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@  Resonant  waveguide  aperture  manifold. 

@  A  waveguide  manifold  (200)  for  monitoring  the  operation 
of  an  array  antenna  (1  ).  The  waveguide  is  centerfed  (203)  and 
has  reflecting  terminations  (20  1  ,  202)  at  either  end.  The  wave- 
guide  output  is  matched  to  the  waveguide  as  if  non-reflecting 
terminations  were  at  either  end  of  the  waveguide.  The  wave- 
guide  input  is  a  plurality  of  groups  of  slots  (206-21  4)  wherein 
adjacent  slots  in  each  group  (A,  B,  C,  D)  have  alternating  polar- 
ity  and  adjacent  groups  may  have  alternating  phase.  A  stand- 
ing  wave  created  in  the  waveguide  has  a  plurality  of  cells  of 
alternating  phase  (Fig.  11).  Each  slot  is  located  within  one  of 
the  resonating  standing  wave  cells.  The  resulting  manifold 
beam  forming  characteristic  will  be  temperature  and  frequency 
independent  over  a  practical  range. 
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A   waveguide  manifold  (200)  for  monitoring  the  operation 
of  an  array  antenna  (1).  The  waveguide  is  centerfed  (203)  and 
has  reflecting  terminations  (201, 202)  at  either  end.  The  wave- 
guide  output  is  matched  to  the  waveguide  as  if  non-reflecting 
terminations  were  at  either  end  of  the  waveguide.  The  wave- 
guide  input  is  a  plurality  of  groups  of  slots  (206-214)  wherein 
adjacent  slots  in  each  group  (A,  B,  C,  D)  have  alternating  polar- 
ity  and  adjacent  groups  may  have  alternating  phase.  A  stand- 
ing  wave  created  in  the  waveguide  has  a  plurality  of  cells  of 
alternating  phase  (Fig.  11).  Each  slot  is  located  within  one  of 
the  resonating  standing  wave  cells.  The  resulting  manifold 
beam  forming  characteristic  will  be  temperature  and  frequency 
independent  over  a  practical  range. 



The  i n v e n t i o n   r e l a t e s   g e n e r a l l y   t o  

p h a s e - s t a b l e   m a n i f o l d s   and ,   in  p a r t i c u l a r ,   a  r e s o n a n t  

w a v e g u i d e   for   m o n i t o r i n g   a  s c a n n i n g   beam  a n t e n n a  

e s s e n t i a l l y   i n d e p e n d e n t   of   t e m p e r a t u r e   and  f r e q u e n c y  

over   a  p r a c t i c a l   r a n g e  a n d   for   m o n i t o r i n g   a  s c a n n i n g  

beam  a n t e n n a   a t   a  s c a n   a n g l e   wh ich   is  no t   a l i g n e d   w i t h  

the   b o r e s i g h t   d i r e c t i o n   of  t he   a n t e n n a .  

S l o t t e d   w a v e g u i d e s   a re   s o m e t i m e s   u s e d  

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

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

p e r f o r m a n c e .   Such  w a v e g u i d e   m a n i f o l d s   a re   u sed   i n  

M i c r o w a v e   L a n d i n g   S y s t e m   (MLS)  g r o u n d   s y s t e m s   f o r  

p r o d u c i n g   a  s i g n a l   e q u i v a l e n t   to  a  s i g n a l   v i e w e d   by  a 

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

v o l u m e   of  the  g r o u n d   s y s t e m .   I d e a l l y ,   such   w a v e g u i d e  

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

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

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

w i t h   each  i n d i v i d u a l   a r r a y   e l e m e n t .  



W a v e g u i d e   m a n i f o l d s   used   to  m o n i t o r  

e l e v a t i o n   a n d  a z i m u t h   s c a n n i n g   beams  of  an  MLS  g r o u n d  

s y s t e m   have   been   w a v e g u i d e s   which   p r o p a g a t e   t r a v e l l i n g  

waves  a n d ,   c o n s e q u e n t l y ,   t he   p h a s i n g   c h a r a c t e r i s t i c s  

are   f r e q u e n c y   and  t e m p e r a t u r e   d e p e n d e n t .   The  r e s u l t  

is  t h a t   the   s c a n   a n g l e   of  t h e   beam  m o n i t o r e d   a t   t h e  

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

d e p e n d e n t .   F u r t h e r m o r e ,   f o r   m o n i t o r i n g   MLS  a z i m u t h  

s c a n n i n g ,   a  t r a v e l l i n g   wave  m a n i f o l d   does   n o t  

i n h e r e n t l y   m o n i t o r   t he   z e r o   d e g r e e   c o u r s e   o v e r   t h e  

MLS  o p e r a t i n g   f r e q u e n c y   b a n d w i d t h .   Th i s   is   b e c a u s e  

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

wave  m a n i f o l d   i s  f r e q u e n c y   and  t e m p e r a t u r e   d e p e n d e n t .  

I t   i s   an  o b j e c t   of   t h i s   i n v e n t i o n   t o  

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

fo rms   a  beam  a t   a  s c a n   a n g l e   t h a t   i s   i n d e p e n d e n t  

of   t e m p e r a t u r e   and  f r e q u e n c y .  

The  a p p a r a t u s   a c c o r d i n g   to  t he   i n v e n t i o n  

c o m p r i s e s   a  t r a n s m i s s i o n   l i n e   for   d i r e c t i n g  

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

r a n g e .   A s s o c i a t e d   w i t h   t he   l i n e   a re   e l e m e n t s   s u c h  

as  c o u p l i n g   s l o t s   or  h o l e s .   The  l i n e   may  b e  

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

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

g r o u p s   have   d i f f e r e n t   p h a s e .   Each  g r o u p   has  N 



e l e m e n t s   w h e r e i n   a d j a c e n t   e l e m e n t s   h a v e   d i f f e r e n t  

p h a s e ,   N  b e i n g   a  p o s i t i v e   i n t e g e r   g r e a t e r   t h a n   o n e .  

A  t r a n s d u c e r   is   a s s o c i a t e d   w i t h   t h e   l i n e  

for   c o n v e r t i n g   e n e r g y   h a v i n g   a  f r e q u e n c y   w i t h i n   t h e  

p r e d e t e r m i n e d   f r e q u e n c y   r a n g e   i n t o   an  e l e c t r i c a l  

s i g n a l   h a v i n g   a  c o r r e s p o n d i n g   f r e q u e n c y  a n d   v i c e  

v e r s a .   The  t r a n s d u c e r   has   an  i m p e d a n c e   wh ich   i s  

m a t c h e d   to  t h e   l i n e   as  i f   t h e   l i n e   had  n o n - r e f l e c t i n g  

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

t h e r e o f .   F i r s t   m e a n s   c r e a t e s   a  s h o r t   c i r c u i t   a t   t h e  

f i r s t   end  of   t h e   l i n e   and  s e c o n d   means   c r e a t e s   a  s h o r t  

c i r c u i t   a t   t h e   s e c o n d   end  of   t h e   l i n e .  

For  a  b e t t e r   u n d e r s t a n d i n g   o f   t he   p r e s e n t  

i n v e n t i o n ,   t o g e t h e r   w i t h   o t h e r   and  f u r t h e r   o b j e c t s ,  

r e f e r e n c e   i s   made  to  t he   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  

in  c o n j u n c t i o n   w i t h   t he   a c c o m p a n y i n g   d r a w i n g s ,  a n d   i t s  

s c o p e   w i l l   be  p o i n t e d   ou t   in  t h e   a p p e n d e d   c l a i m s .  

F i g u r e   1  is  a  l o n g i t u d i n a l   c r o s s - s e c t i o n a l  

v iew  o f   a  t r a v e l l i n g   w a v e g u i d e   a c c o r d i n g   to  t he   p r i o r  

a r t .  

F i g u r e   2  is   a  s i m p l i f i e d   b l o c k   d i a g r a m  

i l l u s t r a t i n g   one  use   of   an  a p e r t u r e   m a n i f o l d   as  d e s c r i b e d  

in  c o p e n d i n g   E u r o p e a n   A p p l i c a t i o n   N o . 8 3 . 3 0 4 4 7 1 . 2   f i l e d  

3rd  A u g u s t   1983   f o r   S c a n n i n g   A n t e n n a   W i t h  

A u t o m a t i c   Beam  S t a b i l i z a t i o n ,   i n c o r p o r a t e d   h e r e i n   b y  

r e f e r e n c e .  



F i g u r e   3  is  a  l o n g i t u d i n a l   c r o s s - s e c t i o n a l  

view  of  a  r e s o n a n t   w a v e g u i d e   a c c o r d i n g   to  t h e  

i n v e n t i o n .  

F i g u r e   4A  is   a  p e r s p e c t i v e   v iew  of  one  s i d e  

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

s h o w i n g   t h e   s l o t s   t h e r e i n .  

F i g u r e   4B  is  a  p e r s p e c t i v e   v iew  of   one  s i d e  

of  an  a s y m m e t r i c   r e s o n a n t   w a v e g u i d e   a c c o r d i n g   t o  

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

s l o t s   of  a l t e r n a t i n g   p h a s e   w h e r e i n   each  g r o u p  

has  a d j a c e n t   s l o t s   of   a l t e r n a t i n g   p h a s e .  

F i g u r e   5  is   a  t r a n s v e r s e   c r o s s - s e c t i o n a l  

v iew  of  one  r e s o n a n t   w a v e g u i d e   a c c o r d i n g   to  t h e  

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

F i g u r e   6  is  a  t r a n s v e r s e   c r o s s - s e c t i o n a l  

view  of  a n o t h e r   r e s o n a n t   w a v e g u i d e   a c c o r d i n g   to  t h e  

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

c o n f i g u r a t i o n .  

F i g u r e   7  is  an  a m p l i t u d e   d i a g r a m   of  a n  

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

to  t he   i n v e n t i o n .  

F i g u r e   8  is  a  p h a s e   d i a g r a m   of   an  i n c i d e n t  

wave  p r o p a g a t i n g   w i t h i n   a  w a v e g u i d e   a c c o r d i n g   to  t h e  

i n v e n t i o n .  



F i g u r e   9  is  an  a m p l i t u d e   d i a g r a m   of  a 

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

a c c o r d i n g   to  the  i n v e n t i o n .  

F i g u r e   10  is  a  p h a s e   d i a g r a m   of  a 

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

a c c o r d i n g   to  the   i n v e n t i o n .  

F i g u r e   11  is  a  d i a g r a m   of  t he   s t a n d i n g  

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

to  the   i n v e n t i o n .  

F i g u r e   12  is  one  i l l u s t r a t i o n   of  t h e  

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

by  means  of  s l o t s   to  t he   r a d i a t i n g   w a v e g u i d e   co lumn  o f  

an  MLS  a z i m u t h   a n t e n n a .  

F i g u r e   13  is  a n o t h e r   i l l u s t r a t i o n   of  a 

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

by  means  of  h o l e s   to  the   r a d i a t i n g   w a v e g u i d e   co lumn  o f  

an  MLS  a z i m u t h   a n t e n n a .  

F i g u r e   14  is  an  i l l u s t r a t i o n   of  a  r e s o n a n t  

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

of  s l o t s   to  the   r a d i a t i n g   w a v e g u i d e   co lumn  of  an  MLS 

e l e v a t i o n   a n t e n n a .  

As  shown  in  f i g u r e   1,  a  p r i o r   a r t  

t r a v e l l i n g   wave  m a n i f o l d   100  made  of  c o n d u c t i v e  

m a t e r i a l   is  p r o v i d e d   w i t h   an  o u t p u t   t r a n s d u c e r   such  a s  

c o n n e c t o r   101  wh ich   r e c e i v e s   a  wave  p r o p a g a t i n g   a l o n g  



p r o p a g a t i o n   pa th   102  which   is  t e r m i n a t e d   in  a b s o r b e r  

103  or  o t h e r   n o n - r e f l e c t i n g   t e r m i n a t i n g   means   at  t h e  

f a r   end .   S i d e   104  f u n c t i o n s   as  a  s h o r t   c i r c u i t   w h i c h  

r e f l e c t s   waves   p r o p a g a t i n g   to  t he   l e f t .   S ide   105  o f  

w a v e g u i d e   100  is  p r o v i d e d   w i t h   w e a k l y   c o u p l e d   i n p u t  

s l o t s   106 ,   107 ,   108 ,   109 ,   110 ,   111 ,   112  and  113  h a v i n g  

s p a c i n g   d.  The  p h a s e   r e l a t i o n s h i p   b e t w e e n   a d j a c e n t  

s l o t s   106  and  107  is  g i v e n   by  t h e   f o l l o w i n g   f o r m u l a :  

As  shown  by  the   f o r m u l a ,   the   p h a s e   of   s l o t  

107  (Ø107)   as  c o m p a r e d   to  t he   p h a s e   of  s l o t   1 0 6  

(Ø106)   i s   d e p e n d e n t   upon  the   s p a c i n g   d  and  t h e  

w a v e g u i d e   w a v e l e n g t h   ( λ g ) .   All  o t h e r   a d j a c e n t   s l o t s  

have   s i m i l a r   p h a s e   r e l a t i o n s h i p s .   S i n c e   s p a c i n g   d  i s  

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

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

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

x9  i s   f r e q u e n c y   d e p e n d e n t ,   t r a v e l l i n g   wave  m a n i f o l d  

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

The  m o n i t o r e d   beam  p o i n t i n g   a n g l e ,   0,  f o r  

the   t r a v e l l i n g   wave  m a n i f o l d   h a v i n g   s l o t s   o f  

a l t e r n a t i n g   p h a s e   is  d e f i n e d   as  the   p o i n t i n g   a n g l e   o f  

a  beam  p r o v i d e d   a t   the   m a n i f o l d   o u t p u t   c o n n e c t o r   as  a 



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

By  r e c i p r o c i t y ,   i t   m a y  b e   d e f i n e d  a s   the   c o n j u g a t e   o f  

the  p o i n t i n g   a n g l e   o f  a   beam  r a d i a t e d   by  the  m a n i f o l d  

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

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

p o i n t i n g   a n g l e   i s   g i v e n   b y :  

w h e r e  

λo  =  r e f e r e n c e   f r e e   s p a c e   w a v e l e n g t h   ( d e s i g n   c e n t e r )  

λco  =  w a v e g u i d e   c u t o f f   w a v e l e n g t h  

f  =  r e f e r e n c e   f r e q u e n c y  
o  

f  =  f r e q u e n c y   of   e x c i t a t i o n s  

Th i s   e q u a t i o n   g i v e s   t he   e x p l i c i t   r e l a t i o n s h i p  

b e t w e e n   the   m o n i t o r e d   beam  p o i n t i n g   a n g l e ,   f r e q u e n c y  

and  c o u p l i n g   s l o t   s p a c i n g .   T h e  i n v e n t i o n   r e l a t e s   t o :  

(a)   m i c r o w a v e   l a n d i n g   s y s t e m s   which   use   wide   s c a n n i n g  

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

the   e l e m e n t   p a t t e r n ,   such   as  are   d i s c l o s e d   by  R i c h a r d  

F.  F r a z i t a ,   A l f r e d   R.  Lopez  and  R i c h a r d   J.  G i a n n i n i   i n  

U.S.  P a t e n t   No.  4 , 0 4 1 , 5 0 1 ;   and  (b)  c a l i b r a t i o n   of   a  

s y s t e m   h a v i n g   p l u r a l   s i g n a l   c a r r y i n g   c h a n n e l s .  



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

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

a r r a y   1  in  which   the   e l e m e n t s   a re   a r r a n g e d   a l o n g   a n  

a r r a y   a x i s   and  a r e   s p a c e d   from  each   o t h e r   by  a  g i v e n  

d i s t a n c e .   Each  of   the   e l e m e n t s   is  c o u p l e d   to  a  p o w e r  

d i v i d e r   8  v ia   a  c o r r e s p o n d i n g   one  of  a  p l u r a l i t y  

of  p h a s e   s h i f t e r s   9  c o n n e c t e d   to  t he   e l e m e n t s   b y  

d i s t r i b u t i o n   n e t w o r k   2.  Wave  e n e r g y   s i g n a l s   f r o m  

s i g n a l   g e n e r a t o r   11  and  power   d i v i d e r   8  a r e  

s u p p l i e d   to  a n t e n n a   e l e m e n t s   1  by  p h a s e  

s h i f t e r s   9  such   t h a t   a  p r o p e r   s e l e c t i o n   of   t h e  

r e l a t i v e   p h a s e   v a l u e s   for   p h a s e   s h i f t e r s   9  c a u s e s  

a n t e n n a   e l e m e n t s .  1 2   to  r a d i a t e   a  d e s i r e d   r a d i a t i o n  

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

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

s h i f t e r s   9  i s   a c c o m p l i s h e d   by  beam  s t e e r i n g   u n i t   1 0  

v ia   c o n t r o l   l i n e   22  and  c a u s e s   t he   r a d i a t e d   a n t e n n a  

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

s p a c e .   T h e r e f o r e ,   p h a s e   s h i f t e r s   9  and  beam  s t e e r i n g  

u n i t   10  t o g e t h e r   form  means  2  fo r   s c a n n i n g   a  b e a m  

r a d i a t e d   by  t he   a n t e n n a   e l e m e n t s   of   a r r a y   1  as  a 

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

g e n e r a t o r   11  c o u p l e d   to  t he   e l e m e n t s   of   a r r a y   1  b y  

power  d i v i d e r   8  and  d i s t r i b u t i o n   n e t w o r k   2 .  



The  p r o p e r t i e s   of  a  s c a n n i n g   a n t e n n a   a n d  

t e c h n i q u e s   for   s e l e c t i n g   d e s i g n   p a r a m e t e r s   such  a s  

a p e r t u r e   l e n g t h ,   e l e m e n t   s p a c i n g   and  the   p a r t i c u l a r  

c o n f i g u r a t i o n   of  t h e   d i s t r i b u t i o n   n e t w o r k   2  a re   w e l l  

known  in  the  p r i o r   a r t .   A  r e v i e w   of   t h e s e   p a r a m e t e r s  

is  c o m p l e t e l y   d e s c r i b e d   in  U.S.   P a t e n t   No.  4 , 0 4 1 , 5 0 1 .  

In  o r d e r   to  s t a b i l i z e   the   beam  p o i n t i n g  

a n g l e   of  t h e   r a d i a t e d   beam,   an  a p e r t u r e   m a n i f o l d   4  i s  

a s s o c i a t e d   w i t h   t he   a n t e n n a   e l e m e n t s   of  a r r a y   1 .  

M a n i f o l d   4  may  be  any  means   for   f o r m i n g   a  s i g n a l  

p r o v i d e d   by  o u t p u t   12  w h i c h   r e p r e s e n t s   a  beam  p o i n t i n g  

a n g l e   of  t h e   r a d i a t e d   beam.   P r e f e r a b l y ,   m a n i f o l d   4  i s  

a  h i g h l y   p h a s e   s t a b l e   w a v e g u i d e   or  m a n i f o l d ,   such   a s  

the   i n v e n t i o n ,   c o u p l e d   to  the   a r r a y   2  and  c e n t e r - f e d  

to  a v o i d   i n h e r e n t   f r e q u e n c y   ( p h a s e )   and  t e m p e r a t u r e  

e f f e c t s .   C e n t e r   f e e d i n g   a l s o   e l i m i n a t e s   f i r s t - o r d e r  

d e p e n d e n c e   on  f r e q u e n c y   and  a b s o l u t e   t e m p e r a t u r e  

v a r i a t i o n s .  

As  used   h e r e i n ,   m a n i f o l d   4  r e f e r s   to  a n y  

t y p e   of  d e v i c e   for   s a m p l i n g   s i g n a l s   i n c l u d i n g   a 

w a v e g u i d e ,   a  p r i n t e d   c i r c u i t   n e t w o r k ,   a  c o a x i a l   l i n e  

n e t w o r k   or  a  power  c o m b i n e r .  A   p h a s e   s t a b l e   m a n i f o l d  

i s ,   by  d e f i n i t i o n ,   one  in  which   the   beam  f o r m e d   b y  

summing   of  the   s l o t   e x c i t a t i o n s   is  i n s e n s i t i v e   t o  

f r e q u e n c y   and  t e m p e r a t u r e   c h a n g e s   and  is   u s e d   i n  



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

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

a n g l e .   M a n i f o l d   4  is  e q u i v a l e n t   in  f u n c t i o n   to  a 

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

r e s p e c t   to  the   p h a s e d   a r r a y .  A   m a n i f o l d   in  a c c o r d a n c e  

w i th   the   p r e s e n t   i n v e n t i o n   may  be  a  s l o t t e d   w a v e g u i d e  

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

is  e q u a l ,   n o n - z e r o   p h a s e   and  e q u a l   a m p l i t u d e   a t   a l l  

s a m p l e   p o i n t s   ( i . e .   s l o t   l o c a t i o n s )   of   the   m a n i f o l d .  

The  o u t p u t   12  of  m a n i f o l d   4  is  c o u p l e d   t o  

means   5,  a s s o c i a t e d   w i t h   means   3,  fo r   c o n t r o l l i n g   t h e  

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

o u t p u t   12  of  m a n i f o l d   4 .  

F i g u r e   3  i l l u s t r a t e s   a  r e s o n a n t   w a v e g u i d e  

200  a c c o r d i n g   to  t he   i n v e n t i o n .   W a v e g u i d e   200  i s  

p r o v i d e d   w i t h   a  f i r s t   end  201  t e r m i n a t i n g   in  a  s h o r t  

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

p e r p e n d i c u l a r   to  t he   s i d e s   of  w a v e g u i d e   200  and  a 

s e c o n d   end  202  t e r m i n a t i n g   in  a  s h o r t   c i r c u i t .  

W a v e g u i d e   200  is  c e n t e r   fed   by  a  t r a n s d u c e r   w h i c h  

c o n v e r t s   an  e l e c t r i c a l   s i g n a l   i n t o   e l e c t r o m a g n e t i c  

e n e r g y   and  v i c e   v e r s a .   P r e f e r a b l y ,   t h e   t r a n s d u c e r   i s  

any  c o n n e c t o r   w e l l   known  in  the   p r i o r   a r t   such   a s  

o u t p u t   c o n n e c t o r   203  which   r e c e i v e   waves   p r o p a g a t i n g  

in  b o t h   d i r e c t i o n s   a l o n g   p a t h   204 .   S i d e   205  o f  



w a v e g u i d e   200  is  p r o v i d e d   w i t h   s l o t s   206 ,   207 ,   2 0 8 ,  

209 ,   210,   211 ,   212,  213,  and  214  for   c o u p l i n g   to  a 

r a d i a t i n g   a n t e n n a .   F i g u r e   4  i l l u s t r a t e s   a  1 8 0 °  

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

s l o t s   which   w i l l   be  d e s c r i b e d   b e l o w .   F i g u r e s   5  and  6 

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

w a v e g u i d e   2 0 0 .  

As  shown  by  F i g u r e   7,  an  i n c i d e n t   w a v e  

r a d i a t e d   by  c o n n e c t o r   203  has  a  c o n s t a n t   a m p l i t u d e  

Ainc   a l o n g   t h e   e n t i r e   l e n g t h   of  w a v e g u i d e   200 .   T h i s  

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

c a u s e d   by  the   c o u p l i n g   s l o t s   is  c o u n t e r a c t e d   a n d  

e l i m i n a t e d   by  the   r e s o n a n c e   of  w a v e g u i d e   2 0 0 .  

Due  to  r e c i p r o c i t y ,   w a v e g u i d e   200  may  b e  

used   in  e i t h e r   a  t r a n s m i t t i n g   or  r e c e i v i n g   mode.   I n  

the   t r a n s m i t t i n g   mode,   c o n n e c t o r   203  is  c o n n e c t e d   v i a  

i s o l a t o r   215  to  a  s i g n a l   s o u r c e   ( n o t   s h o w n ) .   T h e  

s i g n a l   is  c o n v e r t e d   by  c o n n e c t o r   203  t o  

e l e c t r o m a g n e t i c   wave  e n e r g y   which   p r o p a g a t e s   a l o n g  

w a v e g u i d e   200  and  is  r a d i a t e d   by  s l o t s   2 0 6 - 2 1 4 .   I n  

t he   r e c e i v i n g   mode,  s l o t s   2 0 6 - 2 1 4   are   i l l u m i n a t e d   b y  

e l e c t r o m a g n e t i c   wave  e n e r g y   wh ich   p r o p a g a t e s   a l o n g  

w a v e g u i d e   2 0 0  a n d   is  c o n v e r t e d   by  c o n n e c t o r   203  i n t o  

an  e l e c t r i c a l   s i g n a l .   For  c o n v e n i e n c e   and  a c c o r d i n g  

to  c o n v e n t i o n ,   the   i n v e n t i o n   has   been  d e s c r i b e d   in  a 



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

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

l i m i t e d   to  a n y  o n e   mode  and  s h o u l d   be  b r o a d l y  

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

r e c e i v i n g   o p e r a t i o n s .  

F i g u r e   8  i s   an  i l l u s t r a t i o n   of  t h e  

i n c i d e n t   p h a s e   Ø inc   of   t h e   wave  r a d i a t e d   b y  

c o n n e c t o r   203  and  i l l u s t r a t e s   t h a t   the   p h a s e   a l o n g  

w a v e g u i d e   200  is  l i n e a r l y   c h a n g i n g .  

S i n c e   s h o r t   c i r c u i t s   201  and  202  r e f l e c t  

the   i n c i d e n t   waves   p r o p a g a t i n g   w i t h i n   w a v e g u i d e   2 0 0 ,  

f i g u r e   9  i l l u s t r a t e s   t h a t   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  A r e f   i s   c o n s t a n t   a l o n g   t h e   e n t i r e  

l e n g t h   of   w a v e g u i d e   200 .   S i m i l a r l y ,   the   p h a s e   of   t h e  

r e f l e c t e d   wave  Ø r e f   p r o p a g a t i n g   w i t h i n   w a v e g u i d e   2 0 0  

is  l i n e a r l y   c h a n g i n g   w i t h   d i s t a n c e .   The  r e s u l t ,   a s  

i l l u s t r a t e d   in  f i g u r e   11 ,   is   a  s t a n d i n g   wave  h a v i n g   a 

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

d e g r e e s   and  180  d e g r e e s   b e t w e e n   s p a c i n g   d  of  t h e   s l o t s .  

As  shown  in  F i g u r e   4A,  each   s l o t   is  l o c a t e d  

w i t h i n   one  of  t h e   s t a n d i n g   wave  c e l l s   of  w a v e g u i d e   2 0 0  

so  t h a t   t he   r e s u l t i n g   m a n i f o l d   o u t p u t   w i l l   b e  

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

v a r i a t i o n s   in  t e m p e r a t u r e   and  f r e q u e n c y   a re   w i t h i n   t h e  

r a n g e   such   t h a t   t h e r e   is  one  and  o n l y   one  s l o t   o r  



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

c e l l .   By  a l t e r n a t i n g   t h e   d i r e c t i o n   and  t h e r e b y   t h e  

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

w i l l   p r o v i d e   e q u a l   p h a s i n g   to  a l l   r a d i a t i n g   e l e m e n t s .  

Th i s   a p e r t u r e   m a n i f o l d   p r o v i d e s   a  beam  f o r m i n g  

c a p a b i l i t y   wh ich   is  i n d e p e n d e n t   of  f r e q u e n c y  a n d  

t e m p e r a t u r e   s i n c e   the   p h a s e   w i t h i n   each  s t a n d i n g   w a v e  

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

r e f l e c t e d   wave  back   t h r o u g h   c o n n e c t o r   203 ,   i s o l a t o r  

215  is  l o c a t e d   w i t h i n   the   l i n e   f e e d i n g   c o n n e c t o r   2 0 3 .  

As  shown  in  F i g u r e   4B,  each  s l o t   is  l o c a t e d  

w i t h i n   one  of  t h e   s t a n d i n g   wave  c e l l s   of  w a v e g u i d e  

200.   By  a l t e r n a t i n g   the  d i r e c t i o n   and  t h e r e b y   t h e  

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

have   e q u a l   p h a s e   for   each   c o u p l i n g   s l o t   and  w i l l  

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

as  t he   v a r i a t i o n s   in  t e m p e r a t u r e   and  f r e q u e n c y   a r e  

w i t h i n   the   r a n g e   such   t h a t   t h e r e   is  one  and  o n l y   o n e  

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

wave  c e l l .   By  a l t e r n a t i n g   t h e   d i r e c t i o n   and  t h e r e b y  

the  p h a s e   of  each   g r o u p   A,  B,  C  and  D  of  s l o t s   ( N = 2 )  

and  by  a l t e r n a t i n g   d i r e c t i o n   and  t h e r e b y   the   p h a s e   o f  

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

m a n i f o l d   o u t p u t   w i l l   a p p r o x i m a t e   an  1 1 . 2 5   b e a m  

p o i n t i n g   a n g l e .   Th i s   a p e r t u r e   m a n i f o l d   p r o v i d e s   a 



beam  f o r m i n g   c a p a b i l i t y   which   is  i n d e p e n d e n t   o f  

f r e q u e n c y   and  t e m p e r a t u r e   s i n c e   the   p h a s e   w i t h i n   e a c h  

s t a n d i n g   wave  c e l l   is  c o n s t a n t .   To  p r e v e n t  

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

c o n n e c t o r   203 ,   i s o l a t o r   215  is  l o c a t e d   w i t h i n   t he   l i n e  

f e e d i n g   c o n n e c t o r   2 0 3 .  

The  m o n i t o r e d   beam  p o i n t i n g   a n g l e ,   0,  f o r  

r e s o n a n t   m a n i f o l d   200  a c c o r d i n g   to  the   i n v e n t i o n ,   o v e r  

t h e   o p e r a t i o n a l   f r e q u e n c y   b a n d w i d t h ,   i s   g i v e n   b y :  

where   d/Xg  is  t h e   s l o t   s p a c i n g   in  g u i d e   w a v e l e n g t h s .  

T h e r e f o r e ,   t h e   p h a s i n g   of  m a n i f o l d   200  is  i n d e p e n d e n t  

of   f r e q u e n c y   and  c o u p l i n g   s l o t   s p a c i n g   ove r   t h e  

o p e r a t i o n a l   f r e q u e n c y   b a n d w i d t h .   In  t he   e m b o d i m e n t  

i l l u s t r a t e d   in  F i g u r e   4A,  8  =  Oο(m  =  ∞)  and  t h e  

beam  r a d i a t e d   is  p e r p e n d i c u l a r   to  p a t h   2 0 4 .   In  t h e  

e m b o d i m e n t   i l l u s t r a t e d   in  F i g u r e   4B,  t h e   beam  p o i n t i n g  

a n g l e   is  g e n e r a l l y   n o t   0°  and  t he   beam  r a d i a t e d   b y  

m a n i f o l d   200  is  no t   p e r p e n d i c u l a r   to  p a t h   204  b e c a u s e  

of  t h e   n o n e q u a l   p h a s i n g   of  t h e   g r o u p s   of  s l o t s .   F o r  

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

o p e r a t i n g   f r e q u e n c y   of   5 . 0 6 G H z   ( i . e .  À   =  2 . 3 3   i n c h e s )  

and  a  g r o u p   s p a c i n g   (dg)   of   5 . 9 7 "   wou ld   have   a  



m o n i t o r e d  b e a m   p o i n t i n g   a n g l e   of  1 1 . 2 5 ° .  

H o w e v e r ,   s l o t s   2 0 6 - 2 1 4   may  be  p h a s e d   t o  

a p p r o x i m a t e   any  beam  p o i n t i n g   a n g l e   d e s i r e d .   The 

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

s l o t s   o f  a   p a r t i c u l a r   m a n i f o l d   may  a p p r o x i m a t e   a r e  

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

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

p h a s i n g   of  m a n i f o l d   200  is  i n d e p e n d e n t   of  f r e q u e n c y  

and  c o u p l i n g   s l o t   s p a c i n g   ove r   the   o p e r a t i o n a l  

f r e q u e n c y   b a n d w i d t h .  

In  o r d e r   to  a c h i e v e   the   r e s u l t s   d e s c r i b e d  

a b o v e ,   i n p u t   c o n n e c t o r   205  is  i n i t i a l l y   m a t c h e d   t o  

w a v e g u i d e   200  as  i f   each   end  of  w a v e g u i d e   2 0 0  

t e r m i n a t e d   in  a  n o n - r e f l e c t i n g   a b s o r b e r   as  shown  i n  

the   p r i o r   a r t   i l l u s t r a t e d   in  f i g u r e   1.  Such  a  m a t c h e d  

c o n n e c t o r  2 0 5   is  e m p l o y e d   w i t h   w a v e g u i d e   2 0 0  

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

2  t h e r e b y   r e s u l t i n g   in  t he   r e s o n a n t   s t a n d i n g   wave  a s  

shown  in  f i g u r e   9 .  

To.  a c h i e v e   the   i n - p h a s e   c o n d i t i o n   of  t h e  

a d j a c e n t   c o u p l i n g   s l o t s   of  w a v e g u i d e   200 ,   t he   r e q u i r e d  

w a v e g u i d e   w a v e l e n g t h   λg  is  t w i c e   the   s p a c i n g   d 

b e t w e e n   c o u p l i n g   s l o t s   2 0 6 - 2 1 4 .   Th i s   s p a c i n g   d  i s  

d e t e r m i n e d   by  the   r a d i a t i n g   c h a r a c t e r i s t i c s   of  t h e  

p h a s e d   a r r a y   a n t e n n a   a s s o c i a t e d   w i t h   w a v e g u i d e   200  a n d  



is  t y p i c a l l y   s l i g h t l y   l a r g e r   t han   1 /2   w a v e l e n g t h .   F o r  

the   M i c r o w a v e   L a n d i n g   S y s t e m   e l e v a t i o n   p h a s e d   a r r a y  

a n t e n n a ,   r i d g e   l o a d i n g   as  shown  in  F i g u r e   6  is  used   t o  

o b t a i n   t h i s   r e s u l t .   In  p a r t i c u l a r ,   o p p o s i n g   r i d g e s  

250R  and  260R  a re   l o c a t e d   w i t h i n   w a v e g u i d e   200R  f o r  

e l i m i n a t i n g   odd  mode  r e s o n a n c e   which   may  d i s t u r b   t h e  

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

The  maximum  l e n g t h ,   L,  of   a  m a n i f o l d  

a c c o r d i n g   to  the   i n v e n t i o n   is  l i m i t e d   by  t h e  

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

a n t e n n a   w i t h   which   i t   is  a s s o c i a t e d .   To  l i m i t   t h e  

beam  d i s t o r t i o n s   c a u s e d   by  a m p l i t u d e   t a p e r   at   t he   b a n d  

e d g e s ,   l e n g t h   L ' s h o u l d   no t   e x c e e d   the   v a l u e   g i v e n  

b e l o w :  

For  the   ICAO  s t a n d a r d   M i c r o w a v e   L a n d i n g   S y s t e m  

b a n d w i d t h ,   L  is   g i v e n   a p p r o x i m a t e l y   b y :  



where   Δ f / f o   is  the   f r a c t i o n a l   d e s i g n   b a n d w i d t h   p l u s  

a  m a r g i n   for  f a b r i c a t i o n   t o l e r a n c e s .  

For  A f / f o   =  . 0 1 6 5 ,   L  =  3 0 . 3   λg.  For  l a r g e r   a r r a y s   on 

the   o r d e r   of  60  λg,  two  s i m i l a r   m a n i f o l d s   can  b e  

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

l i n e s .  

F i g u r e   12  i l l u s t r a t e s   w a v e g u i d e   200R  i n  

a s s o c i a t i o n   w i t h   w a v e g u i d e   300  such   as  d e s c i b e d   b y  

U.S.   P a t e n t   No.  3 , 9 0 3 , 5 2 4 ,   owned  by  H a z e l t i n e  

C o r p o r a t i o n .   W a v e g u i d e   300  may  be  one  of  a 

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

a z i m u t h   a n t e n n a   of  a  M i c r o w a v e   L a n d i n g   Sys t em  (MLS) 

g r o u n d   s y s t e m .   Such  a  g r o u n d   s y s t e m   r e q u i r e s  

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

p r o v i d e   such   m o n i t o r i n g ,   w a v e g u i d e   200R  f u n c t i o n s   as  a 

m a n i f o l d   and  is  a s s o c i a t e d   w i t h   each  of  the  p a r a l l e l  

w a v e g u i d e s   300 .   Ridge   l o a d i n g   in  w a v e g u i d e   200R  i n  

the   form  of   r i d g e s   250R  and  260R  is  used   to  match  t h e  

g u i d e   w a v e l e n g t h   of  w a v e g u i d e   200  to  the   r e q u i r e d  

s p a c i n g   of   r a d i a t i n g   w a v e g u i d e s   300.   S p e c i f i c a l l y ,  

w a v e g u i d e   300  wi th   p o l a r i z e d   r a d i a t i n g   s l o t s   301  has  a 

n o n - p o l a r i z e d   o p e n i n g   302  c o u p l e d   to  s l o t   208R.   O t h e r  

v e r t i c a l   w a v e g u i d e s   wou ld   be  c o u p l e d   to  s l o t s   206R  a n d  

2 0 7 R .  



F i g u r e   13  i l l u s t r a t e s   a n o t h e r   MLS  g r o u n d  

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

h o l e s   506R,   507R  and  508R  in  b r o a d  w a l l   509R  o f  

w a v e g u i d e   500R  and  h a v i n g   r i d g e   510R  on  b r o a d   w a l l  

511R.   The  n o n - p o l a r i z e d   h o l e s   are  c o u p l e d   t o _  p a r a l l e l  

r a d i a t i n g   w a v e g u i d e s   such   as  w a v e g u i d e   300  b y  

p o l a r i z e d   s l o t   303 .   For  t h i s   c o n f i g u r a t i o n   t h e  

r e q u i r e d   180  d e g r e e   p h a s e   r e v e r s a l s   b e t w e e n  a d j a c e n t  

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

w a v e g u i d e   300 .   A d j a c e n t   w a v e g u i d e s   300  have  a  1 8 0 °  

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

3 0 3 .  

F i g u r e  1 4   i l l u s t r a t e s   a n o t h e r   MLS  g r o u n d  

s y s t e m   c o u p l i n g   c o n f i g u r a t i o n   w h e r e i n   s l o t s   206 ,   2 0 6 a ,  

207 ,   2 0 7 a ,   208 ,   2 0 8 a ,   a r e   c o u p l e d   to  d i p o l e   a r r a y   4 0 0  

which   may  f u n c t i o n   as  an  MLS  e l e v a t i o n   a n t e n n a .  

A l t h o u g h   t h i s   i n v e n t i o n   has  been  p a r t i c u l a r l y  

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

m a n i f o l d ,   i t   may  be  u s e d   as  an  a z i m u t h   m a n i f o l d   o r  

e t h e r   a r r a y   m o n i t o r .  



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

(200)   f o r   d i r e c t i n g   e l e c t r o m a g n e t i c   e n e r g y   in  a 

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

and  s e c o n d   e n d s ;   and  e l e m e n t s   ( 2 0 6 - 2 1 4 )   a s s o c i a t e d  

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

(a)   a  t r a n s d u c e r   ( 2 0 3 )   a s s o c i a t e d   w i t h   s a i d  

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

t h e   p r e d e t e r m i n e d   f r e q u e n c y   r a n g e   i n t o   an  e l e c t r i c a l  

s i g n a l   h a v i n g   a  c o r r e s p o n d i n g   f r e q u e n c y   and  v i c e   v e r s a ,  
s a i d   t r a n s d u c e r   h a v i n g   an  i m p e d a n c e   wh ich   is  m a t c h e d  

to  s a i d   l i n e   as  i f   s a i d   l i n e   had  s u b s t a n t i a l l y   n o n -  

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

ends   t h e r e o f ;  

(b)  a  f i r s t   s h o r t   c i r c u i t   (201)   at  t he   f i r s t  

end  of  s a i d   l i n e ;   a n d  

(c)  a  s e c o n d   s h o r t   c i r c u i t   (202)   at  t h e   s e c o n d  

end  of  s a i d   l i n e .  

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

a d j a c e n t   e l e m e n t s   ( F i g .   4A)  have  d i f f e r e n t   p h a s e s .  

3.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   1  or  c l a i m   2 

w h e r e i n   s a i d   t r a n s m i s s i o n   l i n e   (200)   c o m p r i s e s   an  

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

c o m p r i s e   o p e n i n g s   ( 2 0 6 - 2 1 4 ,   5 0 6 - 5 0 8 )   in  s a i d   m e m b e r .  

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

e l e c t r i c a l l y   c o n d u c t i v e   h o l l o w   member  is   a  l i n e a r  

w a v e g u i d e   of  r e c t a n g u l a r   c r o s s - s e c t i o n   ( F i g u r e s   5 



and  6)  and  s a i d   o p e n i n g s   c o m p r i s e  a   l i n e a r   a r r a y  o f  

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

w a v e g u i d e   w a v e l e n g t h   of  s a i d   member  ( F i g u r e   3 ) .  

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

t r a n s d u c e r   c o m p r i s e s   a  c o n n e c t o r   ( 203)   p r o j e c t i n g  

i n t o   s a i d   m e m b e r .  

6.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   5  f u r t h e r  

i n c l u d i n g   a  c i r c u i t   ( 215 )   f o r   i s o l a t i n g   f rom  t he   w a v e -  

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

7.  A p p a r a t u s   a c o r d i n g   to  a n y  o n e   of  c l a i m s   4  t o  

6  w h e r e i n   s a i d   f i r s t   s h o r t   c i r c u i t   ( 201 )   c o m p r i s e s  

f  f i r s t   e l e c t r i c a l l y   c o n d u c t i v e   member  s u b s t a n t i a l l y  

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

a t t a c h e d   to  t h e   f i r s t   end ,   and  s a i d   s e c o n d   s h o r t  

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

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

s a i d   w a v e g u i d e   and  a t t a c h e d   to  t he   s e c o n d   e n d  

F i g u r e   3 ) .  

8.  A p p a r a t u s   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   1 

to  7  w h e r e i n   a d j a c e n t   e l e m e n t s   h a v e  o p p o s i t e   p h a s e s  

( F i g u r e   4 A ) .  

9.  A p p a r a t u s   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   1 

to  8  f u r t h e r   i n c l u d i n g   a p p a r a t u s   ( 2 5 0 , 2 6 0 )   f o r  

e l i m i n a t i n g   odd  mode  r e s o n a n c e   t h e r e b y   r e d u c i n g  

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

e x c i t a t i o n s .  



10.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   9  w h e r e i n   s a i d  

a p p a r a t u s   f o r   e l i m i n a t i n g   c o m p r i s e s   a  r i d g e   ( 2 5 0 ,  

260)  l o c a t e d   w i t h i n   s a i d   m e m b e r .  

11.  A p p a r a t u s   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   1 

to  10  c o m p r i s i n g :   g r o u p s   ( A , B , C ,   D)  of  e l e m e n t s  

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

have  d i f f e r e n t   p h a s e   ( F i g u r e   4B) ,   each   g r o u p   h a v i n g  

N  e l e m e n t s   w h e r e i n   a d j a c e n t   e l e m e n t s   w i t h i n   each   g r o u p  

have  d i f f e r e n t   p h a s e s ,   w h e r e   N  is  a  p o s i t i v e   e v e n  

i n t e g e r   g r e a t e r   t h a n   one ;   w h e r e b y   s u p p l y i n g   an 

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

p r e d e t e r m i n e d   f r e q u e n c y   r a n g e   to  t he   t r a n s d u c e r   r e s u l t s  

in  t h e   e l e m e n t s   r a d i a t i n g   a  beam  w h i c h   is  n o t  

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

12.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   11  w h e r e i n   s a i d  
e l e m e n t s   a re   w a v e g u i d e   s l o t s   c o n f i g u r e d   to  a p p r o x i m a t e  

a  beam  p o i n t i n g   a n g l e   of  a p p r o x i m a t e l y   1 1 . 2 5 ° ( F i g u r e  
4 B ) .  

13.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   11  or  c l a i m   12 
w h e r e i n   a d j a c e n t   g r o u p s   (AB,BC,CD)   of  e l e m e n t s   h a v e  
o p p o s i t e   p h a s e s   and  a d j a c e n t   e l e m e n t s   w i t h i n   e a c h  

g r o u p   have  o p p o s i t e   p h a s e s   ( F i g u r e   4 B ) .  
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