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Abstract:

In this work the side lobes of the radiation pattern emitted by circular aperture
antenna is reduced by controlling the current distribution function to higher order
power equation of parabolic function. The results shows that one can be get a pattern of
side lobe below -55 dB. Also we get that the side lobe levels can be reduce using the
tapering current distribution across the aperture.

Introduction:

An aperture antenna is a part of structure of antenna is an aperture, or opening,
through with electromagnetic waves flow. Aperture antenna is in common use at ultrahigh
frequency UHF and above!'!,

Mahony was found the directivity of the circular aperture depends on the aperture
size™. A novel circular aperture pattern synthesis technique is presented by Adriaan J.
Booysen, which enables a linear line-source distribution to be converted to a rotationally
symmetric circular aperture distribution, of which any -cut radiation pattern is ideally the
same as the principal plane pattern of the line-source distribution. Line source pattern
synthesis techniques are numerous and versatile and the technique presented here allows these
techniques to be applied to circular apertures as well. This new synthesis method is most
compatible with line-source distributions which have zero edge illumination"’.

A high-gain low sidelobe level array antenna that is fed by a radial waveguide and
designed to operate over a frequency range is considered. The effect of the tapering, for both
paraboloidal and bell-shaped aperture amplitude distributions, and the consequences of the
phase errors, caused by the variation with frequency of the electrical lengths in the radial
waveguide feed structure, on the gain and side lobe level are studied in detail. Results
obtained based on the proposed analysis are validated with respect to experimental data
available in the literature. They are applicable to designs of arrays as well as aperture
antennas'*.

The radiation field from a two dimensional aperture can be determined when the field
and geometry of the aperture is specified”..

An antenna that has a physical aperture opening with a circular shape is said to be
circular aperture, various forms of circular aperture antennas are encountered in practice. The
radiation pattern of the circular aperture antenna is determined by using the sufficient value of
aperture's diameter and current distribution function on the aperture, this antenna my be
excited uniformly or non-uniformly current distribution.

In this paper the field distribution on the aperture is taking into account to reduce the
side lobe level.
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Theory:

Figure (1) depicted the geometry of associated with circular aperture. Consider an
aperture of circular shaped of radius a. the far-field at point P is denoted by vector 1" and

—
source point is represented by vector 7", so, the radiation field at point P is given by!®.

P.6,¢)

Circular

Fig.(1): Circular aperture geometry.

E.(8,@) = [[DCx, v )e ¥ antay’ (1)

Where a denotes aperture, and {x",1*") = k7, 'F(.f,j’*), s = &FF 4> Where is A the

wavelength, and D(X', y') is the current distribution function is represented by parabolic
function asm,

o'l — _ﬂ;
E (o' [1 ﬂ}] ...................................................... P

Where n is an integer represent the distribution type, as an example n=0 refers to uniform
distribution and n=1 means parabolic distribution and so on.

To simplifying eq.(1), some mathematical manipulations are done as
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¥ = sindcosey + sindsingy + coséé

P =3x8+ ¥y, x'=p'cose’ and v' = p'sing’

So,

Fr = @' sinfeospcose’ + p'sinfsingsing’ = @' Finfcos (@ — 59’}“'(3)
In the cylindrical coordinate, and

dx'dy' = p' dp' d¢

Then eq.(1) become,
s f 7" 1 r FEE g 1 Foy r
E.(8 @)= _f,;_ |_l - {:%} | gdg _l;_ gitetaindens (p—¢ dggm 4)

In case of uniform distribution (i.e. N=0) the current distribution function is unity, one can get

r r AET g = - e - ':‘| r
E(8,9) =[] gag [T efenfoie=vlgy’ ... 5)
The second integral of ¢' is solve by using identity of Bessel's function as
2T —omEh 9w
Jo eMFERGAE = DR[(Z) (5-a)

Where Jo(z) is the Bessel function of the first kind of the order zero. Because of the circular
symmetry over aperture, the electric field independent of ¢, hence, E (&, @) = E_ (&) and
eq.(1), re-written as,

E.(8) = | pe(ko'sin8)dp
5
E(§) = ma2 dade s ©)

(&' sing)

In the general form (i.e. n>0) re-call that

1 T8 . . 2y
Jo ¥[1=x7]" Jo(bx)dx = e (B) (6-a)
Suppose, x=p'/a and b=kp'sind1, eq.(5) is given by
maf IVt A g, (ke sind)
E (F) — 1 ol Sm@YFE T (7)

For taper on pedestal distribution function given by eq.(2) is represented as
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Eae) =C+ (1-0)1- (&) | ................................ ®

In the same manner as done in case of uniform distribution, we get

Tas ’.'_f':-‘.’-z.:-?:'—ﬂ (1 TH!

FOY = TEo,
Eo(8) = S T g O ©)
o1
where
2k 1 g (o’ 5in8 )
E. (&) = S~ PRSP (10)

(ke sing iz
and C is the pedestal height defined as the edge (field) illumination relative to that at center.

Numerical Results:

In the term of reducing the side lobe levels the field distribution over an aperture is
choosing as depicted in eq.(2) as

as n increased the normalized field distribution is becomes narrow and then the side lobe
level is decreased, fig.(2) shows the field distribution over the aperture radius (1,).
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Fig.(2): field distribution over an aperture as a function of n.

Figure (3) shows the radiation pattern of a circular aperture antenna of 1.0A diameter as a
function of field distribution function (n=0, 1, 2, 3, 4, 5).
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Fig.(3): Radiation pattern of 1.0l diameter as a function of n.

In term of studying the effect the tapering the case of 0.61] diameter and in case of

2) the side lobe level when n increased or C decreased as

parabolic square distribution (i.e. n

shown in Fig.(4).
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Fig.(4): Radiation pattern of 0.6 | diameter as a function of C and n=2.

Discussed and Conclusions:

As shown in Fig.(3) the as n increased the side lobe level decreased up to -45dBas

shown from Fig.(3-f) as n increased above this value the side lobe level decrease to -58.6dB

as shown in Fig.(5)
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Fig.(5): Radiation pattern o f 1.01] diameter of n=8.
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In term of tapering phenomenon the side lobe level is decreased with ¢ decreased as
shown in Table(1)

Table(1): Side lobe level as a function of C values with n=2

N C C (dB) S.L.L present Ref. 1
2 0.398 -8 -24.63 -24.7
2 0.316 -10 -27.00 -27.0
2 0.251 -12 -29.53 -29.5
2 0.200 -14 -31.71 -31.7
2 0.158 -16 -33.44 -33.5
2 0.126 -18 -34.41 -34.5
2 0.100 -20 -34.75 -34.7

From the above results one can conclude that:

1-
2-

3-

4-
5-

The side lobe level can be controlled to reduce in term of increased n.
The directivity then decreased when side lobe decreased, this leads

shown in Fig.(6).

wide mean as

Through tapering the current distribution across the aperture, on can significantly

reduce the side lobe levels.

By choosing the sufficient value of on can reach below -55 dB side lobe level.
According to the above conclusions this antenna is becomes low side lobe antenna.
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Fig.(5): compared results of different values of n
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