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Analysis  and Synthesis  of Aperture F i e l d s  of 

Log Pe r iod ic  Antennas& 

by Richard B ,  Kieburta 

Abstract  

This  paper  e s t a b l i s h e s  t h e  r e l a t i o n s h i p  between the  v a r i a t i o n  

of f i e l d  i n t e n s i t y  along the  sur face  of  a log-periodic  (LOP,) antenna 

and t h e  propagat ion cons tan t  of i ts  uniformly pe r iod ic  prototype,  The 

pro to type  is  then  s tud ied  t o  determine the  e f f e c t  of  nod i f i ca t ions  of 

the s t r u c t u r e  on t h e  ape r tu re  f i e l d  of t he  L,P, antenna, I t  is proposed 

that t h e  d i r e c t i v i t y  of an LOP, antenna may be improved by designing it 

f o r  multi-mode opera t ion  with mul t ip le  a c t i v e  reg ions  from which r a d i a t i o n  

O C G U P S  ' 

In opder t o  eva lua te  t he  coupling of modes i n  t h e  a c t i v e  reg ions  

of an L O P ,  d i p o l e  a r r a y  a simple coupled mode pe r iod ic  t ransmission l i n e  

model has been employed, Between a c t i v e  reg ions  t h e  c h a r a c t e r i s t i c  i m -  

pedances of t h e  t w o  dominant modes a r e  badly mismatched and l i t t l e  

coupl ing  occurs ,  In  an a c t i v e  region t h e  modes a r e  s t rong ly  coupled, 

and %he r e s u l t i n g  peyturbat ion of t he  propagation constanzs is evaluated 

by coupled-mode theory,  

F ina l ly ,  t h e  e f f e c t  of v a r i a t i o n  of s e v e r a l  parameters of 

the s t r u c t u r e  t o  b r ing  about des i r ed  modi f ica t ions  of t h e  d i spe r s ion  

curve is  i n v e s t i g a t e d ,  
--- 7 The r e sea rch  r epor t ed  here w a s  supported by A i r  Force Cambridge Research 

Labora tor ies ,  Off ice  of Aerospace Research, USAF, under Contract  No, 
AF 19g628j=Y144, 



Analysis and Synthesis  of Aperture F ie lds  of  

Log Per iod ic  Antennas 

by Richard B, Kieburtz 

1 , O  In t roduct ion  

Since the  discovery of t h e  log-periodic antenna p r i n c i p l e  

by DuHamel i n  1955 (DuHamel and I s b e l l ,  1957) these  noveP devices 

have been intensively inves t iga ted  u n t i l  today the  p r i n c i p l e s  of  

t h e i r  operation a r e  qu i t e  w e l l  understood and adequate design cri- 

t e r i a  have been es tabl i shed,  A summary of the development of log- 

per iodic  antennas is given i n  a r e c e n t  review a r t i c l e  by Jordan, 

Deschamps, Dyson,and Mayes (19641, A s  t h e s e  authors have pointed 

out ,  one of the  challenging ques t ions  which remains t o  be answered 

is whether o r  not it is poss ib le  t o  des ign log-periodic o r  o the r  

frequency-independent antennas t o  have very high gain,  I t  is basi-  

c a l l y  t h i s  question which has-prompted t h e  research repor ted  here ,  

I f  we t r y  t o  d iscover  t h e  reason t h a t  the  d i r e c t i v i t y  of 

a log-periodic antenna is s o  l imi ted ,  it becomes apparent t h a t  it i s  

due t o  the  f a c t  tha t -on ly  a smal l  por t ion  of the  antenna is e f f e c t i v e  

in  producing rad ia t ion  a t  any s p e c i f i e d  frequency, This so-called 

" a c t i v e  region" of the  antenna i s  l i m i t e d  t o  those elements whose char- 

a c t e r i s t i c  dimensions put  t h e i r  resonant  frequencies near  the  frequency 

of  operat ion,  -.Some improvement i n  t h e  d i r e c t i v i t y  may be achieved by 

lengthening t h e  a c t i v e  region o f  a successful  design through increas ing 

the sca l ing  parameter r t o  nea r ly  u n i t y ,  However, the re  is  a l i m i t  

as  t o  how much the  Length of t h e  a c t i v e  region can be increased i n  



t h i s  way, Since a log-periodic antenna must operate i n  a backfire 

mode, energy which is rad ia ted  from the  end of the  a c t i v e  region 

nea res t  t h e  apex of t h e  s t r u c t u r e  never i l luminates t h e  r e s t  of 

the  antenna, Thus t h e  amplitude of  t h e  current  d i s t r i b u t i o n  i n  

the  a c t i v e  region is tapered rapid ly  away from the  feed end, f u r t h e r  

Limiting t h e  e f f e c t i v e  length ,  

An a l t e r n a t e  proposal f o r  increasing the  e f f e c t i v e  aper- 

t u r e  length  o f - a  log-periodic antenna is  t o  operate t h e  antenna so  

t h a t  mul t ip le  a c t i v e  regions a r e  e f f e c t i v e  i n  producing rad ia t ion  

a t  each frequency, It has already been demonstrated (Mayes, 1963) 

t h a t  backf i r e  r a d i a t i o n  can be obtained from ac t ive  regions in  

which t h e  element lengths  correspond t o  higher order  resonances, 

Wowevas, it has no t  been determined whether o r  not  it is  possible 

to  permit p a r t  of t h e  energy t o  pass t h e  i n i t i a l  a c t i v e  region,  so  

as t o  e x c i t e  a d d i t i o n a l  r a d i a t i n g  regions,  without destroying t h e  

frequency independent cha rac te r  of t h e  antennao 

This paper t r e a t s  seve ra l  top ics  which have bearing on t h e  

question just r a i sed ,  as w e l l  a s  cont r ibut ing  t o  a b e t t e r  understanding 

of Bog-periodic antennas i n  general ,  

1,l 1 
I t  has been recognized for? some time t h a t  t h e  f f e l d  i n t e n s i t y  

v a r i a t i o n  along a log-periodic (LOP,) s t r u c t u r e  can be analyzed by 

referenee  t o  a d ispers ion  curve similar t o  t h a t  f o r  a per iodic  

stmcture, For a ,uni formly per iodic  s t r u c t u r e ,  a s  shown schematically 



in Fig, h, t h e  d ispers ion  curve is  a p l o t  of t h e  complex propagation 

constant ,  y = a 9 j B ,  versus  t h e  free-space wavenumber, koo The 

propagation constant  and wavenumber can be normaifzed t o  the  length 

d of each u n i t  c e l l ,  s o  that yd is p lo t t ed  agains t  kodo 
8 

For an LOP, s t r u c t u r e ,  a s  shown i n  Figo 2,  t h e  c e l l  length 

v a r i e s  wi th  t h e  d i s t ance  zn from the  apex of the  s t r u c t u r e  t o  t h e  

c e n t e r  sf each c e l l  according t o  

Thus the plot of yd vs ,  k,d f o r  an LoPo s t r u c t u r e  is a p l o t  of the  

propagation constant p e r  cell vs, e l e c t r i c a l  c e l l  Length a t  constant  

frequency, It  has been ,pos tu la ted  (Mit t ra ,  1962; Ol insr ,  19631 t h a t  

t h i s  curve f o r  an LOPO s t r u c t u r e  should be very nea r ly  i d e n t i c a l  t o  

t h e  d ispers ion  curve o f  t h e  prototype periodic s t r u c t u r e ,  The pro=, 

to type  is a uniformig p e r i o d i c  s t ruc tu re  from which t h e  given LOPO 

geometry can be generated by scai ing the  l i n e a r  dimensions of each 

succeeding cell by t h e  s c a l i n g  f a c t o r  T O  Since the  imnediate environ- 

ment of each c e l l  of t h e  LoPo  s t ruc tu re  d i f f e r s  very l i t t l e  from t h a t  

oE a c e l l  of t h e  proto type  s t ruc tu re  of the same e l e c t r i c a l  length, 

I% is reasonable t o  suppose t h a t  t he  l o c a l  f i e l d s ,  and therefore  t h e  

complex phase s h i f t  p e r  cell ,  w i l l  be nearly the  same f o r  the  two 

s-trucI,ures 

With t h i s  a p p l i c a t i o n  i n  mind, Mittra and Jones (i964) have 

inves t iga ted  i n  d e t a i l . t h e  dispersion curve of a uniformly per iodic  

dipole array, each of whose eaements is connected across a uniform 



transmission l i n e .  This type of s t r u c t u r e  provides a good model 

f o r  analys is ,  and i ts  behavior i s - t y p i c a l  of t h a t  of t h e  class of 

s t ruc tu res  which a r e  periodic prototypes of successful  LOP, antennas, 

Without reviewing .the..paper of Mittra and Jones, we may summarize 

some of t h e i r  conclusf ons . a9  he. dispersion curve depends on 

t h e  l o c a l  f i e l d s  50.suoh.an e x t e n t  t h a t  inclusion of only the  

mutual impedance.bekween n e a ~ e s t  neighboi?ing dipoles provided good 

agreement with experiment. -b)  Unlike t h e  case of a closed pe r iod ic  

s t ruc tu re  which exh ib i t s  s top bands and pass bands, a complex pro- 

pagating wave,can e x i s t  on the  dipole-loaded transmission l i n e  a t  

a l l  frequencies. .c) Radiation occurs when t h e  length of the  d ipole  

elements approaches.one-half wavelength, and i s  not necessar i ly  accom- 

panied by ?*fastw wave propagation ( I B 1 <ko f o r  some space harmonic) n 

a s  was o r i g i n a l l y  predicted. by Oliner (1963) from h e u r i s t i c  arguments. 

We now tu rn  our a t t en t ion  t o  t h r e e  fundamental questions 

which a r e  of g r e a t  importance i n  extending t h e  theory of uniformly 

.periodic s t r u c t u r e s  t o  apply t o  LIPI s t ruc tu res .  These a r e  

1 )  What is the  e f f e c t  on the  LOP, dispers ion curve of per turbing 

t h e  periodic boundary conditions, 

2 )  What is  the  behavior i n  the  v i c i n i t y  of the  resonant  elements, 

i.e. i n  the  a c t i v e  region of an antenna, and 

3)  can t h e  dispersion re ia t ion  be control led  by design t o  make 

poss ib le  L.P, antennas with higher d i r e c t i v i t y  than is presen t ly  

avai lable?  



It has been shown (Kieburtz, 1965) t h a t  simple in tegra t ion  

of t h e  dispersion r e l a t i o n  f o r  t h e  per iodic  prototype provides a 

phase-integral  approximation f o r  the  complex phase v a r i a t i o n  along 

an L,P, s t r u c t u r e  which is v a l i d  when c e r t a i n  condit ions a r e  f u l -  

f i l l e d ,  One of these condi t ions  is t h a t  t h e  r a t e  of change of t h e  

propagation constant with d is tance  is n o t  too g rea t ,  

Then the  complex phase s h i f t  along the  LOPo s t r u c t u r e  is  approximately 

g iven  by 

Upon inspection of t h e  d ispers ion curves f o r  a  per iodic  

d i p o l e  array,  given i n  Fig ,  3 ,  it is seen t h a t  t h e  condit ion ( 1 )  is 

v i o l a t e d  i n  t h e  neighborhood of t h e  d ipole  resonances, Since these  

are a l s o  the  regions of t h e  diagram f o r  which t h e  rad ia t ion  from a 

periodic a r r a y  is  g r e a t e s t ,  these  w i l l  correspond t o  the  a c t i v e  regions 

of t h e  L,P, antenna, 

In Fig, 3 are  displayed the  dispersion curves f o r  two modes 

of t h e  per iodic  dipole a r ray ,  These a r e  obtained by solving t h e  appro- 

x i m a t e  dispersion r e l a t i o n  

Z0 s i n  Bod 
. cosh yd = cos Bod + j 

2z11v4 z12 C O S ~  yd 



in which 

y is the complex propagation constant for the voltage along the 

period dipole array, 

Bo is the phase constant of the unloaded transmission line, 

Zo is its characteristic impedance, 

ZL3. is the self impedance of each dipole, and 

Zp2 is the mutual impedance between nearest neighboring dipole 

elements 

The minus sign in front of Z12 is introduced to account for the reversal 

of the phase of excitation between neighboring elements, Formulas fur 

Zla and Z are given by Uda and Mushiake (1954), Curves similar to 
12 

Fig, 3 have been given by Mittpa and Jones (1964) except that those 

authors have shown oniy the propagation constant for the least-attenuated 

mode at each frequency, It is this mode which will be measured on a 

semi-infinire periodic structure at a distance of several wavelengths 

from the point of excitation, 

On an LoPo structure which is excited at one end, it may be 

expected that a single one of the modes (labeled 1 and 2 in Fig, 3) 

once.excited will. perpetuate itself in propagating along the structure, 

unless conditions are favorable for a coupling of the tvo modesa The 

most likely regions of the LoPo structure for coupling to occur, if a 
a, all, are the active regions, where the corresponding compBex values 3 o 

!%: 
of y1 and y2 for the periodic prototype are nearly equal at some ma *=a tm 

- 2 %  
5 1 E 

frequency, 

Thare w i l L  be an important difference in the operation of s 
the L, P, antenna, depending on whether suff icieatly strong mod; coupling 

% 



occurs o r  not.  I f  no coupling occurs, t h e  port ion of t h e  antenna 

beyond t h e  first ac t ive  region w i l l  operate i n  a highly a t tenuated 

mode analogous t o  a cutoff  mode o r  s top band of a closed per iodic  

s t ruc tu re .  I t  has  been postula ted  (Jordan, Deschamps, Dyson, and 

Mayes, 1964) t h a t  t h i s  type of behavior, i n  which energy is r e f l e c t e d  

from t h e  region j u s t  beyond t h e  a c t i v e  region,  is  c h a r a c t e r i s t i c  of 

a t  l e a s t  many of t h e  frequency-independent L.P. antennas. However, 

if mode coupling does occur, then any energy which is not  radia ted  

i n  t h e  f i r s t  a c t i v e  region w i l l  propagate beyond it i n  a mode of 

1ow.attenuation u n t i l  the  wave encounters e i t h e r  the  end of t h e  

antenna o r  a second a c t i v e  region. I t  is postulated here t h a t  t h i s  

second type of ,behavior, i n  which mode coupling occurs a t  the  a c t i v e  

regions, is c h a r a c t e r i s t i c  of most of the  L.P. dipole ar rays  and 

probably many o t h e r  L.P. antennas a s  well,  

2.1 Coupled Mode Theory f o r  Aperiodic Structures 

In  order  t o  evaluate the  e f f e c t  of mode coupling on an LoPo 

s t r u c t u r e  w e  s h a l l  employ coupled-mode theory, f i r s t  developed by 

Pierce  (1954). The modes w e  s h a l l  consider w i l l  be those of the  

per iodic  d ipole  a r ray ,  Coupling occurs because the boundary condi t ions  

on t h e  f i e l d s  a t  t h e  ends of a c e l l  of t h e  L.P, s t ructure  deviate 

from.those of t h e  uniformly per iodic  prototype. Ideally, these 

boundary condit ions should insure  cont inui ty  of the  e l e c t r i c  and 

magnetic f i e l d  components t ransverse  t o  an e n t i r e  plane perpendicular 

t o  t h e  a x i s  of t h e  s t ructure .  However, it is recognized t h a t  t h e  

power propagating from one cell t o  t h e  next away from the  feed end 

of t h e  s t r u c t u r e  w i l l  be ca r r i ed  pr incipal ly  along the two-wire 



transmission line, Therefore, as .an approximation to the actual 

boundary conditions-on the total fields, we shall impose the im- 

pedance boundary condition on the transmission line joining two 

cells , 

The transmission line representation of the LoPo dipole 

array is as shown in Fig, 4, Suppose the field incident from the 

left is entirely that of mode 1 of the periodic prototype, Due to 

the change in iterative impedance in passing frjm cell C to cell C e  

we must assume that the fields in cell Ca are now a linear combination 

of the fields of the two modeso Thus 

With the iterative impedances defined at the cell boundaries as 

equation (31 becomes 

The hpedances Zl and Z; may be expected to differ since the electrical 

dimensions of cells C and C o  differ by a factor of To l.f the modal 

voltages and currents are normalized to unit power, 

then (4 )  and (6) can be solved simultaneously for the modal transmission 

and modal coupling coefficients, 



Similarly,  the  modal transmission coef f i c ien t  u22 f o r  mode 2 and 

the  coeff ic ient .  of coupling from mode.2 t o  mode 1 a r e  found t o  be 

and 

The modal currents  i n  the  two c e l l s  may then be re la ted  by a coupling 

matrix 

It is e a s i l y  v e r i f i e d  t h a t  power is  conserved under t h i s  transfomnationa 

To employ coupled mode theary, we now r e l a t e  t h e  f i e l d s  a t  

the  input end of each cell ,  requiring t h a t  a . c e r t a i n  l i n e a r  combination 

of these modal currents ,  which const i tu tes  a new mode of the  coupled 

s t ruc tu re ;  be , r e l a t e d '  by a constant 

Since f o r  the  o r i g i n a l  modes, the currents  a t  the  two ends of each 

c e l l  a r e  r e l a t e d  by a propagation constant 



We combine (111, (12) and (13) t o  g e t  

From (14) is obtained the  determinantal equation f o r  t h e  propagation 

f a c t o r  eYd, 

e2yd - (ulleYkd + t ~ ~ ~ e l 2 $ c ~ y ~  + ~ e ( ' i + ' ? ) ~  = () 

where A is t h e  determinant of t h e  coupling matrix, Solving (151, 

w e  ob ta in  t h e  propagation constants  f o r  the  new modes of  ce1.l C of 

the  L,P, s t r u c t u r e ,  

2,2 Coupled Modes on t h e  LoPo Dipole - Antenna 

The propagation constants  obtained from (16) a r e  p l o t t e d  

i n  the  LoPo dispers ion  curve of Fig, 5 f o r  a value of t h e  s c a l i n g  para- 

meter t = 0,95, I n  Figs, 6 ,  7 and 8 t h e  a c t i v e  region i n  which coup- 

l i n g  occurs is  shown on an expanded s c a l e  f o r  r = 0,90, 0,95 and 0,990, 

It is seen t h a t  f o r  T 0090 and 0,95, coupled mode theory p r e d i c t s  a 

propagation constant  which i n  t h e  a c t i v e  region makes a t r a n s i t i o n  be- 

eween t h e  values f o r  modes 1 and 2 of  t h e  prototype s t r u c t u r e ,  Thus a 

wave propagating on t h e  LOP, s t r u c t u r e  i s  strongly a t tenuated  in t h e  act ive 

region due t o  energy spent i n  backf i re  r ad ia t ion ,  but  does no t  encounter a - 
cutoff  region beyond, Instead,  energy which remains with t h e  s t r u c t u r e  

past  the  active region w i l l  be propagated with l i t t l e  l o s s  up t o  t h e  next 



ac t ive  region of t h e  antenna, This means a l s o  t h a t  f o r  an antenna 

wf t h  only one ac t ive  regf on, frequency-independent opera t i  on f s 

achieved only when the coupling to r a d i a t i n g  elements is so s t rong 

t h a t  v i r t u a l l y  no energy passes the  a c t i v e  region,  

There is another  f ea tu re  of t h e  r e s u l t s  of applying 

coupled-mode theory which is worth mentioning here, Notice from 

Figs, 6-8 tha t  t h e  a t tenuat ion  constant jumps suddenly from a small  

t o  a la rge  value a t  t h e  beginning of t h e  ac t ive  region, The ramffiw 

ca t ion  of t h i s  f a c t  i n  antenna design is t h a t  it does not  appear t o  

be possible t o  design an L O P ,  d ipole  antenna having a long a c t i v e  

region i n  which t h e  a t tenuat ion  constant  per  c e l l  is i n i t i a l l y  small 

and increases slowly, Thus t h e  e l e c t r i c a l  length of t h e  r ad ia t ing  

aperture necessary t o  achieve high gain i s  apparently not t o  be 

achieved with a s i n g l e  a c t i v e  region, 



3,O Aperture Fie ld  Synthesis 

Let us now d i r e c t  our a t t e n t i o n  t o  possible means of  con- 

t r o l l i n g  t h e  amplitude and phase va r ia t ions  of t h e  f i e l d s  a long an 

LoPo antenna, It is not  necessary t o  examine d i r e c t l y  the  cur ren t s  

on the  antenna elements; instead one can determine the  r e l a t i v e  in-* 

rens i ty  of r a d i a t i o n  which occurs from each region of t h e  antenna 

from the  a t t enua t ion  constant f o r  t h e  voltage on t h e  transmission l i n e ,  

The r e l a t i v e  phase s h i f t  can a l s o  be found from t h e  phase cons tan t  

f o r  the voltage,  Each ac t ive  region of the  antenna may be regarded 

as a separa te  element having a pat tern  whose maximum is i n  t h e  baek- 

f i re  d i r e ~ t i o n , : ~  

The r e l a t i v e  phase , sh i f t  between ac t ive  regions may be con- 

t r o l l e d  by va ry ing . the  apex..angle of t h e  antenna, For ins tance ,  

when t a n  a12 = 1/N, where n is an i n t e g e r  the  phase s h i f t  between 

1 ac t ive  pegions w i l l  be very nearly 2Nn radians,  i f  t an  u / 2  = 1/(N + 
t h e  phase s h i f t  w i l l  be ( 2 N  + 1)n radians ,  Since the broadside pa t t e rn  

f a c t o r s  of d ipoles  operating a t  successive resonances a l t e r n a t e  i n  

sign,  t h e  first condit ion tan  a/2 = Z/N w i l l  favor  backf i re  r ad ia t ion ,  

1 whike t h e  c o n d i t i o r t a n  a/2  = l i ( N  + -1 favors b r o ~ d s f d e  r ~ a d i a t i o n ~  
2 

The r e l a t i v e  power radia ted  by each a c t i v e  r e g i ~ r ,  can be 

estimated by in tegra t ing  the  a t tenuat ion constanr over t h e  l eng th  of 

t h e  region; 
r 

*n = j ReCyn(Z)l 
Dn 

As an approximation t o  the  a c t u a l  a t tenuat ion curves obtained 

by couphea-mode theory, one can take  t h e  a t tenuat ion curve formed 

& Mayes, (1963) has shown t h a t  the  p a t t e r n  maximum of an LOP, antenna 
whose elements r a d i a t e  a t  t h e  ?i and 5" dipole resonances can be 

2 2 
direc ted  back by inc l in ing  t h e  dipole arms i n t o  a V,  



by t h e  port ions of a t tenuat ion curves of each of t h e  two modes of t h e  

prototype which give t h e  smaller a t t enua t ion  at each frequency. The 

problem is then' t o  reduce t h e  r e l a t i v e  a rea  under the  first a t t enua t ion  

peak i n  order t o  permit an appreciable f r a c t i o n  of t h e  energy t o  pass 

t o  the  second ac t ive  region, but t o  maintain o r  increase t h e  r e l a t i v e  

area  under the.second at tenuation peak i n  o rder  t o  prevent appreciable  

energy from reaching t h e  base end of t h e  antenna, 

3 , l  Effe_ctnce Ratio 

It may be expected t h a t  the  r e l a t i v e  amount of r a d i a t i o n  

from an ar ray  of nearly resonant d ipo les  coupled t o  a transmission kine 

w i l l  depend on the  coupling network l ink ing  t h e  dipoles t o  t h e  l i n e ,  

Tight coupling of t h e  elements t o  t h e  feed i i n e  should produce a high 

r a t e  of radia t ion,  hence a high a t tenuat ion of t h e  primary wave t r ave l ing  

down the l i n e ,  Loose coupling may cause more gradua; r a d i a t i o n ,  s ince  

t h e  current  on each element w i l l  be less, and a correspondingly smaller  

at tenuation constant ,  I n  t h e  simplest case t h e  dipoles a re  d i r e c t l y  

coupled t o  the transmission l i n e ,  and t h e  degree of element coupLfng 

is  determined s o l e l y  by t h e  r a t i o  of transmission l i n e  c h a r a c t e r i s t i c  

impedance t o  the  rad ia t ion  res is tance  of each element i n  t h e  a r ray ,  

I n  Figs, 9 and 10 are.compared the  a t tenuat ions  produced when d ipo les  

w i t h  L/p r a t i o  of 177 are coupled t o  transmission l i n e s  whose character-  

i s t i c  impedances a r e  100 ohms and 25 ohms, respect ively ,  A s  expected, 

t h e  transmission l i n e  of lower impedance couples l e s s  energy t o  each 

d i p o l e  than does t h e  100-ohm l ine ,  The r e l a t i v e  powers rad ia ted  i n  



the  f i r s t  a c t i v e  region of each antenna a r e  approximately 0,989 and 

0,779 r e spec t ive ly ,  f o r  r = 0,95, A value of T nearer  un i ty  would 

increase t h e  r e l a t i v e  power r ad ia ted  f ron  each a c t i v e  region by 

lengthening t h e  region,  Apparently, then, the  amount of energy 

rad ia ted  from each a c t i v e  region can be cont ro l led  by varying t h e  

element coupling, 

3.2 Element Coupling Networks 

Since t h e  r e l a t i v e  power r ad ia ted  from each a c t i v e  region 

can be con t ro l l ed  by properly adjus t ing  the  element coupling, it may 

be poss ib le  t o  con t ro l  the  power r ad ia ted  from successive a c t i v e  

regions of t h e  same antenna by the  use  of log-periodic coupiing net- 

works, There should be reac t ive  networks since it is not  des i rab le  

t o  d i s s i p a t e  energy i n  ohmic losses  on the  antenna, The network 

should n o t  introduce addi t ional  regions of high a t tenuat ion  i n t o  

t h e  d ispers ion  r e l a t i o n ,  and should produce t i g h t e r  coupling of 

elements i n  successive ac t ive  regions, 

The s imples t  type of element coupling network which meets 

these  requirements cons i s t s  simply of a capacitance i n  s e r i e s  with 

each d ipo le  element a t  the  point  of connection t o  the  transmission 

l i n e ,  These capacitances must s a t i s f y  t h e  L,P, sea l ing  r e l a t i o n ,  

'n+l = C,/T, The capaci t ive  reactance then l i m i t s  t h e  cu r ren t  amplitude 

on d ipoles  a t  h a l f  wave resonance i n  t h e  first a c t i v e  region,  but has 

Less e f f e c t  i n  subsequent a c t i v e  regionso In Fig, 11 is t h e  d ispers ion  

curve for a pe r iod ic  dipole a r ray  with s e r i e s  capac i t ive  r e a c t i v e  

- - a 
'C 2 , s  kod and Zo = 100 ohms, It is  seen by comparing F igso  9 and 11 



t h a t  the a t t enua t ion  i n  t h e  f i r s t  a c t i v e  region is  appreciably 

reduced by introducing s e r i e s  capacitance,  The r e l a t i v e  powers 

radiated from t h e  first and second a c t i v e  regions of an LoPo 

antenna generated from t h i s  periodic prototype w i l l  be appro- 

ximately 0,791 and 0,125 respectively;  t h e  r e l a t i v e  powers f o r  

an antenna having the  same parameters except f o r  t h e  capacitance 

would be approximately 0.989 and 0,0075, 

The inse r t ion  of  su i t ab le  coupling networks t o  g ive  loose 

coupling of elements i n  the f i r s t  a c t i v e  region and t i g h t e r  coupling 

i n  subsequent regions can therefore  be used a s  a means of allowing 

some f r a c t i o n  of t h e  energy delivered t o  an LoPo antenna t o  pass 

the  first a c t i v e  region. In order t o  achieve frequency-independent 

operation, however, t h i s  energy must be radia ted  from one o r  more sub- 

sequent a c t i v e  regions before reaching t h e  base end of t h e  antenna, 

Several poss ib le  means of increasing t h e  radia t ion from t h e  second 

act ive  region have been invest igated,  One of t h e  simplest  and most 

promising appears t o  be t o  reduce the  phase veloci ty  on t h e  t r a n s n f s s f o  

l i n e  u n t i l  t h e  second act ive region occurs a t  jus t  the  point  t h a t  t h e  

propagation constant Bod fo r  t h e  n = -1 space harmonic crosses  the  

0 = -k l i n e ,  This condition is i l l u s t r a t e d  i n  Fig, 12, A s  a 
0 

r e s u l t  o f  t h i s  condit ion the corresponding at tenuation peak is  

great ly  broadened, It i s  in te res t ing  t o  note t h a t  the  a t t enua t ion  

i n  t h e  first ac t ive  region is not  s ign i f i can t ly  a l t e r e d  by t h i s  change 

i n  the  s t r u c t u r e  i n  s p i t e  of t h e  f a c t  t h a t  B>ko f o r  a l l  space harmonict 

i n  the  v i c i n i t y  of t h e  first ac t ive  region; t h a t  is, a l l  space harmon& 



are slow leaky waves, For an LOP, antenna corresponding t o  the  

dispersion curve of Fig, 12, t h e  ~ e l a t i v e  power radia ted  i n  the  

f i r s t  and second a c t i v e  regions would be 0,989 and 0,010, 

If t h e  two modifications of t h e  basic dipole array a r e  

now combined, using a transmission l i n e  whose phase velocity is 

0,44286 with d ipoles  having s e r i e s  capacitance a t  t h e  base, the 

dispersion curve of Fig, 13 r e s u l t s ,  Here t h e  radia t ion i n  the  

f i r s t  a c t i v e  region is p a r t i a l l y  suppressed, while t h e  at tenuation 

peak i n  t h e  second a c t i v e  region is  broadened, The corresponding 

LGP, antenna would have r e l a t i v e  at tenuations i n  the  two ac t ive  

regions of  0,804 and 0,156, 

4,O Conclusions 

It has been seen t h a t  coupled-mode theory af fords  a means 

of obtaining t h e  behavior of f i e l d s  on an L,P, antenna from t h e  dis-  

persion curve f o r  i t s  per iodic  prototype, The coupled mode calcula- 

t i o n s  ind ica te  t h a t  t h e  f i r s t  ac t ive  region of an LoPo dipole antenna 

is  followed by another low-loss transmission region, then a second 

ac t ive  region,  etc, No cutoff  region of high at tenuation has been 

found; r a t h e r ,  t h e  a t tenuat ion is aLways associated with an a c t i v e ,  

r ad ia t ing  region, 

The fact t h a t  mult iple ac t ive  regions on an LoPo antenna 

appear t o - e x i s t  raises t h e  p o s s i b i l i t y  t h a t  LOP, antennas having 

higher gain than has previously been available may be developed u t i l i z i n g  
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FIG. 9 DISPERSION CURVE (K-p DIAGRAM) FOR A 

PERIODIC DIPOLE ARRAY, ALTERNATE 
t d i  

.ELEMENTS PHASE- REVERSED. 

-301 
2,=100 OHMS, D / L  0.1, L / p  17 7 # 



FIG. 10 DISPERSION CURVE (K-B DIAGRAM) FOR A k d d  

PERIODIC DIPOLE ARRAY, ALTERNATE 

ELEMENTS PHASE- REVERSED. 
t 

. 301  
Z 0 = 2 5  OHMS, D / L  = 0.1, L /p  = 177 



FIG. II DISPERSION CURVE FOR A t d i  
PERIODIC DIPOLE ARRAY, ELEMENTS 

CAPACITIVELY COUPLED. 





FIG. 13 DISPERSION CURVE FOR A t d - l  
PERIODIC DIPOLE ARRAY, ELEMENTS 

CAPACITIVELY COUPLED 


