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Beam  waveguide  feed  for  antenna. 

<  

O) 
00  
(O 

CO 

o  

o  

. 0 .  
I l l  

In  microwave  communication  systems  it  is  common  prac- 
tice  to  use  a  beam  waveguide  to  transmit  energy  between  a 
waveguide  (2)  connected  to  transmitting  and  receiving  equip- 
ment  located  at  ground  level  and  a  main  antenna  reflector  (not 
shown  in  Figure  3)  mounted  above  ground  level.  Hitherto  the 
waveguide  (2)  has  terminated  in  a  very  large,  accurately  ma- 
chined,  horn  which  is  necessary  to  produce  a  beam  having  a 
small  angle  of  divergence  suitable  for  entry  into  the  beam 
waveguide  (6). 

The  present  invention  proposes  that  this  large  (and  very 
expensive)  horn  be  replaced  by  a  relatively  small  horn  (18) 
which  produces  a  beam  having  a  relatively  wide  angle  of  diver- 
gence.  By  using  a  concave  reflector  (22)  and  a  sub-reflector 
(21)  in  Cassegrain  configuration  this  widely  diverging  beam  is 
converted  into  a  more  nearly  parallel  (or  a  totally  parallel)  beam 
which  enters  the  beam  waveguide  (6)  as  illustrated. 



T h i s   i n v e n t i o n   r e l a t e s   to   a p p a r a t u s   f o r   f e e d i n g  

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

and  r a d i o   f r e q u e n c y   a r e a s   of  t h e   s p e c t r u m   b e t w e e n ,   on  t h e  

one  h a n d   a  r e f l e c t o r   b e l o n g i n g   to   an  a n t e n n a   a n d ,   on  t h e  

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

d e l i v e r i n g   s i g n a l s   to   o r   r e c e i v i n g   t h e m   f r o m   t h e   a n t e n n a .  

P a r t i c u l a r l y   when  l a r g e   r e f l e c t o r s   a r e   r e q u i r e d ,   s u c h  

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

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

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

r e f l e c t o r   be  r a i s e d   a b o v e   g r o u n d   l e v e l .   An  o r d i n a r y  

w a v e g u i d e   p r o v i d e d   w i t h   r o t a t i n g   j o i n t s   can   be  u s e d   f o r  

f e e d i n g   e n e r g y   b e t w e e n   t h e   e q u i p m e n t   on  t h e   g r o u n d   a n d  

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

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

I t   i s   t h e r e f o r e   g e n e r a l l y   p r e f e r r e d   to   u se   w h a t   i s   k n o w n  

as  a  "beam  w a v e g u i d e "   w h i c h   i s   d e f i n e d   f o r   t h e   p u r p o s e   o f  

t h i s   S p e c i f i c a t i o n   as  an  a r r a n g e m e n t   o f   r e f l e c t o r s  

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

A  t y p i c a l   known  a p p a r a t u s   of   t h e   t y p e   d e s c r i b e d   a b o v e  

i s   shown  v e r y   s c h e m a t i c a l l y   in   F i g u r e   1  of   t h e  

a c c o m p a n y i n g   d r a w i n g s .   R e f e r r i n g   to   F i g u r e   1  t h e r e   i s  

shown  a  b u i l d i n g   1  w h i c h   h o u s e s   m i c r o w a v e   s i g n a l  

d e t e c t i n g   and  g e n e r a t i n g   e q u i p m e n t   lA.  M i c r o w a v e   e n e r g y  

p a s s e s   f rom  lA  a l o n g   a  s h o r t   w a v e g u i d e   2  w h i c h   t e r m i n a t e s  

in  a  l a r g e   c o r r u g a t e d   r a d i a t i n g   h o r n   3.  T h i s   e m i t s   a  

beam  4  of   r a d i a t i o n   w h i c h   d i v e r g e s   f r o m   p o i n t   5  i n s i d e   t h e  

m o u t h   of   t h e   h o r n   w i t h   an  a n g l e   o f   d i v e r g a n c e   ( a ) .  

The  d i v e r g i n g   beam  4  e n t e r s   a  beam  w a v e g u i d e   6  m o u n t e d  

on  a  s u p p o r t   s t r u c t u r e   7  w h i c h   has   w h e e l s   8  r i d i n g   on  a  

c i r c u l a r   t r a c k   9.  The  s u p p o r t   s t r u c t u r e   7  and  t h e   b e a m  

w a v e g u i d e   6  can   t h u s   be  r o t a t e d   a b o u t   a . v e r t i c a l   a x i s   X - X .  

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

in   t h e   d r a w i n g .  



The  beam  w a v e g u i d e   6  has   a  l o w e r   t u b u l a r   p o r t i o n  

c o n t a i n i n g   a  f l a t   r e f l e c t o r   10  f rom  w h i c h   t h e   d i v e r g i n g  

beam  4  i s   r e f l e c t e d   to   a  p a r a b o l i c   r e f l e c t o r   11 .   T h e  

l a t t e r   has   i t s   f o c u s   a t   or  n e a r   p o i n t   5  and  t h e r e f o r e  

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

to   a n o t h e r   p a r a b o l i c   r e f l e c t o r   12.   The  r e f l e c t o r   1 2  

b r i n g s   t h e   beam  to  a  f o c u s   a t   p o i n t   13  a f t e r   r e f l e c t i o n  

f r o m   a  f l a t   r e f l e c t o r   14.   The  b e a m ,   now  d i v e r g i n g   a g a i n ,  

i s   s c a t t e r e d   f r o m   a  s u b - r e f l e c t o r   15  to   a  m a i n   r e f l e c t o r  
16  f r o m   w h e r e   t h e   s i g n a l s   a r e   t r a n s m i t t e d   i n t o   t h e  

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

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

The  m a i n   r e f l e c t o r   16  has   s u p p o r t   arms  17  p i v o t t e d  

a b o u t   a  h o r i z o n t a l   a x i s   Y-Y  to  t h e   s u p p o r t   s t r u c t u r e   7 .  

The  beam  w a v e g u i d e   6  i s   d i v i d e d   as  i n d i c a t e d   a t   6 A  i n t o  

u p p e r   and  l o w e r   p a r t s   so  as  to   e n a b l e   t h e   u p p e r   p a r t   t o  

r o t a t e   w i t h   t h e   r e f l e c t o r   16  a b o u t   t h e   a x i s   Y-Y.  T h e  

m e a n s   f o r   r o t a t i n g   t h e   r e f l e c t o r   16  a b o u t   t h e   h o r i z o n t a l  

a x i s   Y-Y  i s   n o t   shown  in   t h e   d r a w i n g .   By  s e l e c t i n g   t h e  

a p p r o p r i a t e   p o s i t i o n s   of   r o t a t i o n   a b o u t   t h e   a x e s   X-X  a n d  

Y-Y  t h e   r e f l e c t o r   16  can   be  made  to   p o i n t   in   any  d e s i r e d  

d i r e c t i o n .  

In  a r r a n g e m e n t s   s u c h   as  shown  i n   F i g u r e   1  t h e   h o r n   3 

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

( a ) ,   so  t h a t   an  a c c e p t a b l e   p r o p o r t i o n   of   t h e   e n e r g y   i s  

i n c i d e n t   upon   r e f l e c t o r s   10  and  11.   In  o r d e r   to   a c h i e v e  

a  s m a l l   a n g l e   (a)  t h e   h o r n   m u s t   be  v e r y   l a r g e ,   p o s s i b l y  

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

e x p e n s i v e ,   p a r t i c u l a r l y   i f ,   as  i s   u s u a l l y   t h e   c a s e ,   t h e  

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

T h i s   i n v e n t i o n   p r o v i d e s   a p p a r a t u s   f o r   t r a n s m i t t i n g   o r  

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

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

d e t e c t o r   to   a  member   l o c a t e d   in   f r o n t   of   a  c o n c a v e  

r e f l e c t o r ;   f r om  t h e   s a i d   member   to   t h e   c o n c a v e   r e f l e c t o r ;  



f rom  t h e   c o n c a v e   r e f l e c t o r ,   p a s t   o p p o s i t e   s i d e s   of   t h e  

s a i d   member   to   a  beam  w a v e g u i d e ;   and  f r o m   t h e   beam  w a v e -  

g u i d e   to   a  ma in   r e f l e c t o r .  

The  c o n c a v e   r e f l e c t o r   p r o v i d e d   by  t h i s   i n v e n t i o n   e n a b l e s  

a  w i d e l y   d i v e r g i n g   beam,   f rom  f o r   e x a m p l e   a  s m a l l   h o r n ,  

to   be  c o n v e r t e d   i n t o   a  beam  h a v i n g   a  s m a l l e r   a n g l e   o f  

d i v e r g a n c e ,   s u c h   as  w o u l d   be  o b t a i n e d   f r o m   a  l a r g e   h o r n .  

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

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

i n e x p e n s i v e   c o n c a v e   r e f l e c t o r .   The  c o n c a v e   r e f l e c t o r  

can   be  d e s i g n e d   to   g i v e   a  beam  h a v i n g   as  s m a l l   an  a n g l e  

of   d i v e r g a n c e   as  may  be  r e q u i r e d   or  e v e n   a  p a r a l l e l   b e a m  

or  a  c o n v e r g i n g   beam.   The  i n v e n t i o n   t h e r e f o r e   m a k e s   i t  

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

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

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

of   d i v e r g a n c e   of   t h e   beam  r e f e r   to   t h e   s y s t e m   w h e n  

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

a p p l y   to  t h e   a p p a r a t u s   when  o p e r a t i n g   as  a  r e c e i v e r   i n  

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

t h e   a n g l e   of  c o n v e r g a n c e .  
The  s a i d   "member"   can   be  a  r e l a t i v e l y   s m a l l   h o r n  

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

t o w a r d s   t h e   l a t t e r .   H o w e v e r ,   s u c h   a  h o r n   r e q u i r e s   a  

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

s e c t i o n a l   a r e a ,   o b s t r u c t s   to   a  s i g n i f i c a n t . e x t e n t   t h e  

p a t h   b e t w e e n   t h e   c o n c a v e   r e f l e c t o r   and  t h e   beam  w a v e g u i d e .  

I t   i s   t h e r e f o r e   p r e f e r r e d   t h a t   t h e   s a i d   " m e m b e r "   be  a  

s u b - r e f l e c t o r   p o s i t i o n e d   a x i a l l y   in  f r o n t   of   t h e   c o n c a v e  

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

t h r o u g h   an  a p e r t u r e   in   t h e   c e n t r e   of   t h e   c o n c a v e   r e f l e c t o r  

b e t w e e n   t h e   s u b - r e f l e c t o r   and  a  h o r n   or   e q u i v a l e n t   m e m b e r  

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



A  s u b - r e f l e c t o r   as  d e s c r i b e d   a b o v e   can   be  s u p p o r t e d  

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

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

t h e   a f o r e m e n t i o n e d   p a t h .  

An  e x a m p l e   of   how  t h e   i n v e n t i o n   may  be  p e r f o r m e d   w i l l  

now  be  d e s c r i b e d   w i t h   r e f e r e n c e   to   F i g u r e s   2 ,3   and  4  o f  

t h e   a c c o m p a n y i n g   d r a w i n g s   in   w h i c h : -  

F i g u r e   2  i s   a  s c h e m a t i c   v e r t i c a l   c r o s s - s e c t i o n  

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

i n v e n t i o n ;  

F i g u r e   3  i s   s i m i l a r   t o   F i g u r e   2  b u t   shows   a  

m o d i f i c a t i o n ;   a n d  

F i g u r e   4  i s   a  more   d e t a i l e d   v i e w   of  p a r t   of   t h e  

a p p a r a t u s   shown  in   F i g u r e   3 .  

R e f e r r i n g   f i r s t l y   to   F i g u r e   2,  t h i s   a p p a r a t u s   h a s  

c o m p o n e n t s   1 , 1 A , 2 , 6 , 7 , 8 , 9 , 1 0 , 1 1 , 1 2 , 1 4 , 1 5 , 1 6  a n d   1 7  

i d e n t i c a l   to   t h o s e   shown  in  F i g u r e   1.  Of  t h e s e   o n l y  

c o m p o n e n t s   10  and  11  and  p a r t   o f   c o m p o n e n t   6  a r e   shown  i n  

F i g u r e   2.  The  l a r g e   h o r n   3  of   F i g u r e   1  i s   r e p l a c e d ,   i n  

F i g u r e   2,  by  a  s m a l l   h o r n   18  w h i c h   e m i t s ,   or   r e c e i v e s ,   a  

beam  19  whose   a n g l e   of   d i v e r g a n c e ,   o r   c o n v e r g a n c e ,   i s  

d e n o t e d   by  t h e   l e t t e r   ( b ) .   T h i s   a n g l e   (b)  i s   m u c h  

g r e a t e r   t h a n   t h e   c o r r e s p o n d i n g   a n g l e   (a)  o f   F i g u r e   1 

b e c a u s e   of   t h e   s m a l l e r   h o r n   s i z e .   The  beam  19  p a s s e s  

t h r o u g h   a  c e n t r a l   a p e r t u r e   in   a  c o n c a v e   r e f l e c t o r   20  b e h i n d  

w h i c h   t h e   h o r n   18  i s   s i t u a t e d .   T h e , b e a m   i s   t h e n  

r e f l e c t e d   f r o m   a  s u b - r e f l e c t o r   21  o n t o   t h e   f r o n t   of   t h e  

c o n c a v e   r e f l e c t o r   2 0 .  

The  c o n c a v e   r e f l e c t o r   20  i s   e l l i p t i c a l   in   s e c t i o n  

h a v i n g   one  f o c u s   a t   t h e   p o i n t   5,  w h i c h   i s   t h e   same  as  t h e  

p o i n t   5  shown  in  F i g u r e   l ;   and  i t s   o t h e r   f o c u s   a t   a  p o i n t  

5 A .  

The  c o n v e x   r e f l e c t o r   2 l  i s   h y p e r b o l i c   in   s e c t i o n ,  

h a v i n g   one  f o c u s   a t   5A  and  i t s   o t h e r   f o c u s   a t   5B  i n s i d e  

t h e   m o u t h   of  t h e   h o r n   18.  A c c o r d i n g l y ,   t h e   b e a m  



e f l e c t e d   f r o m   t h e   r e f l e c t o r   20  i s   b r o u g h t   to   a  f o c u s   a t  

p o i n t   5.  The  a n g l e   of   c o n v e r g a n c e   and  d i v e r g a n c e   a t  

p o i n t   5  i s   c h o s e n   to   be  e q u a l   to   t h e   a n g l e   (a)  of   F i g u r e  

1  so  t h a t   a f t e r   p a s s i n g   p o i n t   5  t h e   beam  b e h a v e s   e x a c t l y  

as  d e s c r i b e d   w i t h   r e f e r e n c e   to   F i g u r e   1.  The  a p p a r a t u s  

d e p i c t e d   in   F i g u r e   2  can  t h u s   be  u s e d   as  a  d i r e c t  

r e p l a c e m e n t   f o r   t h e   l a r g e   h o r n   3  of   F i g u r e   1  w i t h o u t   t h e  

n e e d   a r i s i n g   f o r   any  o t h e r   m o d i f i c a t i o n s   to   t h e   e q u i p m e n t .  

F i g u r e   3  shows   an  a p p a r a t u s   s i m i l a r   to   t h a t   o f  

F i g u r e   2  b u t   m o d i f i e d   by  t h e   r e p l a c e m e n t   of   t h e   e l l i p t i c a l  

r e f l e c t o r   20  by  a  p a r a b o l i c   r e f l e c t o r   22  h a v i n g   i t s   f o c u s  

a t   t he   p o i n t   5A.  T h i s   p r o d u c e s   a  p a r a l l e l   beam  w h i c h   i s  

d i r e c t e d   i n t o   t h e   beam  w a v e g u i d e   6.  S i n c e   t h e   beam  i s  

p a r a l l e l   t h e r e   i s   no  n e e d   f o r   c u r v e d   r e f l e c t o r s   in   t h e  

beam  w a v e g u i d e .   Thus   t h e   r e f l e c t o r s   11  and  12  of   F i g u r e  

1  can   be  r e p l a c e d   by  p l a n a r   r e f l e c t o r s   s u c h   as  shown  a t  

1 1 A .  

In  o r d e r   to   a v o i d   any  r e d u c t i o n   in   e f f i c i e n c y   of   t h e  

s y s t e m   by  o b s t r u c t i o n   of  t h e   beam  by  t h e   s u b - r e f l e c t o r  

21,  t h e   l a t t e r   i s   p r e f e r a b l y   s h a p e d   so  t h a t   i t   d i r e c t s  

no  r a d i a t i o n ,   or   a  r e l a t i v e l y   low  i n t e n s i t y   of   r a d i a t i o n  

to  t h e   c e n t r a l   p o r t i o n   of   t h e   r e f l e c t o r   22.  T h i s   i s  

i l l u s t r a t e d   in   F i g u r e   4  w h e r e   r e g i o n s   of   t h e   beam  h a v i n g  

maximum  i n t e n s i t y   v a l u e s   a r e   shown  by  t h e   s h a d e d   a r e a s .  

From  F i g u r e   4  i t   i s  a p p a r e n t   t h a t   t h e   s u b - r e f l e c t o r   21  i s  

e f f e c t i v e   to   s h a p e   t h e   beam  4  i n t o   an  a n n u l a r   c o n f i g u r a t i o n  

w h i c h   i s   i n c i d e n t   on  t h e   p a r t   23  o f  t h e   r e f l e c t o r   22  b u t  

n o t   to   a  s u b s t a n t i a l   e x t e n t   on  t h e   c e n t r a l   p a r t   of   t h i s  

r e f l e c t o r .   As  a  c o n s e q u e n c e   t h e   s u b - r e f l e c t o r   21  d o e s  

n o t ,   to   a  s u b s t a n t i a l   e x t e n t ,   o b s t r u c t   e n e r g y   f l o w i n g  

b e t w e e n   t h e   c o n c a v e   r e f l e c t o r   22  and  t h e   beam  w a v e g u i d e .  



1.  A p p a r a t u s   f o r   t r a n s m i t t i n g   or  r e c e i v i n g   e l e c t r o -  

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

e x t e n d i n g :   f rom  a  s i g n a l   g e n e r a t o r   or  d e t e c t o r   to   a  

member   l o c a t e d   in  f r o n t   of  a  c o n c a v e   r e f l e c t o r ;   f r o m  

t h e   s a i d   member   to   t h e   c o n c a v e   r e f l e c t o r   and  p a s t  

o p p o s i t e   s i d e s   of   t h e   s a i d   member   to   a  beam  w a v e g u i d e ;  

and  f rom  t h e   beam  w a v e g u i d e   to   a  m a i n   r e f l e c t o r .  

2.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   1  in   w h i c h   t h e   s a i d  

member   i s   a  s u b - r e f l e c t o r   and  in   w h i c h   t h a t   p a r t   of  t h e  

p a t h   w h i c h   e x t e n d s   f rom  t h e   t r a n s m i t t e r   or   r e c e i v e r   to   t h e  

s u b - r e f l e c t o r   p a s s e s   t h r o u g h   an  a p e r t u r e   in   t h e   c o n c a v e  

r e f l e c t o r   to  a  s u b - r e f l e c t o r   and  t h e n c e   to   t h e   s a i d  

c o n c a v e   r e f l e c t o r .  

3.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   2  in   w h i c h   t h e   s a i d   p a r t  

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

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

s u b - r e f l e c t o r .  

4.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   2  or  3  in   w h i c h   t h e  

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

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

s u b s t a n t i a l   e x t e n t   i n t e r c e p t e d   t h e r e b y .  
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