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©  Scanning  dual  reflector  antenna. 
©  An  antenna  system,  on  a  spacecraft  for  example, 
comprises  a  movable  reflector  dish  so  that  the  antenna 
pointing  direction  can  be  varied  or  scanned  and  a  fixed  feed. 
To  reduce  separation  of  the  feed  from  the  focal  point  of  the 
dish  during  such  scanning,  the  feed  is  positioned  at  the  point 
about  which  the  dish  is  movable  and  is  directed  towards  a 
convex  auxiliary  dish  fixed  to  and  movable  with  the  main 
dish  and  producing  a  virtual  image  of  the  feed  at  the  focal 
point  of  the  main  dish. 
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 A n   antenna  system,  on  a  spacecraft  for  example, 
comprises  a  movable  reflector  dish  so  that  the  antenna 
pointing  direction  can  be  varied  or  scanned  and  a  fixed  feed. 
To  reduce  separation  of  the  feed  from  the  focal  point  of  the 
dish  during  such  scanning,  the  feed  is  positioned  at  the  point 
about  which  the  dish  is  movable  and  is  directed  towards  a 
convex  auxiliary  dish  fixed  to  and  movable  with  the  main 
dish  and  producing  a  virtual  image  of  the  feed  at  the  focal 
point  of  the  main  dish. 



inis  i nven t ion   r e l a t e s   to  antenna  systems,  more  p a r t i c u l a r l y   b u t  

not  e x c l u s i v e l y ,   antenna  systems  for  use  on  board  s p a c e c r a f t   such  as  

communications  s a t e l l i t e s .  

It  is  d e s i r a b l e   to  be  able  to  vary  or  'scan'  the  p o i n t i n g  

d i r e c t i o n   of  an  antenna  on  a  s p a c e c r a f t   with  respect   to  t h e  

s p a c e c r a f t ,   ie  to  vary  the  antenna  po in t ing   d i r e c t i o n   without  v a r y i n g  

the  pos i t i on   of  the  s p a c e c r a f t   as  a  whole.  A  known,  advantageous  way 

of  doing  th i s   is  to  use  an  antenna  system  comprising  a  movable 

r e f l e c t o r   dish  but  a  f ixed  antenna  feed  (the  feed  being  the  horn ,  

waveguide  a p e r t u r e   or  the  l ike   from  which  the   communications  signal   i s  

emit ted  to  the  dish  or  which  rece ives   the  signal   from  the  dish).   The 

antenna  feed  should  be  pos i t i oned   at  the  focus  of  the  r e f l e c t o r   d i s h .  

However,  for  p r a c t i c a l   reasons,   the  movement  of  the  dish  to  scan  t h e  

antenna  po in t ing   d i r e c t i o n   will  not  be  about  th i s   focal  point .   Hence, 

during  such  scanning,   the  fixed  p o s i t i o n   of  the  feed  will  not  remain  

at  the  focal  point  and  there   will  be  a  loss  of  gain  and  pe r fo rmance .  

An  objec t   of  th i s   invent ion   is  to  s u b s t a n t i a l l y   reduce  or  even 

e l im ina t e   the  s e p a r a t i o n   of  the  focus  from  the  feed  during  movement  o f  

the  r e f l e c t o r .  

According  to  the  invent ion   the re   is  provided  an  antenna  sys t em 

comprising  support   means,  a  main  r a d i o - f r e q u e n c y   r e f l e c t o r   dish  o f  

which  the  r e f l e c t o r   surface   is  i ts   concave  surface,   an  a u x i l i a r y  

r a d i o - f r e q u e n c y   r e f l e c t o r   dish  of  which  the  r e f l e c t o r   surface   is  i t s  

convex  su r face ,   the  two  dishes  being  f ixed  with  respect   to  one  a n o t h e r  

with  the  r e f l e c t o r   sur faces   t he r eo f   facing  one  another,   the  two  d i s h e s  



being  supported  by  said  support  means  for  t o g e t h e r   tu rn ing   wi th  

r e spec t   to  the  support   means  about  a  point  lying  between  the  r e f l e c t o r  

s u r f a c e s ,   antenna  po in t ing   means  connected  to  the  r e f l e c t o r   dishes  and 

ope rab l e   for  c o n t r o l l i n g   said  tu rn ing   of  the  r e f l e c t o r   d ishes   to  p o i n t  

the  main  r e f l e c t o r   dish  in  a  des i red   d i r e c t i o n ,   and  antenna  feed  means 

which  is  f ixed  with  respec t   to  the  support   means  and  which  has  a 

po r t i on   at  l eas t   near  to  said  point  for  emi t t i ng   r a d i o - f r e q u e n c y  

energy  to  or  r e c e i v i n g   such  energy  from  said  main  r e f l e c t o r   dish  by 

way  of  said  a u x i l i a r y   r e f l e c t o r   d i s h .  

The  antenna  system  is  p a r t i c u l a r l y   s u i t a b l e   for  use  in  space  b u t  

may  be  useful  for  other   a p p l i c a t i o n s .   Cassegra in ,   Gregorian  and 

Newtonian  r e f l e c t o r   d ishes   may  be  used  as  well  as  o ther   forms  shaped 

for  a  p a r t i c u l a r   a p p l i c a t i o n .  

By  way  of  example,  one  embodiment  of  the  i nven t ion   will  now  be 

d e s c r i b e d   with  r e f e r e n c e   to  the  accompanying  f i g u r e s   in  which: -  

Figure  1  is fa  diagrammatic  view  of  an  antenna  system  on  board  a 

s p a c e c r a f t ,  

Figure  2  co r responds   to  f igure   1  but  shows  the  r e f l e c t o r s   of  t h e  

antenna  system  turned  to  point  the  antenna  beam  in  a  d i f f e r e n t  

d i r e c t i o n   with  r e spec t   to  the  s p a c e c r a f t ,   and 

Figure  3  shows  t yp i ca l   sum  and  d i f f e r e n c e   s ignal   s t r e n g t h s .  

Figure  1  shows  part   of  a  s p a c e c r a f t   1  to  which  the re   is  mounted 

a  Cassegra in   antenna  system  comprising  a  main  pa r abo l i c   r e f l e c t o r   d i s h  

2  and  an  a u x i l i a r y   r e f l e c t o r   dish  3  which  is  f ixed,   for  example  by  way 

of  support   arms  (not  shown),  to  the  main  dish  2  such  tha t   the  convex 

r e f l e c t o r   surface  of  the  dish  3  faces  the  concave  r e f l e c t o r   surface  o f  



d i s h  2 .   The  dish  2  is  f ixed  to  the  movable  part  4  of  a  s w a s h - p l a t e  

antenna  point ing   mechanism  of  which  a  fixed  part  5  is  supported  via  a 

hollow  cone-shaped  suppor t   p i l l a r   6  on  the  sur face   of  the  s p a c e c r a f t .  

The  antenna  po in t ing   mechanism  is  shown  only  d i a g r a m m a t i c a l l y   but  i t s  

c o n s t r u c t i o n   which  i nc ludes   a  s u i t a b l e   dr ive  motor  (not  shown)  and  i t s  

o p e r a t i o n   are  well  known  to  those  s k i l l e d   in  the  ar t .   Its  funct ion   i s  

to  permit  the  antenna  system  to  be  turned  so  tha t   the  d i r e c t i o n   of  t h e  

t r a n s m i s s i o n / r e c e p t i o n   beam  of  the  antenna  dish  2  can  be  varied  o r  

scanned  with  r e spec t   to  the  s p a c e c r a f t   as  shown  in  f igure   2.  A  f i x e d  

antenna  feed  horn  7,  communicating  via  a  waveguide  8  with  r a d i o  

communications  appara tus   (not  shown)  on  board  the  s p a c e c r a f t ,   i s  

p o s i t i o n e d   within  the  po in t ing   mechanism  so  as  to  feed  the  a n t e n n a  

dish  2  by  r e f l e c t i o n   from  the  a u x i l i a r y   dish  3.  The  e f f e c t   of  dish  3 

is  to  produce  a  v i r t u a l   image  of  the  horn  ape r tu re   at  point  9,  which 

point   is  at  l e a s t   near  the  focal  point  of  the  dish  2.  Meanwhile,  t h e  

horn  aper ture   is  in  fac t   p o s i t i o n e d   at  l e a s t   near  the  point  abou t  

which  the  antenna  dish  3  is  turned  by  the  antenna  po in t ing   mechanism. 

Thus,  desp i te   such  t u r n i n g ,   the  a p p a r e n t  p o s i t i o n   of  the  horn  a p e r t u r e  

(as  far  as  dish  3  is  concerned)  remains  at  the  proper  focal  p o i n t .  

Because  the  ma in  and   a u x i l i a r y   r e f l e c t o r   dishes  move  t o g e t h e r  

and  ro t a t e   as  a  unit  the re   are  no  d i s t o r t i o n s   in t roduced   when  the  beam 

scans.  Some  loss  of  gain  occurs  through  s p i l l o v e r   at  the  edges  of  t h e  

a u x i l i a r y   r e f l e c t o r   as  i l l u s t r a t e d   at  10  in  Figure  2  but  these  l o s s e s  

may  be  c o n t r o l l e d   by  i n c r e a s i n g   the  subtended  angle  of  the  a u x i l i a r y  

r e f l e c t o r   from  the  focus.  With  proper  design,   the  i l l u s t r a t e d   sys tem 

may  be  able  to  achieve  compara t ive ly   large  scans  with  low  loss  (eg  35 

beamwidths  with  an  approximate   1  dB  l o s s ) .  



The  centre   of  r o t a t i o n   of  the  r e f l e c t o r   dish  assembly  may  be 

d i s p l a c e d   somewhat  from  the  feed  horn  ape r tu re ,   say  to  accommodate 

o ther   system  design  f e a t u r e s ,   but  increased  d i s t o r t i o n   will  occu r .  

It  is  d e s i r a b l e   for  many  uses  to  be  able  to  control   the  a n t e n n a  

po in t ing   d i r e c t i o n   by  r e c e i v i n g   the  signal  from  a  beacon  s i ted   upon 

the  ear th   via  a  special   r.f.  sensing  part  of  the  antenna.  For  t h i s  

r .f .   sensing  components  (not  shown)  may  be  a t t ached   to  the  feed  horn .  

The  scanning  process  i n t roduces   asymmetry  into  the  main  r e f l e c t o r  

a p e r t u r e   i l l u m i n a t i o n   which  has  more  ser ious   e f f e c t s   upon  the  shape  o f  

a  d i f f e r e n c e   pa t te rn   (see  Figure  3)  than  a  sum  pa t t e rn .   To  c o r r e c t  

t h i s   asymmetry  a  combinat ion  of  sum  and  d i f f e r e n c e   pa t t e rn s   may  be 

used  t o   squint   the  r e c e p t i o n   beam  pa t te rn   of  the  beacon  s i g n a l  

r e c e i v i n g   components  so  as  to  follow  the  r o t a t i o n   of  the  a n t e n n a  

system  and  hence  c o r r e c t   the  asymmetry.  The  sum  and  d i f f e r e n c e  

p a t t e r n s   may  be  genera ted   by  e i t h e r   mul t ip le   horn  systems  or  mode 

e x t r a c t i o n   systems  in  which  the  s igna l s   are  obta ined  from  the  v a r i o u s  

modes  of  waveguide.  For  c i r c u l a r   waveguides,  the  modes  TEll  or  HEll  

are  normally  used  for  sum  signal   and  the  combinat ions   TM01/TE21,  dual  

TE21  and  TM01"TE01  as  the  d i f f e r e n c e   s ignal .   To  maintain   the  n u l l  

depth  whi l s t   scanning,  the  antenna  sum  and  d i f f e r e n c e   modes  are  added 

which  squint   the  f e e d  i l l u m i n a t i o n   to  follow  the  a u x i l i a r y   r e f l e c t o r .  

This  is  also  poss ib le   with  the  communications  signal   but  it  is  n o t  

u sua l l y   necessary .   The  add i t i on   of  sum  and  d i f f e r e n c e   modes  may  be 

made  in  several   ways.  The  modes  can  be  added  in  an  r.f.  compara to r ,  

in  a  m u l t i p l e x e r   modulator   or  at  low  frequency  or  baseband  within  t h e  

t r a c k i n g   r ece ive r .   The  sum  pa t t e rn   is  usua l ly   added  at  a  low  l e v e l  

(eg  20dB)  r e l a t i v e   to  the  d i f f e r e n c e   p a t t e r n .  



1.  An  antenna  system  comprising  support  means,  a  main 

r a d i o - f r e q u e n c y   r e f l e c t o r   dish  of  which  the  r e f l e c t o r   surface   is  i t s  

concave  su r face ,   an  a u x i l i a r y   r a d i o - f r e q u e n c y   r e f l e c t o r   dish  of  which 

the  r e f l e c t o r   surface   is  i ts   convex  sur face ,   the  two  dishes  be ing  

f ixed  with  respect   to  one  another   with  the  r e f l e c t o r   su r faces   t h e r e o f  

fac ing   one  another ,   the  two  dishes  being  supported  by  said  s u p p o r t  

means  for  t o g e t h e r   t u rn ing   with  respect   to  the  support   means  about  a 

point   lying  between  the  r e f l e c t o r   su r faces ,   antenna  point ing   means 

connected   to  the  r e f l e c t o r   dishes  and  operable   for  c o n t r o l l i n g   s a i d  

t u r n i n g   of  the  r e f l e c t o r   d ishes   to  point  the  main  r e f l e c t o r   dish  in  a 

d e s i r e d   d i r e c t i o n ,   and  antenna  feed  means  which  is  f ixed  with  r e s p e c t  

to  the  suppor t   means  and  which  has  a  port ion  at  l e a s t   near  to  s a i d  

point   for  emi t t ing   r a d i o - f r e q u e n c y   energy  to  or  r e c e i v i n g   such  e n e r g y  

from  said  main  r e f l e c t o r   dish  by  way  of  said  a u x i l i a r y   r e f l e c t o r  

d i s h .  

2.  An  antenna  system  according  to  claim  1,  i n c l u d i n g  

r a d i o - f r e q u e n c y   signal  r e ce iv ing   means  fixed  to  said  antenna  f e e d  

means  for  r ece iv ing   via  said  main  and  a u x i l i a r y   r e f l e c t o r   dishes  a 

beacon  signal   for  a s s i s t i n g   in  the  cor rec t   po in t ing   of  said  main 

r e f l e c t o r   d i s h .  

3.  An  antenna  system  according  to  claim  1,  wherein  the  a x i a l  

d i r e c t i o n   of  the  r e cep t i on   pa t te rn   of  the  r a d i o - f r e q u e n c y   s i g n a l  

r e c e i v i n g   means  is  v a r i a b l e   to  follow  the  t u rn ing   of  said  a u x i l i a r y  

dish  r e f l e c t o r .  
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