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©  Mode  coupler  in  an  automatic  angle  tracking  system. 

©the   invention  relates  to  a  mode  coupler  which,  for  exam- 
ple  is  included  in  an  angle  tracking  system  of  a  satellite  to 
establish  a  telecommunication  between  the  transmitting  and 
the  receiving  ground  stations.  The  mode  coupler  is  realized 
through  a  circular  main  wave  guide  (1  )  which  also  can  include 
the  feeding  horn  of  the  satellite  antenna  in  which  a  basic 
mode,  for  example  the  TEu-mode  of  the  incoming  circular 
polarized  wave  guide  field  appears  and  which  procures  two 
communication  channels  (f  rf2  and  f3-f4  respectively),  as  well 
as  a  beacon  frequency  (fb).  To  the  main  wave  guide  four 
rectangular  wave  guide  arms  (2a-2d)  are  connected  via  the 
associated  apertures  (3a-3d).  The  main  wave  guide  is  dimen- 
sioned  as  a  mode  filter  for  filtering  away  the  non-desired 
higher  modes  TE2,  and  TM„,  and  the  wave  guide  arms  are 
dimensioned  as  a  frequency  filter  for  filtering  away  the  fre- 
quency  bands  of  the  communication  channels.  From  the 
higher  modes  TE2i  and  TM<h,  the  difference-  and  the  sum 
signals  are  created  in  known  way  to  provide  a  measure  of  the 
angle  error  of  the  satellite  antenna. 
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the  invention  relates  to  a  mode  coupler  which,  for  exam- 
ple  is  included  in  an  angle  tracking  system  of  a  satellite  to 
establish  a  telecommunication  between  the  transmitting  and 
the  receiving  ground  stations.  The  mode  coupler  is  realized 
through  a  circular  main  wave  guide  (1)  which  also  can  include 
the  feeding  horn  of  the  satellite  antenna  in  which  a  basic 
mode,  for  example  the  TE11-mode  of  the  incoming  circular 
polarized  wave  guide  field  appears  and  which  procures  two 
communication  channels  (f1-f2  and  f3-f4  respectively),  as  well 
as  a  beacon  frequency  (fb).  To  the  main  wave  guide  four 
rectangular  wave  guide  arms  (2a-2d)  are  connected  via  the 
associated  apertures  (3a-3d).  The  main  wave  guide  is  dimen- 
sioned  as  a  mode  filter  for  filtering  away  the  non-desired 
higher  modes  TE21  and  TM",  and  the  wave  guide  arms  are 
dimensioned  as  a  frequency  filter  for  filtering  away  the  fre- 
quency  bands  of  the  communication  channels.  From  the 
higher  modes  TE2,  and  TM01,  the  difference-  and  the  sum 
signals  are  created  in  known  way  to  provide  a  measure  of the 
angle  error  of  the  satellite  antenna. 



FIELD  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  mode  coupler   according   to  the  p r e -  
amble  of  the  claim  1,  inc luded   in  an  au tomat ic   angle  t r a c k i n g   sys t em 

in  microwave  a n t e n n a s ,   o p e r a t i n g   with  c i r c u l a r   p o l a r i z a t i o n .   The 

t r a c k i n g   system  can  be  inc luded  in  a  s a t e l l i t e   for  t e l e c o m m u n i c a t i o n  

between  one  or  s e v e r a l   t r a n s m i t t i n g   ground  s t a t i o n s   and  a  number  o f  

r e c e i v i n g   ground  s t a t i o n s ,   the  t r a c k i n g   system  keeping  the  antenna  o f  

the  s a t e l l i t e   d i r e c t e d   towards  a  c e r t a i n   area  of  the  ground  by  means 

of  a  so  c a l l e d   beacon  s igna l   from  one  of  the  t r a n s m i t t i n g   ground  s t a -  

t i o n s .  

DESCRIPTION  OF  PRIOR  ART 

It  is  p r e v i o u s l y   known  that   higher  order  modes  a r i s e   in  microwave 

a n t e n n a s ,   the  modes  having  odd  c h a r a c t e r   when  the  r e ce iv ing   r a d i a t i o n  

inc ides   obLigueLy  towards  the  antenna.   The  number  of  modes  o b t a i n e d  

is  de te rmined   by  the  c u t - o f f   wavelength  of  the  r e s p e c t i v e   mode  in  t h e  

feeding  wave  guide  and  if  th is   is  g r e a t e r   than  the  ac tua l   w a v e l e n g t h .  

The  s t r e n g t h   of  the  odd  modes  in  r e l a t i o n   to  the  even  basic  mode  f o r  

a  c e r t a i n   antenna  only  depends  on  the  angle  d e v i a t i o n   and  is  for  a 

smaLL  amount  a p p r o x i m a t e l y   p r o p o r t i o n a l   to  th i s   d e v i a t i o n .   By  "mode 

coupLer"  is  in  the  p re sen t   a p p l i c a t i o n   meant  an  arrangement  which  can 

s e p a r a t e   the  basic   mode  from  the  va r ious   higher   order  modes  and  d e -  

Liver  output   s i g n a l s   p r o p o r t i o n a l   to  the  s t r e n g t h   of  the  v a r i o u s  

higher  modes .  

A  known  t r a c k i n g   system  with  the  p rope r ty   to  de tec t   a  c e r t a i n   d e v i a -  

t ion  (the  p o i n t i n g   e r ro r )   between  the  r e f l e c t o r   axis  of  a  ground  s t a -  

t ion  and  the  d i r e c t i o n   of  a  t a r g e t   by  s e p a r a t i n g   the  higher  o r d e r  

modes  from  the  basic   mode  is  de sc r ibed   in  BeLL  System  TechnicaL 

JournaL,   JuLy  1963,  pages  1283-1307.  In  t h i s   system  a  c i r c u l a r   wave- 

guide  is  connected  to  the  feeding  horn,  only  the  basic  mode  b e i n g  

formed  in  the  wave  guide  if  the  po in t ing   e r ro r   is  zero,   i  e  if  t h e  

antenna  is  p e r f e c t l y   d i r e c t e d   towards  the  t a r g e t .   Otherwise  h i g h e r  

modes  a r i s e   in  the  wave  guide ,   among  which  one,  namely  the  TM01  i s  



empLoyed  to  form  e r ro r   s i g n a l s   t o g e t h e r   w i t h  t h e   basic  mode  and  which 

are  a l lowed  to  con t ro l   the  r e g u l a t i n g   c i r c u i t s   in  the  antenna  sys t em 

of  the  ground  s t a t i o n   so  t h a t  t h e   p o i n t i n g   e r ro r   wi l l   become  zero.   I n  

the  mode  coup le r   a  sum  s i gna l   is  o b t a i n e d   from  the  bas ic   mode  and  a 

d i f f e r e n c e   s i g n a l   from  the  h igher   mode  TM01.  The  e r ro r   s ignaLs ,   f o r  

example  in  the  e l e v a t i o n   and  the  azimuth  d i r e c t i o n s   are  in  the  r e -  

c e i v e r   of  the  t r a c k i n g   system  i n d i c a t e d   by  means  of  the  d i f f e r e n c e  

and  the  sum  s i g n a l s ,   the  ampl i tude   and  the  phase  p o s i t i o n   of  the  d i f -  

f e r e n c e   s i g n a l   reLat iveLy  the  sum  s i g n a l   d e t e r m i n i n g   the  magnitude  o f  

the  angle   d e v i a t i o n   of  the  t a r g e t   from  the  antenna  axis  and  the  d i r e c -  

t ion   of  the  d e v i a t i o n ,   r e s p e c t i v e l y .   To  o b t a i n  g o o d   accuracy  in  t h i s  

sys t em,   a  very  good  phase  e q u a l i t y   between  the  s igna l   paths  is  r e -  

qu i red   for  the  sum  and  the  d i f f e r e n c e   s i g n a l s ,   p a r t i c u L a r L y   a t  o f f -  

b o r e s i g h t   t r a c k i n g .   As  a lso  shown  in  the  mentioned  a r t i c l e ,   the  sy s t em 

is  s e n s i b l e   to  changes  in  the  p o L a r i z a t i o n   of  the  beacon  s i g n a l .   I n  

ano the r   known  sys tem,   o p e r a t i n g   a c c o r d i n g   to  the  same  p r i n c i p l e  a n d  

d e s c r i b e d   in  the  USA  Patent   3 . 8 2 1 . 7 4 1 ,   a  f i r s t   and  a  second  h i g h e r  

mode,  TM01  and  TE21,  r e s p e c t i v e l y   and  t h e  b a s i c   mode  TE11  are  employed 

to  c r e a t e   the  e r ro r   s i g n a l s .   This  known  system  con ta ins   a  m o d e  c o u p l e r ,  

c o n s i s t i n g   of  th ree   wave  guide  s e c t i o n s ,   which  t o g e t h e r   form  the  c i r -  

cuLar  wave  guide  connected  to  the  f eed ing   horn  of  t h e  s y s t e m .   Two  o f  

these   wave  guide  s e c t i o n s   are  each  p rov ided   with  a  pa i r   of  r e c t a n g u l a r  

wave  g u i d e s ,   which  are  connec ted   to  the  main  wave  guide  with  a  c e r t a i n  

a p e r t u r e   to  couple  o u t  t h e   r e q u i r e d   h igher   modes  to  fo rm  d i f f e r e n c e  

s i g n a l s .   Together   with  the  sum  s i g n a l ,   e x t r a c t e d   in  ano ther   place  i n  

the  sys t em,   the  e r ro r   s ignaLs  are  formed.  The  employment  of  two 

h igher   modes  TM01  and  TE31  makes  it  p o s s i b l e   for  the  system  to  work 

with  not  fuLLy  c i r c u l a r l y   p o l a r i z e d   s i g n a l s   and  to  d e l i v e r   d i f f e r e n c e  

s i g n a l s ,  i n s u l a t e d   between  t h e m s e l v e s ,   for  two  p e r p e n d i c u l a r  p l a n e s ,  

which  i m p l i e s   Lower  demands  r e g a r d i n g   the  phase  e q u a L i t y  b e t w e e n   t h e  

s i g n a l   paths   compared  with  p r ev ious   sys tem.   However,  the  d i f f e r e n t  

c o u p l i n g - o u t   po in t s   from  the  c i r c u l a r  w a v e   guide  of  the  two  h i g h e r  

modes  wi l l   imply  d i f f i c u l t i e s   in  m a i n t a i n i n g   the  phase  e q u a l i t y   b e -  

tween  the  d i f f e r e n c e   and  the  sum  s i g n a l s   at  varying  t e m p e r a t u r e   o r  

f r e q u e n c y .   Phase  d i f f e r e n c e s   between  these   s i g n a l s   wil l   L e a d  t o  

va ry ing   s e n s i t i v i t y   upon  r e c e p t i o n   and  p a r t i c u l a r l y  a t   o f f - b o r e s i g h t  



t r a c k i n g   to  a  d i r e c t   p o i n t i n g   e r r o r .  

SUMMARY  OF  THE  INVENTION 

In  a  system  of  the  above  mentioned  kind,  e r ro r   s i g n a l s   in  two  p l a n e s ,  

for  example  the  e l e v a t i o n   and  the  azimuth  p l a n e s ,   are  to  be   c r e a t e d  

which  are  depending  only  on  the  d i f f e r e n c e   angles   of  the  t a r g e t   i n  

these  p lanes   but  not  on  v a r i a t i o n s   in  the  s t r e n g t h   of  the  beacon  s i g -  

nal  (the  f ad ing)   and  the  p o l a r i z a t i o n   (the  d e p o L a r i z a t i o n )   w i t h i n  

c e r t a i n   Limits .   Such  v a r i a t i o n s   arise. ,   for  example,   through  the  i n -  

f luence   of  the  a tmosphere   on  the  wave  p r o p a g a t i o n .   The  system  s h o u l d  

also  be  as  u n s e n s i b l e   as  p o s s i b l e   to  changes  in  the  c h a r a c t e r i s t i c s  

of  the  components  which  i n e v i t a b l y   a r i s e ,   for  example  in  time  or  a t  

varying  t e m p e r a t u r e .   It  is  of  importance  p a r t l y   to  employ  a p p r o p r i a t e  

wave  guide  modes  and  p a r t l y   to  couple  out  these  in  a p p r o p r i a t e   man- 

ner  to  c r e a t e   the  sum-  and  the  d i f f e r e n c e   s i g n a l s   and  p a r t l y   to  Let 

the  s i g n a l s   be  conducted  the  same  or  pos s ib ly   equal  paths  from  t h e  

antenna  to  the  r e c e i v e r .   Otherwise ,   varying  s e n s i t i v i t y   at  r e c e p t i o n  

or  even tua l   p o i n t i n g   e r r o r   is  ob t a ined .   Pa r t i cuLa rLy   at  o f f - b o r e s i g h t  

t r a c k i n g ,   a lso  p o i n t i n g   e r r o r s   are  ob ta ined   as  a  consequence  of  t h e  

s e n s i t i v i t y   v a r i a t i o n .  

According  to  the  p r e sen t   i n v e n t i o n ,   two  higher  modes  TM01  and  TE21 
and  the  bas ic   modes  TE11V  and  TE11H  in  a  smooth  wave  gu ide ,   or  E02 
and  HE21  and  NE11V  and  NE11H  in  a  co r ruga ted   wave  guide  are  employed 

and  aLL  the  empLoyed  modes  are  coupled  out  in  the  same  s e c t i o n   of  t h e  

c i r c u l a r   main  wave  gu ide ,   whereupon  f rom these   modes.,  two  sum  and  two 

d i f f e r e n c e   s i g n a l s   are  formed  and  guided  through  a  common  r e c e i v e r  

channel ,   whereby  the  d i f f i c u l t i e s   in  keeping  the  s i g n a l s   equal  i n  

phase  are  avo ided .   In  the  r e c e i v e r ,   the  e r ro r   s i g n a l s   are  p roduced  

in  the  two  p lanes   by  employing  the  sum  and  d i f f e r e n c e   s i g n a l s   b e l o n g -  

ing  to  the  r e s p e c t i v e   p l anes .   The  object   of  the  p resen t   i nven t ion   i s  

thus  to  p rovide   a  mode  c o u p l e r ,   which  conducts  two  higher  modes  and 

two  basic  modes  in  order   to  c rea te   two  d i f f e r e n c e   s i g n a l s   (for  e x -  

ample  denominated  Δx  and  Δy )  and  two  sum  s i g n a l s   (for  example  Ex 

and  Σy  ) ,  t h e   o b t a i n e d   modes  and  the  s u m - d i f f e r e n c e - s i g n a l s  



t r a v e l l i n g   an  equal  path  th rough  the  t r a c k i n g   system  and,  in  a d d i t i o n ,  

in  pa i r s   ( Σ x ,   Δx  and  Ey  ,Δy)  s h o w i n g  t h e   same  in f luence   from  the  d e -  

p o l a r i z a t i o n   of  the  beacon  s i g n a l .   The  i n v e n t i o n   is  t h e n  c h a r a c t e r i z e d  

as  appears  from  the  c h a r a c t e r i z i n g   par t   of  claim  1 .  

BRIEF  DESCRIPTION  OF THE  DRAWINGS 

The  i nven t ion   wiLL  be  more  fuLLy  d e s c r i b e d   below  with  r e f e r ence   t o  

the  accompanying  d rawings ,   where  

Fig  1  shows  a  f requency  diagram  which  i n d i c a t e s   the  p o s i t i o n   of  t h e  

t r a n s m i t t e r   c h a n n e l  t h e   r e c e i v e r   channel   and  the  beacon  f r e q u e n c y  

of  the  t r a c k i n g   system  in  which   the  mode  coupler   according  to  the  i n -  

ven t ion   is  i n c l u d e d .  

Fig 2  shows a  s i m p l i f i e d   f i e l d   p a t t e r n   of  the  two  employed  h i g h e r  

modes  and  the  basic  mode  in  the  main  wave  guide  included  in  the  t r a c k -  

ing  sy s t em.  

Figs  3a-3f  i L L u s t r a t e   schemat icLy  how  the  e r ro r   s igna l s   in  the  t r a c k -  

ing  system  are  formed  from  the  two  h igher   modes,  shown  in  Fig  2 .  

Fig  4  shows  a  p e r s p e c t i v e   view  of  the  mode  coupler   according  to  t h e  

i n v e n t i o n .  

Fig  5  shows  a  side  view  of  the  par t   of  the  mode  coup le r ,   a c c o r d i n g  t o  

Fig  4,  w h i c h  f i l t e r s   away the   two  h igher   modes.  

Fig  6  shows  more  fuLLy  a  r e c t a n g u l a r   wave  guide  arm  which  is  i n c l u d e d  

in  the  mode  coupler   acco rd ing   to  Fig  4 .  

Fig  7  shows  a  c i r c u i t   diagram  which  i l l u s t r a t e s  t h e   c r e a t i o n   of  a 

r e fe rence   signaL  and  e r ro r   s i g n a l s .  

PREFERRED  EMBODIMENTS 

Before  the  d e s c r i p t i o n   of  the  mode  coup le r   a c c o r d i n g  t o   the  p r e s e n t  



i n v e n t i o n ,   the  known  p r i n c i p l e ,   accord ing   to  above,  for  forming  t h e  

e r ro r   s i g n a l s   when  t r a c k i n g   by  means  of  two  higher   wave  guide  modes 

wiLL  be  more  fuLLy  i l l u s t r a t e d .   The  t r a c k i n g   system,  in  which  t h e  

proposed  mode  coup le r   is  i n c l u d e d ,   r e p r e s e n t s   a  part  of  the  t e l e c o m -  

munica t ion   equipment  of  a  s a t e L L i t e ,   which  r e c e i v e s ,   t r e a t s   and 

t r a n s m i t s   the  s i g n a l s   r ece ived   from  the  ground  s t a t i o n   to  a  number  o f  

o ther   ground  s t a t i o n s .   The  t r a n s m i s s i o n   is  c a r r i e d   out  by  R F - s i g n a L s  

and  for  tha t   purpose  two  f requency  bands  are  s e l e c t e d ,   which  a r e  

schematicLy  shown  in  Fig  1.  The  band  f1 - f2   (for  example  400  MHz)  w i t h  

the  cen te r   f r equency   fT  forms  the  t r a n s m i t t e r   channel  for  a  c e r t a i n  

ground  s t a t i o n   and  the  band  f3- f4   with  the  cen te r   f requency  fR  forms 

the  r e c e i v e r   channel   for  the  s t a t i o n .   The  t r a n s m i s s i o n   of  t h e  t r a n s m i t -  

ter   and  the  r e c e i v e r   channels   is  c a r r i e d   out  wi thin   the  GHz-band  and 

by  means  of  a  r e f l e c t o r   an tenna ,   with  a  horn  antenna  as  f eede r .   For 

t r a n s m i s s i o n   of  the  d i r e c t i o n   i n f o r m a t i o n ,   t he re   is  a  beacon  f r e -  

quency  fb,  for  example  12.498  GHz.  The  two  bands  f1- f2   and  f3 - f4   can 

e i t h e r   be  s i t u a t e d   below  the  beacon  f requency  fb,  as  shown  in  Fig  1 ,  

or  above  t h i s   f r e q u e n c y .   In  c e r t a i n   cases  only  one  band  is  used  (an 

antenna  for  t r a n s m i t t i n g   from  or  r e c e p t i o n   to  a  s a t e l l i t e   o n l y ) .  

In  Fig  2  it  is  shown  more  d e t a i l e d   the  two  higher   modes,  which  a r i s e  

in  the  main  wave  guide  of  the  t r a c k i n g   system,  the  guide  being  c o n -  

nected  to  the  an tenna .   The  modes  are  employed  to  i n d i c a t e   an  e v e n t u a l  

d e v i a t i o n   between  the  d i r e c t i o n s   of  the  r e f e r e n c e   s igna l   of  the  a n -  

tenna  and  the  t a r g e t   d i r e c t i o n .  

Moreover  the  two  bas ic   modes  TE11V  and  TE11H  (smooth-waLLed  wave 

guide;   HE11V  and  NE11H  for  co r ruga t ed   wave  guide)  are  shown.  These 

are  employed  for  t r a n s m i t t i n g   the  t e l e c o m m u n i c a t i o n   s i gna l s   and  f o r  

n o r m a l i z a t i o n   of  the  d i f f e r e n c e   s i g n a l s .   The  p r i n c i p l e   of  the  t r a c k -  

ing  is  tha t   the  two  modes  TE21  and  TM01  in  a  smooth-waLLed  wave  g u i d e  

(or  c o r r e s p o n d i n g   modes  HE21  and  E02  in  a  co r ruga t ed   wave  g u i d e ) ,  

according   to  Fig  2,  which  have  the  same  ampl i tude   and  phase  in  t h e  

y - d i r e c t i o n ,   and  o p p o s i t e   phase  but  the  same  ampli tude  in  the  x -  

d i r e c t i o n   are  added  to  form  the  e r ro r   s i g n a l s   Δx  and  Δy .  The  p r i n -  

c ip le   is  g e n e r a l l y   shown  in  the  f i g u r e s   3a -3 f .   The  f i gu re s   3a-3c  show 



the  a d d i t i o n   of  the  two  modes,  a  s i g n a l   r e p r e s e n t i n g   the  e r ro r   in  t h e  

y - d i r e c t i o n   (the  eLevat ionaL  e r r o r )   being  o b t a i n e d ,   w h i l e  t h e   f i g u r e s  

3d-3f  show  s u b t r a c t i o n   of  the  two  modes,  a  s igna l   r e p r e s e n t i n g   t h e  

e r r o r   in  the  x - d i r e c t i o n   (the  a z imu ta l   e r r o r )   b e i n g  o b t a i n e d .  

The  s t r u c t u r e   of  the  mode  coupler   in  the  t r a c k i n g   system  appears   from 

Fig  4.  It  c o n s i s t s   of  a  c i r c u l a r   wave guide   1,  which  is  connected  t o  

the  f e ed ing   horn,   not  shown,  in  the  t r a c k i n g   sys tem,   and  to  a  p o l a r i z a -  

t i o n  u n i t ,   which  is  not  shown  in  the  d e s c r i p t i o n .   The  main  wave  g u i d e  

1  can  e i t h e r   c o n s t i t u t e   an  i n t e g r a t e d   par t   o f  t h e   feeding  horn  or  c o n -  

s i s t   of  a  s e p a r a t e   part   connected   to  the  feeding   horn.  The  wave  g u i d e  

walls   can  e i t h e r   be  performed  with  smoothed  o r  c o r r u g a t e d   s u r f a c e s .  

Four  r e c t a n g u l a r   wave guide  arms  2a-2d  are  provided  to  the  c i r c u l a r  

main  wave  guide  1,  which  each  are  coupled  to  the  wave guide  1  by  t h e  

a p e r t u r e s  3 a - 3 d .   The  a p e r t u r e s   3a-3d  are  a r ranged  reLat iveLy  d i s -  

p laced  900  around  the  outer   c i r c u m f e r e n c e   of  the  wave  g u i d e  1 .  I n   Fig 

4,  the  f r o n t   part   11  of  the  wave  guide  1  i s   shown  in  a  c u t  f e a t u r e   i n  

order   to  make  the  p o s i t i o n s   of  the  a p e r t u r e s   c l e a r .  

C h a r a c t e r i s t i c   for  the  proposed  mode  coupler   is  tha t   t h e  r e c t a n g u l a r  

wave  guide  arms  2a-2d  are  connected  to  the  main  wave guide  1  in  t h e  

same  s e c t i o n .   The  f ron t   par t   11  c o n s t i t u t e s   t h e  f e e d i n g   horn  or  i s  

connec ted   to  the  horn  in  known  manner,  t h i s   par t   of  the  c i r c u l a r l y  

p o l a r i z e d   wave  guide  f i e l d   in  the  T E 1 1 - m o d e  t r a n s m i t t i n g   the  two  com- 

mun ica t ion   channels   f 1 - f 2 ,  f 3 - f 4   and  the  beacon  f requency   s igna l   f b  
a c c o r d i n g   to  Fig  1.  According  to  known  p r i n c i p l e s ,   the  two  h i g h e r  

modes  TE21  and  TM01,  a r i s i n g   in  the  main  wave  guide  at  a  c e r t a i n  

angle  d e v i a t i o n   of  the  incoming  s i g n a l s   t o  t h e   t r a c k i n g   system  a r e  

employed  to  form  the  e r r o r   s i g n a l s   Δx  and  Δy .   The  coupl ing   of  t h e s e  

h igher   modes  is  c a r r i e d   out  by  e x c i t i n g   the  TE10-mode  in  the  wave 

guide  arms  2a-2d ,   from  the  f i e l d   in  the  main  wave guide  1  by  coupL- 

ing  open ings   in  the  form  of  the  a p e r t u r e s   3a-3d.   The  a p e r t u r e s   3 a - 3 d  

are  p r e f e r a b l y   of  r e c t a n g u l a r   form  and  t h e i r   dimension  is  chosen  i n  

such  a  way  t h a t  a   s u f f i c i e n t   coupl ing   of  the  TE10-mode is   o b t a i n e d  

from  the  wave  guide  1  to  the  r e c t a n g u l a r   wave  guide  arms  2a-2d.  The 

inner   s e c t i o n a l   area  of  these  w i l l ,   however,   be  dimensioned  so  t h a t  



the  TE10-mode  p r o p a g a t e s   in  the  wave  guides  2a-2d  at  the  f r e q u e n c y  

fb  in  known  manner.  The  ampl i tude   and  the  phase  of  the  TE10-mode 
o c c u r r i n g   in  the  r e c t a n g u l a r   wave  guides  2a-2d,   is  then  determined  by 

the  ampl i tude   and  the  phase  p o s i t i o n   of  the  higher   modes  TE21,  TM01 
and  the  bas ic   mode  TE11,  o c c u r r i n g   in  the  main  wave  guide  1,  aLL  t h e  

modes  g iv ing  a  c e r t a i n   c o n t r i b u t i o n   to  the  f i e l d   in  the  r e c t a n g u l a r  

wave  guides  2 a - 2 d .  

Fig  5  shows  more  in  de ta iL   the  c i r c u l a r   wave  guide  1  of  the  mode 

coupler   in  which,  for  the  sake  of  c l a r i t y ,   the  r e c t a n g u l a r   wave  g u i d e  

arms  2a-2d  are  o m i t t e d .   The  rear  part  12  of  the  wave  guide  1  shows  a 

t ape red   part   13,  c o n t a i n i n g   two  s e c t i o n s   I  and  I I .   The  s ec t i on   I  i s  

s i t u a t e d   on  a  d i s t a n c e   d1  from  t h e  s e c t i o n ,   def ined  by  the  wave  g u i d e s  

2a-2d ,   the  d i s t a n c e   d1  being  chosen  for  a  c e r t a i n   value  of  the  r a d i u s  

R,  so  that   a  s t and ing   wave  for  the  TE21-mode  is  c r ea t ed   in  the  wave 

guide  p a r t ,   Limited  by  the  d i s t a n c e   d1  and  so  that   the  maximum  v a l u e  

of  the  mode  c o i n c i d e s   at  the  a p e r t u r e s   3a-3d  or  close  to  t hese .   The 

s e c t i o n   II  is  s i t u a t e d   on  a  d i s t a n c e   d2  from  the  mentioned  s e c t i o n s ,  

the  d i s t a n c e   d2  be ing   chosen  so  that   a  s t and ing   wave  for  the  TM01  i s  

c r ea t ed   in  the  wave  guide  part   Limited  by  the  d i s t a n c e   d2  which  a s -  

sumes  a  maximum  value  at  the  a p e r t u r e s   3a-3d  or  close  to  t hese .   The 

d i s t a n c e s   d1  and  d2  then  form  an  even  (but  not  n e c e s s a r i l y   the  same) 

number  of  q u a r t e r - w a v e L e n g t h s   for  the  modes  TE21  and  TM01,  r e s p e c t i v e -  

ly.  The  taped  p a r t . 1 3 . o f   the  c i r c u l a r   wave  guide  forms  a  mode  f i l t e r  

for  f i l t e r i n g   away  the  n o n - d e s i r e d   modes  TE21  and  TM01,  which  a r e  

r e f l e c t e d   back  to  the  a p e r t u r e s   3a-3d  at  the  short   c i r c u i t   p l a n e s  

formed  by  the  s e c t i o n s   I  and  II  and,  according  to  above  there   assume 

a  maximum  va lue .   The  mode  f i l t e r   13,  however,  does  not  i n f luence   t h e  

TE11-mode,  which  t r a n s m i t s   the  t e l ecommunica t ion   s i g n a l s   within  t h e  

f requency  bands  f 1 - f 2 ,   f 3 - f 4 ,   which  thus  appear  across   the  ou t l e t   o f  

the  mode  c o u p l e r .   The  t a p e r e d   part   13  has  a  non-Linear   con tour ,   which 

can  be  de te rmined   by  e x p e r i m e n t a l   measu remen t s .  

As  p r e v i o u s l y   men t ioned ,   the  coupl ing  out  from  the  wave  guide  f i e l d  

in  the  c i r c u l a r   main  wave  guide  1  is  c a r r i e d   out  by  means  of  the  f o u r  

a p e r t u r e s   3a-3d  and  the  TE10-mode  is  exc i t ed   in  the  four  wave  gu ide  



arms  2a-2d.   In  Fig  6  such  a wave  guide  arm  is  shown  more  in  d e t a i l .  

It  c o n s i s t s   of  a  b roader   p a r t ,   connected  to  the  main  wave  gu ide ,   and 

has  the  s e c t i o n a l   d imens ions   i n d i c a t e d   by  a  and  b,  r e s p e c t i v e l y   i n  

Fig  6.  The  d imension   b1  is  chosen  in  such  a  way  tha t   aLL  f r e q u e n c i e s  

of  the  f i e l d   in  the  wave  guide  2a  from  f1  up  to  fb  can  be  p r o p a g a t e d  

i n  t h e   wave  guide  as  a  TE10-mode. 

The  wave  guide  2a  has  a  t a p e r e d   par t   which  i s   p r i n c i p a l l y   Limited  by 

the  s e c t i o n s   I I I   and  IV.  At  the  s e c t i o n   I I I ,   on  the  d i s t a n c e   d 3  f r o m  
the  a p e r t u r e   3 a ,  t h e   dimension  b2 of   the wave  guide  is  such  tha t   t h e  

center   f r e q u e n c y   fT  of  t h e  b a n d   f1 - f2   is  r e f l e c t e d ,   i  e  b 2   is  such  

tha t   the  s e c t i o n   I I I   forms  a  s h o r t - c i r c u i t   plane  for  the  TE10-mode  a t  

the  f r equency   fT.  According  to  the  same  p r i n c i p L e ,   the  d i s t a n c e  d 4  
for  the  s e c t i o n   IV  s h o u l d  b e   chosen  i n  s u c h  a  w a y  t h a t   the  d i m e n s i o n  

b3  is  such  tha t   the  c e n t e r   f requency   fR  of  the  b a n d  f 3 - f 4   is  r e f L e c t -  

ed.  The  w a v e  g u i d e  s e c t i o n s   I I I   and  IV  t h u s  d e f i n e   a  f r e q u e n c y   f i l t e r  

for  f i l t e r i n g  a w a y   the  t e l e c o m m u m c a t i o n   s i g n a l s ,  t h e   d i s t a n c e s   d3  and 

d4  forming  a  number  (not  n e c e s s a r i L y   the  same)  o f  h a l f  w a v e   Lengths  

for  the  TE10-mode  at  the  c e n t e r   f r e q u e n c i e s   fT  and  fR,  i  e  the  s e c t i o n s  

III   and  IV  form  the  shor t   c i r c u i t   p l a n e s ,   t r ans fo rmed   to  the  a p e r t u r e s  

3a-3d,   for  the  f r e q u e n c i e s   fR  and  fT  r e s p e c t i v e l y .   Thus,  from  the  wave 

guide  2a  and  the  remain ing   wave  gu ides   2b-2d,   only  the  s i g n a l s   c o r -  

r esponding   to  the  TE11-mode  which  has  the  f requency   f b  a r e   o b t a i n e d  

and,  f u r t h e r m o r e ,   the  s i g n a l s   c o r r e s p o n d i n g   to  the  two  modes  TE21  and 

TM01  at  the  f r equency   fb  in  the  main  wave  guide  1 .  

In  Fig  7  a  wave  guide  network  is  schematicLy  shown,  c o n s i s t i n g   of  so 

caLLed  magic  Ts,  which  is  connected   to  the  four  r e c t a n g u l a r   wave  g u i d e  

arms  2a-2d  for  r e c o v e r i n g   the  e r r o r  s i g n a l s   Δx,  Δy and  the  r e f e r e n c e  

s i g n a l s   Ex  and  Σy.  Each  connec t ion   point   m1-m4  r e p r e s e n t s   a  magic 

T  with  two  i n p u t s   1  and  2  and  a  sum-  and  a  d i f f e r e n c e   output   s  and 

Δ ,  r e s p e c t i v e l y .   From  Fig  7  the  s i g n a l s ,  a p p e a r i n g   on  the  o u t l e t s  o f  

the  four  wave  guide  arms  2a-2d ,   are  shown,  which  are  de r ived   from  t h e  

four  modes  TE21,  TM01  and  TE11H,  TE11V,  appear ing   in  the  main  wave 

guide  1,  cf  Fig  2.  From  these   the  e r ro r   s i g n a l s   Δx  and  Δy  are  r e -  

covered  from  the  modes  TE21  and  TM01,  while  the  r e f e r e n c e   s i g n a l s  



Ex  a n d  Σ y  a r e   recovered   from  the  TE11H -  and  TE11V-modes  r e s p e c t i v e l y .  

Fig  7  shows  tha t   the  s i g n a l s   Δx  and Δy  are  s e p a r a t e d   in  th ree   d i f f e r -  

ent  s t a g e s .   In  the  f i r s t   s tage  the  s i g n a l s ,   der ived  from  the  TE21- 
and  TM01-modes  in  the  connec t ion   poin ts   m1  and  m2,  are  s e p a r a t e d .   I n  

the  second  s t a g e ,   a  s e p a r a t i o n   of  the  two  modes  TE21  and  TM01  is  c a r -  

r ied  out  in  the  connec t ion   point   m3  and  in  the  t h i r d   s tage   the  d e -  

s i r ed   e r ro r   s i g n a l s   Δx  and  Δy  is  formed  by  v e c t o r i a l   a d d i t i o n   in  t h e  

connec t ion   po in t s   m4  as  shown  in  Fig  3.  Between  m3  and  m4,  p h a s e -  

and  ampl i tude   ad ju s tmen t s   can  be  i n t roduced   (trimming  and  t e m p e r a t u r e  

compensa t i on ) .   In  some  cases  t h i s   is  not  n e c e s s a r y ,   the  c o n n e c t i o n  

po in t s   m3  and  m4  being  omi t t ed .   Herewith  can,  i n s t e a d ,   c o r r e c t   p h a s e -  

and  ampl i tude   p r o p e r t i e s   be  ob ta ined   by  accu ra t e   choice  of  the  d i s -  

tances   d1  and  d2  in  Fig  5,  of  the  d i f f e r e n c e   in  phase  p r o p a g a t i o n  

between  the  TE21  and  TM01-modes  when  p ropaga t ing   from  the  o r i f i c e   o f  

the  horn,  and  of  the  dimensions  of  the  a p e r t u r e s   3a-3d  in  Fig  5 .  



1  A  mode  coup le r   i n  an   au tomat ic   angle  t r a c k i n g   system  in  a  t e l e -  

communicat ion  system  for  t r a n s m i t t i n g   one  or  more  t e l e e o m m u n i c a t i o n  

f requency   bands  and  a  c e r t a i n   beacon  f r e q u e n c y ,   i n c l u d i n g  

a  microwave  a n t e n n a  i n   which  a  basic  mode  and  modes  of  higher  o r d e r  

are  produced  when  the  r a d i a t i o n   r e c e i v e d  b y  t h e   antenna  i n c i d e s   in  a 

plane  which  does  n o t  c o i n c i d e   with  the  plane  p e r p e n d i c u l a r   to  the  a n -  

t e n n a  r e f e r e n c e   a x i s ,   sa id   modes  o f  h i g h e r  o r d e r   being  used  t o  c r e a t e  

a  pa i r   of  e r r o r  s i g n a l s   r e p r e s e n t i n g   a  measure  o f  t h e   d e v i a t i o n   b e -  

tween  sa id   pLanes  and  to  c r e a t e  t h e   a s s o c i a t e d   r e f e r e n c e  s i g n a l s ,  

a  smooth  or  c o r r u g a t e d   c i r c u l a r   main  wave  gu ide  which   forms  p a r t  o f  o r  

is  connec ted   to  the  f eed ing   horn  o f  s a i d   a n t e n n a  a n d   in  which  t h e  b a s i c  

mode  and  sa id   h igher   order   modes  propagate   and which  shows  four  in  a 

plane  p e r p e n d i c u l a r   to  the  wave  guide  axis  a r r a n g e d  a p e r t u r e s ,   p r e -  

f e r a b l y   of  r e c t a n g u l a r   c r o s s - s e c t i o n ,   a n d  f o u r  w a v e   guide  arms  of  r e c -  

t a n g u L a r  c r o s s - s e c t i o n   a r ranged   c i r c u m f e r e n t i a L L y   and  symmet r i caLLy  

around  the  main  wave  guide  in  the  plane  p e r p e n d i c u l a r   t o  t h e   w a r e  

guide  a x i s ,   c h a r a c t e r i z e d   in  t h a t  

said  a p e r t u r e s   (3a-3d)  are  dimensioned  s o  t h a t   a certain  wave  g u i d e  

mode  (TE10)  is  c r e a t e d   whose  ampli tude  and  phase  is  de te rmined   by  t h e  

ampLitude  and  phase  of  the  basic  mode  (TE11  or HE11)  i n  t h e   main  wave 

guide  (1)  and  at  Least  t w o  h i g h e r   order   modes (TE21,   TM01  or  N E 2 1 ,  

E02),  and  t h a t   a  wave  guide  network  (m1,  m2,  m3,  m4)  is  c o n n e c t e d  t o  

the  ex i t   po r t s   of  the  w a v e  g u i d e  a r m s ,   said  network  having  four   o u t -  

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

ond  (Σx,  Σy  r e s p e c t i v e l y ) ,   c o n s t i t u t i n g  s a i d   r e f e r e n c e  s i g n a l s ,  a r e  

c r ea t ed   from  the  d i f f e r e n c e   between  the  s i g n a l s   from  a  f i r s t   and  a 

second  p a i r ,   r e s p e c t i v e l y   o p p o s i t e l y   s i t u a t e d  w a v e   guide  arms  (2a ,   2c 

and  2b ,   2d,  r e s p e c t i v e l y )   o r i g i n a t i n g   from  the  basic  mode  (TE11)  a p -  

pear ing   in  the  main  wave  g u i d e ,  

the  t h i r d   and  the  f o u r t h   (Δx  and  Δy,  r e s p e c t i v e l y ) ,   c o n s t i t u t i n g   s a i d  

e r ro r   s i g n a l s ,   are  c r e a t e d   from  the  sum  of  t h e  s i g n a l s   from  s a i d  f i r s t  

and  second  pa i r   o p p o s i t e l y   s i t u a t e d   wave guide  arms  (2a ,  2c   and  2 b ,  

2d,  r e s p e c t i v e l y )   o r i g i n a t i n g   from  said  h igher   modes  (TE21,  T M C 1 ) .  



2  A  mode  coupler   a cco rd ing   to  claim  1,  c h a r a c t e r i z e d   in  tha t   t h e  

part  (12,  13,  14,  15)  of  the  c i r c u l a r   main  wave  guide ,   which  is  s i t u -  

ated  between  the  wave  guide  arms  (2a-2d)  and  i t s   exi t   port  is  d e s i g n -  

ed  as  a  mode  f i l t e r   for  r e f l e c t i o n   of  the  two  higher  modes  ( T E 2 1 ,  

TM01). 

3  A  mode  coupler   acco rd ing   to  claim  2,  c h a r a c t e r i z e d   in  tha t   s a i d  

part  of  the  main  wave  guide  c o n s i s t s   of  a  main  po r t ion   (12),   a  t a p e r -  

ed  p o r t i o n   (13)  and  an  end  p o r t i o n   (15)  with  a  smal le r   inner   r a d i u s ,  

the  p o r t i o n s   being  Limited  by  two  s e c t i o n s   (I,   I I ) ,   whose  d i s t a n c e s  

(d1 and  d2,  r e s p e c t i v e l y )   to  said  plane  p e r p e n d i c u l a r   to  the  wave 

guide  a x i s ,   is  chosen  so  tha t   the  s e c t i o n s   c o n s t i t u t e   s h o r t - c i r c u i t  

planes  for  the  two  h igher   modes  (TE21,  TM01  or  NE21,  E02) .  

4  A  mode  coupler   acco rd ing   to  claim  1,  c h a r a c t e r i z e d   in  tha t   each 

of  the  four  wave  guide  arms  (2a-2d)  are  designed  as  a  f requency   f i l t e r  

for  f i l t e r i n g   away  the  t eLecommunica t ion   f requency  b a n d s .  

5  A  mode  coupler   acco rd ing   to  claim  4,  c h a r a c t e r i z e d   in  tha t   each 

of  the  four  wave  guide  arms  (2a-2d)  has  a  base  po r t ion   of  even  t h i c k -  

ness  of  a  c e r t a i n   c r o s s - s e c t i o n a l   dimension  (a,  61),  connected  to  t h e  

main  wave  guide  (1) ,   a  con t inuous   or  a  s tepwise   t ape red   p o r t i o n   and  a 

p o r t i o n   of  even  t h i c k n e s s   of  smal le r   c r o s s - s e c t i o n a l   dimension  ( a ,  

b4),  two  s e c t i o n s   ( I I I ,   IV)  being  s i t u a t e d   on  a  d i s t a n c e   (d3,  d4)  from 

said  a p e r t u r e s   (3a-3d)  c o r r e s p o n d i n g   to  the  short   c i r c u i t   p lanes  f o r  

the  bas ic   mode  (TE10),  t r a n s f o r m e d   to  the  r e s p e c t i v e   a p e r t u r e   for  t h e  

center   f r e q u e n c i e s   in  the  t e l ecommunica t i on   f r equency   b a n d s .  

6  A  mode  coupLer  accord ing   to  claim  4,  c h a r a c t e r i z e d   in  tha t   each 

of  the  four  wave  guide  arms  (2a-2d)  conta ins   f i L t e r s ,   such  tha t   t h e  

t e l e c o m m u n i c a t i o n   f r equency   bands  ( f 1 - f 2 ,   f3-f4)  are  r e f l e c t e d   in  a 

r e f l e c t i o n   plane  s u b s t a n t i a l l y   co inc id ing   with  the  inner  wall  of  t h e  

c y l i n d r i c a l   wave  guide  (1) ,   while  the  beacon  f requency  (fb)  is  p a s s e d  

with  negLigabLe  a t t e n u a t i o n .  

7  A  mode  coupler   accord ing   to  the  claims  1-6  c h a r a c t e r i z e d   in  t h a t  



said  wave  guide  network  i n c l u d e s   a  f i r s t   and  a  s econd   d i r e c t i o n a l  

coupler   (m1  and m2,  r e s p e c t i v e l y )   with  t w o  i n l e t s  ( 1 ,  2 )   and  a  d i f -  

f e r e n c e -   and  sum  outLet   (Σ  and  s  r e s p e c t i v e l y )  w h i c h  a r e   c o n n e c t e d  

each  with  t h e i r   i n l e t s   to  the  e x i t  p o r t s   of  t w o  o p p o s i t e   w a v e  g u i d e  

arms  (2a,  2c  a n d  2 b ,  2 d   r e s p e c t i v e l y )  t o   form  said  pair   of  r e f e r e n c e  

s i g n a l s   (Ex,  Σy),  the  sum  o u t l e t s   of  the  f i r s t   and  t h e  s e c o n d  d i r e c -  

t i o n a l   coup le r   being  c o n n e c t e d  t o  t h e  t w o   i n l e t s   of  a  t h i r d   d i r e c t i o n -  

al  c o u p l e r  ( m 3 ) ,  t h e   d i f f e r e n c e -   and  s u m  o u t l e t s   o f  w h i c h  a r e   c o n n e c t -  

e d  t o  t h e   two  i n l e t s   o f  a  f o u r t h   d i r e c t i o n a l   coup le r  (m4)   to  o b t a i n  

said  e r ro r   s i g n a l s   (Δx,  Δy)  across   i t s  d i f f e r e n c e   a n d  s u m  o u t l e t s ,  

which  i n d i c a t e   the  d e v i a t i o n   between  s a i d  p l a n e s .  

8  A  m o d e  c o u p l e r   accord ing   to  c L a i m  7 ,  c h a r a c t e r i z e d  b y   t h a t  e a c h  

of  the  d i r e c t i o n a l   coup le r s   ( m 1 - m 4 )  i s  f o r m e d  b y  a   m a g i c  T .  
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