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RE3 VALUE OF HORIZONTAL FIELD PATTERN  OF 
UHF TWO-COURSE R A D I O  RANGES 

IIUTRODUCTION 

Most ultra-high-frequency two-course  range  antenna  arrays  conslst of t h r e e  
loop   an tennas   loca tea   ln  a hor leonta l   p lane  The cen te r s  of t h e  loop antennas h e  

antenna The cur ren ts   In   the   ou ts lde   an tennas  are equal In maEn1tLde and  opposlte 
on a s t r a q h t   h n e ,  and the  outs lde  antennas  are   spaced S degrees  from  the  center 

I n  phase The cu r ren t  In the   center   antenna 1 s  k t lmes   the   cur ren t   In   each   s lde  
anterna and 1 s  glven  the  phase  apgle 0' The phase  angles   of   the   cnrrents   In   the 
outs ide   an tennas   thus   a re  +90" and -90°, r e s p e c t l v e l y  With th l s   l ayou t   t he   ho r l -  
z o r t a l   f l e l d   p a t t e r n  1s a funct lon of two oar lables ,   antenna  spacmg S and cu r ren t  
r z t l o  k The f i e l d   s t r e n g t h   I n  a g lven   d l r ec t lon  13 can  be  plotted as a f u n c t l o r  of 
one of t he   va r l ab le s ,   t he   o the r   hemp  a parameter O f  s p e c l a l   I n t e r e s t  ;re t h e  

v e r s u  S or  >- h e l d   s t r e n t t x   n t t a l n e d  on t ins   ? ,as l s   a re   no t   d l rec t ly   comparable  
f l e l d   s t r e n g t k s  on-course, at 90' off-course,  and  the maxlrum f l e l d   s t r e n g t h   p l o t t e d  

s i r c e  different amunts  of power a r e   r a d l a t e d  

s t r e n g t h s ,   n b t a m r o   w l t h   t t e  above  method, i a v e   t o   b e   m u l t l p h e o  If tke   r ad la t ed  
porrer I n  t n e   h o r l a o n t a l   p k n e  1 s  t o  rernam  constant as k a.;d S a re   va r l ed  * 

The purpose of t h l s  ho te  1s t o   d e t e r n l n e   t t , e   f a c t o r s  by N ~ I C ~  t h e   f l e l d  

DetemJnatlon of t h e   t o t a l   r a c n a t e d  poker would   lnvnlve   In teFat lon  of 

d1ff:cult  operatlon  can  be  avolded  by  conslderlng  the  fleld  strength I n  t h e  ho r l -  
Pog-ntln.-'s vector  over  the  hernlsphere  above  ground,  centered m t h   t h e   a r r a y   T h l s  

zontal   p lane  only 

m a t  may anpear   to   he  a rough  method of a r r l v l n e   a t   t h e   t o t a l   r a d l a t e d  
power is, from a practical polnt  o f  n e w ,   q u l t e   s a t l s f a c t o r y  h e  to   t he   coun te r -  
p o m e ,   r e l a t i v e l y  l l t t l e  high-angle r a d l a t l o n  1s obtalned  In   the  rad10  ranges con- 
s lde rec ,  ar,d f o r   a l r c r a f t  more tkan a few  ml les   a l s tan t   f rom  the   range   s ta t lon ,   the  
h o r l z o n t a l   f l e l d   s t r e n g t h  1s a falr approxlmatlon t o   t h e   p r e v a l l l n g   f l e l d   s t r e n g t h  

wa-es does  not need t o  be considered tere 
The v a r l a t l o n  of f l e l d  s t re7c th   aue  t o   t h e   l n t e r a c t l o n  of d l r e c t  and   re f lec ted  

I DF,TEH.?NATION OF F&S VALUE OF HORIZONTAL FIELD PATTERN 

The ms value of f l e ld  l n t e n s l t y  Frrs taken  around a complete c i r c l e  I n  t h e  
hor lzonta l   p lane  1s def ined  as  

L C . *  -I -7r 
where 8 1s t h e   a e m u t h   a n g l e  and F(0) 1 s  t h e   f l e l d   s t r e n g t h   I n   t h e   d l r e c t l o n  6 
It 1 s  r e a d l l y   s e e n   t h a t  F,, 1s p ropor t lona l   t o   t he   a r ea  of t h e   h o r l z o n t a l   f l e l d  
pattern,   and, of cour se ,   t o   t he  power radlated  through a c y l l n d r l c a l   s u r f a c e  of 
small  kelght  normal t o   t h e   h o r l z o n t a l   p l a n e  One method of f l n d l n g  F,, would t e  t o  
p l o t  the ho r l zon ta l   f l e ld   pa t t e rns   fo r   va r1ous   va lue  of S and k and to   de te rmlne   the  

'' It 1s recognlzea  that   f rom a physlcal   polnt  of n e w  It would h e   b e t t e r   t o  speak 
of t he   r ad la t ed  power near   the   hor leonta l   p lane  By "radlated power I n  tile h o r l -  

helght   extendmg a t  right angles  above  and h e l m   t h e   h o r l e o n t a l   p l a n e  
zontal   p lane" 1s meant t n e  power passmg through a c y l l n d r l c a l   s u r f a c e  of u n l t  
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a rea  of t h e   p a t t e r n s   m t h  a p l a n m e t e r  The method f o r  f m d l n g  F,, proposed  here 
1 s  much f a s t e r   s m c e  It merely  lnvolves eva lua t ion  of a  slmple  formula 

magmtude  p I n  each  s lde  antenna and  phase  angle 6 m t h   r e s p e c t  t o  t h e   c u r r e n t   I n  
the   cen ter   an tenna)  on t h e  m s  value  o f  t h e   h o r l z o n t a l   f l e l d   s t r e n g t h  

The d e r l v a t l o n   o v e n   b e l o w   I n c l u d e s   t h e   e f f e c t  of p a r a s l t l c   c u r r e n t s   ( o f  

The r e l a t l v e   f l e l d   s t r e n g t h   I n   t h e   h o r i z o n t a l   p l a n e   I n   t h e   d l r e c t l o n  8 1 s  

1 s  a t  r l g h t   a n g l e s  t o   t h e   l l n e  connec t lng   the   cen ters  of the   th ree   loop   an tennas  
glven by equat lon 2 below The azmuth   ang le  0 1 s  Oo or 180' on-course,  the  course 

2 )  F( e ) = k + 2 s m  (S sm 8 )  + 2p  cos (S s i n  0 )  COS 6 

= F ~  ( e ) + ~ ~  ( e )  c o s 6  

where F1 ( 0 ) = k + 2 s l n  (S sln 0 )  

F~ ( e  ) = 2p cos (S sln e )  
3 )  F2( 0 ) = FlZ( 0 ) + Fz2( e ) + 2F1( 8 )F2( 6 ) cos 6 

4 )  p12( e ) = I? + 2 - 2  COS (2  s sm e )  + 4 k s l n  ( s sln e ) 

5 )  p22( e )  = 2 2  + zp2 cos (2 s s l n  e )  
6) FI( 6 ) ~ 2 (  e ) = 2p k cos (S s i n  e )  + 2p  s1n (2 S sm e )  

types 
Introducing equat lons 4, 5 ,  and 6 I n t o  3 and 1 we f m d   i n t e g r a l s  of the  

and 

77 +Try- cos (S s m  e )  d e  = J,(s)  
where Jo(S) 1 s  the   Besse l   func t lon  of t h e  flrst kind, of order  zero.  

-i7 

The rms value of h o r l z o n t a l   f l e l d   s t r e n g t h  1 s  found t o  be 

In   the   absence  of parasitic cur ren t s  p = 0 and 

10) Fm = [.' + 2 [ 1 - Jo (25) }] 1/2 
spacing S be  eero 

The l l m i t l n g   c a s e s   a r e  of  I n t e r e s t   I n   c h e c h n g   e q u a t l o n s  9 and 10 Let t h e  

Jo (25) = 1 Jo (SI 

From equat lon 10 we o b t a m  

F, = k 

s lnce   t he   equa l  and oppos i te   cur ren ts  i n  the  s lde  antennas  cancel   each  other  as S 
becomes eero 
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I n   t h e   c a s e  n t h   p a r a s l t l c   c u r r e n t s ,  and n t h  spacmg S = 0 (equat lon 9 )  

F,, = [ k2 t ( 2 ~ ) ~  + 4 p k cos b ] 
Thls 1s t h e  rms value of a cur ren t  k plus  a cu r ren t   2p  I n  t h e  same antenna ,   hanng 
phase  angle b between  each  other 

c u r r e n t   r a t l o s ,   a s   p v e n  below (assume p a r a s l t l c   c u r r e n t s  zero)  

11) F1 lllls = [ k l 2  t 2 - 2 Jo (2S1)  ] ' j 2  

Assume t h a t  F, has  been  calculated f o r  two cdses o f  antenna  spacmgs  and 

1 2 )  F2 rms = [ k22 t 2 - 2 Jo (2S2) ] 1/2 
To f l n d   t h e   s c a l e   f a c t o r  m by  whlch t h e   f l e l d   p a t t e r n   e q u a t l o n   f o r   c a s e  2 has 

t o  be mul t lp l l ed  s o  t h a t   t b e   r a d l a t e d  power In   t he   ho r l zon ta l   p l ane  IS e q u a l   t o   t h a t  
of case 1, t a k e   t h e   r a t l o  

13)  "=[ k12 + 

2 - 2 Jo (2S1) 

F2 rms k22 + 2 - 2 Jo ( 2 S 2 )  

and  use  the  equatlon 

14) F ~ ' (  e ) = m F2 ( e = m[ k2 + 2 s l n  (s2 s1n e ) 1 
where F2' ((3 ) 1s t h e   " a d J u s t e d "   f l e l d   s t r e n g t h  m t h e   d l r e c t l o n  8 ,  and F2 ( 0  ) 1s 
t h e   f l e l d   s t r e n g t h   f o r   c a s e  2 p r lo r  t o  a d p s t m e r t   f o r   e q u a l   r a d l a t e d  power 

If F1 ms and F2 rms I n  equat lons 11 and 12 d r e  set e q u a l ,   t h e   f o l l m n g  
r e l a t l o n   f o r   p a t t e r n s   h a v l n g   t h e  same r a d l a t e d  power I n  the h o r ~ a o n t a l   p l a n e  1s 
found 

APPLICATION OF THEORY 

Assume a re fe rence   pa t t e rn  n t h  spacing S = 12G0 and   cu r ren t   r a t lo  k = 2. 
Keeplng t h e  same antenna  spacmg,  vary k from 1 0  t o  2 4 and p l o t  maxmum f l e l d  
s t r e n g t h ,   f l e l d   s t r e n g t h  on course  and a t  90' off-course f o r  cons tan t   rad la ted  power 
I n  the   hor lzonta l   p lane  For comparison, show t h e  same q u a n t l t l e s   n o t   a d p s t e d   f o r  
cons tan t   rad la ted  power 

f o r  t h e  r a d l a t e d  power In   the   hor lzonta l   p lane  when the   cu r ren t  I n  the   s lde   an tennas  
1 s  held   cons tan t   and   the   cur ren t  in the   center   antenna 1s m r l e d  and  ape  glven by 

I n  f l g u r e  1 t h e   c a l c u l a t e d   f l e l d   s t r e n g t h s   a r e   s h o r n  The dashed h n e s  are 

F,, = k + 2 

F(Go ) = k 

F(90') = k + 1 732 

TtenadJus t ed" f l e ld   s t r eng ths   ( so l ld   cu rves )  are c a l c u l a t e d  from equat lons 13 and 14 

For S = 120' 

2s = 240°= 4 19 rad lans  

Jo (25) = Jo ( 4  19):-0 378 
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Jo(x) 1s p l o t t e d  I n  the   range  from x = 0 t o  7 0 i n   f l g u r e  2 

For the   r e f e rence   pa t t e rn  (k = 2 0 )  

F,, = 2.6 and m = 1 0 

t a l  plane,   the maxlmum f i e l d  s t r e n g t h  a n d   t h e   f l e l d  s t r e n g t h  a t   r l g h t  ang le s   t o   t he  
Conslderatlon of the  curves  shows ti-at m t h   c o n s t a n t  r a d l a t e d  power I n  t t e  horlzon- 

cour se   r ema ln   r ea r ly   cons t an t   In   t he   p rac txa l   r anee  of values of k Ti;e f l e l d  
strength  on-course,  however, decreases  as k decreases ,   bu t   l ess   than   In   d l rec t   p ro-  
pcr t lcn .  

CONCLUSIONS 

zontal   p lane  constant ,   the  m a n m u m  f l e l d   s t r e n g t h  a n d   t h e   f l e l d   s t r e n g t h   a t  90’ 
off-course  remaln  constant t o  n t h l n  2 p e r   c e n t   i n   t h e  practical range of k values 
On t h e   c o n t r a r y ,   t h e   f l e l d   s t r e n g t h  on-course  decreases  appreciably  as k aecreases  

1 3 4  when k =1, t o  2 12 when k = 2  4 n t h  cons tan t   rad la ted  power However, I f  
In   t he  example considered m f l g u r e  1, t h e   f l e l d   s t r e n e t h  on-course varies f r o m  

t h e   r a d l a t e d  power 1s no t   he ld   cons t an t ,   t he   f l e ld   s t r eng th   on -cour se   vanes  from 
i 0 t o  2 4 f o r   t h e  same values of k 

It 1s l n t e r e s t l n g   t o   n o t e   t h a t  when keeping  the power r a d l a t e d   I n   t h e   h o r l -  

Therefore, f o r  proper comparison of f i e l d   s t r e n g t h s  on-course n t h  var lous 
values of S and %, the  calculatlons  must  be made fo r   cons t an t   r ad la t ed  power i n   t h e  
manner described  above 

or clearance 
It mll  be noted t h a t  t S e   s c a l e   f a c t o r  m does  not  affect   course  sharpness 

3EFERENCE Karl  Spangenberg,  “Charts  for  the  Determlnatlon of t h e  Root-mean-square 
Value of t i e   Hor l zcn ta l   Raa la t lon   Pa t t e rn  of Trro-elenent  Broadcast  Antenna Arrays ‘I 

?roc IRE 30,  237,  1942  (?fay) 
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7 RELATIVE  VALUES  OF 
MAXIMUM  FIELD  STRENGTH F m a x  
FIELD  STRENGTH Ob! COURSE  F (0") 
FIELD  STRENGTH AT 90" OFF COURSE F (90") 

VERSUS 

6 
CURRENT  RATIO h ,  FOR CONSTANT  RADIATED  POWER 

IN  HORIZONTAL  PLANE 

s=12on 
- - - FIELD  STRENGTHS  NOT  ADJUSTED FOR CONSTANT 

t 5  
REFERENCE  PATTERN  HAS  CURRENT  RATIO k = 2  0 

RADIATED  POWER 
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F w r e  1 Relatwe Value of Mwlrnurn held  Strength F m u ,  F a d  Stnngth on G u m  F (oo), F d d  Strength at 90" 

Off Coorae F (90-j serms Current Ratm k for Canstat  Redtsted P o w  in H o m n t d  Plana 
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