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@  Shaped  beam  antenna. 
©  A  shaped  beam  antenna  comprises  an  array  antenna 
having  a  planar  surface  on  which  a  plurality  of  radiating 
elements  are  arranged,  and  a  main  reflector  disposed  behind 
with  respect  to  the  radiating  direction  of  the  array  antenna. 
The  main  reflector  comprises  a  plurality  of  partial  cylindrical 
or  planar  reflector  segments.  Where  Cartesian  coordinates  is 
assumed  having  an  origin  in  the  center  of  the  planar  surface 
of  the  array  antenna,  an  X-axis  extending  in  a  vertical  center 
axis  of  the  array  antenna,  a  Z-axis  extending  in  a  direction 
perpendicular  to  the  planar  surface  through  the  origin,  and  a 
Y-axis,  extending  in  a  direction  perpendicular  to  the  X-  and 
Z-axes  through  the  origin,  the  shaped  beam  antenna  is 
characterized  in  that  the  longitudinal  axis  of  each  reflector 
segments  is  in  parallel  with  the  X-axis,  the  main  reflector  is 
symmetrical  with  respect  to  the  X-Z  plane  and  formed 
convex  in  a  negative  direction  of  the  Z-axis.  and  each 
radiating  element  is  disposed  so  that  its  excitation  amplitude 
is  symmetrical  with  respect  to  the  Y-Z  plane  and  its  excitation 
phase  is  antisymmetrical  with  respect  to  the  Y-Z  plane, 
whereby  a  radiation  beam  formed  by  the  main  reflector  is 
symmetrical  with  respect  to  the  Z-axis  on  the  Y-Z  plane  and 
is  asymmetrical  with  respect  to  the  Z-axis  on  said  X-Z  plane. 
Thus,  with  this  antenna,  a  good  beam  shaping  performance 
and  an  excellent  cross  polarization  discrimination  can  be 
obtained. 
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B a c k g r o u n d   o f  t h e   I n v e n t i o n  

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  r e f l e c t o r   t y p e  

a r r a y   a n t e n n a   u t i l i z e d   in  r a d i o   c o m m u n i c a t i o n ,   and  m o r e  

p a r t i c u l a r l y   to  a  s h a p e d   beam  a n t e n n a   in  wh ich   a  r a d i a t i o n  

beam  e x t e n d s   in  a  s e c t o r   s h a p e   in  a  p l a n e   but   in  a n o t h e r  

s h a p e   in  a  p l a n e   p e r p e n d i c u l a r   t h e r e t o .   The  p r e s e n t  

i n v e n t i o n   is  u t i l i z e d   in  r a d i o   c o m m u n i c a t i o n   b e t w e e n   a  

s i n g l e   m a s t e r   s t a t i o n   and  a  p l u r a l i t y   of  s l a v e   s t a t i o n s .  

In  an  o r d i n a r y   r a d i o   c o m m u n i c a t i o n ,   c o m m u n i c a t i o n  

is  e f f e c t e d   b e t w e e n   s p e c i f i e d   r a d i o   s t a t i o n s ,   i . e . ,   o n  t h e  

b a s i s   of  p o i n t - t o - p o i n t   s y s t e m .   A c c o r d i n g l y ,   t h e r e   i s  

g e n e r a l l y   u sed   an  a n t e n n a   h a v i n g   h i g h   g a i n   and  l o w  

s i d e l o D e   c h a r a c t e r i s t i c .   On  t h e   c o n t r a r y ,   in  the   c a s e  

where  c o m m u n i c a t i o n   is  e f f e c t e d   b e t w e e n   a  s i n g l e   m a s t e r  

s t a t i o n   and  a  p l u r a l i t y   of  s l a v e   s t a t i o n s   l o c a l l y  

d i s t r i b u t e d   in  an  a r e a ,   i . e . ,   on  t he   b a s i s   o f  

p o i n t - t o - m u l t i p o i n t   s y s t e m ,   an  a n t e n n a   p r o v i d e d   in  t h e  

m a s t e r   s t a t i o n   is   r e q u i r e d   to  have   a  s o - c a l l e d   s h a p e d   b e a m  

which   p r e s e n t s   e f f e c t i v e   i r r a d i a t i o n   c o n v e r a g e   over   t h e  

a r e a   where   s l a v e   s t a t i o n s   a r e   l o c a l l y   d i s t r i b u t e d .  

An  e x a m p l e   of  such   a  s h a p e d   beam  a n t e n n a   has  b e e n  

p r e v i o u s l y   p r o p o s e d   in  US  P a t e n t   A p p l i c a t i o n   S e r i a l   N o .  

6 6 4 , 7 1 2   a s s i g n e d   to  the   same  a s s i g n e r   as  the   p r e s e n t  



i n v e n t i o n .   Th i s   e a r l i e r   a p p l i c a t i o n   is  now  b r i e f l y  

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

g r e a t e r   d e t a i l .   The  s h a p e d   beam  a n t e n n a   shown  in  t h i s  

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

a  p r i m a r y   r a d i a t o r   fo r   i r r a d i a t i n g   a  r a d i o   wave  on  t h e  

main  r e f l e c t o r   w h e r e i n   the   main   r e f l e c t o r   has  a  c e n t r a l  

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

and  s i d e   end  s e c t i o n s   each   c o m p r i s i n g   a  p l u r a l i t y   o f  

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

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

s u r f a c e   to  be  s y m m e t r i c a l   or  a s s y m e t r i c a l ,   r e s p e c t i v e l y ,  

w i t h   r e s p e c t   to  a  h o r i z o n t a l   p l a n e .   With   t h i s   a r r a n g e m e n t  

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

d i r e c t i o n   of  the   beam  r e f l e c t e d   f rom  one  p o r t i o n   l o c a t e d  

n e a r   t he   r e f l e c t o r   a x i s   of  t h e   main  r e f l e c t o r   l i e s   in  t h e  

h o r i z o n t a l   p l a n e ,   w h i l e   the   maximum  r a d i a t i o n   d i r e c t i o n   o f  

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

from  t he   r e f l e c t o r   a x i s   of  the   main   r e f l e c t o r   l i e s   i n  

p l a n e s   o t h e r   t han   the   h o r i z o n t a l   p l a n e .   T h u s ,   t h i s   s h a p e d  

beam  a n t e n n a   can  i m p r o v e   c r o s s   p o l a r i z a t i o n  

c h a r a c t e r i s t i c .   H o w e v e r ,   t he   d r a w b a c k s   w i t h   t h i s   e a r l i e r  

a p p l i c a t i o n   a re   as  f o l l o w s :   F i r s t   is   t h a t   t h e   c r o s s  

p o l a r i z a t i o n   c h a r a c t e r i s t i c   is  g r e a t e l y   d e g r a d e d   a t  

p o r t i o n s   e x c e p t   for   the   r e f l e c t o r   a x i s   p l a n e   to  n a r r o w   a n  

a n g u l a r   r a n g e   where   a  good  c r o s s   p o l a r i z a t i o n  

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

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



t h a t   t he   p r i m a r y   r a d i a t o r   is  p r o v i d e d   in  a  r a d i o   w a v e  

p r o p a g a t i n g   p a t h   to  a l l o w   the   r a d i o   wave  to  be  b l o c k e d ,  

t h u s   m a k i n g   i t   d i f f i c u l t   to  form  a  d e s i r e d   beam  p a t t e r n .  

T h i r d   is  t h a t   the   f a b r i c a t i o n   of  the   r e f l e c t o r   h a v i n g  

t o r u s   and  p a r a b o l i c   r e f l e c t o r   s u r f a c e s   is  c o m p l i c a t e d ,  

r e s u l t i n g   in  h i g h   c o s t   of  t he   s h a p e d   beam  a n t e n n a .  

Summary  of  t he   I n v e n t i o n  

With   the  a b o v e   in  v i e w ,   an  o b j e c t   of   t he   p r e s e n t  

i n v e n t i o n   is  to  p r o v i d e   a  s h a p e d   beam  a n t e n n a   of  a  new 

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

p o l a r i z a t i o n   c h a r a c t e r i s t i c s .  

A n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   is  t o  

p r o v i d e   a  s h a p e d   beam  a n t e n n a   which   does   n o t   r e q u i r e   a  

p a r t i c u l a r   j i g   in  f a b r i c a t i o n ,   and  has  a  r e d u c e d   number   o f  

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

A  f u r t h e r   o b j e c t   of  the   p r e s e n t   i n v e n t i o n   is  t o  

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

good  beam  s h a p i n g   p e r f o r m a n c e   and  c a p a b i l i t y   of  r e d u c i n g  

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

A c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n ,   t h e r e   i s  

p r o v i d e d   a  s h a p e d   beam  a n t e n n a   c o m p r i s i n g :   an  a r r a y .  

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

r a d i a t i n g   e l e m e n t s   a r e   a r r a n g e d ;   and  a  main   r e f l e c t o r  

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

s e g m e n t s   and  d i s p o s e d   b e h i n d   w i t h   r e s p e c t   to  a  r a d i a t i o n  

d i r e c t i o n   of  each   r a d i a t i n g   e l e m e n t   of  t he   a r r a y   a n t e n n a ,  

w h e r e i n   C a r t e s i a n   c o o r d i n a t e s   a re   a s s u m e d   h a v i n g   an  o r i g i n  



in  t he   c e n t e r   of  t he   p l a n a r   s u r f a c e   of  t he   a r r a y   a n t e n n a ,  

an  X - a x i s   e x t e n d i n g   in  a  v e r t i c a l   c e n t e r   a x i s   of  t he   a r r a y  

a n t e n n a ,   a  Z - a x i s   e x t e n d i n g   in  a  d i r e c t i o n   p e r p e n d i c u l a r  

to  the   p l a n a r   s u r f a c e   t h r o u g h   t h e   o r i g i n ,   and  a  Y - a x i s  

e x t e n d i n g   in  a  d i r e c t i o n   p e r p e n d i c u l a r   to  t he   X-  a n d  

Z - a x e s   t h r o u g h   the   o r i g i n ,   the   i m p r o v e m e n t   w h e r e i n   t h e  

l o n g i t u d i n a l   a x i s   of  each   r e f l e c t o r   s e g m e n t   is  in  p a r a l l e l  

w i th   t h e   X - a x i s ,   the   main  r e f l e c t o r   is  s y m m e t r i c a l   w i t h  

r e s p e c t   to  the   X-Z  p l a n e   and  is  f o r m e d   c o n v e x   in  a  

n e g a t i v e   d i r e c t i o n   of  the   Z - a x i s ,   and  each   of  t h e  

r a d i a t i n g   e l e m e n t s   of  the   a r r a y   a n t e n n a   is  d i s p o s e d   s o  

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

to  t he   Y-Z  p l a n e   and  i t s   e x c i t a t i o n   p h a s e   i s  

a n t i s y m m e t r i c a l   w i t h   r e s p e c t   to  t he   Y-Z  p l a n e ,   w h e r e b y   a  

r a d i a t i o n   beam  f o r m e d   by  the   main  r e f l e c t o r   is  s y m m e t r i c a l  

w i t h   r e s p e c t   to  Z - a x i s   on  the   Y-Z  p l a n e   and  i s  

a s y m m e t r i c a l   w i t h   r e s p e c t   to  Z - a x i s   on  the   X-Z  p l a n e .  

The  main  r e f l e c t o r   may  c o m p r i s e   a  p l u r a l i t y   o f  

p a r t i a l   c y l i n d r i c a l   r e f l e c t o r   s e g m e n t s .   The  p a r t i a l  

c y l i n d r i c a l   r e f l e c t o r   s e g m e n t   may  be  c o n f i g u r e d   as  a  

p a r a b o l i c   r e f l e c t o r .   The  p a r a b o l i c   r e f l e c t o r   may  have   a  

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

X - a x i s ,   t he   a r r a y   a n t e n n a   h a v i n g   a  c e n t r a l   p o i n t   a t   w h i c h  

t he   Y-Z  p l a n e   and  the   f o c a l   l i n e   i n t e r s e c t   w i t h   e a c h  

o t h e r .   The  c e n t r a l   p o i n t   may  be  a  p h a s e   c e n t r a l   p o i n t   o f  

r a d i a t i o n   wave  of  t he   r a d i a t i n g   e l e m e n t .   The  c e n t r a l  

p o i n t   may  be  the   o r i g i n .  



The  main  r e f l e c t o r   may  have   a  r e f l e c t o r   s u r f a c e  

fo rmed   by  a  p l u r a l i t y   of  v e r t i c a l l y   e x t e n d i n g   p l a n a r  

r e f l e c t o r   s e g m e n t s .   The  main  r e f l e c t o r   may  be  c o n f i g u r e d  

as  a  m o d i f i e d   c o r n e r   r e f l e c t o r .  

The  main  r e f l e c t o r   may  f u r t h e r   c o m p r i s e  

c o n d u c t i v e   members   at   the   l o n g i t u d i n a l l y   o p p o s i t e   e n d s .  

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

tne  Y - a x i s .   The  r e f l e c t o r   may  f u r t h e r   c o m p r i s e s   a  r a d i o  

wave  a b s o r b e r   a l o n g   at   l e a s t   a  p a r t   of  t he   r e f l e c t o r  

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

p r o v i d e d   on  the   s u r f a c e   of  the   r a d i o   wave  a b s o r b e r ,   t h e  

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

wave  r a d i a t i o n   of  t he   a r r a y   a n t e n n a ,   t he   s p a c i n g   of  t h e  

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

a  f r e q u e n c y   u s e d .  

The  a r r a y   a n t e n n a   may  be  c o m p r i s e d   of  a 

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

as  the   r a d i a t i n g   e l e m e n t s .   The  a r r a y   a n t e n n a   may  c o m p r i s e  

a  d i e l e c t r i c   b a s e ,   m e t a l   s t r i p s   s e r v i n g   as  t he   r a d i a t i n g  

e l e m e n t s   and  s e r v i n g   as  power   f e e d   l i n e s ,   r e s p e c t i v e l y ,  

p r o v i d e d   on  the   d i e l e c t r i c   b a s e ,   a  m e t a l   c o n d u c t o r  

p r o v i d e d   on  the   back  s i d e   of  t h e   d i e l e c t r i c   b a s e ,   a n d  

c o n n e c t o r   means  f i x e d   to  the  m e t a l   c o n d u c t o r   f o r  

c o n n e c t i n g   t he   m e t a l   s t r i p   s e r v i n g   as  power   f eed   l i n e   t o  

the  m e t a l   c o n d u c t o r .   The  a r r a y   a n t e n n a   may  be  c o n f i g u r e d  

wi th   a  d i p o l e   a r r a y   or  a  c r o s s e d   d i p o l e   a r r a y .  

B r i e f   D e s c r i p t i o n   of  t he   D r a w i n g s  



The  f e a t u r e s   and  a d v a n t a g e s   of  a  s h a p e d   b e a m  

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

more  a p p a r e n t   f rom  the   f o l l o w i n g   d e s c r i p t i o n   t a k e n   i n  

c o n j u n c t i o n   w i t h   the   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 .   1  is  a  p l a n   v iew  i l l u s t r a t i n g   an  a r r a n g e m e n t  

of  a  m a s t e r   s t a t i o n   and  a  p l u r a l i t y   of   s l a v e   s t a t i o n s  

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

F i g .   2  is  a  s i d e   v iew  of  F i g .   1  w h e r e i n   a  p e n c i l  

r a d i a t i o n   beam  is   u s e d ;  

F i g .   3  is  a  s i d e   v iew  of  F i g .   1  w h e r e i n   a  s h a p e d  

r a d i a t i o n   beam  is  u s e d ;  

F i g .   4  is  a  p l a n   v iew  i l l u s t r a t i n g   an  e x a m p l e   o f  

two  r a d i o   c o m m u n i c a t i o n   a r e a s   c l o s e l y   a d j a c e n t   to  e a c h  

o t h e r ;  

F i g .   5  is  a  f r o n t   v iew  i l l u s t r a t i n g   a  

c o n v e n t i o n a l   s h a p e d   beam  a n t e n n a ;  

F i g .   6  is  a  h o r i z o n t a l   c r o s s - s e c t i o n   of  t h e  

a n t e n n a   shown  in  F i g .   5 ;  

F i g .   7  is  a  v e r t i c a l   l o n g i t u d i n a l   s e c t i o n   of  t h e  

a n t e n n a   shown  in  F i g .   5 ;  

F i g .   8  shows  the   r a d i a t i o n   c h a r a c t e r i s t i c s   in  a  

v e r t i c a l   p l a n e   of  the   a n t e n n a   shown  in  F i g .   5 ;  

F i g .   9  is  an  e x p l a n a t o r y   v i ew   fo r   t he   c r o s s  

p o l a r i z a t i o n   c h a r a c t e r i s t i c   of  t he   a n t e n n a   shown  in  F i g .   5 ;  

F i g .   10  is  a  p e r s p e c t i v e   v iew  i l l u s t r a t i n g   a  

f i r s t   e m b o d i m e n t   of  an  a n t e n n a   a c c o r d i n g   to  the   p r e s e n t  

i n v e n t i o n ;  



F i g .   11  is  a  f r o n t   view  of  t he   a n t e n n a   shown  i n  

F i g .   1 0 ;  

F i g .   12  is  an  e n l a r g e d   f r a g m e n t a r y   p e r s p e c t i v e  

v iew  of  an  a r r a y   a n t e n n a   e m p l o y e d   in  t he   a n t e n n a   shown  i n  

F i g .   1 0 ;  

F i g .   13  is  a  p e r s p e c t i v e   v iew  i l l u s t r a t i n g  

a n o t h e r   form  of  an  a r r a y   a n t e n n a   e m p l o y e d   in  the   p r e s e n t  

i n v e n t i o n ;  

F i g .   14  shows  a  r a d i a t i o n   c h a r a c t e r i s t i c   in  a  

v e r t i c a l   p l a n e   in  c o n n e c t i o n   w i t h   t h e   a n t e n n a   shown  i n  

F g i .   1 0 ;  

F i g .   15  is  a  h o r i z o n t a l   c r o s s - s e c t i o n   of  t h e  

a n t e n n a   shown  in  F i g .   1 0 ;  

F i g .   16  shows  a  r a d i a t i o n   c h a r a c t e r i s t i c   in  a  

h o r i z o n t a l   p l a n e   in  c o n n e c t i o n   w i t h   t he   a n t e n n a   shown  i n  

F i g .   1 0 ;  

F i g .   17  i s   a  p l a n   v i e w ,   p a r t l y   e x p l o d e d ,  

i l l u s t r a t i n g   a n o t h e r   form  of  t he   a n t e n n a   shown  in  F i g .   1 0 ;  

F i g .   18  is   a  p e r s p e c t i v e   v iew  i l l u s t r a t i n g   a  

s e c o n d   e m b o d i m e n t   of  an  a n t e n n a   a c c o r d i n g   to  the   p r e s e n t  

i n v e n t i o n ;  

F i g .   19  is  a  f r o n t   view  of  t h e   a n t e n n a   shown  i n  

F i g .   1 8 ;  

Fig  20  is  a  h o r i z o n t a l   c r o s s - s e c t i o n   of  t h e  

a n t e n n a   shown  in  F i g .   1 8 ;  

F i g .   21  shows  a  r a d i a t i o n   c h a r a c t e r i s t i c   in  a 

h o r i z o n t a l   p l a n e   in  c o n n e c t i o n   w i t h   t he   a n t e n n a   shown  i n  



F i g .   1 8 ;  

F i g .   22  is  a  p l a n   v i e w ,   p a r t l y   e x p l o d e d ,  

i l l u s t r a t i n g   a n o t h e r   fo rm  of  t he   a n t e n n a   shown  in  F i g .   1 8 ;  

F i g .   23  is  a  p e r s p e c t i v e   v iew  i l l u s t r a t i n g   a  

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

i n v e n t i o n ;  

F i g .   24  is  a  p l a n   v iew  of  t h e   a n t e n n a   shown  i n  

F i g .   2 3 ;  

F i g .   25  shows   a  r a d i a t i o n   c h a r a c t e r i s t i c   in  a  

h o r i z o n t a l   p l a n e   in  c o n n e c t i o n   w i t h   t he   a n t e n n a   shown  i n  

F i g .   2 3 ;  

F i g .   26  i s   a  p e r s p e c t i v e   v iew  i l l u s t r a t i n g  

a n o t h e r   form  of  t h e   a n t e n n a   shown  in  F i g .   2 3 ;  

F i g .   27  is   a  r a d i a t i o n   c h a r a c t e r i s t i c   in  a  

h o r i z o n t a l   p l a n e   in  c o n n e c t i o n   w i t h   t he   a n t e n n a   shown  i n  

F i g .   2 6 ;  

F i g .   28  is  a  s i d e   v iew  i l l u s t r a t i n g   a n o t h e r   f o r m  

of  a  wave  a b s o r b e r   w i t h  a   m e t a l   b l i n d   e m p l o y e d   in  t h e  

a n t e n n a   shown  in  F i g .   2 6 ;  

F i g .   29  is   a  f r o n t   v iew  i l l u s t r a t i n g   t h e   w a v e  

a b s o r b e r   w i t h   the   m e t a l   b l i n d   shown  in  F i g .   28;  a n d  

F i g .   30  shows   r a d i a t i o n   c h a r a c t e r i s t i c   in  a  

h o r i z o n t a l   p l a n e   in  c o n n e c t i o n   w i t h   t he   a n t e n n a   p r o v i d e d  

w i t h   the   wave  a b s o r b e r   w i t h   the   m e t a l   b l i n d   shown  in  F i g s .  

29  and  3 0 .  

D e t a i l e d   D e s c r i p t i o n   of  t he   P r e s e n t   I n v e n t i o n  

P r i o r   to  d e s c r i b i n g   p r e f e r r e d   e m b o d i m e n t s  



a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n ,   t he   e f f e c t   b a s e d   on  

beam  s h a p i n g   w i l l   be  i n i t i a l l y   r e f e r r e d   to  w i t h   r e f e r e n c e  

to  F i g s .   1  to  4,  and  t h e n   an  e x a m p l e   of  t he   p r i o r   a r t   w i l l  

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 s .  5   to  9 .  

F i g .  1   is  a  p l a n   view  i l l u s t r a t i n g   an  a r r a n g e m e n t  

of  a  m a s t e r   s t a t i o n   and  a  p l u r a l i t y   of  s l a v e   s t a t i o n  

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

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

p o i n t - t o - m u l t i p o i n t   s y s t e m .   F i g s .   2  and  3  a r e   s i d e   v i e w s  

of  F i g .   1.  In  t he   a r r a n g e m e n t   shown  in  F i g .   1  w h e r e i n   t h e  

m a s t e r   s t a t i o n   is  l a b e l l e d   A  and  the   s l a v e   s t a t i o n s   a r e  

l a b e l l e d   B,  C,  D  and  E,  i t   is  d e s i r a b l e   t h a t   a  beam  1 

r a d i a t e d   f rom  the   m a s t e r   s t a t i o n   A  e x t e n d s   in  t h e  

h o r i z o n t a l   p l a n e   in  t h e   form  of  a  s e c t o r   as  shown  i n  

d o t t e d   l i n e s   to  c o v e r   t h e   e n t i r e   s l a v e   s t a t i o n s   B,  C,  D 

and  E.  On  the   o t h e r   h a n d ,   in  the   v e r t i c a l   p l a n e ,   when  t h e  

d i f f e r e n c e   in  a l t i t u d e   b e t w e e n   the   r e s p e c t i v e   s l a v e  

s t a t i o n s   and  the  d i f f e r e n c e   in  d i s t a n c e   b e t w e e n   the   m a s t e r  

s t a t i o n   and  the  r e s p e c t i v e   s l a v e   s t a t i o n s   a r e   t a k e n   i n t o  

a c c o u n t ,   t he   s n a p e   of  a  r a d i a t i o n   beam  3  as  shown  in  F i g .  

3  is  more  a d v a n t a g e o u s   t h a n   an  o r i d n a r y   p e n c i l   beam  a s  

shown  in  F i g .   2.  In  c a s e   where   two  c o m m u n i c a t i o n   a r e a s   o f  

the   m a s t e r   and  s l a v e   s t a t i o n s   a re   c l o s e l y   a d j a c e n t   a s  

shown  in  F i g .   4,  o r t h o g o n a l l y   p o l a r i z e d   r a d i a t i o n   w a v e s  

a re   used   so  t h a t   s h a p e d   beams  1  and  1'  do  n o t   i n t e r f e r e  

w i t h   e a c h   o t h e r .   The  d e g r e e   of  the   o r t h o g o n a l i t y   of  t h e  

p o l a r i z e d   r a d i a t i o n   w a v e s ,   i . e . ,   t he   q u a l i t y   of  c r o s s  



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

a r e a s   g o v e r n s   the   q u a l i t y   of  t he   c o m m u n i c a t i o n   c i r c u i t .  

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

. s h a p e d   beam,   t h e r e   has  been   p r o p o s e d   a  s h a p e d   beam  a n t e n n a  

as  shown  in  US  P a t e n t   A p p l i c a t i o n   S e r i a l   No.  6 6 4 , 7 1 2  

m e n t i o n e d   p r e v i o u s l y .   T h i s   c o n v e n t i o n a l   a n t e n n a   w i l l   b e  

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 s .   5  to  9  w h e r e i n   F i g .  5   i s  

a  f r o n t   v i e w ,   F i g .   6  a  c r o s s - s e c t i o n a l   v iew  in  a  

h o r i z o n t a l   p l a n e ,   F ig .   7  a  l o n g i t u d i n a l   s e c t i o n a l   v i ew   i n  

a  v e r t i c a l   p l a n e ,   F i g .   8  an  e x p l a n a t o r y   view  of  t h e  

r a d i a t i o n   c h a r a c t e r i s t i c s   in  a  v e r t i c a l   p l a n e ,   and  F i g .   9 

an  e x p l a n a t o r y   v iew  of  the   c r o s s   p o l a r i z a t i o n  

c h a r a c t e r i s t i c .   A  s h a p e d   beam  a n t e n n a   shown  in  t h e  

e a r l i e r   p a t e n t   a p p l i c a t i o n   c o m p r i s e s   a  f e ed   h o r n   20  

s e r v i n g   as  a  p r i m a r y   r a d i a t o r   a n d  a   main  r e f l e c t o r   30  

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

s e g m e n t s   34,  37  and  38  and  h o r i z o n t a l   s i d e   s e c t i o n s  

i n c l u d i n g   p a r a b o l i c   r e f l e c t o r   s e g m e n t s   35-1.,  3 5 - 2 ,   3 6 - 1 ,  

3 6 - 2 ,   3 9 - 1   and  3 9 - 2 .   T h e s e   s e g m e n t s   a re   g r o u p e d   i n t o  

f i r s t   and  s e c o n d   p o r t i o n s   of  t h e   main   r e f l e c t o r   30.  T h e  

f i r s t   r e f l e c t o r   p o r t i o n   of  t he   main   r e f l e c t o r   30  i n c l u d e s  

r e f l e c t o r   s e g m e n t s   34,  35-1   and  3 5 - 2   wh ich   a r e   s y m m e t r i c a l  

w i t h   r e s p e c t   ot  the   h o r i z o n t a l   ( Y  -   Z)  p l a n e   and  t h e  

v e r t i c a l   (X -   Z)  p l a n e ,   w h i l e   t he   s e c o n d   r e f l e c t o r   p o r t i o n  

i n c l u d e s   r e f l e c t o r   s e g m e n t s   37,  3 6 - 1   and  36-2   and  38,  3 9 - 1  

and  39-2   which   a r e   a s y m m e t r i c a l   w i t h   r e s p e c t   to  t h e  

h o r i z o n t a l   (Y  -   Z)  p l a n e .  



The  r a d i a t i o n   c h a r a c t e r i s t i c   in  the   h o r i z o n t a l  

p l a n e   of  t he   s h a p e d   beam  a n t e n n a   w i l l   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 .   6.  The  t o r u s   r e f l e c t o r   s e g m e n t   34 

w i t h i n   the   f i r s t   p o r t i o n   is  f o r m e d   by  r o t a t i n g   t h e  

s e c t i o n e d   c u r v e   in  the   v e r t i c a l   (X  -   Z)  p l a n e   shown  i n  

F i g .   7  a b o u t   t he   v e r t i c a l   a x i s   ( X - a x i s )   by  an  a n g l e   @o, 

w h i l e   the  p a r a b o l i c   r e f l e c t o r   s e g m e n t s   35-1   and  35-2   h a v e  

t h e i r   axes   P  35 -1   a n d  P   35-2  as  t he   c e n t e r s   and  a  f o c a l  

p o i n t   F .  

A  s p h e r i c a l   wave  r a d i a t e d   by  t he   p r i m a r y   r a d i a t o r  

20  is  r e f l e c t e d   by  the   t o r u s   r e f l e c t o r   s e g m e n t   34  in  t h e  

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

b r o k e n   l i n e s   4  and  5,  to  become  c o n c e n t r i c a l   r a d i a t i o n  

w a v e f r o n t   w i t h   t he   o r i g i n   b e i n g   t h e   c e n t e r .   On  the   o t h e r  

h a n d ,   r a d i o   waves   r e f l e c t e d   by  t h e   p a r a b o l i c   r e f l e c t o r  

s e g m e n t s   35 -1   and  35-2   t r a v e l   a l o n g   p a t h s   as  i n d i c a t e d   b y  

b r o k e n   l i n e s   6  and  7,  and  t hey   a r e   c o n v e r t e d   i n t o   p l a n e  

waves  p r o p a g a t i n g   in  the   d i r e c t i o n   of  t he   a x e s   P  35-1   a n d  

P  3 5 - 2 .   A c c o r d i n g l y ,   the   r a d i a t i o n   c h a r a c t e r i s t i c   in  t h e  

h o r i z o n t a l   p l a n e   of  a  s h a p e d   beam  o b t a i n e d   by  s y n t h e s i z i n g  

the  a b o v e - m e n t i o n e d   w a v e f r o n t s   is  s u b s t a n t i a l l y   u n i f o r m  

w i t h i n   an  a n g u l a r   r a n g e   of  + e  w i t h   r e s p e c t   to  t h e  

r e f l e c t o r   a x i s   and  s t e e p l y   a t t e n u a t e s   in  a  r a n g e   where   t h e  

a b s o l u t e   v a l u e   of  t he   a n g l e   is  a b o v e  @ o ,   t h u s   making   i t  

p o s s i b l e   to  s y n t h e s i z e   a  s o - c a l l e d   s e c t o r   s h a p e d   b e a m .  

T h e n ,   t he   r a d i a t i o n   c h a r a c t e r i s t i c   in  t h e  

v e r t i c a l   p l a n e   w i l l   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 s .   8 



and  9.  The  s e c t i o n e d   c u r v e   of  t ne   f i r s t   r e f l e c t o r   s e g m e n t  

34  shown  in  F i g .   7  is  of  a  p a r a b o l a   h a v i n g   a  f o c a l   p o i n t  

a t   t he   p o i n t   F  and  a  c e n t e r   a x i s   a t   the   r e f l e c t o r   a x i s ,  

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

r e f l e c t o r   a x i s .  O n   t he   o t h e r   h a n d ,   s e c t i o n e d   c u r v e s   o f  

the   s e c o n d   r e f l e c t o r   s e g m e n t s   37  and  38  a r e   of  p a r a b o l a s  

h a v i n g   f o c a l   p o i n t s   a t   t he   p o i n t   F  and  c e n t e r   a x e s   P37  a n d  

P38,   r e s p e c t i v e l y .   A c c o r d i n g l y ,   the   s p h e r i c a l   w a v e  

r a d i a t e d   by  the   f e ed   h o r n   and  r e f l e c t e d   by  t h e   t o r u s  

r e f l e c t o r   s u r f a c e   34  is  r a d i a t e d   a t   a  w a v e f r o n t  

p r o p a g a t i n g   in  the   d i r e c t i o n   of  the   r e f l e c t o r   a x i s ,   i . e . ,  

in  a  h o r i z o n t a l   d i r e c t i o n   t h r o u g h   p a t h s   8-1  and  8 - 2 .   T h e  

r a d i o   wave  r e f l e c t e d   by  t he   r e f l e c t o r   s u r f a c e s   37  and  38 

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

of  a x e s   P37  and  P38  t h r o u g h   p a t h s   9  and  10.  The  r a d i a t i o n  

c h a r a c t e r i s t i c   in  t he   v e r t i c a l   p l a n e   is  d e t e r m i n e d   by  t h e  

s y n t h e s i s   of  the   a b o v e - m e n t i o n e d   w a v e f r o n t s .   As  w i l l   b e  

s e e n   f rom  a  r a d i a t i o n   beam  c h a r a c t e r i s t i c   12  shown  a t  

s o l i d   l i n e   in  F i g .   8,  a  s y n t h e s i z e   or  r e s u l t a n t   b e a m  

b e c o m e s   a s y m m e t r i c a l   w i t h   r e s p e c t   to  t he   h o r i z o n t a l  

p l a n e .   D o t t e d   l i n e   r a d i a t i o n   beam  c h a r a c t e r i s t i c s   13  a n d  

14  r e s p e c t i v e l y   c o r r e s p o n d   to  the   main  p o l a r i z a t i o n  

c h a r a c t e r i s t i c   and  the   c r o s s   p o l a r i z a t i o n   d i s c r i m i n a t i o n  

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

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

r a d i a t i o n   beam  c h a r a c t e r i s t i c   15  r e p r e s e n t s   t he   m a i n  

p o l a r i z a t i o n   c o m p o n e n t   of  t h e   r a d i o   waves   r a d i a t e d   by  t h e  



s e c o n d   s e g m e n t s   37  and  38  of  t n e   r e f l e c t o r   s e c o n d  

p o r t i o n .   The  c r o s s   p o l a r i z a t i o n   d i s c r i m i n a t i o n  

c h a r a c t e r i s t i c   such   as  t h e   d o t t e d   l i n e   beam  c h a r a c t e r i s i t c  

14  is  e x c e l l e n t   b e c a u s e   t he   t o r u s   r e f l e c t o r   s e g m e n t   34  i s  

s y m m e t r i c a l   w i t h   r e s p e c t   to  t he   r e f l e c t o r   a x i s   and  h e n c e ,  

the   c r o s s   p o l a r i z a t i o n   wave  c o m p o n e n t s   g e n e r a t e d   by  t h i s  

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

a x i s .  

The  c r o s s   p o l a r i z a t i o n   wave  c o m p o n e n t s   p r o d u c e d  

by  t o r u s   r e f l e c t o r   s e g m e n t s   37  and  38  wh ich   a r e  

a s y m m e t r i c a l   w i t h   r e s p e c t   to  t he   r e f l e c t o r   a x i s   do  n o t  

have   any  a d v e r s e   e f f e c t   upon  t h e   r e f l e c t o r   a x i s   b e c a u s e  

the   maximum  r a d i a t i o n   d i r e c t i o n s   of  r e s p e c t i v e   m a i n  

p o l a r i z a t i o n   c o m p o n e n t s   p r o d u c e d   by  the   a s y m m e t r i c a l  

s e g m e n t s   37  and  38  d e v i a t e   f rom  t he   r e f l e c t o r   a x i s .   As  a  

c o n s e q u e n c e ,   t he   o v e r a l l   c r o s s   p o l a r i z a t i o n   d i s c r i m i n a t i o n  

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

a  s o l i d   l i n e   r a d i a t i o n   beam  c h a r a c t e r i s t i c   1 6 .  

As  can  be  n o t e d   f rom  t h e   d e s c r i p t i o n   r e g a r d i n g  

F i g .   6,  t h e   c h a r a c t e r i s t i c   in  t he   v e r t i c a l   p l a n e   i s  

s u b s t a n t i a l l y   u n i f o r m   w i t h i n   an  a n g u l a r   r a n g e   o f   @o  s o  

t h a t   in  t he   h o r i z o n t a l   p l a n e   i n c l u d i n g   the   r e f l e c t o r   a x i s ,  

an  e x c e l l e n t   c r o s s   p o l a r i z a t i o n   d i s c r i m i n a t i o n   can  b e  

o b t a i n e d .  

H o w e v e r ,   w i t h   t h e   a b o v e - d e s c r i b e d   c o n v e n t i o n a l  

s h a p e d   beam  a n t e n n a ,   as  i n d i c a t e d   by  the   s o l i d   l i n e   16  i n  

F i g .   8,  t h e   c r o s s   p o l a r i z a t i o n   c h a r a c t e r i s t i c   is  s t e e p l y  



d e g r a d e d   when  d e v i a t i n g   from  t he   r e f l e c t o r   a x i s ,   i . e . ,  

h o r i n z o n t a l   p l a n e ,   and  a  d e s i r a b l e   c r o s s   p o l a r i z a t i o n  

c h a r a c t e r i s t i c   can   be  o b t a i n e d   o n l y   in  an  a r e a   e x t r e m e l y  

c l o s e   to  t he   h o r i z o n t a l   p l a n e .   T h i s   p r o v i d e s   t h e  

f o l l o w i n g   p r o b l e m   in  c o n n e c t i o n   w i t h   the   c o m m u n i c a t i o n  

c h a n n e l .   N a m e l y ,   when  e f f e c t i n g   s e l e c t i o n   of  the   s t a t i o n  

A  and  C  and  s t a t i o n s   A  and  A'  in  F i g .   4,  i t   is  i m p o s s i b l e  

to  a l l o w   the   d i f f e r e n c e   in  a l t i t u d e   to  be  l a r g e .  

A c c o r d i n g l y ,   when  a c t u a l   g e o m e t r y   or  the   h e i g n t   d i f f e r e n c e  

b e t w e e n   b u i l d i n g s   e t c .   is  t a k e n   i n t o   a c c o u n t ,   t h e r e   is  a  

p o s s i o i l i t y   t h a t   s e l e c t i o n   of  a  s t a t i o n   is  i m p o s s i b l e .   To 

s o l v e   t h i s ,   i t   is   r e q u i r e d   to  a d d i t i o n a l l y   p r o v i d e   a  

s p e c i a l   t o w e r .   N a m e l y ,   when  an  a n g u l a r   r a n g e   w i t h i n   w h i c h  

a  d e s i r a b l e   c r o s s   p o l a r i z a t i o n   c h a r a c t e r i s t i c   can  b e  

o b t a i n e d   is   ±ρo ,   an  a l l o w e d   d i f f e r e n c e   D  in  a l t i t u d e   i n  

the  c o m m u n i c a t i o n   s y s t e m   d e s i g n   is  e x p r e s s e d   as  f o l l o w s :  

D  =  ( h o r i z o n t a l   d i s t a n c e   b e t w e e n   r e s p e c t i v e   s t a t i o n s )  

From  t h i s   e q u a t i o n ,   i t   is  u n d e r s t o o d   t h a t   the   m a g n i t u d e   o f  

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

c o m m u n i c a t i o n   s y s t e m . .  

The  maximum  f a c t o r   w h i c h   d e t e r m i n e s   t he   m a g n i t u d e  

of  tne   a n g l e  β o   is  t he   m a g n i t u d e   of  t he   c r o s s  

p o l a r i z a t i o n   c o m p o n e n t s .   F i g .   9  shows  an  e x p l a n a t o r y   v i e w  

for   c r o s s   p o l a r i z a t i o n   c o m p o n e n t s   p r o d u c e d   in  t h e  

r e f l e c t o r   s u r f a c e .   In  t h i s   f i g u r e ,   fo r   s i m p l i c i t y   o f  

e x p l a n a t i o n ,   o n l y   a  p a r t   of  t h e   f i r s t   r e f l e c t o r   p o r t i o n   o f  



t he   r e f l e c t o r   s u r f a c e   snown  in  F i g .   5  is  i l l u s t r a t e d .  

D o t t e d   l i n e s   17  and  18  i n d i c a t e   c u r r e n t   f l o w s   i n d u c e d   i n  

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

f e e d   h o r n   2 0 .  

As  w e l l   Known,  when  a  m a g n e t i c   f i e l d   v e c t o r   of  a n  η  

i n c i d e n t   wave  and  a  n o r m a l   v e c t o r   a r e   d e n o t e d   by H  and  , 

an  i n d u c e d   c u r r e n t   v e c t o r  J   in  t he   r e f l e c t o r   s u r f a c e   i s  

e x p r e s s e d   b y  

In  t h i s   i n s t a n c e ,   s i n c e   the   m a g n e t i c   f i e l d   v e c t o r  H   is  a  

s p h e r i c a l   wave  and  the  c o n f i g u r a t i o n   of  t he   r e f l e c t o r  

s u r f a c e   is  as  s t a t e d   a b o v e   in  r e g a r d   to  t he   n o r m a l  

v e c t o r  n  ,   t h e y   have   t h r e e   c o m p o n e n t s   in  t he   C a r t e s i a n ·  

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

c u r r e n t   v e c t o r   ff  a l s o   have   t h r e e   c o m p o n e n t s .   W i t h  

r e f e r e n c e   to  a  f r o n t   v i ew   shown  in  F i g .   9,  t h i s   i s  

i l l u s t r a t e d   as  t he   main  p o l a r i z a t i o n   c o m p o n e n t s   M1  t o  

M4  and  the   c r o s s   p o l a r i z a t i o n   c o m p o n e n t s   C1  to  C 4 .  

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

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

c o m p o n e n t s .   The  q u a n t i t i e s   of  t he   main   p o l a r i z a t i o n   a n d  

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

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

As  p r e v i o u s l y   s t a t e d ,   t h e   r e f l e c t o r   s e g m e n t   34  i s  

s y m m e t r i c a l   w i t h   r e s p e c t   to  the   h o r i z o n t a l   and  v e r t i c a l  

p l a n e s .   A c c o r d i n g l y ,   fo r   i n s t a n c e ,   as  f a r   as  t h e  

h o r i z o n t a l   p l a n e   is  c o n c e r n e d ,   t he   c o m p o n e n t s   C1  a n d  



C2  have   d i r e c t i o n s   o p p o s i t e   to  each   o t h e r   and  have  t h e  

same  d i s t a n c e   from  the   h o r i z o n t a l   p l a n e .   The  r e l a t i o n s h i p  

b e t w e e n   t h e   c o m p o n e n t s   C3  and  C4  is  the   same  as  t h a t  

b e t w e e n   t he   c o m p o n e n t s   C1  and  C2.  A c c o r d i n g l y ,   t h e  

e q u a t i o n   (1)  h o l d s   in  t he   h o r i z o n t a l   p l a n e .   H o w e v e r ,   i n  

c o n n e c t i o n   w i t h   a  d e v i a t e d   p l a n e   from  the   h o r i z o n t a l  

p l a n e ,   t h e   e q u a t i o n   (1)  d o e s   no t   ho ld   b e c a u s e   t he   d i s t a n c e  

b e t w e e n   t h e   c o m p o n e n t   C l  a n d   t he   d e v i a t e d   p l a n e   i s  

d i f f e r e n t   f rom  the   d i s t a n c e   b e t w e e n   the   c o m p o n e n t   C2  a n d  

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

p o l a r i z a t i o n   c o m p o n e n t s   r e m a i n   u n c a n c e l l e d .   As  a  

c o n s e q u e n c e ,   t h e   c h a r a c t e r i s t i c   is  d e g r a d e d   e x c e p t   fo r   t h e  

h o r i z o n t a l   p l a n e   as  i n d i c a t e d   by  d o t t e d   l i n e s   14  in  F i g .   8 .  

In  p r a c t i c e ,   w i t h   t h e   c o n v e n t i o n a l   a n t e n n a  

c o n f i g u r e d   as  shown  in  F i g s .   5  to  7,  in  a  c o m m u n i c a t i o n  

c h a n n e l   w h i c h   r e q u i r e s   a  c r o s s   p o l a r i z a t i o n   c h a r a c t e r i s t i c  

o f ,   f o r   e x a m p l e ,   more  t h a n   20  dB,  t he   a n g l e   βo   can  b e  

a b o u t   0 . 5 °   a t   the   m o s t ,   p r o v i d i n g   the   s e r i o u s   d i f f i c u l t y  

in  r e a l i z i n g   an  a c t u a l   c o m m u n i c a t i o n   c h a n n e l .  

F u r t h e r ,   as  s e e n   f rom  t he   c o n f i g u r a t i o n   of  t h e  

c o n v e n t i o n a l   a n t e n n a ,   the   f e e d   h o r n   20  e x i s t s   w i t h i n   a  

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

wave  is  p a r t i a l l y   b l o c k e d .   T h i s   makes  i t   d i f f i c u l t   t o  

o b t a i n   a  s y n t h e s i z e d   beam  h a v i n g   d e s i r e d   s h a p e s   in  b o t h  

t he   h o r i z o n t a l   and  v e r t i c a l   p l a n e s .   As  s e e n   f rom  t h e  

d e s c r i p t i o n   r e l e v a n t   to  F i g s .   6  and  7,  t h e   beam  is  s h a p e d  

by  s y n t h e s i z i n g   r e f l e c t e d   waves   from  r e s p e c t i v e   r e f l e c t o r  



s e g m e n t s .   A c c o r d i n g l y , ' t h e   a b o v e - m e n t i o n e d   b l o c k i n g  

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

s h a p i n g   of  t he   beam.  T h i s   is  a  s e r i o u s   p r o b l e m  

p a r t i c u l a r l y   in  a  v e r t i c a l   p l a n e   where   t he   beam  i s  

r e q u i r e d   to  be  s h a p e d   down  to  a  r e l a t i v e l y   low  l e v e l .  

F u r t h e r m o r e ,   f rom  a  t e c h n i c a l   p o i n t   of  v i e w ,   i t  

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

s u r f a c e   c o n f i g u r e d   as  i n d i c a t e d   in  F i g s .  5   to  7.  To  d o  

t h i s ,   an  e x p e n s i v e   j i g   is  g e n e r a l l y   r e q u i r e d .   I n  

a d d i t i o n ,   t he   number   of  s t e p s   of  s h a p i n g   is  i n c r e a s e d ,  

w i t h   t he   r e s u l t   t h a t   the   t o t a l   c o s t   r e q u i r e d   fo r   t h e  

a n t e n n a   b e c o m e s   h i g h .  

P r e f e r r e d   E m b o d i m e n t s  

R e f e r r i n g   to  F i g s .   10  and  11,  t h e r e   is  shown  a  

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

p r e s e n t   i n v e n t i o n .   In  t h i s   e m b o d i m e n t ,   an  a n t e n n a  

s t r u c t u r e   c o m p r i s e s   an  a r r a y   a n t e n n a   40  as  a  p r i m a r y  

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

main  r e f l e c t o r   h a v i n g   a  p l u r a l i t y   of  (two  in  t h i s   e x a m p l e )  

v e r t i c a l l y   e x t e n d i n g   r e f l e c t o r   s u r f a c e   s e g m e n t s   50  and  5 1 .  

S p e c i f i c a l l y ,   e ach   s e g m e n t   t a k e s   the   form  of  a  p a r t   o f  

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

s e g m e n t .   The  main  r e f l e c t o r   is  p r o v i d e d   a t   the   m i d d l e  

p o r t i o n   t h e r e o f   w i t h   a  f a s t e n i n g   member  42  s e r v i n g   as  a  

t r a n s d u c e r .  

The  a r r a y   a n t e n n a   40  has  a  r e c t a n g u l a r   p l a n e   on  

which   a  p l u r a l i t y   of  r a d i a t i n g   e l e m e n t s   a r e   a r r a n g e d .   T h e  



a r r a y   a n t e n n a   40  is  p r o v i d e d   a t   one  end  w i t h   a  t e r m i n a t o r  

41.  In  t h i s   e m b o d i m e n t ,   t h e   C a r t e s i a n   c o o r d i n a t e   s y s t e m  

is   a p p l i e d   to  the   a r r a y   a n t e n n a   as  f o l l o w s :   The  c e n t e r   o f  

t he   a p e r t u r e   where   s l o t s   a r e   p r o v i d e d   is  an  o r i g i n .   The  X 

a x i s   is  s e t   a l o n g   the   l o n g i t u d i n a l   d i r e c t i o n .   The  Z  a x i s  

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

a p e r t u r e   and  away  from  t he   main   r e f l e c t o r .   The  Y  a x i s   i s  

s e t   in  a  d i r e c t i o n   p e r p e n d i c u l a r   to  t he   X  and  Z  a x e s .   T h e  

r e f l e c t o r   s e g m e n t s   50  and  51  have   l o n g i t u d i n a l   a x e s ,   w i t h  

r e s p e c t   to  wh ich   s e c t i o n e d   c u r v e s   of  t he   r e s p e c t i v e  

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

to  t h e   l o n g i t u d i n a l   a x e s .   The  l o n g i t u d i n a l   a x e s   a r e   i n  

p a r a l l e l   w i t h   the   X  a x i s ,   r e s p e c t i v e l y .   The  e n t i r e  

r e f l e c t o r   is  s y m m e t r i c a l   w i t h   r e s p e c t   to  t he   X-Z  p l a n e .  

F ig .   12  shows  an  e n l a r g e d   f r a g m e n t a r y   v iew  of  t h e  

a r r a y   a n t e n n a   which   h a s ,   in  a  s o - c a l l e d   m a g n e t i c   f i e l d  

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

w h i c h   a r e   p a r a l l e l   w i t h   e a c h   o t h e r   i n  a   d i r e c t i o n   of  t h e  

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

R a d i o   wave  p r o p a g a t i n g   w i t h i n   t he   w a v e g u i d e   is  r a d i a t e d  

f rom  t he   i n d i v i d u a l   s l o t s .  

E x c i t a t i o n s   a t   i n d i v i d u a l   s l o t s   o c c u r   due  to  a  

c u r r e n t   f l o w i n g   in  t he   d i r e c t i o n   of  Y - a x i s   a l o n g   the   i n n e r  

w a l l   of  t he   w a v e g u i d e .   An  a d j u s t m e n t   of  i t s   a m p l i t u d e   i s  

made  m a i n l y   by  the   d i m e n s i o n   L  in  the   d i r e c t i o n   of  X - a x i s  

b e t w e e n   s l o t s   shown  in  F i g .   12,  F u r t h e r ,   an  a d j u s t m e n t   o f  

a  r e l a t i v e   e x c i t a t i o n   p h a s e   is  made  m a i n l y   by  t h e  



d i m e n s i o n   S  b e t w e e n   the   s l o t   and  the   X - a x i s   shown  in  F i g .  

1 2 .  

For  i n s t a n c e ,   in  F i g .   10,  a s s u m i n g   t h a t   t he   Y-Z 

and  X-Z  p l a n e s   d e n o t e   h o r i z o n t a l   and  v e r t i c a l   p l a n e s ,  

r e s p e c t i v e l y ,   r e f e r e n c e   is   made  to  a  ca se   w h e r e   a n  

a s y m m e t r i c a l   beam  as  shown  by  s o l i d   c u r v e   60  in  F i g .   14  i s  

s y n t h e s i z e d   in  the   v e r t i c a l   p l a n e   a b o u t   the   Z - a x i s   w n i c h  

is  r e p r e s e n t a t i v e   of  an  a n g l e   of   0°.   In  t h i s   i n s t a n c e ,  

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

s y m m e t r i c a l   w i t h   r e s p e c t   to  t he   Y-Z  p l a n e ,   w h e r e a s   t h e  

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

t h e r e t o .   The  t e rm  " a n t i s y m m e t r i c a l "   means  t h a t   t h e  

a b s o l u t e   v a l u e   of  the   p h a s e   is  t he   same  and  i t s   s i g n   i s  

i n v e r t e d .  

In  the   e x a m p l e   shown  in  F i g .   14,  when  t h e   t o t a l  

number   of  t he   s l o t s   is  21  and  t h e   s l o t   l o c a t a e d   in  t h e  

c e n t r a l   p o r t i o n   has  an  e x c i t a t i o n   a m p l i t u d e   of  1  and  a n  

e x c i t a t i o n   p h a s e   of  0°,   e x c i t a t i o n   a m p l i t u d e s   and  p h a s e s  

from  the   f i r s t   to  the   t e n t h   s l o t s   on  the   u p p e r   s i d e   a r e  

shown  in  T a b l e .  



The  e x c i t a t i o n   a m p l i t u d e s   and  e x c i t a t i o n   p h a s e s  

from  the   f i r s t   to  t he   t e n t h   s l o t s   on  t h e   l o w e r   s i d e  

e x h i b i t   the   same  n u m e r i c a l   v a l u e s   as  t h o s e   in  T a b l e   w i t h  

t he   e x c e p t i o n   t h a t   o n l y   t he   s i g n   of  e a c h   p h a s e   i s  

i n v e r t e d .   The  a b o v e - m e n t i o n e d   n u m e r i c a l   e x a m p l e   is  g i v e n  

o n l y   fo r   the   p u r p o s e   of  r e a l i z i n g  a   s h a p e d   beam  w i t h   a n  

a r r a y   a n t e n n a ,   and  t h e r e f o r e   o t h e r   e x c i t a t i o n s   may  b e  

p o s s i b l e .   As  s e e n   f rom  the   above   d i s c u s s i o n ,   in  the  c a s e  

w h e r e   a  beam  as  i n d i c a t e d   by  the   s o l i d   l i n e   60  in  F i g .   14  

is  o b t a i n e d   b a s e d   on  s y n t h e s i s ,   the   e x c i t a t i o n   a m p l i t u d e  

is  s y m m e t r i c a l   w i t h   r e s p e c t   to  the   Y-Z  p l a n e   and  t h e  

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

F i g .   13  is  a  p e r s p e c t i v e   v i e w   i l l u s t r a t i n g  

a n o t h e r   form  of  t h e   a r r a y   a n t e n n a   e m p l o y e d   in  the   p r e s e n t  



i n v e n t i o n .   The  a r r a y   a n t e n n a   in  t h i s   e x a m p l e   i s  

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

d i e l e c t r i c   b a s e   44,  m e t a l   s t r i p s   43,  46  and  47  on  the   b a s e  

44,  and  a  m e t a l   c o n d u c t o r   45  p r o v i d e d   on  t he   back  s i d e   o f  

the   b a s e   44.  Each  m e t a l   S t r i p   43  is  s q u a r e   s h a p e d   a n d  

s e r v e s   as  a  r a d i a t i o n   e l e m e n t .   On  the   o t h e r   h a n d ,   t h e  

m e t a l   s t r i p s   46  and  47  s e r v e   as  power   f e e d   l i n e s   f o r  

f e e d i n g   two  o r t h o g o n a l l y   p o l a r i z e d   waves   to  each   r a d i a t i o n  

e l e m e n t   43.  M o r e  p a r t i c u l a r l y ,   t he   m e t a l   s t r i p   46  is  a  

power   f e e d   l i n e   f o r   f e e d i n g   a  p o l a r i z e d   wave  h a v i n g  

e l e c t r i c   f i e l d   c o m p o n e n t   d i r e c t e d   in  X - a x i s   d i r e c t i o n ,   a n d  

the   m e t a l   s t r i p   47  is  a  power  f e e d   l i n e   f o r   f e e d i n g   a  

p o l a r i z e d   wave  h a v i n g   e l e c t r i c   f i e l d   c o m p o n e n t   d i r e c t e d   i n  

Y - a x i s   d i r e c t i o n .   These   s t r i p s   46  and  47  have   t h e i r  

i n p u t / o u t   t e r m i n a l s   c o n n e c t e d   to  c o n n e c t o r s   48  and  49 

f i x e d   to  t he   m e t a l   c o n d u c t o r   45.  T h e s e   c o n n e c t o r s   48  a n d  

49  a r e   e l e c t r i c a l l y   c o u p l e d   to  t he   power   f e e d   l i n e s   in  a  

manne r   t h a t   t h e i r   c o a x i a l   e x t e r n a l   c o n d u c t o r s   and  c e n t r a l  

c o n d u c t o r s   a r e   c o n n e c t e d   to  t he   m e t a l   c o n d u c t o r   45  and  t o  

t he   m e t a l   s t r i p s   46  and  47,  r e s p e c t i v e l y .  

With   the   a r r a y   a n t e n n a   shown  in  F i g .  1 3 ,   t h e  

e x c i t a t i o n   a m p l i t u d e   and  e x c i t a t i o n   p h a s e   of  t he   p o l a r i z e d  

wave  fed  to  each   r a d i a t i o n   e l e m e n t   can   be  c o n t r o l l e d   b y  

a d j u s t i n g   the   w i d t h   and  the   l i n e   l e n g t h   of  t he   m e t a l  

s t r i p s   46  and  4 7 .  

The  beam  s h a p i n g   by  t he   a b o v e - m e n t i o n e d   a n t e n n a s  

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



whicn   has   been   p r e v i o u s l y   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 .  

5.  In  a c c o r d a n c e   w i t h   the   beam  s h a p i n g   of  t he   i n v e n t i o n ,  

when  an  e l e m e n t   h a v i n g   a  good  c r o s s   p o l a r i z a t i o n  

d i s c r i m i n a t i o n   is  used   as  each   r a d i a t i n g   e l e m e n t ,   a n y  

c r o s s   p o l a r i z a t i o n   c o m p o n e n t   is  n o t   i n c l u d e d   in  a  w a v e  

s o u r c e   in  p r i n c i p l e ,   e n a b l i n g   a  d e s i r a b l e   beam  f o r m a t i o n .  

A c c o r d i n g l y ,   even   i f   an  a t t e m p t   is  n o t   made  to  c a n c e l  

c r o s s   p o l a r i z a t i o n   c o m p o n e n t s   i n c l u d e d   in  a  wave  s o u r c e   b y  

m a k i n g   use   of  s y m m e t r y   of  the   main  r e f l e c t o r   as  d e s c r i b e d  

w i t n   r e f e r e n c e   to  F i g s .   8  and  9,  t h e   e m p l o y m e n t   of  t h e  

n o v e l   a n t e n n a s   of  the   a b o v e - m e n t i o n e d   e m b o d i m e n t s  

a c c o r d i n g   to  the   p r e s e n t   i n v e n t i o n   makes   i t   p o s s i b l e   t o  

p r o v i d e   a  good  c r o s s   p o l a r i z a t i o n   c h a r a c t e r i s t i c .  

I t   is  to  be  n o t e d   t h a t   t h e   p r e s e n t   i n v e n t i o n   c a n  

be  i m p l e m e n t e d   u s i n g   a  r a d i a t i o n   e l e m e n t ,   e . g . ,   a  d i p o l e  

a r r a y ,   or  a  c r o s s e d   d i p o l e   a r r a y   e t c .   i n s t e a d   of  t h e  

a b o v e - m e n t i o n e d   a r r a y   a n t e n n a s   shown  in  F i g s .   12  and  1 3 .  

F i g .  1 5   shows  an  e x a m p l e   of   s e c t i o n e d   c u r v e s   i n  

the   e m b o d i m e n t   shown  in  F i g .   10  and  F i g .   16  shows  a  

r a d i a t i o n   c h a r a c t e r i s t i c   in  a  h o r i z o n t a l   p l a n e .   In  t h e  

e x a m p l e   shown  in  F i g .   15,  the   r e f l e c t o r   s e g m e n t s   50  and  5 1  

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

l i n e s   c o i n c i d e n t   w i t h   a  s t r a i g h t   l i n e   53  (See  F i g .   1 0 ) .  

In  F i g .   15,   a  p o i n t   at  which   the   Y-Z  p l a n e   and  the   f o c a l  

l i n e   i n t e r s e c t   w i t h   each  o t h e r   is  r e p r e s e n t e d   by  s y m b o l  

Q.  A c c o r d i n g l y ,   the   s e c t i o n e d   c u r v e s   shown  in  F i g .   15  a r e  

a l l   of  p a r a b o l a s .   The  c e n t e r   a x e s   of  t h e s e   p a r a b o l a s   a n d  



Z - a x i s   do  no t   o v e r l a p   w i t h   each   o t h e r   as  i n d i c a t e d   b y  

s y m b o l s   P50  and  P51,   and  a r e   s y m m e t r i c a l   w i t h   r e s p e c t   t o  

Z - a x i s .   In  most   c a s e s ,   t h e   p o i n t   Q  is  in  c o r r e s p o n d e n c e  

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

r a d i a t i o n   waves  from  the   s l o t s   of  t he   w a v e g u i d e .  

A c c o r d i n g l y ,   on  the   b a s i s   of  the   g e o m e t r i c a l   p r o p e r t y   o f  

t he   p a r a b o l i c   s e g m e n t ,   r a d i o   waves   r a d i a t e d   f rom  t h e  

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

r e f l e c t o r   s e g m e n t s   50  and  51  a r e   r a d i a t e d   as  r a d i o   w a v e s  

p r o p a g a t i n g   in  the   d i r e c t i o n s   of  t he   c e n t e r   axes   o f  

p a r a b o l a s   t h r o u g h   p a t h s   72  and  73,  and  74  and  7 5 ,  

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

d e t e r m i n e d   as  a  wave  o b t a i n e d   by  s y n t h e s i z i n g   t h e  

a b o v e - m e n t i o n e d   r a d i o   w a v e s   w i t h   r a d i a t i o n   waves   on  p a t h s  

70  and  71  d i r e c t l y   r a d i a t e d   f rom  the   w a v e g u i d e   s l o t s .  

On  the   Y-Z  p l a n e ,   t he   d i r e c t   r a d i a t i o n   waves   f r o m  

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

the   p o i n t   Q  and  the  maximum  r a d i a t i o n   d i r e c t i o n   t h e r e o f   i s  

a l o n g   Z - a x i s .   In  g e n e r a l ,   t h e   r a d i a t i o n   wave  f rom  a  s m a l l  

wave  s o u r c e ,   such   as ,   f o r   e x a m p l e ,   t he   s l o t   or  t h e  

r a d i a t i n g   e l e m e n t   shown  in  F i g .   13  r e p r e s e n t s   a  r a d i a t i o n  

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

p l a n e .   On  the   o t h e r   h a n d ,   r a d i a t i o n   waves   f rom  t h e  

p a r t i a l   c y l i n d r i c a l   r e f l e c t o r   s e g m e n t s   50  and  51  f o r m  

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

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

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



p a r a b o l a   c e n t e r   a x i s   d i r e c t i o n .  

T a k i n g   i n t o   a c c o u n t   the  a b o v e - m e n t i o n e d  

d i s c u s s i o n   and  t he   s y m m e t r y   of  the   beam  s h a p e d   a n t e n n a  

w i t h   r e s p e c t  t o   Y-Z  p l a n e ,   a  r a d i a t i o n   p a t t e r n   61  

e x t e n d i n g   in  a  s e c t o r   s h a p e   is  o b t a i n e d   as  t he   r a d i a t i o n  

c h a r a c t e r i s t i c   in  Y-Z  p l a n e ,   p r o v i d i n g   a  s h a p e d   b e a m  

s y m m e t r i c a l   w i t h   r e s p e c t   to  Z - a x i s   of  z e r o - d e g r e e   a n g l e   i n  

F i g .   1 6 .  

The  a o o v e   d i s c u s s i o n   has  been  d i r e c t e d   to  t h e  

beam  s h a p i n g   of  t h e   main  p o l a r i z a t i o n   c o m p o n e n t s .   T h e n ,  

c r o s s   p o l a r i z a t i o n   c h a r a c t e r i s t i c   w i l l   be  d e s c r i b e d .   As 

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

c r o s s   p o l a r i z a t i o n   d i s c r i m i n a t i o n ,   e ach   c u r r e n t   i n d u c e d   i n  

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

by  the   a b o v e - m e n t i o n e d   e q u a t i o n   (2 ) .   When  t he   e q u a t i o n  

(2)  is  d e v e l o p e d   in  t e r m s   of  X,  Y  a n d  Z   c o m p o n e n t s ,  

r e s p e c t i v e   c o m p o n e n t s   Jx ,   Jy  and  Jz  a r e   e x p r e s s e d   a s  

f o l l o w s :  

w h e r e   nX, . nY  and  nZ  d e n o t e   X,  Y  a n d  Z   c o m p o n e n t s   o f  

the   n o r m a l   v e c t o r  n ,  r e s p e c t i v e l y .  

F u r t h e r ,   t h e   m a g n e t i c   f i e l d  H   and  the   e l e c t r i c  

f i e l d   v e c t o r  E   a r e   o r t h o g o n a l   w i t h   each   o t h e r .  

A c c o r d i n g l y ,   when  the   main  p o l a r i z e d   w a v e ,   w h i c h   is  a  

s o - c a l l e d   v e r t i c a l l y   p o l a r i z e d   wave ,   i . e . ,   w h i c h   is  a 



r a d i a t i o n   wave  of  w h i c h   e l e c t r i c   f i e l d   v e c t o r   is  d i r e c t e d  

a l o n g   X - a x i s ,   is  r a d i a t e d   f rom  the  a r r a y   a n t e n n a ,   i t   c a n  

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

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

e x p r e s s e d   by  o n l y   Hv  c o m p o n e n t .   Th i s   is  due  to  the   f a c t  

t h a t   the   r a d i a t i o n   wave  f rom  the   a r r a y   a n t e n n a   e s s e n t i a l l y  

e x h i b i t s   a  good  c r o s s   p o l a r i z a t i o n   c h a r a c t r i s t i c   i n h e r e n t  

t h e r e i n   as  u n d e r s t o o d   f rom  the   d e s c r i p t i o n   in  c o n n e c t i o n  

w i t h   F i g .   1 4 .  

On  the   o t h e r   h a n d ,   t he   n o r m a l   v e c t o r  n   on  t h e  

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

t h a t   nx  c o m p o n e n t   is  z e r o   as  a p p a r e n t   f rom  t h e  

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

i n d u c e d   in  t h i s   i n s t a n c e   a r e   e x p r e s s e d   as  f o l l o w s :  

As  s e e n   from  t he   e q u a t i o n   ( 4 ) ,   i t   can  be  s a i d  

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

s u b s t a n t i a l l y   e x p r e s s e d   by  o n l y   the   c o m p o n e n t   in  X - a x i s  

d i r e c t i o n   of  the   main  p o l a r i z e d   wave.   When  t h i s   r e s u l t   i s  

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

F i g .   9,  i t   is  a p p a r e n t   t h a t   the   i m p r o v e m e n t   in  c r o s s  

p o l a r i z a t i o n   c h a r a c t e r i s t i c   is  e x p e c t e d .   A  c o m p a r i s o n   o f  

t he   s h a p e d   beam  a n t e n n a   of  t he   i n v e n t i o n   w i t h   t h e  

c o n v e n t i o n a l   s h a p e d   beam  a n t e n n a   is  c a r r i e d   ou t   on  a  

c a l c u l a t i o n   b a s i s .   N a m e l y ,   t he   s h a p e d   beam  a n t e n n a   s h o w n  



in  F i g s .   5  to  7  e x h i b i t s   a  c r o s s   p o l a r i z a t i o n  

c h a r a c t e r i s t i c   a b o v e   20  dB  which   can   o n l y   c o v e r   the   r a n g e  

where   an  e l e v a t i o n a l   a n g l e   is  in  t h e   v i c i n i t y   of  ± 0 . 5 ° .  

In  c o n t r a s t ,   w i t h   the   s h a p e d   beam  a n t e n n a   a c c o r d i n g   to  t h e  

p r e s e n t   i n v e n t i o n ,   i t   has  been  c o n f i r m e d   t h a t   t he   r a n g e  o f  

an  e l e v a t i o n a l   a n g l e   n e a r l y   e q u a l   to  ±5°  can   be  c o v e r e d .  

F u r t h e r ,   i t   is  a p p r e c i a t e d   from  t h e   d e s c r i p t i o n   i n  

c o n n e c t i o n   w i t h   the  d e r i v a t i o n   of  t h e   e q u a t i o n   (4)  t h a t  

t he   p r e s e n t   i n v e n t i o n   can  a l s o   p r o v i d e   a  good  c r o s s  

p o l a r i z a t i o n   c h a r a c t e r i s t i c   where   t he   ma in   p o l a r i z e d   w a v e  

is  a  s o - c a l l e d   h o r i n z o n t a l l y   p o l a r i z e d   wave ,   i . e . ,   w h e r e  

t he   e l e c t r i c   f i e l d   v e c t o r   is  d i r e c t e d   a l o n g   Y - a x i s ,  

In  t he   a b o v e - d e s c r i b e d   e m b o d i m e n t ,   p a r a b o l i c  .  

s e g m e n t s   a re   u s e d   for   s h a p i n g   a  beam  in  a  h o r i z o n t a l  

p l a n e .   H o w e v e r ,   t he   p r e s e n t   i n v e n t i o n   can  be  p r a c t i c e d   b y  

u t i l i z i n g   a  m e t h o d   to  c o n t r o l   a  power   beam  in  each  a n g u l a r  

d i r e c t i o n   by  m a k i n g   use  of  g e o m e t r i c a l   o p t i c s   to  f o r m  

s e c t i o n e d   c u r v e s   shown  in  F i g .   15  as  a  c o n t i n u o u s   c u r v e s  

F u r t h e r ,   in  the   e x a m p l e   shown  in  F i g .   15,  t w o  

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

number  of  t he   r e f l e c t o r   s e g m e n t s   is   n o t   l i m i t e d .   F o r  

i n s t a n c e ,   f o u r   or  s i x   r e f l e c t o r   s e g m e n t s   a r e   a r r a n g e d  

s y m m e t r i c a l l y   w i t h   r e s p e c t   to  X-Z  p h a n e ,   t h u s   making   i t  

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

b e a m .  

Wi th   t he   beam  s h a p e d   a n t e n n a   a c c o r d i n g   to  t h e  

p r e s e n t   i n v e n t i o n ,   t h e r e   is  no  p o s s i b i l i t y   t h a t   the  m a i n  



r e f l e c t o r   b l o c k s   r a d i a t i o n   wave  from  the   a r r a y   a n t e n n a .  

A c c o r d i n g l y ,   the   p r e s e n t   i n v e n t i o n   is  a d v a n t a g e o u s   in  t h a t  

t h e   s h a p i n g   of  t he   beam  is  no t   d e g r a d e d   as  c o m p a r e d   to  t h e  

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

when  a  beam  is  s h a p e d   in  X-Z  p l a n e   for   t h e   r e a s o n   s t a t e d  

b e l o w .   N a m e l y ,   as  s e e n   f rom  the   c o m p a r i s o n   of  F i g .   14  

w i t h   F i g .   16,   i t   is  n e c e s s a r y   fo r   tne  c a s e   shown  in  F i g .  

14  to  s h a p e   the   beam  down  to  a  c o n s i d e r a b l y   weak  l e v e l   a s  

c o m p a r e d   to  the   c a s e   shown  in  F i g .   16.  A c c o r d i n g l y ,   t h e  

beam  s h a p i n g   p e r f o r m a n c e   is  g r e a t l y   i n f l u e n c e d   even   by  t h e  

s m a l l   i n f l u e n c e   l i K e   a  b l o c k i n g .  

The  a n t e n n a   of  t he   p r e s e n t   i n v e n t i o n   has  such   a  

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

is  f o r m e d   c o n c a v e   w i t h   r e s p e c t   to  the   maximum  r a d i a t i o n  

d i r e c t i o n ,   i . e . ,   in  a  p o s i t i v e   d i r e c t i o n   of  Z - a x i s   of  t h e  

a r r a y   a n t e n n a .   T h i s   s t r u c t u r e   d o e s   not   c a u s e   o l o c k i n g  

p h e n o m e n o n .   The  s h a p e d   beam  a n t e n n a   of  t h e   p r e s e n t  

i n v e n t i o n   is  f u r t h e r   c h a r a c t e r i z e d   in  t h a t   t he   max imum 

a n g l e   of  t he   r a d i a t i o n   wave  f rom  each   r e f l e c t o r   s e g m e n t s  

f a l l s   w i t h i n   an  a n g l e   of  ±90°  w i t h   r e s p e c t   to  Z - a x i s .  

R e f e r r i n g   to  F i g .   17,  t h e r e   is  shown  a n o t h e r   f o r m  

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

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

e m b o d i m e n t   is  c h a r a c t e r i z e d   in  t h a t   two  c o n d u c t i v e   s i d e  

p l a t e s   54  a r e   p r o v i o e d   in  p a r a l l e l   w i t n   Y - a x i s   at  t h e  

u p p e r   and  l o w e r   e d g e s   of  the   r e f l e c t o r   s e g m e n t s   of  t h e  

e m b o d i m e n t   shown  in  F i g .   10.  T h i s   c o n d u c t i v e   s i d e   p l a t e  



54  f u n c t i o n s ,   f rom  an  e l e c t r i c a l   p o i n t   of  v i e w ,   t o  

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

h o r i z o n t a l   d i r e c t i o n   to  t h e r e b y   p r o v i d e   a  good  r a d i a t i o n  

c h a r a c t e r i s t i c   in  the   r a n g e   of  a  wide  a n g l e ,   and  f rom  a  

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

of  the   r e f l e c t o r   s e g m e n t s   in  a  p l a n e   p a r a l l e l   to  X-Z  p l a n e .  

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

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

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 s .   18  to  22,  w n e r e i n   p a r t s  

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

by  the   same  or  l i k e   r e f e r e n c e   n u m e r a l s ,   and  t h e r e f o r e  

t h e i r   e x p l a n a t i o n   w i l l   be  o m i t t e d .  

The  s h a p e d   beam  a n t e n n a   of  t he   s e c o n d   e m b o d i m e n t  

is  c h a r a c t e r i z e d   in  t h a t   t he   main   r e f l e c t o r   c o m p r i s e s   a  

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

p l a n a r   r e f l e c t o r   s e g m e n t s .   N a m e l y  a s   b e s t   s e e n   f r o m  

F i g s .   18  and  19,  t he   main  r e f l e c t o r   c o m p r i s e s   f o u r  

r e f l e c t o r   f l a t   p l a t e s   150  and  151 ,   and  152  and  153  a s  

p l a n a r   r e f l e c t o r   s e g m e n t s .   The  r e f l e c t o r   p l a t e s   150  t o  

153  h a v e ,   in  p a r a l l e l   w i t h   t he   X - a x i s ,   l o n g i t u d i n a l   a x e s ,  

w i th   r e s p e c t   to  w h i c h   s e c t i o n e d   l i n e s   of  the   r e s p e c t i v e  

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

l o n g i t u d i n a l   a x e s .   The  e n t i r e   r e f l e c t o r   p l a t e   i s  

s y m m e t r i c a l   w i t h   r e s p e c t   to  t he   X-Z  p l a n e .  

F i g .   20  snows  a  c r o s s - s e c t i o n   c u t   a l o n g   t h e   Y-Z  

p l a n e   in  the   e m b o d i m e n t   shown  in  F i g .   18  and  F i g .   21  s h o w s  

a  r a d i a t i o n   c h a r a c t e r i s t i c   in  t he   h o r i z o n t a l   p l a n e .   I n  



t he   e x a m p l e   snown  in  F i g .   18,  the   r e f l e c t o r   p l a t e s   1 5 0 ,  

151,   152  and  153  i n d i v i d u a l l y   s e r v e   as  p l a n e   r e f l e c t o r s   o f  

w h i c h   wave  s o u r c e   is   t he   a r r a y   a n t e n n a   40,  bu t   on  t h e  

who le   t h e y   s e r v e   as  a  m o d i f i e d   c o r n e r   r e f l e c t o r .   As  w e l l  

known,   t he   c o r n e r   r e f l e c t o r   is  used  for   c o n v e r g i n g   a  b e a m  

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

r a d i a t i o n   wave  n a v i n g   a  wide  beam  w i d t h   to  form  a  

r a d i a t i o n   oeam  h a v i n g   h i g n   d i r e c t i v i t y   l i k e   a  d i p o l e  

a n t e n n a .   The  oeam  s h a p e   f o rmed   in  sucn   a  c a s e   is  a d j u s t e d  

oy  the   s p a c i n g   o e t w e e n   the   main  r e f l e c t o r   and  the   w a v e  

s o u r c e   or  an  o p e n i n g   a n g l e   f o r m e d   b e t w e e n   a d j a c e n t   t w o  

r e f l e c t o r   p l a t e s .  

The  p r e s e n t   i n v e n t i o n   is  i m p l e m e n t e d   by  t h e  

a p p l i c a t i o n   of  t h i s   p r i n c i p l e .   R a d i a t i o n   wave  r a d i a t e d  

f rom  the   a r r a y   a n t e n n a   40  is  d i v i d e d   i n t o   a  f i r s t   g r o u p   o f  

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

i n d i c a t e d   by  b r o k e n   l i n e s   171  and  172  and  a  s e c o n d   g r o u p  

of  r a d i a t i o n   waves   w h i c h   a r e   r a d i a t e d   f rom  t h e   wave  s o u r c e  

and  r e f l e c t e d   by  t he   r e f l e c t o r   p l a t e s   as  i n d i c a t e d   b y  

b r o k e n   l i n e s   172  to  175.   The  o v e r a l l   r a d i a t i o n  

c a r a c t e r i s t i c   is  d e t e r m i n e d   as  a  r e s u l t a n t   wave  of  t h e s e  

r a d i a t i o n   w a v e s .  

Namely ,   an  a d j u s t m e n t   of  each   v e r t i c a l   d i s t a n c e  

of  the   r e f l e c t o r   p l a t e s   150,   151,   152  and  153  w i t h   r e s p e c t  

to  the   o r i g i n   and  an  i n c l i n e d   a n g l e   w i t h   r e s p e c t   to  t h e  

Z - a x i s   is  made,   t h u s   m a k i n g   i t   p o s s i b l e   to  s h a p e   the   b e a m  

i n t o   v a r i o u s   fo rms   in  t he   Y-Z  p l a n e ,   i . e . ,   in  t h e  



h o r i z o n t a l   p l a n e .  

The  a n t e n n a   s t r u c t u r e   of  t ne   e m b o d i m e n t   shown  i n  

F i g .   20  p r o v i d e s   a  r a d i a t i o n   c h a r a c t e r i s t i c   w h i c h   i s  

s y m m e t r i c a l   w i t h   r e s p e c t   to  Z - a x i s   w h e r e i n   a  r a d i a t i o n  

beam  e x t e n d s   in  a  s e c t o r   s h a p e   as  i n d i c a t e d   by  a  s o l i d  

l i n e   l61   in  F i g .   21  in  Y-Z  p l a n e   fo r   t he   r e a s o n s   b e l o w :  

F i r s t   is  t h a t   the   maximum  r a d i a t i o n   d i r e c t i o n   is  d i r e c t e d  

in  Z - a x i s ,   i . e . ,   in  an  a n g l e   of  0°  in  F i g .   21  a l o n g   w h i c h  

an  e n e r g y   l e v e l   r a d i a t e d   from  the   a r r a y   a n t e n n a   is  t h e  

maximum.  S e c o n d   is  t h a t   r a d i a t i o n   wave  from  a  s m a l l   w a v e  

s o u r c e   such  as  a  s l o t   or  m e t a l   s t r i p   43  in  F i g .   13  has  a  

b r o a d   r a d i a t i o n   c h a r a c t e r i s t i c   in  t he   Y-Z  p l a n e .   T h i r d   i s  

t h a t   r e f l e c t e d   waves   from  the   r e f l e c t o r   p l a t e s   150  a n d  . 1 5 1  

and  t h o s e   f rom  t he   r e f l e c t o r   p l a t e s   152  and  1 5 3  

c o n c e n t r a t e   s u b s t a n t i a l l y   in  the   same  d i r e c t i o n .   F o u r t h  

is  t h a t   t he   a n t e n n a   has  a  c o n f i g u r a t i o n   s y m m e t r i c a l   w i t h  

r e s p e c t   to  X-Z  p l a n e .  

R e f e r r i n g   to  F i g .   22,  t h e r e   is  shown  a n o t h e r   f o r m  

of  the   s e c o n d   e m b o d i m e n t   a c c o r d i n g   to  t ne   i n v e n t i o n .   T h i s  

m o d i f i e d   e m b o d i m e n t   is  c h a r a c t e r i z e d   in  t h a t   t w o  

c o n d u c t i v e   s i d e   p l a t e s   154  a re   p r o v i d e d   in  p a r a l l e l   w i t h  

Y - a x i s   at   the   u p p e r   and  l o w e r   e d g e s   of  the   main   r e f l e c t o r  

of  the  e m b o d i m e n t   shown  in  F i g .   18.  T h i s   m o d i f i e d  

e m b o a i m e n t   can  p r o v i d e   tne   same  a d v a n t a g e s   o b t a i n e d   w i t h  

the  e m b o d i m e n t   shown  in  F i g .   1 7 .  

F i n a l l y ,   a  t h i r d   e m b o d i m e n t   of  the   i n v e n t i o n  

i m p l e m e n t e d   fo r   f u r t h e r   i m p r o v i n g   the   s e c o n d   e m b o d i m e n t  



w i l l   be  d e s c r i b e d .  

When  an  a t t e m p t   is  made  to  i m p r o v e   a  beam  s h a p i n g  

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

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

t he   f o l l o w i n g   d r a w b a c k s .   F i r s t   is   t h a t   t h e r e   o c c u r s  

u n n e c e s s a r y   r a d i a t i o n   t o w a r d   the   o u t s i d e   of  a  r a d i a t i o n  

z o n e .   S e c o n d   is  t h a t   even  i f   t he   r a d i a t i o n   a r e a   i s  

d e f i n e d   by  a  r a n g e   w i t h i n   ±45°  in  t h e   h o r i z o n t a l   p l a n e   a s  

i n d i c a t e d   by  s o l i d   l i n e   161  in  F i g .   21,  a  r a d i a t i o n  

p a t t e r n   h a v i n g   a  maximum  r e l a t i v e   power   l e v e l   in  t h e  

v i c i n i t y   of  an  a n g l e   of  0°  and  a  r e d u c e d   r e l a t i v e   p o w e r  

l e v e l   in  t h e   v i c i n i t y   of  an  a n g l e   of  ± 4 5 °   is  o o t a i n e d .  

T h i r d   is  t h a t   even   i f   a  r e l a t i v e   power   l e v e l   is  r a i s e d . i n  

t h e   v i c i n i t y   of  an  a n g l e   of  ±45°   in  o r d e r   to  e l i m i n a t e   t h e  

s e c o n d   d r a w b a c k ,   a  l a r g e   l e v e l   v a r i a t i o n   of  the   r a d i a t i o n  

p a t t e r n   o c c u r s .   The  r e a s o n   why  u n n e c e s s a r y   r a d i a t i o n   i s  

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

i t   is  i m p o s s i b l e   to  e n l a r g e   the   s i z e   of  the   r e f l e c t o r  

s e g m e n t   w i t h   r e s p e c t   to  a  w a v e l e n g t h   in  the   f r e q u e n c y  

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

e t c .   b e c o m e s   l a r g e   at   the  end  edge   of  the   r e f l e c t o r  

s e g m e n t   l a b e l l e d   300  in  F ig .   20.  On  the   o t h e r   h a n d ,   t h e  

r e a s o n   why  the   e m p l o y m e n t   of  the   l a r g e - s i z e d   r e f l e c t o r  

s e g m e n t   a l l o w s   the   l e v e l   v a r i a t i o n   w i t h i n   a  r a d i a t i o n   z o n e  

to  De  l a r g e   is  t h a t   the   phase   of  a  r e f l e c t e d   wave  from  t h e  

r e f l e c t o r   v a r i e s   r e l a t i v e   to  the   p h a s e   of  a  wave  d i r e c t l y  

r e f l e c t e d   by  t he   a r r a y   a n t e n n a ,   and  s u c h   a  v a r i a t i o n   i s  



p r o p o r t i o n a l   to  t he   s i z e   of  the   r e f l e c t o r .  

The  t h i r d   e m b o d i m e n t   made  w i t h   t he   a b o v e   in  v i e w  

w i l l   oe  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 s .   23  to  30  w h e r e i n  

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

d e s i g n a t e d   by  the   same  r e f e r e n c e   n u m e r a l s ,   and  t h e r e f o r e  

t h e i r   e x p l a n a t i o n   w i l l   be  o m i t t e d .  

F ig .   23  is  a  p e r s p e c t i v e   view  i l l u s t r a t i n g   t h e  

t h i r d   e m b o d i m e n t   of  tne   i n v e n t i o n   and  F i g .   24  shows  a  p l a n  

view  of  F i g .   23.  In  t n i s   e m b o d i m e n t ,   t h e   main   r e f l e c t o r  

c o m p r i s e s   a  f i r s t   r e f l e c t o r   s e g m e n t s   255  d i s p o s e d   on  t h e  

o p p o s i t e   s i d e   s u r f a c e s   of  the   a r r a y   a n t e n n a   40  and  s e c o n d  

r e f l e c t o r   s e g m e n t s   256  d i s p o s e d   so  as  to  s u r r o u n d   t h e  

a r r a y   a n t e n n a   40  and  the   f i r s t   r e f l e c t o r   s e g m e n t s   255  

w h e r e i n   each   s e c o n d   r e f l e c t o r   s e g m e n t   256  is   p r o v i d e d   on  

tne   i n s i d e   t h e r e o f   w i t n   a  r a d i o   wave  a b s o r b e r   257  ( w n i c n  

w i l l  b e   s i m p l y   r e f e r r e d   to  as  "wave  a b s o r b e r "   h e r e i n a f t e r ) .  

The  r e f l e c t o r   s e g m e n t s   2 5 5  a n d   256  h a v e ,   i n  

p a r a l l e l   w i t h   X - a x i s ,   l o n g i t u d i n a l   axes   w i t h   r e s p e c t   t o  

wh ich   s e c t i o n e d   l i n e s   of  t he   r e s p e c t i v e   r e f l e c t o r   s e g m e n t s  

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

a x e s .   The  e n t i r e   r e f l e c t o r   is  s y m m e t r i c a l   w i t h   r e s p e c t   t o  

X-Z  p l a n e .   The  p r e s e n t   i n v e n t i o n   aims  a t   i m p r o v e m e n t   i n  

beam  s h a p i n g   p e r f o r m a n c e   in  a  h o r i z o n t a l   p l a n e   of  t h e  

a b o v e - m e n t i o n e d   a n t e n n a .   For  t h i s   r e a s o n ,   t h e  

c o n f i g u r a t i o n   and  f u n c t i o n   a re   the  same  as  t he   a n t e n n a  

shown  in  F i g .   1 8 .  

R a d i a t i o n   c h a r a c t e r i s t i c   in  a  h o r i z o n t a l   s u r f a c e  



in  t he   a n t e n n a   of  t he   p r e s e n t   i n v e n t i o n   t a k i n g   Y-Z  p l a n e  

as  a  h o r i z o n t a l   p l a n e   w i l l   be  d e s c r i b e d   w i t h   r e f e r e n c e   t o  

F i g .   24.  As  w e l l   known,  t he   r a d i a t i o n   c h a r a c t e r i s t i c   i n  

the   h o r i z o n t a l   p l a n e   from  each   s l o t   of  t he   a r r a y   a n t e n n a  

4 0  i s   n a l f - i s o t r o p i c ,   which   is  u n i f o r m   w i t h i n   an  a n g l e   o f  

+90°  w i t h   r e s p e c t   to  Z - a x i s   in  Y-Z  p l a n e .   In  o r d e r   t o  

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

a n g u l a r   r a n g e ,   e . g . ,   ±45°  w i t h o u t ,   to  much  e x t e n t ,  

c h a n g i n g   u n i f o r m i t y   in  Y-Z  p l a n e   w h i c h   is  the   f e a t u r e   o f  

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

is  to  use  t h e   f i r s t   r e f l e c t o r   s e g m e n t   256  h a v i n g   a  

w a v e l e n g t h   w h i c h   is  a t   the   mos t   s e v e r a l   t i m e s   t h e  

w a v e l e n g t h   of  t he   f r e q u e n c y   used   to  fo rm  a  beam  p a t t e r n   a s  

i n d i c a t e d   by  b r o k e n   l i n e s   265  in  F i g .   25.  The  r e a s o n   why 

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

v a l u e   is  to  e n s u r e   t h a t   the   d i f f e r e n c e   b e t w e e n   the   p h a s e  

of  a  r e f l e c t e d   wave  from  the   r e f l e c t o r   s e g m e n t   256  and  t h e  

p h a s e   of  a  r a d i o   wave  d i r e c t l y   r a d i a t e d   f rom  the   s l o t   i s  

n o t   l a r g e .   H o w e v e r ,   t h i s   makes  i t   d i f f i c u l t   to  r e d u c e   t h e  

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

a n g u l a r   r a n g e   as  i n d i c a t e d   b r o k e n   l i n e s   265.  N a m e l y ,  

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

v a r i a t i o n   w i d t h  d   G  a n d ' t h e   l e v e l   of  t he   r a d i a t i o n   t o w a r d  

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

r e a s o n ,   an  a t t e n t i o n   is  f i r s t   d rawn  o n l y   to  t he   b e a m  

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

the   form  and  the   s i z e   of  the   f i r s t   r e f l e c t o r   s e g m e n t   2 5 6 .  



Then ,   in  o r d e r   to  r e d u c e   the   l e v e l   of  u n n e c e s s a r y  

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

r a n g e ,   t he   s e c o n d   r e f l e c t o r   s e g m e n t   256  to  w h i c h   the   w a v e  

a b s o r b e r   256  is  a d d e d   is  u s e d .   Name ly ,   w i t h   r e f e r e n c e   t o  

F i g .   25,  fo r   the   p u r p o s e   of  a l l o w i n g   the   beam  to  have  a  

p a t t e r n   i n d i c a t e d   by  s o l i d   l i n e   266  i n s t e a d   of  the   p a t t e r n  

i n d i c a t e d   by  o r o k e n   l i n e s   265  so  t h a t   an  u n n e s c e s s a r y  

r a d i a t i o n   l e v e l   can  be  r e d u c e d ,   the   wave  a b s o r b e r   i s  

p r o v i d e d   in  a  p a t h   t n r o u g h   which   a  d i r e c t   wave  from  t h e  

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

wave  a t   t he   end  edge   of  t he   f i r s t   r e f l e c t o r   s e g m e n t   2 5 5  

p r o p a g a t e s .   F u r t h e r ,   t h e   wave  a b s o r b e r   257  and  the   s e c o n d  

r e f l e c t o r   s e g m e n t   256  a r e   p r o v i d e d   to  r e d u c e   r a d i a t i o n  i n  

a  n e g a t i v e   d i r e c t i o n   of  Z - a x i s .   The  s n a p e d   beam  a n t e n n a  

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

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

n e c e s s a r y   a n g u l a r   r a n g e .   In  a d d i t i o n ,   when  a  radome  o f  

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

Z - a x i s   in  the   f r o n t   of  t h e   a n t e n n a ,   t he   e m p l o y m e n t   of  t h e  

wave  a b s o r b e r   257  a d v a n t a g e o u s l y   e n s u r e s   a b s o r p t i o n   of  t h e  

r e f l e c t e d   wave  f rom  t he   r a d o m e ,   e a s i n e s s   of  i m p e d a n c e  

m a t c h i n g   and  m i t i g a t i o n   of  d e g r a d a t i o n   in  beam  s h a p i n g  

p e r f o r m a n c e .  

F i g .   26  is  a  p e r s p e c t i v e   view  i l l u s t r a t i n g  

a n o t h e r   form  of  the   t h i r d   e m b o d i m e n t .   The  f i r s t   r e f l e c t o r  

s e g m e n t   255A  is  u t i l i z e d   as  s o - c a l l e d   image  p l a t e   t o  

a d j u s t   a  d i s t a n c e   Δ l   b e t w e e n   the   f i r s t   r e f l e c t o r   s e g m e n t  



255A  and  the   s l o t   a r r a y   a n t e n n a   40,  t h u s   s h a p i n g   a  o e a m  

w i t h i n   a  n e c e s s a r y   a n g u l a r   r a n g e   as  i n d i c a t e d   oy  b r o k e n  

l i n e s   265A  in  F i g .   27.  F u r t h e r ,   t h e   s e c o n d   r e f l e c t o r  

s e g m e n t s   256  and  the   wave  a b s o r b e r s   257  c o n n e c t e d   to  t h e  

end  edge  of  t n e   f i r s t   r e f l e c t o r   s e g m e n t   255A  or  i n t e g r a l l y  

fo rmed   t h e r e w i t h   a re   p r o v i d e d   to  r e d u c e   the   l e v e l   of  a  

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

by  the  s o l i d   l i n e   2 6 6 A .  

F i g s .   28  and  29  a r e   s i d e   and  f r o n t   v i e w s  

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

the  p r e s e n t   i n v e n t i o n   w h e r e i n   a  m e t a l l i c   b l i n d   59  i s  

a d d i t i o n a l l y   p r o v i d e d   on  the   s u r f a c e   of  t he   wave  a b s o r b e r  

257  in  p a r a l l e l   w i t h   the   r a d i a t i o n   e l e c t r i c   f i e l d   v e c t o r  

E.  The  m e t a l l i c   b l i n d   259  is  g e n e r a l l y   a d d e d   to  t h e  

s u r f a c e   of  t h e   wave  a b s o r b e r   257  t h r o u g h   a  d i e l e c t r i c   b a s e  

258.  In  F i g .   29,  t he   s e t t i n g   is  made  such   t h a t   t n e  

s p a c i n g   T  b e t w e e n   m e t a l l i c   g r i d s   of  t he   b l i n d   2 5 9  i s   a o o v e  

o n e - h a l f   of  t h e   w a v e l e n g t h   of  a  f r e q u e n c y   u s e d .   By  t h i s  

s e t t i n g ,   a  p a r t   of  t he   i n c i d e n t   r a d i o   wave  is  r e f l e c t e d   b y  

the   m e t a l l i c   b l i n d   259  w h i l e   t he   r e m a i n d e r   is  a b s o r b e d   b y  

the   wave  a b s o r b e r   257.  In  c o n t r a s t ,   w i t h   t he   c o n v e n t i o n a l  

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

as  a  r e f l e c t o r   is  the   o r d e r   of  o n e - t e n t h   of  t he   w a v e  

l e n g t h   of  a  f r e q u e n c y   u s e d .   Such  a  wave  a b s o r b e r   w i t h  

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

u t i l i z i n g   even   p a r t   of  e n e r g y   of  r a d i a t i o n   t o w a r d   o u t s i d e  

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



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

e n t i r e   e n e r g y   t h e r e o f   l i k e   the  e x a m p l e s   s h o w n  i n   F i g s .   23 

and  26.  By  t he   e m p l o y m e n t   of  the   wave  a b s o r b e r   w i t h  

m e t a l l i c   b l i n d ,   the   beam  p a t t e r n   w i t h i n   a  n e c e s s a r y  

a n g u l a r   r a n g e   as  i n d i c a t e d   by  o r o k e n   l i n e s   265B  i s  c h a n g e d  

to  a  beam  p a t t e r n   i n d i c a t e d   by  s o l i d   l i n e   266B.  T h u s ,   t h e  

r e s u l t a n t   beam  p a t t e r n   266B  has  a  s o m e w h a t   i n c r e a s e d  

number   of  u n d u l a t i o n s   as  shown,   but   b e c o m e s   a d v a n t a g e o u s  

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

t ne   n e c e s s a r y   a n g u l a r   r a n g e .   Namely ,   as  d i s c u s s e d   w i t h  

r e f e r e n c e   to  F i g .   21,  the   e n l a r g e m e n t   of  t h e   s i z e   of  t h e  

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

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

d i r e c t   wave  from  the   a r r a y   a n t e n n a   and  a  r e f l e c t e d   w a v e  

from  the   r e f l e c t o r .   H o w e v e r ,   the   e m p l o y m e n t   of  t he   w a v e  

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

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

to  be  l i m i t e d   to  a  s m a l l   v a l u e   r e g a r d l e s s   of  t he   r e l a t i v e  

p h a s e   d i f f e r e n c e .   Th i s   can  be  r e a d i l y   u n d e r s t o o d   from  t h e  

f o l l o w i n g   d i s c u s s i o n :   For  i n s t a n c e ,   when  t h e   d i r e c t   w a v e  

and  t he   r e f l e c t e d   wave  have  the   same  a m p l i t u d e   a n d  

a n t i - p h a s e   r e l a t i o n s h i p ,   the   r e s u l t a n t   wave  has  a n  

a m p l i t u d e   of  z e r o .   In  c o n t r a s t ,   in  c a s e   whe re   t he   d i r e c t  

wave  has  an  a m p l i t u d e   ten   t i m e s   l a r g e r   t h a n   t h a t   of  t h e  

r e f l e c t e d   wave ,   even   i f   t h e y   have  a n t i - p h a s e   r e l a t i o n s h i p ,  

t he   r e s u l t a n t   wave  has  an  a m p l i t u d e   wh ich   is  t h e   o r d e r   o f  

0 .9   in  t e r m s   of  power   r a t i o .   Thus ,   t h i s   m o d i f i c a t i o n   o f  



t n e   t h i r d   e m b o d i m e n t   can  e f f e c t i v e l y   r e d u c e   the   l e v e l  

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

i n d i c a t e d   by  b r o k e n   l i n e s   162  in  F i g .   2 1 .  

The  p r e s e n t   i n v e n t i o n   h a s   been   d e s c r i b e d   on  t h e  

a s s u m p t i o n   t h a t  t h e   s u b j e c t  a n t e n n a   of  t h e   i n v e n t i o n   i s  a  

t r a n s m i t t i n g   a n t e n n a   by  u s i n g   the   t e rm  " r a d i a t i o n " .  

H o w e v e r ,   s i n c e   p r o p a g a t i n g   d i r e c t i o n   of  r a d i o   w a v e  

u t i l i z e d   in  an  a n t e n n a   is  r e v e r s i b l e ,   t he   p r e s e n t  

i n v e n t i o n   is  a p p l i c a b l e   no t   o n l y   to  t r a n s m i t t i n g   a n t e n n a s  

bu t   a l s o   to  r e c e i v i n g   a n t e n n a s .  

As  d e s c r i b e d   a b o v e ,   t he   p r e s e n t   i n v e n t i o n   c a n  

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

and  an  e x c e l l e n t   c r o s s   p o l a r i z a t i o n   d i s c r i m i n a t i o n .   I n  

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

c y l i n d r i c a l   or  p l a n a r ,   t he   f a b r i c a t i o n   c o s t   is  l ower   t h a n  

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

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

when  a p p l i e d   to  an  a n t e n n a   f o r   a  m a s t e r   s t a t i o n   in  a  r a d i o  

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

a d o p t e d .  



1.  A  s n a p e d   beam  a n t e n n a   c o m p r i s i n g :  

an  a r r a y   a n t e n n a   h a v i n g   a  p l a n a r  s u r f a c e   on  w h i c h  

a  p l u r a l i t y   of  r a d i a t i n g   e l e m e n t s   a re   a r r a n g e d ;   a n d  

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

e x t e n d i n g   r e f l e c t o r   s e g m e n t s   and  d i s p o s e d   b e h i n d   w i t h  

r e s p e c t   to  a  r a d i a t i n g   d i r e c t i o n   of  each   r a d i a t i n g   e l e m e n t  

of  s a i d   a r r a y   a n t e n n a ,   w h e r e i n   C a r t e s i a n   c o o r d i n a t e s   a r e  

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

s u r f a c e   of   s a i d   a r r a y   a n t e n n a ,   an  X - a x i s   e x t e n d i n g   in  a  

v e r t i c a l   c e n t e r   a x i s   o f ' s a i d   a r r a y   a n t e n n a ,   a  Z - a x i s  

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

s u r f a c e   t h r o u g h   s a i d   o r i g i n ,   and  a  Y - a x i s   e x t e n d i n g   in  a  

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

o r i g i n ,  

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

e a c h   r e f l e c t o r   s e g m e n t   is  in  p a r a l l e l   w i t h   s a i d   X - a x i s ,  

s a i d   main   r e f l e c t o r   is  s y m m e t r i c a l   w i t h   r e s p e c t   to  the   X-Z 

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

Z - a x i s ,   and  each   of  s a i d   r a d i a t i n g   e l e m e n t s   of  s a i d   a r r a y  

a n t e n n a   is  d i s p o s e d   so  t h a t   i t s   e x c i t a t i o n   a m p l i t u d e   i s  

s y m m e t r i c a l   w i t h   r e s p e c t   to  t he   Y-Z  p l a n e   and  i t s  

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

Y - Z  p l a n e ,   w h e r e b y   a  r a d i a t i o n   beam  fo rmed   by  s a i d   m a i n  

r e f l e c t o r   is  s y m m e t r i c a l   w i t h   r e s p e c t   to  s a i d   Z - a x i s   on  

s a i d   Y-Z  p l a n e   and  is  a s y m m e t r i c a l   w i t h   r e s p e c t   to  s a i d  



Z - a x i s   on  s a i d   X-Z  p l a n e .  

2.  A  s h a p e d   beam  a n t e n n a   as  s e t   f o r t h   in  c l a i m   1 ,  

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

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

3.  A  s h a p e d   beam  a n t e n n a   as  s e t   f o r t h   in  c l a i m   2 ,  

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

c o n f i g u r e d   as  a  p a r a b o l i c   r e f l e c t o r .  

4.  A  s h a p e d   beam  a n t e n n a   as  s e t   f o r t h   in  c l a i m   3 ,  

w h e r e i n   each   p a r a b o l i c   s e g m e n t   has  a  f o c a l   l i n e   v e r t i c a l l y  

e x t e n d i n g   in  p a r a l l e l   w i t h   s a i d   X - a x i s ,   s a i d   a r r a y   a n t e n n a  

h a v i n g   a  c e n t r a l   p o i n t   a t   wh ich   s a i d   Y-Z  p l a n e   and  s a i d  

f o c a l   l i n e   i n t e r s e c t   w i t h   each   o t h e r .  

5.  A  s h a p e d   beam  a n t e n n a   as  s e t   f o r t h   in  c l a i m   4 ,  

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

r a d i a t i o n   wave  f rom  s a i d   r a d i a t i n g   e l e m e n t .  

6.  A  s h a p e d   beam  a n t e n n a   as  s e t   f o r t h   in  c l a i m   4 ,  

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

7.  A  s h a p e d   beam  a n t e n n a   a s  s e t   f o r t h   in  any  of  claims  1  to  6 ,  

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

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



8.  A  s n a p e d   beam  a n t e n n a   as  s e t   f o r t n   in  c l a i m   7 ,  

w h e r e i n   s a i d   main  r e f l e c t o r   is  c o n f i g u r e d   as  a  m o d i f i e d  

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

9.  A  s h a p e d   beam  a n t e n n a   as  set   f o r t h   in  any  of  claims  1  to  8. 

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

memoers   at  the   l o n g i t u d i n a l l y   o p p o s i t e   e n d s ,   s a i d  

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

Y - a x i s .  

10.  A  s h a p e d   beam  a n t e n n a   as  set   f o r t h   in  any  of  claims  1  to  9 ,  

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

a b s o r b e r   a l o n g   at   l e a s t   a  p a r t   of  t he   r e f l e c t o r   s u r f a c e  

t h e r e o f .  

11.  A  s n a p e d   beam  a n t e n n a   as  set   f o r t h   in  claim  10, 

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

s u r f a c e   of  s a i d   r a d i o   wave  a b s o r b e r ,   s a i d   g r i d s   b e i n g  

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

a r r a y   a n t e n n a ,   the   s p a c i n g   b e t w e e n   s a i d   g r i d s   b e i n g   m o r e  

t h a n   o n e - h a l f   of  a  w a v e l e n g t h   of  a  f r e q u e n c y   u s e d .  

12.  A  s n a p e d   beam  a n t e n n a   as  se t   f o r t h   in  any of  claims  1  to  11,  

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

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

r a d i a t i n g   e l e m e n t s .  



13.  A  s n a p e d   beam  a n t e n n a   as  se t   f o r t h   in  any  of  claims  1  to  12 ,  

. w h e r e i n   s a i d   a r r a y   a n t e n n a   c o m p r i s e s   a  d i e l e c t r i c   b a s e ,  

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

e l e m e n t s   and  power   f e e d   l i n e s ,   p r o v i d e d   on  s a i d   d i e l e c t r i c  

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

d i e l e c t r i c   b a s e ,   and  c o n n e c t o r   means  f i x e d   to  s a i d   m e t a l  

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

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

14.  A  s n a p e d   beam  a n t e n n a   as  set   f o r t h   in  any  of  claims  1  to  13 ,  

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

or  a  c r o s s e d   d i p o l e   a r r a y   a n t e n n a .  
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