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transformer  itself,  so  that  the  primary  current  saturates  the 
reactor  core.  This  permits  a  very  compact  structure  and 
minimises  stray  inductance. 

T  15  20  14 

F/g.2. 

Croydon  Printing  Company  Ltd. 

  A  high  power  transformer  which  is  suitable  for  the 
generation  of  very  high  voltage  pulses  includes  a  saturable 
reactor  which  is  formed  integrally  within  it.  The  core  of  the 
reactor  is  surrounded  by  the  primary  winding  of  the 
transformer  itself,  so  that  the  primary  current  saturates  the 
reactor  core.  This  permits  a  very  compact  structure  and 
minimises  stray  inductance. 



T h i s   i n v e n t i o n   r e l a t e s   to  t r a n s f o r m e r s   w h i c h   a r e  

p a r t i c u l a r l y   s u i t a b l e   f o r   u s e   in  p u l s e   c i r c u i t s   in  w h i c h   a  

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

i n t o   a  v e r y   h i g h   v o l t a g e   p u l s e .  

A  t r a n s f o r m e r   of   t h i s   k i n d   can  be  u s e d   in  a  p u l s e  

c i r c u i t   to   p r o v i d e   t h e   o p e r a t i n g   power   f o r   a  h i g h   p o w e r  

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

r a d a r   t r a n s m i t t e r .   Such  a  p u l s e   c i r c u i t   i s   s o m e t i m e s   t e r m e d  

a  r a d a r   p u l s e   m o d u l a t o r .   A  r a d a r   t r a n s m i t t e r   can  t r a n s m i t  

p u l s e s   h a v i n g   a  v e r y   low  m a r k - t o - s p a c e   r a t i o ;   t h a t   i s   t o  

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

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

a r e   r e t u r n e d   by  i n t e r c e p t e d   t a r g e t s   to   a  r a d a r   r e c e i v e r .  

The  u s e f u l   r a n g e   of   a  r a d a r   i s   r e l a t e d   to   t h e   p o w e r  
t r a n s m i t t e d   d u r i n g   t h e   s h o r t   p u l s e   p e r i o d s   and  i t   i s  

t h e r e f o r e   v e r y   i m p o r t a n t   to   m a x i m i s e   t h e   p o w e r   of   t h e s e  

p u l s e s ,   w h i l s t   e n s u r i n g   t h a t   t h e   p u l s e s   t u r n   on  and  o f f  

c l e a n l y   w i t h o u t   t h e   g e n e r a t i o n   of   e x c e s s i v e   n o i s e .  

F o l l o w i n g   t h e   t u r n   o f f ,   or   d e c a y ,   of  a  t r a n s m i t t e d   s h o r t  

p u l s e ,   t h e   r e c e i v e r   of   t h e   r a d a r   i s   e n a b l e d   so  t h a t   i t  

can  d e t e c t   weak  r a d a r   e c h o e s .   I t   i s   c l e a r l y   i m p o r t a n t   t o  

e n s u r e   t h a t   t h e   t r a i l i n g   e d g e s   of  t h e   t r a n s m i t t e d   s h o r t  

p u l s e s   d e c a y   v e r y   r a p i d l y   and  c l e a n l y   so  t h a t   t h e y   do  n o t  

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

t a r g e t s   a t   c l o s e   r a n g e .  

T h e s e   r e q u i r e m e n t s   i m p o s e   s t r i n g e n t   d e m a n d s   on  t h e  

p u l s e   t r a n s f o r m e r   i t s e l f   as  i t   may  be  r e q u i r e d   to   c o n v e r t  

an  i n p u t   p u l s e   of  o n l y   a  few  h u n d r e d   v o l t s   to   an  o u t p u t  

p u l s e   v o l t a g e   of   up  to   30  kV  or   e v e n   h i g h e r ,   w h i l s t  

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

The  p r e s e n t   i n v e n t i o n   s e e k s   to  p r o v i d e   an  i m p r o v e d  

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



A c c o r d i n g   to   a  f i r s t   a s p e c t   of   t h i s   i n v e n t i o n ,   a  

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

w i n d i n g ;   and  a  s a t u r a b l e   r e a c t o r   w h i c h   i s   e n c i r c l e d   by  t h e  

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

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

w i t h   t h e   s e c o n d a r y   w i n d i n g .  

A c c o r d i n g   t o   a  s e c o n d   a s p e c t   of   t h i s   i n v e n t i o n ,   a  

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

t o   c o n s t i t u t e   a  c l o s e d   m a g n e t i c   l o o p ;   a  t o r o i d a l  

s e c o n d a r y   w i n d i n g   wound  a r o u n d   s a i d   c o r e   m a t e r i a l   so  a s  

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

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

e n c i r c l e d   by  t h e   c o r e   m a t e r i a l ;   a  s a t u r a b l e   r e a c t o r   c o r e  

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

r i g i d   c o n d u c t o r   and  w h i c h   i s   a l s o   e n c i r c l e d   by  s a i d   c o r e  

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

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

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

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

t h e   s a t u r a b l e   r e a c t o r ,   t h e   o v e r a l l   i n d u c t a n c e   can   be  k e p t  

to   a  v e r y   low  v a l u e .  

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

be  p h y s i c a l l y   v e r y   l a r g e ,   and   t h e   p r i m a r y   c u r r e n t s   a l s o   c a n  

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

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

u n i t ,   t h e   o v e r a l l   c o s t   and  w e i g h t   can   be  r e d u c e d   w h i l s t   t h e  

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

The  i n v e n t i o n   i s   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  

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   in  w h i c h :  

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

t h e   f u n c t i o n   of   t h e   t r a n s f o r m e r   and  s a t u r a b l e   r e a c t o r ,  

F i g u r e   2  i s   a  s e c t i o n   v i e w   s h o w i n g   c o n s t r u c t i o n   of   t h e  

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



R e f e r r i n g   to   F i g u r e   1  t h e r e   i s   shown  t h e r e i n   a  h i g h  

v o l t a g e   t r a n s f o r m e r   1  wh ich   i s   a d a p t e d   to   c o n v e r t   a  

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

n e t w o r k   2  i n t o   a  v e r y   h i g h   v o l t a g e   p u l s e   and  to   make  i t  

a v a i l a b l e   a t   o u t p u t   t e r m i n a l s   3  and  4.  The  p u l s e   f o r m i n g  

n e t w o r k   2  c o n s i s t s   of   a  d i s t r i b u t e d   i n d u c t i v e   a n d  

c a p a c i t a n c e   c i r c u i t   as  d i a g r a m a t i c a l l y   i l l u s t r a t e d .   N e t w o r k s  

of  t h i s   k i n d   a r e   w e l l   known  and  i t   i s   n o t   t h o u g h t  

n e c e s s a r y   to   d e s c r i b e   i t   in  f u r t h e r   d e t a i l .   The  n e t w o r k   2 

i s   p e r i o d i c a l l y   c h a r g e d   f rom  a  low  v o l t a g e   d . c .   p o w e r  

s u p p l y   p r e s e n t   a t   t e r m i n a l s   5  and  6.  When  t h e   n e t w o r k   i s  

f u l l y   c h a r g e d ,   t h e   s w i t c h   7  i s   c l o s e d   t h e r e b y   p e r m i t t i n g   t h e  

n e t w o r k   to   r a p i d l y   d i s c h a r g e   v i a   a  s a t u r a b l e   r e a c t o r   8  a n d  

t h e   p r i m a r y   w i n d i n g   9  of  t h e   t r a n s f o r m e r   1 .  

As  t h e   s w i t c h   7  i s   t y p i c a l l y   a  s o l i d   s t a t e   t h y r i s t o r  

i t   can  t a k e   a  f i n i t e   t i m e   to   c h a n g e   f r o m   a  f u l l y   n o n -  

c o n d u c t i v e   s t a t e   to   a  f u l l y   c o n d u c t i v e   s t a t e ,   and  i f  

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

_ t h i s   i m p e d a n c e   t r a n s i t i o n   p h a s e   a  g r e a t   d e a l   of   p o w e r   w o u l d  

be  d i s s i p a t e d   w i t h i n   t h e   s w i t c h   i t s e l f .   I t   i s   to   p r e v e n t  

t h i s   h a p p e n i n g   t h a t   t h e   s a t u r a b l e   r e a c t o r   8  i s   p r o v i d e d .  

As  i s   w e l l   k n o w n ,   a  s a t u r a b l e   r e a c t o r   i n i t i a l l y   b e h a v e s   a s  

an  i n d u c t a n c e   and   t h e r e f o r e   c o n t r o l s   t h e   r a t e   a t   w h i c h   t h e  

b u i l d - u p   of   d i s c h a r g e   c u r r e n t   can   o c c u r ,   b u t   t h e   m a g n e t i c  

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

b e h a v e s   as  a  v e r y   low  v a l u e   i n d u c t a n c e ,   and  e x h i b i t s   a  v e r y  
low  i m p e d a n c e .  

T y p i c a l l y ,   t h e   p o w e r   h a n d l i n g   c a p a c i t y   of  t h e  

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

n e t w o r k   can   t a k e   a  r e l a t i v e l y   l o n g   t i m e   to   become   f u l l y  

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

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

t h e   peak   p o w e r   t r a n s f e r r e d   by  t h e   t r a n s f o r m e r   i s  

c o r r e s p o n d i n g l y   g r e a t .   T y p i c a l l y ,   t h e   p r i m a r y   w i n d i n g   9 

of  t h e   t r a n s f o r m e r   1  i s   o n l y   a  s i n g l e   t u r n  a l t h o u g h   i n  



p r a c t i c e   i t   may  c o n s i s t   of  two  or   more  t u r n s .   T h e  

s e c o n d a r y   w i n d i n g   20  has   a  v e r y   l a r g e   n u m b e r   of   t u r n s   t o  

p r o v i d e   t h e   r e q u i r e d   s t e p - u p   v o l t a g e .   In  o r d e r   to   o b t a i n  

a  r a p i d   d i s c h a r g e   of   t h e   p u l s e   f o r m i n g   n e t w o r k   2  o n c e   t h e  

s w i t c h   7  h a s   become   f u l l y   c o n d u c t i v e ,   i t   i s   i m p o r t a n t   t o  

m i n i m i s e   t h e   i n d u c t a n c e   of   t h e   d i s c h a r g e   p a t h .   I t   h a s  

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

m a n n e r .   In  p r a c t i c e ,   o u t p u t   t e r m i n a l   3  i s   c o n n e c t e d   to  a  

h i g h   f r e q u e n c y   o s c i l l a t o r   s u c h   as   a  m a g n e t r o n ,   w h i c h  

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

h i g h   v o l t a g e   p u l s e s   a r e   a p p l i e d   to   i t .  

R e f e r r i n g   to   F i g u r e   2,  t h e r e   i s   shown  in   more   d e t a i l  

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

r e a c t o r   as   an  i n t e g r a l   p a r t   o f   i t .   T h i s   f i g u r e   shows   a  

s e c t i o n   v i e w   t a k e n   t h r o u g h   t h e   c e n t r a l   a x i s   of   t h e  

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

i s   r e p r e s e n t e d   by  t h e   o p p o s i t e   c o n d u c t i v e   f a c e s   10  and  1 1  

of   a  d o u b l e - s i d e d   p r i n t e d   c i r c u i t   b o a r d   12.  T h i s   b o a r d   12  

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

The  p r i m a r y   w i n d i n g   o f   t h e   t r a n s f o r m e r   c o n s i s t s   of   t h o s e  

p o r t i o n s   of   t h e   c o n d u c t i v e   s h e e t s   10  and  11  w h i c h   a r e  
a d j a c e n t   to   t h e   t r a n s f o r m e r ,   a  s o l i d   c o n d u c t i v e   c e n t r a l  
b o s s   13 ,   a  s t u d   24  w h i c h   c o n n e c t s   t h e   s h e e t   10  to   t h e   b o s s  

13 ,   a  c o n d u c t i v e   p l a t e   14,   and  a  p l u r a l i t y   o f   c o n d u c t i v e  
s t u d s   15  a r r a n g e d   on  a  c i r c l e   a r o u n d   t h e   c e n t r a l   b o s s   13  
w h i c h   make   c o n t a c t   w i t h   t h e   p l a t e   14  and  t h e   s h e e t   11.  T h e  
c e n t r a l   p o r t i o n   of   t h e   s h e e t   11  i s   r e m o v e d ,   so  as   n o t   t o  
c o n t a c t   t h e   b o s s   13.   A l t e r n a t i v e l y ,   t h e   s t u d s   15  may  b e  

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

The  s e c o n d a r y   w i n d i n g   20  of   t h e   t r a n s f o r m e r   c o n s i s t s  
of   v e r y   many  t u r n s   of   f i n e   w i r e   w r a p p e d   a r o u n d   a  t r a n s f o r m e r  

c o r e   m a t e r i a l   21  w h i c h   i s   in   t h e   fo rm  of   a  c i r c u l a r   r i n g  
so  t h a t   t h e   w i n d i n g   20  i s   of   a  c o n v e n t i o n a l   t o r o i d a l   n a t u r e .  
In  p r a c t i c e ,   t h e   c o r e   m a t e r i a l   w i l l   be  m o u n t e d   in   a  m a n n e r  
d e s c r i b e d   in   o u r   p r e v i o u s   UK  p a t e n t   a p p l i c a t i o n   8 1 2 4 3 2 0 ,  



as  i t   i s   of  a  r e l a t i v e l y   d e l i c a t e   m e c h a n i c a l   n a t u r e .   T h e  

s e c o n d a r y   w i n d i n g   20  i s   r e t a i n e d   in  p o s i t i o n   by  e m b e d d i n g  

i t   in  a  n o n - c o n d u c t i v e   r e s i n   m a t e r i a l   1 6 .  

The  m a g n e t i c   c o r e   of  t he   s a t u r a b l e   r e a c t o r   8  i s  

c o n s t i t u t e d   by  a  t h i n   s l e e v e   17  of  a  s a t u r a b l e   r e a c t o r  

m a t e r i a l   w h i c h   c l o s e l y   s u r r o u n d s   t h e   c e n t r a l   b o s s   13.  I t  

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

c u r r e n t   f l o w i n g   in   t h e   p r i m a r y   w i n d i n g   in  t h e   same  way  t h a t  

t h e   c o r e   m a t e r i a l   21  of   t h e   t r a n s f o r m e r   i s   s u r r o u n d e d .   I t  

t h e r e f o r e   b e h a v e s   as  a  s a t u r a b l e   r e a c t o r   in   e x a c t l y   t h e  

same  way  as  t h e   c o n v e n t i o n a l   s e r i e s   r e p r e s e n t a t i o n   s h o w n  

in   F i g u r e   1 .  

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

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

b e c o m e   f a i r l y   h o t   i n   o p e r a t i o n .   In  o r d e r   to   t r a n s f e r   t h e  

h e a t   r a p i d l y   to  a  s u i t a b l e   h e a t   s i n k ,   an  i n t e r n a l   m e t a l  

c y l i n d e r   18  i s   p r o v i d e d   i n   c o n t a c t   w i t h   t h e   r e s i n   m a t e r i a l  

16,   b u t   s p a c e d   a p a r t   f r o m   t h e   s l e e v e   17.  H e a t   can   t h e r e f o r e  

be  e x t r a c t e d   v i a   t h e   p l a t e   14  w h i c h   can  be  s u i t a b l y   c o u p l e d  

to   an  e x t e r n a l   h e a t   s i n k   s y s t e m .  

The  l o c a t i o n   of   t h e   s a t u r a b l e   r e a c t o r   m a t e r i a l   in   t h e  

f o r m   of  t h e   s l e e v e   17  m a k e s   i t   u n n e c e s s a r y   to   p r o v i d e   a n  

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

s a t u r a b l e   r e a c t o r .   T h i s   e n a b l e s   t h e   i n d u c t a n c e   of   t h e  

s a t u r a b l e   r e a c t o r   to   be  k e p t   a t   an  e x t r e m e l y   low  l e v e l ,   s o  

t h a t   t h e   p u l s e   f r o m   t h e   p u l s e   f o r m i n g   n e t w o r k   i s   n o t  

d i s t o r t e d   to   any  s i g n i f i c a n t   e x t e n t .   The  t o t a l   s t r a y  

i n d u c t a n c e   of   t h e   t r a n s f o r m e r   and  r e a c t o r   can   be  a l t e r e d  

by  c h a n g i n g   t h e   p r o f i l e   of   t h e   c e n t r a l   b o s s   13.   T h u s ,   i n  

F i g u r e   2,  an  a n n u l a r   r e c e s s   22  i s   f o r m e d   in   i t s   o u t e r  

s u r f a c e   and  t h i s   h a s   t h e   e f f e c t   of  i n c r e a s i n g   t h e   i n d u c t a n c e  

as  c o m p a r e d   w i t h   an  u n r e c e s s e d   b o s s   of  t h e   same  m a x i m u m  

d i a m e t e r .   I t   i s   n o t   n e c e s s a r y   t h a t   t he   l e n g t h   of   t h e  

s a t u r a b l e   r e a c t o r   m a t e r i a l   s l e e v e   17  i s   l e s s   t h a n   t h e  

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



p r o j e c t   f r o m   one  or   b o t h   s i d e   f a c e s   t h e r e o f ,   i f   i t   i s  

n e c e s s a r y   to   a c c o m m o d a t e   a  l a r g e   v o l u m e   of   t h e   r e a c t o r  

m a t e r i a l .  



1.  A  t r a n s f o r m e r   i n c l u d i n g   a  p r i m a r y   w i n d i n g   and  a  

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

e n c i r c l e d   by  t h e   s e c o n d a r y   w i n d i n g ,   and  w h i c h   i s   a r r a n g e d  

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

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

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

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

s e c o n d a r y   w i n d i n g   wound  a r o u n d   s a i d   c o r e   m a t e r i a l   so  a s  

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

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

e n c i r c l e d   by  t h e   c o r e   m a t e r i a l ;   a  s a t u r a b l e   r e a c t o r   c o r e  

in   t h e   f o rm  of   a  h o l l o w   c y l i n d e r   e n c i r c l i n g   s a i d   c e n t r a l  

r i g i d   c o n d u c t o r   and  w h i c h   i s   a l s o   e n c i r c l e d   by  s a i d   c o r e  

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

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

3.  A  t r a n s f o r m e r   as  c l a i m e d   in   c l a i m   2  and  w h e r e i n   t h e  

c y l i n d e r   i s   in   c o n t a c t   w i t h   t h e   c e n t r a l   c o n d u c t o r .  

4.  A  t r a n s f o r m e r   as  c l a i m e d   in   c l a i m   3,  and  w h e r e i n   t h e  

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

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

i s   r e q u i r e d   to   e x h i b i t .  

5.  A  t r a n s f o r m e r   as  c l a i m e d   in   c l a i m   2,  3  and  4,  a n d  

w h e r e i n   h e a t   c o n d u c t i v e   m e a n s   a r e   p o s i t i o n e d   in   p r o x i m i t y  

to   t h e   s e c o n d a r y   w i n d i n g   so  as  to   e x t r a c t   t h e   h e a t   t h e r e f r o m .  

6.  A  t r a n s f o r m e r   as  c l a i m e d   in   c l a i m   5  and  w h e r e i n   t h e  

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

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