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Abstract Thenominal directivity for uniformly spaced broadside parallel half-wave dipoles associated
with a uniform excitation is evaluated. The amplitude distribution for an optimized directivity is then
obtained for different numbers of elements with the separations between the dipoles as a variable. The
optimum and nominal directivities are compared for different spacings of the elements. While these
directivities are different for small separations, they are practically the same for increased spacings of the
array elements.
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INTRODUCTION

Optimization of the directivity in linear arrays has
been the subject of many investigations and different
schemes of optimization have been considered in the
past [1-3]. A generalized treatment of the optimiza-
tion problem is reported in a concise manner [4-6].
The problem of maximizing the directivity of alinear
array withequally spac;.& isotropic elements was first
studied in 1946 [7]. The maximum directivity of
some linear arrays with half-wave dipole elements
from the viewpoint of self and mutual resistances of
the elements has also been addressed and few calcu-
lations mentioned [8]. The optimization of funda-
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mental sources such as uniformly spaced isotropic
elements and infinitesimal dipoles has been thor-
oughly considered and the corresponding curves are
reported [9]. However, these fundamental sources
are not used as practical elements in application. As
for the half-wave dipoles, the optimum and nominal
directivities of a broadside array of collinear dipoles
have been considered [10] and the amplitude distri-
bution for an optimum directivity is obtained. In this
communication linear arrays of parallel half-wave
dipoles are considered and the nominal directivities
of the corresponding uniformly spaced arrays are
obtained. The directivity is presented as several sets

of curves with the spacings of the elements as a
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variable. The optimum directivity for the broadside
case is then obtained and the amplitude distributionis
presented for different numbers of elements and

various spacings.
GENERAL FORMULATION

Figure 1 shows the geometry of the parallel half-
wave dipoles located in the Cartesian coordinate
system. The array axisis assumed along the z axis and
"d" is the separation between the dipole elements.
The array factor of a linear broadside array is well

known and given by
i a, ¢ Didcost
n=1

where, N is the number of elements and k is the
propagation constant. The element pattern function
in the (8, @) direction, f(8, ¢) in the given coordinate

system is

cos(’z—‘ 008 Gx)

£6.¢9)= e
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in which 9, is the angle between the (8, @) direction
and the x axis. The nominal directivity for the broad-
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Figure 1. The geometry of parallel half-wave dipoles.
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side radiation, D(0, ¢) is therefore given by

2
Dy (8, 9)= N
? 2moos2(£sinecos(p) N N
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Decomposition of the exponential term in the
integrand of Equation 3 into cosine and sine functions
will reduce B, to

2n
Brmn= | F(@)cos@Dcos6)do @
0
where,
m .
Fo)= L cos (rsn9 costp)d 5
© 8!,1-sin29cos2(p ¢ ©)

In contrast to the case of collinear half-wave
dipoles [10], the double integral involved in ,,,, term
is not separable. In an attempt to find a closed form
expressionfor f,,,, we substitute z=exp(j¢) and Equa-
tion 5 is transformed to

T 14722
Fo=_L $. - [gene 52] dz ®)
2m] 422 - §n%0 (1422

where C is the unit circle. The integrand has four
poles at: * tan ©/2 and * cotan 6/2 with an essential

International Journal of Engineering



singularity at z=0, It is straightforward to show that
for 0<O<n/2 the first pair of poles, i.e.,  tan 6/2 is
within the unit circle and for n/2<0<n the second
pair is interior to that circle and in both cases the
residues of these poles cancel each other and there-
fore F(0) is reduced to

zcos [L-sin® (1—’223)]>
z=0

F(0)=Res {
422 - sin% (1422

where the right hand side is the residue atthe essential
singularity and can be obtained by expanding F(0) in
a Laurent series. An investigation shows that this
residue yields a series involving modified Bessel
functions of the firstkind which can not be expressed
in a closed form. In view of the above discussion, the
B I its most simple form is given by

Znn -
Bun=-L ‘[Mﬂ‘ﬂm_@]cos(rbcose)shedem
8m, , L 1-sn’0cos@

[}
@)

Although the procedure in obtaining B, for col-
linear half-wave dipoles [10] is similar to the case of
parallel dipoles, the integration should be evaluated
numerically in the latter. In view of Equation 3 and

using = Boy= P(D)= P_ (D), the nomial directiv-

ity, D,, is reduced to

N2
Dn = N-1 (8)
NP,+2 Y, (N-n) P:(D)
r=1

with P(D) given by Equation 7 which should be
evaluated numerically. For isotropic sources and
infinitesimal dipoles, this expression is given by
simple trigonometric functions [9]. In the case of

collinear half-wave dipoles, B, can be explicitly
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giveninaclosed form [10]. Foran endfire array in the
0=0 direction, the array factor is slightly modified
and with parallel half-wave dipoles as elements of an
endfire array, B,,, follows from a similar procedure
and is reduced to

Ban= e P(D) ®

and the corresponding nominal directivity after some

manipulations reduces t0

Dec= Tl*f (10)
NP,+2 Y, (N-1)P; (D) costD

r=1

where P (D)= B, is defined as before.

OPTIMUM DIRECTIVITY

Let a; be the current amplitude of the ith element of
the broadside array. The directivity, which is to be
optimized is given by

Y. Y aia;
ij

D=t L (11)
3> Bsaia;
i=l =
For a maximized directivity, Dy, we have
Do _ p=12,..,N (12)
da,
which is transformed to the matrix form [9];
[B] [a]l= K] 13)

where, B; in (13) are the elements of the NxN matrix
and k is a constant independent of P. substituting a;’s
from Equation 13 in Equation 11, the optimum di-
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rectivity, Dy, reduces to [9, 10];

N
Y ai
D =i=l__ (14
I / )

The relative amplitudes and the optimum direc-
tivity can be obtained from Equations 13 and 14
respectively. Since the relative amplitudes are of
interest, k is an arbitrary constant and can have any

value.
NUMERICAL RESULTS

A numerical evaluation of the P,(D)= (B,,,) function
given by Equation 7 and substituting in Equation 8
yields the nominal directivity, D, for the broadside
parallel half-wave dipoles. To find the optimum
directivity, the current distribution, [al= [a}, a,, ...,
ay]T can be obtained from Equation 13 and the
optimum directivity, Dy, then follows from Equation
14, Inthese calculations, the separationd, is varied up
to 2. Figures 2 and 3 show the nominal and optimum
directivities, for N equals to 3,4,5,6, respectively. A
corﬁpan'son between the optimum directivities of
short dipoles [9] and half-wave dipoles is shown in
Figure4. These curves show anincrease inthe overall
directivity of an array with half-wave dipole ele-
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Figure 2. Nominal directivity of parallel half-wave di-
poles, N=3 to 6.
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Figure 3. Optimum directivity of parallel half-wave di-
poles, N=3 to 6.

ments. Since the directivity of a single half-wave
dipole is slightly higher than that of a short dipole,
this increase in the optimum directivity is predict-
able. The current distribution for optimizing the
directivity of several arrays was obtained. The rela-
tive current distribution for an array with 4 and 6 half-
wave dipole elements is given in Figures S and 6
respectively. In these curves, the excitation ampli-
tudes of the dipoles are normalized to the amplitude
of the first element and the relative amplitudes are
plotted against the separation between the elements.
An investigation of the current distribution shows

that although the amplitudes vary significantly from
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Figure 4. Comparison of the optimum directivities of
parallel short dipoles and half-wave dipoles.
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Figure 5. Amplitude of excitation for an array with 4
elements. :

element to element, the optimum directivity itself
exceeds, only marginally, the nominal directivity
associated with the uniform excitation particularly
for higher separations. The same situation is re-
ported for short parallel dipoles [9]. Figure 7 com-
pares the nominal and optimum directivities for
N=4. For separations greater than =0.8A, which also
results in longer arrays, a uniform excitation is

therefore sufficient.
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Figure 6. Amplitude of excitation for an array with 6
elements.
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Figure 7. Comparison of nominal and optimum directivities
for parallel half-wave dipoles, N=4.

CONCLUSIONS

The nominal directivity of a broadside array of
parallel half-wave dipoles associated with a
uniform excitation is presented in this work. The
amplitude distribution for an optimized directiv-
ity is then obtained. It was observed that
except for a separation d, below roughly 0.8\
the optimum and nominal directivities are
practically the same. Similar results applies for
short parallel dipoles. For d<0.8A, where a
marked difference in Dy and D, is observed, the
current distribution significantly differs from
element to element. Because of the proximity
of the dipoles and the presence of mutual
coupling, in the supergain region and for
very small separations, the results are not
accurate [3] and hence not shown in the

figures.
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