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and Baji Babu Mutte

Abstract The design of circular apertures for generating radiation pattern with
controlled side lobe levels is attractive in communication and radar applications.
The aperture distribution would cause the innermost side lobes to have individu-
ally specified heights. The research on circular aperture distribution to produce sum
patterns with controlled side lobe levels is limited in the open literature. Hence, an
attempt is made to obtain the shaped beams with controlled side lobe levels from
circular aperture antennas. This is possible with a proper set of root positions. These
root positions will yield the proper shaped beams from circular apertures. Different
shaped beams are generated with new root positions. These shaped beams will have
specified and controlled side lobe level.
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1 Introduction

The most commonly used beam shapes in communication and radar applications are
fan beam and pencil beam. The beam width of pencil beam will be narrow, whereas
the beam width of fan beam is wide. The fan beams are used to simultaneously cover
some degrees of azimuth and elevation.

Antenna aperture [1] is a measure of how effective an antenna is at receiving the
power of radio waves. The antenna apertures which are mainly in use are circular
aperture, rectangular aperture, and square aperture. The circular apertures are widely
used when compared to other apertures, as they do not have any discontinuities while
radiating. Usually the parabolic dish antenna and horn antenna will have circular
apertures.

The circular aperture antennas [2] which produces the shaped beams are used in
space communication. The shaped beams are produced by well-designed aperture
distributions. The present work is centered on circular apertures. Taylor [3] has
reported a method for design of circular apertures for generating radiation pattern
with narrow beam width and low side lobe levels. The aperture distribution was
further elaborated by Hansen [4].

Graham et al. [5] also presented a method for design of circular apertures for
producing sum patterns with ring side lobes of arbitrary heights. A perturbation
procedure has been devised that will determine the proper set of root positions once
the height of each side lobe has been specified. The resultant patterns are called
modified Taylor patterns.

Orchard et al. [6] presented a method aimed to produce a shaped pattern with
controlled ripple and controlled side lobe levels from linear arrays with equal spacing.
A pattern synthesis procedure was developed by Elliott and Stern [7, 8] using aperture
antenna with a circular boundary.

The aperture distribution plays important role in producing shaped beams. It would
cause the innermost side lobes (of a pattern) to have individually specified heights.
This is possible with set of root positions. These root positions can also be modified
with different methods, which will yield the proper shaped patterns from circular
apertures. Hence, a method has been implemented that will determine the proper set
of root positions with the specified side lobe level. In the present work, Elliott and
Stern method has been extended to obtain the shaped patterns.
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2 Shaped Patterns from Circular Aperture Antennas

The shaped beams can be generated from properly designed circular apertures [3].
The circular aperture with a radius R is shown in Fig. 1.

Here, 6 is observation angle.

@ is azimuthal angle measured from x-axis. It is assumed to be zero.

r is the distance from center of aperture to the point of observation.

The radiation pattern of circular aperture with radius R is given n Eq. 1

s

Eu) = /pg(p)fo(pu) dp )
0

where g(p) is the aperture distribution function.

Here, u = 2TRsinQ

The normalized radius is p = % p

Let 77 is a number controlling the degree of uniformity of the side lobes.
It assumes a finite positive integer more than 1.

If the circular aperture is uniformly excited, then g(p) = 1.

This will produce a sum pattern in the form as Eq. 2

2

P(r,8P)

Fig. 1 Circular aperture
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Here, J; (wu) is the Bessel function of first kind and first order.

The pattern shown in Fig. 2 has a main lobe and a family of side lobes that decay
in height as the side lobe position becomes more remote from the main beam. Since
this pattern is rotationally symmetric, the main lobe is observed to be pencil beam,
surrounded by ring side lobes. How many of these side lobes are in visible space that
depends on the aperture size. Since u = 2asinf/A, the range of u corresponding to
visible space is 0 < u < 2a/A.

The nulls of this pattern are given by Eq. 3

LY, =0, n=0,1,2,3,... 3)

The nth roots “Y',,” are called as Bessel function zeros.

In order to have the near-in side lobes at a quasi-constant controlled height, the
aperture distribution function g(p) should be expressed in a suitable form. Then, the
pattern given by Eq. 2 is modified.

Taylor [3] has reported the solution to this problem. He has presented a method of
circular aperture design to produce the radiation patterns with specific beam width
and side lobe level. This analysis consists of moving the innermost 7 — 1 nulls
of Fig. 2 to achieve the desired level for the intervening side lobes. The pattern of
circular aperture [3] is represented by Eq. 4

0
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Fig. 2 Radiation pattern for circular aperture with uniform excitation.
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n—1 u-
Ji(mu) | = orrezosye
w2 —

Here, “A” is a parameter that describes the desired side lobe level. It is given by

1 1 —SLL
A = —cosh™ (1072 )
T

Uj

AH-0.57
By letting u; = o[A? + (i1 — 0.5)*], Eq. (4) can be expressed as

The beam broadening factor o is given by o =

(&)

The relation between desired side lobe level (SLL) and side lobe ratio v is given
by SLL (in decibels) = —20log;o(n) dB.

The designed aperture distribution function [3], which produces the radiation
pattern of Eq. (5), is given by

n—1

E(Tlm)
g(p) = 7{22 2T P p) (6)

Here, Jy(;ru) is Bessel function of first kind and zero order.

It is observed that Eq. (5) removes the first 7 — 1 root pairs of Eq. (2) and replaces
them with 7 — 1 root pairs at the new positions =+ u,.

If there are n — 1 side lobes, then the analysis is to move the innermost 7 — 1
nulls of starting pattern to new positions.

The new positions of the selected inner most side lobes are given by Eq. (7)

A2+ (n—1)°
PR Rl i 1 (n 2)2 (7)
A+ (7 - 3)

These new root positions are substituted in Eq. (5) to obtain desired pattern.
3 Null Filling and Optimization of Desired Shaped Patterns
from Circular Apertures

Graham et al. [5] presented a method for design of circular apertures for producing
sum patterns with side lobes of different heights. The resultant patterns are called
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modified Taylor patterns. The aperture distributions for these modified Taylor
patterns can be determined from Eq. (6). Orchard et al. [6] presented a pattern
synthesis method to produce patterns from equi-spaced linear arrays. The array exci-
tations are varied. Elliott et al. [7] presented a new method for shaped beam synthesis
from equispaced arrays. Elliott et al. [8] reported a pattern synthesis procedure for
circular apertures.

Usually, a sum pattern consists of a main lobe with adjacent side lobes. The height
of each side lobe can be individually controlled. Such patterns find applications in
radar and space communications.

Further flat-topped beams can also be obtained. In the present work, Elliott and
Stern method has been extended to obtain the shaped patterns with controlled side
lobes.

In order to obtain desired shaped patterns, the starting pattern will be taken as
base to find out the starting root positions u and null locations y. We can use Fig. 2 as
the starting pattern. There is no null filling in this particular case. The root positions
for this pattern is [1.21972.23313.23834.2411 5.2427]. For this, u,, = Yy, and v,, =
0.

If we anchor all the roots (of Taylor pattern) u, = Yy, for n > i, and move the
inner roots for n=1, 2, ..., n — 1 to the new positions u, + jv, # Y}, , the pattern
takes the form of [8-10].

n—1 2
Ew=f][] [1 - m} ®)

n=1

where f(u) is given as Eq. (9)
Ji(u) 1
-]

It is possible to find complex root positions u, + jv, that will yield a pattern
with properly filled nulls in the shaped region while maintaining controlled side lobe
levels in the unshaped region [8]. A flat-topped beam with specified ripple level and
specified side lobe level can also be obtained.

Usually, 2 ¥ different continuous aperture distributions corresponding to the same
shaped beams are obtained if there are M complex roots. These aperture distributions
are all complex.

The u,, and v, values can be placed in Eq. (8) to obtain the field pattern. This field
pattern can be used in Eq. (6) to find the aperture distribution function.

fu) =2

€))
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4 Results

The Taylor radiation pattern of circular aperture with » = 4, SLL = —30 dB is
generated from Eq. (5). It is shown in Fig. 3. The respective aperture distribution is
generated from Eq. (6). It is shown in Fig. 4.

For the case of inner most ring side lobe at —35 dB, and next adjacent four side
lobes at —25 dB, the new root positions u, are calculated with the help of Eq. (6).
The u, values are found to be [1.4839 1.8933 2.9268 3.9622 5.0416]. There is no
null filling in this case. So, the v, values are zeros.

By substituting these values in Eq. (8), the radiation pattern can be obtained. It is
shown in Fig. 5. In this case, the five inner most side lobes are moved to [—-35 —25
—25 —25 —25] (in dB).

For the case of side lobe levels at [00 —25 —25 —25] (in dB), the new root positions
u, are found to be at [0.6322 1.9308 3.7674 4.3929 5.2633]. The generated pattern
is shown in Fig. 6.

For the above pattern, the first two nulls can be filled. So the values for v; and v,
are taken as 0.1 instead of zero as was the value for earlier case. Using these values,
the pattern is obtained and is shown in Fig. 7. For this case, the inner most side lobes
are at [00 —25 —25 —25] and null filling vi = v, = 0.1.

The pattern of Fig. 7 can be converted to the flat-topped beam with a ripple of
+0.5 dB. For this case, the new root positions and the null-filling values are given

-10
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Fig. 3 Radiation pattern of circular aperture with n= 4, SLL = —30 dB
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Fig. 5 Shaped pattern with inner side lobe at —35 dB, four side lobes at —25 dB
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Fig. 6 Shaped pattern with two inner side lobes raised to zero dB
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Fig. 7 Starting radiation pattern for a flat-topped beam with SLL = —25 dB
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E(u)ézg: j\ {\h(\ i { A

Fig. 8 Flat-topped radiation pattern with a ripple £0.5 dB and SLL = —25 dB

as u, = [0.5967 1.7837 3.6420 4.3039 5.2119] and v,, = [0.5225 0.5268 0 0 0].By
substituting these values, the flat-topped radiation pattern can be obtained. It is shown
in Fig. 8.

5 Conclusion

The Taylor patterns from circular aperture have been generated. These patterns are
having narrow beam width and low side lobe levels. The aperture distribution reported
by Taylor has been modified. The new aperture distribution which causes the inner-
most side lobes to have individually specified heights is considered. This is possible
with set of new root positions. The patterns are generated with the modified roots.
These new root positions are useful in obtaining the patterns with a specified and
controlled side lobe level. This method can also be applied to many modern antenna
design applications which are aimed to produce the shaped beams with low and
controlled side lobe level.
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Ramp Patterns From Circular Apertures

J. Babu
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Abstract : The work on the patterns of circular apertures
reported in the open literature is minimum. Moreover the
shaped patterns from such apertures is not available. In
view of this an attempt is made to produce, ramp patterns
from circular apertures using phase only control method.
Both small and large apertures are considered and the
patterns are realized by introducing a well designed phase
functions.

LINTRODUCTION

The design of circular apertures is reported by Taylor [1]
to produce the directional characteristics having narrow
main beam width with low side lobes. The set of
continuous circular aperture distributions is developed
by him. Similar work is also reported by several
researchers [2-4] on the circular aperture distributions.

Ajoy Chakraborty et al [5] reported the method of
design of circular aperture to produce the shaped beams.
Pencil beams are widely used for point to point
communications as well as high resolution radars. Ramp
patterns have the applications similar to those of pencil
beams.

In the present work, circular aperture is considered to
generate shaped patterns such as Ramp patterns. The
method consists of selection of suitable Amplitude
distribution and the design of optimized phase function
for a circular aperture. For a specified data on the beam
width, the Ramp patterns are realized for different
aperture sizes. It is found from the results that, the
patterns are optimal for large apertures.

Dr.G.S.N. Raju
Professor of ECE Department,

Principal, AU College of Engineering(A),
Andhra University, Visakhapatnam
India -530003
E mail: drrajugsn@yahoo.co.in

II. FORMULATIONS

Radiation Pattern of circular aperture:

A typical Circular aperture is shown in figure (1) along
with the coordinate system. The radiation pattern produced
by the circular aperture of the radius R appears in the form
of [5]

Jiex? ‘
E(Bx’By)sz,Ll(:_l 1] A(X,y).eJ{BxRX+ByRY}dde (1)
y=ix®

normalised variables,
B, =BsinOcosd.B, =BsinOsing » g = 2" .

A
The complex aperture distribution can be represented by
A(x,y) =b(x, ) @

where b(x,y) is the amplitude distribution function and
a(x,y) is the phase distribution function.

where x and y are the

After making few assumptions, the pattern can be
expressed as

! ]{ 2—nRx + oc(x)}
E(u)= [a(x)e

x=—1
Where u=sin and

dx (3)

Thx,y) dy (4)

2

a(x) =

y=-vV1-x

Equation (3) can be evaluated by the stationary phase
method [6].
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Fig 1 : Circular aperture

Determination of Phase function:
The desired radiation pattern is represented by

E(u) = Ku; for uyy<u<u,, (5)
where K is a constant, (u,-u,) is the desired beam width.

The energy relations can be expressed as

qu |E(u)|2du = ij a’(x)dx (6)
R U ) X 7
o [[E(w)["du = [a®(x)dx (7
Ru2 2 X 2

o [ [E(w)["du = Ja”(x)dx 3

From the equations (5) and (6) the constant K is
obtained as

1
K? = Ja?(x)dx O
——(u3 —uj) !

3

From the equations (5) and (7), the relationship between u
and x is obtained as

o2
[a“®(x)dx
3 3 3y -
u = ul+(u2—u1)1l

[a?(x)dx

(10)

The derivative of the phase function can be obtained as
1

[a?(x)dx

o R| 3 3 34 -1
o (X)——2TCT ui + (u; —ul)li
[a?(x)dx

-1

(I

For any aperture Amplitude distribution function b(x,y),
the Phase distribution function o(x) can be determined by
using equations (4) and (9).

If for the Ramp pattern, E(u) = Ku; for 0<u<0.5
w =0 and u, = 05 u’ = 0 and u, = 0.125;
(- u’)=0.125

The corresponding Phase distribution function can be
obtained as

o'(x) = —2n%u

(5) L
X 3
[a?(x)dx
a'(x) = —2n1;— 0.125 ———— (12)
jaz(x)dx
-1
III.LRESULTS

Using the expression (3), the radiation patterns are
numerically evaluated by introducing the phase
distribution. The above computations are made for the
amplitude distribution b(x,y), which is given by

b(x,y)=1+cosm/x> +y? (13)

The numerically computed Phase distributions for R=25),
100 A and for beam widths of 0.5 are presented in figures
(3-4). The Corresponding, Radiation patterns are presented
in figures (5-14).
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Figure 4: Phase distribution for R=100%, Beamwidth=0.5
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Figure 13: Radiation Pattern for R=100%, Beamwidth=0.5
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Figure 12: Radiation Pattern for R=100A, Beamwidth=0.5
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IV. CONCLUSIONS

It is evident from the results that ,the phase distribution
obtained for the generation of ramp patterns is nonlinear
and it varies in magnitude with size of the aperture and
required beam width. The ramps generated in u-domain
are very close to the desired ones, irrespective of the
beam width. The method can be extended to any type of
pattern.
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ABSTRACT

The design of circular apertures is reported by Taylor [1] to produce the directional
characteristics having narrow main beam width with low side lobes. The set of
continuous circular aperture distributions is developed by him. Similar work is also
reported by several researchers [2-11] on the aperture distributions in tabular form.

Ajoy Chakraborty et al [12-16] reported the method of design of circular aperture to
produce the shaped beams.

In the present work, the method reported by Ajoy Chakraborty is modified in order to

prodqce the improved patterns. The method consists of selection of suitable
Amplitude distribution and the desi

gn of optimized phase function for a circular
aperture.

For a specified data on the beam width

\ . : » the cosecant patterns are realized for
different aperture sizes. It is found from the

results that, the patterns are optimal for
t1ar2g]e apertures .The patterns for two typical p i

aperture sizes are presented in figures|

It is possible to extend

Slsmert the work for discrete arrays[4] for any type of radiating
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Fig 1:Radiation Pattern for R/IA=15
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Comparative Studics on the Effect of Analog and
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Abstract - Sum patterns | 1-2) are very popular for point
(o point communications and higher angular resolution
radars, The  advanced communication  and  Radar
systems require scanning at faster rate, This requires the
implementation of scanning by Digital phase shifters,

In the present paper the effect of Digitization on this
scanned sum patterns is consolidated,

I INTRODUCTION

Sum patterns are produced from the arrays of different
Radiating clements. In most of the Radars and
Communication applications, such patterns — are
scanned in different directions. Scanning is possible
cither by frequency or by phase control,

In the case of frequency scanning, the components in
the system exhibit lot of limitations.

In view of this, phase control is frequently adopted.

Depending on the application phase distribution is to
be designed.

It is possible to introduce designed distribution either
by Analog phase shifters or by Digital phase shifters.

In the present work a few distribution functions are
designed for fixed amplitude distribution for different
scan angles.

Using these functions the radiation patterns are
numerically computed using both analog and digital
phase shifters.

I EFFECT OF DIGITIZATION ON THE SCANNED
SUM PATTERNS

For uniformly excited linear array, the radiation
pattern is given by
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where N gy the Number of elements in the Arra

=

where 7. 15 the operative wave length

b )
.

SinlfidN /2jSint —- Sinf, )
jl ' ) - ——p. e

| Sinlfid / 2)(SinG - Sinf, )

277..

.

6 = angle from broad side,

d = spacing between the elements,

6, = scan angle.

When the required beam direction is along

(=1
progressive phase shift required between successive
elements is fid Sinf,,.

When the 1
phase lead required to be given 1o the n®

(n-1)o.

When Digital phase shifiers [3] are used,

clement is taken as the reference, the
element is

It is not

possible to provide exact phase required. The Phase

shift is quantized to the nearest value

phase.

As a result it introduces e
Taking the Center of the array
réquired exact Phase shift is giv

of the exact

Tor in the beam direction.

as the reference. the
en by

Y, =(n-0.5) Bd Sing +n-0.5)0
=(n-0.5) [Bd SinB+9]
The radiation pattern of array of N
analog-Phase shifters is given by

(2)
elements using

N/2

2
E®)= < 2 Cosl(n - 0.5)(3dSing + 0] o
n=]

The Radiation pattern w
given by
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N/2
g=— » Cos|(n - i
E/f; N nzl [(n 0.5)([’,(151n0+q‘)n) | @
When ‘- 1s odd, there exists center element and the
exact Phase shift is given by
W, = n[fid Sin+0) (5)

The resultant Radiation pattern with Analog phase
distribution is given by

——
———
—_— -
— =
—
L =

Ii (N-1)/2
Ef=—{1+2 Cos[nlfdSing + ¢) ¢
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IV.CONCLUSION

The method of moments using entire basis functions has been applied to the solution of the field in a
longitudinal slot in rectangular wave guide. The measured susceptance-conductance curve is found to
be excellent. The basis solution presented here can be used for computing the backward as well as the
forward scattered wave amplitudes. The graphs are similar for moment method solution of the field
and computed simulation technique.
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ABSTRACT

Slot coupled waveguide junctions are commonly used in various applications. These
junctions are used to generate desired polarized fields. The H and E plane T-junctions are
analyzed by several Researchers. However, in the present work a slot excited rectangular
waveguide is analyzed. The analysis consists of the estimation of self-reaction and
discontinuity in modal current. The self-reaction is evaluated from the TE and TM modes.

INTRODUCTION : The basic theory on slot radiators is reported by Watson[1]. Several
experiments are conducted by him and the data on coupling and impedance is reported.
Several waveguides are coupled by rectangular slots and the theory of coupling was
explained by him. A few types of coupling contain shut-series, series-series, series-shunt,
shunt-shunt coupling of rectangular waveguides are analysed.

The theory of diffraction by holes is reported by Bethe [2] . However, the holes being small,
and they are not used as radiators. Stevenson [3] has developed theory of slots in rectangular
waveguides. The analogy with transmission line is developed and established by him. The
detailed formulae for reflection and transmission coefficients are derived. Closed form
expressions are presented with assumptions on the slots.

Marcuvtz et al. [4] reported a paper on the representation of electric and magnetic fields
produced by currents and discontinuities in waveguides. It was shown that the discontinuity
can be replaced by equivalent electric and magnetic currents.

Rumsay [5] has developed the concept of the self-reaction in electromagnetic waves. This
theory is found to be extremely useful for the analysis of slot coupled waveguides and
junctions. In the present work the concept of self-reaction and discontinuity in modal current
are made use of for the analysis of slot excited waveguides.

FORMULATIONS

For the purpose of analysis in the guide, the electric field distribution in the aperture plane of
the slot can be assumed to be of the form
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Fig. 1 Longitudinal slot exciting the coupled guide

where K = 2y, A being the wavelength and E, is the maximum electric field in the slot,
2L is the slot length and 2W is slot width.

For the coordinate system shown in fig. 1, the variables are related as

e

e’ =a,xV y° )
e’ = -V y™ 3)

Here y© and y™ are the normalized eigen functions for the electric and magnetic fields [6].

The relations between the modal vector functions for the electric and magnetic fields are of
the form

hiln =ayx eiln 4)

hﬂn =agx e;ln (5)

The electric field in the aperture plane of the slot can be expressed in terms of modal voltages

V5, and Vo, and modal vector functions ef,,,, e, as

Es = z z I_vr?m e?nn + Vrl:xln egnJ (6)

m n
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But e, and e, are orthogonal in nature. The expressions for the modal voltages are
obtained from

W L

Vin = | [Eq.ef, dxdz (7)
-W-L
W L

Vit = | [Eq. e dxdz (8)
-W-L

The transverse component of the magnetic field in the guide is of the form

H, = 3 3 |Yo )0 Vi B +(Y,)0, VL BT, e Y (9)
m n

Where (Y M are the characteristic admittances of TE and TM modes

o )mn

and (Y,)™

)mn
respectively, hy  and h]. are modal vector functions for transverse component of
magnetic field.

From the above equations, the self-reaction is given by

(,0) = - [[[X 3 (Yo ) Vim hian + X 3 (Y, )2, Vil BT, | 2B, xay ds  (10)

It can be reduced to the form

(,8) = 23 Y (Vo) Ve f 4 23 S (v )m v f o an

Here (Y,) = Ymn (Y )R = Joe and

mn mn

Jjou Ymn
1
SRS
Ymn b a %
The discontinuity in modal current, I is found out from the paper reported by Marcuvitz and
Schwinger [7].

The admittance loading of the present configuration is given by

. . Y .
The normalized admittance, y, = — =g, +jb,
ol
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RESULTS

From the equations presented above, the normalized admittance is computed as a function of

slot length for the centre frequency of X-band. The results are presented in a tabular form.

Length of the slot Conductance Susceptance
0.8 0.00034474541 0.012847405
1.0 0.0018193990 0.029449597
1.2 0.010792075 0.070986211
1.4 0.12158833 0.20779756
1.6 0.25400925 -0.23718566
1.8 0.068729490 -0.16688621
2.0 0.040116452 -0.13163435
2.2 0.031553663 -0.11757274

From the results it is found resonance takes place at a slot length of about 1.5 cm.
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ABSTRACT

The rectangular waveguide narrow wall inclined slot radiators are used for the generation of
horizontally polarized fields. The analysis of these radiators for their admittance
characteristics is carried out by several researchers. However, the characteristics are
controlled by basic slot parameters. In the present work, some studies are made to find the
behaviour of admittance by waveguide dimension. The variation of normalized conductance
and susceptance of a typical slot with the broad wall dimension is presented.

INTRODUCTION : The basic theory of slots in rectangular waveguides is reported by
Stevenson [1]. The theory of slots is developed with the following assumptions.

1. The walls of the guide are perfectly conducting and have negligible thickness.

2. The slot is narrow, i.e. the ratio of length to width of the slot is much greater than
unity.

3. The penetration of the field into the region behind the face containing the slot is
negligible. In other words, problem is treated as if the guide face containing the slot
has an infinite perfectly conducting plane on it.

4. The length of the slot is such that it is at resonance.

The well known results of Stevenson for the slot conductance are applicable only at
resonance. Closed form expressions on the impedance characteristics of the centred slots are
reported by Lewin [2]. The centred slots do radiate and the conductance changes marginally
with slot shape.

The effect of slot inclination and its thickness on impedance characteristics are found to be
significant and are reported by Oliner [3].

The Oliner work is centred around the slots in the broad wall of a rectangular waveguide.
Oliner work assumes that the slot radiates into half space and it has rectangular ends. Slot
conductance is determined using variational expressions and susceptance is estimated from
the energy storage considerations.

Hsu and Chen [4] applied variational formulae developed by Oliner. The internal reactive
energy is included and the admittance properties are studied.
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