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Abstract - In this paper, an approach to optimizing the shape of a wire antenna with
symmetric and asymmetric feed with respect to maximum effective height is proposed. The
optimization is achieved by using the method of steepest descent in conjunction with a line
search algorithm suggested by R. Fletcker. It is found that for a given antenna length, the
effective height of an asymmetrically driven antenna is larger, thus allowing the directivity
to be higher than in the symmetrically driven case.

INTRODUCTION

‘The shapes or curvilinear wire antennas can be optimized in such a way that one
parameter, e.g. the directivity, becomes maximum [1]. Therefore, these radiators can offer
an attractive alternative to straight line antennas which has been demonstrated in [1-2] for
symmetrically fed structures. In practice, however, the asymmetrically driven dipole 1s
often used in order to obtain a special characteristic [3-6], and studies on the asymmetric
counterpart of [1-2] have not been available to date. | | -

This paper focuses on the optimization of shapes of linear antennas in order to achieve
maximum effective height for a given antenna length. A maximum of radiating intensity In
main-beam direction can be produced for asymmetric excitation. In this case, the effective

height is larger than that of the symmetrically fed configuration.

THEORY
The effective height of a wire antenna is defined as h,4=V, /E; where E;is the electric
field strength of an incident plane wave, and V,, is the open circuit voltage induced by this
field as shown in Fig. 1. For an asymmetrically driven structure, the resulting effective
height reads - |
he =Vo ! E; =(Vi+ V)1 E; = hyp +hypy (1)

The analysis of the shaped wire antenna is based on three assumptions: first, only a
sinusoidal current distribution along the antenna is considered; second, the antenna iS
regarded as a series of conducting straight-line segments; and third, the wire diameter 18
much smaller than the antenna length.

In order to determine the current distribution of the antenna, usually three boundary
conditions must be satisfied. First, the current must be zero at the ends of the antenna;
second, the current distribution must be continuous at the driving point; and third, the
electric field tangential to the wire antenna surface must vanish. Under the'se conditions, the

effective height h,g; (i=1,2) is given by

N[ | n=1 | A g L
hy, = ¥ {exp| jB4s;, Lsina, |cosa, f 2~ exp(jfz. sin o, )dz,, (2)
I n=1| o k=1 . z'::OI(O)

—316—



where =27/ is the free-space propagation constant, z’, is the arc-length coordinate, and
I(z',) 1s the current along the n-th segment. A maximum of A is obtained by optimizing

the parameter vector formed by inclination angles ¢

Lo =(@p@iial) o - @)
The optimization method used is a combination of the method of steepest descent and a line
search algorithm proposed by Fletcher [7, ch.2].

RESULTS -
First, the shape of a symmetrically driven wire antenna of total length 24 with

h=h;=h,=3/4, optimized. Table 1 gives the numerical values for optimum inclination

angles and the corresponding normalized effective height h,/A,. The results show that the
effective height increases with increasing the number of sections N and approaches

hol2.,=0.634.

Fig. 3 shows the shape of an optimized h=3/2A, symmetric antenna with N=30
segments. A maximum effective height of 4,;=0.669 can be obtained which is a slight
improvement of Landstorfer's result of h;r=0.654 [1].

For the application of an asymmetrically driven structure, the shape of an optimized wire

antenna of total height as in Fig. 2 but with h;=2.7/44, and h,=3.3/41, is shown in Fig.
4. Compared with the results of Fig. 2, it is found that the effective height of the

asymmetrically driven antenna (hegr =0.7514, can be larger than that in the symmetrically
driven case (g =0.6694,).

CONCLUSION

The shape of symmetric as well as asymmetric wire antennas is optimized for maximum
effective height. An optimization procedure utilizing the method of steepest descent in
conjunction with a line search algorithm by Fletcher yields improved results as compared
with previously published data. For a given wire length, the effective height of the
asymmetrically driven antenna is larger than that of its symmetric counterpart, hence a
higher directivity for off-center main-beam applications can be realized with asymmetric
wire shapes.
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Table 1. Optimum inclination angles for maximum effective height

£

Vz

e, S

1 l
1

\

(a) (b)
Fig. 1 Curvilinear receiving dipole with its equivalent circuit

Fig. 2 Asymmetrical driven curvilinear wire antenna
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Fig.3 Optimized Shapc of Wire Antenna with Symmetrical Feed

0.8

0.6

0.4}

0.2F

e
i

heff=0.751 A

hl =2.7/4 A

h2=3.3/4 A

0.05 0.1 0.15 0.2

0.25

0.3

0.35

Fig. 4 Optimized Shape of Wire Antenna with Asymmetrical Feed
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