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FREQUENCYINDEPENDENTANTENNAS-SEVERALNEW 

AND UNDEVELOPED IDEAS 

C. W. Gillard and R. E. Franks 

1. ABSTRACT. 

The primary purpose of this report is to present ideas 
which, when developed, will increase the range of 
application and utility value of the frequency independent 

antenna. 

Several methods are described whereby frequency inde
pendent antenna performance with respect to pattern and 
impedance may be extended to aperture type antennas in 

the high gain class -- 20 db and above. In essence, such 
antennas feature a small, equi-phase aperture with fixed 
illumination and a large collimating aperture; properly 
designed, the amplitude distribution at the collimating 
aperture of the system measured in terms of wavelength 
is constant and gives rise to a pattern which is remark
ably independent of frequency. 

Ideas appropriate to low gain frequency independent an
tennas are briefly considered for the purpose of stimu

lating interest in this important field. 

2. INTRODUCTION. 

There can be little doubt that frequency independent antennas -- anten
nas that display little or none of the usual impedance and pattern 
dependence upon frequency above a certain low fre-quency limit -- are 

having a decided impact upon the scope and versatility of communica

tion channels of an advanced nature. Future space communications 
systems, and in particular the use of satellites as communication 
devices, point up a rather urgent need for both high gain and low gain 

frequency independent antenna systems. Access to the extreme ends 
of the gain spectrum by way of frequency independent antennas (con
stant impedance and pattern) is the main topic of this paper. 

- 1 -
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To give the subject matter perspective it would be well to first con
sider the portion of the gain spectrum available with existing fre
quency independent antennas. The merits of this point of view should 
be clear from Figure 1, which was generated from available data on 
log-periodic and equi-angular antennas. The values indicated in the 
figure are intended to be approximate. 

Referring to the figure, bands of low gain (0 db - 5 db), medium gain 
(5 db - 20 db) and high gain (20 db - ro) have been arbitrarily designated. 
As far as is known, frequency independent antennas capable of oper
ation in ,the shaded end-regions ~f the gain spectrum are not within the 
state-of-the-art. We exclude the biconical antenna and its derivatives, 
as their patterns show appreciable variation over multi-octave band
widths. 

From an intuitive point of view one might come to the general conclu
sion that a frequency independent technique applicable to aperture 
type antennas should be sought for the high gain region of the gain 
spectrum and that a frequency independent dipole would be appropriate 
for the low gain region of the spectrum. 

Medium gain, frequency independent antennas are not considered in 
this paper as many successful achievements and considerable develop
ment effort has resulted in a wide choice of practical antennas in this 
domain. 

3. HIGH GAIN FREQUENCY INDEPENDENT ANTENNA SYSTEMS. 

High gain antenna systems displaying little or none of the usual pattern 
dependence upon frequency have long been sought for such applications 
as broadband tracking, constant angular area surveillance, or com
munications systems. 1 But it is well known that for high-gain aper
tures the half-power beamwidth or pattern width at any given reference 
level varies approximately inversely with frequency or linearly with 
wavelength. Any mechanism employed to prevent this variation must 
necessarily involve some means of controlling the antenna apertures 
amplitude distribution, phase distribution, or a combination of both, 
as aperture amplitude and phase uniquely determine the pattern of 
aperture type antennas. 

Pattern stability by way of any kind of phase variation in an aperture 
is essentially a problem in variable beamshaping. The only feasible 
mechanism visualized and briefly investigated whereby this might be 
achieved employed a beamshaping doublet lens system, one element 

- 2 -
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Figure 1 

Gain Spectrum Available with Existing 
Frequency-independent Antennas 

Figure 2 

Two-dimensional Version of High-gain, 
Frequency-independent Antenna System 
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of which was dispersive. Essentially, the idea was to progressively 

bend the phase front of a nominally equi-phase aperture; it was 

expected that increasing the bending with frequency, if done properly, 

would broaden the pattern and thus compensate for the usual inverse 

pattern-frequency dependence. However as Brownz points out, beam

shaping lenses have not as a rule proven satisfactory due to multiple 

reflection effects within the lens system, Attempts to employ such 

techniques as defocusing and reflector beamshaping have also been 

investigated briefly and found to be both complicated and wanting in 

desired bandwidth properties. 

Antenna pattern stability by means of regulating the amplitude dis

tribution in an equi-phase aperture has been investigated and demon

strated to be quite feasible, but at some sacrifice in nominal aperture 

efficiency at the low end of the intended frequency band. 

3. 1 Elementary Aperture Amplitude Controlled Frequency Inde-

pendent Antenna. 

Rudiments necessary to a basic understanding of a high gain, aperture 

amplitude controlled, frequency independent antenna are illustrated by 

Figure 2. The primary feed of the system should be considered simply 

as an equi-phase aperture with fixed illumination which, as is well

known, will provide a pattern with a beamwidth (or angular width at 

any reference level) directly proportional to wavelength. Thus, pro

viding the angle % is not too large, the amplitude distribution at the 

collimating aperture measured in terms of wavelength is constant and 

gives rise to a frequency independent pattern. 

It is important that the collimating aperture receive nearly all of the 

main lobe from the primary feed in order that the relative effective 

aperture distribution remain essentially independent of frequency. 

This restriction is effective at the low frequency end of the band AJ.. 
and is expressed in terms of the parameters shown in Figure 2 by 

-1 D 
a 0 = sin --;==;::==;:--

-Y4fz + Dz 

-1 Ai. 
= sin K -

d 
( 1) 

The constant K depends upon the illumination function of aperture d 

and also upon the level of illumination intensity chosen for the edge of 

aperture D at this wavelength, A,_·. If the first nulls of the primary 

feed pattern are set on the edte of aperture D and the aperture illum

ination across d is a cosine function, 3 K will equal 1. 5. This is 
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unnecessarily restrictive, however, and some spillover of the illumi

nation of aperture D may be allowed. Assuming that edge illumination 

of aperture D may be allowed to rise to the 10-db point on the primary 
feed main lobe at the long-wave-length limit, then with cosine illumi

nation of aperture d, K will be approximately unity. 

Solving Equation ( 1) for Ai.: 

A = 
1 

D d ,., Dd 
--;::::::;::::==:-

2
Kf; if f > D. 

K--V4f2 + D2 
{2) 

It might be expected that an upper frequency limit would exist because 

at sufficiently high operating frequencies the primary feed no longer 

appears as a point source at the focal point of collimating aperture D. 

This limit may not occur, however, as can be shown by consideration 

of the form of the secondary pattern as the operating wavelength 

approaches zero: in the optical limit, the aperture distribution of d 
would be projected at infinity by lens D. The secondary beam width 

betw~en nulls would then be approximately d/f. At the wavelength 
near the long-wavelength limit where the primary feed main lobe just 

fills aperture D, the secondary beamwidth between nulls will be 3A/D. 

However, under these conditions, as was shown earlier by Equation _(2), 
Dd 

A = i. 2(1. 5)f . 
Dd 

3A/D = 3 3£ . 

With this value of Ai., the secondary null beamwidth = 

1 D = d/f, which is equal to the optical limit case, or 

where A - 0. It has been shown that, at least for cosine primary 
linear aperture distribution, the secondary pattern is essentially the 
same for an operating wavelength near the longer limit as it is for 

wavelengths approaching zero. The degree of variation within these 
limits will be evident later. 

3.2 Corroborative Results - Experimental Patterns. 

The first antenna system employing the aperture amplitude control 
techniques discussed was the two-dimensional device illustrated in 
Figures 3 and 4; two-dimensional geometry was employed in defer
ence to a limited budget. This device, not intended to provide wide

band coverage, was used to demonstrate the feasibility of the idea. 

At f0 = 6. 65 kmc, the edge illumination of the large aperture is 
approximately -10 db. Patterns obtained over a 1. 6: 1 band are shown· 

in Figure 5 and illustrate an essentially frequency independent main 
lobe. Extending this technique in three-dimensional antennas will be 
considered later. 

- 5 -



Figure 3 
Two-dimensional Embodiment of a Frequency Independent Antenna 

a Device Employed to Demonstrate the Feasibility of the Idea. 
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Figure 4 

Perspective View of Two-dimensional Frequency Independent Antenna with Top 

Plate Removed. (The secondary collimating aperture is in the foreground, 

the primary aperture source, a lens corrected sectoral horn, is beyond.) 
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Patterns Obtained with Two- dimensional Antenna 
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3. 3 Corroborative Results - Computed Patterns. 

In an attempt to obtain a better correlation between useful bandwidth 

and antenna geometry, patterns of the two-lens system in Figure 6 

were taken via an IBM 650 computer. As before, a reference wave

length A was chosen such that edge illumination of the collimating 
o , A 

aperture is approximately -10 db. Defining a parameter p = : , 

patterns of the antenna system shown in Figure 6 were computed over 

a range 0. 5 ~ p ~ 30. In terms of Ila• the dimensions of the system 

were chosen to give the model the proportions of a practical antenna: 

d D f 
~ = 4; T = 20; T = 40. 

0 0 0 

Following Silver, 4 assuming that the antenna is two-dimensional, the 

field at point P is given by 

U(P) = 1~ L F(S) e-:kr Gk + : t ~ + jk f. §] dS, 

where F rn) is the illumination over aperture A, and k = ~'TT , A being 

the wavelength. I£ we use Silver I s Fresnel Zone approximatioils., .meas

ure distances in terms of A and normalize to U{P ), P = :P(0, f), we get 
0 0 0 · ... 

U {Pon C) 
0 

f ·2 r,. . sz] 
= (1 + cos O!)JA F{s)eJ 1Tp L£Sln0!- 2£ ds 

f 
. p t;2 

F ( s) e - J 'TT £ '=' d; 
A 

Silver's approximations are valid in the case presented here. We now 

make one further assumption which is reasonable in this geometry: 

that U{P on C) differs only negligibly from U{Q on B) after the wave 

passes through lens B, Q being the intersection of line OP and aperture B. 

The Fraunhofer field of aperture B, normalized, is given by 

JB U[Q(x)] ej21Tx sin :x 

f BU [Q(x)] dx 
V (8) 

0 

- 9 -
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The approximation that U{P) ::::: U{Q) was used to simplify the computa
tions and is quite good for smal~ a, say 15 degrees and less. 

U {Pon C), V0 (0) and P {8), the final power pattern, were ccrnputed 
0 0 s forp=0.5, 0.75, 1.0, 1.4, 3.875, 11.5, 30usingF(s)=cosT. 

These results are presented in Figures 7 and 8. 

While highly efficient methods {from the standpoint of computing) for 
evaluating the double integrals in V 0 (0) are well known, they were 
evaluated separately so that plots of U (Q) across B could be prepared. 

0 
The integrals in U0 (Q) were evaluated in terms oi Fresnel Integrals, 
using the usual method of completing the square in the exponent of the 
integrand. The values of a for which U

0
(P on C) was evaluated were 

I x. 
- l obtained by a. = tan -f , the x. being equally spaced across B at 

l l 

close enough intervals to assure accuracy in the final integration. 

The computed patterns in Figure 8 show that the low frequency limit 
of pattern constancy occurs near the frequency ( p = 1) at which the 
collimating aperture edge illumination has risen to -10 db. Patterns 
computed at frequencies greater than this lower limit are almost 
identical, and indicate that, for the chosen dimensions, the optical 
limit is approached with small pattern perturbation as a function of 
frequency. 

3. 4. Potential Applications. 

Utility value of the high gain frequency independent antenna concept 
perhaps can be illustrated best by a brief consideration of a few pos
sible antenna configurations employing the principle. For example, 
a biconical antenna system consisting of a lens-corrected biconical 
horn feeding a large toroid lens would provide a means of obtaining 
frequency independent omnidirectional coverage - - an antenna with 
considerable potential in broadband communications or surveillance 
applications. Such a system might appear as illustrated in Figure 9. 

Figures 10 and 11 illustrate methods that might be employed to obtain 
broadband, frequency independent pencil beam patterns. The primary 
feed mechanism - - a parabolic dish or lens with a log periodic feed - -
has already been developed and can be designed to provide the neces
sary pattern characteristics over a 10: 1 frequency band. 5 

In either of these applications, high sidelobe illumination of the 
collimating aperture by the primary feed system may be expected to 

- 11 -
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Figure 9 

Cross Section of Frequency-independent 
Biconical Antenna System 

Figure 10 
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Pencil-beam Frequency-independent Antenna Using 
Dielectric Lenses 
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Figure 11 
Pencil-beam, Frequency-independent Antenna 

Employing Parabolic Reflectors 
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cause significant pattern perturbation, and may place requirements 

on the illumination taper of the primary feed aperture. The linear 

aperture case analyzed was not greatly perturbed by the sidelobes of 

the primary aperture; however, the three-dimensional antenna con
figurations may be expected to present greater problems. 

An interesting although somewhat academic interpretation can be made 

of the frequency independent antenna illustrated by Figure 10. If we 

encase the two-lens system in the usual electronic "black box," we 
see that the black box may be considered as a transformation device, 

transforming the low-gain frequency independent pattern of the log

periodic antenna to a high-gain frequency independent pattern. With 
this concept one might ponder various schemes for altering the param
eters of the black box without changing its function -- such as decreas
ing its axial dimension, for example. 

4. LOW GAIN FREQUENCY INDEPENDENT ANTENNAS. 

Mention of the low gain frequency independent antenna is purposely 

brief as it is to be the topic of a future paper. 

Stemming from a desire to eliminate the antenna tuning black box 

usually placed at the base of vertical whip communications antennas, 

the need for a simple antenna giving a low gain, wide angular coverage 

pattern has been recognized for many years. Musing upon feasible 
ways to solve this problem leads one to the reasonable conjecture that 
some form of dipole embodying the log-periodic broadbanding prin

ciple -- a log periodic dipole -- might provide a likely way to achieve 

such a goal. For example, if a continuous distribution of reactive 

elements deployed along the axial length of a long monopole could be 
made to cause a large impedance discontinuity (anti- resonance) to 
occur in such a manner that the axial postion of the discontinuity 
varied linearly with wavelength, a standing wave should form which 

would give rise to antenna pattern and impedance characteristics that 
are independent of frequency. One means of approximating such a 
structure is provided by a log-periodic progression of foaded quarter

wave chokes. 

The degree of progress achieved to date with the log-periodic monopole 
is indicated by the data presented in Figures 12 and 13. Unfortunately 

the performance of the structure as an antenna is not as desirable as 
the data indicate: it was necessary to introduce loss in the chokes to 
control a violent periodic behavior in both pattern and impedance. As 
a result the structure is a rather inefficient antenna: efficiencies as 

- 16 -
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Figure 13 

Impedance of Log - Periodic Element over a Two Octave 

Frequency Band 
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low as 2 5 per cent over some regions of the frequency spectrum were 

experienced. Strong correlation between the cyclical nature of both 

the pattern and impedance data and the log-periodic constant employed 

to generate the structure is present, a characteristic property of the 

log-periodic antenna. 

5. CONCLUSION. 

A frequency independent technique appropriate to high gain aperture 

type antennas appears to be quite feasible. High sidelob~ illumination 

of the collimating aperture by the primary feed system may be expected 

to cause significant pattern perturbation for some embodiments of 

the idea and must be resolved before the method becomes a practical 

reality. 

At the low end of the gain spectrum the application of the log-periodic 

broadbanding principle to the dipole is a highly desirable objective; 

however, experimental results to date indicate that a more fundamen

tal approach is nee es sary. If successfully developed, the log-periodic 

dipole would in turn provide the basis for an entire new generation of 

broadband antenna structures, as the dipole is a basic antenna build

ing block. 
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