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L o g - p e r i o d i c   d i p o l e   a n t e n n a s   t h a t   a r e   n o t   p e r f e c t l y s y n m e t r i c  
a r e   k n o m   t o   e x h i b i t   s t r o n g   s i d e   r a d i a t i o n  and f r o n t   l o b e   g a i n  
r educ t ion   i n   na r ro l i   f r equency   bands   (1 ) .  As t h i s  i s  c l e a r l y  a 
resonance phenomenon t h e  method o f   c h a r a c t e r i s t i c  modes wasdeemed 
a n   a p p r o p r i a t e   t o o l   f o r   a n a l y s i s .  

The  method o f   c h a r a c t e r i s t i c  modes provides  a sec of b a s i s  
funct ions  which may b e   s u m e d   t o   g i v e   t h e   t o t a l   c u r r e n t  on a 
s t r u c t u r e   f o r  a g i v e n   e x c i t a t i o n .  The b a s i s   f u n c t i o n s ,  o r  charac- 
t e r i s t i c  modes, J n ,  are   found by u s i n g  a moment m e t h o d   p r o g r a r   t o  
o b t a i n  a mutual  Impedance  matrix, Z = R + j X ,  and  then   so lv ing  

SJn = :i R J n  . 

The t o t a l   c u r r e n t  on t h e   a n t e n n a  i s  then   g iven  by 

where VA is t h e  modal e x c i t a t i o n   c o e f f i c i e n t ,   w h i c h ,   f o r   t h e   c a s e  
of an   an tenna   be ing   u sed   a s  a r a d i a t o r ,  is given by the   p roduc t   o f  
t h e   a p p l i e d   v o l t a g e   a n d   t h e  mode c u r r e n t   a t   t h e   p o s i t i o n  o f  t h e  
v o l t a g e   s o u r c e  ( 2 ) .  

The moment method  program s e l e c t e d  i s  d u e   t o  Richmond ( 3 )  and 
u s e s   G a l e r k i n ' s  method  and p i e c e w i s e   s i n u s o i d s .  The program was 
modif ied ( 4 )  t o   e l i n i n a t e   t h e  "computer   genera ted   asymetry"   re -  
p o r t e d  by  \:ainberg  and  Balmain ( S ) ,  which was t r a c e d   t o   t h e   n e g l e c t  
o f   po in t   cha rge  terms i n   t h e  monopole-to-monopole impedance c a l c u -  
l a t i o n s .   T h o s e   p o i n t   c h a r g e   t e r m s   l i e r e   a d d e d   u h i c h   w e r e s u f f i c i e n t  
t o   r e s t o r e  symmetry  and t h e  new program was t h o r o u g h l y   t e s t e d  on 
s i m p l e   s t r u c t u r e s .  The genera l ized   e igenvalue   p roblem vas so lved  
using  an IHSL package (61. 

The an tenna   under   s tudy   t i as  a s t a n d a r d  9 element log-periodic 
d i p o l e   a r r a y   K i t h  ~ = 0 . 8 9 ,  z=O. l5 ,  feederZ0=1353,wireradius  = lmm 
and x i r e   c o n d u c t i v i t y  = 10  i4S/m. The design  f requency  range  r \~as  
600 t o  850 YHz. Two vers ions   o f   Richmond 's   p rogra- ,   the   o r ig ina l  
and t h e   v e r s i o n   i n c o r p o r a t i n g   t h e   m o d i f i c a t i o n s ,   a n d   t h r e e  
d i f f e ren t   s egmen ta t ion   s chemes   p roduced   cha rac t e r i s t i c  modes t h a t  
were   nea r ly   i den t i ca l .   Fu r the rmore   t he re  was exce l len t   agreement  
b e t w e e n   r e s u l t s   c a l c u l a t e d   u s i n g   c h a r a c t e r i s t i c   n o d e   t h e o r y   a n d  
u s i n g   m a t r i x   i n v e r s i o n .  



The  characteristic  modes  were  numbered  according  to  the 
absolute  value  of An from  smallest  to  largest.  In  most casesonly 
the  first  10 of the  full  110  were  closely  analyzed  as  they  contri- 
bute  most of the total  current. On a  perfectly  symmetric  struc- 
ture  it  was  found  that  there  are  two  types of modes,  namely  reso- 
nant  asymmetric  modes  and  radiating  symmetric  modes  [Figs.l & 21. 
Among  the  radiating  modes  the  two  dominant  ones  supply 70%ormore 
of  the  total  power.  The  resonant  modes  are  of  two  types.  One  has 
a  maximum  of  current  on  the  feeder  between  the  dipoles  carrying 
the  highest  currents;  the  other,  a  minimum of current  in  the  same 
region.  The  eigenvalue  of  the  latter  mode  is  always  positive  and 
steady  with  frequency.  The  eigenvalue of the  other  mode  changes 
from  negative  to  positive  just  below  resonance. Two suchres0nanc.e 
frequencies  exist  in  the  design  range, 667 MHz and  779 MHz. The 
resonant  and  radiating  modes  occupy  the  same  elements  on  the  an- 
tenna,  thus  complicating  the  suppression of the  resonant  modes. 

At 810 MHz an  increase  in  back  lobe  gain  accompanied  by  a 
decrease  in  front  lobe  gain  was  encountered.  One  characteristic 
mode  showed  a  half-wave  resonant  current  distribution  between  the 
feeder  termination  and  the  element  closest  to  a  half-wavelength, 
as  described  by  Bantin  and  Balmain (7). 

Distortion  of  the  antenna,  by  extension  of  the  monopole  de- 
noted  by  a  dot  in  Fig.1,  by  12.4%  and 5%, produced  little  effect 
at the  first  resonant  frequency,  667 MHz, as  the  monopole  carried 
little  current  at  that  frequency.  Around  the  779 MHz resonance 
the  effect  is  dramatic.  The  longer  extension  changes  the  resonant 
frequency  to  760 MHz; the  shorter,  to  771 MHz. The  actual  reso- 
nance  currents  are  not  restricted  to  one  cell  as  originally  pos- 
tulated (1). The  characteristic  modes  for  the  distorted  structure 
show  that  the  resonant  modal  current  distributions  are  little 
changed  by  the  alterations  while  the  radiating  modal  current  dis- 
tributions  are  altered  almost  beyond  recognition. 
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Fig .1 .  Dominant resonant  asymmetric mode. Current   ampli tude 
is s u c h   t h a t  JTRJ = 1. On a symmetr ic   antenna  this  
mode is no t   exc i t ed  as t h e r e  is zero c u r r e n t   a t   t h e  
f e e d   p o i n t .  Dot denotes  monopole  extended i n  subse- 
q u e n t   c a l c u l a t i o n s .  
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Fig.2. Dominant radiating symmetric mode 
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