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©)  Hybrid  mode  waveguiding  member  and  hybrid  mode  feedhorn  antenna. 

The  waveguiding  member  transforming  the  TE"  mode  
into the HE11  mode,  comprises  a  waveguide  body  (12),  includ- 
ing  a  tubular  section  (12)  at the TE11  mode  entrance  port,  and 
a spiro-helical  projection  (18)  bonded  to  the  interior  surface  of 
the  waveguide  body.  In  a  first  arrangement,  the  spiro-helical 
projection  comprises  a  closely  spaced  helically  wound  wire 
structure  (18)  formed  of  dielectrically  coated  wires  which 
decrease  in  gauge  size  in  small  adjacent  portions  thereof  as 
the  helix  progresses  away  from  the  TE"  mode  entrance  port 
and  in  the  remainder  of  the  helical  projection,  the  same  or 
decreasing  gauge  wire  in  adjacent  portions  can  be  used.  In 
another  arrangement,  the  spiro-helical  projection  comprises 
an  initially  flattened  dielectrically  coated  wire  that  gradually 
returns  to  a  rounded  configuration  in  closely  spaced  helical 
turns  after  which  the  spacings  between  turns  gradually 
increase  linearly  in  the  tubular  section.  In  a  further  arrange- 
ment,  multiple  layers  of  closely-wound  helically  wound 
dielectrically  coated  wires,  which  layers  gradually taper  down 
to  a  single  layer,  can  replace  the  closely  spaced  flattened-to- 
round  wire  section  of  other  arrangement. 





The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  h y b r i d  

mode  w a v e g u i d i n g   member  c o m p r i s i n g   a  w a v e g u i d e  b o d y  

i n c l u d i n g   an  i n n e r   s u r f a c e .  

H y b r i d   mode  c o r r u g a t e d   h o r n   a n t e n n a s   have   been   i n  

use  in  t he   m i c r o w a v e   f i e l d   f o r   a  number   of  y e a r s .   V a r i o u s  

t e c h n i q u e s   f o r   f o r m i n g   the   c o r r u g a t e d   h o r n   a n t e n n a s   h a v e  

been   u s e d   to  p r o v i d e   c e r t a i n   a d v a n t a g e s .   For  e x a m p l e ,   U. 

S.  P a t e n t   3 , 7 3 2 , 5 7 1   d i s c l o s e s   a  m i c r o w a v e   h o r n   a e r i a l  

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

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

s p i r o - h e l i c a l   p r o j e c t i o n   wh ich   can  be  p r o d u c e d   by  a  s c r e w  

c u t t i n g   o p e r a t i o n   w i t h   a  s i n g l e   s t a r t   s p i r o - h e l i c a l  

g r o o v e   or  by  m o l d i n g   on  a  m a n d r e l   w h i c h   can  be  w i t h d r a w n  

by  u n s c r e w i n g   i t .  

In  U.  S.  P a t e n t   3 , 7 5 4 , 2 7 3 ,   a  c i r c u l a r  

w a v e g u i d e   f e e d h o r n   is  d i s c l o s e d   wh ich   i n c l u d e s   c o r r u g a t e d  

s l o t s   on  t he   i n n e r   w a l l   s u r f a c e ,   the   w i d t h   of  t he   s l o t s  

a b r u p t l y   c h a n g i n g   from  a  s m a l l e r   v a l u e   in  t he   p o r t i o n  

n e a r   t he   a x i s   of  the   w a v e g u i d e   to  a  l a r g e r   v a l u e   in  t h e  

r e m a i n i n g   p o r t i o n   of  the   s l o t .  

In  U.  S.  P a t e n t   4 , 1 0 6 , 0 2 6 ,   a  c o r r u g a t e d  

h o r n   of  t he   e x p o n e n t i a l   t y p e   is  d i s c l o s e d   w i t h  

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

t h r o a t   of  t he   h o r n   t o w a r d s   i t s   m o u t h .  

In  t he   t y p i c a l   p r i o r   a r t   a r r a n g e m e n t s ,  
c o n s t r u c t i o n   is  g e n e r a l l y   c o m p l i c a t e d   and  e x p e n s i v e   a n d  

c o u p l i n g   to  a  d o m i n a t e   mode  w a v e g u i d e   is  d i f f i c u l t   a n d  

I l i m i t e d   in  b a n d w i d t h .  

The  p r o b l e m   r e m a i n i n g   in  the   p r i o r   a r t   is  t o  

p r o v i d e   a  h y b r i d - m o d e   w a v e g u i d i n g   member  of  a 

d e s i g n   w h i c h   is  i n e x p e n s i v e   to  f a b r i c a t e ,   p r o v i d e s  

s i m p l i f i e d   mode  c o u p l i n g   of  t he   TE11  mode  to  t he   HEll   m o d e ,  

) a n d   is   o p e r a t i v e   o v e r   a  v e r y   wide  f r e q u e n c y   b a n d w i d t h .  

The  f o r e g o i n g   p r o b l e m   is  s o l v e d   i n  

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   by  a  h e l i c a l l y  



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

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

mode  c o n v e r s i o n   s e c t i o n   ( I I -V)   i n c l u d i n g   a  p l u r a l i t y   o f  

s u b s e c t i o n s   c a p a b l e   of  c o n v e r t i n g   a  T E l l   mode  s i g n a l   a t  

an  e n t r a n c e   p o r t   of  t h e   w a v e g u i d i n g   member  i n t o   a  H E l l  
mode  s i g n a l ,   the   w i r e   s t r u c t u r e   b e i n g  f o r m e d   o f  

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

w i r e s   w h e r e b y   t h e  o u t e r   d i a m e t e r   of  t he   h e l i c a l   s t r u c t u r e  

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

in  t he   d i r e c t i o n   away  f rom  t h e  T E l l   mode  e n t r a n c e   p o r t  

of   t he   w a v e g u i d i n g   member  t h e r e b y   s u b s t a n t i a l l y  r e d u c i n g  

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

i n t o   t he   d i e l e c t r i c   l a y e r .  

In  a c c o r d a n c e   w i t h   one  e m b o d i m e n t   of  t h e  

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

c o a t e d   w i r e   s t r u c t u r e   c h a n g e s  g a u g e   in  each   of  a  

p l u r a l i t y   of  s e q u e n t i a l   p o r t i o n s   t h e r e o f   to  t he   n e x t  

s m a l l e r   g a u g e   as  t h e   s t r u c t u r e   p r o g r e s s e s   away  from  t h e  

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

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

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

as  t he   s t r u c t u r e   p r o g r e s s e s   f rom  t h e  f i r s t   s e c t i o n  t o   t h e  

o t h e r   end  of  the   w a v e g u i d e .  

In  a c c o r d a n c e   w i t h   a n o t h e r   e m b o d i m e n t   o f  

t h e   i n v e n t i o n ,   t he   s p i r o - h e l i c a l   s t r u c t u r e   is   f o rmed   f r o m  

a t   l e a s t   one  h e l i c a l l y   wound  d i e l e c t r i c a l l y   c o a t e d   w i r e  

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

l e n g t h   and  t h e n   has   t he   s p a c i n g s   b e t w e e n   t u r n s   g r a d u a l l y  

i n c r e a s e d   as  the   h e l i x   p r o g r e s s e s   in  t he   w a v e g u i d e   t o  

c o n v e r t   the   T E l l   mode  to  t h e   HEl l   m o d e  a n d   t h e n  

p r o c e e d s   t o w a r d s   t h e   o t h e r   end  of  t he   w a v e g u i d e   w i t h   a  

u n i f o r m   p i t c h .  

In  one  a s p e c t   of  t he   p r e s e n t   i n v e n t i o n ,  

t h e   s p i r o - h e l i c a l   s t r u c t u r e   can  be  f o r m e d   f rom  a  s i n g l e  

d i e l e c t r i c a l l y   c o a t e d   w i r e   t h a t   is  i n i t i a l l y   f l a t t e n e d  

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

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



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

s p a c i n g   b e t w e e n   the   t u r n s   in  t he   mode  c o n v e r t i n g  

w a v e g u i d e   s e c t i o n   and  t h e n   in  a  u n i f o r m   p i t c h   as  t h e  

h e l i x   p r o g r e s s e s   t o w a r d s   the   o t h e r   end  of  the   w a v e g u i d e .  

In  a n o t h e r   a s p e c t   of  the   p r e s e n t  

i n v e n t i o n ,   the   s p i r o - h e l i c a l   s t r u c t u r e   is  f o rmed   f r o m  

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

w i r e s   in  c l o s e l y   s p a c e d   t u r n s   wh ich   g r a d u a l l y   r e d u c e   t o  

one  l a y e r   b e f o r e   the  s p a c i n g s   b e t w e e n   the  t u r n s   i s  

g r a d u a l l y   i n c r e a s e d   in  a  l i n e a r   m a n n e r   in  the   w a v e g u i d e  

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

p r o j e c t i o n   p r o g r e s s e s   to  the   o t h e r   end  of  the   w a v e g u i d e .  

In  the   d r a w i n g s ,   l i k e   n u m e r a l s   r e p r e s e n t  

l i k e   p a r t s   in  the   s e v e r a l   v i e w s :  

FIG.  1  i l l u s t r a t e s   a  h e l i c a l   h y b r i d   mode  f e e d h o r n  

a n t e n n a   in  a c c o r d a n c e   w i t h   an  e m b o d i m e n t   of  the   p r e s e n t  

i n v e n t i o n ;  

FIG.  2  i l l u s t r a t e s   an  e x p l o d e d   v iew  in  c r o s s -  

s e c t i o n   of  a  p o r t i o n   of  the   f i r s t   s e c t i o n   of  the   w a v e g u i d e  

body  of  the   f e e d h o r n   a n t e n n a   of  FIG.  1  or  the   w a v e g u i d e   o f  

FIG.  6  s h o w i n g   the  s p i r o - h e l i c a l   p r o j e c t i o n   or  s t r u c t u r e  

in  a c c o r d a n c e   w i th   one  e m b o d i m e n t   the   p r e s e n t   i n v e n t i o n .  

FIG.  3  i l l u s t r a t e s   an  e x p l o d e d   v iew  in  c r o s s -  

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

a n t e n n a   of  FIG.  1  s h o w i n g   the   p r o j e c t i o n   or  s t r u c t u r e  

c o m p r i s i n g   o n l y   h e l i c a l   t u r n s   of  u n i f o r m   gauge   w i r e ;  

FIG.  4  i l l u s t r a t e s   an  e x p l o d e d   v iew  in  c r o s s -  

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

a n t e n n a   of  FIG.  1  s h o w i n g   the   p r o j e c t i o n   or  s t r u c t u r e  

c o m p r i s i n g   h e l i c a l   t u r n s   of  w i r e   wh ich   d e c r e a s e   in  g a u g e  
in  a d j a c e n t   p o r t i o n s   as  the   p r o j e c t i o n   p r o g r e s s e s   t o w a r d s  

the   mouth  of  the   f e e d h o r n ;  

FIG.  5  i l l u s t r a t e s   a  h e l i c a l   h y b r i d   mode  f e e d h o r n  

a n t e n n a   s i m i l a r   to  FIG.  1  w h e r e i n   the   h e l i c a l   w i r e  

s t r u c t u r e   is  s u p p o r t e d   in  t he   c e n t e r   and  bonded   to  t h e  

c o n d u c t i v e   s h e a t h   w i t h   a  foam  d i e l e c t r i c ;  

FIG.  6  i l l u s t r a t e s   a  h e l i c a l   w a v e g u i d e   s i m i l a r   t o  



the   f e e d h o r n   a n t e n n a   of  FIG.  1  c a p a b l e   of  c o n v e r t i n g   t h e  

T E l l   mode  to  t he   HEl l   mode  a n d  s u p p o r t i n g   the   l a t t e r   m o d e  

in  a c c o r d a n c e   w i t h   one  e m b o d i m e n t   of  t he   p r e s e n t   i n v e n t i o n ;  

FIG.  7  i l l u s t r a t e s  a   h e l i c a l   h y b r i d   mode  f e e d h o r n  

a n t e n n a   in  a c c o r d a n c e   w i t h   a n o t h e r   e m b o d i m e n t   of  t he   p r e s e n t  

i n v e n t i o n ;  

FIG.  8  i l l u s t r a t e s   an  e x p l o d e d   v iew  in  c r o s s -  

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

t he   f e e d h o r n   a n t e n n a   of  FIG.  7  or  w a v e g u i d e   of  FIG.  1 1 ,  

r e s p e c t i v e l y ,   s h o w i n g   one  a r r a n g e m e n t   of  t h e  s p i r o - h e l i c a l  

p r o j e c t i o n   in  a c c o r d a n c e   w i t h   t he   o t h e r   e m b o d i m e n t   o f  

t h e   p r e s e n t   i n v e n t i o n ;  

FIG.  9  i l l u s t r a t e s   an  e x p l o d e d   v iew  in  c r o s s -  

s e c t i o n   of  a  p o r t i o n   of  t h e  f e e d h o r n   a n t e n n a   of  FIG.  7 

w h e r e   t he   c i r c u l a r   s e c t i o n   c o n v e r t s   i n t o   t he   c o n i c a l  

s e c t i o n ;  

FIG.  10  i l l u s t r a t e s   an  e x p l o d e d   v iew  in  c r o s s -  

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

t h e   f e e d h o r n   a n t e n n a   of  FIG.  7  or  w a v e g u i d e   of  FIG.  12  

r e s p e c t i v e l y ,   s h o w i n g   an  a l t e r n a t i v e   a r r a n g e m e n t   of  t h e  

s p i r o - h e l i c a l   p r o j e c t i o n   of  FIG.  8  in  a c c o r d a n c e   w i t h   a 

f u r t h e r   e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n ;   a n d  

FIG.  11  i l l u s t r a t e s   a  h e l i c a l   h y b r i d  m o d e  

w a v e g u i d e   in  a c c o r d a n c e   w i t h   t h e   o t h e r   e m b o d i m e n t  

of  t he   p r e s e n t   i n v e n t i o n .  

FIG.  1  i l l u s t r a t e s   a  h e l i c a l   h y b r i d - m o d e   f e e d h o r n  

a n t e n n a   10  f o r m e d   in  a c c o r d a n c e   w i t h   an  e m b o d i m e n t   of  t h e  

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

t r a n s d u c e r   s e c t i o n   12  of  u n i f o r m   c r o s s - s e c t i o n   w h i c h  

c o n v e r t s   to  a  t a p e r e d   w a v e g u i d e   s e c t i o n   14  wh ich   i s  

f l a r e d   o u t w a r d   to  form  t h e   mou th   16  of  f e e d h o r n   a n t e n n a  

10.  A  s p i r o - h e l i c a l   p r o j e c t i o n   18  is   f o rmed   from  a  

h e l i c a l l y   wound ,   d i e l e c t r i c a l l y   c o a t e d ,   w i r e   s t r u c t u r e ,  

w h i c h   is  shown  in  g r e a t e r   d e t a i l   in  FIGS.  2 -4 ,   t h a t   i s  

b o n d e d   to  t he   w i r e   s u r f a c e   of  s e c t i o n s   12  and  14  w i t h   a 

d i e l e c t r i c   l a y e r   50.  F e e d h o r n   a n t e n n a   10  i s  s h o w n  

c o u p l e d   to  a  s m o o t h - w a l l e d   w a v e g u i d e   s e c t i o n   20,  w h i c h   i s  



of  a  s i z e   t h a t   is  c a p a b l e   of  p r o p a g a t i n g   the   TEl l   mode  

in  the  f r e q u e n c y   band  of  i n t e r e s t ,   in  a  manne r   t h a t   t h e  

l o n g i t u d i n a l   a x i s   22  of  w a v e g u i d e   s e c t i o n   20  and  f e e d h o r n  

a n t e n n a   10  c o r r e s p o n d .  

In  a c c o r d a n c e   w i t h   one  e m b o d i m e n t   of  t h e  

p r e s e n t   i n v e n t i o n ,   a  s u i t a b l e   t r a n s i t i o n   from  the   T E l l  
mode  to  the   HEll   mode  is  o b t a i n e d   in  s e c t i o n   12,  and  a s  

shown  in  g r e a t e r   d e t a i l   in  FIG.  2,  by  s t a r t i n g   t h e  

h e l i c a l   p r o j e c t i o n   18  a d j a c e n t   w a v e g u i d e   20,  which   is  a t  

t he   TEl l   mode  end  of  s e c t i o n   12,  w i t h   c l o s e l y   s p a c e d  

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

g a u g e   as ,   fo r   e x a m p l e ,   18  g a u g e .   As  shown  in  FIG.  2 ,  

a f t e r   a  number   of  t u r n s   of  the   e x e m p l a r y   18  gauge   w i r e   i n  

p o r t i o n   I I ,   a  number   of  c l o s e l y   s p a c e d   h e l i c a l   t u r n s   of  a 

d i e l e c t r i c a l l y   c o a t e d   w i r e   of  a  s e c o n d   gauge   s m a l l e r   t h a n  

t he   f i r s t   gauge   a s ,   f o r   e x a m p l e ,   a  20  gauge   w i r e   c o n t i n u e  

h e l i c a l   p r o j e c t i o n   18  in  p o r t i o n   I I I .   P o r t i o n s   IV  and  V 

of  FIG.  2  i l l u s t r a t e   t h a t   h e l i c a l   p r o j e c t i o n   18  i n  

s e c t i o n   12  c o n t i n u e s   w i t h   c l o s e l y   s p a c e d   h e l i c a l   t u r n s  

f o r m e d   from  d i e l e c t r i c a l l y   c o a t e d   w i r e   which   r e d u c e   i n  

gauge   in  each  a d j a c e n t   p o r t i o n   as ,   f o r   e x a m p l e ,   22  and  24 

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

of  the  s p i r a l   s t r u c t u r e   is  t a p e r e d   as  the   h e l i x  

p r o g r e s s e s   away  from  the   TEl l   mode  s i g n a l   e n t r a n c e  

p o r t .  

The  o v e r a l l   l e n g t h   of  p o r t i o n s   II  to  V  in  FIG.  2 

is  an  a r b i t r a r y   v a l u e   and  m e r e l y   of  s u f f i c i e n t   l e n g t h   t o  

p r o v i d e   a  s m o o t h   t r a n s i t i o n   a r e a   f o r   c o n t i n u i t y   of  the   T E l l  
mode  b e t w e e n   p o r t i o n   I  in  w a v e g u i d e   20  and  p o r t i o n   II  i n  

s e c t i o n   12  of  f e e d h o r n   a n t e n n a   10,  and  mode  c o n v e r s i o n   t o  

the   HE11  mode  in  p o r t i o n s   I I I   to  V.  The  e d g e s   26  of  t h e  

h e l i c a l   t u r n s   18  s h o u l d   a l s o   be  an  e x t e n s i o n   of  the   i n n e r  

w a l l   28  of  w a v e g u i d e   20  to  a v o i d   r e f l e c t i v e   s u r f a c e s   f o r  

the   p r o p a g a t i n g   T E l l   mode  s i g n a l .   Once  the  mode  c o n v e r s i o n  

from  the  TE11  mode  to  the   HE11  mode  has   been  a c h i e v e d   i n  

p o r t i o n s   I I I   to  V  of  s e c t i o n   12  by  the   g r a d u a l   r e d u c t i o n   o f  

w i r e   gauge   in  the   c l o s e l y   s p a c e d   h e l i c a l   t u r n s   o f  



p r o j e c t i o n   18,  the   r e m a i n i n g   c l o s e l y   s p a c e d   h e l i c a l   t u r n s  

of  p r o j e c t i o n   18  in  s e c t i o n   12  can  be  fo rmed   from  a  w i r e   o f  

t he   s m a l l e r   g a u g e   used   i n ,   fo r   e x a m p l e ,   p o r t i o n   V  o r   t h e  

l a s t   p o r t i o n   of  the   mode  c o n v e r s i o n   a r e a .  

The  use  of  a  l a r g e   g a u g e   w i r e   to  form  the   h e l i c a l  

t u r n s   in  p o r t i o n   II  of  FIG.  2  s u b s t a n t i a l l y   i n c r e a s e s   t h e  

c a p a c i t a n c e   b e t w e e n   a d j a c e n t   t u r n s   and ,   t h e r e f o r e ,  

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

p r o p a g a t i n g   s i g n a l   i n t o   t h e   r e s o n a n t   c h a m b e r   fo rmed   by  t h e  

d i e l e c t r i c   l a y e r   50.  The  r e d u c t i o n   in  gauge   of  the   w i r e s  

in  p o r t i o n s   I I I   to  V  a l t e r s   t he   c a p a c i t a n c e   b e t w e e n  

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

c a u s e   the   mode  c o n v e r s i o n   f rom  t he   T E l l   mode  to  the   H E l l  
mode.   The  r e m a i n i n g   p o r t i o n   in  s e c t i o n s   12  and  14  p r o v i d e s  

p r i m a r i l y   t he   p r o p e r   c o n d u c t i v e   p a t h   f o r   t h e  H E 1 1   mode  a n d  

t he   i m p e d a n c e   m a t c h   f o r   l a u n c h i n g   t he   c o n v e r t e d   mode  f r o m  

mouth   16  of  f e e d h o r n   a n t e n n a  1 6   i n t o   s p a c e .  

One  m e t h o d   f o r   f o r m i n g   the   p r o j e c t i o n   18  i n  

s e c t i o n   14  is  shown  in  FIG.  3  w h e r e   p r o j e c t i o n   18  is  f o r m e d  

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

p i t c h ,   c l o s e l y   s p a c e d ,   h e l i c a l   t u r n s .   An  a l t e r n a t i v e  

m e t h o d   fo r   f o r m i n g   p r o j e c t i o n  1 8   in  s e c t i o n   14  is   shown  i n  

FIG.   4  where   p r o j e c t i o n - 1 8   can  c o m p r i s e   p o r t i o n s ,   i n  

s e c t i o n   14,  wh ich   c o m p r i s e   d i e l e c t r i c a l l y   c o a t e d   w i r e  o f   a 

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

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

mou th   16.  For  e x a m p l e ,   in  FIG.  4,  p o r t i o n   VI  may  be  f o r m e d  

f r o m ,   fo r   e x a m p l e ,   26  g a u g e   d i e l e c t r i c a l l y   c o a t e d   w i r e   a n d  

a d j a c e n t   p o r t i o n   VII   may  be  f o r m e d   f rom  2 8  g a u g e  

d i e l e c t r i c a l l y   c o a t e d   w i r e .   A  r e a s o n   f o r   p r o v i d i n g   a n  

o c c a s i o n a l   r e d u c t i o n   in  w i r e   g a u g e   as  t he   h e l i x   p r o g r e s s e s  
t o w a r d s   t he   mouth   16  of  t he   f e e d h o r n  a n t e n n a   10  i s  t o  

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

e n e r g y   d i s t r i b u t i o n   a t   t he   mouth   16  of  a n t e n n a   f e e d h o r n   10 

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

s i d e l o b e   e n e r g y   to  a  m i n i m a l   v a l u e   a t   t he   mouth  16  o f  

f e e d h o r n   a n t e n n a   1 0 .  



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

FIGS.   1-4  can  be  a c c o m p l i s h e d   by  w i n d i n g   the   d i f f e r e n t  

g a u g e   w i r e s   on  a  s u i t a b l e   m a n d r e l .   When  the   h e l i c a l   t u r n s  

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

l a y e r   of  d i e l e c t r i c   m a t e r i a l   50  is  bonded   to  the  w i r e s   a n d  

t h e n   e n c l o s e d   in  a  c o n d u c t i v e   s h e a t h   48.  The  c o m b i n e d  

t h i c k n e s s   51  of  d i e l e c t r i c   l a y e r   50  and  h e l i x   w i r e s   18 

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

q u a r t e r   w a v e l e n g t h   at  some  i n t e r m e d i a t e   f r e q u e n c y   in  t h e  

o p e r a t i n g   f r e q u e n c y   band .   The  o u t e r   s h e a t h   w a l l   48  c a n  

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

f e e d h o r n   a n t e n n a   10  s t r u c t u r e   can  t h e n   be  c o u p l e d   t o  

w a v e g u i d e   20  by  any  s u i t a b l e   means   a s ,   f o r   e x a m p l e ,   a 

f l a n g e   (no t   s h o w n ) .  

FIG.  5  i l l u s t r a t e s   an  a l t e r n a t i v e   me thod   f o r  

c o n s t r u c t i n g   a n t e n n a   f e e d h o r n   10.  In  FIG.  5,  the   h e l i c a l  

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

c o a t e d   w i r e s   as  d e s c r i b e d   h e r e i n b e f o r e   for   FIGS.  1 - 4 .   A 

l a y e r   50  of  foam  d i e l e c t r i c   is  n e x t   d e p o s i t e d   on  the   w i r e  

s t r u c t u r e   and  the   w i r e   and  foam  l a y e r   50  e n c l o s e d   in  a 

c o n d u c t i v e   s h e a t h   48.  To  e n s u r e   the   p o s i t i o n i n g   of  t h e  

h e l i c a l   w i r e   s t r u c t u r e   once  the   m a n d r e l   has  been  r e m o v e d ,  

the   c e n t r a l   p o r t i o n   of  f e e d h o r n   a n t e n n a   10  b e t w e e n   t h e  

i n n e r   e d g e s   of  the   h e l i c a l   t u r n s   is  f i l l e d   w i t h   a 

d i e l e c t r i c   foam  55  which   has  a  p e r m i t t i v i t y   w h i c h  

a p p r o x i m a t e s   the   p e r m i t t i v i t y   of  the   p r o p a g a t i o n   medium  i n  

w a v e g u i d e   20.  For  e x a m p l e ,   if   a i r   is  the   medium  i n  

w a v e g u i d e   20  w i t h   a  p e r m i t t i v i t y   of  1 . 0 ,   t h e n   t h e  

d i e l e c t r i c   foam  55  s h o u l d   have   a  p e r m i t t i v i t y   as  c l o s e   t o  

1 .0   as  p o s s i b l e .  

FIG.  6  i l l u s t r a t e s   a  h y b r i d   mode  w a v e g u i d e   70 

f o r m e d   in  t he   same  manne r   as  shown  in  FIGS.  1-4  a n d  

d e s c r i b e d   h e r e i n b e f o r e   fo r   f e e d h o r n   a n t e n n a   10  e x c e p t   t h a t  

w a v e g u i d e   s e c t i o n   12  c o n t i n u e s   w i t h   the   same  u n i f o r m  

c r o s s - s e c t i o n   in  s e c t i o n   72  as  f o u n d   in  s e c t i o n   12  i n s t e a d  

of  c o n v e r t i n g   to  a  f l a r e d   s e c t i o n   14  as  found   i n  

a n t e n n a   10.  The  w a v e g u i d e   70,  when  c o m p l e t e d   in  a  m a n n e r  



s i m i l a r   to  f e e d h o r n   a n t e n n a  1 0 ,   is  c o u p l e d   b e t w e e n   a n  

e n t r a n c e   w a v e g u i d e   20  and  a  u t i l i z a t i o n   means   ( n o t   s h o w n ) .  

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

mode  and  the   HEll   mode  r e q u i r e s   t h a t   t he   b o u n d a r y  

c o n d i t i o n s   on  the   i n n e r   w a l l   of  the   w a v e g u i d e   be  m a t c h e d   a t  

t h e   i n t e r f a c e   of  t he   s m o o t h   w a l l e d   w a v e g u i d e   20  and  t h e  

h y b r i d   mode  s t r u c t u r e .   T h e s e   b o u n d a r y   c o n d i t i o n s   a r e   b e s t  

d e s c r i b e d   by  c o n s i d e r i n g   t he   n o r m a l i z e d   a n i s o t r o p i c   w a l l  

s u s c e p t a n c e   d e f i n e d   b e l o w .  

In  e q u a t i o n s   (1)  t he   c y l i n d r i c a l   c o o r d i n a t e   s y s t e m   is  u s e d  

w h e r e   z  is  t he   d i r e c t i o n   of  p r o p a g a t i o n ,   r  =  a  is   t h e  

r a d i u s   a t   t he   i n n e r   w a l l   of  t h e   w a v e g u i d e ,   E,  and  Hφ  a r e  

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

f i e l d   p o l a r i z e d   in  t h e  φ   d i r e c t i o n ,   and  Ez  and  Hz  a r e   t h e  

f i e l d   c o m p o n e n t s   p o l a r i z e d   in  t he   z  d i r e c t i o n .   Those   f i e l d  

c o m p o n e n t s   a r e   f u n c t i o n s   of  r ,   a n d   z,  and  Zo  is  the   f r e e  

s p a c e   i m p e d a n c e   of  a p p r o x i m a t e l y   377  ohms .   In  the   s m o o t h  

w a l l e d   w a v e g u i d e   20,  the   t a n g e n t i a l   e l e c t r i c   f i e l d s   a r e  

i d e n t i c a l l y   z e r o   at   t he   c o n d u c t i n g   s u r f a c e ,   r  =  a,  i m p l y i n g  

t h a t   in  t he   T E l l   mode,   y φ =  y z  =  ∞ .   In  o r d e r   t h a t   t h e  

p u r e   h y b r i d   mode ,   the   H E 1 1  m o d e ,   p r o p a g a t e ,   t he   s u s c e p t a n c e  
v a l u e s   r e q u i r e d   a r e   y  φ  =  ∞   b u t   yz  =  o.  T h e r e f o r e ,   a  

m a t c h i n g   s e c t i o n   is  r e q u i r e d   s u c h  t h a t   yz  g r a d u a l l y   c h a n g e s  

f rom  a  v e r y   l a r g e   v a l u e   yz  >  1  to  a  v e r y   s m a l l   v a l u e   yz  <  1 

f o r   a  l a r g e r   band  of  f r e q u e n c i e s .  

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

r e q u i r e m e n t   on  yz  is   m e t  a t   t h e   i n t e r f a c e   b e t w e e n   t h e  

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

s e c t i o n   by  s t a n d i n g   waves   in  t he   s l o t s .   H o w e v e r ,   t h e  

b a n d w i d t h   o v e r   wh ich   a  good  m a t c h  i s   o b t a i n e d   is  l i m i t e d   b y  

t h e   f a c t   t h a t   t he   r e s o n a n c e   in  t h e   s l o t s   is  f r e q u e n c y  

s e n s i t i v e .   R i n g - l o a d i n g   t he   c o r r u g a t i o n s   a s  f o u n d   in  t h e  



T a k e i c h i   p a t e n t   c i t e d   in  the   p r e s e n t   P r i o r   Art   d e s c r i p t i o n  

adds   a  c a p a c i t a n c e   to  the   w a l l   s u s c e p t a n c e   y   such  t h a t   t h e  

c o n d i t i o n   t h a t   yz  be  l a r g e   fo r   a  good  ma tch   to  the   T E l l  
mode  is  met  f o r   a  much  l a r g e r   b a n d w i d t h .   S i n c e   E,  i s  

r e q u i r e d   to  go  to  z e r o   at  the   t e e t h   e d g e s   at  r  =  a ,  

Yo  =  ∞ .  

Us ing   a  h e l i c a l   w i n d i n g   in  p l a c e   of  the   t e e t h  

e d g e s   w i l l   a l s o   r e q u i r e   Eφ  to  go  to  z e r o   at  r  =  a .  

H o w e v e r ,   the   w i n d i n g s   have  been  found   to  add  a  c a p a c i t a n c e  

to  yz  much  l i k e   r i n g - l o a d i n g   the   t e e t h   in  a  c o r r u g a t e d  

h o r n .   A  s t a n d i n g   wave  is  s e t   up  in  the   s p a c e   b e t w e e n   t h e  

w i r e s   18  and  the   c o n d u c t i n g   wa l l   48  as  in  the   s l o t s   of  a 

c o r r u g a t e d   h o r n .  

The  w i r e s   a re   s u p p o r t e d   o f f   the   c o n d u c t i n g   w a l l  

by  a  d i e l e c t r i c   m a t e r i a l   such   as  epoxy   and  the   s u s c e p t a n c e  

yz  is  d i r e c t l y   p r o p o r t i o n a l   to  the  d i e l e c t r i c   c o n s t a n t   o f  

the   medium  t h a t   s u p p o r t s   the   h e l i c a l   w i r e s   i n s i d e   t h e  

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

b a n d w i d t h   o v e r   which   yz  is  l a r g e   at  the   i n p u t   to  the   h y b r i d  

mode  m a t c h i n g   s e c t i o n ,   i t   has  the   o p p o s i t e   a f f e c t   at  t h e  

o u t p u t   where   i t   is  d e s i r e d   t h a t   y   be  s m a l l .   As  a 

c o n s e q u e n c e ,   the   h e l i c a l   horn   would  have   to  have   a  l a r g e r  

a p e r t u r e   at   t he   o u t p u t   t h a n   the   c o r r e s p o n d i n g   c o r r u g a t e d  

h o r n .   The  f e e d h o r n   a n t e n n a   10  d e s i g n   of  FIG.  5,  h o w e v e r ,  

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

w i t h   a  v e r y   s m a l l   r e l a t i v e   p e r m i t t i v i t y   to  s u p p o r t   t h e  

w i n d i n g s .   T h i s   f e e d h o r n   a n t e n n a   would  t h e n   p e r m i t   the   s a m e  

s i z e   a p e r t u r e   as  a  c o r r u g a t e d   f e e d h o r n .  

FIG.  7  i l l u s t r a t e s   a  h e l i c a l   h y b r i d - m o d e   f e e d h o r n  

a n t e n n a   10  f o r m e d   in  a c c o r d a n c e   w i t h   a n o t h e r   e m b o d i m e n t   of  t h e  

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

t r a n s d u c e r   s e c t i o n   12  of  u n i f o r m   d i a m e t e r   wh ich   c o n v e r t s   t o  

a  c o n i c a l   w a v e g u i d e   h o r n   s e c t i o n   14  wh ich   is  f l a r e d   o u t w a r d  

to  form  the   mouth   16  of  f e e d h o r n   a n t e n n a   10.  A  s p i r o - h e l i c a l  

p r o j e c t i o n   18  is  f o r m e d   from  a  h e l i c a l l y   w o u n d  

d i e l e c t r i c a l l y   c o a t e d   w i r e ,   which   is  shown  in  g r e a t e r   d e t a i l  

in  FIGS.  8  and  9,  w h i c h   is  bonded   to  the   i n n e r  



s u r f a c e   of  s e c t i o n s   12  a n d  1 4   w i t h   d i e l e c t r i c   l a y e r   5 0 .  

F e e d h o r n   a n t e n n a   10  i s  s h o w n   c o u p l e d  t o   a  c i r c u l a r  

w a v e g u i d e   s e c t i o n   20,  w h i c h   is   of  a  s i z e   t h a t   is   c a p a b l e  

of  p r o p a g a t i n g   the  TEl l   mode  in  the   f r e q u e n c y  b a n d   o f  

i n t e r e s t ,   in  a  m a n n e r  t h a t   t he   l o n g i t u d i n a l   a x i s   22  o f  

w a v e g u i d e   s e c t i o n   20  and  f e e d h o r n   a n t e n n a   10  c o r r e s p o n d .  

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  s u i t a b l e   t r a n s i s t i o n   f rom  t he   T E n  m o d e   to  the   H E l l  
mode  is  o b t a i n e d   in  such   e m b o d i m e n t   by  s t a r t i n g   w i t h   a 

r o u n d   d i e l e c t r i c a l l y   c o a t e d   w i r e   wh ich   is  p a r t i a l l y  

f l a t t e n e d   in  a  r o l l i n g   m i l l   and  t h e n   e d g e - w o u n d   i n  

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

c i r c u l a r   w a v e g u i d e   20  w h i c h   is  a t   t he   T E l l   mode  end  o f  

c i r c u l a r   w a v e g u i d e   s e c t i o n   12.  F l a t t e n i n g   of  t h i s   w i r e  

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

c a p a c i t a n c e   b e t w e e n   a d j a c e n t   t u r n s   and ,   t h e r e f o r e ,  

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

p r o p a g a t i n g   s i g n a l   i n t o   d i e l e c t r i c   l a y e r   5 0 .  

As  shown  in  FIG.  8,  t he   f l a t t e n i n g   of  t h e  

w i r e ,   as  d e p i c t e d   in  p o r t i o n s   I I   to  IV  of  FIG.  8,  i s  

g r a d u a l l y   r e d u c e d   s t a r t i n g   a t   t he   i n t p u t  T E 1 1   mode  e n d  

a d j a c e n t   w a v e g u i d e   20  to  a  r o u n d   c r o s s - s e c t i o n   of  c l o s e l y  

s p a c e d   t u r n s .   For  e x a m p l e ,   i f   a  No.  15  guage   F o r m e x  

c o p p e r   w i r e   18  is  u s e d   to  form  t he   h e l i c a l   t u r n s   o f  

p o r t i o n s   II  to  I V  o f   FIG.  8,  t he   w i r e   may  i n i t i a l l y   b e  

f l a t t e n e d   to  d i m e n s i o n s   o f ,   f o r   e x a m p l e ,   a p p r o x i m a t e l y  

0 . 7 4   by  1 .96   m i l l i m e t e r s   w h i c h   c h a n g e s   g r a d u a l l y   to  a  

r o u n d   c r o s s - s e c t i o n   of  a p p r o x i m a t e l y   1 .55   m i l l i m e t e r s .  

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

FIG.   8  is  t a p e r e d   as  t he   h e l i x   p r o g r e s s e s   away  from  t h e  

T E l l   mode  s i g n a l   e n t r a n c e   p o r t .   The  o v e r a l l   l e n g t h   o f  

p o r t i o n s   II   to  IV  in  FIG.  8  is   an  a r b i t r a r y   v a l u e   and  i s  

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

t r a n s i t i o n   a r e a   fo r   c o n t i n u i t y   of  t he   T E l l  m o d e s  
b e t w e e n   w a v e g u i d e   20  and  p o r t i o n   I I ,   and  mode  c o n v e r s i o n  

to  the   HEl l   mode  in  p o r t i o n s   I I I   to  V.  The  e d g e s   26  o f  

t h e   h e l i c a l   t u r n s   18  s h o u l d   a l s o   be  an  e x t e n s i o n   of  t h e  



i n n e r   wa l l   28  of  c i r c u l a r   w a v e g u i d e   20  to  a v o i d  

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

The  n e x t   p o r t i o n   of  s e c t i o n   12  shown  by  

p o r t i o n s   IV  and  V  of  FIG.  8  i n c l u d e s   a  he l ica l   w i n d i n g  

w i t h   a  t a p e r e d   p i t c h   wh ich   s t a r t s   w i t h   a  z e ro   s p a c i n g   a n d  

g r a d u a l l y   has  the   s p a c i n g s   b e t w e e n   t u r n s   i n c r e a s e d   in  a 

l i n e a r   m a n n e r .   The  r e m a i n d e r   of  the   h e l i c a l   t u r n s   i n  

s e c t i o n   12  and  in  s e c t i o n   14  a re   of  u n i f o r m   p i t c h   o f ,   f o r  

e x a m p l e ,   a p p r o x i m a t e l y   3  w i r e   d i a m e t e r s   c e n t e r - t o - c e n t e r  

as  shown  in  FIG.  9.  T h e r e f o r e ,   in  p o r t i o n s   II  to  V  o f  

FIG.  8,  the   c o n t i n u i t y   of  the   TE l l   mode  is  p r e s e r v e d   i n  

a  smoo th   t r a n s i t i o n   b e t w e e n   w a v e g u i d e   20  and  ho rn   a n t e n n a  

10  and  the  T E l l   mode  is  c o n v e r t e d   to  the   HEll   mode  b y  

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

w h i l e   the   c o n i c a l   s e c t i o n   14  p r o v i d e s   a  p r o p e r   i m p e d a n c e  

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

l a u n c h i n g   the   c o n v e r t e d   mode  from  the   mouth  16  o f  

f e e d h o r n   a n t e n n a   10  i n t o   s p a c e .  
An  a l t e r n a t i v e   and  p r e f e r r e d   method   f o r  

f o r m i n g   the  f e e d h o r n   a n t e n n a   10  in  a c c o r d a n c e   w i th   t h e  

p r e s e n t   i n v e n t i o n   is  shown  in  FIG.  10.  T h e r e   a 

m u l t i - l a y e r   h e l i c a l   w i r e   s t r u c t u r e   is  f o rmed   in  the   a r e a  

30  wh ich   is  e q u i v a l e n t   to  p o r t i o n s   II  to  IV  of  FIG.  8 .  

In  f o r m i n g   the  h e l i c a l   p r o j e c t i o n   of  FIG.  10,  a  r o u n d  

d i e l e c t r i c a l l y   c o a t e d   w i r e   is  f i r s t   fo rmed   in  a  h e l i x   o f  

c l o s e l y   s p a c e d   t u r n s   f o r   the   l e n g t h   of  a r e a   30  and  t h e n  

in  a r e a   32  the  s p a c i n g s   b e t w e e n   the   h e l i c a l   t u r n s   a r e  

g r a d u a l l y   i n c r e a s e d   in  a  l i n e a r   m a n n e r .   Wire  38 

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

12  and  in  s e c t i o n   14,  in  t he   manne r   shown  in  FIG.  9,  w i t h  

a  u n i f o r m   p i t c h .   Once  w i r e   38  has  been  f o rmed   a s  

d e s c r i b e d   fo r   t r a v e r s i n g   the   e n t i r e   l e n g t h   of  the   i n s i d e  

s u r f a c e   of  f e e d h o r n   10,  a  s e c o n d   l a y e r   of  h e l i c a l   t u r n s  

of  d i e l e c t r i c a l l y   c o a t e d   w i r e   40  is  s u p e r i m p o s e d   on  t o p  
of  t he   h e l i c a l   t u r n s   of  w i r e   38  s t a r t i n g   at   w a v e g u i d e   20 

and  e x t e n d i n g   fo r   mos t   of  the   l e n g t h   of  t r a n s i t i o n   a r e a  

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



c o a t e d   w i r e   a r e   t h e n   s u p e r i m p o s e d   on  top  of  w i r e s  3 8   a n d  

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

a r e a   30  so  as  to  e f f e c t i v e l y   form  a  t a p e r   44  a l o n g   t h e  

ends   of  t h e   l a y e r s .   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 ,   t he   number   of  l a y e r s   o f  w i r e   in  t r a n s i t i o n  

a r e a   30  is   a r b i t r a r y   and  s h o u l d   be  of  a  s u f f i c i e n t   n u m b e r  

to  p r o v i d e   a  low  e n o u g h   s u r f a c e   i m p e d a n c e   fo r   p r o p a g a t i n g  

the   T E l l   mode .   In  f o r m i n g   the   a r r a n g e m e n t   of  FIG.  10 

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

be  used   and  t h a t   e ach   a d d i t i o n a l   l a y e r   of  w i r e   i m p r o v e d  

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

pe r   w a v e l e n g t h .  

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

of  FIGS.  7 - 1 0   can  be  a c c o m p l i s h e d   by  w i n d i n g   the   w i r e   18 

or  38  on  a  s u i t a b l e   m a n d r e l   a n d  s e c u r i n g   b o t h   e n d s .  

A d d i t i o n a l   l a y e r s   of  w i r e   can  be  wound  on  the   i n i t i a l  

t u r n s   f o r   f o r m i n g   the   s t r u c t u r e   of  FIG.  10.  When  t h e  

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

t h i c k n e s s   h o m o g e n i o u s   l a y e r   of  d i e l e c t r i c   m a t e r i a l   50  i s  

b o n d e d   to  t h e   w i r e   18  or  38  and  t h e n   e n c l o s e d   in  a 

c o n d u c t i v e   s h e a t h   48.  The  c o m b i n e d   t h i c k n e s s   5 1  o f  

d i e l e c t r i c   l a y e r   50  a n d  h e l i x   w i r e   18  c a p a c i t i v e   l o a d i n g  

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

at   t he   l o w e s t   o p e r a t i n g   f r e q u e n c y .   The  o u t e r   s h i e l d   w a l l  

48  can  c o m p r i s e   any  s u i t a b l e   c o n d u c t i v e   m a t e r i a l .   T h e  

f i n a l   f e e d h o r n   10  s t r u c t u r e   c a n  t h e n   be  c o u p l e d   t o  

w a v e g u i d e   20  by  any  s u i t a b l e   means   a s ,  f o r   e x a m p l e ,   a 

f l a n g e   ( n o t   s h o w n ) .  

FIG.  11  i l l u s t r a t e s   a  c i r c u l a r   h y b r i d  

mode  w a v e g u i d e   70  f o r m e d  i n   t h e   same  m a n n e r   as  t h a t   s h o w n  

in  FIGS.   7 - 1 0   and  d e s c r i b e d   h e r e i n b e f o r e   f o r   f e e d h o r n  

a n t e n n a   10  e x c e p t   t h a t   c i r c u l a r   w a v e g u i d e   s e c t i o n   10 

c o n t i n u e s   w i t h   t he   same  u n i f o r m   d i a m e t e r   in  s e c t i o n   72  a s  

f o u n d   in  s e c t i o n   12  i n s t e a d   of  c o n v e r t i n g   to  a  c o n i c a l  

s e c t i o n   14  as  f o u n d   in  f e e d h o r n  a n t e n n a   1 0 .  

I t   is   to  be  u n d e r s t o o d   t h a t  t h e  



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

the   p r i n c i p l e s   of  the   i n v e n t i o n .   V a r i o u s   o t h e r  

m o d i f i c a t i o n s   and  c h a n g e s   may  be  made  by  t h o s e   s k i l l e d   i n  

the   a r t   which   w i l l   embody  the   p r i n c i p l e s   of  t he   i n v e n t i o n  

and  f a l l   w i t h i n   the  s p i r i t   and  s c o p e   t h e r e o f   a s ,   f o r  

e x a m p l e ,   s u b s t i t u t i n g   a  r e c t a n g u l a r   or  s q u a r e   w a v e g u i d e  

body  f o r   c i r c u l a r   w a v e g u i d e   body  48  of  FIGS.  1 - 1 1 .  



1.  A  h y b r i d   mode  

w a v e g u i d i n g   member  c o m p r i s i n g   a  w a v e g u i d e   body  ( 4 8 )  

i n c l u d i n g   an  i n n e r   s u r f a c e  

CHARACTERIZED  BY 

a  h e l i c a l l y   wound  w i r e   s t r u c t u r e  

(18)  bonded   to  t he   i n n e r   s u r f a c e   o f  t h e   w a v e g u i d e   b o d y  

(48)  w i t h   a  d i e l e c t r i c   l a y e r   (50)  and  c o m p r i s i n g   a  m o d e  

c o n v e r s i o n   s e c t i o n   ( I I - V )   i n c l u d i n g   a  p l u r a l i t y   o f  

s u b s e c t i o n s   c a p a b l e   of  c o n v e r t i n g   a  T E l l   mode  s i g n a l   a t  

an  e n t r a n c e   p o r t   of  t h e   w a v e g u i d i n g   member  i n t o   a  H E l l  
mode  s i g n a l ,   t he   w i r e   s t r u c t u r e   b e i n g   f o r m e d   o f  

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

w i r e s   w h e r e b y   the   o u t e r   d i a m e t e r   of  the   h e l i c a l   s t r u c t u r e  

in  c o n t a c t   w i t h   t he   d i e l e c t r i c   l a y e r   (50)  g r a d u a l l y  

d e c r e a s e s   in  t he   d i r e c t i o n   away  from  the   T E l l   mode  

e n t r a n c e   p o r t   of  t he   w a v e g u i d i n g   member  t h e r e b y  

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

p r o p a g a t i n g   s i g n a l   i n t o   t h e   d i e l e c t r i c   l a y e r   ( 5 0 ) .  

2.  A  h y b r i d   mode  w a v e g u i d i n g   m e m b e r  

a c c o r d i n g   to  c l a i m   1 ,  

CHARACTERIZED  IN  THAT 

each   s u b s e c t i o n   of  s a i d   m o d e  

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

s i z e d   w i r e ,   t he   w i r e   s i z e   b e t w e e n   t h e  s u b s e c t i o n s   of  t h e  

mode  c o n v e r s i o n   s e c t i o n   g r a d u a l l y   d e c r e a s i n g   as  t he   h e l i x  

p r o g r e s s e s   away  f rom  t he   T E l l   mode  e n t r a n c e   p o r t   of  t h e  

w a v e g u i d i n g   m e m b e r .  

3.  A  h y b r i d   mode  w a v e g u i d i n g   m e m b e r  

a c c o r d i n g   to  c l a i m   2 

CHARACTERIZED  IN  THAT 

any  r e m a i n i n g   s e c t i o n   (72,   F I G .  

6)  of  the   w a v e g u i d e   body   f o l l o w i n g   t he   mode  c o n v e r s i o n  

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

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

c r o s s - s e c t i o n a l   s i z e   w h i c h   is  no  g r e a t e r   t h a n   t h e  

s m a l l e s t   c r o s s - s e c t i o n a l   s i z e   w i r e   in  t he   mode  c o n v e r s i o n  



m e a n s .  

4,  A  h y b r i d   mode  w a v e g u i d i n g   m e m b e r  

a c c o r d i n g   to  c l a i m   1  or  2 

CHARACTERIZED  IN  THAT 

the  c o m b i n e d   t h i c k n e s s   of  t h e  

w i r e   l a y e r   (18)  and  the   d i e l e c t r i c   l a y e r   (50)  b o n d i n g   t h e  

w i r e   s t r u c t u r e   to  the   i n n e r   s u r f a c e   of  the   w a v e g u i d e  

b e i n g   an  a p p r o x i m a t e   q u a r t e r   w a v e l e n g t h   at  s o m e  

i n t e r m e d i a t e   f r e q u e n c y   in  the   o p e r a t i n g   f r e q u e n c y   band  o f  

the   w a v e g u i d i n g   m e m b e r .  

5.  A  h y b r i d   mode  w a v e g u i d i n g   m e m b e r  

a c c o r d i n g   to  c l a i m   2 

CHARACTERIZED  BY 

a  s e c o n d   s e c t i o n   (14)  t h a t   f l a r e s  

o u t w a r d   from  the   mode  c o n v e r s i o n   s e c t i o n   to  form  t h e  

mouth   of  a  f e e d h o r n   a n t e n n a ,   s a i d   s e c o n d   s e c t i o n  

c o m p r i s i n g  

a  r e m a i n i n g   p o r t i o n   of  the   w i r e  

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

d i e l e c t r i c a l l y   c o a t e d   w i r e   of  a  c r o s s - s e c t i o n a l   s i z e   no  

l a r g e r   t han   the   s m a l l e s t   s i z e   w i re   in  s a i d   mode  

c o n v e r s i o n   s e c t i o n .  

6.  A  h y b r i d   mode  w a v e g u i d i n g   m e m b e r  

a c c o r d i n g   to  c l a i m   5 

CHARACTERIZED  IN  THAT 

the  r e m a i n i n g   p o r t i o n   of  the   w i r e  

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

each   s u b s e c t i o n   i n c l u d i n g   a  d i f f e r e n t   c r o s s - s e c t i o n a l  

s i z e d   wi re   w i th   the   w i r e   s i z e   b e t w e e n   s u b s e c t i o n s  

d e c r e a s i n g   as  the   h e l i x   p r o g r e s s e s   t o w a r d s   the   mouth  o f  

the   f e e d h o r n   a n t e n n a .  

7.  A  h y b r i d   mode  w a v e g u i d i n g   m e m b e r  

a c c o r d i n g   to  c l a i m   1 ,  

CHARACTERIZED  BY 

the  w i r e   b e i n g   h e l i c a l l y   wound  i n  

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

one  end  of  the   w a v e g u i d e   body  and  c o v e r i n g   a  f i r s t  



p o r t i o n   of  the   i n n e r   s u r f a c e   of  t he   w a v e g u i d e   b o d y  i n   a 

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

TE l l   mode  s i g n a l   p r o p a g a t i n g   t h e r e t h r o u g h ,   the   h e l i c a l  

w i n d i n g s   c o n t i n u i n g   in  a  s e c o n d   p o r t i o n   of  t he   w a v e g u i d e  

body  a d j a c e n t   s a i d   f i r s t   p o r t i o n   w i t h   t u r n s   w h i c h  

g r a d u a l l y   have   t he   s p a c i n g   t h e r e b e t w e e n   i n c r e a s e d  i n   a 

l i n e a r   m a n n e r   w h i c h   is  c a p a b l e   of  c o n v e r t i n g   the   TE11  mode  

s i g n a l   i n t o   a  HEl l   mode  s i g n a l ,   and  the   h e l i c a l  

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

w a v e g u i d e   body   w i t h   a  u n i f o r m   p i t c h .  

8.  A  h y b r i d   mode  w a v e g u i d i n g   m e m b e r -  

a c c o r d i n g   to  c l a i m   7 ,  

CHARACTERIZED  IN  THAT 

the   h e l i c a l   s t r u c t u r e   (18)  in  t h e  

f i r s t   p o r t i o n   of  t he   w a v e g u i d e   body  is  f o rmed   f rom  t h e  

d i e l e c t r i c a l l y   c o a t e d   w i r e   w h i c h   is  i n i t i a l l y   f l a t t e n e d  

on  two  o p p o s i n g   s u r f a c e s   and  edge   wound  in  a b u t t i n g  

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

c r o s s - s e c t i o n   as  t he   h e l i x   a p p r o a c h e s   s a i d   s e c o n d  p o r t i o n  

of  the   w a v e g u i d e   b o d y .  

9.  A  h y b r i d   mode  w a v e g u i d i n g   m e m b e r  

a c c o r d i n g   to  c l a i m   7 ,  

CHARACTERIZED  IN  THAT 

the   h e l i ' c a l   s t r u c t u r e   (18)  in  t h e  

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

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

d i e l e c t r i c a l l y   c o a t e d   w i r e s   d i s p o s e d   on  the   s u r f a c e   o f  

t h e   f i r s t   h e l i c a l l y   wound  w i r e   n e a r e s t   t he   i n n e r   s u r f a c e  

of  t he   w a v e g u i d e   b o d y ,   the   s u c c e s s i v e   l a y e r s   of  h e l i c a l l y  

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

wh ich   p r o g r e s s   i n w a r d s   f rom  the   one  end  of  t he   w a v e g u i d e ,  

to  e f f e c t   an  edge   on  s a i d   m u l t i p l e   l a y e r s   which   s l o p e s  

i n w a r d   to  t h e   f i r s t   h e l i c a l l y   wound  w i r e   in  the   d i r e c t i o n  

of  the   s e c o n d   p o r t i o n   of  t he   w a v e g u i d e   b o d y .  

10.  A  h y b r i d   mode  w a v e g u i d i n g   m e m b e r  

a c c o r d i n g   to  c l a i m   7,  8  or  9 ,  

CHARACTERIZED  IN  THAT 



the   t h i c k n e s s   of  the   w i r e   and  t h e  

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

at   the   l o w e s t   o p e r a t i n g   f r e q u e n c y   of  the   w a v e g u i d i n g  

m e m b e r .  

11.  A  h y b r i d   mode  w a v e g u i d i n g   m e m b e r  

a c c o r d i n g   to  c l a i m   7  or  9 ,  

CHARACTERIZED  BY 

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

o u t w a r d   from  the   mode  c o n v e r s i o n   s e c t i o n   to  form  t h e  

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

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

w i t h   a  u n i f o r m   p i t c h .  

12.  A  h y b r i d   mode  f e e d h o r n   a n t e n n a  

a c c o r d i n g   to  c l a i m   1 1 ,  

CHARACTERIZED  IN  THAT 

the   t h i c k n e s s   of  t he   w i r e   and  t h e  

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

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

a n t e n n a .  

13.  A  h y b r i d   mode  w a v e g u i d i n g   m e m b e r  

a c c o r d i n g   to  a n y  o n e   of  the   p r e c e d i n g   c l a i m s  

CHARACTERIZED  IN  THAT 

the   d i e l e c t r i c   l a y e r   (50)  b o n d i n g  

the   w i r e   s t r u c t u r e ,   to  the   i n n e r   s u r f a c e   of  the   w a v e g u i d e  

body  c o m p r i s e s   a  d i e l e c t r i c   foamed  m a t e r i a ;   and  t h e  

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

foamed  m a t e r i a l   f i l l i n g   the   a r e a   b e t w e e n   the  o p p o s i n g  

i n n e r   e d g e s   of  t he   h e l i c a l   t u r n s   of  the   w i r e   s t r u c t u r e ,  

the   d i e l e c t r i c   foamed  m a t e r i a l   h a v i n g   a  p e r m i t t i v i t y  

which   s u b s t a n t i a l l y   c o r r e s p o n d s   to  the   p e r m i t t i v i t y   o f  

the   medium  a d j a c e n t   the   T E l l   mode  e n t r a n c e   p o r t   of  t h e  

w a v e g u i d i n g   m e m b e r .  
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