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ABSTRACT 

The pa t te rn of movement of f a l l o u t debr i s clouds a f t e r 

the f i r s t and second Chinese t e s t s has been studied with the 

help of wind data a t 200 nib l e v e l . Samples of f a l l o u t 

debr i s c o l l e c t e d a t high a l t i t u d e s with the help of commer-

c i a l a i r c r a f t have been studied for f r e s h l y produced f i s s i o n 

products and d e t a i l e d a n a l y s i s has been c a r r i e d out f o r 

severa l s h o r t l i v e d i s o t o p e s . D e t a i l s of a n a l y s i s used f o r 

rapid i d e n t i f i c a t i o n of f i s s i l e m a t e r i a l s a f t e r the two t e s t s 

are presented . A c t i v i t y r a t i o s of important s h o r t l i v e d 

f i s s i o n products f o r both of the t e s t s had shown U-235 f i s -

s i o n . The r e s u l t s of a n a l y s i s f o r Np-239 and U-237 are a l s o 

g iven . These analyses provide evidence of production of 

U-237 by double neutron capture and of Np-239 by neutron 

a c t i v a t i o n of U-238. The a i r b o r n e - r a d i o a c t i v i t y ' f o u n d at 

Gulmarg a f t e r the second Chinese t e s t has been d i s c u s s e d . 





•S;OME ASPECTS OF FALLOUT FROM THE F I R S T AND SECOND 

C H I N E S E .TESTS' 

by 

K.G. Vohra 

1 . Movement o f the f a l l o u t d e b r i s c l o u d s f r o m the f i r s t 

and second C h i n e s e t e s t s 

The f i r s t and s e c o n d C h i n e s e t e s t s were c o n d u c t e d oil 

O c t o b e r 16, 1964 and May 14, 1965, r e s p e c t i v e l y . The f i r s t 

t e s t was c a r r i e d ou t n e a r Lop N o r i n the S i n k x a n g P r o v i n c e 

( a p p r o x i m a t e l a t i t u d e o f 40°N and l o n g i t u d e 90°E) f r o m a 

tower s e v e r a l h u n d r e d f e e t h i g h ( l ) . The s e c o n d t e s t was 

c a r r i e d out ove r the remote W e s t e r n P r o v i n c e s o f C h i n a ( 2 ) . 

The ma in r a d i o a c t i v e c l o u d s f rom t h e s e t e s t s w e r e , most 

l i k e l y , c o n f i n e d t o the t r o p o s p h e r e mov ing r a p i d l y e a s t w a r d s 

a t an a l t i t u d e r a n g e o f 30 ,000 t o 50 ,000 f e e t . The wind d a t a 

was a v a i l a b l e f o r the 200 mb l e v e l ( a p p r o x . 40 ,000 f t . ) w h i c h 

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

f l i g h t s . W i t h the h e l p o f t h i s d a t a i t was p o s s i b l e t o t r a c e 

the i n i t i a l t r a j e c t o r y o f t h e c l o u d s f r o m t h e s e t e s t s . 

F i g u r e 1 g i v e s the a p p r o x i m a t e t r a j e c t o r y o f t h e f a l l o u t 

d e b r i s c l o u d f r o m the s e c o n d C h i n e s e t e s t . 

S t r o n g w e s t e r l i e s p r e v a i l e d a t 200 mb l e v e l a t the t ime 

o f b o t h o f the t e s t s . The w ind speed a t t h i s l e v e l a t the 

t ime o f t h e f i r s t t e s t was a r o u n d 80 t o 100 k n o t s and a t the 
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t ime o f the s e c o n d t e s t i t was i n the r a n g e o f 50 t o 70 

k n o t s . A r e m a r k a b l e f e a t u r e o f the c i r c u l a t i o n a t t h i s 

l e v e l i s a l a r g e l o n g i t u d i n a l expanse o f the w e s t e r l i e s , 

p a r t i c u l a r l y a r o u n d 40°N l a t i t u d e . T h i s g a v e r i s e t o the 

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

c l o u d s f rom the two t e s t s . 

2 . D e t e c t i o n o f f r e s h f a l l o u t 

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

c o l l e c t e d between l a t i t u d e band o f 20° t o 50°N, w i t h the 

h e l p o f c o m m e r c i a l a i r c r a f t . The s a m p l i n g c o r r i d o r c o v e r e d 

the r e g i o n s between Tokyo and Bombay, and New Y o r k and 

Bombay. The c o l l e c t i o n s o f r a d i o a c t i v e p a r t i c u l a t e m a t t e r 

were made by i m p a c t i o n on s u r f a c e s of known a r e a b e l o w the 

w i n g s o f the a i r c r a f t . The i m p a c t i o n s u r f a c e s were t h o r o u g h l y 

d e c o n t a m i n a t e d p r i o r t o each c o l l e c t i o n . The s a m p l e s were 

o b t a i n e d hy w i p i n g the i m p a c t i o n s u r f a c e c a r e f u l l y s e v e r a l 

t i m e s w i t h s t e r l i z e d c o t t o n woo l s oaked i n o r g a n i c d e t e r g e n t s . 

The f l y i n g a l t i t u d e o f the a i r c r a f t r a n g e d f rom 20 ,000 t o 

35 ,000 f e e t m a i n l y f l y i n g be tween 30° to 50°N l a t i t u d e . 

The s a m p l e s were c o l l e c t e d d u r i n g O c t o b e r 1964 to 

December 1964, i n c o n n e c t i o n w i t h t h e f i r s t t e s t and d u r i n g 

May 1965 t o A u g u s t 1965, i n c o n n e c t i o n w i t h t h e second t e s t . 

The s a m p l i n g was c o n t i n u e d i n the i n t e r v e n i n g p e r i o d i n 

o r d e r t o e s t a b l i s h the b a c k g r o u n d o f o l d f a l l o u t . 
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S i n c e the sample c o l l e c t i o n was made m e r e l y by 

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

p r o v i d e the a c t u a l a i r c o n c e n t r a t i o n s o f d i f f e r e n t r a d i o -

n u c l i d e s h u t were f ound t o he e x t r e m e l y u s e f u l i n p r o v i d i n g 

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

i n d u c e d r a d i o a c t i v i t i e s , p l u t o n i u n i , and u r a n i u m . 

The s a m p l e s c o l l e c t e d b e f o r e each o f t h e t e s t s showed 

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

o f C s - 1 3 7 , S r - 9 0 , M n - 5 4 , R u - 1 0 6 , C e - 1 4 4 ? S b - 1 2 5 , P u - 2 3 9 and 

U - 2 3 8 . A 2 5 6 - c h a n n e l p u l s e h e i g h t a n a l y s e r was u s e d f o r 

r a p i d s c a n n i n g o f the s a m p l e s f o r gamina e m i t t e r s to d e t e c t 

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

f a l l o u t . The p r o m i n e n t L a - 1 4 0 gamma peak a t 1 .6 Mev p r o -

v i d e d most p o s i t i v e i n d i c a t i o n o f f r e s h f a l l o u t a s t h e gamma 

s p e c t r a o f o l d f a l l o u t d i d n o t show any s i g n i f i c a n t b a c k -

g r o u n d i n t h i s e n e r g y r e g i o n . 

R a p i d i n d i c a t i o n o f f r e s h f a l l o u t was p r o v i d e d by the 

s a m p l e s c o l l e c t e d on the c o m m e r c i a l f l i g h t s between Tokyo 

and Bombay. The f r e s h f a l l o u t f r o m the second C h i n e s e t e s t 

was f i r s t d e t e c t e d f r o m the s a m p l e on an a i r c r a f t l e f t Tokyo 

i n the m o r n i n g o f May 18. The samp le f r o m a s i m i l a r f l i g h t 

on the p r e v i o u s day d i d n o t show any f r e s h f i s s i o n p r o d u c t s 

and i t was t h u s deduced t h a t a p a r t o f the c l o u d must have 
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r e a c h e d Tokyo l a t e on May 17. The c l o u d t r a j e c t o r y p l o t t e d 

f rom the ivind d a t a showed the a r r i v a l o f the r a d i o a c t i v i t y 

o v e r n o r t h e r n p a r t s o f J a p a n l a t e on May 16 and the t ime 

d i f f e r e n c e between the a r r i v a l o f r a d i o a c t i v i t y i n the 

uppe r a tmosphere o v e r n o r t h e r n J a p a n and n e a r Tokyo was due 

t o the l a t e r a l d i s p e r s i o n o f the c l o u d . S u b s e q u e n t l y , f r e s h 

f a l l o u t was d e t e c t e d i n a s amp le f r o m New Y o r k - B o m b a y f l i g h t 

l e a v i n g London on May 26 . B a s e d on s i m i l a r o b s e r v a t i o n s 

a f t e r the f i r s t C h i n e s e t e s t i t was f o u n d t h a t wherea s i t 

t o o k 12 t o 13 d a y s f o r the c l o u d t o c o m p l e t e the c i r c l e 

a r o u n d the g l o b e a f t e r the f i r s t t e s t , the t ime t a k e n f o r a 

c o m p l e t e c i r c l e a r o u n d the g l o b e a f t e r the s e c o n d t e s t was 

17 t o 18 d a y s . 

3• I d e n t i f i c a t i o n o f f i s s i l e m a t e r i a l 

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

t e s t s a re A g - 1 1 1 , 1 - 1 3 1 , B a - 1 4 0 , C e - 1 4 1 , S r - 8 9 and Z r - 9 5 . 

The l o n g e s t l i v e d o f t h e s e i s o t o p e s i s Z r - 9 5 w i t h a h a l f -

l i f e o f 65 d a y s . The c o n c e n t r a t i o n s o f t h e s e i s o t o p e s i n 

the s a m p l e s c o l l e c t e d b e f o r e the t e s t s were n e g l i g i b l y 

s m a l l . The r e l a t i v e c o n c e n t r a t i o n s o f t h e s e i s o t o p e s were 

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

new t e s t s . T a b l e 1 g i v e s the a c t i v i t y r a t i o s o f i m p o r t a n t 

s h o r t l i v e d f i s s i o n p r o d u c t s f o r Pu -239 and U - 2 3 5 f i s s i o n ( 3 ) . 
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The l a s t two columns in the t a b l e give the observed r a t i o s 

in the samples from the f i r s t and second Chinese t e s t s 

r e s p e c t i v e l y . These r a t i o s show t h a t the f i s s i l e m a t e r i a l 

used in both of these t e s t s was U-235. I t i s seen from 

t h i s t a b l e tha t a few of the r a t i o s are very s e n s i t i v e to 

the mode of f i s s i o n . For example, the r a t i o A g - l l l / S r - 8 9 

i s 23 times l a r g e r f o r Pu-239 f i s s i o n than f o r U-235 f i s s i o n . 

S i m i l a r l y , the r a t i o s I - 1 3 l / S r - 8 9 and A g - l l i / B a - 1 4 0 a l s o 

show v a r i a t i o n s by f a c t o r s of 5 to 15 f o r the two modes of 

f i s s i o n . 

The i so topes used f o r the i d e n t i f i c a t i o n of f i s s i l e 

m a t e r i a l were chemica l ly separated a f t e r leaching the cot ton 

swipe samples with a mixture of 3M hydrochlor ic ac id and 

0.1M h y d r o f l u o r i c a c i d . Radiochemical pu r i ty of the i so topes 

was checked by energy measurements and by fo l lowing the 

decay. I t was a l s o found t h a t g r e a t r e l i a n c e could be placed 

on c a r e f u l l y planned chemical a n a l y s i s f o r rapid i d e n t i f i c a -

t ion of the f i s s i l e m a t e r i a l . A f t e r the f i r s t d e t e c t i o n of 

f r e s h a c t i v i t y in a sample, i t r e q u i r e s only 10 to 12 hours 

f o r the i d e n t i f i c a t i o n of the f i s s i l e m a t e r i a l by t h i s 

procedure. 

4 . Measurement of Np-239 and U-237 

Tbe samples were a l s o analysed f o r Np-239 and 11-237 
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produced by the i n t e r a c t i o n of neutrons with uranium used 

in the weapon. F igures 2 and 3 give the decay curves of 

Np-239 and U-237 r e s p e c t i v e l y , from a t y p i c a l a n a l y s i s 

a f t e r the second t e s t . The a c t u a l contents of Np-239 and 

U-237 have been i n d i c a t e d in the f i g u r e s along with Ba-140 

content of the sample f o r comparison. 

Np-239 i s produced by the fol lowing r e a c t i o n : 

U - 2 3 8 ( n , r ) U-239—£ » Np-239 

The neutron capture c r o s s s e c t i o n f o r the above r e a c t i o n i s 

f a i r l y l a r g e and t h e r e f o r e , the production of Np-239 has been 

used f o r es t imat ing the U-238 corresponding to a known number 

of f i s s i o n s in the sample. The a c t u a l number of f i s s i o n s in 

a sample can be est imated from the known c o n c e n t r a t i o n and 

f i s s i o n y i e l d of a t y p i c a l f i s s i o n product Ba -140 . Knowing 

the number of f i s s i o n s and the f i s s i o n c ross s e c t i o n the 

number of atoms of U-235 i s est imated and compared with the 

number of atoms of U-238 est imated from Np-239. These e s t i -

mates on t y p i c a l samples a f t e r the second Chinese t e s t 

showed tha t Np-239 could have b een produced only from U—238 

f r a c t i o n of enriched uranium. 

U-237 can be produced by the fol lowing two r e a c t i o n s 

in an atomic weapon using U-235 as f i s s i l e m a t e r i a l . 

U-235 ( n , r ) U-236 ( n , r ) U-237 

U-238 (n ,2n) U-237 
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The second r e a c t i o n depends on f a s t n e u t r o n f l u x , h a v i n g a 

t h r e s h o l d a t 6 Mev and maximum c r o s s s e c t i o n a t 10 Mev. I n 

the f i s s i o n n e u t r o n s p e c t r u m the n e u t r o n s i n the e n e r g y 

r a n g e of 6 to 10 Mev a re a v e r y s m a l l f r a c t i o n of the t o t a l 

number o f n e u t r o n s . T h e r e f o r e , p r o d u c t i o n o f U -237 by t h i s 

r e a c t i o n would be s m a l l . The most l i k e l y mode of p r o d u c t i o n 

of U -237 d e t e c t e d i n the s a m p l e s i s doub le n e u t r o n c a p t u r e . 

The p r o d u c t i o n of U -237 by t h i s mode has been c a l c u l a t e d 

knowing the f i s s i o n and c a p t u r e c r o s s s e c t i o n s of U - 2 3 5 and 

U - 2 3 6 ( A p p e n d i x ) . The v a l u e s of t h e s e c r o s s s e c t i o n s are 

known f a i r l y a c c u r a t e l y f rom r e c e n t l i t e r a t u r e ( 4 , 5 ) . The 

p e r c e n t a g e o f f i s s i o n s g i v i n g r i s e t o the f o r m a t i o n of U -237 

h a s been c a l c u l a t e d and found t o be 2 .4 per cent wh ich can 

be used i n the same manner a s f i s s i o n y i e l d f o r c a l c u l a t i n g 

the p r o d u c t i o n o f U - 2 3 7 . The c o n c e n t r a t i o n o f U -237 has 

been compared w i t h the c o n c e n t r a t i o n of Ba -140 i n a t y p i c a l 

sample a f t e r the second C h i n e s e t e s t . T h i s sample gave the 

a c t i v i t y r a t i o of B a - 1 4 0 / U - 2 3 7 = 1 . 8 7 . T h i s r a t i o c a l c u l a -

ted f rom the f i s s i o n y i e l d o f Ba -140 f o r U - 2 3 5 f i s s i o n and 

the y i e l d of U -237 by d o u b l e n e u t r o n c a p t u r e i s 1 . 2 7 . The 

two r a t i o s show a f a i r l y good a g reement . 

5 . F a l l o u t i n I n d i a 

There a re 9 g r o u n d - l e v e l f a l l o u t samjJling s t a t i o n s i n 
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I n d i a and one i n S i k k i m S t a t e a s g i v e n i n T a b l e 2. S a m p l e s 

a r e a l s o c o l l e c t e d a t h i g h a l t i t u d e s w i t h i n the c o u n t r y 

u s i n g f i l t e r s a m p l e r s mounted on C a n b e r r a a i r c r a f t . These 

t e s t s d i d n o t g i v e any s i g n i f i c a n t f a l l o u t i n I n d i a b e c a u s e 

the t e s t i n g s i t e s were l o c a t e d t o w a r d s t h e n o r t h o f e a s t e r n 

I n d i a and the i n i t i a l r a d i o a c t i v e c l o u d s a t h i g h a l t i t u d e 

r a p i d l y moved e a s t w a r d s a s d i s c u s s e d e a r l i e r . However , 

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

a t G u l m a r g , the n o r t h e r n m o s t s t a t i o n i n I n d i a , w i t h i n 40 t o 

50 h o u r s a f t e r the second t e s t , c a u s e d by an a n t i - c y c l o n i c 

movement i n upper w i n d s above the r e g i o n o f t e s t , a s s e e n 

i n the t r a j e c t o r y shown i n F i g u r e 1. T h i s i n c r e a s e p e r s i s t e d 

o n l y f o r 3 t o 4 d a y s . The s e c o n d marked i n c r e a s e i n a c t i v i t y 

was a g a i n r e c o r d e d a t Gu lmarg on May 31, 1965 i . e . 17 d a y s 

a f t e r the t e s t w h i c h i n d i c a t e d the a r r i v a l o f the c l o u d over 

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

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

t e d i n the h i g h a l t i t u d e s a m p l e s c o l l e c t e d ove r the c e n t r a l 

p a r t s o f I n d i a a f t e r May 31, 1965, wh i ch showed t h a t the 

r a d i o a c t i v e c l o u d had become f a i r l y w i d e s p r e a d . F i g u r e 4 

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

a c t i v i t y a t Gulraarg f o r t h e p e r i o d May 13 t o June 15, 1965. 
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Table-1 
A c t i v i t y R a t i o s o f I m p o r t a n t S h o r t l i v e d F i s s j o n P r o d u c t s 

f o r F i r s t and Second C h i n e s e T e s t s 

R a t i o f o r 
I s o t o p e p u _ 2 3 9 

P a i r s f i s s i o n 

R a t i o f o r O b s e r v e d R a t i o s 
U - 2 3 5 F i r s t S e c o n d 
f i s s i o n T e s t T e s t 

Remarks 

B a ~ 140 

S r - CO 

Ag- 111 

Ag-•m 
Z r - 9 5 

C e - 1 4 1 
S r - 8 9 

B a - 1 4 0 
S r - 8 9 

1 - 1 3 1 
Z r - 9 5 

0 . 1 6 3 

0 . 4 5 

0.80 

5 .10 

13 .52 

7 .70 

0.018 

10.42 

0 . 0 7 6 

2.02 

5 .50 

3 . 7 5 

0 . 0 2 3 

8 . 6 2 

0 . 0 8 3 

5 . 0 4 

2 . 7 5 

0.010 

14 .74 

0 . 0 4 3 

2 . 9 9 

6 .67 

A l l the 
r a t i o s c o r -
r e s p o n d to 
U - 2 3 5 f i s -
s i o n . 
V a r i a t i o n s 
i n the 
r a t i o s a r e 
l i k e l y to 
be due to 
i s o t o p i c 
f r a c t i o n a -
t i o n 
e f f e c t s „ 
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TfrbJ.e-2 

L i s t of Ground-Level F a l l o u t Sampling S t a t i o n s 

S t a t i o n A l t i t u d e (Meters) Location 

1 Bangalore 922 12" 57 'N, 77° 30 'E 

2 Bombay Sea Level 18° 57 »N, 72° 55 'E 

3 C a l c u t t a Sea Level 22° CO 88° 25 'E 

4 Delhi 219 28° 45»N, 77° 20 'E 

5 Gangtok(Sikkim S t a t e ) 2000 27° 12'N, 88° 23 'E 

6 Gulmarg 2743 34° OO'N, 74° 25 'E 

7 Nagpur 311 21° 12'N, 79° 04 'E 

8 Naini Tal 1935 29° 30 >N, 79° 30 "E 

9 Ootacamund 2235 11° 23'N, 76° 40 'E 

10 S r i n a g a r 1598 34° 06 'N, 74° 55 'E 



TRAJECTORY OF WINDS AT 2 0 0 M B ( 4 0 , 0 0 Q F T ) FOLLOWING THE SECOND 

CHINESE T E S T AND APPROXIMATE FALLOUT DEBRIS PATTERN-

E - 5 Q 4 I - G - / Q 8 



TIME (HOURS) 
FIGURE-2. DECAY CURVE OF NEPTUNIUM-239 SEPARATED FROM FALLOUT DEBRIS COLLECTED 

AFTER THE SECOND CHINESE TEST. DATE OF COLLECTION 18 - 5 . 1965 . 

E -5041-G-107 



T IME (HOURS) 

FIGURE-3- DECAY CURVE OF URANIUM-237 SEPARATED FROM FALLOUT DEBRIS 
COLLECTED AFTER THE SECOND CHINESE TEST- DATE OF COLLECTION 
18-5-1965-

E -5041-G-110 



/ \ ,S£CCNO PEAK 
V / 

18 20 22 24 26 28 30 

MAY 1965 
S 7 9 11 

JUNE 1965 

F I G U R E - 4 - F I SS ION PRODUCT RADIOACTIVITY OF S U R F A C E A IR A T 
GULMARG-

E -5041-G-106 



A P P E N D I X 

Theoretical Estimates of U-237 Formation by Double Neutron 

Capture in the case of Nominal Yield Atomic Weapons 

Using U-235 

There are two likely modes of U-237 formation in the case 

of a nuclear detonation using U-235 as fissile material.# 

1. U-235 (n, Y) U-236 (n, Y) U-237 

2. U-238 (n, 2n) U-237 

The second reaction has a threshold at 6 MeV and the 

cross-section is maximum at 10 MeV. Therefore, for fission 

spectrum neutrons of nominal yield explosions the production 

by second reaction is negligibly small. Also, if highly en-

riched uranium is used, the production is reduced further due 

to small quantity of U-238 available. However, in the case 

of megaton weapons where neutron energy has a peak around 

14 MeV and large quantity of U-238 is used in third stage of 

the bomb, the second reaction is the main contributor to U-237 

production. 

For calculating U-237 by first reaction let us assume 

s 

°f .= fission cross-section of U-235 

01s = capture cross-section of U-235 

= total cross-section of U-236 

= capture cross-section of U-236 



- 2 :-

A = number of U-235 atoms initially present 

N = number of U-236 atoms formed 

R = U-237 fraction of total number of fissions 

T = total time of interaction 0.5 /i-. sec) 

T = average time between successive neutron generations 

( — 6 x 10"9 sec) 

k = multiplication factor ( 2 to 2.8) 
n = initial number of fissions which can be assumed as 1 o 

Then, the number of fissions at any time t is given by 

(k - l)t 
nf(t) = nQe f ....(1) 

In terms of constants for U-235 

nf( t) = A. Crf . <£ (t) 

where <p(t) is the flux of neutrons at any time t 

Therefore, 

(k - l)t 
n„(t) n e T 

<f>(t) = -i j = — 2 ....(2) 
A. Gj A. Of 

The rate of formation of U-236 atoms at any time t is given by 

(k - l)t 
5 • A.Q^.n e X 

dw(t) = A. Gc . <£(t) = 
dt A. cr̂  

(k - l)t 
= ^.r^e X 

The number of U-236 atoms lost by fission or capture at any time 

t will be given by 
CT*oN(t).<|>(t) 
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and net production of U-236 at time t is given by 

(k - l)t , 
M ^ l = ct.n e T -0- .N(t).$(t) dt : T L 

(k - l)t 
= nQe T (ot - pN(t> ) 
6 

where 8 = . If-k " 1 = g and no = 1 
erf • A f 

dN(tl = e^t (<* - BN(t) ) 
dt ' 

Integrating, 
N T 
; = f e g t dt o <* - pN(t) o 

« n -(.8/s)CeST - 1) 

or II = J 1 - e 

= |for T » T 

= .A (3) a* 

Similarly, the rate of formation of U-237 atoms at any time 

t is given by 
= N(t) . C£6.<p (t) dt c T 

s- 6 (k - l)t = A • cre . oi A • cr/ . . , 
R(T) fT (k - l)t A . cr^. cr& . dt 

Therefore, R(T) = J dR(t) = J e T . ; ^ 
o o A • - ffr 

where R(T) is the number of U-237 atoms formed in time T« 

rrb~ rr6 T (k - l)t 
or R(T) = c ' c, J e T dt 

er/ • o 
and since total number of fissions in time T assuming nQ = 1 



- . 4 -

T (k - l)t 
are given by J e T dt 

o 

The total number of U-237 atoms as fraction of number of 

fissions is given by 

S 6 <5 
CTt CTc <TC R = V - " " A - = ~ T 

For fission spectrum neutrons 

& 6 
* = 0.08, (Tc = 0.20b ? and 0.67b 

Giving, R = °« 0 8 x = &JXL&- = 0.024 (2.4$) > 67 0.67 

The activity ratio Ba-140/U-237 can be found knowing the 

fission yield of Ba-140 (5.8$) and half lives of Ba-140 (12.8 

days) and. U-237 (6.75 days) i.e. 

Ba-140 = 5.8 x 6.75 -.1.27 
U-237 2.4 x 12.8 


