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fig. 3. Synthesis of six-element TV transmitting  antenna  pattern 

by unequally spaced array with d > 7.5L current amplitudes are 
line. 
allowed to change, and phases given by physical spacing along feeding 

180 kW,  a  smoother fit can be obtained as shown in Fig. 3. In  this 
case the power split between the  upper  and lower portion of the 
antenna  is 47:53. It should be pointed out  that t.he const,raint 
that the power split  be 50:50 in this case  could  also  be very easily 
implemented. 

The computer  program used  for this calculation was written  for a 
Dime-sharing system  since it readily allows interaction between the 
designer and  the computer. The error,  after  each  iteration or group 
of iterations, is  printed  out so that one  can  observe the progress 
in each  step.  The method  can be  automated for  use  with batch 
processing. There  are  many  other numerical  methods [4]  which 
can be automated more  easily. These methods,  however,  present. 
some problems  for the implementation of the  variety of constraints 
that are  desirable in  antenna  pattern synthesis.  Work is progressing 
in this  area  and will  be reported  in the future. 

An interesting  possibility that  this method  presents  is that of 
synthesizing a pattern over a certain  frequency  bandwidth. We 
have only to modify (1) to read 

where the fj, j = 1,2, - - -,L, are L specified  frequencies in  the band- 
width of interest.  This procedure will lead to that set of array 
parameters which is the  least sensitive to frequency  in the specified 
‘bandwidth. 

A question that arises naturally when the  steepest descent is 
used is how do we knom that we have  reached the  bottom of the 
valley  and not a local minima?  This  question is only  relevant if an 

acceptable  solution  is  not  found. If we stop in a relative  minima 
and  the solution satisfies all the constraints,  then we really  do not 
care if that is not an absolute  minima. In  any event  an investigation 
can  be  made to  try  to determine if we are  in a local minima  by 
starting  the synthesis from different. init.ia1  values. If in all cases 
the syntheses converge to  the  same solution,  then we can  be  rea- 
sonably assured that  an absolute  minima  has been reached. 

In closing  we  would like  to  point out  that no k n o m  synthesis 
method  to the knowledge of the  authors could have  performed the 
synthesis of Figs. 2 and 3 wiph all the nonlinear  constraints imposed. 
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Optimization of Log-Periodic Dipole Antennas 

Absfract-It is shown that a log-periodic  dipole antenna  can  be 
optimized by  varyhg  the feed-line  characteristic  impedance while 
carrying  out swept-frequency  far-field and  impedance  measure- 
ments. The minimization of narrow-band anomalies in the meas- 
ured  quantities results in a well-deked optimum characteristic’ 
impedance. 

Bantin  and Balmain [l] have discussed  reflection  anomalies in 
log-periodic  dipole antennas  and t,he elinlination of these anomalies 
by choosing a suEiciently high scale factor T or by  attaching a 
terminating resistance to the  large  end of the  array.  They  did  not 
consider the effects of varying the characteristic  impedance Zo 
of the feed line, effects  which turn  out to be quite significant as 
shown hereafter. The experimental and t.heoreticd  details and  the 
bibliography are the sanie as in [l]. 

Swept-frequency far-field measurements are easy to perform and 
very helpful in optimizing broad-band  antennas.  Such  measurements 
were  carried out on an  antenna  with a scale factor T = 0.90 and a 
spacing factor u = 0.10. The struct.ure  bandwidth was 6:l with 
t.he  longest  element. a half-wavelength a t  500 MHz and t.he shortest 
element, a half-wavelength at. 3000 MHz. Fig. l(a) contains an 
excellent. example of a reflection anomaly;  the performance of the 
antenna is generally  good except  around 740 MHz where the baek- 
lobe rises to within  about 3 dB of the  front lobe. There is a second 
anomaly  around 920 MHz where the  back and  front lobes are  equal 
in magnitude.  Fig. l(b)  and ( e )  shows that increasing the  char- 
acteristic  impedance of the feeder  removes both anomalies and 
produces an  antenna whose pattern is well-behaved over the  entire 
frequency  range of interest. In  Fig. l(c) the variat,ions between 
900 and 1000 MHz deserve  comment;  they are essentially the 
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Fig. 2. Theoretical  and  experimental  backlobe  levels (relative to front 
lobe) in vicinity of an anomaly. Note that experimental peaks have 
all been shifted dommard in frequency by 35 MHz for  clearer com- 
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Fig. 1. Experimental  E-plane  far-eeldmeasurements a t  various  angles 
with respect to  front lobe of ra&abion pat,tern, and for three values 
of feeder  characteristic  lmpedance ZO. 

same for all  orientations and therefore are caused by  the  range 
antenna which had an upper  frequency  limit of about 900 M H z .  

Theoret,ical  far-field  calculations for the low-frequency anomaly 
are shown in Fig. 2 for an  antenna wit,h T = 0.892 and u = 0.101. 
As 20 incream,  the relative backlobe  level  decreases until a t  ap- 
proximately 20 = 170 ohms the backlobe at the anomaly has been 
reduced to an acceptable level for  many applications. The experi- 

Fig. 3. Theoretical input impedance  loci for frequencies  around an 
anomaly  (same  conditions as in Fig. 2). 

mental  values  have essentially the same  magnitudes as the theo. 
retical values. 

Theoretical input impedance  calculations  are shown in Fig. 3. 
As Zo increases, the spread of impedance  points decreases in the 
vicinity of the anomaly, and  as would be expected the impedance 
magnitude increases. In  the vicinity of Za = 170 ohms, any  further 
increase in 20 tends to  make the  input impedance  appreciably 
more  reactive.  Therefore,  considering both  the impedance and  the 
far field, it. appears that  the particular antenna under consideration 
has an optimum feeder Zo of approximately 170 ohms. 

I n  conclusion, it is clear that  the reduction of anomalies by 
swept-frequency techniques i s  a very useful way  to optimize broad- 
band  antennas. Applied to log-periodic  dipole antennas, this ap- 
proach has shown that the feedline characteristic  impedance has 
a marked infiuence on performance and cannot  be  varied at  the 
will of the designer in order to set  the  input impedance to some 
desirable  value. Of course this is true only insofar as the anomalies 
are undesirable for a particular  application; if the anomalies  occur 
at unimportant frequencies, then a considerable variation in Zo 
is possible. Furthermore,  for 7 > 0.90 the anomalous  backlobe 
levels are lower and  thus  the useful range of Z O  is  greater. 
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TABLE I 
STATIC CAPACITANCE FOR Two 300-FT UDRELU ANTEXNAS 

WITH Two DIFFEREXT Rm SIZES~ 
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Addendum to  “Increased  Capacitance  for VLF Umbrella 
Antennas Using Multiple-Wire Rib Construction” 

Abstract-A computed  value of static  capacitance  for  a 300-ft 
umbrella  antenna with twelve 9-in diameter  multiple  wire-ribs 
is presented  and  compared with measured  capacitances of both 
fractional-  and full-scale models of this structure. In addition, 
the computed  values of static capacitance of this umbrella  antenna 
are presented for rib diameters of 2 to 48 in which  indicate ca- 
pacitance  increases of approximately 50 percent. 

INTRODUCTION 

The  static capacit.ance of an  umbrella  antenna which employs 
multiple-mire rib  construction  has  recently  been  reported  by  Smith 
and Graf.1 This multiple-mire rib  con6guration was used to 
increase the effective rib  surface  and, thus, t o  obtain  a  larger  total 
antenna capacit,ance with  a negligible decrease in  antenna effective 
height.  The  antenna  capacitance of two umbrella antennas, which 
consist of 300-ft towers (3-ft triangular cross section) top-loaded 
with 12 ribs 300 f t  in length sloping downward a t  a 45” angle from 
the vertical, was investigated  by  these aut.hors through  the use of 
1) published computer analysis of umbrella  antennas [l] and 
2) experimental  evaluation of fractional-  and full-scale models of 
the structure.  However, at  that time  computed  capacitance data 
for  umbrella  antennas  with  the  large effective rib  diameter of t.he 
multiple-wire rib c o d m a t i o n  were not  available. This rib con- 
figuration consists of six gi diameter wires equally spaced about,  a 
9-in diameter  plastic  spacer.  The purpose of this  communication 
is to present  a  computed  value of the stat.ic  capacitance of an 
idealized model of this umbrella  antenna  structure for further 
d-&gn considerations. 

COaaPUTED h S V L T S  

The  static  capacitance of an  umbrella  antenna  has been computed 
using a digital computer  program for the  solution of the  integral 
equation of the  static potent.ia1 of t,he antenna configuration for 
several  ratios of rib  radius to antenna  height rz/H. This  solution 
technique, which is related  to  the  method of moments as formulated 
by  Harrington [2], is described by  Tanner  and  Andreasen [SI, 
and it  is  the same  approach  employed  by  Gangi et al. [l] for com- 
puting  the  capacitance of similar antennas  where rz/H = 5 x 10-5 
and  the  ratio of tower radius to antenna  height  rl/H is 10-3: 

The  value of the  computed  static  antenna  capacitance of the 
present  investigation for a 9-in rib structure is presented  with the 
tabular dab of Smith  and Graf’ as &own m Table I. This 
computation is based  on the  representation of each  rib  as a cylin- 
drical  surface  where rl/H = 10-3 according to Gangi et al. [2]. 
Thus the computed  capacitance using this idealized surface should, 
in general, be  larger  than  the measured full-scale capacitance of the 
multiple-wire structure  due to the reduction in surface area. A 
comparison of the full-scale measured and  calculated  capacitance 
data of Table I for the 9-in diameter  ribs  indicates excellent. agree- 
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ment  between  computed and  experimental results. In addit,ion, 
i t  is significant to  note  that  the 200:l scale model capacitance 
measurements  and the computed  values only differ by approxi- 
mately  ten  percent. 

The  total  static  capacitance of this antenna  structure  as  a func- 
tion of rib  diameter for t.wo different values of tower radius to 
height  ratio is presented  in  Fig. 1. These data indicate that quite 
large increases in static  antenna  capacitance (50 percent  based on 
an increase from 5 to Win diameter cable) can be  obtained  through 
the use of t,he multiple-mire rib configuration. Hence for practical 
design considerations the total antenna  capacitance can be signifi- 
cantly increased through  the use of largediameter ribs consisting 
of a sufficient, number of wires to approximate  the idealized cylin- 
drical surface. 
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