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©  An  earth  terminal  for  satellite  communication  systems. 
©  An  earth  terminal  for  a  geostationary  satellite  communi- 
cation  system  incorporates  an  oval  or  elliptical  shaped 
antenna  1  whose  horizonal  dimension  d,  is  greater  than  its 
vertical  dimension  d2.  The  relatively  small  dimension  d2 
facilitates  transportation  of  the  antenna  whilst  giving  a  beam 
shape  which  is  broader  in  a  direction  perpendicular  to  the 

geostationary  orbit  of  the  satellite  than  in  a  direction  parallel 
thereto.  This  special  beam  shape  accommodates  small 
movements  of  the  satellite  perpendicular  to  the  orbit  whilst 
giving  the  necessary  angular  resolution  in  the  direction  of 
the  orbit  to  avoid  interference  with  other  satellites  in  the 
geostationary  orbit. 
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T h i s   i n v e n t i o n   r e l a t e s   to  an  e a r t h   t e r m i n a l   f o r  

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

The  i n v e n t i o n   a r o s e   in  the   d e s i g n   of  a  r o a d  

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

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

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

r o a d   t r a n s p o r t ,   p r e s e n t e d   no  i n s u r m o u n t a b l e   p r o b l e m s   i n  

t h i s   r e s p e c t .   H o w e v e r ,   w i t h   the   i n c r e a s i n g   number   o f  

c o m m u n i c a t i o n   s a t e l l i t e s   i t   has   now  become   n e c e s s a r y   t o  

use   more  h i g h l y   d i r e c t i o n a l   a n t e n n a s   to  p r e v e n t  

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

s y s t e m s .  

In  o r d e r   to  mee t   t he   r e q u i r e m e n t   f o r   i m p r o v e d  

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

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

a p p a r e n t   t h a t   t h i s   c o u l d   no t   be  t r a n s p o r t e d   by  r o a d  

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

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

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

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

T h i s   i n v e n t i o n   p r o v i d e s   an  e a r t h   t e r m i n a l   f o r   a  

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

s y s t e m   d e s i g n e d   and  a r r a n g e d   so  t h a t   t he   main   l o b e   o f  

i t ' s   g a i n   c h a r a c t e r i s t i c s   i s   b r o a d e r   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 h e   o r b i t   of  t he   s a t e l l i t e   t h a n   in  t h e  

d i r e c t i o n   of  t h e   o r b i t   of  t he   s a t e l l i t e .   For   t h i s  



r e a s o n   t h e   i d e a   of  h a v i n g   one  d i m e n s i o n   of  t h e  

r e f l e c t o r   ( t h e   h o r i z o n t a l   d i m e n s i o n )   g r e a t e r   t h a n   t h e  

o t h e r   was  p r o p o s e d .   S u r p r i s i n g l y   i t   was  f o u n d   t h a t   t h e  

l i m i t a t i o n   on  t h e   s e c o n d   d i m e n s i o n   d o e s   no t   p r e s e n t   a  

p r o b l e m .  T h i s   i s   b e c a u s e   many  c o m m u n i c a t i o n   s a t e l l i t e s  

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

common  e q u a t o r i a l   g r e a t   c i r c l e   and  w i l l   t h u s   be  s e e n  

to  l i e   in   a  c o n t i n u o u s   l i n e   when  v i e w e d   f rom  any  p a r t  

of  t h e   e a r t h ' s   s u r f a c e ,   t h i s   l i n e   e x t e n d i n g   f o r  

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

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

l i n e   ( i . e . ,   in   e l e v a t i o n )   and  due  to  t h e   r e l a t i v e l y  

s m a l l   " s e c o n d "   d i m e n s i o n   of  t h e   a n t e n n a   r e f l e c t o r  

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

s a t e l l i t e s .  

A c c o r d i n g l y   t h e   i n v e n t i o n   p r o v i d e s   an  e a r t h  

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

c o m p r i s i n g   an  a n t e n n a   s y s t e m   d e s i g n e d   and  a r r a n g e d   s o  

t h a t   t h e   main   l o b e   of  i t ' s   g a i n   c h a r a c t e r i s t i c s   i s  

b r o a d e r   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 h e   o r b i t   o f  

t h e   s a t e l l i t e   t h a n   in   t h e   d i r e c t i o n   of  t h e   o r b i t   of   t h e  

s a t e l l i t e .  

B e c a u s e   of   i n a c c u r a c i e s   in  p o s i t i o n i n g  

g e o s t a t i o n a r y   s a t e l l i t e s   t h e y   do  no t   a p p e a r ,   to   a n  

o b s e r v e r   on  t h e   g r o u n d ,   to  be  t r u l y   s t a t i o n a r y   b u t  

r a t h e r   move  a b o u t   in  a  r e g i o n  e x t e n d i n g   b o t h   in  t h e  

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

t h e r e t o .   For   t h i s   r e a s o n   an  e a r t h   t e r m i n a l ,   i n  



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

means  f o r   t r a c k i n g   the   s a t e l l i t e   in  the   d i r e c t i o n   o f  

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

the   a n t e n n a   in  a z i m u t h .   T h i s   i s   d e s i r a b l e   b e c a u s e   t h e  

h i g h l y   d i r e c t i o n a l   c h a r a c t e r i s t i c s   of  t he   a n t e n n a   i n  

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

b e a m w i d t h   d o e s   no t   s i m u l t a n e o u s l y   i l l u m i n a t e   the   w h o l e  

of  t he   a r e a   of  m o v e m e n t   of  t he   s a t e l l i t e .   The  a z i m u t h  

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

of  t he   s y s t e m   when  i t   a r r i v e s   at  i t ' s   d e s t i n a t i o n   s i n c e  

i t   e l i m i n a t e s   t he   n e e d   to  s e t   t h e   a z i m u t h   of  t h e  

b o r e s i g h t   of  t h e   a n t e n n a   a c c u r a t e l y   to  t he   known  c e n t r e  

of  movement   of  t he   s a t e l l i t e .   T h i s   has   p r e v i o u s l y   b e e n  

a  p r o b l e m   in  t r a n s p o r t a b l e   s a t e l l i t e   c o m m u n i c a t i o n  

s y s t e m s   b e c a u s e   of  t he   d i f f i c u l t y   in  o b t a i n i n g   a n  

a c c u r a t e   a z i m u t h   r e f e r e n c e .   I t   w o u l d   a l s o   be  a  p r o b l e m  

in  d o m e s t i c ,   c o m m u n i t y   and  l i k e   t e r m i n a l s   d e s i g n e d   j u s t  

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

i n s t a l l a t i o n   i s   i m p o r t a n t   f o r   c o s t   r e a s o n s .  -   T h e  

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

t r a n s p o r t a b l e   s y s t e m s   can   t h u s   be  u s e f u l l y   a p p l i e d   t o  

some  f i x e d   s y s t e m s .   A l s o ,   i t   i s   a p p a r e n t   f rom  t h e  

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

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

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

to  p h a s e d   a r r a y   a n t e n n a s .  



The  e a r t h   t e r m i n a l   of  t h i s   i n v e n t i o n   p r e f e r a b l y  

d o e s   no t   i n c l u d e   means   f o r   t r a c k i n g   t h e   s a t e l l i t e   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   o r b i t ,   wh ich   w i l l  

n o r m a l l y   be  in  e l e v a t i o n .   The  c o s t   of  i n c l u d i n g   a n  

e l e v a t i o n   t r a c k i n g   s y s t e m   i s   no t   c o n s i d e r e d   n e c e s s a r y  

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

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

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

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

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

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

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

a p p l y   to   s e t t i n g   t h e   e l e v a t i o n .  

In  o r d e r   to  i m p r o v e   f u r t h e r   t h e   e a s e   w i t h   w h i c h  

t h e   a n t e n n a   can   be  t r a n s p o r t e d   t h e   s u b - r e f l e c t o r   a n d  

p r e f e r a b l y   a l s o   t h e   f e e d   a r e   m o u n t e d   on  a  p i v o t t e d  

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

c l o s e   to  t h e   ma in   r e f l e c t o r .   T h i s   makes   a  c o m p a c t  

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

w h o l e   a s s e m b l y   i s   f o r m e d   as  p a r t   of  a  r o a d   t r a i l e r   o r  

v e h i c l e ,   or  f o r   s t o r a g e   in  a  s t a n d a r d   c o n t a i n e r ,   or  f o r  

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

T h u s ,   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   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  t r a n s p o r t a b l e   a n t e n n a   c o m p r i s i n g   a  

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

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

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



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

r e f l e c t o r   so  as  to  e n a b l e   t he   s u b - r e f l e c t o r   to  b e  

p i v o t t e d   from  an  o p e r a t i o n a l   p o s i t i o n   where   i t   i s  

s p a c e d   f rom  t h e   main  r e f l e c t o r   to  a  p o s i t i o n   f o r  

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

t he   main  r e f l e c t o r .  

To  a v o i d   i n t e f e r e n c e   w i t h   o t h e r   c o m m u n i c a t i o n  

s y s t e m s   e m p l o y i n g   f o r   e x a m p l e   an  a d j a c e n t   s a t e l l i t e   i n  

t he   g e o s t a t i o n a r y   o r b i t   i t   may  be  r e q u i r e d   t h a t   t h e  

e a r t h   t e r m i n a l   t r a n s m i t   a  v e r y   low  amoun t   of  r a d i a t i o n  

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

a n t e n n a .   A n o t h e r   a s p e c t   of  t h e   i n v e n t i o n   a ims  to  m e e t  

t h i s   r e q u i r e m e n t   and  p r o v i d e s   a  d u a l - r e f l e c t o r   a n t e n n a  

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

i l l u m i n a t e d   by  t h e   f e e d   and  a  main   r e f l e c t o r   a r r a n g e d  

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

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

an  a n n u l a r   r e g i o n   of  s h i e l d i n g   b e t w e e n   t he   f e e d   and  t h e  

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

w h i c h   w o u l d   o t h e r w i s e   m i s s   t h e   s u b - r e f l e c t o r .  

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

a n t e n n a   ( i . e . ,   C a s s e g r a i n   or  G r e g o r i a n )   w h e t h e r   or  n o t  

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

t e c h n i q u e   can  a c h i e v e   a  s u b s t a n t i a l   r e d u c t i o n   i n  

" s p i l l o v e r "   i . e . ,   r a d i a t i o n   m i s s i n g   t he   s u b - r e f l e c t o r ,  

t h e r e b y   r e d u c i n g   t h e   a m o u n t   of  r a d i a t i o n   e m i t t e d   i n  

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



p r e f e r a b l y   has  the   e f f e c t   of  r e d u c i n g   t he   i n t e n s i t y   o f  

r a d i a t i o n   in  t he   e d g e   r e g i o n s   of  t he   main  r e f l e c t o r  

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

l a t t e r .  

One  way  in   w h i c h   t h e   i n v e n t i o n   may  be  p e r f o r m e d  

w i l l   now  be  d e s c r i b e d   w i t h   r e f e r e n c e   to  t h e  

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

F i g u r e   1  i s   a  s c h e m a t i c   p e r s p e c t i v e   v i e w   of  a  r o a d  

t r a n s p o r t a b l e   a n t e n n a   f o r m i n g   p a r t   of  a  s a t e l l i t e  

c o m m u n i c a t i o n   s y s t e m   f o r   any  form  of  s a t e l l i t e  

c o m m u n i c a t i o n ;  

a n d  

F i g u r e   2  i l l u s t r a t e s   s c h e m a t i c a l l y   t h e  

r e l a t i o n s h i p   of  t h e   beam  s h a p e   of  t h e   a n t e n n a  

shown  in  F i g u r e   1  w i t h   t h e   l o c u s   of  m o v e m e n t   o f  

t h e   s a t e l l i t e .  

R e f e r r i n g   to  F i g u r e s  1   of  t h e   d r a w i n g s   t h e r e   i s  

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

a n t e n n a   w i t h   an  e l l i p t i c a l   main  r e f l e c t o r  1   h a v i n g   a- 

f i r s t   maximum  d i m e n s i o n   dl   in   t h e   h o r i z o n t a l   p l a n e   a n d  

a  s e c o n d  m i n i m u m   d i m e n s i o n   d2  in   an  o r t h o g o n a l   p l a n e .  

The  r e f l e c t o r   1  has   l u g s   one  of  w h i c h   i s   shown  a t   2  b y  

w h i c h   i t   i s   p i v o t t e d   a b o u t   a  h o r i z o n t a l   a x i s   on  a  

t u r n t a b l e   3  w h i c h   can   be  r o t a t e d   a b o u t   an  o r t h o g o n a l  

v e r t i c a l   a x i s   on  a  f r a m e  4   w h i c h   f o r m s   p a r t   of  a  r o a d  

t r a i l e r .   The  t r a i l e r   c a r r i e s   a  t e l e v i s i o n   t r a n s c e i v e r   5 

f rom  w h i c h   e n e r g y   to   be  t r a n s m i t t e d   i s   f ed   a l o n g   a  



f l e x i b l e   w a v e g u i d e   6  to  a  f e e d   horn   8.  From  the   ho rn   8 

t he   e n e r g y   is  d i r e c t e d   t h r o u g h   a  s h i e l d i n g   d e v i c e   9 

o n t o   an  o f f s e t   c o n c a v e   s u b - r e f l e c t o r   10  and  t h e n   to  t h e  

main  r e f l e c t o r   1.  The  f e e d   ho rn   8,  s h i e l d i n g   d e v i c e   9 

and  s u b - r e f l e c t o r   10  a r e   m o u n t e d   on  a  f r a m e w o r k   11 

w h i c h   i s   p i v o t t e d ,   a b o u t   a  h o r i z o n t a l   a x i s ,   on  l u g s   12 

f i x e d   to  t he   r e f l e c t o r   1.  The  f r a m e w o r k   i s   h e l d   at   t h e  

i l l u s t r a t e d   p o s i t i o n   by  r e m o v a b l e   s t a y s   13  e a c h   s e c u r e d  

a t   one  end  to  f r a m e w o r k   11  and  a t   t h e   o t h e r   end  to  a  

l ug   14  a l s o   f i x e d   to  t he   r e f l e c t o r .   The  f e e d   h o r n   8 ,  

s h i e l d i n g   d e v i c e   9  and  s u b - r e f l e c t o r   10  a r e   d e s i g n e d   s o  

as  to  i l l u m i n a t e   s u b s t a n t i a l l y   t h e   w h o l e   of  t h e   m a i n  

r e f l e c t o r   1.  The  l a r g e r   d i a m e t e r   dl  r e s u l t s   in  a  

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

e l e v a t i o n   by  t h e   s m a l l e r   d i a m e t e r   d2 .   The  s u b -  

r e f l e c t o r   10  is   d e s i g n e d   to  s p r e a d   t he   e n e r g y   a r r i v i n g  

f rom  t h e   h o r n  8   a c r o s s   t h e   a x e s   dl   and  d2  of  t h e  

r e f l e c t o r   1  in  s u c h   a  way  t h a t   t he   e n e r g y   i s -   t a p e r e d  

f rom  t he   c e n t r e   of  t h e   r e f l e c t o r   to  t h e   e d g e s   to  a  

g r e a t e r   e x t e n t   in  t h e   d i m e n s i o n   d1  t h a n   in   t h e  

d i m e n s i o n   d2.  I t   i s   d e s i r a b l e   to  a c c o m p l i s h   t h i s  

b e c a u s e   t he   g r e a t e r   t a p e r   in  d i r e c t i o n   d1  w i l l   r e s u l t  

in  a  r e l a t i v e l y   l o w e r   l e v e l   of  s i d e l o b e s ,   w h i l e   t h e  

l e s s e r   t a p e r   in  d2,   w h i l s t   r e s u l t i n g   in  h i g h e r  

s i d e l o b e s ,   a s s i s t s   in  m a i n t a i n i n g   the   h i g h e s t   p o s s i b l e  

d i r e c t i o n a l i t y   f rom  t h e   c o m p l e t e   a p e r t u r e .  

The  p u r p o s e   of  t h e   s h i e l d i n g   d e v i c e   9,  s u p p o r t e d  



b e t w e e n   t h e   h o r n   8  and  r e f l e c t o r   10  on  s t r u t s   11A 

f o r m i n g   p a r t   of  the   f r a m e w o r k   11,   i s   to  a c t   as  a n  

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

o t h e r w i s e   m i s s   t he   s u b - r e f l e c t o r   10.   I t   a l s o   r e d u c e s  

the   r a d i a t i o n   i n t e n s i t y   a t   t h e   e d g e s   of  t he   s u b -  

r e f l e c t o r   and  t h e r e f o r e   in   t h e   r e g i o n   of  t h e   e d g e s   o f  

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

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

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

r e f l e c t o r s   i s   c a l l e d   " s p i l l - o v e r "   and  i t   i s   d e s i r a b l e  

to  r e d u c e   t h i s   as  much  as  p o s s i b l e   to   m i n i m i s e  

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

s y s t e m s .   The  s h i e l d i n g   d e v i c e   9  i s ,   as  shown  on  F i g u r e  

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

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

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

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

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

t he   main   r e f l e c t o r .  

The  m a i n   l o b e   of  t he   t r a n s m i t t e d   beam  i s   s h o w n  

s c h e m a t i c a l l y   by  t h e   s h a d e d   a r e a   1 5  o n   F i g u r e   2.  I t ' s  

b o r e s i g h t   16  i s   shown  a l i g n e d   w i t h   a  s a t e l l i t e   17  w h i c h  

moves  w i t h i n   a  r o u g h l y   s q u a r e   r e g i o n   18  c e n t r e d   on  a  

g e o s t a t i o n a r y   o r b i t   19  of  t he   s a t e l l i t e   1 7 .  

B e f o r e   d e p l o y m e n t ,   t h e   r e f l e c t o r   1  l i e s  

s u b s t a n t i a l l y   h o r i z o n t a l l y   on  t h e   f r a m e   4,  t h e   s t a y s   1 3  

a r e   s t o w e d   away ,   and  the   f r a m e w o r k   11  i s   f o l d e d   so  a s  



to  l i e   a g a i n s t   the   r e f l e c t o r .   An  e x t e n s i o n   11B  of  t h e  

f r a m e w o r k   11  e x t e n d s   t h r o u g h   a  h o l e   1A  of  the   r e f l e c t o r  

1  and  i s   s e c u r e d   t h e r e t o   by  a  c a t c h   m e c h a n i s m   ( n o t  

shown)   b e h i n d   t h e   r e f l e c t o r .  

When  t h e   i l l u s t r a t e d   t r a n s m i t t e r   i s   to  be  d e p l o y e d  

the   r e f l e c t o r   1  i s   t i l t e d   in   e l e v a t i o n   on  i t s   l u g s   2  b y  

m a n u a l l y   o p e r a t e d   j a c k s   shown  s c h e m a t i c a l l y   a t   20  a n d  

is   r o t a t e d   in   a z i m u t h   u s i n g   t h e   t u r n t a b l e   3  and  a  s e r v o  

m e c h a n i s m   3A  w h i c h   e n g a g e s   t e e t h   on  t he   edge  of  t h e  

t u r n t a b l e .   An  a c c u r a t e   i n c l i n a t i o n   s e n s i n g   i n s t r u m e n t  

1B  i s   u s e d   to  e n a b l e   t h e   b o r e s i g h t   16  to  be  s e t   a t   t h e  

e l e v a t i o n   of  t h e   s a t e l l i t e   w h i c h   w i l l   u s u a l l y   be  a s  

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

o r b i t   19.  The  a z i m u t h   i s   t h e n   s e t   r o u g h l y   to  t h e  

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

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

by  an  o p e r a t o r   u n t i l   t h e   s a t e l l i t e   has   b e e n   a c q u i r e d .  

F o l l o w i n g   t h i s   t h e   s a t e l l i t e   i s   a u t o m a t i c a l l y   t r a c k e d  

in  a z i m u t h   d u r i n g   m o v e m e n t s   f rom  one  s i d e   to  a n o t h e r   o f  

the   s q u a r e   18.   The  t r a c k i n g   i s   e f f e c t e d   by  a u t o m a t i c  

r o t a t i o n   of  t u r n t a b l e   3  by  t h e   s e r v o   m e c h a n i s m   3A  u n d e r  

the   c o n t r o l   of  t h e   t r a n c e i v e r   5  v i a   l i n e   5 A .  

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

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

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

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

t h a t   shown  at  21  on  F i g u r e   2  i s   a v o i d e d .   D e p l o y m e n t   o f  



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

the   a z i m u t h   t r a c k i n g   s y s t e m   w h i c h   p r o v i d e s   t h e  

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

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

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

s a t e l l i t e .   F i n a l l y   of  c o u r s e   t h e   s h a p e   of  t he   a n t e n n a  

e n a b l e s   i t ,   and  i t ' s   t r a n s p o r t e r ,   to  t r a v e l   u n d e r   m o s t  

r o a d   b r i d g e s   and  o v e r h e a d   o b s t a c l e s   o r ,   in  a  s l i g h t l y  

m o d i f i e d   v e r s i o n   to  be  c a r r i e d   by  a i r .  

In  p r a c t i c e   i t   i s   e n v i s a g e d   t h a t   t h e   a n t e n n a   w i l l  

be  n e e d e d   in  c i r c u m s t a n c e s   when  t h e   g e o s t a t i o n a r y   o r b i t  

19  makes   an  a n g l e   of  no  more  t h a n   45°  w i t h   t h e  

h o r i z o n t a l   in   t h e   r e g i o n   7.  In  s u c h   c i r c u m s t a n c e s  

l i t t l e   p e n a l t y   i s   p a i d   in  u s i n g   an  a n t e n n a   w i t h   i t s  

m a j o r   a x i s   p e m a n e n t l y   h o r i z o n t a l   as  in   t h e   i l l u s t r a t e d  

e x a m p l e .   T h e r e   may  h o w e v e r   be  c i r c u m s t a n c e s   w h e r e   i t  

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

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

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

t h e   f e a t u r e s   a l r e a d y   d e s c r i b e d   i f   t h e   a x i s   d l   i s  

i n c l i n e d   so  t h a t   i t   l i e s   e f f e c t i v e l y   t a n g e n t i a l   to  t h e  

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

v i e w e d   f rom  t h e   a n t e n n a .   Such  an  i n c l i n e d   m o u n t i n g  

a r r a n g e m e n t   can  be  a c h i e v e d   on  a  m o b i l e   i n s t a l l a t i o n :  

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

i n s t a l l a t i o n .  



1.  An  e a r t h   t e r m i n a l   f o r   a  s a t e l l i t e   c o m m u n i c a t i o n  

s y s t e m   c o m p r i s i n g   an  a n t e n n a   s y s t e m   d e s i g n e d   a n d  

a r r a n g e d   so  t h a t   t h e   main  l o b e   of  i t ' s   g a i n  

c h a r a c t e r i s t i c s   i s   b r o a d e r   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 h e   o r b i t   of  t he   s a t e l l i t e   t h a n   in  t h e   d i r e c t i o n   o f  

t h e   o r b i t   of  t he   s a t e l l i t e .  

2.  An  e a r t h   t e r m i n a l   a c c o r d i n g   to  C l a i m   1  i n c l u d i n g   a  

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

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

3.  An  e a r t h   t e r m i n a l   a c c o r d i n g   to  C l a i m   2  in   w h i c h  

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

4.  An  e a r t h   t e r m i n a l   a c c o r d i n g   to  C l a i m   2  or  3 

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

5.  An  e a r t h   t e r m i n a l   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m  

d e s i g n e d   so  t h a t   in  use   i t ' s   main  l o b e ,   or  a  p r i n c i p l e  

p a r t   t h e r e o f ,   e m b r a c e s   t he   w h o l e   of  t h e   r a n g e   o f  

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

b u t   o n l y   p a r t   - o f   t h e   r a n g e   of  m o v e m e n t s   of  t h e  

s a t e l l i t e   p a r a l l e l   to  i t s   o r b i t ,   t he   e a r t h   t e r m i n a l  

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

d i r e c t i o n   p a r a l l e l   to  t he   o r b i t   bu t   no t   in  t h e  

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

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

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

s u p p o r t i n g   s t r u c t u r e   a b o u t   o r t h o g o n a l   a x e s ,   a  s u b -  

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



s u b - r e f l e c t o r   and  p i v o t t e d   r e l a t i v e   to  t he   r e f l e c t o r   s o  

as  to  e n a b l e   t he   s u b - r e f l e c t o r   to  be  p i v o t t e d   f rom  a n  

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

r e f l e c t o r   to  a  p o s i t i o n   f o r   t r a n s p o r t a t i o n   w h e r e   i t   i s  

l o c a t e d   r e l a t i v e l y   c l o s e   to  t h e   main   r e f l e c t o r .  

7.  An  a n t e n n a   a c c o r d i n g   to  C l a i m   6  in   w h i c h   t h e   f e e d  

is   a l s o   c a r r i e d   on  t he   f r a m e .  

8.  An  a n t e n n a   a c c o r d i n g   to  C l a i m  6   or  7  in  w h i c h   a  

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

f e e d   and  t he   s u b - r e f l e c t o r   so  as  to  o b s t r u c t   s t r a y  

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

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

9.  An  a n t e n n a   a c c o r d i n g   to  C l a i m   8  in   w h i c h   t h e  

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

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

10.  An  a n t e n n a   a c c o r d i n g   to  C l a i m   5,  6  or  7  c o m p r i s i n g  

a  f l e x i b l e   w a v e g u i d e   c o n n e c t e d   to  t h e   f e e d .  

11.   A  d u a l - r e f l e c t o r   a n t e n n a   c o m p r i s i n g   a  f e e d ,   a  s u b -  

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

main   r e f l e c t o r   a r r a n g e d   to  r e c e i v e   t he   r a d i a t i o n   a f t e r  

r e f l e c t i o n   f rom  t h e   s u b - r e f l e c t o r ,   c h a r a c t e r i s e d   by  a  

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

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

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

o t h e r w i s e   m i s s   t he   s u b - r e f l e c t o r .  



12.  An  a n t e n n a   a c c o r d i n g   to  C l a i m   11  in  w h i c h   t h e  

s h i e l d i n g   d e v i c e   is  s u p p o r t e d   by  s t r u t s   on  a  f r a m e  

c a r r y i n g   the   f e e d   a n d / o r   t he   s u b - r e f l e c t o r .  

13.  An  a n t e n n a   a c c o r d i n g   to  C l a i m   11  or  12  in  w h i c h  

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

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

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

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