h o o s in g  a  s l i g h t l y  h i g h e r  v a lu e .  C h a m p io n  

(loc. cit.) f in d s  t h e  e n d - p o i n t  t o  b e  a b o u t  H p  5 5 0 0 , u s in g  m a g n e t i c  d e f le c t io n  

a n d  a n  e x p a n s io n  c h a m b e r .

* « Z. P h y s ik ,’ vo l. 17, p. 54 (1923).

t  ‘ A nn . P h y s ik ,’ vo l. 21, p. 609 (1906).

t  ‘ P h y s. Z .,’ vo l. 8, p. 361 (1 9 0 7 );  vol. 10, p. 929 (1909).

§ ‘ P roc. R o y . S o c .,’ A , v o l. 87, p. 487 (1912).

|| ‘ P h y s. R e v . ,’ v o l. 35 , p . 1559 (1930).

*[[ * P h ys. R e v .,’ vo l. 8, p. 574 (1916).

** c Proc. Camb. P h il. S oc .,’ vo l. 23, p. 982 (1927).
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The Maximum Energy of ft-Rays. 669

T a b le  V .

Observer.

Effective range (gm ./cm .2).

Paper. Alum inium . Copper. Tin. Lead.

H. W. Schmidt* ........... 0 -5 0 0 -4 8 0-4 7 0 -45
J. A. G ray! ................... 0 -477 — — — —
D ouglas! ...................... 0 -474 0 -460 0-432 0-395 0-354
G. H. Aston§ ............... — — — — 0 -4 0
Feather|| ....................... 0 -4 7 5 — — — —

W an gf ........................... 0 -47 — —

* ‘ Pliys. Z .,’ vol. 8, p. 3 6 i (1907); vol. 10, p. 929 (1909). 
f  ‘ Proc. R oy. Soc.,’ A , vol. 87, p. 487 (1912). 
j  ‘ Trans. Roy. Soc. Can.,’ I l l ,  vol. 16, p. 113 (1922).
§ ‘ Proc. Camb. Phil. Soc.,’ vol. 23, p. 935 (1927).
|| ‘ Phys. R e v .,’ vol. 35, p. 1559 (1930).
If ‘ Z. P hysik ,’ vol. 74, p. 744 (1932).

Thorium C".— C h a l m e r s ’ {loo. cit.) r a n g e  m e a s u r e m e n t s ,  0 * 7 9  g m . / c m . 2 in  

p a p e r  a n d  a lu m i n i u m , g iv e s  H p  7 2 0 0  f o r  t h e  e n d - p o i n t .  T h e  w r i t e r  h a s  o b t a i n e d  

a n  a b s o r p t i o n  c u r v e  i n  p a p e r  f o r  t h e  (3 -ray s  o f  t h o r i u m  C " ,  w h ic h  w a s  c a r r i e d  

o u t  u n t i l  t h e  t r a n s m i t t e d  i n t e n s i t y  w a s  3  p e r  c e n t ,  o f  t h e  i n i t i a l  o n e .  T h e  

in t e n s i t i e s  I  f o r  t h i c k n e s s e s  X  w il l  b e  g i v e n  e l s e w h e r e .  T h e s e  v a lu e s  w e re  

p l o t t e d ,  l o g a r i t h m  I  a g a i n s t  X ,  a n d  t h e  c u r v e  f i t t e d ,  b y  a d j u s t i n g  t h e  a b sc is sa e , 

t o  a  s im i l a r  o n e  f o r  t h e  (3 -ray s  o f  r a d i u m  E ,  o b t a i n e d  b y  D o u g la s  ( cit.).

T h i s  c a n  b e  d o n e  q u i t e  a c c u r a t e l y  s in c e  t h e  a b s o r p t i o n  c u r v e s  h a v e  t h e  s a m e  

s h a p e .  T h e  r a n g e  0 * 8 4  g m . / c m . 2 i n  p a p e r  i s  f o u n d  t o  b e  c o m p a r a b l e  w i t h  

0 - 4 7 5  g m . / c m .2 f o r  t h e  (3 -ray s  o f  r a d i u m  E .  T h e  c o r r e s p o n d i n g  e n d - p o i n t  

o f  t h e  s p e c t r u m  o f  t h o r i u m  C "  is  H p  7 5 5 0 , i n  f a i r  a g r e e m e n t  w i t h  C h a lm e r s .

R e c e n t l y  T e r r o u x  a n d  A l e x a n d e r  (loc. cit.) f in d  H p  9 4 0 0  t o  b e  t h e  e n d - p o i n t  

w i t h  a n  e x p a n s i o n  c h a m b e r .  T h is  m e t h o d  is  a p t  t o  g iv e  t o o  h ig h  a  v a lu e ,  

f o r  t h e  r e a s o n s  g iv e n  in  s e c t i o n  2 , a n d  a l s o  s in c e  a  f e w  r e c o i l  a n d  p h o t o e l e c t r o n s  

d u e  t o  t h e  y - r a y s  o f  2  • 6  X  1 0 6 v o l t s  a r e  a p t  t o  b e  in c l u d e d  w i t h  t h e  d i s i n t e g r a 

t i o n  e l e c t r o n s .

I n  a  r e c e n t  p a p e r ,*  C h a l m e r s  s u g g e s t s ,  a s  a n  e m p i r ic a l  r u le ,  t h a t  t h e  m a s s  

r a n g e  o f  a  (3- r a y  s p e c t r u m  is  g iv e n  b y  7 *5 p /p ,, w h e r e  p / p  is  t h e  m a s s  a b s o r p t i o n  

c o e f f ic ie n t .  T h is  is  s a t i s f a c t o r y  f o r  u r a n i u m  X 2, r a d i u m  B ,  r a d i u m  C , r a d i u m  

E ,  m e s o t h o r iu m  2  a n d  t h o r i u m  B . I t  is  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  r a n g e s f  

f o u n d  f o r  t h e  (3 -ray s  o f  a c t i n i u m  C " ,  t h o r i u m  C "  a n d  t h o r i u m  C , u s in g  t h i s

* ‘ Proc. Camb. P h il. S oc .,’ vo l. 28, p. 319 (1932).

t  Chalm ers (loc. cit.) con clu des th a t  th e  range of th e  fl-rays of actin iu m  C" should  be as  

low  as 0 -4 9  g m ./cm .2 through  choosing an  incorrect absorption  coefficient.

2  Y  2
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670

r u l e  a n d  t h e  g e n e r a l l y  a c c e p t e d  c o e f f ic ie n ts §  1 0 * 7 , 8 * 0  a n d  5 * 3 5  r e s p e c t iv e ly ,  

a r e  0  • 7 0 , 0  • 9 4  a n d  1 • 4 0  g m . / c m . 2. T h e s e  s h o u l d  b e  c o m p a r e d  w i t h  t h e  e x p e r i 

m e n t a l  o n e s ,  0 - 6 2 ,  0 * 7 9  o r  0 * 8 4 , a n d  0 - 9 8 .  T h e  e n d - p o i n t s  c o r r e s p o n d i n g  t o  

t h e  c a l c u l a t e d  v a lu e s  a r e  r e s p e c t i v e l y  H p  6 6 0 0 ,  8 2 0 0  a n d  1 1 ,0 0 0 .  T h is  a r g u e s  

a g a i n s t  t h e  e n d - p o i n t  o f  t h e  t h o r i u m  C "  s p e c t r u m  b e in g  a s  h i g h  a s  H p  9 4 0 0 , 

b u t  t h e  d i s a g r e e m e n t  o f  H p  1 1 ,0 0 0  w i t h  s i m i l a r  r e s u l t s  f o r  t h o r i u m  C  i n  T a b le  

V I  i s  v e r y  s t r i k i n g .  I t  s e e m s  d e s i r a b l e  t o  r e d e t e r m i n e  t h e s e  e n d - p o in ts .

T a b le  V I  c o n t a i n s  a  s u m m a r y  o f  t h e  e n d - p o i n t s  o f  (3 -ray  s p e c t r a ,  a s  d e t e r 

m i n e d  b y  t h e  t h r e e  p r i n c i p a l  m e t h o d s .  T h e  v a lu e s  i n  c o lu m n  2  w e r e  f o u n d  

f r o m  t h e  e f f e c t iv e  r a n g e s  o f  t h e  (3 -ray s . I n  o r d e r  t o  g iv e  u n i f o r m  v a lu e s  o f  

H p  i t  w a s  n e c e s s a r y  t o  d e c id e  o n  a  s e t  o f  r a n g e s  o f  h o m o g e n e o u s  (3 -ray s . T h e  

m e a n s  o f  V a r d e r ’s  a n d  M a d g w ic k ’s  v a lu e s  h a v e  b e e n  u s e d  t h r o u g h o u t ; t h i s  

g iv e s  g o o d  a g r e e m e n t  b e t w e e n  t h e  e n d - p o i n t s  o b t a i n e d  b y  t h e  r a n g e  a n d  

e le c t r i c a l  m e t h o d s .  T h e  o r d e r  o f  r e d u c t i o n  o f  t h e  i n i t i a l  i n t e n s i t y  o f  (3- r a y s ,  

f o r m in g  a n  e x t e n d e d  s p e c t r u m ,  b y  a n  a b s o r b i n g  s c r e e n  o f  t h i c k n e s s  e q u a l  t o  

t h e  r a n g e ,  is  a b o u t  t h e  s a m e  f o r  m a n y  o f  t h e  (3 -ray  b o d ie s  i n c lu d e d  i n  T a b le  V I .  

T h is  m in im iz e s  t h e  e f f e c t  o f  s t r a g g l i n g  a n d  m a k e s  t h e  r a n g e s  o f  t h e s e  b o d ie s  

c lo s e ly  c o m p a r a b l e  w i t h  e a c h  o t h e r .  I t  s e e m s ,  t h e r e f o r e ,  t h a t  t h e  r e l a t i v e  

v a lu e s  o f  t h e  e n d - p o i n t s  c o l l e c te d  h e r e  m u s t  b e  m o r e  a c c u r a t e  t h a n  t h e i r  §

B . W . Sargent.

T a b l e  V I .

Elem ent.

End-point.

Average
energy
(volts

x io -5)
Hp

Range
m ethod.

Hp
M agnetic
analysis.

Hp
Expansion
chamber.

Hp
“ Preferred.”

Energy  

(volts 

X 1 0 -5)

UXx ......... (1300) (1300) _ (1300) (1-3) _

u x 2 ......... 9250 (9000) — 9250 23-2 8-2
R aB ........... 3280 3470 — 3470 6-5 2-3
RaC ........... 12000 12000 — , 12,000 31-5 7-4
RaD ........... — — (650)* (650) (0-35)* —
RaE ........... 5100 5000 5500 . 5500 12-2 3-4
MsTh2 ....... 8350 6 8 0 0 | — 8350 20-5 5-6
ThB  ........... 2500 2330 — 2330 3-6 0 -89

ThC ........... 8450 8900 — 8900 22-0 8-0

ThC" ....... 7550 — 9400 7550 18-2 5-8
A cB  ........... (2100)f — — (2100) (3-0) —
AcC" ....... 6140 — 6140 1 4 0 4-8

* O. W. Richardson, ‘ Proc. Roy. Soc.,’ A , vol. 133, p. 367 (1931). 
t  Yovanovitch and d’Espine, 6 J. Phys. R ad .,’ vol. 8, p. 276 (1927).
% New  measurement, details of which are in  course of publication elsewhere. 
The values in brackets are regarded as less reliable than the others.

§ “ R eport of R adiu m  Standards C om m ittee,” ‘ P h il. M ag.,’ vol. 12, p. 609 (1931).
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The Maximum Energy of $-Rays. 671

a b s o lu te  v a lu e s  ; f o r  c o m p le te n e s s  a  n u m b e r  o f  v a lu e s *  f o r  t h e  a v e r a g e  e n e r g y  

in  t h e  s p e c t r u m  is  a l s o  in c lu d e d .

6. A Relation between the Disintegration Constant of a Body and the H

Energy Limit of its Spectrum.

W h e n  t h e  l o g a r i t h m s  o f  t h e  d i s i n t e g r a t i o n  c o n s t a n t s ’̂  a r e  p l o t t e d  a g a i n s t  

t h e  l o g a r i t h m s  o f  t h e  m a x i m u m  e n e r g ie s  e m i t t e d  i n  t h e  (3 -ray  s p e c t r a ,  f ig . 2 , 

i t  is  s e e n  t h a t ,  w i t h  t h e  e x c e p t i o n  o f  a t i n i u m  B ,  t h e  t w e l v e  (3 -ray  b o d ie s  g iv e n

O 3

4*3 3-0 3-5 6 0  6*5 7 0

Lo g  £/T£r g y

F ig . 2.

i n  T a b le  V I  f a l l  i n t o  t w o  d i s t i n c t  g r o u p s .  ( T h e  s a m e  g r o u p i n g  is  o b t a i n e d  i f  

t h e  m a x i m u m  e n e r g y  is  r e p l a c e d  b y  t h e  a v e r a g e  e n e r g y  e m i t t e d  i n  e a c h  

s p e c t r u m .)

G r o u p  I . — R a D ,  U X 1? T h B ,  R a B ,  A c C " ,  T h C "  a n d  U X 2.

G r o u p  I I . — R a E ,  M s T h 2 ,  T h C  a n d  R a C .

W i t h  t h e  e x c e p t i o n  o f  u r a n i u m  X 2 t h e  o n e s  in  G r o u p  I  a r e  t h e  f i r s t  (3 -ray  

m e m b e r s  o f  t h e  a (3(3a s e q u e n c e s  a n d  t h o s e  o f  t h e  a(3a(3 s e q u e n c e s .  G r o u p  I I  

c o n t a i n s  t h e  s e c o n d  (3 -ray  m e m b e r s  o f  t h e  a (3 (3a s e q u e n c e s .  ( W h i le  t h e  e n d 

p o i n t  o f  t h e  s p e c t r u m  o f  a c t i n i u m  B  is  r a t h e r  u n c e r t a i n ,  i t  d e f in i te ly  lie s  o ff

* Sargent, ‘ Proc. Camb. P h il. S oc .,’ vo l. 24, p. 538 (1932).

t  For thorium  C account has been tak en  of th e  fact th a t on ly  65 per cent, of the atom s  

em it [3-ravs.
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672 The Maximum Energy of ft-Rays.

t h e  c u r v e .  P e r h a p s  a  t h i r d  c u r v e  s h o u l d  b e  a d d e d  f o r  a c t i n i u m  B  a n d  a c t i n i u m  

C " . )  I t  is  i n t e r e s t i n g  t o  n o t e  t h a t  i f  t h e  m a x i m u m  e n e r g y  o f  t h e  t h o r i u m  C  

s p e c t r u m  is  r e a l l y  2 * 5  i n s t e a d  o f  2 * 2  m i l l i o n  v o l t s  t h e  a g r e e m e n t  i n  f ig . 2  is  

i m p r o v e d .  S l i g h t  e v id e n c e  a l r e a d y  g iv e n  i n d i c a t e s  t h a t  t h i s  e x p e r im e n t a l  

v a lu e  is  t o o  lo w .  I f  t h e  r e l a t i o n  i n d i c a t e d  i n  f ig . 2  a p p l i e s  t o  a l l  (3 -ray  b o d ie s  

t h e n  t h e  e n d - p o i n t s  o f  a d d i t i o n a l  s p e c t r a  m a y  e a s i ly  b e  f o u n d  f r o m  t h e i r  d e c a y  

c o n s t a n t s .  F o r  e x a m p l e ,  r a d i u m  C "  w o u ld  b e  e x p e c t e d  t o  h a v e  a n  u p p e r  

l i m i t  o f  e n e r g y  a t  2 * 2  m i l l i o n  v o l t s .

C e r t a i n  s im i l a r i t i e s  t e n d  t o  s e p a r a t e  t h e  [3 -ray  b o d i e s  i n t o  g r o u p s  a s  s h o w n  

h e r e .  F o r  i n s t a n c e ,  r a d i u m  C  a n d  t h o r i u m  C  s t a n d  a t  t h e  b e g in n in g  o f  

b r a n c h e s .  T h e  s p e c t r a l  d i s t r i b u t i o n  o f  r a d i u m  C  is  r a t h e r  u n l i k e  t h a t  o f  m o s t  

o t h e r  (3 -ray  s u b s t a n c e s .  T h e  d i s t r i b u t i o n  c u r v e *  o f  i t s  d i s i n t e g r a t i o n  e le c t r o n s  

w i t h  m o m e n t u m  h a s  a  m a x i m u m  a t  H p  2 6 0 0  a n d  t h e n  e x t e n d s  a s  f a r  a s  H p  

1 2 ,0 0 0 .  T h is  g e n e r a l  r e s u l t  c o u ld  h a v e  b e e n  i n f e r r e d  lo n g  a g o  f r o m  a b s o r p t i o n  

m e a s u r e m e n t s ,  s in c e  i t  w a s  f o u n d  t h a t  t h e s e  [3 -ray s  w e r e  n o t  a b s o r b e d  e x 

p o n e n t i a l l y  i n  a l u m i n i u m  w i t h  a  s i n g l e  a b s o r p t i o n  c o e f f ic ie n t  b u t  a t  l e a s t  tw o  

e x p o n e n t i a l  t e r m s  w e r e  n e c e s s a r y .  S i m i l a r  i n f o r m a t i o n  a b o u t  t h e  d i s t r i b u t i o n  

o f  t h e  (3 -ray s  o f  m e s o t h o r i u m  2  c a n  b e  i n f e r r e d  f r o m  a b s o r p t i o n  m e a s u r e m e n t s  

b y  H a h n  a n d  M e i tn e r ,  t  T h e s e  i n d i c a t e  t h a t  m a n y  s lo w  e le c t r o n s  a r e  e m i t t e d  

a n d  t h e  f a s t  o n e s  f o r m  a  t a i l  t o  t h e  d i s t r i b u t i o n  c u r v e .  I n  t h i s  r e s p e c t  m e s o 

t h o r i u m  2  is  s i m i l a r  t o  r a d i u m  C  a n d  is  e x p e c t e d  t o  b e lo n g  t o  t h e  s a m e  g r o u p .

A  c o m p a r i s o n  o f  t h e  r e l a t i o n  h e r e  s u g g e s t e d  w i t h  t h e  G e i g e r - N u t t a l l  r u l e  f o r  

a - p a r t i c l e s  i s  i n t e r e s t i n g .  T h e  a - p a r t i c l e s  h a v e  e n e r g ie s  b e tw e e n  4  a n d  8 * 8  

m i l l io n  e l e c t r o n  v o l t s  w h i le  t h e  t r a n s f o r m a t i o n  c o n s t a n t  X ( s e c .- 1 ) r a n g e s  

f r o m  a b o u t  1 0 10 t o  1 0 -1 8 . I f  t h e  G e i g e r - N u t t a l l  r u l e  is  e x p r e s s e d  a s  X cc 

( e n e r g y )*  w e  f i n d  t h a t  x  v a r i e s  f r o m  6 5  t o  1 0 0 . T h e  m a x i m u m  e n e r g ie s  o f  

t h e  (3 -ray  s p e c t r a  r a n g e  f r o m  3 5 ,0 0 0  t o  3 ,1 5 0 ,0 0 0  v o l t s ,  w h i le  t h e  t r a n s f o r m a t i o n  

c o n s t a n t  v a r ie s  f r o m  1 0 - 2  t o  1 0 ~ 9. F o r  t h e  c u r v e s  o f  f ig . 2 , x  l ie s  b e tw e e n  3  

a n d  7 . A t  p r e s e n t  t h e  s ig n i f ic a n c e  o f  t h i s  g e n e r a l  r e l a t i o n  is  n o t  a p p a r e n t .

I n  c o n c lu s io n ,  t h e  w r i t e r  w is h e s  t o  e x p r e s s  h i s  t h a n k s  t o  D r .  J .  A . G r a y ,  

F . R . S . ,  a n d  D r .  C . D .  E l l i s ,  F . R . S . ,  f o r  t h e i r  k i n d  i n t e r e s t  i n  t h i s  w o rk ,  t o  M r. 

C . W . C l a p p ,  B .S c . ,  f o r  p r e p a r i n g  t h e  v e r y  a c t i v e  s o u r c e  r e q u i r e d ,  a n d  t o  

P r o f e s s o r  D .  M . J e m m e t t  f o r  p e r m is s i o n  t o  c a r r y  o u t  t h e  e x p e r i m e n t s  in  o n e  

o f  t h e  E n g i n e e r i n g  L a b o r a t o r i e s  a t  Q u e e n ’s U n i v e r s i t y .

* G urney, ‘ P roc. R o y . S o c .,’ A, v o l. 109, p . 540 (1925).

t  ‘ P h y s. Z .,’ v o l. 9, p. 321 (1908).
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The Arc Spectrum of Rubidium. 673

Summary.

T h e  r a n g e  o f  t h e  [3 -ray s  o f  u r a n i u m  X 2 w a s  f o u n d  t o  b e  1 - 1 0  g m . / c m .2 in  

c a r b o n  a n d  i n  a l u m i n i u m .  T h e  c o r r e s p o n d i n g  e n d - p o i n t  o f  i t s  s p e c t r u m  is  

2 - 3 2  m i l l io n  v o l t s .  A  s e a r c h  w a s  m a d e  f o r  (3 -ray s  o f  v e r y  h i g h  e n e r g y ,  b u t  

n o n e  w e re  f o u n d .  I t  w a s  e s t i m a t e d  t h a t  u r a n i u m  X  e m i t s  le s s  t h a n  o n e  (3 -ray  

f o r  3  m i l l io n  v o l t s  e n e r g y  i n  6 5 0 0  n o r m a l  o n e s  a n d  le s s  t h a n  o n e  (3 -ray  o f  7 

m i l l i o n  v o l t s  e n e r g y  i n  1 5 ,0 0 0  n o r m a l  o n e s .

C o l le c te d  r e s u l t s  f o r  t h e  h i g h  e n e r g y  e n d - p o i n t s  a n d  a v e r a g e  e n e r g ie s  o f  

tw e lv e  (3 -ray  s p e c t r a  a r e  g iv e n .  W h i l e  t h e  a b s o l u t e  d e f i n i te n e s s  o f  t h e  e n d 

p o i n t  o f  a  (3 -ray  s p e c t r u m  c a n  n e v e r  b e  p r o v e d  e x p e r i m e n t a l l y ,  m a n y  e x p e r i 

m e n t s ,  d e s ig n e d  t o  d e t e r m i n e  i t s  v a l u e  a n d  t o  s e t  a n  u p p e r  l i m i t  o n  t h e  f r a c t i o n  

o f  (3 -ray s  t h a t  h a v e  g r e a t e r  e n e r g ie s ,  i n  p a r t i c u l a r  c a s e s ,  a f f o r d  a  s t r o n g  i n d i c a 

t i o n  t h a t  t h e  e n d - p o i n t  i s  o n e  o f  t h e  c h a r a c t e r i s t i c s  o f  t h e  s p e c t r u m .  A n  

a p p a r e n t  r e l a t i o n  b e t w e e n  t h e  t r a n s f o r m a t i o n  c o n s t a n t  a n d  t h e  m a x i m u m  

e n e r g y  e m i t t e d  i n  t h e  (3 -ray  s p e c t r u m  is  p o i n t e d  o u t .

The Hyper fine Structure of the Lines of the Arc Spectrum of

Rubidium .

B y  D . A . Ja c k s o n .

( C o m m u n ic a te d  b y  F .  A . L i n d e m a n n ,  F . R . S . — R e c e iv e d  D e c e m b e r  12 , 1 9 3 2 .)

T h e  s t r u c t u r e  o f  t h e  l in e s  o f  t h e  a r c  s p e c t r u m  o f  r u b i d i u m  w a s  i n v e s t i g a t e d  

w i t h  a  r e f le x io n  e c h e lo n  g r a t i n g  o f  h i g h  r e s o lv in g  p o w e r ,  t h e  l i g h t  s o u r c e  b e in g  

a  t u b e  c o n t a i n i n g  h e l i u m  n e o n  m i x t u r e  a t  a b o u t  \  m m . p r e s s u r e  a n d  a  s m a l l  

q u a n t i t y  o f  r u b i d i u m  ; t h i s  t u b e  w a s  f i t t e d  w i t h  e x t e r n a l  e le c t r o d e s  a n d  

e x c i t e d  w i t h  a n  o s c i l l a to r  o f  v e r y  h i g h  f r e q u e n c y .  T h e  tw o  r e s o n a n c e  l in e s —  

7 9 4 7  a n d  7 8 0 0 — w e r e  f o u n d  t o  p o s s e s s  t h e  s a m e  f in e  s t r u c t u r e ,  a n d  e a c h  

p o s s e s s e d  f o u r  c o m p o n e n t s :  a t  0 - 0 0 ,  — 0 - 0 9 ,  — 0 * 1 9  a n d  — 0 * 2 3  c m . - 1 ; 

t h e  t w o  o u t e r  c o m p o n e n t s ,  0 * 0 0  a n d  — 0 * 2 3  c m . - 1 , a r e  w e a k  a n d  t h e  t w o  i n n e r  

c o m p o n e n t s  a r e  s t r o n g .  T h e  l in e s  4 2 1 5  a n d  4 2 0 1  w e re  f o u n d  t o  p o s s e s s  t h r e e  

c o m p o n e n t s  ; a t  0 * 0 0 , — 0 * 0 9  a n d  — 0 - 2 0  c m . - 1 . T h e  l in e  a t  t h e  l a t t e r  p o i n t  

w a s  s l i g h t l y  b r o a d e n e d .  T h is  w a s  p r e s u m e d  t o  c o r r e s p o n d  t o  t h e  s a m e  

s t r u c t u r e  a s  t h a t  o b s e r v e d  i n  t h e  r e s o n a n c e  l in e s ,  t h e  b r o a d e n e d  l in e  c o r r e 

s p o n d in g  t o  — 0 * 1 9  a n d  — 0 * 2 3  u n r e s o lv e d .  T h is  o b s e r v e d  s t r u c t u r e  is
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