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@  Linearized  traveling  wave  amplifier  with  hard  limiter  characteristics. 
@  A  travelling  wave  tube  (10)  has  a  helical  slow  wave  struc- 
ture  (18)  including  a  sever  (21).  A  dynamic  velocity  taper  is 
provided  by  gradually  reducing  the  spacing  (26)  between  the 
adjacent  repeating  elements  of  the  slow  wave  structure, 
which  are  the  windings  of the  helix.  The  reduction  takes  place 
between  o  indicated  by  line  (23)  and  s  which  coincides  with 
the  output  point  of  the  helix  as  indicated  by  line  (22).  The 
spacing  is  decreased  at  an  exponential  rate  up  to  about  5%  at 
Zs. 



This   i n v e n t i o n   r e l a t e s   to  t r a v e l i n g   wave  a m p l i f y i n g  

t u b e s   w h e r e i n   a  t r a v e l i n g   e l e c t r o m a g n e t i c   wave  and  a n  

e l e c t r o n   beam  i n t e r a c t   to  e f f e c t   a m p l i f i c a t i o n   of  a  r a d i o -  

f r e q u e n c y   s i g n a l .  

B e c a u s e   of  t h e   p r e s e n t l y   i n c r e a s i n g   demand  f o r  

s a t e l l i t e - t o - e a r t h   c o m m u n i c a t i o n s ,   i t   is   c l e a r   t h a t   t h e  

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

s a t e l l i t e s   w i l l   be  e x c e e d e d   w i t h i n   a  few  y e a r s .   T h u s ,   i t  

is  d e s i r a b l e   to  be  a b l e   to  t r a n s m i t   many  d i f f e r e n t   s i g n a l s  

by  v a r i o u s   t e c h n i q u e s   such   as  f r e q u e n c y   m o d u l a t i o n   or  p u l s e  

w i d t h   m o d u l a t i o n   e i t h e r   of  wh ich   may  be  m u l t i p l e x e d .  

To  a v o i d   i n t e r m o d u l a t i o n   b e t w e e n   t he   s i g n a l s   in  a 

t r a v e l i n g   wave  a m p l i f i e r   t u b e ,   i t   is  e s s e n t i a l   t h a t   t h e  

t u b e   be  o p e r a t e d   o n l y   in  i t s   l i n e a r   r e g i o n .   C o n s e q u e n t l y ,  

i t   has  been  n e c e s s a r y   to  o p e r a t e   t r a v e l i n g   wave  t u b e s   u n d e r  

a  b a c k - o f f   c o n d i t i o n   w h e r e i n   the   o u t p u t   p o w e r   w i t h   r e l a t i o n  

to  the   i n p u t   p o w e r   is   much  l e s s   t h a n   maximum  in  o r d e r   t o  

s t a y   in  a  l i n e a r   r e g i o n   of  o p e r a t i o n .   A c c o r d i n g l y ,   i t  

wou ld   be  a d v a n t a g e o u s   to  have   a  t r a v e l i n g   wave  t ube   w h i c h  

has  a  g r e a t l y   i n c r e a s e d   r a n g e   of  l i n e a r   o p e r a t i o n .  

PRIOR  ART 

U n i t e d   S t a t e s   P a t e n t   No.  3 , 6 6 8 , 5 4 4   to  L i e n   d i s c l o s e s  

a  s low  wave  t u b e   w h e r e i n   t he   s i g n a l   to  be  a m p l i f i e d   and  a 

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

p o r t i o n   of  t h e   s l ow   wave  c i r c u i t   to  i n c r e a s e   t he   RF  c o n -  

v e r s i o n   e f f i c i e n c y   of  t h e   t u b e .  

U n i t e d   S t a t e s   P a t e n t   No.  3 , 6 1 4 , 5 1 7   to  D i o n n e   i n t r o -  

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

r e l a t i v e l y   low  l e v e l   of  e l e c t r o n   beam  e n e r g y   e x t r a c t i o n   a n d  

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

t u b e .  

U n i t e d   S t a t e s   P a t e n t   No.  3 , 8 0 9 , 9 4 9  t o   S c o t t   d i s c l o s e s  

a  vane   l o a d e d   h e l i x   d e r i v e d   s low  wave  c i r c u i t   w h e r e i n   t h e  

d e g r e e   of  p e n e t r a t i o n   of  the   v a n e s   i n t o   t he   s low  w a v e  

c i r c u i t   is   i n c r e a s e d   at  t he   o u t p u t   end  of  t he   t u b e   f o r  

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



i n c r e a s e   e f f i c i e n c y   of  t he   t u b e .  

U n i t e d   S t a t e s   P a t e n t   No.  3 , 9 4 0 , 6 5 4   to  W i n s l o w .  e m p l o y s  

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

v a n e s   or  c o n d u c t o r s   a r o u n d   t h e   h e l i x   a d j a c e n t   i t s   o u t p u t  
end .   The  c o n d u c t o r s   a re   a r r a n g e d   such  t h a t   t he   s p a c i n g  

f rom  t h e   c o n d u c t o r   to  t h e   s l o w   wave  c i r c u i t   d e c r e a s e s   in  a  

d i r e c t i o n   t o w a r d   t h e   c o l l e c t o r .   The  W i n s l o w   s t r u c t u r e  

i n c r e a s e s   t h e   e f f i c i e n c y   and  t h e   band   w i d t h   of  a  t r a v e l i n g  

wave  t u b e   b u t   does  no t   i m p r o v e   l i n e a r i t y .  

U n i t e d   S t a t e s   P a t e n t   No.  3 , 9 0 3 , 4 4 9   to  S c o t t  

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

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

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

t i n g   b a n d   w i d t h   o v e r   w h i c h   t he   r e l a t i v e l y   h i g h   g a i n   a n d  

e f f i c i e n c y   a r e   o b t a i n a b l e .  

U n i t e d   S t a t e s   P a t e n t   No.  4 , 1 0 7 , 5 7 2   to  Y u a s a   et  a l  

d i s c l o s e s   a  t r a v e l i n g   wave  t u b e   h a v i n g   a  s l ow   wave  c i r c u i t  

c o n s i s t i n g   of  a  c o n s t a n t   p h a s e   v e l o c i t y   s e c t i o n   and  a  

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

an  a t t e n u a t o r   and  t he   o u t p u t   of  t he   s low  wave  c i r c u i t .   A 

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

t a p e r i n g   s e c t i o n s   is   p r e s c r i b e d   f o r   t he   p u r p o s e   o f  

i m p r o v i n g   t h e   t u b e   e f f i c i e n c y .  

U n i t e d   S t a t e s   P a t e n t   No.  3 , 9 7 2 , 0 0 5   to  N e v i n s ,   J r .   e t  

al   d i s c l o s e s   a  t r a v e l i n g   wave  t u b e   h a v i n g   a  c o n d u c t i v e  

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

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

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

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

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

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

s t a n t i a l l y   o n l y   in  t he   r a d i a l   or  a x i a l   d i r e c t i o n   of  t h e  

h e l i x   and  no t   in  t he   c i r c u m f e r e n t i a l   d i r e c t i o n .   Such  a n  

a r r a n g e m e n t   r e s u l t s   in  an  u l t r a   w ide   b a n d ,   h i g h   e f f i c i e n c y  

t r a v e l i n g   wave  t u b e .  

U n i t e d   S t a t e s   P a t e n t   No.  3 , 7 5 8 , 8 1 1   to  Wong  is  c o n c e r n e d  

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

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



t i o n   of  a  t r a v e l i n g   wave  t u b e .   The  s low  wave  s t r u c t u r e   o f  

Wong ' s   t r a v e l i n g   wave  t ube   c o m p r i s e s   a  h e l i x   d i v i d e d   i n t o  

t h r e e   s e c t i o n s .   The  f i r s t   s e c t i o n   is   a  s low  v e l o c i t y   a n d  

a t t e n u a t o r   c i r c u i t ,   t he   s e c o n d   s e c t i o n   is  a  p o s i t i v e  

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

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

s e c t i o n .   Wong  a p p l i e s   a  p o s i t i v e   v e l o c i t y   t a p e r   a b r u p t l y  

to  the   t r a v e l i n g   w a v e .  

SUMMARY  OF  THE  INVENTION 

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

v e l o c i t y   t a p e r   is   p r o v i d e d   f o r   a  t r a v e l i n g   wave  t u b e .   T h e  

t a p e r   b e g i n s   at  a  p o i n t   on  the   t u b e   s low  wave  s t r u c t u r e   a t  

w h i c h   e f f i c i e n c y   b e g i n s   to  become  g r e a t e r   t h a n   a b o u t   0 . 1 %  

and  e x t e n d s   in  a  d o w n s t r e a m   d i r e c t i o n   t o w a r d   a  c o l l e c t o r  

e l e c t r o d e   to  t h e   p o i n t   at  w h i c h   t he   o u t p u t   s i g n a l   is   p i c k e d  

o f f   the   s low  wave  c i r c u i t .  

The  d y n a m i c   v e l o c i t y   t a p e r   is  a c h i e v e d   by  g r a d u a l l y  

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

wave  s t r u c t u r e   o v e r   a  p r e s c r i b e d   d i s t a n c e .   The  r e d u c t i o n  

in  s p a c i n g   b e t w e e n   the   s low  wave  s t r u c t u r e   r e p e a t i n g  

e l e m e n t s   s t a r t s   at  a b o u t   0.1%  and  i n c r e a s e s   to  a b o u t   5%. 

P r e f e r a b l y ,   t he   r e d u c t i o n   in  s p a c i n g   is   at  an  e x p o n e n t i a l  

r a t e .  

The  d y n a m i c   v e l o c i t y   t a p e r   m a i n t a i n s   an  op t imum  p h a s e  

r e l a t i o n s h i p   b e t w e e n   the  t r a v e l i n g   wave  of  the   s low  w a v e  

s t r u c t u r e   and  b u n c h e s   of  e l e c t r o n s   in  t he   e l e c t r o n   b e a m .  

S i n c e   a  c o m p u t e d   r e d u c t i o n   in  e n e r g y   of  t he   e l e c t r o n  

bunch   is  u s e d   to  d e t e r m i n e   the   p h a s e   v e l p s i t y   of  t he   s l o w  

wave  c i r c u i t ,   i t   is  t h u s   d y n a m i c a l l y   m a t c h e d   to  the  r a t e  

of  l o s s   of  e n e r g y .   The  d e s i r e d   d y n a m i c   v e l o c i t y   t a p e r   may  
be  p r e c o m p u t e d   and  a  s low  wave  s t r u c t u r e   d e s i g n e d   a c c o r d -  

i n g l y ,   f o l l o w i n g   the   c o m p u t e r   o u t p u t s .  

The  use  of  t he   d y n a m i c   v e l o c i t y   t a p e r   in  a c c o r d a n c e  

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

t u b e   a  c h a r a c t e r i s t i c   t h a t   a p p r o a c h e s   t h a t   of  an  i d e a l   h a r d  

l i m i t e r .   T h u s ,   the   l i n e a r i t y   of  a  t r a v e l i n g   wave  t u b e   i s  

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

f a c t o r   of  a b o u t   1 .1   to  1 . 5 .  



BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

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

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

F i g .   2  shows   a  s c h e m a t i c   l o n g i t u d i n a l   s e c t i o n   of  a 

c o u p l i e d   c a v i t y   t r a v e l i n g   wave  t u b e   in  a c c o r d a n c e   w i t h  

t h i s   i n v e n t i o n ,  

F i g .   3  shows   a  p l o t   of  e f f i c i e n c y   v s .   s l ow   w a v e  

s t r u c t u r e   l e n g t h   f o r   t h e   t u b e   of  F i g .   1,  a n d  

F i g .   4  shows   a  p l o t   of  o u t p u t   vs .   i n p u t   p o w e r .  
MODE  FOR  CARRYING  OUT  THE  INVENTION 

R e f e r r i n g   to  F i g .   1,  a  t r a v e l i n g   wave  t u b e   10  c o m p r i s e s  

an  e n v e l o p e   11  w i t h   an  e l e c t r o n   e m i t t i n g   c a t h o d e   12  and  a n  

a c c e l e r a t i n g   a n o d e   13  at  one  end .   E l e c t r o n s   e m i t t e d   b y  

c a t h o d e   12  a r e   a c c e l e r a t e d   by  t h e   a n o d e   13  and  a r e   f o r m e d  

i n t o   a  beam  14  w h i c h   i s   c o l l e c t e d   a t   t h e   o t h e r   end  o f  

e n v e l o p e   11  by  a  c o l l e c t o r   15.  The  beam  14  is   p r e v e n t e d  

f rom  e x p a n d i n g   due  to  a  m a g n e t i c   f i e l d   f rom  a  s o l e n o i d   ( n o t  

shown)   or  p e r m a n e n t   m a g n e t s   c o a x i a l   w i t h   t h e   e n v e l o p e   11  a s  

is   common  p r a c t i c e   w i t h   t r a v e l i n g   wave  t u b e s   h a v i n g   a  h e l -  

i c a l   s l o w   wave  s t r u c t u r e   ( S W S ) .  

C a t h o d e   12  i s   m a i n t a i n e d   at  a  n e g a t i v e   p o t e n t i a l   w i t h  

r e s p e c t   to  t h e   a n o d e   13  and  the   c o l l e c t o r   15  by  means  of  a 

DC  s o u r c e   16,  t h e   n e g a t i v e   s i d e   of  w h i c h   is   c o n n e c t e d   to  t h e  

c a t h o d e   12,   t h e   p o s i t i v e   s i d e   b e i n g   c o n n e c t e d   to  g r o u n d   a s  

a t   17.  The  a n o d e   13  and  the   c o l l e c t o r   15  a r e   g r o u n d e d   a s  

at  17  a n d ,   a c c o r d i n g l y ,   a re   p o s i t i v e   w i t h   r e s p e c t   t o  

c a t h o d e   12.  A  h e a t e r   ( n o t   shown)   i s   n o r m a l l y   p r o v i d e d   f o r  

c a t h o d e   12  to  c a u s e   e l e c t r o n   e m i s s i o n .  

The  s l o w   wave   s t r u c t u r e   of  TWT  10  c o m p r i s e s   a  h e l i x   18  

in   w h i c h   t h e   t u r n s   may  be  c o n s i d e r e d   as  r e p e a t i n g   s t r u c t u r a l  

e l e m e n t s .   A  s i g n a l   i n p u t   t e r m i n a l   19  i s   c o n n e c t e d   to  t h e  

end  of  t h e   h e l i x   c l o s e s t   to  t he   c a t h o d e   12  at  one  end  o f  

e n v e l o p e   11  w h i l e   an  o u t p u t   t e r m i n a l   20  is   c o n n e c t e d   to  t h e  

h e l i x   18  e i t h e r   at   i t s   end  or  at  a  p o i n t   s l i g h t l y   u p s t r e a m  

of  i t s   end  w h i c h   i s   a d j a c e n t   c o l l e c t o r   15.  One  or  m o r e  

s e v e r s   21  may  be  p r o v i d e d   f o r   t h e   h e l i x   in  a  m a n n e r   w e l l -  

known  in   t h e   p r i o r   a r t .  



I m p o r t a n t   r e f e r e n c e   p o i n t s   on  the  h e l i x   18  a r e   i d e n t i -  

f i e d   by  the   l i n e   23  r e p r e s e n t i n g   the   p o i n t   Z   at  w h i c h  

e f f i c i e n c y   of  the  TWT  10  is  a p p r o x i m a t e l y   0.1%  and  l i n e   22 

r e p r e s e n t i n g   the   p o i n t   Zs  at  w h i c h   the   o u t p u t   s i g n a l   i s  

t a k e n   o f f   by  t e r m i n a l   20.  The  d o u b l e   e n d e d   a r r o w   25 

i n d i c a t e s   t he   a x i a l   d i s t a n c e   b e t w e e n   Z  and  Z  o v e r   w h i c h  
o  s 

the   a x i a l   s p a c i n g   26  b e t w e e n   a d j a c e n t   s t r u c t u r a l   e l e m e n t s  

such   as  t he   w i n d i n g s   o f  h e l i x   18  is  r e d u c e d .  

In  F i g .   3,  t he   v e r t i c a l   l i n e s   22  and  23  r e p r e s e n t   t h e  

same  s l o w   wave  s t r u c t u r e  a x i a l   p o i n t s   w h i c h   t h e y   d e l i n e a t e   i n  

F i g .   1.  As  shown  by  the   c u r v e   27,  e f f i c i e n c y   i n c r e a s e s  

e x p o n e n t i a l l y   f rom  a b o u t   0.1%  at  Z0  to  a b o u t   5%  at  Z   w h i c h  

r e p r e s e n t s   t he   o u t p u t   p o i n t   of  t he   h e l i x   18  in  F i g .   1 .  

V e r t i c a l   l i n e   22  c o r r e s p o n d s   to  t he   o u t p u t   p o i n t   of  t h e  

h e l i x   w h i c h   is  t he   p o i n t   of  maximum  e f f i c i e n c y   at   w h i c h  

s a t u r a t i o n   o c c u r s .  

R e f e r r i n g   now  to  F i g .   4,  c u r v e   28  r e p r e s e n t s   c o n v e n -  

t i o n a l   TWT  o u t p u t   power   or  e f f i c i e n c y   vs .   i n p u t   p o w e r .   As 

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

w h e r e   a  p l u r a l i t y   of  RF  s i g n a l s   a re   b e i n g   a m p l i f i e d ,  a  

t r a v e l i n g   wave  a m p l i f i e r   t u b e   must   be  o p e r a t e d   o n l y   in  i t s  

l i n e a r   r e g i o n .   The  c u r v e   28  is  l i n e a r   o n l y   up  to  a p p r o x i -  

m a t e l y   p o i n t   29.  Thus ,   o p e r a t i o n   of  the  t u b e   w o u l d   h a v e  

to  be  b a c k e d   o f f   to  p o i n t   29,  g r e a t l y   r e d u c i n g   o u t p u t  

e f f i c i e n c y   and  p o w e r .  

Curve   30  is  a  g r a p h   of  o u t p u t   e f f i c i e n c y   or  o u t p u t  

power   vs .   power   i n p u t   f o r   a  t r a v e l i n g   wave  t u b e   e m b o d y i n g  

the   i n v e n t i o n .   T h i s   c u r v e   is  l i n e a r   up  to  a p p r o x i m a t e l y  

the   p o i n t   31  and  c l o s e l y   a p p r o x i m a t e s   t he   c u r v e   of  a  h a r d  

l i m i t e r .   A c c o r d i n g l y ,   a  TWT  e m b o d y i n g   the   i n v e n t i o n   h a s  

v e r y   h i g h   l i n e a r i t y   and  h i g h e r   e f f i c i e n c y   f o r   c e r t a i n  

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

In  t he   c o u p l e d   c a v i t y   t r a v e l i n g   wave  t u b e   10  of  F i g .   2 ,  

the   c o m p o n e n t s   c o r r e s p o n d i n g   to  t h o s e   shown  in  F i g .   1  a r e  

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

the   e n v e l o p e   11,  c a t h o d e   12,  a n o d e   13,  e l e c t r o n   beam  1 4 ,  

c o l l e c t o r   15,  DC  s o u r c e   16,  t he   common  g r o u n d s   17,  i n p u t  

t e r m i n a l   19,  o u t p u t   t e r m i n a l   20,  and  a  s e v e r   2 1 .  



In  t h e   t u b e   of  F i g .   2,  c a v i t i e s   32  t h r o u g h   37  a r e  

f o r m e d   by  a  p l u r a l i t y   of  a x i a l l y   s p a c e d   d i s c s   38.  T h e  

d i s c s   38  h a v e  c e n t r a l   a p e r t u r e s   to  a l l o w   f o r   p a s s a g e   of  t h e  

e l e c t r o n   beam  14  and  a r e   p e r p e n d i c u l a r   to  t h e   l o n g   a x i s   o f  

t h e   e n v e l o p e   1 1 .  

I t   w i l l   be  s e e n   t h a t   t h e   a x i a l   l e n g t h   of  c a v i t y   37  i s  

s m a l l e r   t h a n   t h a t   of  36  w h i c h ,   in  t u r n ,   is   s m a l l e r   t h a n  

t h a t   of  35,  w i t h   35  h a v i n g   a  s m a l l e r   a x i a l   l e n g t h   t h a n  

c a v i t y   34.  C a v i t i e s   32,   33  and  34  a l l   h a v e   t h e   same  a x i a l  

l e n g t h   w h i c h   is   d e t e r m i n e d   by  the   s p a c i n g   b e t w e e n   t h e   d i s c s  

38  as  i n d i c a t e d   by  t h e   d o u b l e   ended   a r r o w   3 9 .  

In  a  d o w n s t r e a m   d i r e c t i o n ,   t o w a r d   c o l l e c t o r   15,  t h e  

a x i a l   s p a c i n g   of  d i s c s   38  d e c r e a s e s   a f t e r   p o i n t   Zo  to  f o r m  

t h e   c a v i t i e s   3 5 - 3 7 .   As  in   t he   c a s e   w i t h   t h e   TWT  shown  i n  

F i g .   1,  t h e   s p a c i n g   b e t w e e n   t he   d i s c s   38,  t he   r e p e a t i n g  

e l e m e n t s ,   is  g r e a t l y   e x a g g e r a t e d   f o r   p u r p o s e s   of  i l l u s t r a -  

t i o n .   In  an  a c t u a l   c o u p l e d   c a v i t y   t u b e ,   t h e r e   w o u l d   be  m a n y  

more   c a v i t i e s   and  t h e   r e d u c t i o n   in  s p a c i n g   b e t w e e n   t h e  

r e p e a t i n g   e l e m e n t s   w o u l d   be  much  l e s s   d r a s t i c   and  w o u l d   b e  

at   a  r a t e   of  r e d u c t i o n   b e t w e e n   0.1%  and  5%  b e t w e e n   Z  a n d  
0 

Z  ,   t h e   d e c r e a s e   b e i n g   p r e f e r a b l y   at   an  e x p o n e n t i a l   r a t e  
s  

to  o b t a i n   maximum  l i n e a r i t y .  

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

d e t e r m i n a t i o n   of  d y n a m i c   v e l o c i t y   t a p e r :  

a n d  

w h e r e i n :  

@  =   c o n s t a n t   to  be  d e t e r m i n e d ,   0 < @ < 5 0 ,  

b  =  P i e r c e ' s   v e l o c i t y   p a r a m e t e r   ( c o n s t a n t ) ,  
o 



b(Z)   =  m o d i f i e d ,   d y n a m i c   v e l o c i t y   p a r a m e t e r ,  
C  =  P i e r c e ' s   g a i n   ( e f f i c i e n c y   p a r a m e t e r ) ,  

u  =  dc  e l e c t r o n   v e l o c i t y   in  t he   TWT, 

V p =   i n i t i a l ,   c o n s t a n t   p h a s e   v e l o c i t y   of  the   s l o w  

wave  c i r c u i t ,   a n d  

V p ( Z )  =   m o d i f i e d ,   d y n a m i c   p h a s e   v e l o c i t y   of  the   s l o w  

wave  c i r c u i t .  

In  t he   p h y s i c a l   i m p l e m e n t a t i o n   of  the   i n v e n t i o n ,   t he   d y n a m i c  

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

s e v e r ,   w h e r e   the   l o c a l   e f f i c i e n c y   on  t h e   c i r c u i t  η   (Z)  j u s t  

b e g i n s   to  become  l a r g e r   t h a n   z e r o ,  η   ( Z )  @   0 .1% @  0 . 0 0 1 .  

In  t h i s   r e g i o n   wh ich   b e g i n s   a t  Z  =  Z o   and  ends   a t  Z  =  Z s  

( s a t u r a t i o n ) ,   the   e f f i c i e n c y   η   (Z)  is  a p p r o x i m a t e d   b y  

e q u a t i o n   (2)  a b o v e .  

I t   may  be  s e e n   t h a t   s i n c e  η ( Z o )  =   0,  and  b e c a u s e  

η ( Z s )  =  η s  i s   t he   e f f i c i e n c y   at  s a t u r a t i o n   of  a  c o n v e n -  

t i o n a l ,   u n t a p e r e d   TWT,  the   d e t e r m i n a t i o n   of  Γ   may  be  m a d e .  

T h u s ,   s i n c e :  

a n d  

w h i c h   y i e l d s  

T h u s ,   a l l   the   p a r a m e t e r s   f o r   t he   d e t e r m i n a t i o n   of  t h e  

d y n a m i c   v e l o c i t y   t a p e r   a r e   known  f rom  e q u a t i o n s   (4)  and  ( 5 ) .  

The  c h o i c e   of  the   p a r a m e t e r  @  i s   made  s u c h   as  to  p r o d u c e   t h e  

h i g h e s t   d e g r e e   of  l i n e a r i t y   w i t h   an  a c c e p t a b l e   d e g r e e   of  AM 

to  PM  c o n v e r s i o n ,   e . g . :   l e s s   t h a n   5°  pe r   d e c i b l e .   Note   t h a t  

t h e   v e l o s i t y   t a p e r   must  no t   be  p l a c e d   in  t he   s m a l l   s i g n a l  

r e g i o n .  
W h i l e   the   i n v e n t i o n   has  b e e n   d e s c r i b e d   w i t h   r e s p e c t   t o  

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

a p p l i c a b l e   as  w e l l   to  o t h e r   t r a v e l i n g   wave  t u b e s   h a v i n g   s l o w  

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

i n c l u d e   t h o s e   w i t h   l a d d e r   or  r i n g - b a r   c i r c u i t s   f o r   e x a m p l e .  



1.  In  a  t r a v e l i n g   wave  t u b e   (TWT)  h a v i n g   a  l ong   a x i s ,  

an  o u t p u t   p o i n t  Z s ,   an  i n p u t   p o i n t ,   and  a  s low  wave  s t r u c t u r e  

(SWS)  c o m p r i s e d   of  r e p e a t i n g   s t r u c t u r a l   e l e m e n t s   d i s p o s e d  

a l o n g   s a i d   l o n g   a x i s   at   l e a s t   f rom  s a i d   i n p u t   to  s a i d   o u t p u t ,  

and  i n c l u d i n g   at   l e a s t   one  s e v e r   b e t w e e n   s a i d   i n p u t   a n d  

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

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

e l e m e n t s   f r o m   a  p o i n t  Z o   on  t he   SWS  at   w h i c h   e f f i c i e n c y   i s  

a b o u t   0.1%  to  s a i d   o u t p u t   p o i n t  Z s ,   w h e r e b y   t he   l i n e a r i t y  

and  e f f i c i e n c y   of  t h e   TWT  a r e   g r e a t l y   i n c r e a s e d   by  t h e  

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

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

2.  The  TWT  of  c l a i m   1  w h e r e i n   t he   v e l o c i t y   t a p e r   i s  

f rom  0.1%  to  a b o u t   5.0%  f r o m  Z  o   t o  Z  s .  
o  s 

3.  The  TWT  of  c l a i m   1  w h e r e i n   the   SWS  is   a  h e l i x .  

4.  The  TWT  of  c l a i m   3  w h e r e i n   the   r e d u c t i o n   in  a x i a l  

s p a c i n g   of  s a i d   r e p e a t i n g   s t r u c t u r a l   e l e m e n t s   is   a  g r a d u a l  

r e d u c t i o n   in  p i t c h .  

5.  The  TWT  of  c l a i m   4  w h e r e i n   the  r e d u c t i o n   of  p i t c h  

is   a t   an  e x p o n e n t i a l   r a t e   f rom  0.1%  to  a b o u t   5.0%  f r o m   o  

t o   s .  
s  

6.  The  TWT  of  c l a i m   1  w h e r e i n   t he   s low  wave  s t r u c t u r e  

is   a  l a d d e r   n e t w o r k   and  w h e r e i n   t he   s p a c i n g   b e t w e e n   t h e  

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

o  a n d   s   s u c h   t h a t   t h e r e   is  a  v e l o c i t y   t a p e r   of  f rom  0 . 1 %  
s  

to  a b o u t   5.0%  b e t w e e n   s   a n d   o .  

7.  The  TWT  of  c l a i m   1  w h e r e i n   the   g r a d u a l   r e d u c t i o n  

in  t h e   a x i a l   l e n g t h   of  s a i d   s t r u c t u r a l   e l e m e n t s   is   at  a n  

e x p o n e n t i a l   r a t e .  

8.  The  TWT  of  c l a i m   1  c o m p r i s e d   of  c o u p l e d   c a v i t i e s  

f o r m e d   by  a p e r t u r e d   d i s c s   d i s p o s e d   in  s a i d   TWT  p e r p e n d i c u l a r  

to  i t s   l o n g   a x i s   and  w h e r e i n   t he   a x i a l   s p a c i n g   b e t w e e n   t h e  

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

t h e   
o  

a n d   
s  

p o i n t s   of  t he   TWT. 

9.  The  TWT  of  c l a i m   8  w h e r e i n   t he   s p a c i n g   is  r e d u c e d  

f rom  a b o u t   0.1%  to  a b o u t   5.0%  b e t w e e n     a n d   s .  
o  s  
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