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SUMMARY

In many applications, the antenna
engineer is compelled to design antenn-
as which are small in terms of wave-
length. This is especially true in the
case of the use of low frequencies on
aircraft. Examples of applications
which necessitate the use of small an-
tennas on aircraft include weather re-
search and military reconnaissance. In
such cases, the frequency being set by
that which is to be observed and the
antenna dimensions by those which are
aerodynamically feasible, both the fre-
quency range and allowable antenna di-
mensions are set by conditions entirely
outside the engineer's control. It is
often the case that a degree of radia-
tion pattern control is required. This
leads directly to a consideration of
the design of a "superdirective" antenna.

The system is frequently "one of a
kind", and the installation of the an~
tenna often requires considerable modi-
fication of the aircraft. It is ob-
vious that a good estimate of perfor-
mance is required in the early stages
of design long before actual comstruc-
tion is contemplated. This is notor-
iously difficult in the case of small
superdirective designs. This paper
treats the theory and design of super-
directive small linear antennas by
computer aided methods. First, a par-
ticularly efficient means of using the
classical Fourier Integral to compute
designated far-field radiation patterns
has been developed elsewhere.} Many
authors have suggested that this com~
putation also gives insight into the
relative near-field energy storage
associated with a particular distri-
bution function and therefore gives a
measure of the anticipated bandwidth.?2
Then, the Fast Fourier Transform is

adapted to the Fourier Integral method
in order to provide a fast and effi-
cient means of computation.3 This de-
velopment is summarized as follows:

It is well known that the far-field
solution of a linear antenna may be
written
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Let & = aA, x = z/% and u = 2nacos®.

We may now express the current distri-
bution as a function of the new vari-
able x. Write I(x) = I _F(x) where F(x)
is the complex normalized distribution
function. Equation (1) becomes
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where the integration is now expressed
in terms of a Fourier Integral taken
over normalized limits. One of the
especially beneficial features of this
method is that the phase length of the
distribution remains arbitrary until af-
ter the integration is performed. One
may then select in a very visual way

the phase length for a given F(x) which
gives the desired Ee.

Using strictly analytical tech-
niques one is limited to somewhat ficti-
tious distributions in performing the
integration of equation (2). The Fast
Fourier Transform provides an efficient
method of accomplishing this end. The
method is based on the fact that the
magnitudes of the coefficients of the
complex Fourler Series approach the
envelope of the magnitude of the Fourier
Integral in the limit of the interval of
periodicity becoming infinite. The Fast
Fourier Transform is used to approximate
this limit. Of course, one may reserve



only a finite interval in the memory of
the computer. The limit must be approx-
imated in actual computation by keeping
the ratio of the number of points with
defined non-zero values to the total
number of points reserved in the field
sufficiently small. A field of 1,028
points was reserved in memory for the
results shown in Figure 1. Only 100
points were entered as data points. As
shown, this results in about 120 points
of useful output.

Figure 1 shows the results of com-
putations using the methods described
above. Diagram (1) shows an ideal dis-
tribution which for phase lengths less
than or equal to A/2 will produce
greater than normal directive gain.
Here, we define normal gain to be that
obtained from a distribution of constant
amplitude and phase and of the same
phase length. Diagram (2) shows a less
ideal version of this superdirective
distribution, as one might realize in
practice. The appropriate curves in
the figure show the results of comput-
ing the integral for these distribution
functions. Note that a phase length A/2

appears slightly before point 10 on the
abscissa of the graph. The unlabeled
curve shows the computation for a nor-
mal distribution. Comparison between
the three curves makes it obvious that
the area under the complex portion of
the curves is very much greater for the
superdirective distributions, corre-
sponding to an enormous increase in
near-field stored energy and consequent
narrow bandwidth. Diagram (3) shows a
distribution function which will pro-
duce a broader than normal pattern.
Diagram (4) shows a less ideal version
as one might realize in practice.
Again, the computed results indicate
large amounts of near-field stored
energy for short phase lengths. The
effect of making the distribution less
ideal is seen to narrow the width of
the computed far-field pattern.
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N OUTPUT SPECTRUM
Approximations to the Fourier Integral computed by means of the

Fast Fourier Transform for a series of superdirective distributions.
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