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HORIZONTAL FIELD PATTERNS  OF  VERY-FIGH-FREQUEXCY 
UK.ZIdMETFLICAL LOCALIZEB ANTENNA ARRAYS 

S W Y  

The p r o p e r t l e s  o f  t h e   h o r l z o n t a l   f l e l d   p a t t e r n s  of u n s p m e t r l c a l   l l n e a r  an- 
tenna  arrays  consls t lng of from f l v e  t o  seven  antennas  are compared n t h  those of the  
Clv l l   Aeronaut lcs   kdmlmst ra t lon ' s   s tandard  10-loop l o c e l l z e r   a r r a y  Horizontal 
f l e ld   pa t t e rns   fo r   t he   s ldeband   f r equenc le s  and  curves of cross-polnter   Instrument  
def lect lon  versus   azmuth  angle   for   e lght   antenna  arrays  are  s b o m  It 1s found t h a t  
tke tes t  f l e l d   p a t t e r n s  of the  unsymmetr lcal   arrays  consldered  are   not  as good as t h e  
f l e l d   p a t t e r n  of the  standard  10-loop  array,   al though  the course sharpness  can  be 
r ade   t he  same for   both  types of arrays  For  general  use  unsymmetrlcal  arrays  are  not 
recownended The e f f e c t  of  Improper cur ren t   phasmg I n  one antenna on course  bendmg 
was l n v e s t l g a t e d  and  found t o  be s n a l l ,   b u t  It was g r e a t e r  I n  unsymmetrlcal  arrays 
than n t h  the  s tandard  10-loop  local lzer  antenna a r r a y  

INTRODUCTION 

Antenna a r rays   whlch   produce   f le ld   pa t te rns   havlng   cer tam  prescr lbed   charac-  
t e r l s t l c s  can  be  developed by two methods I n  t h e  f l r s t  method t h e   f l e l d   p a t t e r n s  
evolve  f ron a l a r g e  nurrber of c a l c u l a t l o n s  l n  whlch  antenna  spacmgs and cu r ren t s   a r e  
sys t ema t l ca l ly   and   Jud lc lous ly   vaned   un t l l  a practical and  economlcal  solutlon of 
t h e  problem 1 s  ohtalned The second  method starts from  the  deslred  contour of  t h e  
f l e l d   p a t t e r n  and  makes use of  F o w l e r   a n a l y s d   t o   d e t e m n e   a n t e n n a   c u r r e n t s  and 
spaclngs  glvlng a f l e l d   p a t t e r n  whlch a p p r o x m t e s   t h l s   c o n t o u r  

and-try" method  and  have v e r y   s a t l s f a c t o r y   f l e l d   p a t t e r n s  It 1s r e a l l z e d ,  however, 
t h a t   t h e o r e t l c a l l y   t h e   a n t e n n a   a r r a y s   a r e   n o t   n e c e s s a r l l y   t h e   b e s t   o n e s   p o s s l b l e  

The present   loca l leer   an tenna   a r rays  of the  CAA were developed  by  the  "cut- 

The loca l l ze r s   ope ra t e  a t  f requencles  of approxmat,ely  110  megacycles and 
t h e l r   a n t e n n a s   a r e   h o r l z o r t a l l y  polarized loops 

4s the   func t lon  o f  t h e   l o c a l l z e r  1 s  t o  g l v e   l a t e r a l   g u l d a n c e  t o  t h e   p l l o t  
makmg an  mstrument   landlng,  we a r e   I n t e r e s t e d   p r m r l l y   I n   t h e   h o r l e o n t a l   f l e l d  
pat tern  produced  by  the  antenna  array The ho r l zon ta l   f7e ld   pa t t e rns  shown I n   t h e  
appended  dramngs  are  for  free  space  and  have  an arbitrary s c a l e  

The purpose o f  t h l s   m v e s t l g a t l o n  1s t o  examme t h e   p o s s l b l l l t y  of reducmg 
the  number  of antennas of the   s tandard   10- loop   loca l lzer   a r ray  by usmg  an  unsym- 
metrical a r r a y   m t h o u t   s a c r l f l c l n g   t h e   d e s l r e d   p r o p e r t l e s  of t h e   f l e l d   p a t t e r n  An 
u n s p m e t r l c a l   a r r a y  1 s  one I n  whlch not  a l l  of the   an tennas   a re  symmetrical m t h  re- 
s p e c t  t o  t he   cen te r  o f  t h e   a r r a y  

INo l f f ,   I rv lng ,   "De temna t lon  of the  Radlatlng  System  whlch m11 Produce 
a Spec l f l ed   D l rec t lona l   Cha rac t e r l s t l c  I' Froceedlngs of the  I R E , v 25, 
p 630, May 1937 
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THE  STANDkRD 10-LOOP LOCkLLIZER AhTEhNA ARRAY 

Relatlve  antenna  currents  and  antenpa  spacmgs  (measured  from  the  center of t h e  
a r ray :   for   the   s tanaard   loca l leer   a re  shorn a t   t h e   t o p  of f i g r r e  1 and on f l g u r e  2 
The l e t t e r  drarvlng a l s o  SI-ows t h e  two conJueate  sldeband f l e b  pat terns3 and t h e   c a r r l e r  
oa t te rn   nh lch   a re  marked by the  f reauencles  (f, 2 150m), ( f c  ? 9 0 ~ )  and f c  

The s iceband  f le ld   pat tern  e%uat lon 1s 

E( 9 ) oc 11 cos (SI s l n  9 )  +- 5 
,Y 

n =  2 
( I n  s1n  (sn s i1  e ) )  

where E (  0 ) = f l e l d   l n t e n s l t y   I n  horizontal plane 

8 = azlnuth  angle  measured fran course 

11, 12, e t c  = antenna  s laeband  current   anpl l t ldes  

The + and - s ign  l n  t h e   e q u a t l o n   d l s h n p u i s t e s   t r e   c o n p g a t e   f i e l d   p a t t e r n s  

T t e  c a r r ~ e r  field pa t t e rn  1s elven by 

where Sn 1s the  antenna  spaclnp of t he  nth antenna In  degrees ,  measured from t > e  

1s the   cur ren t   in   each  cent,er antenna if ti-erz a r e  two cmter   antennas,  o r  aye-half 
center of t he   a r r ay ,  aqd I, the  s ideband  cnrrent   anphtude of t he  nth antenna 11 

of the   cur ren t   In  t t e  center  antenna If t he re  i s  but one center  antenna 

I n  good approxmatlon  equatlon (3)  nay  be r e m i t t e n   a s  

I 1 I~ + 4 57 x 10-4 sn) 5 
Ndb = 20 l o n o  n =  2 

- 4 5'1 x 10-4 ,3 
n = 2 (In Sn) 

!L )  

Fron a practical polnt  of n e w   t h e   c o u r s e   m a t h  1s of great  lmportance  lbe 

q e t r l c a l   t o  the  course,  and t h e  r ad la tmn   cen te r ,  a t  whIch f u l l - s c a l e   d e f l e c t i o n  ( 4  
course   mdth  rU 1s deflned ds t h e  horlzontal   angle ,  measurea between two polnts  5 p -  

d o t s   t o  4 d o t s )  of the  cross-polnter  Instrument  occurs R t h m   t h e  service a r e a   I n  
whlcFl the   a l rp lane   rece lver ' s   au toqa t lc  volume control  1s operative, tbe   de f l ec t lon  
o f  the  cross-polnter  Instrument 1s subs t an t l a l ly   cons t an t   a s   t he   p l ane   fhes  cil a 
radlal   gmng  through  the  center  of t h e   l o c d l a e r   a r r a y  

June 1943 

frequencles  producea  by 90- and 150-cycle  mcdulatlon,  respectively 

'Caporale, Peter, "Instrument Approach Systen",  Radio News, 

3 ~ ~ e  term  ncon3ugate f i e l a   p a t t e r n s "  ?leans the  t w o  pat terns  

v 29, p 121, 

of sideband 
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The course wLdth 1s 

5 
W = K  ,T 

n = 2  

where W is t h e   c o u r s e   n d t h   I n   d e p e e s  and K 1s a constant whlch  depends on t h e   s e t -  
t i n g  of t h e  manual gam cont ro l  i n  the   rece lver  The recer%er  gain IS adJusted  to  clve 
a cer ta ln   va lue  of output  xroltage  veasured a t  ti.e Input of t h e  93- and 150-cycle 
f l l t e r s  h represeptat ive  value of  filter potential f o r  a l o c a l l a e r  c o w s e  vndth of 
5 O  ( 4  d o t s   t o  4 d o t s )  IS 30 vol ts ,   us ing a Western E l e c t r i c   I j p e  12-h r e c r l v e r  
Palues of l o c a l l z e r   c o u r s e   m d t h  between 2 5" and 5' a r e   s a t l s f a c t o r y  from a f l p n g  
s tanapolnt  

Before  dmcussing  the  merits of t h e  various f l c l c   p a t t e r n s  s k o m  m t r e  ao- 
penaed dramngs, It 1s a p p r o p r i a t e   t o   s t a t e   b r l e f l y   t h e   r o s t   I m p o r t a n t   r e r u r e m n t s  
f o r  a s a t l s f a c t o r y   l o c a l i z e r   f l e l d   p a t t e r n  These requireTents   are  

should nave approxlmately  the  shape of an e l l l p s e  whose maJor a n s  coincides nth the  
t w o  reclprocal  courses and whose r u n o r  axls 1 s  approxlmately  one-third of the  l;.n,-th 
of t h e  n a J o r  axis 

1 Tne serv ice   a rea   In  a horlzontal   plane  throuph  the  locallzeA  antennas 

pa t te rns  must rise rap id ly  fro= zero on course   to  a va lue   su f f l c l en t  z o r  fu l l - sca le  
2 The d l f f e r e n c e   i n   t h e   f l e l d   l n t e n s l t l e s  between tt 'e  conJuEatr field 

def lec t ion  of the  cross-pointer  lnstrunent  In  the  alrplane,  t h a t  15, the C T ' I T S ~  SharD- 
ness must oe s u f f l c l e n t  t o  insure  an  lnstrurrent lanuin! near   the cenrcr Ilne of h e  
rbnway wlih  proper  allowance f o r  n o m 1   f h g h t  deviations 

3 The d l f f e rence - f i e ld   mtens l ty  must be s u f f i c l e n t  t o  Eive fu l l - s ca l e   i e -  
f l e c t i o n  of t he   c ros s -po in te r   l n s t runen t   In   a l l   a z imutha l   d l r ec t lons   n th l r  :,he 
service  area  except  near  course 

4 The dlfference-f ie ld  rn; t rs~t j .  shoula  not  _TeatlJ-  ehceed  the  value  re- 

requl rement   assures ,   i i r s t ,  a rmnInUm of Interference  effects   f rom  radiated power 
qul red   to  g l w  fu l l - sca l e   ue f l ec t lo r  of  tfie  inair  ator w ! t k m  t h e  ~ e r v 1 c e  space Thls 

r e f l e c t e d  oy obJec ts   in   the   nc ln : ty  of t he   l oca l i ze r  anu,  secona,  the most  econcmlcal 
use of rad la ted  power 

5 The s r z e  of t h e  mnor  lobes of t h e   f i e l o   p a t t e r n s  smould be as small as 
posslble  

b The d e g e e  of modulatron o f  the  carr ier   should  be  hlfh on and near  the 
course 

An obvmus  condltlon  regarding  the  antenna  array i s  tPa t  it should  contain 
t b e  least number of elements  consistent n t h  t h e  above requi rements   for   the   f le ld  
pa t te rn  

fLl f l l l s   these   requi rements  t o  a hrgh  degree The maximum of rad la t lon  1s near  the 
course a t   app roxmate ly  8" and t h e   r a t i o  of f ie ld   intensl t : .  on course t o  mamum f l e l d  
intensi t ) -  1s r e l a t i v e l y   l a r g e  The mnor  lobes  are  small, givlng a nlgh m m m w  
clearance, and the  degree of modulation is high i n  any d i r e c t i o n  The r e l a t l v e   s c a l e s  
of c a r r l e r  anc  sideband f i e l d   p a t t e r n s   a r e  such t h d t   t h e  vaxunwn modulation  equals 
but  does  not  exceed 100 percent 

Inspection of f1,gx-e 2 ~ ' - 0 ~ s  t h a t   t h e   f i e l d   p a t t e r n  of t t e  s tandard   loca l izer  
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UNSYME3TRICAL  MCALIZER ANTENNA AFXAYS 

As no  mechanlcal means (such  as  the  machlne  descrlbed  by Wllllams4) f o r  ob- 
t a l n l n g   t h e   h o r l z o n t a l   s l d e b a n d   f l e l d   p a t t e r n s  were a v a l l a b l e ,   t h e  number of antenna 
combmatlons  analyzed, of necess l ty   had  t o  be small The p a t t e r n s   s e l e c t e d  f o r  pre- 
s e n t a t l o n  are produced by the   a r rays  s h m  on f l g u r e  1 It m11 be  observed  that  
the  spaclngs o f  t h e   s t a n d a r d  10-loop l o c a l l z e r   a r r a y  have  been  kept In tac t  except   In  
Cases 2 and 3 where a s lngle   cen ter   an tenna   lns tead  of a p a l r  was used,  and I n  Case 7 
n h x h   h a s  a s l d e   a n t e n n a   m t h  a ve ry   l a rge   spac lng   In  Case 9 the  antenna  spaclngs 
of a por tab le  CAA l o c a l l z e r   a r r a y  mounted  on the  roof  of  a trailer a re   u sed   In  con- 
junction m t h  a slngle  unsymmetrlcal  antenna Thls antenna  ra lses   the  course  sharp-  
ness of t h e   p o r t a b l e   l o c a l l z e r  from 2 9 db t o  4 . 8  db 

The flrst thought m a r r l v l n g   a t   t h e   u n s y m e t r l c a l   a n t e n n a   a r r a y s  was t o  o n l t  

from  one  slde of the   cen ter   to   the   o ther   (Cases  3 and 4 )  A s  t h e   f l e l d   p a t t e r n s   t h u s  
one of t he   r ad la to r s   In   each   equ l spaced  palr of the   symmetr lca l   a r ray ,   a l te rna t lng  

obtalned are unsat lsfactory,   antenna  arrays  havlng two and th ree   synmet r l ca l   pa l r s ,  
r e spec t lve ly ,   In   add l t lon   t o   unsymne t r l ca l   an t ennas  have  been  calculated (Cases 5, 6, 
and 7) 

To de r lve   t he   f l e ld   pa t t e rn   equa t lons  f o r  the  unsymmetr lcal   arrays,   the   re tarded 
po ten t l a l s   due  t o  each   r ad la to r   a r e  set  up  and t h e  terms m tune  phase  and  In  quadra- 
tu re   phase   mtk ,   the   rad la t l0-J  f rom the cen te r   an t en ra ( s )   a r e   co l l ec t ed  ( E '  and E") 
The amplitude of t t e  t o t a l   l n t e n s l t y   t h e n  1s 

E v n  
For exmple ,   the   equat lon  of t h e  f le la  p a t t e r n  f o r  Case 6 1 s  p v e n  by 

Inspect lon of equatlon (6)  shms t h a t   t h e  terms I n  t h e  f lrst  bracke t   a re  s m -  
l a r   t o   t h o s e   f o r   t h e  syn!r,etrlcal  array,  equatlon (l), excep t   t ha t   t he  menbers  represen- 
t l n g  t h e  u n s p e t r l c a l  antennas  lack t h e  f a c t o r  2 ( In   equa t lo r  (1) tl-e f a c t o r s  2 a r e  
o m t t e d   t o   s l m p l l f y   t h e   e q u a t l o n  ) Doubllne of cur ren ts  I , 14, and I5 relatlve t o  
the   va lkes  of the  symmetr lcal   antenna  array makes the  f r s ?  b r a c k e t   l d e n t l c a l   m t h  
equatlon (1) The "d ls turb lng  function" I n   t h e  second  bracket 1 s  sgnmetr lcal  t o  t h e  
course  and Its members have a l t e r n a t l n g  signs 

Two methods a r e   a v a l l a b l e   f o r   r e d u c m g   t h e   e f f e c t  of t he   d l s tu rb lng   func t lon  
on t h e   f l e l d   p a t t e r n  on course  and  near  the  course 

( a )  Chooslng  the  currents so t h a t  I3 - I4  + I = 0. 

( b )  Moving antenna No 5 t o  the o the r   s lde  of t h e   c e n t e r   l l n e  of t h e  

5 

a r r a y  (Case 5 ) ,  w h c h  wlll make the  slgn of t h e  I5 term l n   t h e  second 

flrst b racke t  
bracket  of equatlon (6)  negat lve  mthout   changlng I t s  s l g n   I n   t h e  

As the   an tenna   cur ren ts   decrease  m t h  antenna  spaclng, method ( b )   r e a d l l y   l e n d s   I t s e l f  
t o  s a t l s fy   t he   equa t lon  I3 - 14- I - 0 W h l e   t h e   e f f e c t  of t h e  d l s t u r b l n g  5 -  

Antenna  System," Electrical Comunlcatlons v. 21, No 2, p 103, 1943 
4 Wllllams, €I. P , "A k c h l n e   f o r   C a l c u l a t l n g   t h e   P o l a r   m a g r a m  of an 
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t i o n  mll reduce  the  clearance  between t h e  two c o n p g a t e   f l e l d   p a t t e r n s   I n   a l l   o t h e r  
functlon on t h e   f l e l d   p a t t e r n   n e a r  t h e  course  can  be  controlled,   the  dlsturblng  func- 

d i r e c t l o n s  of the   hor lzonta l   p lane  

I n  o r d e r   t o   G v e  a c learer   apprec la t lon  of t he   p rope r t l e s  of t h e   f l e l d   p a t -  
t e r n s   a s   t h e y   a f f e c t  t h e  cross-pomter Ins t rument ,  t h e   r e l a t l v e   d e f l e c t l o n  of t h l s  
lnstrument   versus   the  azmuth  angle  1 s  shown  on f l g u r e  11 f o r  t h e  n l n e  antenna  arrays 
of f l g u r e  1 

As the   cross-polnter   lnst rument  1s I n  a d l rec t -cur ren t   b r ldge   c l rcu l t  I n  whlch 
t h e   r e c t l f l e d  9G-cycle  and 150-cycle  voltages buck each  other, t h e  def lec t lon  of the  
zero-center  mstrument 1 s  propor t lona l   t o   t he   d l f f e rence   In   l n t ens l ty  of the  conjugate 
sldeband f l e l d   p a t t e r n s   f o r   t h e   p a r t l c u l a r   a z m u t h   a n g l e  If t h e   c a r r l e r   f l e l d   p a t -  
t e r n  1 s  not   c l rcu lar   bu t  1 s  cons t r lc ted  on t h e  s ldes ,  It 1 s  necessary t o  t ake   In to  
account t h e  a u t o m t l c  volume con t ro l   cha rac t e r l s t l c  of the   rece lver  whlch tends t o  keep 
the   rece lver   ou tput   cons tan t   regard less   o f   car r le r   f le ld   ln tens l ty   Thls   has   been  done 

m t h   t h e   e x c e p t l o n  of Case 9, a r e  dram t o  such a s c a l e   t h a t   a t  1 5'  off   course  they 
I n  f l g u r e  11 f o r  Case 1 and  Cases 4 t o  8, lnc lus lve  The pa t te rns  shown I n  f l g u r e  11, 

have t h e  same ordinate  

From prevlous  dlscusslon on the   f le ld   pa t te rn   requl rements ,  It f o l l m s   t h a t  
t he   Idea l   de f l ec t lon   cu rve  would be a h o r l z o n t a l   l l n e   a s  shuwn dot ted f o r  Case 1 The 
pos l t lon  of t he   ho r l zon ta l  l l n e  mll  be s h l f t e d  up o r  down by   t he   gam  con t ro l   s e t t l ng  
of the   rece lver  It 1s apparent   tha t  If I n  a l l  bu t   the   Idea l   case   the   course   mdth  
1 s  made very  broad,  there m11 be  certaln  azlmuth  angles  where t h e  Instrument  needle 
m11 have less than  ful l -scale   def lect lon Such a condltlon must  be  avolded  slnce It 
may glve a p l l o t  who 1 s  c l r c l l n g   t h e   l o c a l l z e r   s t a h o n   t h e   l m p r e s s l o n   t h a t  h e  1s ap- 
proachlng  the  course when he a c t u a l l y  1 s  not  

Any practical curves of c ross -pomter   lnd lca tor   def lec t lon   versus   azmuth  
angle   ( f lgure 11) mll have rmnuna l l rmt lng  t h e  maximum cour se   md th  whlch  can  be ac- 

cases  consldered  are  glven The m a x ~ m u m  course   mdth   for   the   s tandard   10- loop   loca l leer  
comodated  by a glven f l e l d   p a t t e r n   I n   t a b l e  I maxmum course   mdths   for   the   n lne  

1s 5 0  

The f o l l m n g   s m p l e   g r a p h l c  method may be used t o  determlne  the I p a x l m u m  pos- 
s lb l e   cou r se   md th  The curve of cross-polnter   Instrument   def lect lon  versus   azvuth 
angle   cor rec ted   for  tP,e au tona t lc  volume con t ro l   ac t lon  of t he   r ece lve r  1 s  plo t ted  

h o r l z o n t a l   l l n e   d r a m   t a n g e n t   t o   t h e  m l n ~ m u m  The azlmuth  angle a t  whlch t h x  horl-  
The r m n m u m  of th l s   curve  1 s  detemned  (d ls regard lng   the   va lue   zero  on course) and a 

zontal   tangent   Intersects   the  curve  as  It 1'188s from  zero on course  to  Ghe f l r s t  
m a x l m u m  1 s  determined and mul t lp l led  by two t o  f v l d  t h e  maxlmum posslble   course  mdth 

DISCUSSION OF FIELO PATTERhS 

The f l e l d   p a t t e r n s  shown m f igures  2 t o  9, lncluslve,  have  been  dram  to  such 
a s c a l e   t h a t   t h e   f l e l d   l n t e n s l t y  on course 1 s  approxlmately  the same f o r  a l l  cases, 
v a r p n g  from 2 0 t o  2 04 u n l t s  Exarmnlng t h e   f l e l d   p a t t e r n   d r a m n g s ,   f l g u r e  11 and 

m t h   t h e   b e s t   o v e r - a l l   c h a r a c t e r l s t l c s  (Case 1) Good f l e l d   p a t t e r n s   a r e   a l s o  shuwn 
t a b l e  I, It appears  that   the  standard  10-loop  locallzer  antenna  glves a f l e l d   p a t t e r n  

I n   f l g u r e s  8 and 9 Flgure 8, Case 7 shows t h e   b e s t   p a t t e r n  of the  unsymmetrlcal 
local lzer   arrays  consldered The prlnclpal  dlsadvantage of t he   a r r ay  of Case 7 1 s  
the   large  antenna  spaclng ( j O O O O )  of the  unsymmetrlcal  antenna. 

Flgure 9, Case 8 holds  for  a symmetrical 8-loop l o c a l i z e r   a r r a y  T h l s  f l e l d  
pattern  has  approxlmately  the same merlts a s   t h a t  of f l g u r e  8 m t h   t h e  added  advan- 
t a g e   t h a t   t h e   t o t a l   l e n g t h  of I ts  a r r a y  1 s  but  2200' 

a r r a y  1s adapted t o  a 9-loop a r r a y   n t h  a slngle  center  antenna The chlef drawback 
Flgure 3, Case 2 shuws the   f l e ld   pa t t e rn   ob ta lned  If the  standard  10-loop 



TABLE I 

DATA ON FIELD  PATTERNS 

Case Number 

Figure NumLer 

Number of Antennas 

Max F l e l d   I n t e n s l t y  

A t  Azmuth  Angle I n  
Degrees 

E On Course 

E On Course 
%ax I n  Percent 

k n .   F l e l d   I n t e n s l t y  

A t  Azunuth Angle l n  
Degrees 

&x Ihnor Lobe 

A t  Azlmuth  Angle l n  
Degrees 

Course  Sharpness a t  
1 5 Degree I n  db 

Mln Clearance  In  ab 

A t  Asmuth Angle m 
Degrees 

Clearance a t  90' In  db 

Azmuth of k n  Cross- 

Degrees 
polnter   Deflect lon  In  

M a n m u m  Course k d t h  
m Degrees 

Percent  Modulatlon on 
Course 

100 Percent  hodulatlon 
a t  Azlmuth I n  Degrees 

of t h l s   f l e l d   p a t t e r n  1s  t h e  small maxmum course   md th  whlch It can accommodate 
( see   t ab l e  I )  and t h e  somewhat low mlnlmum clearance 

- 
l l l u s t r a t l v e  of  what may be  expected  from "highly u n s p e t r l c a l "   a n t e n n a   a r r a y s  

The f l e l d   p a t t e r n s  shown LII f l g u r e s  4 t o  7 mclus lve ,  (Cases 3 t o  6 )  a r e  

Nhlle  course  sharpness 1 s  n o m 1  or fa= ,  rmnlmum clearance,  percent  modulatlon, 
and m a x l m u m  cour se   md th   a r e  t o o  low for  p r a c t l c a l u s e  
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metrical   antenna added to   mcrease  the  course  sharpness  f r o m  2.9 db t o  4 8 db 
F i p e  10 1 s  t h e   f i e l d   p a t t e r n  of t h e  CAA's p o r t a b l e   l o c a l i z e r   m t h  an unsym- 

COURSE BEIIDING WITH LOCALIZER ANTENNA ARRAYS 

It 1 s  of I n t e r e s t   t o  examine  what  happens to   the   cowse   a l ipunent   for   bo th  
synmetrlcal  and unsymet r l ca l   l oca l l ze r   an t enna   a r r ays   I f   t he  magnltude o r  phase of 
the   cur ren t   in   the   lnd lv ldua l   an tennas  IS chanped T h l s  1 s  done  by s e t t i n g  up the  
equations f o r   t h e  con:ugate ho r l zon ta l   f l e ld   pa t t e rns  E1 and E2 and l e t t l n g  1 E l l  = 

1 s  mprac t lca i ,   the   equat lon  can  be so lved   for   the   phasmg  e r ror  4 
lE21 The last   equation  then  shoula be solved  for   the  azimuth  argle  ( 8  Wl?ile t h i s  

The r e s u l t s  of the   ana lys l s  show t h a t  changes oi the  magnltude of the  antenna 
cur ren ts  do not  produce course  bending o r  course  shift lng5  If   the  phase of t h e  currents  
1s correc t  If the  phase  angle of the   cur ren t  of an xd lv ldua l   an t enna  i s  Incor rec t ,  
course  bending ml l  occur The course-bending  angle mll  Increase  as   the  spaclng of 
t b e  gar t lcular   antenna  f rom  the  ramation  center  1s decreased and when the  current  1 s  
Increased 

A spec la l   case  of IrDroper  phasing whlch m11 a p p l y   t o   s m e t r l c a l  antenna  ar- 

nagnitude and of equal  phasing  error m the  saxe  dlrect lon Under th l s   condi t ion  no 
r a y s   r u s t  be consldered, namely, when a symmetrical  antenna palr t a s   cu r ren t s  of equal 

course  Sendm2  occurs 

The course-bendmg  angle 8 versus  phaslng  error 4 has  been  calculated  for 
Cases 1 and 7 and i s  plo t ted  on f q w r e  12, one antenna of the  array  being  improperly 
phased 1~ each  case 

t a n g e n t   a t   t h e  m a x m u m  conrse-bendmf  angle If the  phaslng  error   Increases  beyond 
the  value  corresponding  to  the raximum course-bendmg  angle,   the  course  asappears 

For =l lustrat lve  purposes ,   equat lon (7) glving 4 versus 0 f o r  the  s tandard 

It nll be observed :hat the  curves  reserrble  slne  curves and  have a hor lzonta l  

10- loop   loca l leer   f le ld   pa t te rn  (Case 1) n t h  antenna 5 out of phase i s  shown below, 
a s  w e l l  as   equa t lor  (6) wklch holds fo r  Case 7 m t h  antenna 4 Improperly  phased 

The term "course  bending" designates t h e  condition I n  whlch f r o n t  and r e a r  
courses  are  dlsplaced by an  angle 8 in   oppos l te   d l rec t lon ,   thus   hanng  the   az lmuthse  
and (160°-8) "Course shif t ing"  occurs  if the  above displacements  are I n  t h e  same 
d r e c t l o n   g l n n g   t h e   a z m u t h   a n g l e s  of the  courses as 0 and (Moo+ e )  



8 

Conslderatlon of the   equat lons   lnd lca tes   tha t   the  maxlllluu course-bendlng  angle 1s ob- 

phas lng   e r ro r   a t   nh lch  t h e  courSe ~ u s t  dlsappears 1 s  grea ter   than  90° 
t a m e 6  when ti-e value o f  the  square  bracket 1 s  u n l t y  It fo l lows   tha t   the  maxlmum 

It may be s t a t e d   t h a t  a large  phaslng  error  1n  an  lndlvldual  antenna of a s p -  
metr lca l  o r  an unsynunetrlcal  array  produces  but a small  course-bendmg  angle I n  
general ,   the  course-bending angle  producea  by a glven  phasmg  error  nll be   grea te r  
f o r   u n s y m e t r l c a l   a r r a y s   t h a n   f o r   s p e t r x a l  ones 

The adverse  effect  o f  Improper phasing of an antenna  of a l o c a h z e r   a r r a y  on 
courss  sharpness  and on pa t te rn   c learance  1 s  much more  pronounced than   t he   e f f ec t  on 
course  bendlng 

antenna of an  array on harnonlc   d l s tor t lon  of the   rece lved   s lgna l  
Of acadermc m t e r e s t  1 s  t h e   e f f e c t  of lmproper  current  phaslng I n  a? mdl>idual  

(Case 7 )  m t h   t h e  phase  angle  of  loop 4 haTrIng an  error-+ 
For the  purpose  of  dlscusslon assume an  unspunetrlcal   antenna  array  of 7 locps 

Thls  produces a phase  shlf t  d betneen  carr ler  and sldebands  as  follows 

( 9 )  

be  observed t h a t   t h e   p h a s e   s h l f t  6 v a n e s   n t h   t h e   a z m u t h   a n g l e  and t h a t  It 1s small  
The? slgns m equatlon (9) agam  d l s tmgu l sh  t h e  conlugate   f le ld   pat terns  It mll  

of t h e   f l e l d   p a t t e r n   t h e   a n g l e  d becomes l a r g e r   I n   t h e   d l r e c t l o n s  where the  denolrl- 
on t h e   s l d e  of t h e  maJor lobes of t h e   f l e l d   p a t t e r n  On t h e   s l d e  of the  mmor  lobes 

na tor  of equatlon (9) becomes zero, d 1 s  90°, and nhere  the  denommator becomes nega- 
t l v e ,  6 1s grea ter   than  90° 

second  harmonlc d l s to r t lon   l n   t he   r ece lve r   ou tpu t   u s lng   e l the r   l l nea r  o r  square  law 
de tec t lon  A s  t h e  second  harnonlc amplitude 1 s  propor t lona l   t o   t he   squa re  of t h e  
modulablon f a c t o r  of t he   s lgna l ,  It f o l l o w s   t h a t   h t t l e  harmonlc d l s t o r t l o n  mll  D e  

appreclable  phaslng  error  
experlenced m any   azmutha l   d l r ec t lon  even I f  the   unspne t r l ca l   s lde   an tenna   has   an  

It can  be shown that  mproper  phaslng  between  carrler and sldebands  causes 

CONCLUSIONS 

As a r e s u l t  of t h l s  study It 1s concluded t h a t  

1 The b e s t   f l e l d   p a t t e r n  amone those  consldered  In t h i s  Note 1s t h a t  of 
the  s tandard  10-loop  local lzer   antenna  array 

symmetrical and unsymmetrical local lzer   antenna arrays, keeplng   the   ra t lo  of f l e l d  
l n t e n s l t y  on course   to  mmum f l e l d   l n t e n s l t y   a p p r o x m t e l y   c o n s t a n t  

2 I t  1 s  poss lb l e   t o   ob ta ln  an equally  hlgh  course  sharpness n t h  both 

hlgh a rmnmum clearance,  maxlmum course   mdth ,  and degree of mcdulatlon m t h   a n  
unsylunetrlcal  antenna  array as n t h  a s p m e t r l c a l   a n t e n n a   a r r a y   I f   t h e  number of 
antennas  In   the unsymmetrical a r r a y  1 s  appreclably  smaller   than  that  of t h e  s p -  
metr lca l   a r ray ,  

3 It 1 s  not   posslble ,  as f a r  as thls  mnvestlgatlon  has s h m ,   t o  have as 
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d e f l e c t i o n   v e r s u s   a z m t h   a n g l e   m t h  7 antennas  (Case 7 )  a s   n t h   t h e   s t a q d a r d   l o c a l l -  
zer a r r a y  of Case 1. 

4 It 1 s  poss lb l e   t o   ob ta ln   a s  good a curve o f  cross-pomter instrument 

5 If overmodulatlon  of  the c u r l e r   l n  any   azmutha l   d l r ec t lon  1 s  avolded, 
the  average  degree of rncdulatlon f o r  the   s tandard  10-loop l o c a l l z e r   f l e l d   p a t t e r n  1 s  
apprec lab ly   g rea t e r   t han   t ha t  of t h e   b e s t   u n s p e t r l c a l   p a t t e r n s   c o n s l d e r e d  

unsym?netrlcal antenna m11 n o t   g l v e   s a t l s f a c t o r y   l o c a l l z e r   f l e l d   p a t t e r n s  For 
6 It 1s apparent   that  unsymmetrical antenna  arrays  havlng more than one 

gene ra l   u se   l n  local lzer   antenna Installations, u n s p n e t r l c a l   a r r a y s   a r e  not recommended 

t h e   a r r a y   I n  a pa r t l cu la r   d l r ec t lon ,  such as toward a re:'lectmg  obdect - an unsp- 
metrlcal   antenna may be  added t o  advantage,  although t h e  ensumg  scal lopmg of t h e  
f l e l d   p a t t e r n  nli reduce  the maxmum cou-se m d t h  and the   pa t t e rn   c l ea rance  

7 I n  specla1 cases - f o r  example, when It 1 s  d e s r e d   t o   r e d u c e   r a d l a t l o n  of 

8 The course-bending angle  produced b j  a phas lng   e r ror   ln  an lnd lv ldua l  
antenna IS, under  comparable conal t lom,  greaLer  f o r  an unsymet r l ca l   a r r ay   t han  for 
a symmetrical one 
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