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g)  Omni-dlrectlonal  antenna. 

§)  An  azimuthally  omni-directional  antenna  for  radio  waves 
comprises  a  dielectric  lens  (3)  having  an  elliptic  surface  in  verti- 
cal  plane  (1  )  and  a  reflector  arrangement  (2)  which  cooperate 
to  focus  rays  (4)  onto  an  array  of  elements  at  the  surf  acial  plane 
[5).  Local  oscillator  power  can  be  injected  and  mixed. 
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W.D.  W a d d o u p - A . P .   N o r r i s -  

A.  P e a r s o n - C D .   McEwen  7 - 5 - 2 - 2  

OMNI  -DIRECTIONAL  ANTENNA 

T h i s   i n v e n t i o n   r e l a t e s   to   an  a z i m u t h a l l y  

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

e x c l u s i v e l y   f o r   m i l l i m e t r e   wave  a p p l i c a t i o n s .  

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

means   s i g n i f i c a n t   a n g l e s   up  to   and  i n c l u d i n g   360°  i n  

a z i m u t h   . 
The  p r i o r   a r t   e m p l o y s   a  l e n s   a n t e n n a   w h i c h   i s  

s h a p e d   as  shown  in  F i g .   lc  w i t h   an  e l l i p r o i d a l  

r o t a t i o n a l l y - s y m m e t r i c   f a c e   10.  T h i s   f o c u s s e s   p a r a l l e l  
r e c e i v e d   r a y s   11  o n t o   a  b a s a l   p l a n a r   a r r a y   a t   t h e   f o c a l  

s u r f a c e   12  w i t h o u t   t h e   f o c a l   s u r f a c e   i n t e r f e r i n g   w i t h   t h e  

r a y   p a t h s .  

H o w e v e r   t h i s   a r r a n g e m e n t   has   t h e   d i s a d v a n t a g e  
t h a t   o n l y   r a y s   r e c e i v e d   p r e d o m i n a n t l y   p a r a l l e l   to   t h e  

l e n s   a x i s   a r e   w e l l   f o c u s s e d   in  t h e   b a s a l   p l a n e .   I t  

t h e r e f o r e   c a n n o t   be  u s e d   to   p r o v i d e   360°  c o v e r a g e   in  t h e  

a z i m u t h a l   p l a n e   e x c e p t   by  e m p l o y i n g   m u l t i p l e   s u c h   u n i t s  

w i t h   a s s o c i a t e d   h i g h   c o s t ,   s i z e ,   w e i g h t .  

In  i t s   s i m p l e s t   fo rm  an  o m n i - d i r e c t i o n a l   l e n s  

has   p e r f e c t   c i r c u l a r   s y m m e t r y   in  a z i m u t h   ( F i g .   l a )   a n d  

F i g .   lb  shows  t h e   e x t e n t   to   w h i c h   p a r a l l e l   r a y s   a r e  

f o c u s s e d   by  such   an  a r r a n g e m e n t   v i e w e d   in  v e r t i c a l  

s e c t i o n .   For  a  d i e l e c t r i c   c o n s t a n t   (  E.  )  of  g r e a t e r   t h a n  

4,  t h e   r a d i a l   d i s t a n c e   (4.  )  at   w h i c h   r a y s   c r o s s   t h e  

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

l e n s ,   i s   g i v e n   b y  
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yj  £ -   ( d / R ) 2   - /   1  -  ( d / R ) 2  
where   R  is  t h e   r a d i u s   of  t h e   c i r c l e   and  d  i s   t h e  
d i s p l a c e m e n t   of  t h e   g i v e n   r a y   f rom  t h e   u n d i f f r a c t e d   r a y .  

5  The  c r o s s o v e r s   a l w a y s   o c c u r   on  t h e   s i d e   of  t h e   l e n s   a w a y  
f rom  s o u r c e   of  t h e   r a y s   and  f o r   £   <.  4  some  or  a l l   of  t h e  
r a y s   w i l l   c r o s s o v e r   o u t s i d e   of  t h e   l e n s .   The  e x t e n t   t o  
w h i c h   a  beam  is   f o c u s s e d   ( i e   how  c l o s e l y   t h e   c r o s s o v e r s  
a r e   b u n c h e d )   i n c r e a s e s   w i t h   i n c r e a s i n g   £  ,  w i t h   p e r f e c t  

10  f o c u s s i n g   o c c u r i n g   a t   t h e   c e n t r e   of  t h e   l e n s   f o r   i n f i n i t e  

In  e l e v a t i o n   t h e   s u r f a c e   may  be  s h a p e d   a s  
d e s i r e d   bu t   an  e l l i p s e   i s   c o n v e n i e n t   s i n c e   t h i s   p r o v i d e s  
a  w e l l   f o c u s s e d   beam  o v e r   a  r a n g e   of  e l e v a t i o n   a n g l e s .   A 

15  r a y   d i a g r a m   is   shown  in  F i g .   l b .  
A  l e n s   as  shown  in  F i g .   1  i s   no t   i m m e d i a t e l y  

u s e f u l   b e c a u s e   t h e   f o c a l   s u r f a c e   i s   b u r i e d   i n s i d e   t h e  
l e n s   and  c a n n o t   be  a c c e s s e d   w i t h o u t   i n t e r f e r i n g   w i t h   t h e  
r ay   p a t h s .   In  a d d i t i o n ,   t h e   f o c a l   s u r f a c e   i s   c u r v e d  

20  w h i c h   means   t h a t   t h e   l e n s   c a n n o t   be  u s e d   d i r e c t l y   w i t h   a  
p l a n a r   a r r a y   of  s i g n a l   d e t e c t i o n   e l e m e n t s .  

The  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   i s   t o  
p r o v i d e   an  a n t e n n a   p r o d u c i n g   m u l t i p l e   i n d e p e n d e n t   b e a m s  
c o v e r i n g   up  to  360°  in  a z i m u t h   f rom  one  l e n s   w i t h   l o w e r  

25  c o s t ,   s i z e   and  w e i g h t .  

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   i s  
p r o v i d e d   an  a n t e n n a   p r o v i d i n g   up  to   360°  in  a z i m u t h   f o r  
e l e c t r o m a g n e t i c   r a d i a t i o n   c o m p r i s i n g   a  d i e l e c t r i c   l e n s  
and  a  c o o p e r a t i n g   r e f l e c t o r   a r r a n g e m e n t   a r r a n g e d   to  f e e d  

30  a  s u r f a c e   a r r a y .  

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

i5  s y m m e t r i c   r e f l e c t i n g   s u r f a c e ,   and  a  s u r f a c e   a r r a y   o f  
e l e m e n t s   a r r a n g e d   at   t h e   s u r f a c i a l   f o c u s   of  t h e   c o m b i n e d  
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Such  an  a n t e n n a   can  p r o v i d e   u n i f o r m   360°   ' 

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

e l e v a t i o n .   The  a n g l e s   of  a r r i v a l   of  r e c e i v e d   s i g n a l s   c a n  
5  be  d e t e r m i n e d   f rom  v o l t a g e s   on  e l e m e n t s   of  t h e   a r r a y .  

A d d i t i o n a l   r e f l e c t i n g   s u r f a c e s   can  be  p r o v i d e d   to  a l l o w  

d i r e c t   i n j e c t i o n   of  l o c a l   o s c i l l a t o r   p o w e r   to   t h e   a r r a y  
so  t h a t   s i m p l e   e l e m e n t s   w i t h   i n t e g r a t e d   m i x e r s   may  b e  

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

r e f r a c t i n g   and  r e f l e c t i n g   s u r f a c e s   to   p r o d u c e   an  o m n i -  

d i r e c t i o n a l   a n t e n n a   w h i c h   can  use   a  p l a n a r   a r r a y   o f  

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

A n o t h e r   i m p o r t a n t   a s p e c t   l i e s   in  t h e   m e t h o d   o f  
15  u s i n g   a d d i t i o n a l   r e f l e c t o r s   and  f e e d   f o r   t h e   i n j e c t i o n   o f  

l o c a l   o s c i l l a t o r   p o w e r .  
Such  an  a r r a n g e m e n t   is   p a r t i c u l a r l y   s u i t a b l e   f o r  

mm  wave  s y s t e m s .  

In  o r d e r   t h a t   t h e   i n v e n t i o n   can  be  c l e a r l y  
20  u n d e r s t o o d ,   r e f e r e n c e   w i l l   now  be  made  to   t h e   r e m a i n d e r  

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

F i g .   2  shows  an  a n t e n n a   d e s i g n   in  v e r t i c a l  

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

i n v e n t i o n ;  

25  F i g .   3  show  f o c u s s i n g   d i a g r a m s   c o m p r i s i n g   t h e  

p e r f o r m a n c e   of  t h e   a n t e n n a   of  F i g s .   1 ( a )   and  K b ) ;  

F i g .   4  shows  a  m o d i f i c a t i o n   of  t h e   a n t e n n a   o f  

F i g .   2,  a n d  

F i g s .   5  and  6  a r e   a l t e r n a t i v e   e m b o d i m e n t s   of  t h e  
30  i n v e n t i o n .  

R e f e r e n c e   w i l l   now  be  made  to  F i g .   2  w h i c h   s h o w s  

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

to  e . g .   one  t e n t h   of  a  w a v e l e n g t h   c e r a m i c   or  e v e n  

p l a s t i c s   m a t e r i a l .   The  a n t e n n a   c o m p r i s e s   t h e   c o m b i n a t i o n  
35  of  a  l e n s   1  and  r e f l e c t o r   2  in  a  u n i t a r y   d i e l e c t r i c   b o d y  

3.  The  l e n s   1  is   e l l i p t i c   in  v e r t i c a l   c r o s s - s e c t i o n   a n d  
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t h e   r e f l e c t o r   2  c o n i c a l   and  t h e   r a y s   4  a r e   f o c u s s e d   o n t o  
a  h o r i z o n t a l   image   p l a n e   5  a t   w h i c h   is   a r r a n g e d   a  s u r f a c e  
in  t h i s   c a s e   p l a n a r ,   a r r a y   of  d i p o l e   e l e m e n t s .   The  a x i s  
of  t h e   e l e v a t i o n   e l l i p s e   i s   t i l t e d   so  t h a t   r a y s   a r e  
d i r e c t e d   d o w n w a r d s   s u f f i c i e n t l y   to  e n t e r   i n s i d e   t h e  
r e l e c t o r   cone   2  as  s h o w n .   The  a n g l e   of  t h e   c o n e   2  i s  
c h o s e n   so  t h a t   r e f l e c t i o n   r e s u l t s   in  t h e   r a y s   4  b e i n g  
f o c u s s e d   o n t o   t h e   h o r i z o n t a l   image   p l a n e   5.  Both   t h e  
r e f l e c t i n g   and  r e f r a c t i n g   s u r f a c e s   may  be  s h a p e d   i n  
e l e v a t i o n   in  o r d e r   to   o p t i m i s e   f o c u s s i n g   in  t h a t   p l a n e .  
In  a d d i t i o n ,   t h e   c o n d i t i o n   t h a t   £.  s h o u l d   be  g r e a t e r   t h a n  
4  to   o b t a i n   a  s u i t a b l e   f o c u s   i s   r e l a x e d .  

A  f u r t h e r   a d v a n t a g e   of  t h i s   a r r a n g e m e n t   i s   t h a t  
r e f l e c t i o n   f rom  t h e   c o n c a v e   s u r f a c e   g i v e s   r i s e   t o  
i m p r o v e d   f o c u s s i n g   o v e r   t h e   b a s i c   c i r c u l a r   l e n s   of  F i g .  
1.  T h i s   can  be  s e e n   f rom  s i m p l e   c a l c u l a t i o n s   f o r   a  
l i m i t i n g   t w o - d i m e n s i o n a l   c a s e   (no  downward   m o v e m e n t   o f  

r a y s   )  . 
The  p o s i t i o n   (  ■£.  )  of  c r o s s o v e r s   f rom  t h e   c e n t r e  

of  t h e   l e n s   is   e v a l u a t e d .   P l o t s   of  as  a  f u n c t i o n   o f  
d /  a r e   shown  in  F i g .   3  f o r   two  v a l u e s   of  € . a n d   v a r i o u s  

R  ' v a l u e s   of  /R  w h e r e   R1  is   t h e   r a d i u s   of  t h e   r e f l e c t i n g  
c i r c l e .   A  h o r i z o n t a l   s t r a i g h t   l i n e   c o r r e s p o n d s   t o  
p e r f e c t   f o c u s s i n g   and  i t   can  be  s e e n   t h a t   t h e   p l o t s   w i t h  
r e f l e c t i o n   ( F i g .   3B  c o r r e s p o n d i n g   to  t h e   F i g .   2 
e m b o d i m e n t )   a p p r o a c h   t h a t   c o n d i t i o n   more  c l o s e l y   t h a n  
t h o s e   w i t h o u t   r e f l e c t i o n   ( F i g .   1  and  F i g .   3A)  . 

In  o r d e r   to   a l l o w   wide   e l e v a t i o n   c o v e r a g e   t h e  
Lens  c o u l d   be  made  in  s e c t i o n s   w i t h   s e p a r a t e   a r r a y   p l a n e s  
for   d i f f e r e n t   p a r t s   of  t h e   e l e v a t i o n   r a n g e ;   f o r   e x a m p l e  
an  u p p e r   and  l o w e r   h a l f   c o u l d   d e a l   s e p a r a t e l y   w i t h  
p o s i t i v e   and  n e g a t i v e   e l e v a t i o n s .  

F i g .   4  shows   a  m o d i f i c a t i o n   to   t h e   b a s i c   l e n s   o f  
Fig .   2.  The  m o d i f i e d   a n t e n n a   has  a  c u s p - s h a p e d   r e f l e c t o r  
L0  w h i c h   does   n o t   i n t e r f e r e   w i t h   t h e   r a y s   4,  and  w h i c h  
E o c u s s e s   l o c a l   o s c i l l a t o r   power   f rom  a  TMOl  mode  h o r n   1 1 .  
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O t h e r w i s e   t h e   a n t e n n a   i s   as  d e s c r i b e d   in  F i g .   2.  " T h i s  

a l l o w s   l o c a l   o s c i l l a t o r   (LO)  power   to   be  f e d   to   t h e  

e l e m e n t s .   T h i s   p e r m i t s   t h e   use   of  a r r a y s   w h i c h   e m p l o y  
t h i s   form  of  LO  i n j e c t i o n .   A  s i n g l e   h o r n   11  s u p p o r t i n g  
t h e   TMOl  mode  i s   u s e d   to   i l l u m i n a t e   t h e   c e n t r a l   c o n i c a l  

( c u s p - l i k e )   r e f l e c t o r   10  as  shown .   The  TMOl  mode  g i v e s  
r i s e   to  a  c i r c u l a r l y   s y m m e t r i c   p a t t e r n   w i t h   a  n u l l   o n  

b o r e s i g h t .   The  r e f l e c t o r   10  is   s h a p e d   to  d i r e c t   t h e   LO 

e n e r g y   o n t o   t h e   a n n u l u s   of  e l e m e n t s   in  t h e   a r r a y   p l a n e .  

F i g .   "5  shows  a  v e r t i c a l   c r o s s - s e c t i o n   t h r o u g h   a  
f u r t h e r   e m b o d i m e n t   in  w h i c h   an  a n t e n n a   has   an  e l l i p t i c a l  
l e n s   30  shown  r e c e i v i n g   p a r a l l e l   r a y s   31,  32,  t h e   a x i s   o f  

t h e   e l i p s e   b e i n g   x - x .   A  h y p e r b o l i c   r e f l e c t o r   33  shown  i n  

v e r t i c a l   c r o s s - s e c t i o n   has   an  a x i s   a t   34  ( in   r e a l i t y   a  
c o n i c a l   i m a g i n a r y   s u r f a c e )   w h i c h   c r o s s e s   w i t h   t h e   v i r t u a l  

f o c a l   l i n e   35  a t   F^  ( i n   r e a l i t y   an  i m a g i n a r y   c y l i n d r i c a l  
s u r f a c e   )  . 

The  f u n c t i o n   of  t h e   h y p e r b o l i c   s e c t i o n   r e f l e c t o r  

is   to   d r i v e   f u r t h e r   away  f rom  t h e   r e f l e c t o r   t h a n   w o u l d  

one  h a v i n g   a  p l a n e   s e c t i o n   ( f o r   w h i c h   =  so  t h a t  

i s   g r e a t e r   t h a n   f ^ .  
The  v i r t u a l   f o c a l   l i n e   35  is  n o t   at   r i g h t   a n g l e s  

to  t h e   h y p e r b o l i c   a x i s   34.  So  as  e l e v a t i o n   i s   s c a n n e d ,  

d e f o c u s s i n g   o c c u r s   so  t h e   a r r a n g e m e n t   i s   p r e f e r r e d   f o r   a  
c h o s e n   e l e v a t i o n   or  s m a l l   r a n g e   of  e l e v a t i o n s .  

F i g .   6  shows  a n o t h e r   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 h e   i n v e n t i o n .   The  l e n s   40  w h i c h   i s  

e l l i p t i c   r e f r a c t s   t h e   r a y s   41  o n t o   h y p e r b o l i c   r e f l e c t o r  

42.  The  h y p e r b o l e   a x i s   43  c r o s s e s   t h e   f o c a l   l i n e   44  o f  

t h e   e l l i p s e   40  at   45,  and  l o c a l   o s c i l l a t o r   i n j e c t i o n   h o r n  

46  i s   l o c a t e d   a d j a c e n t   t h e   e l e m e n t   a r r a y   a t   t h e   f o c a l  

s u r f a c e   47.  The  a d v a n t a g e   of  t h i s   a r r a n g e m e n t   a r e   t h a t  

t h e   e l e m e n t s   w o u l d   be  c l o s e   t o g e t h e r ,   t h e   e l e m e n t s   a re   a t  

t he   b o t t o m   of  t h e   l e n s   s y s t e m   so  t h e   s i g n a l   c o n n e c t i o n s  

can  be  p r o v i d e d   e a s i l y ,   and  t h e   l o c a l   o s c i l l a t o r   f e e d   c a n  

be  p r o v i d e d   by  r e a r - f e d   t e c h n i q u e s .  
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The  d i s c u s s i o n   a b o v e   r e g a r d s   t h e   a n t e n n a   as  a  
q u a s i - o p t i c a l   s y s t e m :   t h a t   i s   to   say  t h e   r a y s   o f  

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

r a y s   in  a  t r u e   o p t i c a l   s y s t e m .   The  l e n s   d i a m e t e r   n e e d s  
to  be  a b o u t   t e n   w a v e l e n g t h s   or  more   f o r   t h i s   a n a l o g y   t o  
h o l d   t r u e .  

The  a n t e n n a   w o u l d   n o r m a l l y   be  o p t i c a l l y   o p a q u e .  
The  " o p t i c a l "   a c c u r a c y   of  t h e   s u r f a c e s   w o u l d   n e e d   to   b e  
a b o u t   one  t e n t h   of  a  w a v e l e n g t h .  

The  e l e m e n t s   in  t h e   a r r a y   r e f e r r e d   to   w o u l d  

p r e f e r a b l y   be  a r r a n g e d   so  t h a t   d i f f e r e n t   e l e m e n t s   r e c e i v e  

r a y s   f rom  d i f f e r e n t   d i r e c t i o n s   and  h e n c e   p r o v i d e  
d i r e c t i o n a l   i n f o r m a t i o n   r e l a t i v e   to   t h e   a n t e n n a .   T h u s  
f o r   t w e n t y   beams  t h e r e   w o u l d   be  t w e n t y   e l e m e n t s .  

The  e l e m e n t   s i g n a l s   i . e .   t h e   r e c e i v e d  

e l e c t r o m a g n e t i c   waves   and  t h e   i n j e c t e d   l o c a l   o s c i l l a t o r  

w o u l d   be  m i x e d   to   p r o v i d e   an  i n t e r m e d i a t e   f r e q u e n c y .  
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1-  An  a n t e n n a   p r o v i d i n g   up  to   360°  in  a z i m u t h   f o r  
e l e c t r o m a g n e t i c   r a d i o   r a y s   c o m p r i s i n g   a  d i e l e c t r i c   l e n s  
and  a'  c o o p e r a t i n g   r e f l e c t o r   a r r a n g e m e n t   a r r a n g e d   to   f e e d  
a  s u r f a c e   a r r a y .  
2-  An  a n t e n n a   as  c l a i m e d   in  c l a i m   1  c o m p r i s i n g  
means   f o r   i n j e c t i n g   l o c a l   o s c i l l a t o r   p o w e r   i n t o   t h e  

a r r a y   . 
3«  An  a n t e n n a   as  c l a i m e d   in  c l a i m   2,  s a i d   m e a n s  
c o m p r i s i n g   a  c u s p - l i k e   r e f l e c t o r   a r r a n g e d   to  r e f l e c t  
l o c a l   o s c i l l a t o r   power   f rom  a  s o u r c e   on  to   an  a n n u l u s   o f  
s a i d   a r r a y   of  e l e m e n t s .  

4«  An  a n t e n n a   as  c l a i m e d   in  c l a i m   1,  w h e r e i n   t h e  
l e n s   c o m p r i s e s   an  e l e v a t i o n   e l l i p s e   and  a  c o n i c a l  
r e f l e c t o r ,   t h e   a x i s   of  t h e   e l l i p s e   b e i n g   t i l t e d   so  t h a t  
w i t h   t h e   r e f l e c t o r   b e n e a t h   t h e   l e n s ,   r e c e i v e d   r a y s   a r e  
d i r e c t e d   d o w n w a r d s   to   e n t e r   i n s i d e   t h e   c o n i c a l   r e f l e c t o r .  
5-  An  a n t e n n a   as  c l a i m e d   in  c l a i m   1  w h e r e i n   t h e  
l e n s   i s   made  in  s e c t i o n s   w i t h   s e p a r a t e   a r r a y   p l a n e s   f o r  
d i f f e r e n t   p a r t s   of  t h e   e l e v a t i o n a l   r a n g e .  
6-  An  a n t e n n a   as  c l a i m e d   in  c l a i m   1,  w h e r e i n   t h e  
r e f l e c t o r   has   a  h y p e r b o l i c   v e r t i c a l   s e c t i o n   l o c a t e d  
b e f o r e   t h e   v i r t u a l   f o c a l   l i n e   of  t h e   l e n s .  
7«  An  o m n i - d i r e c t i o n a l   a n t e n n a   f o r   m i l l i m e t r e  

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

a r r a y   of  e l e m e n t s   a r r a n g e d   at   t h e   s u r f a c i a l   f o c u s   of  t h e  
: o m b i n e d   l e n s   and  r e f l e c t i n g   s u r f a c e .  
3-  An  a n t e n n a   s u b s t a n t i a l l y   as  h e r e i n b e f o r e  
i e s c r i b e d   w i t h   r e f e r e n c e   to  and  as  i l l u s t r a t e d   in  F i g s .  
I,  3B,  4,  5,  or  6  of  t h e   a c c o m p a n y i n g   d r a w i n g s .  
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