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A DUAL-POLARIZED  PROBE SYSTEM FOR NEAR-FIELD MEASUREMENTS 

Fleming Holm Larsen  and Jesper E. Hansen 
Electromagnet ics   Inst i tute  

Technical  University of Denmark 
DK-2800 Lyngby, Denmark 

Near-field  measurements  (planar,   cylindrical   or  spherical)  on la rge  
antennas  require   thousands  of   f ie ld   values   to   be measured.  Usually, 
two near-field  scans  are  performed w i t h  the polar izat ion  of   the 
probe  antenna  rotated 90°-between the two scans. A probe which can 
receive two p o l a r i z a t i o n s   a t   t h e  same time in   connect ion w i t h  a 
three-channel  phase/amplitude  receiver  halves the measurement time 
and  e l iminates   the  need  for   rotat ion  of  the probe. Further, a  dual 
polarized  probe  system  offers improved  accuracy i n  measurements  of 
near - f ie ld   po lar iza t ion .  The system  described  in  this  paper  has  been 
designed  for   spherical  measurements i n   p a r t i c u l a r ,   b u t  may be  used 
t o  advantage  for  planar  and  cylindrical  measurements as well. 

The measurement  procedure  and the data   processing  of   spherical   near  
- f i e l d  measurements c1-41 are g r e a t l y   f a c i l i t a t e d  by r e s t r i c t i n g  
the   p robe   to   rece ive   spher ica l  modes w i t h  azimuthal  index m = If1 
only.   If   such a  probe is rotated  about the z-axis  of its coordinate 
system,  the  received  signal N w i l l  vary  as  

even when the probe is i n   t h e   n e a r   f i e l d  of  the test antenna (time 
f a c t o r  e-iwt). Thus from  measurements a t  x = Oo and x = 90° t h e  
received  signal a t  any  angle x can  be  predicted. Assuming reciproc- 
i t y ,  the rad ia t ion   f ie ld   o f   the   p robe  will have t h e  form 

E ( r , e , + )  = ( E e ( r , 8 , 0 ) 6 + E  (r,o,o);)  cos+ + 
(Ee( r ,8 ,90) i  + E ( r ,8 ,90)$)   s ine  + (2) 

The probe  antenna  chosen  here  and  sketched  in  fig. 1 is a conical  
horn  excited by TEll-modes i n  a c i r c u l a r  waveguide. The waveguide 
is connected t o  an orthomode  transducer (0") w i t h  two nominally 
perpendicular   l inear   polar izat ions.  However, the f i e lds   exc i t ed  
from t h e  two por t s   o f  the om w i l l  i n   p r a c t i c e   b e   s l i g h t l y  and 
d i f f e r e n t l y   e l l i p t i c a l l y   p o l a r i z e d  and the   %pl i tudes  and the 
phases   in   par t icu lar  w i l l  be   d i f fe ren t .  When the  probe i s  receiv- 
ing ,   the   s igna l   in   por t  2 w i l l  therefore  not  precisely  correspond 
t o   t h e   s i g n a l   i n   p o r t  1 when the  probe i s  r o t a t e d  90°, a s  it is 
assumed in  the  usual  near-field  probe-correction  algorithms. 

The TEll-mode exc i ta t ion   in   connec t ion   wi th   the   ro ta t iona l  symmetry 
of  the antenna  yields 

E (r,8,90) = pEe(r,B,O)  and E ( r , B , O )  = - p ~  (r,8,90) e + 4 (3) 
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where p is the complex po la r i za t ion   r a t io  y/E on the  z-axis. L e t  
port 1 be the one which nominally  excites an x-polar ized  f ie ld  on 
the  z-axis.  The f i e l d   r a d i a t e d  from p o r t  1 w i l l  be 

E 
X 

E 1 (r ,e ,+)  = (Ee( r ,e ,0)6  - p,E+(r,e.90)+)  cos+ + 
(plEe(r,e,O)g + E ( r ,e ,90)4)   s in+ 4 

(4 )  

w i t h  the deviation from l inear   polar izat ion  included.  The polar iza-  
t i o n   r a t i o  p is measured  by a three-antenna method E-71. I f  one 
of   the two o h e r  antennas is used for  determining the t$ = Oo and 

= 90' patterns  of the probe, the funct ions E and Em c y  be  found 
i n   t h e   f a r   f i e l d   c o r r e c t i n g   f o r  the non-l inear   polar izabon  of   both 
antennas. 

The f i e ld   exc i t ed  from p o r t  2 which nominally  should  be  y-polarized 
w i l l  have t h e  form 

( r , e , o ) i  - E (r ,e,go)?)  c3s+ 0 

+ (Ee( r ,e ,0)6  + p 2 ~ @ ( r , e , 9 0 ) + )   s i n +  

where A2 i s  a complex phase  and  amplitude  factor and p i s  the polar- 
i z a t i o n   r a t i o  EX/E on the  z-axis.  Since E ( r , B , O )  a n i  E (r,e,gO) 
has k e n  found by measurements  with p o r t  1,'a knowledge o$ A and p 
is  s u f f i c i e n t  to predic t  the rad ia t ion   pa t te rn   o f   por t  2. A and p2 

2 2 

can conveniently  be  measured  in  connection  with  the  three-anzenna 
polar izat ion measurement with  both  ports  receiving. It  i s  seen  that  
i f   t h e  two f i e l d s  ( 4 )  and (5) a re  combined a s  

1 (5) 

Y 

the combined patterns  correspond  to a l i nea r ly   po la r i zed   an tenna   i n  
the two pos i t ions  x = Oo and x=90°, respect ively.  When the probe 
is used for  near-field  measurements, the s igna ls  measured  by the 
two por t s  W1 and W2 s h a l l   a l s o  be combined a s  

-Dl 
N(0) = - (W - - W2) and ~ ( 9 0 )  = - (2 - p W ) (6) 

l W  
1+P1P2 1 A2 1+P1P2 A2 2 1 

and w(0)  and w(90) can  then  be  used  in  the  near-field  far-field 
transformation  programs  performing  the  probe  correction as f o r  a 
l inear ly   polar ized  antenna w i t h  the   pa t te rn  ( 6 ) .  I f  the cal ibra-  
t i o n  measurements a re   ca r r i ed   ou t   w i th   t he   t o t a l  system  assembled 
as shown i n   f i g .  1, the  coupling  between the two p o r t s  and the  
i n t e r n a l   r e f l e c t i o n s   i n   t h e  waveguides  and cables  are taken   in to  
account by ( 6 )  and the  probe  correct ion.  

The probe  system  described  offers a par t icular   advantage  for   plane 
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polar   near-f ie ld  measurements [8], where it i s  usually  necessary to  
keep the x and y axes of the probe   para l le l  to  the x and y axes  of 
t h e  test antenna i n   o r d e r  to  perform  probe  correction. when the 
probe i s  mounted on a r o t a t i n g  arm it must  be  rotated  synchronous- 
l y  backwards r e l a t i v e   t o   t h e  arm i n   o r d e r  t o  keep its axes   pa ra l l e l  
t o  the axes  of the test antenna. However, w i t h  the  probe  system 
described  here,   the  received  signal  for  any  polarization  angle x 
can  be  found by 

W(x) = W(0Icos~ + W(90)sinX  (9) 

Thus the  probe  can  be  f ixed  to   the arm and  the  counter  rotation can 
be  accurately  done  in  the  computer. 
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1 Probe S V S : C C  with conical horn, OMT,microwave switch and 
time-shared mixer .  
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