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l$5  There  are  a  number  of  occasions  when  it  is  desirable  for  a 
radar  system  to  be  capable  of  transceiving  two  distinct  signals 
from  a  single  location.  Indeed,  it  may  be  the  case  that  it  is  required 
to  be  able  to  use  a  «single»  antenna  simultaneously  to  transceive 
the  two  signals  in  such  a  way  that  the  sections  of  the  system 
dealing  with  one  signal  are  in  no  way  influenced  by  the  other 
signal.  Various  ways  of  attaining  the  desired  end  have  been 
suggested  in  the  past,  but  none  have  proved  entirely  satisfactory. 

The  present  invention  seeks  to  deal  with  the  requirement  for 
the  simultaneous  transception  of  two  high  power  signals  by  the 
simple,  but  apparently  previously  unconsidered,  expedient  of 
employing  a  radar  antenna  assembly  comprising  two  separate 
antennae  (11/12,  14)  arranged  closely  together  in  tandem,  the 
fore  antenna  (14)  being  a  direct  antenna  and  the  rear  antenna 
(1  1/12)  being  a  Cassegrain  antenna,  the  reflector  of  the  former 
being  transparent  to  the  radiation  transceived  by  the  latter. 
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This   i n v e n t i o n   r e l a t e s   to  a n t e n n a   a s s e m b l i e s ,   a n d  

c o n c e r n s   in  p a r t i c u l a r   such  a s s e m b l i e s   as  may  be  used   f o r  

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

m a g n e t i c   r a d i a t i o n   in  the  form  of  two  d i s t i n c t   s i g n a l s .  

Radar  is   now  a  common  way  of  e m p l o y i n g   e l e c t r o m a g n e t i c  

r a d i a t i o n   at   r a d i o   f r e q u e n c i e s   to  " see"   d i s t a n t   t a r g e t  

o b j e c t s .   The  t e c h n i q u e   i n v o l v e s   e m i t t i n g   r a d i a t i o n  

( u s u a l l y   as  a  c o n t r o l l e d ,   d i r e c t e d   beam) ,   and  r e c e i v i n g  

any  "echo"   t h a t   may  be  r e t u r n e d   by  way  of  r e f l e c t i o n   o f f  

some  t a r g e t ,   the   r e c e i v i n g   a p p a r a t u s   b e i n g   such  t h a t   t h e r e  

may  be  d e t e r m i n e d   a t   l e a s t   the   d i r e c t i o n ,   and  u s u a l l y   t h e  

d e l a y   t i m e ,   of  the   r e t u r n e d   s i g n a l ,   and  hence   t h a t   t h e r e  

may  be  c a l c u l a t e d   the   r e l a t i v e   p o s i t i o n   of  t he   r e f l e c t i n g  

o b j e c t .   P r e s e n t - d a y   r a d a r   s y s t e m s   o p e r a t e   a t   f r e q u e n c i e s  
in  the   h u n d r e d s   of  m e g a h e r t z ,   and  even  in  the   t e n s   o f  
g i g a h e r t z   ( t h o u s a n d s   of  m e g a h e r t z ) ,   t h e r e   b e i n g   c e r t a i n  

q u i t e   we l l   u s e r - d e f i n e d   f r e q u e n c y   bands   in  t h i s   r a n g e  
r e f e r r e d   to  by  l e t t e r s   of  the   a l p h a b e t  -   t h u s ,   L,  X,  S,  J  

and  Q-band  r a d a r s   c o v e r   t he   f r e q u e n c i e s   from  a b o u t   220MHz 

to  50GHz.  The  i n v e n t i o n   is  p r i m a r i l y   abou t   the   a n t e n n a e  

employed   to  t r a n s c e i v e   r a d a r   s i g n a l s   at   t h e s e   f r e q u e n c i e s .  
The  s i z e   and  shape   of  a  r a d a r   a n t e n n a   d e p e n d s   to  a  

c o n s i d e r a b l e   d e g r e e   bo th   upon  the  n a t u r e   of  the  beam  to  b e  
e m i t t e d   by  the   a n t e n n a   (and  c o n s e q u e n t l y   upon  i t s  

s e n s i t i v i t y   p a t t e r n   to  r e c e i v e d   r a d i a t i o n )   and  upon  t h e  

f r e q u e n c y   of  the   s i g n a l   to  be  t r a n s c e i v e d .   For  e x a m p l e ,  

an  a n t e n n a   d e s i g n e d   to  emi t   a  n a r r o w ,   p e n c i l - l i k e   b e a m  
(such  as  is   used   in  a  t r a c k i n g   r a d a r   sys tem)   t e n d s   to  be  a  
c o m b i n a t i o n   of  a  p a r a b o l i c   r e f l e c t o r   ( the  s u r f a c e   of  t h e  
s o l i d   g e n e r a t e d   by  r e v o l v i n g   a  p a r a b o l a   abou t   i t s   a x i s )   a n d  

an  e m i t t i n g   e l e m e n t   p l a c e d   at  the   p r i n c i p a l   f ocus   of  t h e  

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

d e t e r m i n e d   p r i m a r i l y   by  the  beamwídEfi  r e q u i r e d   of  the  a n t e n n a .  



Thus,   a  t y p i c a l   r a d a r   a n t e n n a   fo r   t r a n s c e i v i n g   t i g h t  
beam  e l e c t r o m a g n e t i c   r a d i a t i o n   in  the   S-band  r e g i o n   is   a  
d i s h  -   a  g e n e r a l l y   d i s c - s h a p e d   o b j e c t  -   of  p a r a b o l i c  
s e c t i o n   h a v i n g   a  d i a m e t e r   of  a b o u t   1  m e t r e ,   a  " d e p t h "  
(from  f r o n t   to  back  of  the   d i sh )   of  a b o u t   0.25  m,  w i t h  

i t s   e m i t t i n g   e l e m e n t   a b o u t   0.25  m  beyond  the  d i s h   f r o n t .  
Radar   a n t e n n a e   a re   o f t e n   of  the   C a s s e g r a i n   r e f l e c t o r  

t ype   ( the   name  is   d e r i v e d ,   by  a n a l o g y ,   from  a  p a r t i c u l a r  

v a r i e t y   of  a s t r o n o m i c a l   o p t i c a l   t e l e s c o p e ) .   Such  a n  
a n t e n n a   is   one  w h e r e i n   r a d i a t i o n   from  a  focus   i s  

c o l l i m a t e d   from  one  s u r f a c e   and  r e f l e c t e d   by  a n o t h e r ,   a n d  

in  i t s   most   t y p i c a l   form  i t   uses   a  main ,   p a r a b o l i c  
r e f l e c t o r   f a c i n g   a  s e c o n d a r y   r e f l e c t o r   of  h y p e r b o l i c   f o r m  

w i t h   a  r a d i a t i o n - e m i t t i n g   e l e m e n t   in   b e t w e e n   so  t h a t   i t  

( the   e l e m e n t )   a p p e a r s ,   b y  r e f l e c t i o n   o f f   t he   s e c o n d a r y  
r e f l e c t o r ,   to  be  a t   the  focus   of  the   p a r a b o l i c   r e f l e c t o r  

( i t s   a c t u a l   p o s i t i o n   is  known  as  t he   " C a s s e g r a i n   f o c u s " ) .  
There   a re   a  number  of  o c c a s i o n s   when  i t   is   d e s i r a b l e  

fo r   a  r a d a r   s y s t e m   to  be  c a p a b l e   of  t r a n s c e i v i n g   two  
d i s t i n c t   s i g n a l s   from  a  s i n g l e   l o c a t i o n .   I n d e e d ,   i t   may 
be  the   ca se   t h a t   i t   is  r e q u i r e d   to  be  a b l e   to  use  a  s i n g l e  
a n t e n n a   s i m u l t a n e o u s l y   to  t r a n s c e i v e   the  two  s i g n a l s   i n  

such  a  way  t h a t   t he   s e c t i o n s   of  the   sy s t em  d e a l i n g   w i t h  

one  s i g n a l   are  in  no  way  i n f l u e n c e d   by  t he   o t h e r   s i g n a l .  
One  such  o c c a s i o n   i s   when  the  w e a t h e r ,   or  the   g e n e r a l  

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

s i g n a l s   of  one  f r e q u e n c y   or  p o l a r i s a t i o n   bu t   no t   o f  

a n o t h e r , i n   which  case   the  sys t em  can  s w i t c h   a u t o m a t i c a l l y  
to  w h i c h e v e r   s i g n a l   is  the   b e t t e r ,   w h i l e   a n o t h e r   is   when  

i t   is   d e s i r e d   a c t i v e l y   to  t r a c k   a  t a r g e t   o b j e c t   wi th   a  

p u l s e   s i g n a l   w h i l e   at  the   same  t ime  i l l u m i n a t i n g   t h e  

o b j e c t  -   say ,   for   the   b e n e f i t   of  a  s e p a r a t e ,   p a s s i v e   r a d a r  

sys tem,   ( a  " p a s s i v e "   sys tem  is  one  t h a t   m e r e l y   receives  r a d i a t i o n ,  



and  does  no t   emi t   any  i t s e l f )  -   w i t h   a  c o n t i n u o u s   w a v e  

s i g n a l .   In  the  p a s t   i t   has  been  s u g g e s t e d   t h a t   t w o  

d i s t i n c t   s i g n a l s   cou ld   be  s i m u l t a n e o u s l y   t r a n s c e i v e d   f r o m  

a  s i n g l e   a n t e n n a   by  the   s i m p l e   e x p e d i e n t   of  " c o m b i n i n g "   t h e  

two  s i g n a l s   and  e m i t t i n g   the   c o m b i n a t i o n   from  a  s i n g l e  
e m i t t i n g   e l e m e n t .   U n f o r t u n a t e l y ,   such  an  a r r a n g e m e n t  

r e q u i r e s   c o m p l i c a t e d   mic rowave   a s s e m b l i e s   of  d u p l e x e r   a n d  

f i l t e r s   to  e f f e c t   the   c o m b i n a t i o n   (and  the  s u b s e q u e n t  

s e p a r a t i o n   of  a  r e c e i v e d   s i g n a l ) ,   and,  where  (as  is   u s u a l l y  

the   case )   two  d i f f e r e n t   f r e q u e n c i e s   a re   i n v o l v e d ,   t h e  

s i n g l e   a n t e n n a   c a n n o t   have  the   i d e a l   c o n f i g u r a t i o n   f o r   b o t h .  
I t   has  a l s o   been  s u g g e s t e d   t h a t   two  d i s t i n c t   s i g n a l s  

c o u l d   be  t r a n s c e i v e d   from  two  s e p a r a t e   a n t e n n a e   p l a c e d   s i d e -  

b y - s i d e   and  c l o s e   enough  to  a p p e a r   to  be  a t   a  s i n g l e  
l o c a t i o n .   U n f o r t u n a t e l y ,   howeve r ,   the   s h e e r   p h y s i c a l  
bu lk   and  i n e r t i a   of  such  an  a r r a n g e m e n t   makes  i t  

u n s u i t a b l e   for   many  t y p e s   of  a p p l i c a t i o n  -   s p e c i f i c a l l y  
fo r   t h o s e   in  which  the   a n t e n n a   must   t u r n   r a p i d l y   so  as  t o  

p o i n t   in  any  one  of  a  l a r g e   number  of  d i r e c t i o n s   w i t h i n   a  
few  s e c o n d s  -   w h i l e   i t   is  d i f f i c u l t   to  e n s u r e   t h a t   b o t h  

a n t e n n a e   are   a c c u r a t e l y   mounted  so  as  to  p o i n t   t o g e t h e r  
in  the  same  d i r e c t i o n   at   any  one  t i m e .  

I t   has  f u r t h e r   been  s u g g e s t e d   t h a t   a  t r u l y   s i n g l e  
a n t e n n a   cou ld   be  used   to  t r a n s c e i v e   two  d i f f e r e n t   s i g n a l s  
i f   the  a n t e n n a   is  of  the   C a s s e g r a i n   t y p e ,   a  f i r s t   e m i t t i n g  
e l e m e n t   ( fo r   s i g n a l s   of  the   f i r s t   type)   is  a t   the   C a s s e g r a i n  
f o c u s ,   a  second   e m i t t i n g   e l e m e n t   f o r   s i g n a l s   of  the   s e c o n d  

type)   is   at   the   main  r e f l e c t o r ' s   p r i n c i p a l   f o c u s ,   and  t h e  

s e c o n d a r y   r e f l e c t o r   is   r e f l e c t i v e   to  the  f i r s t   s i g n a l   b u t  

t r a n s p a r e n t   to  the   s econd   s i g n a l .   Even  t h i s   a r r a n g e m e n t  
h a s ,   however ,   a  number  of  not   i n s i g n i f i c a n t   p r o b l e m s  
a s s o c i a t e d   wi th   i t s   use  in  a  h igh   power  s y s t e m .   One  s u c h  
is   t h a t   the  f l u x   t h a t   has  to  be  t r a n s m i t t e d   t h r o u g h   t h e  

s e c o n d a r y   r e f l e c t o r   (both  from  the  p r i n c i p a l   f o c u s  



e m i t t e r   and  from  the   p r i m a r y   r e f l e c t o r   i t s e l f )   may  b e  

s u f f i c i e n t   to  cause   h e a t i n g   (by  d i e l e c t r i c   a b s o r p t i o n )   o f  

t he   s e c o n d a r y   r e f l e c t o r   to  the   p o i n t   where   i t   is   d e s t r o y e d ,  
w h i l e   a n o t h e r   such  is  ye t   a g a i n   the   ve ry   r e a l   d i f f i c u l t y  
of  e n s u r i n g   a d e q u a t e   i s o l a t i o n   b e t w e e n   t he   two  t r a n s c e i v i n g  
s y s t e m s   w i t h o u t   the   use  of  c o s t l y   h igh   p e r f o r m a n c e   f i l t e r i n g  

c o m p o n e n t s .  
The  p r e s e n t   i n v e n t i o n   seeks   to  d e a l   w i t h   t he   r e q u i r e m e n t  

fo r   the   s i m u l t a n e o u s   t r a n s c e p t i o n   of  two  h igh   power  s i g n a l s  
by  the   s i m p l e ,   bu t   a p p a r e n t l y   p r e v i o u s l y   u n c o n s i d e r e d ,  

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

t andem,   a  d i r e c t   a n t e n n a   a t  t he   f o r e   and  a  C a s s e g r a i n   a n t e n n a  
a t   t h e   r e a r ,   t he   r e f l e c t o r   of  the   f o r m e r   b e i n g   t r a n s p a r e n t  
to  t he   r a d i a t i o n   t r a n s c e i v e d   by  the   l a t t e r .  

In  one  a s p e c t ,   t h e r e f o r e ,   t he   i n v e n t i o n   p r o v i d e s   a  
r a d a r   a n t e n n a   a s s e m b l y   c o m p r i s i n g   two  s e p a r a t e   a n t e n n a e  

a r r a n g e d   c l o s e l y   t o g e t h e r   in  t andem,   the   f o r e   a n t e n n a   b e i n g  
a  d i r e c t   a n t e n n a   and  the   r e a r   a n t e n n a   b e i n g   a  C a s s e g r a i n  
a n t e n n a ,   the   r e f l e c t o r   of  the   f o r m e r   b e i n g   t r a n s p a r e n t   t o  
the   r a d i a t i o n   t r a n s c e i v e d   by  the   l a t t e r .  

By  the   e x p r e s s i o n   " in   tandem"  is  mean t   t h a t   the   t w o  

a n t e n n a e   a re   a l i g n e d   on  a  common  ax i s   one  b e h i n d   the   o t h e r  
and  p o i n t i n g   in  t he   same  d i r e c t i o n .  

By  the   e x p r e s s i o n   " r a d i a t i o n   t r a n s c e i v e d "   as  a p p l i e d   t o  

a  r e f l e c t i n g   s u r f a c e   is   meant   e i t h e r   t he   r a d i a t i o n  
r e f l e c t e d   o f f   the   s u r f a c e   d u r i n g   t r a n s m i s s i o n   or  t h e  
r a d i a t i o n   d i r e c t e d   onto   the   s u r f a c e   d u r i n g   r e c e p t i o n .   T h u s ,  
i f   the   r e f l e c t i n g   s u r f a c e   i s   i m a g i n e d   as  b e i n g   d i s p o s e d  
b e t w e e n   the   e m i t t i n g   e l e m e n t   and  a  ( n o t i o n a l )   t a r g e t ,   t h e  

e x p r e s s i o n   r e f e r s   to  the  r a d i a t i o n   on  the  t a r g e t   s i d e   o f  

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

I t   is  assumed  t h a t   each  a n t e n n a   is  such  as  to  focus   t h e  

r a d i a t i o n   in  some  d e s i r e d   f a s h i o n .   A p a r t   from  t h a t ,   e a c h  

a n t e n n a   may,  as  r e g a r d s   the   g e n e r a l   n a t u r e   of  i t s   (or  i t s  

p r i m a r y )   r e f l e c t i n g   s u r f a c e ,   be  o f  



any  c o n v e n i e n t   v a r i e t y .   N e v e r t h e l e s s ,   in  t e rms   o f  

o v e r a l l   shape  each  a n t e n n a   has  p r e f e r a b l y   a  p a r a b o l i c  

d i s h   r e f l e c t o r   (of  a  s i z e   s u i t a b l e   to  the   i n t e n d e d   p u r p o s e  
of  the   a n t e n n a ) ,   and,   as  i s   e x p l a i n e d   in  more  d e t a i l   h e r e -  

i n a f t e r ,   the   C a s s e g r a i n   a n t e n n a   p r i m a r y   r e f l e c t o r   i s  

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

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

The  two  a n t e n n a e  a r e   mounted  in  t andem  c l o s e   t o g e t h e r .  

I t   is  not   easy  to  d e f i n e   the   scope   of  the  word  " c l o s e "   a s  

used  in  t h i s   c o n t e x t .   Some  i n d i c a t i o n   may  be  g i v e n ,  

howeve r ,   by  p o i n t i n g   ou t   t h a t   i t   is   an  i m p o r t a n t   r e q u i r e m e n t  
of  the   a s s e m b l y   t h a t   i t s   o v e r a l l   volume  and  i t s   i n e r t i a   b e  

k e p t   low  (so  t h a t   i t   may  be  mounted   a n d / o r   h o u s e d   w i t h i n   a  
volume  much  the  same  as  t h a t   o c c u p i e d   by  any  s i n g l e  

a n t e n n a   i t   may  r e p l a c e ,   and  so  t h a t   i t   may  be  e m p l o y e d  -  
for   e x a m p l e ,   in  n u t a t i n g ,   p i v o t t i n g   or  r o t a t i n g   mode  -   i n  

the   same  m a n n e r ) .   In  a d d i t i o n ,   an  uppe r   l i m i t   for   t h e  
d i s t a n c e   be tween   the  two  a n t e n n a -   s p e c i f i c a l l y ,   b e t w e e n  
t h e i r   two  r e f l e c t o r s  -   can  be  s a i d   to  be  l e s s   t han   t h e  

f o c a l   l e n g t h   of  the   C a s s e g r a i n   a n t e n n a ' s   p r i m a r y   r e f l e c t o r .  

And  at   t h i s   j u n c t u r e   i t   s h o u l d   p e r h a p s   be  p o i n t e d   out   t h a t  

in  t h e o r y   the  r e a r   a n t e n n a   in  the   a s s e m b l y   c o u l d   be  a  
d i r e c t   a n t e n n a   ( l i k e   the  f r o n t   o n e ) ,   bu t   t h a t   then   a n y  
r e a s o n a b l e   c o n s t r u c t i o n   of  the  two  a n t e n n a e   w o u l d  
n e c e s s i t a t e   the   d i s t a n c e   b e t w e e n   the   two  r e f l e c t o r s   b e i n g  
too  l a r g e   for   the   a s s e m b l y   to  f u l f i l   the   r e q u i r e m e n t s   o f  

r e l a t i v e l y   sma l l   volume  and  i n e r t i a .   A c c o r d i n g l y ,   i t   i s  

a  major   f e a t u r e   of  the   i n v e n t i v e   a s s e m b l y   t h a t   the   r e a r  
a n t e n n a   be  a  C a s s e g r a i n   a n t e n n a ,   the  a c t u a l   " d e p t h "   of  t h e  

r e a r   a n t e n n a   as  a  whole  t hen   b e i n g   s m a l l   so  t h a t   i t   c a n  
i n d e e d   be  mounted  c l o s e   b e h i n d   the  f r o n t   a n t e n n a .  

The  fo r e   a n t e n n a   is  a  d i r e c t   a n t e n n a ,   h a v i n g   i t s   e m i t t i n g  
e l e m e n t   in  f r o n t   of  i t   and  at   the  p r ime   focus   of  t h e  

r e f l e c t i n g   s u r f a c e .   The  e m i t t i n g   e l e m e n t   may  be  of  a n y  
c o n v e n i e n t   form  a p p r o p r i a t e   to  the  r a d i a t i o n   i n v o l v e d ,  

and  no  more  need  be  s a i d   abou t   i t   h e r e .  



The  r e a r   a n t e n n a   is   a  C a s s e g r a i n   a n t e n n a ,   h a v i n g   i t s  

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

which   is   d e t e r m i n e d   g e n e r a l l y   by  the   n a t u r e   and  p o s i t i o n  
of  the   s e c o n d a r y   r e f l e c t o r .   The  s e c o n d a r y   r e f l e c t o r   may 
in  g e n e r a l   be  of  any  c o n v e n i e n t   shape   and  s i z e  -   i t   may  b e  

f l a t   or  convex  or  c o n c a v e   ( t o w a r d s   the   p r i m a r y   r e f l e c t o r ) ,  
and  i t   may  e x t e n d   a c r o s s   e i t h e r   the   f u l l   a p e r t u r e   of  t h e  

p r i m a r y   r e f l e c t o r   or  on ly   a  s m a l l   c e n t r a l   a r e a   of  t h e  

a p e r t u r e .   In  the   l a t t e r   ca se   i t   may  be  t o t a l l y   opaque   t o  

t he   r a d i a t i o n   i n v o l v e d ,   bu t   in  the   fo rmer   c a se   i t   m u s t  

n a t u r a l l y   be  r e f l e c t i v e l y   opaque   to  the  e m i t t i n g   e l e m e n t  

s i d e   r a d i a t i o n   bu t   t r a n s p a r e n t   to  the   t a r g e t   s i d e  

r a d i a t i o n   ( the   r a d i a t i o n   t r a n s c e i v e d ) .   The  f u l l   a p e r t u r e  

type   of  s e c o n d a r y   r e f l e c t o r   i s   p r e f e r r e d ,   and,   as  e x p l a i n e d  
in  more  d e t a i l   h e r e i n a f t e r ,   a  p a r t i c u l a r l y   p r e f e r r e d  

v a r i e t y   t r a n s p a r e n t   to  the   r a d i a t i o n   t r a n s c e i v e d   is  a  

p a r a l l e l   wi re   r e f l e c t o r .  

The  e m i t t i n g   e l e m e n t   of  the   C a s s e g r a i n   a n t e n n a   may  b e  

of  any  c o n v e n i e n t   form  a p p r o p r i a t e   to  the  r a d i a t i o n  

i n v o l v e d ,   and  no  more  need  be  s a i d   abou t   i t   h e r e .  

The  i n v e n t i v e   a n t e n n a   a s s e m b l y   r e q u i r e s   t h a t   t h e  
r e f l e c t i v e   s u r f a c e   of  the   d i r e c t   a n t e n n a ,   which   is   m o u n t e d  
in   f r o n t   of  the   C a s s e g r a i n   a n t e n n a ,   be  t r a n s p a r e n t   to  t h e  
r a d i a t i o n   t r a n s c e i v e d   by  the   C a s s e g r a i n   a n t e n n a .   While   i t  

is   c o n c e i v a b l e   t h a t   t h i s   r e q u i r e m e n t   c o u l d   be  met  in  o t h e r  

ways,   i t   i s   p r e s e n t l y   the   i n t e n t i o n   to  meet   i t   b y  
c o n s t r u c t i n g   the   d i r e c t   a n t e n n a ' s   r e f l e c t o r   so  t h a t   i t   i s  

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

a s s e m b l y   in  such  a  way  t h a t   the   r a d i a t i o n   t r a n s c e i v e d   b y  
the   d i r e c t   a n t e n n a   is   of  such  a  p o l a r i t y   t h a t   i t   i s  

r e f l e c t e d   w h i l e   the   r a d i a t i o n   t r a n s c e i v e d   by  the   C a s s e g r a i n  
a n t e n n a   i s   of  such  a  p o l a r i t y   t h a t   i t   is  t r a n s m i t t e d .  

Thus,   fo r   e x a m p l e ,   i f   the   d i r e c t   a n t e n n a ' s   r e f l e c t o r   i s  

c o n s t r u c t e d   in  e s s e n c e   of  a p p r o p r i a t e l y   s p a c e d   p a r a l l e l  
c o n d u c t i v e   e l e m e n t s   (w i r e s   or  s t r i p s ) ,   so  as  to  r e f l e c t  



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

e l e m e n t s   bu t   t r a n s m i t   r a d i a t i o n   p l a n e   p o l a r i s e d   t r a n s v e r s e  

to  the  e l e m e n t s ,   and  in  o p e r a t i o n   the   r e f l e c t o r   is   s o  

d i s p o s e d   t h a t   i t s   e l e m e n t s   are   h o r i z o n t a l ,   t hen   i f   t h e  

d i r e c t   a n t e n n a   is  o p e r a t e d   so  as  to  t r a n s c e i v e  

h o r i z o n t a l l y   p l a n e   p o l a r i s e d   r a d i a t i o n   w h i l e   the   C a s s e g r a i n  
a n t e n n a   is  o p e r a t e d   so  as  to  t r a n s c e i v e   v e r t i c a l l y   p l a n e  

p o l a r i s e d   r a d i a t i o n   the  d i r e c t   a n t e n n a ' s   r e f l e c t o r   w i l l  

r e f l e c t   the  f o rmer   bu t   t r a n s m i t   the   l a t t e r .  

As  s t a t e d   h e r e i n b e f o r e   the  C a s s e g r a i n   a n t e n n a   may  h a v e  

a  s e c o n d a r y   r e f l e c t o r   e x t e n d i n g   a c r o s s   only   a  s m a l l   p a r t  
of  the   a p e r t u r e   of  t he   p r i m a r y   r e f l e c t o r ,   in  which   c a s e  
the   p r i m a r y   r e f l e c t o r   may  be  q u i t e   opaque  to  the  r a d i a t i o n  
t r a n s c e i v e d   by  the   C a s s e g r a i n   a n t e n n a   ( fo r   i t   w i l l   b l o c k  

on ly   a  s m a l l   p a r t   of  t h a t   r a d i a t i o n ) .   P r e f e r a b l y ,  

howeve r ,   the   s e c o n d a r y   r e f l e c t o r   e x t e n d s   a c r o s s   the   f u l l  

a p e r t u r e   of  the   p r i m a r y   r e f l e c t o r ,   in  which  case   i t   t o o ,  
l i k e   the  d i r e c t   a n t e n n a ' s   r e f l e c t o r ,   must  be  t r a n s p a r e n t  
to  the   r a d i a t i o n   t r a n s c e i v e d   by  the   C a s s e g r a i n   a n t e n n a  -  
and  ye t   a t   the   same  t ime  i t   mus t ,   of  c o u r s e ,   be  r e f l e c t i v e  
to  the   r a d i a t i o n   on  the  e m i t t i n g   e l e m e n t   s i d e   of  t h e  

p r i m a r y   r e f l e c t o r .   This   too  may  be  a c h i e v e d   upon  t h e  

b a s i s   of  the   p o l a r i t y   of  the   r a d i a t i o n  -   by  c o n s t r u c t i n g  
the  C a s s e g r a i n   a n t e n n a ' s   s e c o n d a r y   r e f l e c t o r   so  t h a t   i t  

has  a  p o l a r i t y   s e n s i t i v i t y   m a t c h i n g   t h a t   of  the   d i r e c t  
a n t e n n a ' s   r e f l e c t o r ,   and  c o n s t r u c t i n g   the   p r i m a r y  
r e f l e c t o r   so  t h a t   i t   is  a  p o l a r i t y   c o n v e r t e r   ( c h a n g i n g   t h e  

p o l a r i t y   of  r a d i a t i o n   r e f l e c t a b l e   by  the  s e c o n d a r y  
r e f l e c t o r   to  a  mode  to  which  the   s e c o n d a r y   r e f l e c t o r   i s  

t r a n s p a r e n t ) ,   and  then   o p e r a t i n g   the   a s s e m b l y   so  t h a t   e a c h  

a n t e n n a ' s   e m i t t i n g   e l e m e n t   t r a n s m i t s   or  r e c e i v e s   r a d i a t i o n  
of  the  same  p o l a r i t y   mode,  and  the   C a s s e g r a i n   a n t e n n a ' s  
p r i m a r y   r e f l e c t o r   changes   t h a t   mode  i n t o   one  to  which  b o t h  
the  s e c o n d a r y   r e f l e c t o r   and  the  d i r e c t   a n t e n n a ' s   r e f l e c t o r  

are  t r a n s p a r e n t .   In  the  p a r t i c u l a r   case   where  the   two  



p o l a r i t y   modes  a re   p l a n a r ,   one  t r a n s v e r s e   to  t he   o t h e r   ( a s  
in  h o r i z o n t a l   and  v e r t i c a l ) ,   the   C a s s e g r a i n   a n t e n n a ' s  

p r i m a r y   r e f l e c t o r   can  be  a  t w i s t   r e f l e c t o r ,   w h i l e   i t s  

s e c o n d a r y   r e f l e c t o r   can  be  c o n s t r u c t e d   in  e s s e n c e   o f  

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

or  s t r i p s )   a l i g n e d   w i th   a n d  g e n e r a l l y   s i m i l a r   to  t h o s e  

from  which  the   d i r e c t   a n t e n n a ' s   r e f l e c t o r   can  b e  

c o n s t r u c t e d .   Assuming ,   for   e x a m p l e ,   t h a t   the   d i r e c t  

a n t e n n a   is  to  be  o p e r a t e d   so  as  to  t r a n s c e i v e  

h o r i z o n t a l l y   p l a n e   p o l a r i s e d   r a d i a t i o n ,   then   i t s   r e f l e c t o r  
w i l l   be  r e f l e c t i v e   to  t h a t   and  t r a n s p a r e n t   to  v e r t i c a l l y  
p l a n e   p o l a r i s e d   r a d i a t i o n ,   and  so  the  r a d i a t i o n   t r a n s c e i v e d  

by  the   C a s s e g r a i n   p r i m a r y   r e f l e c t o r   w i l l   be  v e r t i c a l l y  
p l a n e   p o l a r i s e d ,   t he   s e c o n d a r y   r e f l e c t o r   w i l l   b e  

t r a n s p a r e n t   to  t h a t   bu t   r e f l e c t i v e   to  h o r i z o n t a l l y   p l a n e  
p o l a r i s e d   r a d i a t i o n ,   and  the   C a s s e g r a i n   a n t e n n a ' s   e m i t t i n g  
e l e m e n t   w i l l   t r a n s c e i v e   h o r i z o n t a l l y   p l a n e   p o l a r i s e d  
r a d i a t i o n   wh ich ,   a f t e r   r e f l e c t i o n   from  the   s e c o n d a r y  
r e f l e c t o r ,   is   t w i s t e d   by  the   C a s s e g r a i n   p r i m a r y   r e f l e c t o r  

i n t o   the   v e r t i c a l   mode.  An  embod imen t   a n a l o g o u s   to  t h i s  

(but   the  o t h e r   way  round)   i s   d e s c r i b e d   h e r e i n a f t e r   w i t h  

r e f e r e n c e   to  the   a c c o m p a n y i n g   d r a w i n g s .  
R e f l e c t o r s   t h a t   are   s e l e c t i v e l y   r e f l e c t i v e / t r a n s p a r e n t  

to  p l a n e   p o l a r i s e d   r a d i a t i o n ,   or  t h a t   t w i s t   t he   p l a n e   o f  
such  r a d i a t i o n ,   a re   we l l   known.  Such  r e f l e c t o r s  

are   d i s c u s s e d   in  d e t a i l   in  " M i c r o w a v e  

A n t e n n a e   d e r i v e d   from  the   C a s s e g r a i n   T e l e s c o p e " ,   P .W. 

Hannan,   IRE  T r a n s a c t i o n s ,   A n t e n n a e   and  P r o p o g a t i o n ,   V o l .  

AP-9,  pp  1 4 0 - 1 5 3 ,   March  1961.  A  t y p i c a l   p a r a l l e l   w i r e  
r e f l e c t o r   m igh t   c o m p r i s e   a  r i g i d   s andwich   of  a  p l a s t i c s  
foam  f i l l i n g   w i th   f r o n t   and  back  p l a s t i c s   s k i n s ,   h a v i n g  
l a i d   in  the   f r o n t   s k i n   a  m u l t i t u d e   of  f i n e   p a r a l l e l   w i r e s  

-  t y p i c a l l y   6000  gauge  ( abou t   0.1  mm)  a t   a  s p a c i n g   o f  

r o u g h l y   t en   t i m e s   t h e i r   gauge  or  5%  of  the  w a v e l e n g t h   t o  

be  t r a n s m i t t e d ;   the   h i g h e r   the  f r e q u e n c y   ( s h o r t e r   t h e  

w a v e l e n g t h )   the   t h i n n e r   and  c l o s e r   the  w i r e s .   The  a c t u a l  



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

ma tched   to  the  f r e q u e n c i e s / w a v e l e n g t h s   i n v o l v e d .   A 

t y p i c a l   " t w i s t "   r e f l e c t o r   is  ve ry   s i m i l a r ,   e x c e p t   t h a t  

i t   has  a  r e f l e c t i v e   back  s k i n   spaced   X/4  from  the   w i r e s ,  
and  in  o p e r a t i o n   in  a  s y s t e m   u s i n g   v e r t i c a l l y   a n d  

h o r i z o n t a l l y   p l a n e   p o l a r i s e d   r a d i a t i o n   i t   is   so  a r r a n g e d  
t h a t   the  w i r e s   are  a t   45°  to  each  p o l a r i s a t i o n   p l a n e .  

The  a n t e n n a   a s s e m b l y   of  the   i n v e n t i o n   i s   of  p a r t i c u l a r  
v a l u e   as  p a r t   of  a  h igh   power  r a d a r   s y s t e m .   As  i n t i m a t e d  

above ,   a  p r o b l e m   w i t h   the  e a r l i e r  -   and  o t h e r w i s e   q u i t e  
s a t i s f a c t o r y  -   " d u a l "   s i g n a l   s y s t e m s   of  the   s o r t   w h e r e i n  
t h e r e   is   used   a  s i n g l e   a n t e n n a   wi th   one  e m i t t i n g   e l e m e n t  

a t   the   p r i n c i p l e   focus   and  a  s econd   a t   the   C a s s e g r a i n  
focus   i s   t h a t   of  n e c e s s i t y   t h e r e   must   be  a  s e c o n d a r y  
r e f l e c t o r   which  is   in  t he   way  o f  -   and  i n e v i t a b l y   a b s o r b s  

some  o f  -   the   r a d i a t i o n   e m i t t e d   by  bo th   e l e m e n t s .   I n d e e d ,  

e x p e r i e n c e   has  shown  t h a t   even  w i th   an  o p t i m i s e d   s e c o n d a r y  
r e f l e c t o r   the   power  a b s o r b e d   can  be  s u f f i c i e n t   to  r a i s e   t h e  
r e f l e c t o r ' s   t e m p e r a t u r e   to  a  p o i n t   a t   which  d e s t r u c t i v e  

p h y s i c a l   c h a n g e s  -   b u c k l i n g ,   d e l a m i n a t i o n ,   and  so  o n  -   t a k e  

p l a c e .   The  a s s e m b l y   of  the   i n v e n t i o n   r e d u c e s   p o w e r  
a b s o r p t i o n   in  the  s e c o n d a r y   r e f l e c t o r   by  a  ve ry   c o n s i d e r a b l e  

p r o p o r t i o n ,   for   one  of  the   r a d i a t e d   s i g n a l s  -   t h a t   from  t h e  

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



V a r i o u s   embod imen t s   of  the  i n v e n t i o n   are   now  d e s c r i b e d ,  

t h o u g h   on ly   by  way  of  i l l u s t r a t i o n ,   w i th   r e f e r e n c e   to  t h e  

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

F i g u r e s   l a n d   2  each  show  d i a g r a m a t i c a l l y   v e r t i c a l  

" s e c t i o n s "   t h r o u g h   d i f f e r e n t   i n v e n t i v e   a n t e n n a   a s s e m b l i e s ;  

F i g u r e  3   shows  d i a g r a m m a t i c a l l y   a  p e r s p e c t i v e   view  of  a  
t h i r d   i n v e n t i v e   a n t e n n a   a s s e m b l y ;   a n d  

F i g u r e  4   shows  d i a g r a m m a t i c a l l y   a  h o r i z o n t a l   " s e c t i o n "  

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

In  o r d e r   to  a v o i d   n e e d l e s s   c o n f u s i o n   and  c o m p l e x i t y ,  
t he   F i g u r e s   a re   d e s c r i b e d   in  t r a n s m i t   mode  o n l y .  

The  i n v e n t i v e   a n t e n n a   a s s e m b l y   shown  in  F i g u r e   1 

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

a n t e n n a   a t   t he   f o r e   and  C a s s e g r a i n   a n t e n n a   a t   the   r e a r .  
The  C a s s e g r a i n   a n t e n n a   has  a  p a r a b o l i c   p r i m a r y   r e f l e c t o r  .  

(11) ,   a - s e c o n d a r y   r e f l e c t o r   (12)  and,   at   the   C a s s e g r a i n  

f o c u s ,   an  e m i t t i n g   e l e m e n t   (13) ;   the   s e c o n d a r y   r e f l e c t o r  

12  i s   a  s m a l l   convex   one,   no t   c o v e r i n g   the   f u l l   a p e r t u r e  
of  t he   p r i m a r y   r e f l e c t o r   11,  and  t hus   is   r e f l e c t i v e l y  

o p a q u e .   The  d i r e c t   a n t e n n a   has  a  p a r a b o l i c   r e f l e c t o r   (14)  
in  t he   form  of  many  h o r i z o n t a l l y - d i s p o s e d   p a r a l l e l   w i r e s  

(as  15)  embodied   w i t h i n   a  r a d i a t i o n - t r a n s p a r e n t   s u p p o r t  
s t r u c t u r e   ( g e n e r a l l y   16;  see  F i g u r e   6),   w i t h   an  e m i t t i n g  
e l e m e n t   (17)  p l a c e d   a t   i t s   p r i n c i p a l   f o c u s .  

As  can  be  seen   from  the   F i g u r e ,   the   r e a r   a n t e n n a ' s  

e m i t t i n g   e l e m e n t   13  i s   r a d i a t i n g   v e r t i c a l l y   p l a n e   p o l a r i s e d  
" r a d a r "   waves  (V)  to  which  i t s   own  s e c o n d a r y   and  p r i m a r y  
r e f l e c t o r s   (12 ,11)   a re   r e f l e c t i v e l y   opaque ,   and  to  w h i c h  

the   f o r e   a n t e n n a ' s   r e f l e c t o r   14  is  t r a n s p a r e n t ,   w h i l e   t h e  

f o r e   a n t e n n a ' s   e m i t t i n g   e l e m e n t   17  is  r a d i a t i n g  

h o r i z o n t a l l y   p l a n e   p o l a r i s e d   " r a d a r "   waves  (H),  to  w h i c h  

i t s   own  r e f l e c t o r   14  is  r e f l e c t i v e l y   o p a q u e .  



In  F i g u r e   2  t h e r e   is   shown  a  s i m i l a r   s y s t e m   e x c e p t   t h a t  

the   f o r e   a n t e n n a ' s   r e f l e c t o r   (21)  is   now  a  p a r a b o l i c  
v e r t i c a l   s t r i p   r e f l e c t o r ,   and  r e f l e c t s   v e r t i c a l l y   p l a n e ,  
p o l a r i s e d   f r o m / t o   an  " o f f   a x i s "   e m i t t i n g   e l e m e n t   ( 2 2 ) ,  
w h i l e   the  r e a r   ( C a s s e g r a i n )   a n t e n n a   now  has  a  c o n c a v e  
f u l l   a p e r t u r e   s e c o n d a r y   r e f l e c t o r   23  (which ,   l i k e   the  f o r e  

a n t e n n a ' s   r e f l e c t o r   21,  i s   a  v e r t i c a l   s t r i p   r e f l e c t o r ) ,  

and  i t s   p r i m a r y   r e f l e c t o r   (24)  is   now  a  t w i s t   r e f l e c t o r  

(see  F i g u r e   5 ) .  
In  t h i s   e m b o d i m e n t ,   the   r e a r   a n t e n n a ' s   e m i t t i n g   e l e m e n t  

13  r a d i a t e s   v e r t i c a l l y   p l a n e   p o l a r i s e d   " r a d a r "   waves  (V) 

which  a re   r e f l e c t e d   o f f   the   v e r t i c a l   s t r i p   s e c o n d a r y  
r e f l e c t o r   23  onto   the   p r i m a r y ,   t w i s t ,   r e f l e c t o r   24,  f r o m  

which  t hey   a re   r e f l e c t e d   in  t u r n   b u t  a s   h o r i z o n t a l l y   p l a n e  

p o l a r i s e d   waves  (H).  As  such ,   t hey   pass   t h r o u g h   the  f o r e  

a n t e n n a ' s   r e f l e c t o r   21,  which  a p p e a r s   to  be  t r a n s p a r e n t .  
The  f o r e   a n t e n n a ' s   e m i t t i n g   e l e m e n t   22  is   a l s o   e m i t t i n g  
v e r t i c a l l y   p l a n e   p o l a r i s e d   " r a d a r "   waves  (V),  and  t h e s e   a r e  
r e f l e c t e d   o f f   i t s   r e f l e c t o r   2 1 .  

The  p e r s p e c t i v e   view  of  F i g u r e   3  shows  an  a n t e n n a  

a s s e m b l y   l i k e   t h a t   of  F i g u r e   2  e x c e p t   t h a t   the   f o r m e r ' s  

f o r e   a n t e n n a   has  a  " c y l i n d r i c a l "   p a r a b o l i c   r e f l e c t o r   (31)  
-  some  of  the   v e r t i c a l   w i r e s   (as  32)  have  been  drawn  i n  -  
and  a  l i n e   e m i t t i n g   e l e m e n t   (33)  r a t h e r   t han   the   " s p h e r i c a l "  
r e f l e c t o r   21  and  p o i n t   e m i t t e r   22  of  the   l a t t e r .  

The  embodiment   of  F i g u r e   4  has  a  r e a r   a n t e n n a   l i k e   t h a t  

of  F i g u r e   2  and  a  f o r e   a n t e n n a   l i k e   t h a t   of  F i g u r e   1  ( i t  
s h o u l d   be  e m p h a s i s e d   t h a t   F i g u r e   4  i s   a  h o r i z o n t a l   s e c t i o n ,  
and  t h a t   the   f o r e   a n t e n n a ' s   e m i t t i n g   e l e m e n t   i s   r a d i a t i n g  
v e r t i c a l l y   p l a n e   p o l a r i s e d   " r a d a r "   w a v e s ) .   I t   needs   l i t t l e  

s e p a r a t e   d i s c u s s i o n ,   e x c e p t   to  p o i n t   out   t h a t   the   i l l u s t r a t e d  

a s s e m b l y   is  e n c l o s e d   w i t h i n   an  i n t e g r a l   " radome"   (wi th   s i d e  

and  f r o n t   p o r t i o n s   4 1 , 4 2 , 4 3 ) .  



1.  A  r a d a r   a n t e n n a   a s s e m b l y   c o m p r i s i n g   two  s e p a r a t e  
a n t e n n a e   a r r a n g e d   c l o s e l y   t o g e t h e r   in  t andem,   the  f o r e  

a n t e n n a   b e i n g   a  d i r e c t   a n t e n n a   and  the   r e a r   a n t e n n a   b e i n g  
a  C a s s e g r a i n   a n t e n n a ,   t he   r e f l e c t o r   of  the   fo rmer   b e i n g  

t r a n s p a r e n t   to  the   r a d i a t i o n   t r a n s c e i v e d   by  the   l a t t e r .  
2.  An  a s s e m b l y   as  c l a i m e d   in  Cla im  1,  w h e r e i n   in  t e r m s  

of  o v e r a l l   shape   each   a n t e n n a   has  a  p a r a b o l i c   " m a i n "  

r e f l e c t o r .  

3.  An  a s s e m b l y   as  c l a i m e d   in  e i t h e r   of  the   p r e c e d i n g  
C l a i m s ,   w h e r e i n   the   r e a r   ( C a s s e g r a i n )   a n t e n n a   p r i m a r y  
r e f l e c t o r   is   a  t w i s t   r e f l e c t o r ,   w h i l e   the   f o r e   ( d i r e c t )  

a n t e n n a   r e f l e c t o r   i s   a  p a r a l l e l   w i r e   r e f l e c t o r .  
4.  An  a s s e m b l y   as  c l a i m e d   in  any  of  the   p r e c e d i n g  
C l a i m s ,   w h e r e i n   t he   s e c o n d a r y   r e f l e c t o r   of  t he   r e a r  

( C a s s e g r a i n )   a n t e n n a   e x t e n d s   a c r o s s   the   f u l l   a p e r t u r e   o f  

the   p r i m a r y   r e f l e c t o r   and  i s   r e f l e c t i v e l y   opaque  to  t h e  

e m i t t i n g   e l e m e n t   s i d e   r a d i a t i o n   but   t r a n s p a r e n t   to  t h e  

t a r g e t   s i d e   r a d i a t i o n   ( the   r a d i a t i o n   t r a n s c e i v e d ) .  

5.  An  a s s e m b l y   as  c l a i m e d   in  Cla im  4,  w h e r e i n   t he   f u l l  

a p e r t u r e   s e c o n d a r y   r e f l e c t o r   i s   a  p a r a l l e l   wi re   r e f l e c t o r .  

6.  A  h igh   power  r a d a r   sy s t em  wheneve r   u s i n g   a  r a d a r  

a n t e n n a   a s s e m b l y   as  c l a i m e d   i n - a n y   of  the  p r e c e d i n g  

C l a i m s .  
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