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UHF M I 0  RANGES ON HORIZONTAL FIELE PATTERN 
EFFECT OF PARASITIC CURRENTS I N  ANTENNAS OF 

INTRODUCTION 

excl ted by mutual  couplm&  (through  space)  between two o r  more antennas  Speclflcally,  
the  case of 3 loop  antennas  present  In t h e  UHF radlo  ranges 1 s  consldered  hare Of 
l n t e r e s t   a r e   t h e   p a r a s l t l c   c u r r e n t s  produced l n  t i le  slde  antennas by cur ren t  I n  t h e  
center  antenna The purpose  of t h x  Note 1 s  t o   f u r n l s h  a qua l l t a t lve   p l c tu re  of t h e  
e f f e c t  of these pa ras l t l c   cu r ren t s  on fleld  strength,   course  sharpness,  and clearance 
of t he   ho r l zon ta l   f l e ld   pa t t e rn  

The term  "parasl t lc   currents"  as used l n  t h l s  Note deslgnates   antenna  currer ts  

loop  antennas,   especlally  slnce It 1 s  slmple t o  measure r e l a t l v e  magnltude and phase 
of t he   pa ra s l t l c   cu r ren t s  

No attempt  has  been maae t o  analyze  the complex nature  of the  coupllng  between 

As l n su f f l c l en t   expe rmen ta l   da t a  of ti-e r e l a t l o n s h l p  between parasltlc cur- 
r e n t s  and t h e l r  phase  angle as a funct lon of the  tunlng  adpstments  of the  s lde  anten-  
nas   are   aval lable ,  a s lmple   s e r l e s   c l r cu l t  was assumed whose res l s tance  1 s  e s s e n t l a l l y  
the   rad la t lon   res l s tance ,  and whose reactance 1s v a n e d  by  antenna  tunlng 

THE FIELD PATTERN EQUATION 

Conslder 3 ldent lcal   loop  antennas,  1, 2, 3, I n  a ho r l zon ta l   p l ane ,   mth  cen- 
ters I n  a s t r a l g h t   l m e  and spaced S degrees,   as shown I n  f l g u r e  1 

Cal l   the   cur ren t   In   the   cen ter   an tenna  k, and l e t  the   cu r ren t   l n  each s l d e  
antenna, l n  the  absence of pa ras l t l c   cu r ren t s ,  be unlty  Superposed on unl t   cur ren ts  
In   the   s lde   an tennas  assume a pa ras l t l c   cu r ren t  p m t h  phase  angle 6 n t h  r e s p e c t   t o  
current  k Flgure 2 shows the  vector  dlagram of these  currents  

The re la t lve   lns tan taneous   f le ld   ln tens l ty   In   the   p lane   o f   the   an tennas ,   a t  
d l s tance  r, m t h e   d l r e c t l o n  6 ( f lgure  l), 1s ( f o r  r >> A )  

~ 7 

1) E ( t )  = cos w (t - r )  k + 2 sm (S s l n  e )  
C 1 ,  J 

antenna, and  due to   un l t   cur ren t   In   each   s lde   an tenna  whose phase  angle 1s t and - 90 
degrees ,   respec t lve ly ,   re fe r red   to   the   cur ren t  I n  tke  center  antenna 

The terms I n  the  bracket   glve  the  contr lbut lons due t o   c u r r e n t  k In   t he   cen te r  

The second member of equatlon 1 glves  the  contrlbutlon of t he   pa ra s l t l c   cu r -  
r e n t s  It rill be  observed  that t h e  p a r a s l t x   f l e l d  1 s  synunetrlcal.to  the  course 
( 0  = 0, n) Therefore,  the bean pa t te rns  n t h   p a r a s l t l c   c u r r e n t s  m the   s lde  antennas 
remaln  synunetrlcal t o   t he   cou r se ,   bu t   t hen  shape 1s changed 

Phase b and magnltude p of t h e  parasl t lc   currents   can  be  vaned,   a l though  not  
Independently, by tunmg  adps tments  of the  slde  antennas A t  resonance  the  parasl t lc  
current  1s Q, and 1s l n  phase n t h   t h e  Induced emf, l e t  I t s  phase  angle, n t h  respec t  
t o   t h e   c u r r e n t  k m the  center  antenna,  at   resonance, be 6. Measurements  have shown 
that   for   the  usual   antenna  spaclngs,b,  1 s  a poslt lve  angle I n  t h e  f l r s t  o r  second quad- 
r a n t  A t  resonance  the  parasl t lc   current  1s assumed t o  be l lmlted  by t k e  r a d l a t l o n  
ras l s tance   p lus   r - f   res l s tance  of the  antenna The phase  angle of t t e  paras l t lc   cur -  
r e n t  can  be  reduced  from 6atodby  adJust lng  the  antenna  tunlng  such  that  It of fers   an  
lnduct lve   reac tance   to   the   paras l t lc  emf Call   the  angle  between  paraslt lc emf and 
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p a r a s l t x   c u r r e n t  Y . In   the  absence of expermenta l  information assume t t e   r e l a t i o n  

2) p = Po C O S  Y 

where p i s  t he   pa ra s i t i c   cu r ren t  n t h   t h e   s l d e   a n t e n n a s   o u t  of resonance Assume 
fur t le r   tSa t   a f te r   de tunlng   the   s lde   an tennas   the   cur ren t   In   the   cen ter   an tenna  be 
r eadJus t ed   t o  i t s  or lg ina l   va lue ,  I e , t h a t   t h e   p a r a s l t l c  emf be  constant 

3 )  Y = d o  - 6  

Equatlons l), Z ) ,  and 3) a r e   i l l u s t r a t e d   I n   f i g u r e  3 

Introducmg  equations 2 and 3 Into  equat lon 1 the  re la t ive  ampll tude  of   the 
f l e l d   e t r e n g t t   I n  a g lven   d l rec t lon  0 , n t h   p a r a s l t i c   c u r r e n t s  p of phase  anple 6 
( r e fe r r ed   t o   t he   cu r ren t   In   t he   cen te r   an t enna ) ,  1 s  found t o  be 

4 )  E = { l K  + 2 s l n  (3 s m  e 112 + [2 p, cos (6 . -6)  cos ( s  s i n  e j  2 
+ 4 po cos (6- 6 )  cos d cos ( S  sm 0 )  [ k + 2 s l n  (S s l n  e) ]  j1/2 

With r e fe rence   t o   f l gu re  3 the  locus of the  end  pomt of t h e   p a r a s l t l c   c u r r e n t  
vector  appearing I n   f l e l d   s t r e n g t h  equations 1 and 4 i s  a c i r c l e  m t h  center C With 

ductlve  reactance 1 s  mtroduced  In   t i is   s ide  antennas by detunlng,  the  paraslt lc  cur- 
the slde  antennas  resonated  the  contrlbutlon of t he   pa ra s i t i c   cu r ren t  is  AE As u- 

rent   decreases ,  2nd t5e  endpolnt of the  correspondmg  vector moves from E t o  D, B A. 
Keeplng the   cur ren t  I n  the  center  antenna and the  non-parasl t lc   current   In   the  s lde 
antennas  constant (OA) l t  1s apparent   that  f o r  a par t lcular   phase  angle  6' t h e   f l e l d  
s t rength  OD 1s inax~lilvm T h ~ s  condltlon i s  obtamed If  OCD 1 s  I n  a s t r a l g h t   h n e ,  and 
1 s  glven by 

5 )  Qax ={ [k + 2 s m  (s s i n  e ) ]  + [Po cos (S s i n  e )I 2 

+ 2 po cos 60 cos (S s l n  e )  + 2 s i n  (S s l n  e ) ]  
Y 2  

+ po cos (3 s i n  e )  
Figure 4 shows the  vector  aia,Tam  of the   cur ren ts   appear lng   In   the   f le ld  

s t rength  equat lon  for   dlrect lons 0 = Go,  i30°, i 4E  6",_+90°. In   f l gu res  5 and 6 the  
diagrams for f l e l d   s t r e n g t h  on-course 2nd a t   r l g Y t   a n g l e s   t o   t h e  course  a r e  shown, 
assurmng the same constants   as   for  f l p e  4 The f i e l d   s t r e n g t h  on-comse  can  elther 
be increased or decreased by changlng  the  parasl t ic   currents  from their   resonance 
value AF I n  f i p e  5 M a x m  and Irlnmum values of f l e l d   s t r e n g t h  on course are OD 
and CD', respec t lve ly  

A t  r q h t  angles   to   the  course  ( f lgure 6 )  t he   mnor   l obe   f i e ld   s t r enz tn  1s O'B, 

n t h  phase  a?gle d of t h e  pa ra s l t l c   cu r ren t  It 71111 be  observed  tbat  the minor lobe 
and t \ e   f i e l d   s t r e n g t h   a t + 9 C o  1 s  OB The clearance,  thzrefore, 1s C(90") = CB/C'B, 

fleld stren;th, m t h  the  constants  chosen, 15 never  zero Its mlnlmm value 1s C'P 
m t h  a phase  hngle 6 of -14 2', i t s  Iraximum 1s C'C 

TbAe naxlmum f l e l d   s t r e n g t h  on course (6 = 0) 1 s  

In  t ' le  absence of p a r a s l t l c   c u r r ~ n t s  (po  = 0 )  t i e  f i e l d   s t r e n g t h  on course 
equals k Honever, I n  order t.0 obtain a b e t t e r  co'npdrlson of t t e   r e l a t l v e   f l e l d  
s t rengths  n t h   p a r a s l t i c   c u r r e n t s ,   t h e   c n n - e s   I n  f1gvi-e 7 are   for   consbant   radlated 
power l n  the horizontal plane Thls requl res   ln tegra t lon  of t h e   f i e l d   p a t t e r n s   I n   a l l  
d l rec t ions  (0 = r t o  0 = - r )  and nll be descr lbed   In  more de t a l l   i n   ano the r   no te  
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d l rec t lon  e 1 s  found  by maxlrmzlng equatlon 4 It 1s 
The phase  angle 6 of t be   pa ra s l t l c   cu r ren t  pnng maxlmum f l e l d   s t r e n g t h   I n  

On course ( e  = 0 )  t h l s   s i m p l l f l e s  t o  

COURSE SHARPNESS T I T H  PARASITIC CURRENTS 

S t a r t l n g  from equatlon 4 m t h   p a r a s l t l c   c u r r e n t s  p of phase  angle 6 , and 
c a l l l n g  S s lne1F  the  course  sharpness h p  1 s  

i Y (k  + nS)' + 4p2 + LP cos 6 (k + ns) 
9 ,  ( k  - nS)2 + 4$ + 4p cos 6 (k - ns) 

Thls compares n t h  the  course  s'larpness In the  absence of pa ras l t l c   cu r ren t s  
mven by 

10) N = -  k + nS 
k - nS 

where n = 0 915 x lC-3 

n t h  spaclng S l n  degrees 

and t're d l r ec t lon  of  axm mum f l e l d   s t r e n g t h  and o f  the  m m o r  lobes 1s sh l f t ed  
Paras l t lc   cur ren ts  In   gene ra l  reduce  the  clearance between two associated bean pa t te rns ,  

ANGLES TO COURSE WITH PARASITIC CUWNTS 
FIELD STREXTF AN3 CLEARANCE AT RICH" 

Enterlng  equatlon L m t h  e = n/2 glves 

11) F ( 5T/2)= (k + 2 s l n  S) + ( 2  p C O S  S )  P i 2 2 

+ 4 p cos 6 cos S (k  + 2 s m  SI} 1/2 

In t he   ca se   mthou t   pa ra s l t l c   cu r ren t s  we have 

12)  F( n / 2 )  = k + 2 s l n  S 

For equal   radlated power In  the  horleontal   plane  equatlon 12 has   to  be multl-  
p l l ed  by a sca l e   f ac to r  whlch 1s t n e   r a t l o  of t h e  rms value of the horizontal f l e l d  
pat terns   Integrated  over  360' 

Vhth pa ras l t l c   cu r ren t s   t he   c l ea rance   a t  90' off  course 1s 

(k + 2 s l n  S )  2 + (2p  cos  SI2 + .$ cos 6 cos S (k + 2 s l n  S) 

13) 'p ( x '2)=  (k - 2 s l n  S)' + (2p Cos S)' + 4p cos 6 cos S (k  - 2 s1n S )  
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compared t o  

m t h o u t   p a r a s l t l c   c u r r e n t s  

EKRMPLES 

currents  I n  the  slde  antennas  for  antenna  spaclngs 5=120° and f o r   t h e   c u r r e n t   r a t l o  
I n   f l g u r e s  8, 9, and 10, h o r l e o n t a l   f l e l d   p a t t e r n s   a r e   s h o m ,   m t h   p a r a s l t l c  

k=2 With the   s lde   an tennas   In   resonance   the   paras l t lc   cur ren t   po= 1 m t h  phase 
angle 4 =  60" 1 s  assumed The solld-llne  bean patterns I n  f lgure  8 apply   for   these  

ren ts .  It m11 be   no t l ced   t ha t   pa ra s l t l c   cu r ren t s   Inc rease   t he   f l e ld   s t r eng th  on 
constants  The dashed  pattern  In  the same f lgure  1 s  f o r  the  case of nu p a r a s l t l c  cur- 

the  course 
course, and tha t   t he   c l ea rance   l n   gene ra l  1s decreased,  especlally a t  r l g h t   a n g l e s   t o  

In   o rde r   t o  compare t h e  two f l e l d   p a t t e r n s  s h m   I n   f l g u r e  8 n t h  the   r ad la t ed  
power I n  t h e  two cases  equal,  the  dashed  pattern  has t o  be  enlarged  by a s c a l e   f a c t o r  
of 1 13 

out of tune (mduct lve ly) ,  whereby  magnltude  and  phase of t he   pa ra s l t l c   cu r ren t  1 s  
Flgures 9 and 10 show the   ho r l zon ta l   f l e ld   pa t t e rns  n t h   t h e   s l d e  antennas 

reduced 

I n  flgure 7 t h e   r e s u l t s  of the  prevlous  dramngs  are  summarlzed The phase 
angle 6 1 s  v a n e d  from +&I" a t  resonance t o  -30" far thest   off   resonance  (no  parasl t lc  
c u r r e n t ) ,  and t h e  corresponding  parasltlc  current,  course  sharpness, 90' clearance 
and r e l a t l v e   f l e l d   s t r e n g t h s   a r e  shown 

CONCLUSIONS 

Cautlon  must  be  exerclsed  In maklng us? of t h e   p a r a s l t l c   c u r r e n t s  I n  t h e   s l d e  
antennas  of UHF radlo  ranges  to   modlfy  the  horlzontal   f le ld   pat tern 

The p a r a s l t l c   c u r r e n t s  char,ge t h e   f l e l d   s t r e n g t h  on-course,  magnltude  and 
h r e c t l o n  of m a x l r n u n  f l e l d   s t r e n g t h  and of mnor   lobes  The d l r e c t l o n s  of zero or 
mnlmum f l e l d   s t r e n g t h   a r e   n o t  changed,  and the  synnnetry of two assoclated  bean  pat- 
t e rns  n t h  respec t   to   the   course  1s  not   a f fec ted   by   paras l t lc   cur ren ts  (1 e , the  
course 1 s  not   sh l f ted)  

obtalned  In  the  absence  of  paraslt lc  currents  by  detunlng  the  slde  antennas 
The f l e l d   s t r e n g t h  on-course  can  be elther  Increased  or  decreased  over  that  

ance, slgnal strength  on-course 1 s  Increased and course  sharpness  decreased  by  the 
pa ras l t l c   cu r ren t s  For cer ta ln   capac l t lve   tun lng   adps tments  of the  s lde  antennas 
t h e   f l e l d   s t r e n g t n  on-course In  decreased and t h e  course  sharpness  Increased 

I f   the   s lde   an tennas   a re   a t   resonance  o r  detuned t o   o f f e r  an  lnduct lve  react-  

depending on slde  antenna  tunlng and on pol & , k,8 For speclf lc   cases   the  vector  
dlagrams  can  be d r a m  and s tudled   regard lng   the   e f fec t  of pa ras l t l c   cu r ren t s  on 
clearance and course  sharpness 

The clearance  can  he  elther  Increased  or  decreased by p a r a s l t l c   c u r r e n t s ,  

It 1 s  helleved Lhat, In  general ,   the  advantage of Increased   s lgna l   s t rength  
on-course  due t o   p a r a s l t l c   c u r r e n t s  1s l o s t  by  the  decrease m course  sharpness  In 

be Increased  In  the  order of 50 per   cen t   by   us lng   the   paras l t lc   cur ren ts   In  t h e  s l d e  
spec la l   cases  where course  sharpness need not   he  hlgh,   the   f le ld   s t rength on-course  can 

antennas 
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WITH  PARASITIC  CURRENTS  SIDE  ANTENNA IN RESONANCE ----_ WITHOUT  PARASITIC  CURRENTS 

1 k = 2  1 
~-+12@"t€3-+l20"+El 

+go' O0 T90" 

CURRENT 60=+60"=6 

PARASITIC 

(Po= 1 = p 

- - - - NO  PARASITIC p = 0 
CURRENT i 6:-30 

6,=+60"=6 
pa=' = P 
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