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©  Gamma  irradiation. 

©  To  increase  the  efficiency  of  utilisation  of  radiation  from 
a  gamma  source  when  irradiating  discrete  articles,  they  are 
first  assembled  in  an  array  of  such  thickness  that  on 
irradiation  on  one  face  the  dose  received  at  half  the  thickness 
from  that  face  is  significantly  less  than  half  the  dose  adjacent 
that  face  and  may  be  as  little  as  one-quarter  of  that  dose.  The 
array  is  then  irradiated  equally  on  both  faces,  divided 
midway  between  those  faces  and  re-assembled  with  those 
faces  in  contact  with  one  another  to  form  a  new  array  which 
in  its  turn  is  irradiated  from  each  of  the  two  newly-exposed 
faces  to  the  same  exposure  as  before. 
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T o   increase  the  efficiency  of  utilisation  of  radiation  from 
a  gamma  source  when  irradiating  discrete  articles,  they  are 
first  assembled  in  an  array  of  such  thickness  that  on 
irradiation  on  one  face  the  dose  received  at  half  the  thickness 
from  that  face  is  significantly  less  than  half  the  dose  adjacent 
that  face  and  may  be  as  little  as  one-quarter  of  that  dose.  The 
array  is  then  irradiated  equally  on  both  faces,  divided 
midway  between  those  faces  and  re-assembled  with  those 
faces  in  contact  with  one  another  to  form  a  new  array  which 
in  its  turn  is  irradiated  from  each  of  the  two  newly-exposed 
faces  to  the  same  exposure  as  before. 



T h i s   i n v e n t i o n   r e l a t e s   to  t h e   i r r a d i a t i o n   w i t h  

gamma  r a y s   of  d i s c r e t e   a r t i c l e s   and  e s p e c i a l l y   o f  

r e l a t i v e l y   d e n s e   a r t i c l e s   t h a t   w i l l   a b s o r b   a n d / o r   s c a t t e r  

a  s i g n i f i c a n t   p a r t   of  t h e   r a d i a t i o n   f l u x   i n c i d e n t   on  t h e m .  

A  m a j o r   a p p l i c a t i o n   i s   in  t h e   r a d i a t i o n   p r o c e s s i n g   o f  

c o i l s   of  i n s u l a t e d   w i r e s   and  c a b l e s   f o r   t he   p u r p o s e   o f  

c r o s s - l i n k i n g   t h e   p o l y m e r i c   c o n s t i t u e n t s   t h e r e o f .  

Gamma  r a d i a t i o n   f o r   such   p u r p o s e s   is   in  c u r r e n t  

c o m m e r c i a l   p r a c t i c e   o b t a i n e d   f rom  C o b a l t - 6 0 ,   u s u a l l y   i n  

t h e   fo rm  of  m e t a l l i c   p e l l e t s   e n c l o s e d   in   s t a i n l e s s   s t e e l  

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

s o u r c e   c o m p r i s e s   a  n u m b e r   of  such   t u b e s ,   of  v a r y i n g   a g e s  

and  t h e r e f o r e   d i f f e r i n g   a c t i v i t i e s ,   s e t   up  in  a  p l a n e  

p a r a l l e l   a r r a y .  

I t   w i l l   be  a p p a r e n t   t h a t   s u c h   a  s o u r c e   is   n o t  

s u s c e p t i b l e   to  any  c l o s e   c o n t r o l   of  t he   d i r e c t i o n   or  e v e n  

t h e   l o c a l   i n t e n s i t y   of  i r r a d i a t i o n ,   and  e f f i c i e n t  

u t i l i s a t i o n   of  t h e   s o u r c e   t h e r e f o r e   d e p e n d s   upon  c a r e f u l  

c o n t r o l   of  t he   p o s i t i o n i n g   and  m o v e m e n t   of   t he   a r t i c l e s   t o  

be  i r r a d i a t e d .  

A s s u m i n g   t h a t   p r o d u c t s   a r e   i r r a d i a t e d  

s y m m e t r i c a l l y   on  two  o p p o s i t e   f a c e s ,   t he   maximum  d o s e  

r a t i o   Z  b e t w e e n   p a r t s   of  t h e   p r o d u c t   c a n ,   as  a  f i r s t  

a p p r o x i m a t i o n ,   be  g i v e n   a s : -  



w h e r e   D o  =   d o s e   a t   o u t e r   ( i r r a d i a t e d )   s u r f a c e s  

D c  =   d o s e   mid  way  b e t w e e n   t h o s e   s u r f a c e s  

( w h i c h   is  a l s o   t h e   m i n i m u m   d o s e )  

P  =  a b s o r p t i o n   c o n s t a n t   ( m 2 / k g )  

T  =  t h i c k n e s s   b e t w e e n   f a c e s   ( m ) .  

R  =  mean  d e n s i t y   of   p r o d u c t   ( k g / m 3 )  

We  h a v e   f o u n d   e x p e r i m e n t a l l y   t h a t   f o r   p r o d u c t s   o f  

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

o f   Z  can   be  o b t a i n e d   by  u s i n g   t h e   v a l u e : -  

When  t he   p r o d u c t   i s   i r r a d i a t e d   on  one  f a c e   i n  

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

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

F  w h e r e : -  

C o n s e q u e n t l y   t h e   e f f i c i e n c y   E  of  a b s o r p t i o n   of  e n e r g y  

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

o r  

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

(TR)  i n c r e a s e s ,   t h a t   i s ,   f o r   a  g i v e n   p r o d u c t ,   as  t h e  

t h i c k n e s s   e x p o s e d   to   t h e   r a d i a t i o n   i n c r e a s e s .  

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

i f   t h e   v a l u e   of  Z  =  1 . 2 5   or   l e s s ,   t h e n   f o r   a l l   p r a c t i c a l  

p u r p o s e s   t h e   p r o d u c t   can  be  t a k e n   to  be  u n i f o r m l y  

i r r a d i a t e d .   By  r e - a r r a n g e m e n t   of  e q u a t i o n   ( 1 )  

and   s u b s t i t u t i n g   t h e   v a l u e   Z  =  1 . 2 5   in   (5)  shows  t h a t   t h e  



l i m i t i n g   v a l u e   f o r   t h e   p r o d u c t   s u b s t a n c e   (TR)  is   t h e n :  

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

f r o m   ( 4 ) :  

In  p r a c t i c e   b e c a u s e   of  m a n u f a c t u r i n g   a n d  

c u s t o m e r   r e q u i r e m e n t s   i t   i s   s e l d o m   p o s s i b l e   or  p r a c t i c a l  

to   a r r a n g e   t h a t   t h e   p r o d u c t   s u b s t a n c e   (TR)  i s   e x a c t l y  

e q u a l   to  250  k g / m 2 .   S i g n i f i c a n t l y   g r e a t e r   v a l u e s   l e a d  

to   u n a c c e p t a b l y   h i g h   v a l u e s   fo r   Z  w h e r e a s   l o w e r   v a l u e s ,  

w h i c h   a re   o f t e n   t h e   m o s t   c o n v e n i e n t   to   u s e ,   l e a d   to  e v e n  

l o w e r   a b s o r p t i o n   e f f i c i e n c i e s   f o r   t h e   p r o c e s s .  

We  h a v e   now  f o u n d   t h a t   i t   i s   p o s s i b l e   to  i m p r o v e  

s i g n i f i c a n t l y   t h e   a b s o r p t i o n   e f f i c i e n c y   of  t h e   p r o c e s s ,  

w i t h o u t   a  c o r r e s p o n d i n g   i n c r e a s e   in  t h e   d o s e   r a t i o   ( Z ) .  

In  a c c o r d a n c e   w i t h   t he   i n v e n t i o n ,   t h e   a r t i c l e s  

a r e   f i r s t   a s s e m b l e d   in   an  a r r a y   of  s u c h   t h i c k n e s s   t h a t   o n  

i r r a d i a t i o n   on  one  f a c e   t h e   d o s e   r e c e i v e d   a t   h a l f   t h e  

t h i c k n e s s   f r o m   t h a t   f a c e   i s   s i g n i f i c a n t l y   l e s s   t h a n   h a l f  

t h e   d o s e   a d j a c e n t   t h a t   f a c e   and  may  be  as  l i t t l e   as  o n e -  

q u a r t e r   of  t h a t   d o s e .   The  a r r a y   i s   t h e n   i r r a d i a t e d   e q u a l l y  

on  b o t h   f a c e s ,   d i v i d e d   m idway   b e t w e e n   t h o s e   f a c e s   and  r e -  

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

fo rm  a  new  a r r a y   w h i c h   in  i t s   t u r n   is   i r r a d i a t e d   f rom  e a c h  

of  t h e   two  n e w l y - e x p o s e d   f a c e s   to   t h e   same  e x p o s u r e   a s  

b e f o r e .   ( D o s e s   a r e   to  be  c o n s i d e r e d   e q u a l   i f   t h e i r   r e s u l t  

i s   s u b s t a n t i a l l y   t h e   s a m e ;   as  e x p l a i n e d ,   f o r   mos t   p u r p o s e s  

t o t a l   d o s e s   in  a  r a t i o   b e t w e e n   1 . 2 5 : 1   and   1 : 1 . 2 5   may  b e  

t a k e n   to  be  e q u a l , t h o u g h   d o s e s   in  i n d i v i d u a l   r a d i a t i o n  

p a s s e s   w i l l   o f t e n   n e e d   to  be  more  c l o s e l y   e q u a l ;   a n d  



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

p l a n e ,   some  d i s p l a c e m e n t   w i l l   be  a c c e p t a b l e   and  may  b e  

n e c e s s a r y   i n   some  c a s e s ) .  

F o r   a  b e t t e r   u n d e r s t a n d i n g   o f   t h e   i n v e n t i o n ,   i t  

w i l l   be  f u r t h e r   d e s c r i b e d ,   by  way  of  e x a m p l e   a n d  

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

i n   w h i c h   F i g u r e   1  i s   a  f l o w   d i a g r a m   i l l u s t r a t i n g   t h e  

p r i n c i p l e s   o f   t h e   i n v e n t i o n   and  F i g u r e   2  i s   a  s i m p l i f i e d  

d i a g r a m   of   a  t y p i c a l   g a m m a - i r r a d i a t i o n   p l a n t .  

As  shown  in  F i g u r e   1,  s p o o l s   o f   i n s u l a t e d   w i r e  

or   o t h e r   a r t i c l e s   to   be  i r r a d i a t e d ,   r e f e r e n c e   1,  a r e  

a s s e m b l e d   i n t o   an  a r r a y   ( F i g u r e   1  ( b ) )   c o m p r i s i n g   l a y e r s  

2  and   3  in   a  r a d i a t i o n - t r a n s p a r e n t   p a c k a g e   4,  w h i c h   m a y  

f o r   e x a m p l e   be  a  b o x ,   a  p a i r   of  b o x e s   ( o n e   f o r   e a c h  

l a y e r ) ,   a  m u l t i p l i c i t y   of  b o x e s ,   or  any   o t h e r   f o r m  

a p p r o p r i a t e   to   t h e   m a t e r i a l   and  f o r m   of   t h e   a r t i c l e s ;  

b o x e s   may  be  g a s - t i g h t   t a n k s   or  any  o t h e r   s u i t a b l e   b o x e s ;  

i n   p a r t i c u l a r   t h e y   may  be  p a p e r - b o a r d   c a r t o n s   u s e d   i n  

c o n j u n c t i o n   w i t h   f l e x i b l e   c o n t a i n e r ,   as  d e s c r i b e d   a n d  

c l a i m e d   in   a n o t h e r   p a t e n t   a p p l i c a t i o n   in   t h e   name  o f  B I C C  

P u b l i c   L i m i t e d   Company  f i l e d   on  t h e   same  day  as  t h i s  

a p p l i c a t i o n   and   c l a i m i n g   p r i o r i t y   f rom  B r i t i s h   A p p l i c a t i o n  

No.  8 1 3 1 1 4 4   f i l e d   15  O c t o b e r ,   1 9 8 1 .  

A s '  a n   a i d   to  f o l l o w i n g   t h e   o r i e n t a t i o n   of  t h e  

a r t i c l e s   in   s u b s e q u e n t   s t e p s ,   t h e   f l a n g e s   of  one  p a i r   o f  

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

f a c e s   o f   t h e   a r r a y   b e a r   t h e   r e f e r e n c e s   5  and   6 

r e s p e c t i v e l y .  

F i g u r e   1  (c)   shows   t h e   a r r a y   f r o m   t h e   f r o n t   a s  



i t   f i r s t   a p p r o a c h e s   t h e   i r r a d i a t i o n   zone   f o l l o w i n g   t h e  

r o u t e   d e s i g n a t e d   7  in   F i g u r e   2.  T h i s   t a k e s   t h e   a r r a y   p a s t  

t h e   r a d i a t i o n   s o u r c e   8  ( c o m p r i s i n g   a  n u m b e r   of  t u b e s   9 

f i l l e d   w i t h   p e l l e t s   of  an  a p p r o p r i a t e   r a d i o a c t i v e  

m a t e r i a l )   so  t h a t   t h e   a r r a y   4  is   f i r s t   i r r a d i a t e d   on  t h e  

f a c e   6.  The  a r r a y   4  t h e n   a d v a n c e s ,   w i t h o u t   c h a n g e   o f  

o r i e n t a t i o n ,   r o u n d   t h e   end  of  t he   s o u r c e   8  and  b a c k   a l o n g  

t h e   o t h e r   s i d e   of   i t ,   so  t h a t   t he   a r r a y   is   now  i r r a d i a t e d  

f o r   a  s e c o n d   t i m e   b u t   on  t h e   o p p o s i t e   f a c e   5 .  

In  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n   ( F i g u r e   1  ( d ) )  

t h e   a r r a y   i s   s p l i t   and  i t s   l a y e r s   2  and   3  a r e   e a c h  

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

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

a n o t h e r   and  c l o s e   to   t h e   m i d - p l a n e   10  o f   t h e   a r r a y ,   a r e  

now  p r e s e n t e d   a t   t h e   f a c e s   5  and   6  r e s p e c t i v e l y   of  t h e  

a r r a y ,   and  t h e   r e - f o r m e d   a r r a y   is  a g a i n   p a s s e d   a l o n g   t h e  

p a t h   7  ( F i g u r e   2)  f o r   f u r t h e r   i r r a d i a t i o n .  

The  i n i t i a l   r a d i a t i o n   d o s e   a t   t h e   m i d - p l a n e   ( 1 0  

in   t h e   i l l u s t r a t i o n ) ,   r e s u l t i n g   f rom  t h e   f i r s t   i r r a d i a t i o n  

on  t h e   f i r s t   f a c e   (6)  of   t h e   a r r a y   i s   p r e f e r a b l y   in  t h e  

r a n g e   0 . 4   down  to   0 . 2 5   of  t h a t   a d j a c e n t   to  t h i s   f a c e .  

T a k i n g   t h e   e x t r e m e   c a s e   w h e r e   i t   i s   0 . 2 5 ,   t h e n   f r o m  

e q u a t i o n   ( 3 ) :  

w h e r e   ( T R / 2 )   i s   h a l f   of   t h e   p r o d u c t   s u b s t a n c e   p r e s e n t e d   t o  

t h e   r a d i a t i o n .   S i n c e   t he   p r o d u c t   a r r a y   p r e s e n t s   a  t o t a l  

s u b s t a n c e   p a t h   TR  =  500  k g / m 2   i t   can  be  s e e n   f r o m  

e q u a t i o n   ( 4 ) ,   t h a t   t h e   n e t t   e f f i c i e n c y   of  t h e   p r o c e s s   w i l l  



t h e n   be  E  =  0 . 9 4  

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

d o s e   r a t i o   Z  w i t h i n   t h e   p r o d u c t   w i l l   s t i l l   be  1 . 2 5   and  t h e  

s ame   as  i f   an  a r r a y   of   one  h a l f   of  t h e   t h i c k n e s s   had   b e e n  

i r r a d i a t e d   on  two  o p p o s i t e   s i d e s   w i t h o u t   s p l i t t i n g .  

A s s u m i n g  e a c h   i r r a d i a t i o n   p r o d u c e s   u n i t   d o s e   o n  

t h e   o u t e r   f a c e   of   t h e   a r r a y   upon   w h i c h   i t   i s   i n c i d e n t   t h e  

d o s e s   w i t h i n   t h e   s p l i t t a b l e   a r r a y   a t   e a c h   s t e p   w o u l d   be  a s  

f o l l o w s :  

E x a m p l e   1 

A  PVC  i n s u l a t e d   c o p p e r   e q u i p m e n t   w i r e   has   a  

s o l i d   c o n d u c t o r   0 . 6   mm  d i a m e t e r   and  r a d i a l   i n s u l a t i o n  

t h i c k n e s s   0 .25mm  ( o v e r a l l   d i a m e t e r   1 . 1 0   mm),  so  t h a t   t h e  

mean  d e n s i t y   of  t h e   i n s u l a t e d  w i r e   i s   3307   k g / m 3 .   T h i s  

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

f l a n g e s   b e i n g   0 . 0 6 7   m . a n d   t h e   s u b s t a n c e   p a t h   t h r o u g h   t h e  

f l a n g e s   b e i n g   n e g l i g i b l e .   The  wound  d e n s i t y   of  t h e   w i r e   D 

i s   2150   kg /m3   and  so  t h e   p r o d u c t   s u b s t a n c e   p a t h   ( f l a n g e  

to   f l a n g e ) i s   0 . 0 0 6 7   x  2150   =  144  k g / m 2 .  

I r r a d i a t i o n   was  c o n d u c t e d   w i t h   t h e   s p o o l s   i n  

p a i r s ,   f l a n g e   to   f l a n g e ,   to   make  up  a  p r o d u c t   p a c k a g e   t w o  



s p o o l s   t h i c k ,   g i v i n g   a  s u b s t a n c e   p a t h   o f   2  x  144  =  

288  k g / m 2 ,   t o o   h i g h   f o r   t h e   c o n v e n t i o n a l   t e c h n i q u e .   T h e  

a r r a y   was  p r o c e s s e d   in  a c c o r d a n c e   w i t h   t he   i n v e n t i o n ,   a n d  

t h e   i n c r e m e n t a l   d o s e   a t   t h e   m i d - p l a n e   of  t he   a r r a y   s o u r c e  

in  e a c h   p a s s   b e i n g   a b o u t   0 . 4 t h a t   a t   t he   f a c e   n e a r e s t   t h e  

r a d i a t i o n   s o u r c e .   In  t h e   f i r s t   i r r a d i a t i o n   on  e a c h   s i d e  

of  t h e   p a c k a g e ,   t h e   d o s e   a d j a c e n t   to  each   of  t h e   f l a n g e s  

was  m e a s u r e d   and  f o u n d   to   be  a b o u t   2 . 9 4   and  2 . 8 9   M r a d  

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

f o u n d   to   be  2 . 3 0   M r a d .   In  t h e   s e c o n d   i r r a d i a t i o n ,   t h e  

c o r r e s p o n d i n g   m e a s u r e m e n t s   w e r e   ( o u t e r )   2 . 9 2   and   2 . 9 5  

Mrad ,   and  ( c e n t r e )   2 . 3 3   M r a d .   The  n e t t   r e s u l t   w a s  

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

p r a c t i c a l l y   e q u i v a l e n t   d o s e   of  a b o u t   2 . 9 3   +  2 . 3 1  =   5 . 2 4  

Mrad .   The  e s t i m a t e d   r a t i o   of  maximum  to  m in imum  d o s e  

w i t h i n   an  i n d i v i d u a l   r e e l   w i n d i n g ,   as  g i v e n   by  (1)   i s :  

w h i c h   is   in  good   a g r e e m e n t   w i t h   t h e   e x p e r i m e n t a l l y  

o b s e r v e d   v a l u e   o f :  

The  a b s o r p t i o n   e f f i c i e n c y   f o r   t h e   p a c k a g e   was ,   f r o m  

e q u a t i o n   ( 4 ) :  

For   a  p a c k a g e   of  s i n g l e   s p o o l   t h i c k n e s s   Z  w o u l d   h a v e   b e e n  

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

0 . 5 4 .   U s i n g   t h e   m e t h o d   of   t h e   i n v e n t i o n   in   t h i s  

p a r t i c u l a r   c a s e   i n c r e a s e s   t h e   e f f i c i e n c y   by  a b o u t   50  p e r  

c e n t .  



E x a m p l e   2 

A  t w i n   j u m p e r   w i r e   has   t he   f o l l o w i n g   d i m e n s i o n s :  

B e c a u s e   of   t h e   low  v a l u e   o f   p r o d u c t   s u b s t a n c e   p a t h   p e r  

s p o o l   i t   i s   p o s s i b l e   to   p l a c e   two  s p o o l s   f l a n g e   to  f l a n g e  

and  to   c o n s i d e r   t h e s e   as  a  s i n g l e   e n t i t y   h a v i n g   a n  

e f f e c t i v e   s u b s t a n c e   p a t h   =  200  kg /m2   w h i c h   i s   s t i l l   l e s s  

t h a n   t h e   o p t i m u m   v a l u e   o f   250  k g / m 2 ,   w h i c h   w o u l d   g i v e   a  

v a l u e   of   Z  =  1 . 2 5   f o r   c o n v e n t i o n a l   p r o c e s s i n g .  

The  a r r a y   f o r m e d   t h e r e f o r e   c o m p r i s e s   two  h a l v e s  

e a c h   c o n t a i n i n g   a  p a i r   of   s p o o l s .   The  t o t a l   s u b s t a n c e  

p a t h   of   t h e   a r r a y   i s :  

The  r a t i o   of   t h e   i n c r e m e n t a l   d o s e   r e c e i v e d   i n  

one   p a s s   a t   t h e   m i d - p l a n e   of  t h e   a r r a y   to   t h a t   n e a r e s t   t h e  

r a d i a t i o n   s o u r c e   was  a b o u t   0 . 3 3 .  

A f t e r   t h e   f i r s t   h a l f   of  t he   p r o c e s s   and  b e f o r e  

s p l i t t i n g   and  r e - a s s e m b l i n g   t h e   p a c k a g e   t h e   mean  d o s e s  

' m e a s u r e d   t h r o u g h   t h e   p a c k a g e   w e r e :  



On  c o m p l e t i o n   of  t h e   p r o c e s s   t h e   d o s e s   w e r e  

t h e r e f o r e :   f o r   t h e   f l a n g e s   i r r a d i a t e d   a t   t h e   c e n t r e   a n d  

o u t e r   p o s i t i o n s ,   2 . 7 8   +  1 . 6   =  4 . 3 8   M r a d ;   and   f o r   t h e  

f l a n g e s   i r r a d i a t e d   i n  t h e  q u a r t e r   and  t h r e e - q u a r t e r  

p o s i t i o n s ,   2  x  1 . 7 5   =  3 .5   M r a d .   C o n s e q u e n t l y   t he   r a t i o   o f  

maximum  to  min imum  d o s e   w a s :  

w h i c h   was  a l s o   t h e   d o s e   r a t i o   a c r o s s   t h e   w i n d i n g   o n  

i n d i v i d u a l   s p o o l s .  

From  (4)  t h e   e f f i c i e n c y   of   t h e   p r o c e s s   i n  

a c c o r d a n c e   w i t h   t h e  i n v e n t i o n   i s :  

For   t h i s   w i r e ,   had   t h e   a r r a y   c o n s i s t e d   of  e i t h e r  

s i n g l e   s p o o l s ,   or  p a i r e d   s p o o l s ,   of  t h e   same  s i z e   t h e n   t h e  

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

h a v e   b e e n  0 . 4 2   and  0 . 6 7   r e s p e c t i v e l y   and  t h e   d o s e   r a t i o s  

(Z)  1 . 0 4   and  1 . 1 5   r e s p e c t i v e l y .  

U s i n g   t he   m e t h o d   of   t h e   i n v e n t i o n   in  t h i s   c a s e  

i m p r o v e s   t h e   e f f i c i e n c y   by  a b o u t   100  p e r   c e n t   c o m p a r e d  

w i t h   t h a t   o b t a i n a b l e   on  a  s i n g l e   s p o o l   t h i c k n e s s   p a c k a g e  

and  by  a b o u t   31  p e r   c e n t   c o m p a r e d   w i t h   t h a t   o b t a i n a b l e  

w i t h   a  d o u b l e   s p o o l   t h i c k n e s s   p a c k a g e .  



1.  A  m e t h o d   of   i r r a d i a t i n g   d i s c r e t e   a r t i c l e s   w i t h  

gamma  r a y s   i n   w h i c h   t he   a r t i c l e s   a r e   f i r s t   a s s e m b l e d   in   a n  

a r r a y   o f   s u c h   t h i c k n e s s   t h a t   on  i r r a d i a t i o n   on  one  f a c e  

t h e   d o s e   r e c e i v e d   a t   h a l f   t h e   t h i c k n e s s   f r o m   t h a t   f a c e  i s  

s i g n i f i c a n t l y   l e s s   t h a n   h a l f   t h e   d o s e   a d j a c e n t   t h a t   f a c e ,  

b u t   n o t   s u b s t a n t i a l l y   l e s s   t h a n   one  q u a r t e r   o f   t h a t   d o s e ,  

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

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

t h o s e   f a c e s   in   c o n t a c t   w i t h   one  a n o t h e r   to   f o r m   a  n e w  

a r r a y   w h i c h   i n   i t s   t u r n   i s   i r r a d i a t e d   f rom  e a c h   of   t h e   t w o  

n e w l y   e x p o s e d   f a c e s   to   t h e   same  e x p o s u r e   as  b e f o r e .  

2.  A  m e t h o d   of  i r r a d i a t i n g   c o i l s   of  i n s u l a t e d   w i r e  

or   c a b l e   w i t h   gamma  r a y s   in   w h i c h   t h e   c o i l s   a r e   f i r s t  

a s s e m b l e d   in   an  a r r a y   of  s u c h   t h i c k n e s s   t h a t   o n  

i r r a d i a t i o n   on  one  f a c e   t h e   d o s e   r e c e i v e d   a t   h a l f   t h e  

t h i c k n e s s   f r o m   t h a t   f a c e   i s   s i g n i f i c a n t l y   l e s s   t h a n   h a l f  

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

t h a n   one   q u a r t e r   of   t h a t   d o s e ,   t h e   a r r a y   i s   t h e n  

i r r a d i a t e d   e q u a l l y   on  b o t h   f a c e s ,   d i v i d e d   m i d - w a y   b e t w e e n  

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

w i t h   one   a n o t h e r   to  fo rm  a  new  a r r a y   w h i c h   in   i t s   t u r n   i s  

i r r a d i a t e d   f r o m   e a c h   of  t h e   two  n e w l y   e x p o s e d   f a c e s   to  t h e  

same  e x p o s u r e   as  b e f o r e .  

3.  A  m e t h o d   as  c l a i m e d   in   C l a i m   1  or  C l a i m   2  i n  

w h i c h   t h e   i n i t i a l   r a d i a t i o n   d o s e   a t   t h e   m i d - p l a n e  

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

t h e   a r r a y   i s   in   t h e   r a n g e   0 . 4   down  to   0 . 2 5   of  t h a t  

a d j a c e n t   to   t h i s   f a c e .  



4.  A  m e t h o d   of   i r r a d i a t i n g   PVC  i n s u l a t e d   e q u i p m e n t  

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

E x a m p l e   1 .  

5.  A  m e t h o d   of   i r r a d i a t i n g   t w i n   j u m p e r   w i r e  

s u b s t a n t i a l l y   as  d e s c r i b e d   w i t h   r e f e r e n c e   t o   E x a m p l e   2 .  

6.  W i r e ,   c a b l e ,   or  o t h e r   a r t i c l e s   i r r a d i a t e d   by  t h e  

m e t h o d   c l a i m e d   in  any  one  of   t h e   p r e c e d i n g   c l a i m s .  






	bibliography
	description
	claims
	drawings

