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t Abstract  

The r e s u l z s  of t h e o r e t i c a l  and experimental research on log-periodic 

d ipole  a r rays  and t h e i r  pe r iod ic  prototypes is summarized7 A perturbation. 1 method 
r 

f o r  t h e  ana lys i s  of boundary value problems with log-periodic boundary conditions 

I i s  a l so  discussed. 

I 
The p r i n c i p a l  r e s u l t s  of these  s t u d i e s  have been a b e t t e r  understanding 

1 
of rad ia t ion  phenomena from per iod ic  and log-per iodic  t r a v e l i n g  wave s t ruc tu res  and 

. ';e evaluation of some p r i n c i p l e s  which may lead t o  t h e  design of  frequency-independent 

log-per iodic  antennas r e a l i z i n g  s i g n i f i c a n t l y  g r e a t e r  d i r e c t i v i t y  gain than is present-  
i 

Xy possible 



Objectives: The objectives of the  research supported by t h i s  contract  a re  t o  

develop me-chocis of ana1.gsi.s f o r ,  and to study the  proper t ies  of rad ia t ing  

I s tructures which can be generated from per iodic  s t ruc tures  by a spa t i a l l y  

i variable scaling furiction. The log-periodic antennas a re  memebers of t h i s  

I class of s t r u c t u ~ e s  which a r e  of pa r t i cu l a r  i n t e r e s t ,  

I. Summary of Research Carried Out During t h e  Contract Period 

The top ics  which a re  explored during t h e  tenure of t h i s  contract  

I a )  a t heo re t i ca l  study of a log-periodic (L-P) corrugated plane, 

I b) the  use sf s p a t i a l  dispersion r e l a t i o n s  i n  t he  analysis  and 

I synthesis of log-periodic antennas, 

I c )  a phase-integral ~ W K B )  approximation f o r  t he  dispersion r e l a t i on  

I of an L-P s t ruc ture ,  

I d)  appl icat ion of coupled-mode theory t o  obtain t he  dispersion 

1 re la t ion of an L-P s t ruc ture  from t h a t  of its per iod ic  prototype s t ruc ture  

1 el possible methods of increasing the  d i r e c t i v i t y  of L-P dipole 

I antennas, including multi-mode operation, 

f) an experimental and t h e o r e t i c a l  study of capaci t ive  coupling 

of dipole elements t o  t h e  feeding transmission time, 

I g )  an experimental study of t h e  consequences of glide-symmetric 

excitat ion of a transmission-line coupled dipole  array,  

h) experimental and theo re t i ca l  s t ud i e s  of periodic dipole arrays 
b 

having p a r a s i t i c  elements, and t h e i r  appl icat ion t o  L-P antennas. The r e s u l t s  

\ of many of these s tud ies  ha;:) been included i n  s c i e n t i f i c  repor t s  submitted 



under t h i s  conzract. Sane of the research begun on t h i s  contrac t  i s  being 

continued m d e r  Contract Ws, F i962867C0056 and has  not ye t  been reported on. 
I 

; A b r ie f  summary of some of the research is given i n  t h e  following paragraphs, 
I 
! A .  Log Per iodic  Corrugated Plane 

In  order -to be t , t e r  understand t h e  p o s s i b i l i t i e s  f o r  treatment of 
I 

i 
quasi-periodic structures a s  boundary value prbblems, t h e  t a s k  of analys is  

of the  m ~ d e s  of  propagation izlong an L-P corrugated plane was undertaken. By 

emplcying a s p ~ t ~ a :  coordinate t ~ a n s f o ~ m a t i o n  equivalent  t o  loading t h e  

s t r u c t u r e  with 2 n~naniform Oie lec t r i c ,  it becomes poss ib le  t o  convert t h e  L-P 

boundary condit ions TO per iodic  ones and t o  adapt  a function t h e o r e t i c  technique 

I used wi-ch pe r iod ic  s t r a c t u r e s .  The method is only  approximate, however, a s  t h e  

I coordinare t r ans fo r~na t ion  d i s t o r t s  t h e  d i f f e r e n t i a l  operat ion of t h e  wave 

I equation i n  such a way t h a t  a per turbat ional  t reatment i s  necessary. The r e s u l t s  

of t h i s  work, which was p a r t i a l l y  supported under t h i s  con t rac t ,  a r e  t o  appear 

i r  :he S IAH Journal ,  and r e p r i n t s  of t h e  paper w i l l  be d i s t r i b u t e d  a s  S c i e n t i f i c  

I Report No. r ,  subsequent t o  publicat ion.  

I B. Use of S p a t h i  Dispersion Relations i n  t h e  Analysis and Synthesis of L-P 

I Antennas , 

The dispers ion curves of a log-periodic s t r u c t u r e  a l s o  give t h e  s p a t i a l  

I d i s t r i b u t i o n  of phase and a t tenuat ion of a t r a v e l i n g  wave mode along t h e  s t r u c t u r e ,  

I because of t h e  fundamental sca l ing  r e l a t i o n  which  elates adjacent  -elements along 

its length.  Thus, from t h e  dispersion curves, one can determine t h e  length  of 

I t h e  a c t i v e  region of an L-P antenna, and t h e  phase ve loc i ty  of  t h e  wave on t h e  

I s t r u c t u r e  as it passes through t h e  ac t ive  region.  These a r e  important parameters, 



direc t ly  r e l a t e d  t o  t h e  width of t h e  p r i n c i p a l  lobe  of  t h e  r a d i a t i o n  p a t t e r n  of 

such a s t r u c t u r e  The use of dispersion r e l a t i o n s  t o  i n f e r  t h e  reasons f o r  

d i rec t iv i ty  L i m i t a ~ i o n s  of L-P antennas has  been repor ted  i n  S c i e n t i f i c  Report 

No. 2, 

C. Phase-Integral Approximation f o r  t h e  F i e l d s  on L-P Structures .  

A n a t u r a l  idea t o  txy t o  i n f e r  t h e  d ispers ion curves of  L-P s t r u c t u r e s  

from those of t h e i r  per iodic  prototypes is t o  employ a phase-integral o r  WKB 

bpproxfmation, A study of t h e  v a l i d i t y  of  t h e  approximation when applied t o  

radia t ing L-P s t r u c t u r e s  was made anc 2eported i n  S c i e n t i f i c  Report No, 1. The 

general conclusion was that although t h e  phase- in tegra l  approximation appears t o  

hold i n  regions  of t h e  d ispers ion curve i n  which t h e r e  a r e  no resonances of t h e  

radia t ing elements, it f a i l s  t o  hold in the v i c i n i t y  of such resonances. Since 

the  resonances regions  happen t o  be t h e  ones o f  g r e a t e s t  i n t e r e s t  i n  appl ica t ions  

to L-P antennas, t h e  phase-integral approximation i s  not  a s  use fu l  a s  it had 

or ig inal ly  a p p e a ~ e d  t o  be, 

D, Coupled-Mode Theory fo r  Aperiodic S t ruc tu res  

In  o rder  t o  obta in  t h e o r e t i c a l l y  t h e  d ispers ion curve of  an L-P a r ray  

driven from a u ~ f f s r m  transmission l i n e ,  a coupled-mode approach w a s  developed, 

This theory assumes t h a t  t h e  e f fec t  of L-P boundary condit ions w i l l  be t o  couple 

t h e  domfnant modes of t h e  per iodic  prototype s t r u c t u r e ,  Appreciable coupling 

occurs only between modes having propagation constants  which a r e  nearly equal ,  

Favorable condi t ions  f o r  such coupling occur nea r  t h e  resonances of r ad ia t ing  

elements, For t h e  case of d ipole  ar rays  exc i t ed  from a uniform transmission 

l h e ,  t h e  coupling coef f i c ien t s  can be e v a l w t e d  i n  terms of t h e  i t e r a t i v e  i m -  
, 

pedances of a u n i t  a l l  of t h e  per iodic  prototype s t ruc tu re .  The r e s u l t s  obtained 



explain many of t h e  o b s ~ r $ ~ e d  e h a r a c t e ~ i s t i e s  of L-P dipole antennas, The coupled- 

mode theory fop aperiodic s t ~ u c t u p e s  and theo re t i ca l  r e s u l t s  of t h i s  method have 

been presented i n  Sc i en t i f i c  Report No, 2, 

i D1,~ec.r: experimenta.2 eonfirnation of t he  theory has recent ly  been 

attempted by measuring the s p a t i a l  d i s t r ibu t ion  of t he  voltage along the  feeding 

transmfssian Pine of a dipole antenna, The accuracy with which t h e  s p a t i a l  

i dispersion r e l a t i o n  can be obtained corn such measurements is severely l imited 

by unaroidabLe ambiguities. However, the  r e s u l t s  do show q u a l i t i a t i v e  agreement 

with t h e  theory,  

E.  Directivity Irnp~~vement sf L-P Antennas 

F ~ o m  xhe studies of s p a t i a l  d i s p e ~ s i o n  curves of L-P dipole a r rays ,  

it is  found t h a t  t he  length of the  act ive  region of such antennas i s  f a r  too 
I 

short (aypizal ly  sf  the order of O , P 5 h )  t o  permit r ea l i za t i on  of appreciable 

( d i r ec t i v i t y  gain. Changes which can be made i n  t h e  geometric parameters of t h e  

%Fray, such a s  elements length-to-spacing, apex angle,  or sca l ing  paramete.., have 

l i t t l e  influence on the iength of the  act ive  region,  To obtain appreciable 

I d i r ec t i v i t y  from an L-P d ipa le  antenna, it is necessary e i t he r  t o  increase the  

active iengrh to 0,5A or grea te r ,  o r  t o  employ more than one ac t ive  region 

s imul tane~asly  on t he  antenna, Either of these schemes necessi ta tes  a l a rge  

reduction of ?he coupling of the  dipoles t o  t h e  feeding transmission l i ne .  In 

i . , '  -mode operation, pa r t  of the  incident energy would be allowed t o  pass t he  

t 
first ac t ive  region,  i n  which t he  half-wavelength dipole resonance occurs, t o  

be radiated from a second ac t ive  region i n  which t h e  dipoles exhibi t  a higher 

mode resonance, Experimeatal wopk on t h i s  concept w i l l  be continued under Contract 

No, F 1962867C0056, 



F. capaci t ive  Coupling of Dipale Elements 

various ~ o s s i b l e  schemes f o r  cont ro l l ing  t h e  degree of coupling of the  

I dipoles t o  t he  feeding tPansmfssi0n l i n e  have been explored. The most 

I promising appears t o  be t h e  use  of capaci t ive  coupling, whereby t h e  dipoles are  

I mnnec+ed t o  the transmission l i n e  by means of a pi-network of capacitors as 

s h o ~ n  Ln Fig. i, This network is e a s i l y  implemented i n  pract ice.  One such 

implementat ion is f ra~nished by t he  sandwich construct ion shown i n  Fig. 2. The 

a d v a n t a g e s  of t h i s  type of capac i t ive  coupling a r e  

1) No undesired resonances a r e  introduced by the  coupling 

network , .  

2)The degree of coupling can be f ixed a t  any desired amount 

from zero t o  d i r e c t  coupling. 

31 The c h a r a e r e r i s t f c  impedance sf t h e  transmission l i n e  is  

nor a f fec ted  when t h e  dipoles present  an open-circuit i m -  

pedance 

A per iodic  d ipole  a r ray  using capaci t ive  coupling has been b u i l t  and 

t e s t e d  a The dispers ion  curve w a s  found t o  agree c lose ly  with t h a t  predicted 

G +  D i p o l e  Arrays with Glide-Symmetric Exci ta t ion  

An experimental s tudy has been ca r r i ed  out  of a periodic dipole amay 

I A d i a ~ r a  of t h e  s t r u c t u r e  appears i n  Fig. 3.  The model was constructed t o  Con- 

I firm t h e  self-balun a f fec t  o f t en  a t t r i b u t e d  t o  s t ruc tu res  having glide-swmetrya 



measuring a s i n g l e  p ~ o p a g a t i o n  constant a t  each frequency, t h e  s t r u c t u r e  exhibited 

two d i s t i n c t  propagation consrants  over some frequency bands. This was a t t r i b u t e d  

t t o  the  f a c t  t h a t  on a d ipole  a r r a y  driven from an unsymmetric coaxia l  l i n e ,  unlike 

I one driven from a symmetric two-wire l i n e ,  t h e  balanced and unbalanced modes of 

propagation me not independent but  a r e  coupled,  Thus, both modes a r e  observed 

simultaneously at  fPequencies a t  which both can propagate. 

H. Periodic and L-P Dipole hmays  containing P a r a s i t i c  Elements 

In another approach to the  problem of increas ing d i r e c t i v i t y  gain of 

L-P antennas, d ipole  amays haai~::~g p a r a s i t i c  elements in te r spersed  between t h e  

driven elements have been inves t igated ,  The use of p a r a s i t i c  elements reduces 

coupling t o  the r a d i a t i n g  d ipo le  a r ray  by reducing by a f a c t o r  of 1/2, 1 /3  O r  

114 t h e  f r a c t i o n  of elements which ape d i r e c t l y  exc i t ed ,  The r e s u l t s  of t h i s  

study show t h a t  t h i s  reduction i n  the  coupling should enable t h e  length  of t h e  

ac t ive  region t o  be s i g n i f i c a n t l y  increased,  while still  r a d i a t i n g  v i r t u a l l y  

a l l  of t h e  inc iden t  energy from t h e  p r i n c i p a l  a c t i v e  region,  

i The t h e o r e t i c a l  d ispers ion c w v e s  of pe r iod ic  prototype s t r u c t u r e s  

I with p a r a s i t i c  elements have been experimentally confirmed, These r e s u l t s  a r e  

I presented i n  S c i e n t i f i c  Report No, 3 ,  

I 11, Technical Conclusions Relation t o  t h e  Future Development of 

Log-Periodic Antennas 

I Although not  a l l  of t h e  research undertaken during t h e  con t rac t  

1 

I period has y e t  been completed, it i s  poss ib le  a t  t h i s  t i m e  t o  draw some conclusions 

I per ta in ing t o  t h e  f u t u r e  development of frequency-independent L-P antennas, It 

t appears t h a t  .the l i m i t a t i o n  on t h e  d i r e c t i v i t y  ga in  of L-P antennas which has 



heretofore been fsunci in practice is not a fundamental limitation. However, higher 

g a i n  antennas will require mope saphis"reated design and eonstruc'tion techniques, 

and somewhat greater overall length, 

Several methods of controliing the coupling to the radiating elements 

of L-P dipole axarays have been found. These include the use of capacitive coupling 

networks, and the use of parasitic elements interspersed between driven elements. 

I The freedom to vary the element coupling affords the designer some degree of con- 

trol over the field distribution in the active region of an L-P antenna, and there- 

fore may enable a limited amount of pattern synthesis to be performed while re- 

1 taining the frequency-independent character of these antennas, The implementation 

of this principle to produce a high-gain frequency-independent antenna is the 

object of Farther research; 
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