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ABSTRACT. lM!>t iiciitroiis from a U)(> niilligram ( K a a -f  H e) source have been ust.l 
(o i.t-ocliice (II. II) reactions in S ‘-= ami 1’ ”̂ . 1’lic radioactive end products of the reactions 
|"-i days) 111 the case of .S'-’, aiidSi" ( 7 ^ 1 7 0  min.) in the case of P"', .serve .o
indicators of the reactions. Hy the principle of ‘thre.shold detector’, the initial radioactivit\ 
of llie end prodiid in each case is a measure of the average cross section of the (n, p)-re.u 
tion ovei a narrow hand of neutron-energy between the threshold of the reaction and the uppu 
limit of the effective neutron-energy for capture. The saturation conditions of irradiation and 
measurement ate found out by elaborate preliminary experiments. The initial acliviiv, 
measuiefi in this way by a G.M. counter umlcr fixed geometry, comes out to he 3b7 counts p< i 
2 nuns for .S'-’ and 240 counls/2 mins, for P “ . Various corrections for chemical or isotopu 
composition of the samiile. self absorption of ^  rays, non-saturation of activity etc. are applied 
'file ratio of lel.itive cioss .sections of (n. p) reaction for .S® to 1 ’'" is finally obtained asr,-2  
with a probable error of aliout 1 0 'J’his agrees reasonably well with the r a t i o 2 -.w' 
obtained hy (.'oheii with much higher energy of ia.st neutruiis. Importance of works on tlicM 
lines for the interpretation of high energy excitation states of nuclei is discussed.

30

I N  T  R  O D U  C T  1 U N  

Nuclear reaclioits xvith  fast u c u lr o t is  :

Tti (inler to explore the structure of nuclear energy levels in the region oi 
excitation energie.s higher thati 8 JVlcv. recourse has to he taken primarily to 
rcactiotis with fa.st neutrons. I'he ])osition here is, however, somewhat mote 
eomidicated than in the reactions with slow nettlrons. In the fast neutron 
reactions, the resonance capture of the neutrons, so common with the capture 
of .slow neutrons in heavy tinclei, is comparatively rare dite to the over-lajipiu,:; 
of the highly excited states of the eomjtound tiueleus. The cross section ol 
fast neutron reactions, therefore, would he .small. lint here there are chance  ̂
of .snffieient excitation energy lieing available to the nucleus for the emission <4 
a second ]wirticle after the first jiarticle has been emitted ; more than one excited 
state of the compound nucleus and more than one state of the residual nucleu-' 
are likely to contrilmle to the reaction yield. Thereby  ̂ the cross .section of tin 
neutron rcactiotis may he .sometimes considerably enhanced. The study of thi- 
reaction is also facilitated in favourable cases if the re.sidual nucleus is radio 
active.

On account of the .strong short range forces existing betw'een the constitueiV 
particles of a nucleus, it can lie treated as a condensed pha.se of its constituent.'- 
As in a liquid drop, or in a .solid Ixidy, an excited state of such a nucleus formed
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' tli(* a f) s o r p t io n  o f  a n  i n c ic l d it  p a r t ic le  c 'a n iio t  b e  fa r  r e m o v e d  fr o m  its  o rij^ in a l  

i .und s la t e ,  y e t  it m a y  p o s s e s s  a n  e x c it a t io n  e n e r j^ y  l a r ^ e  en o u i^h  fo r  th e  s n b s e -  

<1 . nt e m is s io n  o f  a  s i n g l e  p a r t ic l e .  T h e  c o m p o n n d  n u c le u s  th u s  fo r m e d  h a s  t h e r e -  

f !T a  f a i r l y  l o n g  l i fe  a n d  is  a  d is t in c t  in t e r m e d ia t e  s t a g e  in  the* n u c le a r  reaeti<»n. 

p .  sta te  a n d  d e c a y  a r e  in d e p e n d e n t  o f  th e  in it ia l  p r o c e s s  o f  its  f o r m a t io n . 1 " h i s  

l^ a tu re  w il l ,  h o w e v e r ,  b e  s t r i c t l y  t r u e  w h e n  a  s in g le  ( |u a n tn n i s t a t e  o f  th e  c o m p o u n d  

i . d e n s  h a s  b e e n  f o r m e d .  W h e n  a  fa s t  in c id e n t  [> a rtic le  is  a b s o r b e d  in  th e  n u c U a is , 

4 ij) e r p o s it io n  o f  s e v e r a l  s t a t i o n a r y  s t a t e s  o f  a  h i g h l y  e x c i t e d  c o m p o u n d  n u c le u s  

may n \ s u lt  ; th e  c o u r s e  o f  t h e  n u c l e a r  p r o c e s s  m a \  th<Mi d e p e n d  s t r o n g l y  on  th e  

t(N ative p h a s e s  o f  th e  s t a t e s  a n d  m a y  n o t l>e in d e p e ild e n t  o f  th e  in it ia l  ] )ro e e s s  

e x c it a t io n .  B o h r ’s m e t h o d  o f  c a lc u la t io n  m a y  n o t  1)c s t r ic t ly  a ])p lie a h le  in  

Ûs'h a  c a s e . I f ,  h o w e v e r ,  th e  d e n s it y  o f  s t a t e s  o f  t h e  c o in ]io u n d  m ie le u s  is  v e r y  

Indli, so  t h a t  t h e i r  w i d t h s  o v e r l a p  e a c h  o t h e r  s t r o n g l y ,  a  g r e a t  m a n y  s ta te s  c a n  

Im' e x c it e d  s i m u l t a n e o u s l y  b y  th e  in c id e n t  ix ir t ic le .  T h i s  p h a s e  r e la t io n  o f  th e  

stales m a y  h e  iie a rh ^  a t  r a n d o m  a n d  th e  r e s u lt in g  ])ro e e s s  a g a in  a lm o s t  

iii(lr])cn d en t o f  th e  w a y  o f  e x c i t a t i o n .  I n  s u c h  a  e a s e  c la s s ic a l  c o n s id e r a t io n s  m a y  

a isn ii I)e j u s t i f i ( ‘d . I n d e e d ,  a  s t a t is t ic a l  m e th o d  a s s u m i n g  th e  e x is t e n c e  o f 

a v e r a g e  v a l u e s  o f  c e r t a i n  m a g n i t u d e s  o v e r  s t a t e s  w it h i n  n o t lo o  w 'id e  in t e r v a l  

o f e x c i t a t i o n - e n e r g y  m a y  th e n  h e a i)]) lie d . W e i s s k o ] T  ( P M 7 ) lia s  s h o w n  th a t  

^vitllm  th e  l im it s  o f  v a l i d i t y  o f  tlie  s t a t is t ic a l  c o u s id e r a t io n s  d is c u s s e d  ahr-^ve, t h e  

nT>ss s e c t io n  o f  a  n o n - r e s o n a n c e  p r o c e s s  (a, l>) p r o d u c e d  h y  th e  f a s t  p a r t ic l e s  c a n  

Pe ta k e n  to  b e  (^f th e  f o r m  :

r(a, b) (1)fTorfh; r)h

w lie re  o-a is  t h e  c r o s s  s e c t io n  f o r  th e  f o r m a t io n  o f  th e  C fvm p o u n d  n u c le u s  lyv th e  

c a p a tu r e  o f  th e  p a r t ic l e  a a n d  T̂ h is  th e  r e l a t i v e  j^ m h a h ility  fo r  th e  e m is s io n  o f  

th(' p a r t ic le  h f r o m  th e  c o m ]) o u iu l  n u c k a is .  T h e  q u a n t it y  7]u is  th e  r a t io  o f tht* 

r u e r a g e  ( o v e r  a ll  e n e r g y  s t a t e s )  ])a r tia l  w id t h  7"h f o r  th e  e in is M o n  o f  /y to  th e  

a v e r a g e  t o t a l  w i d t h  A  f o r  a ll  k in d s  o f  p a r t ic le s .  B a s e d  o n  th e  a b o v e  m o d e l,  

W e i s s k o p f  h a s  g i v e n  th e  m e t h o d  o f  c a l c u l a t i n g  th e  a y » p r o x im a t( ‘ c r o s s  s e c t io n s  o f  

fast n e u t r o n  r e a c t i o n s  l ik e  ( n ,  p )  f n ,  n ) ,  ( n , 2 i i )  ) e tc . C o n f i n i n g  o u r  d i s c u s 

sio n s to  r e a c t io n s  w i t h  h i g h  e n e r g y  n e u t r o n s  a lo n e  a s  th e  in c id e n t  j> a r lic le , it  is  

c le a r th a t

c7a=*o'D£i7rr® .......... (2)
w h e r e  r is  th e  n u c l e a r  r a d iu s .  T h e  p r o c e s s  w h ic h  m a y  now^ r e s u lt  a f t e r  th e  

f lis in te g r a tio n  o f  th e  c o n i|x ) u n d  n u c le u s  c a n  h e r e a c t io n s  o f th e  tyf>e ( n .  t> ), ( t i ,  n ) ,  

(^1. 2 n ) ,  ( n ,  y )  a n d  ( n , a . ) ,  w h ic h  a r e  l ik e ly  to  c o m p le te  wa'th e a c li  o t h e r  in  

a c c o r d a n c e  w i t h  th e  r e l a t i v e  p r o b a li i l i t ie s  o f  th e s e  p r o c e s s e s .

f i l e  ( n ,  ]))  r e a c t io n s  a r e  e n d o t h e r m ic  in c h a r a c t e r  c'lnd c a n  t a k e  ]) la c e  o n l y  

'̂o’ th fa s t  n e u t r o n s .  T h e y  a r c  g e n e r a l l y  le s s  ])ro h a h le  th a n  th e  ( n ,  n )  r e a c t io n s  

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

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

c lo se ly  l y i n g  e n e r g y  s t a t e s  o f  h ig h  e x c it a t io n  e n e r g y  a n d  t h e ir  c r o s s  s e c t io n  w o u l d  

be o f m e a s u r e a b l e  v a l u e  o n l y  i f  n e u t r o n  e n e r g ie s  o f  s e v e r a l  M e v  a b o v e  th e  t h r e s h o ld
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e n e r g y  o f  t h e  r e a c t io n  a r e  e m p lo y e d , s in c e  th e  o u t g o i n g  p r o t o n  w o u l d  n e e d  ih?' 
m u c h  o f  e n e r g y  to  p e n e t r a t e  th e  p o te n t ia l  b a r r i e r .  Tf t h e  in c i d e n t  n c titrn  

e n e r g y - - s u r p lu s  ov(t  th e  th r e s h o ld  is  l a r g e  c o m p a r e d  to  t h e  n u c l e a r  t e m p e r a t u n  

r ,  th e n  th e  p r o c e s s e s  l ik e  (n, 2 n) s h o u ld  h e  t h e  d o m in a n t  f e a t u r e  a n d  t1i 

c r o s s  s e c t io n  f o r  th e  Tn, 2 n )  r e a c t io n  w o u l d  n e a r l y  b e  e q u a l  to  T h e  ( n ,  a\ 
r e a c t io n s  h a v e  a n  e x t r e m e l y  s m a ll c r o s s  s e c t io n  in  th e  h e a v y  n u c le i  a n d  i -  

g e n e r a l  t h e ir  v a h t e s  w il l  b e  s m a ll e r  th a n  th o s e  f o r  th e  f n ,  p )  r e a c t i o n s  1:>ecause  

th e  h i g h e r  p o t e n t ia l  b a r r i e r  f o r  th e  o u t g o i n g  a - p a r t i c l e .  F u r t h e r ,  th e  simpi^^ 

c a p t u r e  o f  th e  n e u t r o n s  le a d in g  to  r a d i a t i v e  p r o c e s s e s  l ik e  T n , y )  s h o u ld  al . 

p o s s e s s  V (‘r y  s m a ll  c r o s s  s e c tio n  a t n e u t r o n  e n e r g i e s  e x c e e d i n g  1 M e v ,  w Ikmn 

t lu ‘ c r o s s  s e c tio n  f r ( n ,  u') f o r  in e la s t ic  s c a t t e r i n g  o f  n e u t r o n s  b e c o m e s  c o n s id e ra b l<  

T h e  s m a ll  c h a n c e  o f  o c c u r r e n c e  o f  th e  a n d  f n ,  y )  r e a c t i o n s  w i t h  fa -t

n e u t r o n s  in  m e d iu m  h e a v y  n u c le i  c a n , t h e r e f o r e ,  b e  a lm o s t  l e ft  o u t  o f  a c c o u n t  

in  th e  r a ! i g e  o f  n e u tr o n  e n e r g ie s  in  w h ic h  th e  (n, p ') r e a c t io n  h a s  g e n e r a l b  a 

l a r g e  c r o s s  s e c t io n . T lu *  f n ,  2 1 0  r e a c t io n  a ls o  d ries nr»t co m T ie te  s e r i o u s l v  w illi  

th e  f n ,  ]>) r e a c t io n ,  w h e n  th e  e n e r g y  o f th e  ncM itro n s e m p l o y e d  is  n o t  m o r e  lliaii 

a f e w  AT(*v a b o v e  th e  th r e s h o ld  e n r -r g y  o f  th e  f n ,  p )  r e a c t io n .

F x f K ‘r i in e n t s  h a v e  b e e n  p e r fo r m e r l  b y  fe n s e n  0 ^ 4 4 ) ,  D u n l o p  a n d  T ittlr 

n ^ 4 1 ) ,  C o b e n  n o 5 n  a n d  o t b e r s  w h o s e ’ r e s u lt s  c a n  b e  n sc ’d  to  v i T i f v  tin 

c o n c lu s io n s  o f  W e i s s k o p T s  t h e o r y  a n d  to  rib ta in  a p p r o x i m a t e  d a ta  o n  tlm 

s t r u c t u r e  o f  th e  e n e r g y  l e v e ls  in  th e  h ig h  e n e r g y  r e g i o n s  in  s o m e  n u c le i .  Tin* 

in v e s t i g a t i o n s  a r c  still in  th e  in it ia l  s t a g e s .  Tn m o s t  o f  tlic.se w o r k s ,  h o w e v e r ,  

h ig h  e n e r g y  n e u t r o n s  p r o d u c e d  b v  c v c l o l r o n - a c c e l e r n t e d  d e u t e r o n s  h a v e  been  

u s e d . A l l h o u g l i  n e u t r o n s  o f  m o r e  o r  le s s  c o n t r o l le d  e n e r g y  c a n  b e  p r o d u c e r !  b\ 

t h is  m e th o d , th e  u p p e r  lim it  o f  th e  n e u t r o n  e n e r g y  s i> e e tru m  g e n e r a l l v  o b t n iiu 'l  

in  t h is  w a y  is  q u it e  h ig h  f v i d e  C o h e n . 1 9 5 1 , f i g u r e  I V  C o n s e q u e n t l v  th e  Tn , u'l 

r e a c t io n s  p r o d u c e d  b y  th e s e  n e u t r o n s  a r e  v e r y  o ft e n  c o m p l ic a t e d  b v  o t h e r  tvp e^  

o f  r e a c t io n s  l ik e  f n ,  2 n V  D i,  a  n )  e t c .,  t a k i n g  p la c e  s i m u l t a n e o u s l y .  ^ V r

p r o p o s e ,  t h e r e fo r e ,  to  u s e  th e  f a s t  n e u t r o n s  f r o m  a 1 0 0  in g m  r R a a - j - F e " )  n e u tro n  

s o u r c e  a v a i l a b l e  in  t h is  l a b o r a t o r y  to  s t u d y  s o m e  ( n , p )  r e a c t i o n s  Mu'th fast 

n e u t r o n s .  T h e  u p p e r  l im it  o f  th e  n e u t r o n  e n e r g y  s p e c t r u m  f r o m  s u c h  a  so u rce  

IS a b o u t 11 M e v  ( T e u c h e r ,  1 9 4 9 ) a n d  th e  s p e c t r u m  h a s  a  f la t  m a x i m u m  o v e r  

th e  r a n g e  a b o u t  2  to  4 .5  A T e v . W i t h  t h e s e  a v e r a g e  e n e r g i e s  o f  t h e  f a s t  n e u tr o n s ,  

r e a c t io n  t y p e s  f n ,  2 n ) ,  ( n , a )  e t c .,  a r e  n o t  l i k e l y  to  o c c u r  w i t h  a n y  a p p r e c ia b le  

in t e n s it ie s ,  w h e r e a s ,  th e  f n ,  p )  r e a c t io n s  a r e  e x p e c t e d  t o  h e  t h e  p r c d o m in n n l  

f e a t u r e  in  th e  m e d iu m  h e a v y  n u c le i,  f o r  w h i c h  th e  f n ,  p )  r e a c t io n  th r e s h o M  

g e n e r a l l v  lie s  b e t w e e n  1 a n d  2 .5  A T e v . T h e  a v e r a g e  c r o s s  s e c t io n  o f  f n .  

r e a c t io n s  in th e s e  n u c le i  c o u ld  th ( ‘r e f o r e  h e  s t u d ie d  w i t h  c o m p a r a t i v e l y  sim ]>le  

te c h n iq u e ,  a s  e x j) la in e d  b e l o w ,  w h e n  a  F a ir ly  s t r o n g  ^ R a a - f * B e )  n e u t r o n  s o u r c e  

w a s  e m p lo y e d .

ATETII OD OF T H R K S I I O b D  D E T E C T O R S
I n  th e  c a s e s  w h e r e  th e  f n ,  p )  r e a c t io n s  in  th e  n u c le i  l e a d  to  r a d io a c t iv e  

b o d ie s ,  t h e  r e l a t i v e  c r o s s  s e c t io n  o f  th e  p r o c e s s  c a n  b e  d e t e r m i n e d  b y  t h e  m e th o d
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th r e s h o ld  d e t e c t o r s .  F o r  t h is  a  t a r g e t  m a t e r ia l  is  c h o s e n  w h ic h  h e c o in c s  

i ,.,iu )a c tiv e  o n  a b s o r b i n g  n e u t r o n s  o f  e n e r g ie s  a b o v e  a  c e r t a in  th r e s h o ld  v a lu e  

/' a n d  s u b s e q u e n t l y  e m it s  a  y - q u a n t u i i i ,  a  p r o t o n  o r  a n  a - p a r t ic le .  I t  is  

{im portant t h a t  th e  t a r g e t  n u c le i  a r e  g i v e n  a n  e q u ilil)r iu n i e x p o s u r e  to  th e  

II' atron s o u r c e . .  I f  th e  n e u t r o n s  f r o m  th e  s o u r c e  p o s s e s s  th e  j> ro p e r th r e s h o ld  

f iK 'r g y  E i  a n d  a  w i d e  s p e c t r u m  e x t e n d i n g  u p  to  t h e  m a x i m u m  e n e r g y  Em 
{]an a s s u m i n g  t h a t  t h e r e  is  n o  d i s c o n t i n u i t y  in  th e  c a p t u r e  c r o s s  s e c tio n  f o r  

a c tiv a tio n  in  t h is  r e g io n ,  t h e  t o ta l  in it ia l  a c t i v i t y  p r o d u c e d  c a n  h e w r it t e n  a s

I  Em
no. a(E). F ( E ) .  dE

Et

\\\wrc no is  t h e  n u m b e r  o f  n u c le i  o f  th e  s p e c ie s  to  b e  a c t iv a t e d  l>y th e  n e u t r o n s  

in (lie t a r g e t  ; cr {E) ^a  ( n ,  p )  d e n o t e s  th e  c r o s s  s e c tio n  o f  th e  ( n ,  p )  

re a ctio n  f o r  t h e  n e u t r o n s  o f  e n e r g y  E.  to  w h ic h  th e  a c t i v i t y  is  d u e ,

I'\ It) is  th e  n e u t r o n  f l u x  in  th e  e n e r g y  r a n g e  E  a n d  E-]-dE.  T h e  

I he a v e r a g e  c r o s s  s e c t io n  o f  th e  ( n ,  p )  r e a c t io n  b e t w e e n  E i  a n d  Em 
can th u s  b e  e s t im a t e d  b y  m e a s u r i n g  th e  s a t u r a t io n  a c t i v i t y  A  o f  th e  d e t e c to r ,  

it th e  f lu x  F ( E )  a n d  t h e  f a s t  n e u t r o n  e n e r g y  s p e c t r u m  o f  th e  s o u r c e  a r e  k n o w n ;

can l)e determined from the energy lialance of the (n, j>) reaction under 
(jiicstion. If, however, the neutron flux and the energy s]w?ctrum of the sourcâ  
are not absolutely known l)Ut remain constant, then careful measurements of 
ihe initial saturation activity of several detectors under strictly comparable 
gef)nietricah conditions are expected to give relative cross sections of the (n, p) 
reactions in the detector nuclei. Such studies of the variation of o' (n,p) from 
element to element is expected to give useful information about the density of 
energy levels in the region of high excitation energy for these elements.

E X P E R I M E N T A L  D E T A I L S

S a m p l e s  o f  a c t i v e  m a t e r i a l  w e r e  p la c e d  a s  c o a x i a l  c y l i n d e r s  j u s t  o u t s id e  

a i S - r a y  G .  M .  c o u n t e r  ( 0 .1  m m . t h i c k  c o p p e r  w a l l ) .  P u r e  r e p r e c ip it a t e d  

f lo w e r  o f  s u l p h u r  w a s  e x p o s e d  to  n e u t r o n s  f r o m  th e  1 0 0  m g n i  ( R a a - f - P ^ )  s o u r c e ,  

A lte re d  t h r o u g h  a b o u t  1 m m  o f  c a d m iu m . F o r  p h o s p h o r u s ,  a m m o n iim i- d ih y d r o g e n -  

p h o s p h a te  w a s  u s e d .  I d e n t i c a l  g e o m e t r y  o f  i r r a d i a t i o n  to  th e  n e u t r o n  s o u r c e  w a s  

e m p lo y e d  t h r o u g h o u t .  R a d i o - a c t i v e  ir»P ‘̂ ^ o f  m e a n  h a lf - l i f e  1 4 .2  d a y s  w a s  

o b ta in e d  b y  t h e  ( n ,  p )  r e lic t io n  in  a n d  l i k e w i s e  i^Si**'^ o f  h a lf - l i f e  1 7 0  m in .

w a s  o b t a in e d  f r o m  l u  b o t h  th e  c a s e s  th e  t h r e s h o ld  e n e r g y  o f  th e  ( n ,  p )

re a c tio n  w a s  a l) o u t  1 M e v .  I n  th e  c a s e  o f  P*^^, a n  a d d it io n a l  s h o r t  p e r io d  

rw tiv ily  s e e m s  to  h a v e  d e v e l o p e d  ( v i d e  f i g u r e  2 ) ,  a p p a r e n t l y  d u e  to  p r o d u c e d  

Ay th e  ( n ,  2 n )  r e a c t io n .

F o r  q u a n t i t a t i v e  c o m p a r is o n  o f  c r o s s  s e c t io n s , m e a s u r e m e n t s  s h o u ld  b e  

n ia d e  s u c h  t h a t  ( 1 )  s a t u r a t i o n  m a s s  o f  th e  s u b s t a n c e  to  h e  a c t i v a t e d  is  e x p o s e d  

t'l th e  n e u t r o n - s o u r c e ,  f o r  s a t u r a t io n  p e r i o d ;  i f  i)o ssil>Ie, ( 2 ) s a t u r a t io n  t h ic k n e s s  o f  
th e w e l l - m i x e d  a c t i v e  s u b s t a n c e  .sh o u ld  b e  e x a m i n e d  f o r  in it ia l  a c t i v i t y .

4
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C o n d it io n  ( 1 )  w i l l  e n s u r e  th a t  e v e n  th e  f a s t e s t  n e u t r o n s  f r o m  t h e  s o u r c e  n r ,\  

a c q u i r e  th e  a p j>r(> ])riate  m e a n  f r e e  ])a th  o f  c o l l is io n  in  p a s s i n g  t h r o u g h  t h e  s a n q 't -  

n u c le i.  C o n d it io n  ( 2 )  w i l l  e n s u r e  t h a t  m a x i m u m  p o s s ib l e  n u m b e r  o f  ^ - r a \ ^  

f r o m  th e  a c t i v e  l a y e r  is  r e a c h in g  th e  c o u n t e r .  T h e s e  s a t u r a t i o n  c o n d i t i o n s  h a ,(  

b e e n  d is c u s s e d  b y  J e n s e n  ( 1 9 4 4 ) .  P r o l o n g e d  a n d  p a i n s t a k i n g  i n v e s t i g a t i o n s  wrn.* 

m a d e  in  o r d e r  to  d e t e r m in e  th e s e  s a t u r a t io n  c o n d it io n s  a n d  f r o m  t h e  r e s u lis  

o b t a in e d  i t  w a s  f in a lly  d e c id e d  to  e x p o s e  4 0 7  g m  o f  s u l p h u r  a n d  4 9 4  g m  o f  tiie  

p h o s p h a t e  to  th e  f a s t  n e u t r o n  s o u r c e  f o r  f in a l  m e a s u r e m e n t .

4 4 ie  in v e s t ig a t io n  o f  th e  s a t u r a t io n  t h ic k n e s s  o f  th e  a c t i v e  l a y e r s  foi 

m e a s u r e m e n t  o f  th e  s a t u r a t io n  a c t i v i t y  w a s  c a r r i e d  o u t  w i t h  t h e  a c t iv a t e d  

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

a v e r a g e  e f fe c t .  T h i n  c e lls  o f  th e  a c t i v e  p o w d e r  w e r e  t h e n  p r e p a r e d  in  v e r y  th in  

p a jie r  c y l i n d e r s  s u j ip o r t e d  Iw  w id e - m e s h e d  w i r e  n e t  in s id e  a n d  tr a n s p a r e n t  

a lk a t h e n e  c y l i n d e r  o u t s id e . A  s a t u r a t io n  t h ic k n e s s  oi 0 . 6  g m / c m -  f o r  s u lp h u r  

a n d  0 .3 5  g m / c n r  f o r  th e  j jh o s p h a t e  w e r e  o b t a in e d .

F o r  th e  fin a l m e a s u r e m e n t  o f  th e  in it ia l  a c t i v i t y  p r o d u c e d  b y  th e  (n ,|))  

r e a c t io n s  in  s u l p h u r  a  ] ) e r m a n e n t  c e ll  w a s  c o n s t r u c t e d  w i t h  t h in  p a jx ^ r  a n d  w ir e  

g a u g e  c y l i n d e r  h a c k in g  in s id e  a n d  a  s t r o n g  c o a x i a l  c y l i n d e r  o f  b m s s  o u t s id e .  T h e  

in n e r  c y l i n d e r  w a s  4 . 2 5  c m  in  d ia m e t e r  a n d  t h e  w e l l  m i x e d  a c t i v a t e d  s u lp h u r  

w a s  c lo s e l y  p a c k e d  in t o  a  l a y e r  8 . 9  c m  h ig h  a n d  1 .0 4  c m  t h i c k  to  g i v e  the

r e q u ir e d  s a t u r a t io n  l a y e r  o f  d e n s it y  0 . 6  g m / c t m .  T h e  m a s s  o f t h is  a c t i v e  l a y e r  was 
9 0  g m . T o  m e a s u r e  th e  a c t i v i t y  o f  th is  c e ll ,  th e  / ? - r a y  c o u n t e r  m e n t i o n e d  alx>ve  
w a s  u s e d  u n d e r  s t r i c t l y  r e j ir o d u c ih l e  g e o m e t r y  w i t h  1 0  c m  o f  le a d  s h ie l d in g  all 

a r o u n d . T h e  d e c a y  o f  th e  s a m p le  w a s  fo l k ) w e d  r e g u l a r l y  f o r  31  d a y s .  T h e  s e m i-  

l o g a r it h m ic  p lo t  o f  t h e  n e tt  a c t i v i t y  is  s h o w n  in  f i g u r e  1 ,  w h i c h  c l e a r l y  g i v e s  a 

h a lf - l i f e  o f  1 4 .2  d a v s .

The decay curve of radio phosphorus produced by the (n, p)-reaction in S*“.

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

p h o s p h a t e  ( i r r a d i a t e d  f o r  3 9  h r s  t o  f a s t  n e u t r o n s )  a n d  t a k e n  in  t h e  f o r m  o f  a  

s h e ll  s i m il a r  to  t h a t  o f  s u l p h u r .  T h e  t h ic k n e s s  o f  th e  s h e ll  w a s  0 . 2 6  c m  a n d  

i t s  w e i g h t  w a s  4 2  g m ,  in  o r d e r  to  g i v e  th e  s a t u r a t i o n  t h i c k n e s s  o f  0 . 3 5  g m / c n r .  

T h e  a c t i v i t y  o f  th e  s h e ll  w a s  f o l l o w e d  f o r  h o u r s .  T h e  a v e r a g e  o f  t h r e e  s u c h  

s e t s  o f  o b s e r v a t i o n s  is  s h o w n  a s  l o g a r i t h m i c  p lo t  in  f i g u r e  2 .  T h e  h a l f - l i f e  

o f  t h e  a c t i v i t y  is  c l e a r l y  1 7 0  m in .
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The decay curve of radio silicon Si.”’ produced by the p)-reaction in I*”'. The 
points near the heginniiiĵ  lie somewhat above tlie line and probably indicate the 
presence of a short period activity fP ”'’ '^ J -5 min) produced by tlic (n, Jn) reaction

in

C O R R E C T I O N S  A P P L I E D
T h e  in it ia l  a c t i v i t i e s  o b t a in e d  b y  e x t r a j x d a t i n g  c u r v e s  ( 1 )  a n d  ( 2 )  to  

/ c m  tim e  a r e  3 6 7  c o u n t s  p e r  t w o  m in  f o r  s u l p h u r  a n d  2 4 0  c o u n t s  p e r  t w o  m in  f o r  

th(‘ jd io s p h a te . T h e  f o l l o w i n g  c o r r e c t io n s  w e r e  a p p l ie d  to  th e s e  v a lu e s  :

(a) A  c o n v e r s i o n  f a c t o r  o f  1 .0 5  to  c o n v e r t  s u l p h u r  to  th e  jm r e  is o t o p e  S-*^, 

th ere b e in g  4 .2 %  o f  in  th e  s a m p le  te s t e d . S i m i l a r l y  a  f a c t o r  o f  3 .6 2 5  is  

n e c e s s a r y  to  c i) i iv e r t  th e  jih o s p h a t e  to  th e  ] )u r e  e le m e n t.

(h) S i n c e  q u it e  t h ic k  l a y e r s  o f  th e  acti\^e s u b s t a n c e s  w e r e  u s e d  f o r  o u r  

m e a s u r e m e n t s , th e  c o r r e c t i o n  f o r  s e l f - a b s o r p t io n  o f  j 8 - r a y s  in  th e  l a y e r s  is  e s s e n t ia l,  

but c o r re c ti^ in  f o r  b a c k  s c a t t e r i n g  o f  j 8 - r a y s  b y  th e  s a m p le  h o ld e r  c a n  b e  n e g le c t e d  

iv id e  M e t z e r ,  A l d e r  a n d  H u b e r ,  1 9 4 8 ) .  T h e  c o r r e c t io n  f a c t o r s  o f  2 3 %  fo r  

M il])hur a n d  1 8 % f o r  th e  p h o s p h a t e  w e r e  o b t a in e d  l)y  tu sing th e  m e th o d  g i v e n  b y  

the a b o v e  a u t h o r s .  A l m o s t  id e n t ic a l  r e s u lt s  w e r e  o b t a in e d  b y  a n o t h e r  m e th o d  

s u g g e s te d  by' C o h e n  ( 1 9 5 1 ) .

( r )  I n  th e  c a s e  o f  s u l p h u r ,  th e  h a lf - l i f e  o f a c t i v i t y  b e in g  1 4 .2  d a y s ,  t h e  

sa tu r a tio n  a c t i v i t y  w a s  n o t  a t t a in e d  b y  i r r a d i a t i n g  it f o r  h o u r s ,  a s  w e  d id .  

T h e  c o r r e c t io n  f a c t o r  o n  t h is  a c c o u n t  w a s  c a l c u la t e d  to  b e  5 .7 . T h e  p h o s p h a t e  

sam ]>le w a s  a l w a y s  i r r a d i a t e d  f o r  s a t u r a t io n  t im e  a n d  h e n c e  n o  c o r r e c t io n  w a s  

n e c e s s a r y  f o r  i t  o n  t h is  a c c o u n t ,

R E S U L T

T h e  c o r r e c t e d  in it ia l  a c t i v i t y  ( w h i c h  is  p r ( q x ) r t io n a l  to  th e  c r o s s  s e c t io n  o f  

th e ( n ,  p ) - r e a c t i o n )  f o r  s u l p h u r  t h e r e f o r e  b e c o m e s  :

367  counts 1*05 x 5 ‘7 
2 X  60  sec. 0*23

h'or phosphorus :
^Ojcounts J_*62^  ^ 4 q 
2 x 60  sec. 0'18
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The ratio of the two cross sections
a(n, p)S*® ^  2 
<r(n, p)P®*

The overall probable error of this deterniiiiation is ± 1 0  to 15%.
R E M A R K S

The relative cross section for sulphur conies out to be about twice that i 
phosphorus. This result agrees within the liniits of experitnental error, wiih 
the (n, ])) reaction cross section observed by Cohen ( 1951) who obtain <1 
28.5 X  10~̂ *̂  for and 12.0 X  10 cm- for which give a ratio 2 J 7 . 

Fast neutrons of energy ranging upto /%̂ 18 Mev were used for the reaction liv 
Cohen. I'his energy limit being higher than the niaximtim neutron encr{.'\ 
('-^11 Mev, Teuclier, 1949) from a (Kaa-j-Be) source used by us, there iru} 
be difference in the state of excitation of the nuclei in the two cases leading tn 
difference in the reaction cnxss setions. Metzger, Alder and Huber ( 1948) have 
observed a resonance effect in the excitation function of the reaction (n, ])) 
Si'*\ the cross section slowly increasing linearly between the neutron energits 
2.3 and 3 Mev, and reaching the maximum value of 7 .4 X F F  (in“
at 3 Mev. Thereafter the cross section begins to fall at high neutron-energHs. 
Ĵ 'or S some results of th(‘ total cajiture cross section as a function of neutron 
energy have been given by Adair (J >̂50) and others. According to tli(\s« 
authors a large number of resonance peaks exists for neutron caj)ture in S““ betwcni 
0.1 and 4 Mev neutron energies, a region in which the (R a a + B e )  iieulrnii 
sjiectrum is particularly rich. The cross section for (n,t>) reaction in i>
therefore likely to be higher than in Further work on the absoluU
measurement of these cross sections would be necessary to clarify the [)ositi*>n 
Measurements of the absolute cross section of the (n, p) reaction in one of tlic 
nuclei and the relative cross section for a number of other cases are in progr('>N 
(ieneral considerations regarding the density and structure of the nuclear enerj;\ 
levels in the region of high excitation energy can probably be attempted in llu 
light of the theory (vide Weisskopf, 1947) when these measurements arc 
com j doted.
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