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The performance of synmetric parabolic reflector antennas is

ínvestigated. l'lathenatical expressions for unblocked and blocked reflector

pattern cafculations using current distributlon method are provlded .

Struts of circular cross-sectlon are chosen and their blocking equations,

based on the induced field ratio hypothesis, are presented. Computed co-

polar and cross-po1ar patterns are then provlded for both linearly and

clrcularly polarized cosm 0 feed patterns.

ABSTRACT

Possible nethods for reducing the sidelobe levels are discussed.

One method that promises to be practical lnvolves the nodification of the

reflector field phase ¡shich lllum1nate the struts. To acconplish this phase

change it is reconrmended Èhat the reflector be loaded by narrow strips just

under each strut. By nodífying Èhe thickness of the strips and computing

the reflector overall pat.terns, it is found that for certain strip thick-

nesses Èhe reflecÈor gain is increased and the pattern sidelobes are reduced

to below their 1evel for an unblocked refLector. It is then recom-ended

that this method be verified experimentally.



I wish to express my sincere appreciation to Dr. L" Shafai of the

Electrical Engineering Department, Unfversity of ìl,anitoba, for his cheerful

guÍdance, helpful advice, continuous interesË and encouragement through all

phases of this work.

The financial assistance provided by the Conrmunication Research

Centre and the Department of Electrical Engineering of the University of

I4anitoba are gratefully acknowledged.

ACKNOWLEDGEMENTS

L1



ABSTRACT

ACKNOWLEDGEI'.fENTS

LIST OF SY¡{BOLS

LIST OF TASLES

LIST OF FIGURES

TABLE OF CONTENTS

CHAPTER I

CHAPTER II

INTRODUCTION

FORI'IUI-ATION OF UNBI,OCKED AND BLOCKED REFLECTOR FIELD

2.I Introduction
2.2 Unblocked Reflector Field wirh a

Linearly Polarized Feed

2.3 Strut Field with a Linearly Polarized Feed

2.4 Central Blockage Field
2.5 Total Reflector Field and its Co-polar and

Cross-Polar Couponents

2.6 Reflector Field with a Circu.l_arl_y polarized Feed

CHAPTER III COI'IPUTED RESULTS AND DISCUSSION

3.1 Linearly Polarized Feed

3.2 Circularly Polarized Feed

Page

i

ii

iv

vii

viii

I

II
I1

L2

I7

2T

2l

23

25

26

29

63

63

65

76

CHAPTER IV

CHAPTER V

REFERENCES

SIDEI,OBE REDUCTION

4.I Int.roduction

4.2 Aperture Field Phase Shiftlng

CONCLUSIONS AND RNCOM}.IENDATIONS FOR FUTI]RE I^]ORK

t-r-1

79



LIST OF SYI'fBOLS

Unless otherwlse stated, the symbols most conrnonly used in thls
thesfs have the following meanlng.

SYI'IBOL

IFR

IFfu

Eo

Induced fleld ratio.

Induced field raË1o for wave with the E-vector parallel to the
cylinder axis.

The uniforn reference aperture field.

The characterl-stic impedance of free space.

I,Iave number.

n = 120n

K

IFRH

Jn

Jrn

H(2 )n

H(2)'n

q

GTD

XtY tZ

Tr0trQt

+I
F

rY-Pol
-1nc

Induced field ratio for the H-vect.or of the lncident plane wave
paral1e1 to the cyltnder axis.

Bessel function of order n.

Derivative of the Bessel functlon with respect to lts argument,.

Hankel functlon of the second kind of order n.

Derlvatlve of Ehe llankel function of the second kind with
respect to its argument.

Angle between the incident wavefront and the cyllnder axis.

Geometrical theory of dlffraction.

Cartesian coordfnates of a point S on the reflector.

Spherical coordinates of the point S on Ëhe reflector.

Outward unlt normal to the surface of the paraboloid.

Focal length of rhe paraboloid.

E-vector of the lncident field l¡hen incldent wave is llnearly
polarlzed along the y-axÍs.

H-vector of the incident field when fncident wave ls llnearly
polarlzed along the y-axis.

HY-Pot-l-nc

iv



Ein"

Eir,"

JS

E-rer

H-rer
çY-Po1
-ret

ttY-Po1
II-rer

uY-Po1-aper

E(p)

R,0 ,0

E0 Y-Po1 (p )

EOY-Po1(p)

ox-po1
-l-nc

nT-Pot-1nc

uä-oot ( o )

uð-oot (o )

0

E-vector of the

H-vector of the

Surface current

E-vect.or of the

H-vector of the

E-vector of the
polarized along

H-vecËor of the
ax1s.

íncident field.

incident fleld.

denslËy.

reflecËed fie1d.

reflected field.

reflected fleld when

the y-axis.

reflected field vhen

Aperture ffeld when llluninating wave ís linearly polarizd
along the y-axis.

The far-zone radiated fleld at point (p).

Spherical coordlnates of the observaÈlon point (p).

O-component of E(p) whtch 1s linearly polarízeð along Ëhe

y-axis.

S-component of !(p) whtch
y-axis.

E-vector of the incident
along the x-axis.

reflected wave ls linearly

reflected wave 1s Ehe y-

H-vector of the Íncident field which 1s llnearly polarlzed
along t.he x-axis.

O-component of Èhe far-zone radiated fie1d, at the point p,
which Ís x-polarLzed.

Q-component of the far-zone radiated ffeld, at the point p,
which is x:polarizeð,.

0-ang1e of any polnt on the edge of the parabolold.

is llnearly polarized along the

field which 1s linearly polarized
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a

1r

R
c

ô0
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cy-po1

Rx-po1

cx-pol

acircl-po1-1nc

,circl-po1
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o'circl-po1
"0

l.l

lal

D

À

dB

Y

The strut. p1ane.

The struÈ length

The strut. radius.

The strut diameter.
The central blockage radíus.

The half angle subtended by the central blockage from the
reflector centre.
Co-polarized component of Èhe y-polarlzed field.

Cross-polarlzed component of the y-poLarlzed field"

Co-polarlzed component of the x-polarized fie1d.

Cross-polarized component of the x-polarized field.

Clrcularly polarízed incident field.

Clrcularly polarízed radíated field.

o-component of tcircl-Po1.

Q-component of ucircl-Pol.

Magnitude of the co-polarized component. of the clrcularly
polarized field.

Magnitude of the cross-polarized component of the clrcularly
polarized fleld.

Reflector diameter.

l,Iavelength.

Declbe11.

Thlckness of the reflector coating strips.
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Pencll-bean antennas are wldely used in poÍnt-to-point m{crowave

communication systems due to their maximum boreslght gain. There are

several posslble techniques for producing pencil beams. The slmplest 1n

concepË1on and fron the polnt of view of practical design is Èhat of placlng

a polnt source at the focus of an optical system such as a parabolotdal

reflector to produce a beam of para11el rays t1]. The parabolic reflector

1s the only reflector that has the property of gtvfng a colllrnrted beam from

a point source located at its focus. Other types of reflectors thaL can

also be used to generate pencil beams are Èhe spherlcal, stepped, polarized

and the lensed reflectors. However, these systems are more complex and are

usually used for funprovlng the scanning capabtlity of the systen [2].

CHAPTER Ï

INTRODUCTlON

There are four main reflector confÍgurations, uslng a sfngle feed,

whích nay be consldered for the generatfon of pencil beams, Fig.1.1. They

comprise the on-axÍs fed single-reflector and dual reflector antennas, and

their offset-fed equlvalents. All of these geometries are 1n use, and eaeh

can have specffic advantages and disadvanÈages [3, 4).

On-axis fronÈ-fed single reflector, Fíg. 1 . 1 (a ) , is sirnple to

design and fnexpenslve to fabricate. However, the aperture blockage by the

prinary feed wlth lts supporting struts leads to scattered radl-atlon



Flgure 1.1. Four reflector conffguratlons for pencil

(a) on - a:ds front - fed reflector

(b) on - axls dual reflector

(c) offset fronr, - fed reflector

(d) offset two - reflector anÈenna

- bep- applicatlons



3

which results in decrease of the anÈenna

and Ehe cross-polarlzed radíation 1eve1s.

feed makes it difficult Eo be reached

The dual-reflector systems are

Cassegralnian antanna, Fig. 1.1(b), being

disadvantage of the Cassegrainian antenna

feed past the edge of the subdish and

An alternative solution to the supporting structure problem ls the

use of offset systeos, Flg. 1.1(c) and Ftg. 1.1(d). structurally, the asyn-

metry of the offseÈ reflector is consldered as a rnajor drawback because ft

is rnore difflcult to deal wlth and, in any case, is more costly to

Lmplement. A1so, when illuninated by a conventlonal llnearly polarized

priroary feed the offset reflector wtll generaËe a cross-pol arlzed. component

ln the radiation field and when circular polarization is employed, the

antenna beam is squinted from the electrical boresight. For snall offset

reflectors this squinting effect has also been observed l¡ith linear polariz-

atlon t4l.

gain and lncrease of the sidelobe

Also, the front location of the

for servicing purposes.

also s6rrm9¡ly used r.rith the

the most conmon one. The main

ls the splllover from the real

its supporting structure.

Generally, the choice of optímum reflector configuration depends on

the kind of application in r¡hich it will be used and desígn requirements of

that applicatlon. For snall earth-statlon antennas, the syÍrmstric front-fed

paraboloid is a dlstincËly economlc choice because of the ease of fabrica-

tion of Èhe reflector and the 1or¡ cross-polarizatfon of the radiated fíeld

tsl .



As menÈioned beforen Ëhe maÍn disadvantage of the syÍmetric para-

bolic reflector antenna is the aperture blocking. The presence of an object

in front of a reflector antenna will cause slgnificant changes in lts

radiation characteristics. These objects nay be classified as (a) large,

centrally located objects such as a feed horn, and (b) 1ong, thin cylinderi-

ca1 structures (struts) used for mechanical support of the central- object,

Fig. L.2.

Early analysis of the effects of strut blocking have been based on

Èhe null-field hypothesis [6], i.e. that the currents on Èhe shadowed

portions of Èhe surface are non-radfative. Rather elaborate geomeËrlcal

constructions have been m¡de to determíne the shape of various shadows

caused by quasi-planar or quasi-spherical wavefronts in the lmmediate

vicinity of the reflector 17l. However, thls approach fails to take into

account the depth' cross-section, or tilt of the struts, nor does it provide

any differences for frequency or polarizatlon effects. Furthermore, the

struts generally have widths of the order of a wavelength, so that no basis

exists for the expectation that deep, clearly defined optfcal shadows wi1l

be cast by the various waves inpinging on the strut.s.

The induced field ratio (IFR) hypothesis used by Rusch and Sorensen

[8r 9], does not enploy the concept of the shad.ows, and takes into account

cross-section, tilt, polarÍzation, and the frequency. The rFR of an

infinitely long cylinderícal scatterer is a measure of its forward scattered

field when it is irnms¡ss¿ in an incident plane e/ave. Lrhen an infinlte

cylinder is imms¡sed in an incident plane wave, Fig. 1.3, the IFR is defined



Figure 1.2. Geometry of aperture blockage of reflector antenna .
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as the ratio of the forward-scattered field to the hypothetical field

radiated in the forward direct.ion by the plane vrave ín the reference

aperture of width equal to the shadov¡ of the geometrical cross-sectíon of

the cylinder on the incident wavefront. Thus for the E-vector of the

incident plane wave parallel to the cyllnder axis [8], the IFR can be

defined as:

where

IFp-==llt---E 2(Ç z 6 r)to ä, "sz

For the H-vector para1le1 to the

E
o

is the uniforrn reference aperture field ând ¡ =

The rFRu and rFR, for a circular-cylinder of the radius a are given by l,2lz

IFRH

IFR.-t!

IFR..tt

where J is
n

2(e2 6t)Ho 'r,
I

-ikp'e

1= --Ka cos q,

cyllnder axis ít is

H G . i).jkp'"o"z -Tl

cos ( g'

Ka cos

the Bessel

H
n

Jr
n

is

(2) i" the ll,ankel functíon of the second kind

, 
":"' "." 

their derivatives w-ith respect to

the angle bet!üeen the incident wavefront and

]T-z

I J.,(Ka cos o)/"r,(') (Ka cos a)......(1.3)
Il=-æ

and q,

I
dL n=-æ

function of

The IRFrs for the circular cylinder were plotted by Rusch[9] in the

complex plane and are shown fn Fig. I.4. In general, the IFRU is larger in

nagniÈude than the IFRH, and has a positive phase angle compared to a

of the form

(o' - il d1... ..(r.z)

Jn'(Ka cos c) /"nQ) ' (* cos a)....(i.4)

order n,

of order n,

theÍr arguments.

the cylinder axis"
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nagative phase angle for the H-po1-arízatlot. Both IRFrs approach the value

-1.0 + 3 0.0 as the radius lncreases, one frou below and the other from

above.

The IFR hypothesis proposes that the strut currents due to the plane

$lave component of the focal-reglon field are the same currents that would

flov¡ on an fnflnlËe cyllndrical structure of the same cross-sectlon l-n free

space imms¡s.¿ in an lnflnite plane wave with the same polarizatl-on and

direcËion of incfdence as the 1ocal geonetrical ray lncident upon that part

of the strut as it energes from the aperture [10, 11 ] .

The IFR hyothesis seems to be physlcal-ly reasonable, partlcularly

when the sÈruts are long and Ëhin relative to the wavelength. Hor¡ever, more

quantlÈative confirroaiton is also available. Kuehl LIz) demonstrated that

the radiation pattern of a dipole near a finite cyllnder can be conputed by

integrat,lng the currents frou the correspondlng lnfinite cyllnder over the

finlte cylinder. Rusch IB], in a two-dinensional analog of the aperture

blocking problem, used the roethod of moments and the IFR hypothesls to

deteruine the currents on two cylinders blocklng the aperture of a parabolfc

reflect.or r¡íth a line-source feed and conflrmed the IFR hypothesLs.

The central blockage has been usually studied using the surface

current cancellation uethod. The surface current cancellatlon uethod 1s

based on sinple geometrical concepts which in prlnclple are f-nsufflcient to

descrÍbe antenna characteristics at m{crowave frequencLes. At radio fre-

quencies the shadow produced by an obstacle cannot be accurately descrlbed



by means of optical concepts. To account for the fact that this shadow is

wider, equivalent electrlc and megnetic line sources have been lmposed on

t.he edge of the obstacle [8, i3]. Horvever, when the blocking obstacles are

large conpared to a wavelength, thelr effects can usually be descrfbed with

reasonable accuracy using the geonetrlcal blocking approximation, provlded

that the angles of observation are not far from boresight [], 7r 9]. This

approximation assumes that the projection of the blocking obstacle onto the

reflecting surface cancels conËributions to the rad.iated field from currents

on these blocked portions on Èhe surface. Thus the radiation pattern

associated with the blocked aperture is the superposition of the pattern of

the unblocked aperture and the pattern of the blocked portion of the

aperture excited 180o out of phase.

l0

The main purpose of thls thesis is to present useful analysis which

suitably describes the effect of the aperture blockage and the possible

remedies for fts effect. In chapter two, the mathematical expressions

necessary for Ëhe overall reflector pattern calculaÈions are developed for

both linearly polarized and circularly polarized feeds. The computed

results for soBe selected cases are presented in chapter three. The

possible techniques for the sidelobe reduction are dÍscussed Ín chapter

four. One of these techniques which seems applicable, the aperture field

phase shifting uethod, is applied and a fer.r selected computed results are

presented.



2.1

Exact solutions of the scattering problem have been obtained for

only a linited number of cases involving sinple primary fields and reflec-

tors of simple geometry, such as spheres and cylinders, In treating

reflectors of arbitrary shape it is necessary to resort to approximate

Ëechniques. The most coÍmon of such techniques are the current distrlbution

nethod, the aPerture field method and the roeËhods based on the geonetrical

theory of diffraction.

FORI'IULATION OF UNBLOCKED

INTRODUCTION

CHAPTER II

AND BLOCKND REFLECTOR FIELD

In the current distribution nethod, the current distribution over

the reflector is obtained on the basis of the geometrical optics, which

yields good results only Íf the reflector surface is smooth and its d.ianeter

is generally large with respect to the wavelength. This rnethod assuues that

there is no current over the shadow area of the reflector. The current

disËrÍbution over the illurnlnated reglon is obtaÍned. on the assumption that

at every point the incídent field is reflected as though an infÍnite plane

$rave were incident on the infinlte tangent plane. Once the current
distribution Ís obtained all the important characteristic properties m¡y be

determined easily tl]. The current distribution roethod has the advantage of

leading to a good approximation for the scattered field. The aperture field
method determines the distribution of the tangential- electric field on the

focal plane projected aPerture. This nethod has no special advantages over



the current dÍstribution method.

expressions tll.

The geometrical theory of diffraction (GTD) treats dÍffraction as a

localized phenomena, and al1ows one to obtain the scattered field directly

from purely geometrical considerations. Using sirnple ray tracíng, one can

include coËributions to the scattered field due to geornetrical optics

reflection as well as diffracEion fields from edges and corners I14J. Tsai

tl5] in comparing betr.reen the integral equation methods and the GTD showed

that integral equation nethods are more accurate for snall structures, are

applicable to a wide range of geometric configurations, and provide rnore

inform¡Èion (current, impedance, .. . etc).

L2

It just leads to simpler mathemacical

Generally, for computation of the reflector field near the main

axis, the current distríbution rnethod provides a convenient approach. Since

in this work we are mainly concerned with t.he near-in-sidelobes and the

reflector boresight gain, this nethod will be used. throughout Ehis thesis.

2.2 Unblocked Reflector Field With A Linearly polarized Feed

The geonetry of a paraboloídal reflector is shown in Fig. 2.I. The

origin of coordinates is the paraboloid focus. The z-axis is the axis of

symmetry. If x' Y¡ z are the cartesian coordinates of a point S on the

reflector and p , 0' , O 
t are the spherical coordinates of the same point, F

is the focal length, and å is ttre out!¡ard unit normal to the surface of t.he

paraboloid, then:



13

Figure 2.1. Paraboloíd geometry
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the y-axls then it can be rvriËten as:
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The polar PaÈterns a1(0') and d1(0') are assumed to be such that

most of the energy 1s radiated toward the reflector and very l1tt1e energy

1s radiated 1n the half-space z)0. Furthermore to assure continufty of the

fleld when e I = n lt is necessary that

dr(n) = - ar(rr) o.. e...... o.. o...... c...... o............... ...(2.6)

* sin

.-ih
p

-jkp
el

npL

er
2

+
e4¡ j......(2.2)

According to the laws of the geometrical optics the current density al" ls

given by

(2.3)



An applÍcation

density on the

.¡Y-lo1 --€

r¿here

J ={-_s r.

0
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2l n x H- ì\ 

- -1nc, 
/

of equation (2.4) shows the geometrlcal optÍcs current

front of the reflecror to be t I I :

on

on

the back of the reflector

the front of the reflector

t5

r --jkP'" " lcnp(x

c

C
v

C
z

. 0t= - sin ! sin q' cos +'far(o') + dl(o')].... (2.9)
0'. 2 2 ^= - sin 7 lar(0') sin {'- di(0') cos-O'J. (2.10)
0t= - eos ! sin S'ar(O')... .(2.11)

By rnaking the feed pattern axially

d'(0') = - a.(0') for 0f <I I- O

where 0l is the angle of the points
o

+->e *C e-x ya

we then have

- Y-Pof 
"-jko 

t 'v = r- Sl-rr-€ no ( ----

+C +relz -z'

Sinilarly, Èhe ray-optical

E - = - E. +
-rer -]-nc

yielding

- y-por ,.-jkP, ,*åer = tJ:-J tçsrn

This field propagates

focal plane field:
_ -iK2F

E Y-Pof= e " {È sin
-aper p . x

(2.7 )

synmetric, i.e.

0 I ( n, .. ... ... ..... . .... . ".(2.I2)
on the circular edge of the paraboloid,

0t +
¿-a

reflected field rnay be computed from

2(;,. .

- cos

E. )
-1nc

0r
2

0' cos O'(a1*

rectilinearly

+
n

sin Sr
+
e

"l ^r(o')..(2.13)

.+2tdt) + S("rsin-g' - dlcos-g')i.(2.15)

para1le1 to the z-axis producing the

0' cos O'(al* dl) + Èr{"r"in20' - drcos'þ')1.(2.16)



The far-zone fields radiated by the

scatterer are fron equation

E(p) = -+P#/i4 - c4 .

If I Ís approxinated by the geometrical current density in equation (2.13)
---s

Èhen the resulting physical-oprics approximatíon of the field is

nnY-Pol(p) = jkF sin , "-in* i
n-0

L6

L )q I .jko"o

currents induced on the

r*v-Pol{r) = jKr cos

o

i.lo(B)-J2(B)] - drcos elJo(Ê) + J2(ß)] - zi sin g

"o. !' Jt(Ê) aIÌ sin o' d o, ...(2.18)

- urIJO(F) - J2(ß)]] sln 0' de, ..... ........(2.19)

where J is the Bessel function and B = þ sin 0 sÍn 0 t.

.-jko(I-cos 0 cos 0')

Now if the

it can be writt.en
. -jkpDx-pOl _e r

-inc p

- -iko-,x-DoI e - ,

-1nc p

--jK ln --jKp(t - cos o cos o')
,lr-J--Y F n-s @ {"r[.io{e)+Jz(e)]

o

(1 - cos 0r)

incident field is linearly polarized along x-axis, Èhen

as:

Following the

fíeld as:

nf-ror(p) = -

{arcos o

dr(e') cos O' Ë€

ar(O') sin O' Ë€

procedure we get

o-j KR ¡njKF cos 0 

-- 
í_e

o

+ ar(o') sin s' \t ...(2.20)

- ur(or) cos ô' i] .... (2.2r)

the physical-optics approximaËion of the

.-j&(1 - cos 0 cos 0r)
(I - cos 0') . idrcos o .



¡*-Pol(p)

f Jo(ß) - J2(s)l - atcos o[to{ø¡ +.lr(o)J - z i sin 0

et
"otI Jr(B)d1 Ì"itt0'd0' ...(2.22)

jKF sin g

d. l.r ce I
o

2.3 Strut Field wfth a Linearly Polarized Feed

The geometry of a slngle, perfectly conducting strut ís shor.¡n

Fig. 2.2, whexe the strut axls líes in the plane Sr = 0o. The strut lies

17

"-iþ /np n-o

an angle c (-90' ( c < 90') w1th respect to the r' axis , whlch ls

perpendicular Èo zt in the plane {r = 0o. The (cylinderícal) strut lies

entlrely on one side of the z-axis trr-1th, at most , one end touching the z-

axis. The end of the strut axís lying closer to the zf-axis has coordinates

(ti, "i), and the other end has coordinares (tL, zl), where rl > o, .'r, o,

r', ( rl. Thus

"-j&(l 
- cos 0 cos 0r)

(I - cos 0r) {arl.ro{o) + Jz(B)]

and the strut length is

L = | (th. - ri)z + ("i ,i)\r/z........................... ..(2,25)

The incident

i.e. in the positive

system is also shown

axis, in the x"-y"

Ín

at

plane wave is emerging from

zt dÍrection. The right

in the Fig. 2.2. The angle

plane, from the x"-axis.

the ref lecror wirh FKg, ,

handed x"-y"-z" coordinate

g " measured about the z"-

(2.24)
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2.3.L E-Polarizatíon

We will assume that the strut have a circular cross section of

radius a. It will be also assumed that the E-vector of the incident plane-

elave lies in the plane $'= 00. Under these conditlons Rusch and Sorensen

l8l showed that the scatrered field due to the

E(P) = t#l t{- I ejPo {%rFRE(D'o,s)}

rl
2a [-2 En(r,)"ik'oo ,-,ri

r9

where

e
-o
P
o

A
o

B

c

= fcos 0

(Kz'1

sin 0

sin a

sin 0

cos (q

- Kri

cos (q

sin 0

sin (q

t)
D=/B-+C- o.... ..... ..... .............(2.32)

ô = tan-If -C I /,r 22\L -¡ J ""' '...o\L.JJ)

and EO(r') is the focal-p1ane E-field in the r'-directlon and the

- 0o) - tan a sin 0] 4 - sin(q - ô")å....(2.27)

strut current ls glven by

tan c) (cos 0

- 0o) * tan

cos (0 - 0o)

generalized IFR is

\Ð )..'o

- r)
CI

IFRE(D, ô, q,) = -

(cos 0 - 1)....o..........o ..(2.29)

cos

(2,26)

ka cos a,

(2.28)

æ

" in6
Le'
fl=-æ

Jn (xaD)

Hn(2)(Ka cos c)
(2.34)



2.3"2 H-Polarizatíon

Here we !ri11 assune thaÈ the conponent of the H-vector Ís lying

along the strut. In this case, Rusch and Sorensen tB] have shol¡n that the

strut field is given by:

20

where

,+ + slna -(gr"r * å"0, * *"1 J .rrnH (D,ô,c)i.

rl
2^ 1.2 n Ho(r'¡ "jKr'Ao drr....... ..(2.35)

ri

g" = & fstn ô cos c sin 0 * sin ô sin q cos 0 cos(ç - +o)

- cos ô cos 0 sin(q - 0o)] *g+ [-sln ô sln a sin(E - 0o)

- cos ô cos(O - ôo)]...........o. .....c.... ....(2.36)

% = 4 [cos 6 cos c sln 0 * cos 6 sfn c coe g coe (O - 0o) +

sLn 6 coe 0 stn (q - ôo)] .S+ [-"o" 6 efn a aln(6 - 0o)

* gln ô coe(q - 0o)].... o......... o....... o....... o... ..(2.37)

aO = cos c cos 0 cos(q - 0o) - sin c sin 0.... o....0....(2.38)
aO - -cos c sln(q - 0o)..... ..oo. .....o..oo...(2.39)

rFRH(D,ô,d) = - -{"o i =-;j"o $f-) .(2.40)
n

æ

JFRH(D,6,c)=-";+:-- I jt'"'"ô ,-:1 (ral) ....(2.h1)Ka cos c n = _ æ nr(Z), (* cos a)

and HO (rr) is the focal-plane H-field in the r'-direction.

IFRH(D,ô,a) + lå -



2.4 Central Blockage FÍeld

As mentioned before, in Chapter I, the cent.ral blockage has been

studied uslng the surface currenË cancellation raethod whlch glves a

reasonabLe accuracy when Ëhe blocking obstacles are large compared to the

wavelength and provided Ëhat the angles of observation are noÈ far from

boreslght, which ls our case. Thus, the effect of the central blockage can

easily be accounted for by nodÍfylng the lnEegraË1on range ln the

formulation of the m¡in refLector fields. That is, in equatlons (2. lB),

(2.19), (2.22) and (2.23) one only needs to carry out the nunerlcal

integration from (n - 0o) Eo (:r - 60) where ô0 is the half angle subtended

by the central blockage from the reflector centre. Assumlng the central

blockage radius as R", this angle ls given by:

2T

2-5 Total Reflector Field and its Co-Polar and Cross-Polar Components

An addition of rhe srrut fields, in equarlons (2.26) and (2.35) ro
the reflector fields, ln (2.I8) and (2.19) for the y-polarizarlon or (2.22)

and (2.23) for the x-polarization, after rnodifying the integracion range, as

mentloned in the last sectfon, glves the total radtated field of a sy'r¡metric

parabolold. For an arbitrary polarization of Èhe aperture fleld, with

resPect to the struts, a combinaË1on of (2.26) and (2.35) must be used, wlth

a ProPer vectorial addltlon. SinlIarly, for roultiple strut support the

overall strut fleld must be consl.dered.



Using the thírd definirion of Ludwig lI7 I for rhe co-po1ar,

¡¡Y-Po1(o,O), and cross-po1ar, cy-Po1(o,O), conponents of a transmltted

field and EY-Po](O, O) lÍnearly polarized along the y-axis, we ger:

y-pol y-po1
R(0,0) = E(o ,O ) . {sin g

y-poI y-poI
c(o,O) = E(0,+) . {cos g

If:

22

then:

y-pol y-pol
E(0, o) = E^(o,O)

I

y-pol y-pol y-po1
R (0rO) = E0(0rO) sin ô + E* (0r0) cos g ..........o.....(2.46)

y-pol y-pol y-po1
c (0,0) = Ee(0,0) cos O - EO (e,0) sin g ......(2.47)

If the transnitted fíeld is linearly polarized along the x-axis,

then:

+
e^
-€

+
e
-€

*cos{

-sing

+e^+
--{J

+t
el

el

y-Po1
Eô (o ,0 )

x-po1
R (0,0) =

x-po1
c (0,0) =

+
e+

x-poÌ
- % (o'o)

ux-Pol(o,O) sinq * ux-Pol (o,q)cosg

x-po1
cos q * E, (e,0) sin q

I.

(2.4s)



2.6 Reflector Field with a Círcu1ar1y polatLzed Feed

If the polarization of the incldent Í/ave is circulår, Ëhen we may

express this as the sum of two linearly polarized lraves in time quadrature

tI8l. Thus the field íncident on the reflector can be expressed synboli-

cally as:

-circ1-po1 -x-pol + jr /2 _y-pol +ti. = È¡. e + e- ts-. - e
-inc inc -". r-nc a"" '"' "'(2'49)

In the spherlcal coordinates, (2.49) can be written as:

23

ocircl-poJ- _ (&. - I

-lnc \

The 0 and $ components of the radiated fleld can now be lrrltten as:

ox-pol ,Þ^-¡
u -tnc

,circ1-po1
0

.It .Tr

""'ä:ï:lt 4 . ('ä:ï:: * "'7

Ucircl-pol=Ux-pol*.00

î
i-

= ¡x-po1 +e2 uä-not = ¡ucircl-nollexp(¡ol)......(2.5I)

Frora (2.51) and (2.52) it is seen that the radiated field is e11ip-

tically polarized, indicating that the cross-polaxízation has taken place as

expecÈed. The cross-polar component fn this case consists of a circularly

polarized wave but with its sense of rotatlon opposit.e to that of the

incident wave. In order to determine the relative rnagnitude of Èhe cross-

polarized field we need to express the radiated field as a suu of tvro

circularly polarized waves: one right hand circular and the other left hand

circular. Now, rewriting the expression for the radiated field,

+
ê oo¡ao.aaoao..o..-t

.1I
Jz

ul-oot = ¡scircl-rotl.*o (joz) (2.52)

EI-fo1 I
Q -1nc,

....o...(2.50)



¡ircl-Rol - ¡ucircl-lot lu*o{:0, )i + lu;t." ot 
l.*oc¡oz)i

, circl-pol, -+ + -=lEe lexp(jor)Lå*nexp(jg')%1. ..(2.53)

where

m = ¡¡circ1-lot/u;t."4-po1 | ....... o....... (2.54)

and

ot =Õ2 -al ..... o.o.. (2.55)

Expressing ncircl-Pol"" the sum of two circuLarry polarized waves, we have

¡ircl-rot = "14 + exp(jri2)å] "d tËe - exp(jn /2)\l ......"(2.s6)

where c and d are complex quanÈities whose nagnitudes are given by:
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l"l = lnrcircl-o"t lrl (J. + n2 * 2m sin a,)r/z (2.57 )



Based on the nathematical model developed in the previous chapter

for the reflector, central blockage and the strut field, the expected

reflector Patterns for several cases has been computed. This chapter

presents few selected data. A sinplified feed raodel in the form of cosmO

(cos 0r "o"2 0) illuuination is seLected and the expected. co-polar and

cross-po1ar behaviours of different strut configurations are studled.

CO},IPUTED RESULTS AND DISCUSSION

CHAPER III

Since the cross-polarization will be

the case of struts mounted on the reflector

cases the results can sinilarly be obtained,

will be lower tIl.

Three strut geometries are considered: a single strut, a tripod

configuration and a quad-sËrut geonetry. In all cases the struts are

assumed to be located at an angle 45" r+ith respect to the xr-yt plane and

supported fron the reflector edge, so ihat full plane lrave blockage of the

reflector exists. The reflector diameter, D, for all cases is kept at.48À,

with focal length to diameter ratio, F/D = 0"375, strut diameÈer, 2a = 0.5À

and the central blockage diameter, 2R. = 2.5À, where À is the wavelength.

hÍgher for longer struts, only

edge are consldered. For other

but the cross-polar components



3.1

For a single strut, with a y-polarized feed, the computed. patt.erns

are shown in Figures (3.I) to (3.4) for a cos 0 feed patcern and in Figures

(3.5) Èo (3.7) for a 
"o"20 feed partern. The correspondlng efficiencies

are lisred in Tables (3. 1 ) and (3.2) 
"

Linearly Polarized Feed

An examination of Figures (3"i¡ to (3.+¡ indicates that when the

polarizatlon of the feed is along the strut, the effect of the scattered

field of the strut on the reflector pattern is larger. This is clear from

Figure (3.3) where the 1evel of the first sidelobe is higher and the overall

reflector Pattern has, generally, higher sidelobe levels than the paÈtern of

Figure (3.t). The cross-polarization introduced by the struts is shown in

Figures (3.2¡ and (3.4), whtch is quite satisfactory and is -54 dB level for

the polarization along the strut while it is -54.5 dB, for the polarizatíon

perpendicular Eo the strut. ALso, comparing the results of Table (3"i) it

is clear that for the polarization along the strut, the bLocked efficiency

is lower; i.e . 80.196% compared with BO.34Z"Á.
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Sinilar results are evident in Figures (3.5) to (3.7) for a cos20

feed pattern. Again, when the feed polarÍzation is along the strut, the

blockage effect ís higher and the corresponding blocked efficiency is lower,

i.e., 68.881l conpared with 70"0%. The cross-polarizarion has also similar

behaviour, w'ith a peak Level about -53 dB"

Conparing the results of two different illuroinations, we note that

as expected, for. 
"o"20 feed pattern the effect of the blockage is very



significant. In fact, nhen the feed polarization ls perpendicular to the

sÈrut, the Ealn pattern deterioration is due to the central blockage. The

struts have a mlnimal effect. For st.ruts along the feed polarization, the

effect of the sÈrut in the plane normal to the strut is very hÍgh and of the

sane order as the central blockage effect. For a cos 0 illumination both

central and strut blockíng have negligible effect on the reflector pattern.

From these results we conclude that, although by strong tapering of the feed

illumination (cos20 feed), sidelobe 1eve1s can be lowered to around -38

dB. The aperture blockage raises their level to about -30 dB. In Èhe case

of cos 0 illumination the orlginal sidelobe leve1 of abouË -25 dB increases

Èo around -23 dB level.
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For ldentical feed and strut dimensions the computed results for a

tripod configuratlon are shown in Figures (3"8) to (3.13). The polarization

of the field is along rhe y-direction. From Flgures (3.g) ro (3.10) agafn

1t is evident that blockage effect on Ëhe reflector pattern is snall for a

cos 0 feed pattern. In facÈ, provided that the struts are not along the E-

plane the blockage effect of a t.ripod on the sidelobes, seens to be smaller

than that of a single strut along the feed polarizaÈion. The blockage effi-

ciency however is lovrer; i.e. r 7B.33Z conpared to,80.196T". The cross polar-

ization is also poor whtch is indÍcated in Figures (3"9) and (3.10) and has

a m¡ximum leve1 of abouË -4I dB. Simll¿¡ results are also obtained for a

"o"20 illumination, which are shown in Figues (3.11) to (3.13). sidelobe

performance is satisfactory and increase thetr leve1 slightly above that of

the central blockage. The first sidelobe 1s about -32 d.B. A uajor dis-

advantage of a tripod configuration is the generally high 1evel of the



higher order síde1obes, which although are lower than those of a single

strut located along the E-plane thelr leve1 is otherwise higher. The

computed efficiences, for this configuration are shown in Tables (3.3) and

(3"+¡. They are, as expected, lower than those of a single 6trut and for

tl¡o assumed illuminations are 78.33% and 67.067" respectively.

Figures (3.14) to (3.17) show the computed patterns for a quad-con-

figuration. Again, the dimensions of the feed and struts are the saue as

before and strut lengths are assuued to be the ful1 length of the aperture.

Furthermore, for the computed data t\üo struts are assumed along the feed

polarization. Therefore, the sidelobe levels, indicated in these ffgures]

are the rna¡lpsm levels that one generally should expect. Deterioration of

the pattern in the princlple E-plane is most severe for higher order side-

lobes, but the cross-polarlzatfon ís satisfactory at about -52 dB. The

eouputed efficiencies are shown in Tables (3.5) and (3.6).

2B

To indicate the effect of strut diameter on the reflector pattern

Figures (3"18) and (3.19) are also included, which are respectively for

triPod and quad-strut conflgurations. In both cases the strut diamet,er has

been lncreased to one À and the illurnfnations due to a cos 0 feed pattern.

For the trlpod geometry the 1eve1 of the ffrst sídelobe 1s almost unaffec-

ted, odd sidelobe level-s have been reduced and the even sidelobes are

raised. For a quad-strut case, in Figure (3.f9), the shape of the pattern

has renained the same, but its 1evel has increased almost unifornly. It ls
therefore clear that the diameÈer of the strut has a strong effect on the

pattern of a quad configuration, but generally does not affect the results



of a tripod geometry.

whích indicate lower

3.2 Circularly Polarized Feed

Performance of the syÍmetric reflector with a circularly polarízed

feed is also studied. For the same reflector, feed and strut dimensions,

the radiation Patterns for the unbLocked reflector and both of Ëhe three

strut geometries are computed and the results are shown in Figures (3.20) to

(3.25) for a cos 0 feed pattern. The co-polar and cross-polar pattens may

be compared with those of a y-polarized feed.

Corresponding efficiencies are

percentages than those for a
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For an unblocked reflector, Figure (3.20), the co-polar radiation

Pattern is exactly the same as that of a y-polarized feed. But, while the

cross-polarization ls typically zero for a y-polarized feed, it has a value

of -54 dB for a circularly-polarized. feed.

shown in Table (3.7),

0.5À strut.

For a single strut, with a circu.Larly- polarized feed, the computed

patterns are shown in Figures (3.21) and (3.24). An examination of these

two figures sholrs that the co-polar patterns are exactly the same as those

of the corresponding configuration with a y-polarized feed. At o = 45", the

cross-polarization leve1 is about -45 dB compared. v¡ith -54 dB for a y-polar-
ized feed while at Q = 0 Èhe cross polarizarion leve1 is stÍll about -45 dB,

compared with an approximately vanishing value in the case of a y-polarized

feed.



For a tríPod configuratlon the co-polar and cross-po1ar radiation

patterns aË 0 = 60o and Q = 120", !¡'ith a circularly-polarized cos 0 feed,

are exactly the sane as the corresponding patterns obtained in the case of a

y-polarized feed and have not been presented again. At O = 0, the co-polar

and cross-polar patterns are the same as those computed at $ = 120o. This

means that the cross-polarization level at 0 = 0 (-41 dB) Ís higher Ëhan

that at 0 = 60o (-43 dB).

30

For a quad configuration and at 0 =45" plane, the co-polar and the

cross-polarization patterns are exactly the sane for both circular and y-

polarized feeds and have not been presented agaJ.n. They are very nearly

the same as those of the unblocked reflector.' Thus the struts have a

minirnal effect ln this case. At O = 0, the co-polar and the cross-polar

patterns are shown in Figure (3.25). The sidelobe levels are sometrhat lower

than those obtained in the case of a y-polarized feed. On the other hand,

Ëhe cross-polarizaÈion 1eve1 is very high (-37.5 dB) compare¿ with approxi-

mately vanishing va.Lue of the y,polarized case. At O = 90o, the obtained

Patterns are exactly the sane as those of 0 = 0 case.

From the above results vle see that the co-polar patËerns of the sym-

metric reflector with a circularly polarized feed are either sinilar or very

near (with a somewhat lower sidelobe levels) to the co-polar patterns of a

y-polarized feed. The cross-polarízation levels are either equal to or some-

what higher than those of a y-polarized feed. Except in the principal planes

where the cross-polarization 1eve1s of the circularly-polarized feed are

generally very high compared srith an approximately vanishing value for a



y-polarized feed. It 1s also seen that in the case of a quad-strut con-

figuration, the struts have a niniual effect on the reflector radiatfon

pattern.

Efficiencies of a Single St,rut

Feed Diameter = 2.5x,

st.rut Diameter = 0.5À, ReflecËor Diameter = 48 À, cos 0 rllumlnation

31

TABLE 3. I

Spl11over por¡rer

Unblocked efficiency nO

Unblocked gain G

Blocked efficiency nB

(i) Strut Perpendicular to the E-plane

(1i) Strut Along the E'plane

Blocked gain GU

(i) Strtrt Perpendicular Èo the E-plane

(ii) Strut Along the E-plane

5.69"Á

82.8037"

42.75 dB

8r.342"/"

80. 1967.

42.67

42.6r

dB

dB



Efficiencfes of a Slngle Strut

Dlmensions Same as Table 3. l, cos2 0 Illunination
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TABLE 3.2

Spillover potrer

Unblocked efficiency nO

Unblocked gain G
o

Blocked efficiency nB

(1) Strut Perpendicular to the E-plane

(ii) Strut Along the E-plane

Blocked galn GU

(i) Strut Perpendicular to the E-plane

(ii¡ Strut Along the E-plane

0.84:l

7 L.6L7"

42.12 dB

7 0.07.

68.887.

42.02 dB

41.95 dB



Efficiencles

Dimensions Same as Table

33

Spillover power

TABLE

Unblocked efficiency no

3.3

of

3.

Unblocked gaÍn G

Tripod

cos 0 lllumination1,

Blocked efficfency nu

Blocked gain G,

5.69"/.

82.803%

42.75 dB

7 9.337"

42.5r dB



Efflclencles of

Dlmenslons Sane as Table 3. I

34

Spl1lover power

TABLE 3.4

Unblocked efflclency ¡o

Unblocked gain G
o

a Trfpod

"o"2 e lllunlnatlon

Blocked efffclency n,

Blocked gain G,

0.84%

71.617"

42.12 dB

67.062

41.83 dB



Efficiencies of a Quad-Strut

Dimensions Same as Table 3.1, cos 0 Illurnination

35

TABLE 3.5

Spillover por¡er

Unblocked efficiency no

Unblocked gain Go

Blocked efficiency nU

Blocked gain GU

s"69%

82.807"

42.75 dB

77.12"Á

42.44 dts



Efflciencles of a

Dimenslons Saue as Table 3. I

36

TABLE 3.6

Spillover polrer

Unblocked efficiency no

Quad-Strut

Unblocked galn G-o

, cos20 Illuminatlon

Blocked efficiency nU

Blocked gaÍn Go

0.84"/.

7 r.6r%

42.12 dB

6s.89:l

4r.7 6 dB



Efficiencies of

Feed Diarneter = 2.5À

Reflector Diameter =

37

TABLE

Spillover porArer

3"7

a Trfpod and a Quad,

, Strut Dj.ameter = 1.0Àr

48À, cos 0 ILlumination

Unblocked efficíency no

Unblocked gain Go

Blocked efficiency ¡U

(i) A Tripod

(it) A Quad

BLocked gain G,

(t) A Tripod

(ii) A Quad

s.697"

82.80"/"

42.75 dB

7 4.7%

72.342

42.3

42.16

dB

dB
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4.r

In the last chapter, computed data for the effects of central and

st.rut blockage on the reflecEor sidelobe levels r,rere presented. It was

found that for a single strut geometry the sldelobe 1evels are generally

satlsfactory as long as the strut is not locaËed along the E-plane. The

resulÈs for a tripod were also satisfactory. However, fot a quad-strut

geometry the situation was qulte dlfferent. The overall parterns were poor

and for the E-Plane st,ruts all near-in stdelobes had very hlgh levels. In

this chapter we wlll atÈe!ûpt to study possible means of reducing the side-

lobe levels. The probLero ¡sill be discussed brlefly and a useful nethod r¿ill

be proposed.

Introduction

CHÄPTER IV

SIDELOBE REDUCTION

Many posslble Ëechnlques nay be used for sldelobe reduction. From

the mechanical point of vÍew it Ís advantageous to select another cross-

sectlon' such as square or rect,angular that has better bending characterl-s-

tics. For these arbitrary strut cross-sections the scattered field cannot,

ln general, be found analyË1cally and a numerical method must be used. A

major dlsadvantage of non-circular sËruËs is their generation of hlgh cross-

polarizat.ion leve1. While these st.ruts may, Ín certaln cases, affecË the

co-polar sldelobes by a lesser amount, they wlIl generate mrch larger cross-

polar fields t5]. For thls reason we have selected circular struts for the

Present lnvest.igation. Hor¡ever ¡¿e could expect that by a proper selectíon



of strut cross-sectional dlmensions

1evels.

Non-metallfc struts nay also be used for sidelobe red.ucËion. By

selecting an appropriate dielect.ric rod dj.ameter one xoay reduce the strut

scattered field to levels lower than those of the conducting ones. However,

dielectric rods are, generally, good scatterers for the H-polarization of

the incident fie1d. Thus, while using dielectric rods nay reduce the

scattered fÍeld of the E-p1ane struts, they will increase the scatÈered

field of the H-plane ones. In practice, therefore, the overall scattered

field of dielectric struts mây noÈ be srnaller than that of conducting ones.

Dielectric struÈs also have additional disadvantages in aging and other

environmental effects. For small earth-stations a najor problem lfes in the

focusing of sun on the struts, which in the dielectric rod case will

certainly cause a complete faÍ1ure of the strut.
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one xoây obtain iuproved sidelobe

AnoËher technique for sidelobe reduction Ís the dielectric loading

of struts. This approach nay be used in two different ways, one Èo lower

the scattering cross-sectÍon of the struts and the other to use the dielec-

tric loading to cause a phase shift in the scattered fie1d. The flrst

approach is useful whenever the polarization of the field can be ffxed with

respect Ëo the strut directions and only the E-plane sÈruts are coated.

Otherwise the reductj.on of the scattering by the E-plane struts rney be com-

pensated for by the increase in Ëhe scattering of the H-plane ones. In yet

another method one may select dielectric diuensíons to cause a proper phase

relationshlp beetween the reflector and the strut ffelds. However, this



method sEi11 has the same disadvancage of the last technique lnvolving

dielectric materials.

An alternative Èechnique for sidelobe reduction j.s the aperture field

phase shifting by loading the reflector surface by narrosr strlps of appro-

Priate thicknesses, just under each strut. Practically, this technique

seems appllcable.

analytically and the geometries are modelled approxímately. It 1s therefore

expected that the computed data be approximate and their accuracy uust be

examined experimentally. In particular, even if the method may be found

satisfactory by the experiment, the optinizatíon of the proposed geometries

must be carried out experimentally.
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In the next section, this approach is studied

4.2 Aperture Field Phase ShífËine

Generally, scattered field of a conductor has a phase dlfference

wíth the incident field by about 180". For this reason, the scattered

fields due to the struts tend to reduce the gain of the reflector and. cause

the pattern deterÍoration. From this property of the scattered field one

Ëherefore can exPect that ' any method that can be used to reverse the phase

of the illuninating field of the blocked area, it nay renedy the sideLobe

deterioration of the antenna. Here we intend to explore one possibility.
l'ie propose to use netallic strips on the refLector surface, just under each

strut, so that the reflecting surface is raised by the thickness of the

strip ' '¡ . In this manner, the field illuninating the struts will travel
shorter distance and consequently the field illurninating the sÈruts will

have a phase difference n¡ith the aperture field. If the thickness of Èhe



striPS is selected properly this phase difference will compensate for the

phase reversal due to struts and thelr scattered field wii-l become fn phase

1n the axial direction. Thus, the effect of the struts scattered field can

be used beneficially to enhance the gain and to reduce the sldelobe leve1s,

rather than to increase them.

For quad-strut geometry the configuration of Ëhe strlps on the

reflector is shor.¡n in Figure (4.1). ?o sinpllfy the analysfs we assume the

current distribution on the strips to be the physical optics currenÈs. This

assumption is a crude one, since the width of the strips is snall and their

current distrlbutlon 1s not exactly close to Ëhe physlcal optfcs current.

Nevertheless, lt will provÍde a reasonable anstrer to the problem at hand.

For a preetse analysis one nust use the actual current on the strips. I,lfth

the assumed physical optics currents on the strip r¡e have computed the ne¡¡

reflector patterns and the strut scattered f1e1d. The generated data were

examined for various strlp thicknesses and an optimum thickness for each

strut configuration was found. IÈ was realized that a thickness of between

0.35À to 0.45À generally glves a satisfactory result.
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For a tripod configuration the representatlve patterns for a strip

thickness of 0.35À are shor¿n in Figure (4.2), where a cos 0 feed

illumination was assumed and the strut d.iameter r,¡as 0.5À. It is evident

Èhat the sÍdelobes are reduced. considerably and the pattern first sidelobe

is l-owered below that of the unblocked aperËure" The corresponding

efficiencies are shown ín Table (4"1), which show an enhancement of the gain

and the effíciency.



For a quad strut configuration the computed patterns for Ewo strip

thÍcknesses are shown in Figures (4.3) and (4.4). For a 0.35À strip thick-

ness' Figure (4.3) shows a useful reducËion of the sÍdelobe below that of

the unblocked aperture and an enhanceuent of the gain. Flgure (4.4) on the

other hand, indicates a reduction of the higher order sldelobes at the

exPense of the first sidelobe and the gain. The corresponding efficiences

are also shown in Table (4. t),

The Patterns of the last t.hree cases are computed again under the

same conditions but for a clrcularly polarized feed. The representatlve

patterns are shown fn Figures (4.5) to (4.7). rt is seen that the strip

loading of the reflector improves lts radiation pattern for the circularly

polarized feed similar to the case of a rinearly polarized feed.
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From these data it is clear that, loading the reflector surface w-ith

apPropriately selected conductors improves the antenna gain and overcomes

the problem of the aperture blockage. wiËh a properly selected conductors

one can' in fact, improve thereflector patterns over that of the unblocked

reflector. However, as it was pointed out, thls analysis is approximate and

the optimized strip thlckness mey not in practleg be optimum. The correct

striP dimension must in practice be found experimentally. This analysis

only serves the purPose of indi cating thaÈ the blocked apercu!-e patterns can

be improved consíderably by loadÍng the reflector surface.



Efficiences of a Loaded

Dimenslons Same as Table

Illuminatlon, SÈrip thickness
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TABLE

Spillover por¡rer

4.r

Unblocked efficiency no

Reflector

3.1, cos 0

= 0.35À or 0.45À

Unblocked gain Go

Blocked efficiency nU

(i) Tripod struts wirh srrip

(ii) Quad struts wÍrh srrip

(iii) Quad struts wirh sËrip

Blocked gain GU

(i) Tripod srrurs

(ii) Quad struts

(fii ) Quad srrurs

5.69%

82.82

thickness 0.35À

thickness 0.35À

thickness 0.45À

42.75 dB

with strip

with strip

with sÈrip

8r.13"Á

80.85"/"

7 6.85%

thickness 0.35À

thickness 0.35À

thickness 0.45À

42.66

42.65

42.42

dB

dB

dB
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srrip

Figure 4.1. Geouetry of the sÈriP

strut configuratfon .

loaded reflector for a quad-
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Aperture blocklng of a synmetric parabolíc reflector antennas has

been studled. Mathematlcal expressfons for unblocked and blocked reflector

pattern calculatÍons uslng current dlstribution method were developed and a

computer program was written. The central blockage, due to Èhe feed, has

been studied uslng the surface current cancellatlon method. Struts of

circular cross-section \.¡ere chosen and their blocking equatlons obt.ained

using the approxlmatfon of tnfinlte struEs.

CONCLUSTONS AND RECOM}'ÍENDATIONS FOR FIJTURE I{ORK

CHAPTER V

Three strut configuratLons r^7ere constdered: a single strut, a tri-

Pod configuratlon and a quad-strut geometry. In all cases Ëhe struts lrere

assumed to be supported from the reflector edge, so that the full plane wave

blockage of the reflector existed. In all cases, the reflector diameter was

kept at 48 , with a focal length to dÍameter ratlo of 0.375, a strut dia-

DeËer of 0.5 and a central blockage dlameter of 2.5 A simpllfled feed

model in the form of cost illumlnation was selected and the expected co-

polar and cross-polar behaviours of different sÈruct configurations lrere

s tudled.

the

but

It was shown that in all cases, wfth a linearly polarLzed feed along

y-axis, the tapering of the aperture field reduced the sidelobe level,

the blockage affects the sidelobe levels of the heavlly rapered i11unl-



nation more significantly.

fo be satlsfactory.

For a slngle strut lt was found Ëhat when the polarlzation of the

feed vras along the strut, Èhe effect of the scattered field of the strut on

the reflector paËtern ls larger. A1so, provided that the struts are not

along the E-plane, the blockage effecE of a tripod on the sidelobes was

smaller than that of a single strut along the feed polarlzatf.on. On the

other hand, for a quad configuratlon, the sidelobe levels rrere found to have

the highest leve1 due to the fact that two struËs were selected. along the E-

polarizatlon. The effect of the strut dlamet,er on the reflector pattern was

also lndlcated. It was shown that the dlaneter of the strut has a strong

effect on the results.

The cross-polatizaÈlon, ln all cases, nas found

77

The performance of the symmstric reflector with a clrcularly-polar-

ízed' feed was also studted. It was found thaË the co-polar patterns rrere

elther simllar or very near (a s1lghtly lower sidelobe levels ) to the co-

polar patterns of a y-polarized feed. The cross-polarLzation 1evels erere

elther equal to or somewhaË higher than those of a y-polarízed feed, except

1n the princlpal planes where the cross-polarlzation levels r¡ere generally

very high compared with an approxinately vanishing value in the case of a y-

polarized feed. ft was also seen that in the case of a quad-strut configur-

atlon in the 45" plane, the struts har¡e a nlnlmal effect on the reflect.or

radiaË1on pattern.



Some possÍble techniques for reducing the sidelobes of a symmetric

reflector l^/ere discussed. lt was Èhen concluded Èhat the most promising

approach was to l-oad lhe reflector wiËh conducting strips under each strut.

Because, this method lras analyzed approximately, it vras recornmended that

this rnethod of sidelobe reduction be studied experimentally.

As a recommendation for future work, we feel that the loadlng of the

refl-ector must be handled carefully. Attaching strlps to the reflector rnay

not perforrn satisfactorily, since strip currents between the strip and the

reflector surface may destroy the predicted behaviour. Thus, either strips

utlst be carefully shorted electrically to the reflector or other geomet-

ries such as knife edge conductors be employed. In all cases the reflector
performance must be evaluated experiuentally so that the optimum configur-

ation nay be obtained.
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