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For arrays of identical antennas
where the element currents are inde-
pendent variables the solution to the
optimization problem has been known for
some time. The pioneering work was
done by Uzkov’, recently a number of
cases has been treated by Lo et.al.?,
vho also consider cases with con-
straints on the Q-factor. A good ac-
count of recent vork is given in ref.3.

For an array with only one excited
element and the remaining elements pa-
rasitic the situation is quite diffe-
rent, and it does not seem possible to
express the gain or Q as a ratio of
Hermitian forms in the independent va-
riables. The approach in this paper is
therefore to use a strictly numerical
technique where available computer-op-
timization procedures are used to find
the solution. The method is only ap-
plicable for small arrays, say 15-20
elements, and is therefore well suited
for Yagi-Uda antennas.

The particular case considered
here is a linear array of infinitely
thin half-wave dipoles with equidistant
spacing. The paresitic dipoles are
loaded at their centers with arbitrary
reactances which are the independent
variables for the array. This array
simulates to some extent a Yagi-Uda ar-
ray where the reactance variation is
achieved by variation of element
lengths. The problem is solved by in-
version of the impedance matrix, the
matrix equation being
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Element No. N_ is the excited one,
xl, Xa,... are the loading reactances,
I, Zn
are the known mutual impedances vhich
ere constant for a given spacing. Since
X“ does not enter in gain calculations

th¥ N-element array poses a N-1-dimen-
sional optimization problem. For a giv-
en get of X;, the current vector is
found from tl) and knowing the currents
the remaining antenna parameters, gain,
Q, impedance and pattern are easily
found.

Rosenbrock's method of optimiza-
tion® has been applied, it has the ad-
vantage of allowing & number of additio-
nal functions to be constrained in spe-
cified ranges. In the present case it
may be used to find maximum unconstrain-
ed gain for a given number of elements,
and maximum gain with a constraint on Q.

Some results for gain optimization
are presented in Fig. 1, which shows
gain relative to a half-wave dipole for
a N-element array as a function of ele-
ment spacing. For comparison the maxi-
mum gain for an arbitrary current vector
is also shown, these results are taken
from ref. 3.

Some of the conclusions to be drawn
are the folloving. For a given number
of elements there is an optimum spacing
which increases with the number of ele-
ments. At least for a small number of
elements the maximum gain is close to
the value obtainable with free excita-
tion of the currents. The excited ele~
ment should be close to the center of
the array for macimum gain, although the
difference is small (compare (N,Nx) =
(1,2), (7,3), (T,4)).

Maximum gain with a conmstraint on
Q is also shown for N = 3 and N = L,

For the unconstrained cases the Q-values
are about 10, in the constrained cases

12,... the unknown currents.
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Pig. 1.

Maxizus relative sndfire gain of an H-elecent array of loaded
half-vave dipoles. Ilezent No. O is excited, recaining clesents are
parasitic.

e=eeews Hazitun relative endfire geic of an E-element array wvith all
elecents excited. (Ref. 3).

vescees Corstrained optinization, Q < 5.
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