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(54)  Radio  frequency  load  resistor. 

Radio  frequency  load  resistor  for  terminating  a  coaxial 
cable  without  reflection  comprising  a  center  conductor  (28) 
of  uniform  radius  and  an  outer  conductor  (32)  having  a 
radius  which  gradually  decreases  from  the  input  (12)  to  the 
same  radius  as  the  center  conductor  (28);  the  outer  conduc- 
tor  (32)  has  a  resistance  provided  by  a  thin  film  (50)  of  resis- 
tive  material  thereon;  the  radius  of  the  outer  conductor  (32) 
and  the  resistance  as  a  function  of  distance  along  the  axis  are 
correlated  so  that  this  load  resistor  produces  minimal 
reflected  energy,  the  RF  energy  being  absorbed  by  the  resis- 
tive  film  on  the  outer  conductor  (32)  with  the  heat  produced 
thereby  being  readily  dissipated  into  the  surrounding 
medium. 



T h i s   i n v e n t i o n   r e l a t e s   to  a  r a d i o   f r e q u e n c y   l o a d  

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

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

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

f rom  t h i s   i n p u t   and  t e r m i n a t i n g   in  a  f r e e   end ,   and  an  o u t e r  

c o n d u c t o r   e x t e n d i n g   f rom  t he   i n p u t   to  a  j u n c t u r e   w i t h   t h e  

c e n t e r   c o n d u c t o r ,   t he   r a t i o   of  t he   r a d i u s   of  the   o u t e r   c o n -  

d u c t o r   to  t he   r a d i u s   of  t he   c e n t e r   c o n d u c t o r   v a r y i n g   i n v e r s e -  

ly  w i t h   the   d i s t a n c e   f rom  the   i n p u t .  

R a d i o   f r e q u e n c y   (RF)  l o a d   r e s i s t o r s   a re   c o m m o n l y  

u s e d   to  a b s o r b   the   power   o u t p u t   of  a  t r a n s m i s s i o n   l i n e .   S u c h  

a  d e v i c e   i s   u s e d   to  r e p l a c e   the   t r a n s m i t t i n g   a n t e n n a   in  c i r -  

c u m s t a n c e s   w h e r e   r a d i a t e d   power   wou ld   be  u n d e s i r a b l e ,   f o r   e x -  

ample   d u r i n g   a  t u n i n g   o p e r a t i o n .   Such  l o a d s   may  be  r e q u i r e d  

to  a b s o r b   power   r a n g i n g   f rom  a  few  w a t t s   to  s e v e r a l   h u n d r e d  

w a t t s .   F u r t h e r ,   r a d i o   f r e q u e n c y   l o a d   r e s i s t o r s   a re   s o m e t i m e s  

r e q u i r e d   to  have   a  v o l t a g e   s t a n d i n g   wave  r a t i o   of  r e l a t i v e l y  

low  v a l u e   of  a b o u t   1 . 10   or  l e s s .  

In  t he   p r i o r   a r t ,   RF  l o a d   r e s i s t o r s   have  b e e n  

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

i ng   the   RF  e n e r g y .   An  o u t e r   c o n d u c t o r   of  c o n i c a l   s h a p e   p r o -  

v i d e s   t he   d e s i r e d   i m p e d a n c e   c h a r a c t e r i s t i c   and  a l s o   s e r v e s  

as  a  medium  t h r o u g h   w h i c h   t he   h e a t   e n e r g y   i s   d i s s i p a t e d .   A 

h e a t   s i n k   c o m p r i s i n g   an  o i l   f i l l e d   can  w i t h   e x t e r n a l   f i n s   i s  

d i s p o s e d   o v e r   t he   c o n i c a l   o u t e r   c o n d u c t o r .   T h i s   a r r a n g e m e n t  

r e l i e s   upon  h e a t   t r a n s f e r   f rom  t he   r e s i s t i v e   c e n t e r   c o n -  

d u c t o r  b y   c o n v e c t i o n   and  c o n d u c t i o n   t h r o u g h   an  a i r   or  o i l  

d i e l e c t r i c   to  t he   h e a t   s i n k .   T h i s   i m p o s e s   a  l i m i t   on  t h e  

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

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

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

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

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

m i n a t i n g   a  r a d i o   f r e q u e n c y   t r a n s m i s s i o n   l i n e ,   wh ich   c o m -  

p r i s e s :   an  i n p u t   a d a p t e d   to  be  c o n n e c t e d   w i t h   a  c o a x i a l  

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



t e r m i n a t i n g   in  a  f r e e   end ;   and  an  o u t e r   c o n d u c t o r   e x t e n d i n g  

f rom  t h e   i n p u t   to  a  j u n c t u r e   w i t h   t he   c e n t e r   c o n d u c t o r ,   t h e  

r a t i o   of  t h e   r a d i u s   of  t h e   o u t e r   c o n d u c t o r   to   t he   r a d i u s   o f  

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

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

t a n c e   t h a n   t h e   c e n t e r   c o n d u c t o r ,   and  t h e   v a l u e   of  t h i s   r a t i o  

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

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

p e d a n c e   of  t h e   c o a x i a l   c a b l e .  

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 ,   an  RF  l o a d   r e -  

s i s t o r   i s   p r o v i d e d   w h i c h   e x h i b i t s   a  w i d e   b a n d w i d t h   w i t h   a  

low  v o l t a g e   s t a n d i n g   wave  r a t i o   and  i s   c a p a b l e   of  a b s o r b i n g  

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

p a r t s .  

The  m a n n e r   of  c a r r y i n g   ou t   t h e   i n v e n t i o n   i s   d e -  

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

w h i c h :  

FIGURE  1  shows   one  e m b o d i m e n t   of   t h e   RF  l o a d   r e -  

s i s t o r   of  t h i s   i n v e n t i o n   in  a  c r o s s - s e c t i o n a l   v i e w ;  

FIGURE  2  i s   a  v iew  t a k e n   on  l i n e s   2-2   of  FIGURE 

1;  a n d  

FIGURE  3  shows  a n o t h e r   e m b o d i m e n t   of  t h e   RF  l o a d  

r e s i s t o r   of  t h i s   i n v e n t i o n .  

R e f e r r i n g   now  to  t he   d r a w i n g s ,   t h e r e   i s   shown  i l -  

l u s t r a t i v e   e m b o d i m e n t s   of  an  RF  l o a d   r e s i s t o r   f o r   a  c o a x i a l  

c a b l e   a c c o r d i n g   to  t h e   i n v e n t i o n .  

A  t e r m i n a t i o n   f o r   a  n o n - r e s o n a n t   l i n e   w h i c h   w i l l  

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

s i s t i v e   l o a d   h a v i n g   an  i n p u t   i m p e d a n c e   e q u a l   to  t he   c h a r a c -  

t e r i s t i c   i m p e d a n c e   of  t h e   l i n e .   A  c o a x i a l   c a b l e   h a v i n g   a  

c h a r a c t e r i s t i c   i m p e d a n c e   of  50  ohms,  f o r   e x a m p l e ,   may  b e  

t e r m i n a t e d   w i t h   a  50  ohm  r e s i s t o r   c o n n e c t e d   a c r o s s   i t s  

o u t p u t   end  and  t he   t r a n s m i t t e d   power   w i l l   be  d i s s i p a t e d   i n  

t h e   r e s i s t o r   w i t h   a  min imum  of  r e f l e c t i o n .   In  o r d e r   to   p r o -  
v i d e   s u c h   a  t e r m i n a t i o n   i t   i s   n e c e s s a r y   t o  c o u p l e   t he   l o a d  

r e s i s t o r   to  t h e   c o a x i a l   c a b l e   in  s u c h   a  way  t h a t   t he   l o a d  

r e s i s t o r   i t s e l f   has   an  i n p u t   i m p e d a n c e   e q u a l   to  t h e   c h a r a c -  

t e r i s t i c   i m p e d a n c e   of  t h e   c a b l e .  



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

the   d e v i c e   of  t h i s   i n v e n t i o n ,   i t   w i l l   be  h e l p f u l   to  c o n s i d e r  

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

A  c o n c e n t r i c   l i n e   or  c o a x i a l   c a b l e   has   a  c h a r a c t e r i s t i c   i m -  

p e d a n c e   w h i c h   may  be  e x p r e s s e d   as  f o l l o w s :  

W h e r e :  

µ  =  p e r m e a b i l i t y   of  f r e e   s p a c e  

E0  =  p e r m i t t i v i t y   of  f r e e   s p a c e  

r2  =  i n n e r   r a d i u s   of  o u t e r   c o n d u c t o r ,   a n d  

r1  =  r a d i u s   of  c e n t e r   c o n d u c t o r .  

For  c o n v e n i e n c e ,   the   c o n s t a n t   t e r m s   may  be  c o m b i n e d   and  r e -  

p r e s e n t e d   by  k  so  t h a t   t he   c h a r a c t e r i s t i c   i m p e d a n c e   may  b e  

e x p r e s s e d   a s :  

The  i m p e d a n c e   of  a  c o a x i a l   l i n e   i s ,   of  c o u r s e ,  

s i g n i f i c a n t l y   i n c r e a s e d   by  i n s e r t i n g   a  r e s i s t o r   in  the   l i n e .  

T h i s   can  be  done  by  i n s e r t i n g   a  s e c t i o n   of  l i n e   w h i c h   h a s  

t he   o u t e r   c o n d u c t o r   made  up  of  a  d i e l e c t r i c   s u b s t r a t e   h a v i n g  

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

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

s u r f a c e   of  a  d i e l e c t r i c   s u b s t r a t e   w i l l   have   a  r e s i s t a n c e  

v a l u e :  

W h e r e :  

p  r e s i s t i v i t y   of  t he   f i l m   m a t e r i a l  

d  =  l e n g t h   a l o n g   t he   a x i s ,   a n d  

A  c r o s s - s e c t i o n a l   a r e a   of  t he   f i l m .  

A  l o a d   r e s i s t o r   may  be  c o n s t r u c t e d   so  t h a t   i t  

w i l l   have   a n  i n p u t   i m p e d a n c e   e q u a l   to  t he   c h a r a c t e r i s t i c   i m -  

p e d a n c e   of  a  c o a x i a l   l i n e   by  c o r r e l a t i n g   the   c h a n g e   of  l u m p -  

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



i m p e d a n c e   a l o n g   the   l i n e .   For  t h i s   p u r p o s e ,   a t   e v e r y   i n -  

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

s i s t a n c e   s h o u l d   be  o f f s e t   by  t h e   c u m u l a t i v e   r e d u c t i o n   o f  

d i s t r i b u t e d   i m p e d a n c e   of  t h e   l i n e .   T h i s   can  be  r e a l i z e d   b y  

m a k i n g :  

W h e r e :  

Z  =  k   l n  r 2  r 1 =   d i s t r i b u t e d   i m p e d a n c e  

R  =pd A  =  l u m p e d   r e s i s t a n c e ,   a n d  

x  =  d i s t a n c e   a l o n g   t h e   a x i s   of  t h e   r e -  

s i s t o r   f rom  t h e   i n p u t   e n d .  

In  g e n e r a l ,   a c c o r d i n g   to  t h i s   i n v e n t i o n ,   a  l o a d  

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

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

s i s t a n c e   i s   i n c r e a s e d   g r a d u a l l y   a l o n g   t h e   l i n e .   A c c o r d i n g l y ,  

t h e   r a t i o   of  t h e   i n n e r   r a d i u s   of  t h e   o u t e r   c o n d u c t o r   to   t h e  

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

c o r d i n g   to  a  p r e d e t e r m i n e d   f u n c t i o n   and  t h e   c u m u l a t i v e   l u m p -  

ed  r e s i s t a n c e   i n c r e a s e s   a c c o r d i n g   to   a  p r e d e t e r m i n e d   f u n c -  

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

t h a t  r e f l e c t i o n   of  e n e r g y . b y   t h e   r e s i s t o r   i s   m i n i m i z e d .  

In  a  f i r s t   e m b o d i m e n t   of  t h i s   i n v e n t i o n ,   t h e  

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

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

to  an  e x p o n e n t i a l   f u n c t i o n   of  d i s t a n c e   a l o n g   t h e   l i n e .   T h e  

p a r t i c u l a r   f u n c t i o n   i s   d e r i v e d   f rom  e q u a t i o n   (2)  and  ( 4 )  

to   o b t a i n :  

a n d ,  

.  W h e r e :  

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



Z  =  c h a r a c t e r i s t i c   i m p e d a n c e   of  t h e  

l i n e   b e i n g   t e r m i n a t e d  

d  =  l e n g t h   of  r e s i s t i v e   e l e m e n t ,   a n d  

k  =  a  c o n s t a n t   of  p r o p o r t i o n a l i t y .  

With  a  r a d i u s   r2  f o r   t h e   o u t e r   c o n d u c t o r ,   as  g i v e n   in  e q u a -  

t i o n   ( 5 ) ,   t he   c u m u l a t i v e   v a l u e   of  lumped  r e s i s t a n c e   must   i n -  

c r e a s e   l i n e a r l y   w i t h   d i s t a n c e   a l o n g   the   l i n e .   From  i n s p e c -  

t i o n   of  e q u a t i o n   (3)  i t   w i l l   be  s e e n   t h a t :  

w h i c h   shows  t h a t   r e s i s t a n c e   pe r   u n i t   l e n g t h   is   c o n s t a n t   i f  

t he   c r o s s - s e c t i o n a l   a r e a   A  i s   c o n s t a n t .   For  a  t h i n   f i l m   on  

t he   i n n e r   s u r f a c e   of  a  c y l i n d e r ,   t he   c r o s s - s e c t i o n a l   a r e a  

of  t he   f i l m   on  a  c y l i n d e r   of  r a d i u s   r  i s   a p p r o x i m a t e l y :  

Thus  t he   a r e a   A  w i l l   be  c o n s t a n t   a l o n g   t he   l i n e   i f   t he   p r o d -  

u c t   of  t he   r a d i u s   r  and  f i l m   t h i c k n e s s   t  i s   c o n s t a n t .   T h i s  

r e l a t i o n s h i p   of  f i l m   t h i c k n e s s   and  r a d i u s   i s   o b t a i n e d   by  d e -  

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

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

a  r a d i u s   w h i c h   v a r i e s   a c c o r d i n g   to  e q u a t i o n   ( 5 ) .   From  e q u a -  
t i o n   ( 7 ) ,   i t   w i l l   be  s e e n   t h a t   t he   t h i c k n e s s   of  t he   f i l m   i s  

g i v e n   b y :  

Thus ,   w h e r e   t he   c r o s s - s e c t i o n a l   a r e a   A  i s   h e l d   c o n s t a n t ,  

t he   t h i c k n e s s   of  t he   f i l m   v a r i e s   i n v e r s e l y   w i t h   t h e   i n n e r  

r a d i u s   of  t he   o u t e r   c o n d u c t o r .  

In  a  s e c o n d   e m b o d i m e n t   of  the   i n v e n t i o n ,   t h e  

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

and  t he   r a d i u s   of  the   o u t e r   c o n d u c t o r   d e c r e a s e s   a c c o r d i n g  

to  a  l i n e a r   f u n c t i o n   of  d i s t a n c e   a l o n g   the   l i n e .   With  t h e  

r a d i u s   i n c r e a s i n g   l i n e a r l y ,   t he   c u m u l a t i v e   v a l u e   of  l u m p e d  

r e s i s t a n c e   mus t   i n c r e a s e   a c c o r d i n g   to  a  p r e d e t e r m i n e d   f u n c -  

t i o n .   Tha t   f u n c t i o n   i s   s a t i s f i e d   by  a  u n i f o r m   t h i c k n e s s   o f  

the   r e s i s t i v e   m a t e r i a l .   T h i s  c a n   be  p r o v i d e d   by  a  t u m b l i n g  

o p e r a t i o n   to  c o a t   t he   o u t e r   c o n d u c t o r   w i t h   a  r e s i s t i v e  



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

R e f e r r i n g   now  to  FIGURE  1,  a  f i r s t   p r e f e r r e d   e m -  
b o d i m e n t   of  t h e   RF  l o a d   r e s i s t o r   i s   shown.   The  l o a d   r e -  

s i s t o r   c o m p r i s e s ,   in  g e n e r a l ,   a  c o a x i a l   i n p u t   12  and  a  l o a d  

r e s i s t o r   14.  The  i n p u t   12  i s   a d a p t e d   to  be  c o n n e c t e d   w i t h  

t he   o u t p u t   end  of  the  coax ia l   cable  ( n o t   shown)   w h i c h   i s   f e d  

f rom  an  RF  g e n e r a t o r .   The  power   s u p p l i e d   by  t h e   c o a x i a l  

c a b l e   to  t he   i n p u t   12  i s   to  be  d i s s i p a t e d   in  t h e   l o a d   r e -  

s i s t o r   1 4 .  

The  i n p u t   12  i n c l u d e s   a  c o n v e n t i o n a l   c o a x i a l  

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

t e r m i n a l   18  and  a  c e n t e r   m e t a l   p i n   or  t e r m i n a l   20.  T h e  

s l e e v e   18  c o n t a i n s   a  d i e l e c t r i c   body  22,  such   as  T e f l o n ,  

w h i c h   s u p p o r t s   t h e   c e n t e r   p i n   20  c o a x i a l l y   of  t h e   s l e e v e  

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

t h r e a d   24  f o r   m a t i n g   e n g a g e m e n t   w i t h   t h e   a s s o c i a t e d   c o n -  

n e c t o r   member   on  t he   end  of  a  c o a x i a l   c a b l e .  

The  i n p u t   12  a l s o   i n c l u d e s   a  t r a n s i t i o n   s e c t i o n  

or  a d a p t e r   16  f o r   t he   p u r p o s e   of  a d a p t i n g   t h e   c o a x i a l   c a b l e  

to  t he   i n p u t   of  t he   l o a d   r e s i s t o r   14.  The  a d a p t e r   16  i n -  

c r e a s e s   t h e   s i z e s   of  t he   c o n d u c t o r s   w i t h   a  minimum  of  d i s -  

c o n t i n u i t y   in  t h e   i m p e d a n c e   of  t h e   l i n e .   The  a d a p t e r   16  c o m -  

p r i s e s   an  o u t e r   c o n d u c t o r   or  s l e e v e   26  w h i c h   i s   an  i n t e g r a l  

e x t e n s i o n   of  t h e   s l e e v e   18,  w i t h   an  i n c r e a s e d   i n s i d e   d i a m -  

e t e r .   A  c e n t e r   c o n d u c t o r   28,  w h i c h   i s   l a r g e r   t h a n   t h e   p i n  

20,  e x t e n d s   f rom  an  i n t e g r a l   c o n n e c t i o n   w i t h   t h e   p i n   a n d  

t e r m i n a t e s   in   a  f r e e   end  30.  The  c o n d u c t o r   28  i s   t h e   c e n t e r  

c o n d u c t o r   f o r   b o t h   t he   t r a n s i t i o n   s e c t i o n   or  a d a p t e r   16  a n d  

t h e   l o a d   r e s i s t o r   14.  The  c e n t e r   c o n d u c t o r   28  i s   a  c y l i n d r i -  

c a l   m e t a l   rod   of  u n i f o r m   d i a m e t e r .  

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

c e n t e r   c o n d u c t o r   28  and  an  o u t e r   member   32  of  d i e l e c t r i c   m a -  

t e r i a l   w h i c h   i s   p r e f e r a b l y   a  c e r a m i c   m a t e r i a l   s u c h   as  a l u -  

mina   or  b e r y l i a .   The  o u t e r   m e m b e r  3 2   d e f i n e s   an  a x i a l   b o r e  

34  w i t h   an  i n p u t   s e c t i o n   36  of  u n i f o r m   d i a m e t e r   w h i c h   i s  

e q u a l   to  t h a t   of  s l e e v e   26.  The  a x i a l   b o r e   34  of  t h e   mem-  
b e r   32  a l s o   i n c l u d e s   an  e l o n g a t e d   h o r n - s h a p e d   l o a d   s e c t i o n  

38.  The  l o a d   s e c t i o n   3 8 ' o f   t h e   b o r e   i s   of  t a p e r e d   d i a m e t e r  

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



s e c t i o n   36  to  the   d i a m e t e r   of  t he   c e n t e r   c o n d u c t o r   28  a t  

t he   f r e e   end  30  t h e r e o f .   The  b o r e   34  is   d e f i n e d   by  an  i n n e r  

w a l l   s u r f a c e   40  w h i c h   i s   a  s u r f a c e   of  r e v o l u t i o n   and  h e n c e  

has   a  c i r c u l a r   t r a n s v e r s e   c r o s s - s e c t i o n   at  a l l   l o c a t i o n s .  

As  d e s c r i b e d   s u b s e q u e n t l y ,   t he   w a l l   s u r f a c e   40  s e r v e s   as  a  

s u b s t r a t e   f o r   a  t h i n   l a y e r   of  f i l m   50  o f - r e s i s t i v e   m a t e r i a l .  

The  o u t e r   member  32  i s   m o u n t e d   on  t he   a d a p t e r   16 

by  a  f l a n g e   42  w h i c h   i s   s e c u r e d   to  t he   member  32  by  a  s o l -  

d e r   r i n g   44.  The  f r e e   end  30  of  t he   c e n t e r   c o n d u c t o r   28  i s  

c o n d u c t i v e l y   c o n n e c t e d   w i t h   t h e   o u t e r   member  32  by  a  s o l d e r  

r i n g   4 6 .  

A  t h i n   f i l m   50  of  r e s i s t i v e   m a t e r i a l   i s   d e -  

p o s i t e d   on  the   i n n e r   s u r f a c e   of  t he   l oad   s e c t i o n   38  of  t h e  

o u t e r   member  32.  The  i n n e r   s u r f a c e   40  of  the   o u t e r   m e m b e r  

32  has   a  r a d i u s   w h i c h   i s   an  e x p o n e n t i a l   f u n c t i o n   of  d i s -  

t a n c e   a l o n g   the   a x i s   of  t he   i n n e r   c o n d u c t o r   28.  In  p a r t i c u -  

l a r ,   t he   r a d i u s   of  t he   i n n e r   s u r f a c e   40  i s   g i v e n   by  e q u a -  
t i o n   (5)  a b o v e .   The  f i l m   is   s u i t a b l y   a  m e t a l l i c   f i l m ,   p r e -  

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

w i t h   d e c r e a s i n g   d i a m e t e r   of  t he   s u r f a c e   40.  The  t h i c k n e s s  

of  t he   f i l m   50  is   such   t h a t   t he   r e s i s t a n c e   is   a  l i n e a r  

f u n c t i o n   of  d i s t a n c e   a l o n g   t he   l i n e   in  o r d e r   to  p r e v e n t   r e -  

f l e c t i o n   of  e n e r g y   from  t he   l o a d   r e s i s t o r .   In  p a r t i c u l a r ,  

t h e   t h i c k n e s s   of  t he   f i l m   is   i n v e r s e l y   p r o p o r t i o n a l   to  t h e  

r a d i u s   of  t he   i n n e r   s u r f a c e .   As  d e s c r i b e d   above   w i t h   r e f e r -  

e n c e   to  t h i s   f i r s t   e m b o d i m e n t ,   t h i s   v a r i a t i o n   of  f i l m  

t h i c k n e s s   may  be  o b t a i n e d   by  s p u t t e r i n g   of  the   m e t a l   o n t o  

t h e   i n n e r   s u r f a c e   40.  For   e x a m p l e ,   t he   t h i n   f i l m   is   s u i t -  

a b l y   s p u t t e r e d   o n t o   t he   i n n e r   s u r f a c e   f rom  an  a x i a l l y   d i s -  

p o s e d   w i r e   e x t e n d i n g   the   l e n g t h   of  the   o u t e r   member  3 2 .  

The  o u t e r   member  32,  as  shown  in  FIGURES  1  a n d  

2,  i s   g e n e r a l l y   c y l i n d r i c a l   in  i t s   o u t l i n e   c o n f i g u r a t i o n .  

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

t e r i a l   h a v i n g   good  h e a t   t r a n s f e r   p r o p e r t i e s .   The  o u t e r   mem- 

be r   32  i n c l u d e s   a  p l u r a l i t y   of  r a d i a l l y   e x t e n d i n g   h e a t   d i s -  

s i p a t i n g   f i n s   5 2 .  

In  o p e r a t i o n   of  t h e   l o a d   r e s i s t o r   shown  in  F I G -  

URES  1  and  2,  the   r a d i o   f r e q u e n c y   e n e r g y   fed  t o  t h e   r e s i s -  

t o r   i s   c o n v e r t e d   to  h e a t   e n e r g y   in  t he   r e s i s t i v e   f i l m   5 0 .  



The  h e a t   i s   t r a n s f e r r e d   f rom  t he   r e s i s t i v e   f i l m   by  c o n d u c -  

t i o n   t h r o u g h   t he   o u t e r   member  32  and  i s   d i s s i p a t e d   to  t h e  

s u r r o u n d i n g   a t m o s p h e r e   or  o t h e r   medium  t h r o u g h   the   f i n s   5 2 .  

I t   i s   to   be  n o t e d   t h a t   in  t h i s   e m b o d i m e n t   of  t he   i n v e n t i o n  

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

t h e   l o a d   s e c t i o n   38  of  t he   r e s i s t o r .   T h i s   i s   o b t a i n e d   b e -  

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

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

a l o n g   t h e   a x i s .   T h i s   d i s t r i b u t i o n   of  p o w e r   l o s s   i s   h i g h l y  

a d v a n t a g e o u s   i n   h e a t   t r a n s f e r   f rom  t h e   r e s i s t i v e   f i l m   t o  

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

A  s e c o n d   e m b o d i m e n t   of  t he   i n v e n t i o n   i s   d i s c l o s e d  

in   FIGURE  3;  in  t h i s   e m b o d i m e n t   a l l   of  t he   p a r t s   a r e   t h e  

same  as  t h o s e   in  t h e   e m b o d i m e n t   of  FIGURES  1  and  2  e x c e p t  

f o r   t h e   c e r a m i c   member   32.  A c c o r d i n g l y ,   t h e   same  p a r t s   i n  

t h e   e m b o d i m e n t   of  FIGURE  3  a r e   d e s i g n a t e d   w i t h   the   same  r e f -  

e r e n c e   c h a r a c t e r s   as  u s e d   in  FIGURE  1.  The  d e s c r i p t i o n   g i v e n  

a b o v e   w i t h   r e f e r e n c e   to  FIGURES  1  and  2  i s   a p p l i c a b l e   t o  

FIGURE  3  e x c e p t   f o r   t h e   o u t e r   member   3 2 ' .   The  d i f f e r e n c e   b e -  

t w e e n   m e m b e r  3 2 '   and  member   32  i s   in  t h e   s h a p e   of  t he   a x i a l  

b o r e   34 '   in  t he   l o a d   s e c t i o n   38'  and  t he   t h i c k n e s s   of  t h e  

r e s i s t i v e   f i l m   5 0 ' .   As  d e s c r i b e d   a b o v e   w i t h   r e f e r e n c e   t o  

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

d u c t o r ,   i . e .   t he   s u r f a c e   40'   i n c r e a s e s   as  a  l i n e a r   f u n c t i o n  

of   d i s t a n c e   a l o n g   t h e   l i n e .   In  t h i s   e m b o d i m e n t   t h e   f i l m   5 0 '  

of   r e s i s t i v e   m a t e r i a l   i s   of  u n i f o r m   t h i c k n e s s   o v e r   t h e   s u r -  

f a c e   4 0 ' .   The  f i l m   50 '   of  r e s i s t i v e   m a t e r i a l   i s   s u i t a b l y   a  

l a y e r   of   c a r b o n   p a r t i c l e s   w h i c h   have   been   a p p l i e d   w i t h   u n i -  

f o r m   t h i c k n e s s .   The  o p e r a t i o n   of  t h e   e m b o d i m e n t   of  FIGURE  3 

i s   t h e   same  as  d e s c r i b e d   a b o v e   e x c e p t   t h a t   i t   does   no t   h a v e  

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

t h e   a x i s   of  t he   l o a d   r e s i s t o r .  



1.  R a d i o   f r e q u e n c y   l o a d   r e s i s t o r   f o r   t e r m i n a t i n g  

a  r a d i o   f r e q u e n c y   t r a n s m i s s i o n   l i n e ,   s a i d   l o a d   r e s i s t o r   ( 1 4 )  

c o m p r i s i n g :   an  i n p u t   (12)   a d a p t e d   to  be  c o n n e c t e d   w i t h   a  c o -  

a x i a l   c a b l e ;   a  c e n t e r   c o n d u c t o r   (28)   e x t e n d i n g   f rom  s a i d   i n -  

pu t   (12)   and  t e r m i n a t i n g   in  a  f r e e   end  ( 3 0 ) ;   and  an  o u t e r  

c o n d u c t o r   ( 3 2 ; 3 2 ' )   e x t e n d i n g   f rom  s a i d   i n p u t   (12)   to  a  j u n c -  

t u r e   (46)   w i t h   t he   c e n t e r   c o n d u c t o r   ( 2 8 ) ,   the   r a t i o   of  t h e  

r a d i u s   of  t he   o u t e r   c o n d u c t o r   ( 3 2 ; 3 2 ' )   to  the   r a d i u s   of  t h e  

c e n t e r   c o n d u c t o r   (28)   v a r y i n g   i n v e r s e l y   w i t h   the   d i s t a n c e  

from  s a i d   i n p u t   ( 1 2 ) ;   c h a r a c t e r i z e d   in  t h a t   the   o u t e r   c o n -  

d u c t o r   ( 3 2 ; 3 2 ' )   has   a  h i g h e r   r e s i s t a n c e   t h a n   the   c e n t e r   c o n -  

d u c t o r   ( 2 8 ) ,   and  the   v a l u e   of  s a i d   r a t i o   and  the   v a l u e   o f  

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

s a i d   l o a d   r e s i s t o r   (14)   i s   m a t c h e d   to  t he   i m p e d a n c e   of  t h e  

c o a x i a l   c a b l e .  

2.  R a d i o   f r e q u e n c y   l o a d   r e s i s t o r   as  c l a i m e d   i n  

c l a i m   1,  c h a r a c t e r i z e d   in  t h a t   t he   c e n t e r   c o n d u c t o r   ( 2 8 )  

has   a  u n i f o r m   r a d i u s   from  s a i d   i n p u t   (12)   to  s a i d   j u n c t u r e  

(46)   and  the   o u t e r   c o n d u c t o r   ( 3 2 ; 3 2 ' )   has  a  r a d i u s   w h i c h  

g r a d u a l l y   d e c r e a s e s   f rom  s a i d   i n p u t   (12)   to  s a i d   j u n c t u r e  

( 4 6 ) .  

3.  R a d i o   f r e q u e n c y   l o a d   r e s i s t o r   as  c l a i m e d   i n  

c l a i m   2,  c h a r a c t e r i z e d   in  t h a t   t he   o u t e r   c o n d u c t o r   ( 3 2 ; 3 2 ' )  

c o m p r i s e s   a  d i e l e c t r i c   s u b s t r a t e   ( 3 2 ; 3 2 ' )   w i t h   a  f i l m   ( 5 0 ;  

5 0 ' )   of  r e s i s t i v e   m a t e r i a l   on  the   i n n e r   s u r f a c e   t h e r e o f .  

4.  R a d i o   f r e q u e n c y   l o a d   r e s i s t o r   as  c l a i m e d   i n  

c l a i m   3,  c h a r a c t e r i z e d   in   t h a t   t he   r a d i u s   of  t he   i n n e r   s u r -  

f a c e   of  t he   d i e l e c t r i c   s u b s t r a t e   (32)   i s   an  e x p o n e n t i a l  

f u n c t i o n   of  t he   d i s t a n c e   from  s a i d   i n p u t   ( 1 2 ) .  

5.  R a d i o   f r e q u e n c y   l o a d   r e s i s t o r   as  c l a i m e d   i n  

c l a i m   4,  c h a r a c t e r i z e d   in  t h a t   t he   r e s i s t i v e   f i l m   (50)   h a s  

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

a x i s   of  t he   d i e l e c t r i c   s u b s t r a t e   ( 3 2 ) .  

6.  R a d i o   f r e q u e n c y   l o a d   r e s i s t o r   as  c l a i m e d   i n  

c l a i m   5,  c h a r a c t e r i z e d   in  t h a t  t h e   r e s i s t i v e   f i l m   (50)   h a s  

a  t h i c k n e s s   w h i c h   v a r i e s   i n v e r s e l y   as  t he   r a d i u s   of  t he   i n -  

n e r   s u r f a c e   of  t h e   d i e l e c t r i c   s u b s t r a t e   ( 3 2 ) .  

7.  R a d i o   f r e q u e n c y   l o a d   r e s i s t o r   as  c l a i m e d   i n  



c l a i m   3,  c h a r a c t e r i z e d   in  t h a t   t he   r a d i u s   of  t h e   i n n e r   s u r -  

f a c e   of  t he   d i e l e c t r i c   s u b s t r a t e   ( 3 2 ' )   is   a  l i n e a r   f u n c t i o n  

of  t h e   d i s t a n c e   a l o n g   t he   a x i s   t h e r e o f   f rom  s a i d   i n p u t   ( 1 2 ) .  

8.  R a d i o   f r e q u e n c y   l o a d   r e s i s t o r   as  c l a i m e d   i n  

c l a i m   7,  c h a r a c t e r i z e d   in  t h a t   t he   r e s i s t i v e   f i l m   has   an  i n -  

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

a x i s   of  t h e   d i e l e c t r i c   s u b s t r a t e   ( 3 2 ' ) .  

9.  R a d i o   f r e q u e n c y   l o a d   r e s i s t o r   as  c l a i m e d   i n  

c l a i m   8,  c h a r a c t e r i z e d   in  t h a t   t h e   r e s i s t i v e   f i l m   has   a  u n i -  

form  t h i c k n e s s .  

10.  R a d i o   f r e q u e n c y   l o a d   r e s i s t o r   as  c l a i m e d   i n  

c l a i m   3,  c h a r a c t e r i z e d   in  t h a t   t h e   d i e l e c t r i c   s u b s t r a t e   ( 3 2 ;  

3 2 ' )   i s   a  body  of  c e r a m i c   m a t e r i a l .  

11.  R a d i o   f r e q u e n c y   l o a d   r e s i s t o r   as  c l a i m e d   i n  

c l a i m   10,  c h a r a c t e r i z e d   in  t h a t   s a i d   body  of  c e r a m i c   m a -  

t e r i a l   i n c l u d e s   h e a t   d i s s i p a t i n g   f i n s   (52)   t h e r e o n .  
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