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Radiationcharacteristicsofaparabolicreflector
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1． Introduction

Intherecentyears, interestinthecrosspolarizationproblems indual-polarizationan-

tennasystemshasbeenincreasingrapidlyandmanystudieshavebeenmadesofar(1)-(3),

etc., inwhichthetopicofinterestseemstobecenteredinoffsetreflectorantennaswithlow

sidelobes・ However, suchoffsetreflectorsaregenerallycostlyandrequirecorrugatedhorns

ordualnlodehornsasthefeedssoastosuppressthecrosspolarizationintheasymme-

tricalplanesofthereflector・ Thesehornsareagaincostlyandtherebynotsuitedfor low-

costreflectorantennas. Ontheotherhand, as theeasy-to-fabricateandlow-costantennas,

therearemanyfront-fedreflectorsusedforearth-to-earthcommunicationsystemswithTE-

11-Inodehornsasthefeeds・ However, parabolicreflectorantennas fedbytheTE-11-mode

hornsgeneraterelativelystrongercrosspolarizationatthe45｡-planestotheplaneofprin-

cipalpolarization・ Naturally, theseunwantedcrosspolarizationisrequiredtobeelimi-

natedaslnuchaspossiblesoastomaintainhigh-qualitytransmissioncharacteristics.

Inthispaper, somenumericalpredictionsofcrosspolarizationreduction in front-fedre-

flectorsobtainedbypartiallycontrollingtheaperturedistributionofthereflectorsarepre-

sented.

ll｡ Numerical Examples

Asiswellknown, theaperturedistributionofaparabolicreflectorantennailluminat-

edbysmall-aperturecircularwaveguidehornbecomesasinFig、 1, andthevectorsofthe

crosspolarization(Ey)inthefirstandthethirdquadrantsaredirectednegative,whilethose
inthesecondandthefourthquadrantspositive.

AsillustratedinFig， 2,whenanincidentwave, excitedalongtheXaxis, goesintothe
●●■

rnetallicstrips, onlytheperpendicularcomponenttothemetallicstripsisallowedtopass

throughthestriPsandtheparallelcomponentisrenectedbacktothereflector, ifthespac-

ingandthewidthofthestripsareproperlychosen・ It iswell understoodfromthisfig-

urethattheoutgoingpolarizationisresolvedagainintotheX-polarized(principalpolari-

zation)andintotheY-polarized(crosspolarization)components. lt isthenexpectedthatthe

crosspolarizationontheaperturewouldbecancelledbythisnewly-producedE､,-compo-
y
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Fig． 2Principle of polarizationcon-
versionbymetal licstrips.

Fig． 1 Fielddistributionofaparabol-

ic reflector il luminated by a

0．7ス-aperture circularwave-

guide horn excited byTE-11

modealongtheXaxis．

I X Ⅲnentswhichareobtainedbysymmetrically

mountingmetallicstripsonthereflectorap-

ertureas inFig、 3. Usually, theamountof

crosspolarizationisoftheorderof -20dB~

-30dBof thepeakvalueof theprincipal

beam. On theotherhand, thenewly-pro-

duced crosspolarizationby themetallic

stripshasastrengthhalf thatof theinci-

dentwavewhentheanglebetweentheinci-

dentpolarizationandthestripsischosen45

degrees. Then, it iseasilypredicted that

theareaofthemetallicstripstobeloaded

ontheapertureforthepolarizationcontrol

wouldnotbesolarge・ Withtheknowledge

thatrelativelystrongercrosspolarizationon

theaperture occursat the45｡-planes, the
]oadingofthemetallicstripswasmadealong

theseplanes.

Thefarfieldfromthereflectorisgiven

by thesumof thefieldfromtheS-regioil

andthatfromtheS'-regionontheaperture

、、
Y

〃、

Fig． 3Configuration ofmetallic

strips.

bySilver(4). ;Inthenumericalcomputation,

ithasbeenasSumedthat theeffectofthe

reflectedcomponentsbythemetallicstrips

l ，

､
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backtothereflectorsurface isneglectedand that thepolarization-c()''versi()I' byth(>metal-

licstrips isdoneuniformlyovertheS'-region(edge effects と''℃neglected). ｢l､he rcl. l()cl ()I･
usedforthenumerical computation isa500mm-diamctGI- paraboIoi(l reflector with l!,(f()cal

length)/D(diameter)=0.25． Thetestingfrequency is lO.()GI肱．

Fig． 4showsthecontour linesof themaximum''aluGoI cross l)olarizati()Ilwithill thP

maximum-10dB-angleofthecol-rGspondingprincipal beam. lrl thisexamI)le, thcv(llueoI、
the-10dB-angleof thesecondaryprincipal beamfedbya0.7,l -aperiurcoIJc,}-G''de(1 (jil･cu-

larwaveguidehornis 3､944｡. Theshadedregionshows tl'careawl'c'､c the valucs ()[ the

maximumcrosspolarizationarebelow-4()dB.

Contour linesof therelativeagainnormalizedbythepeakvL'luco1. th(' sec()n(laI､､｢ I)I.111-

cipal beammaximumare illustrated inFi9. 5 , an(l it lsscGnthat tl'e I-('Lc ()1' thegainl()ss

is foundfastwhentheshapingoftheaperture (11stributi()nwilsc()n(luctcdinth(1 'nl(I( 1 1 (、 I)()1,-

tiononthereflectoraperture・ It isalsounderstoo(l bysuper､posingFig. .1 LindFig. 5 th[lt

the-40dBregionappearsat therelativegainofabout-0.22(IB.

Figs. 6shows theradiationpatternsof thesecondary field, inwhich thc (1()tt(､(l lines

showthosewithout theshapmg, andthesolid linesshowthos()withtl'') shal)ing(W/l)=().()4,

Qf=26｡ , 2R_/D=0.76) ． Fig. 6(a) andFig. 6(b) showthGH-planeand th(JE-I)1(1n(' I){lttel･lls
C

respectively,whileFig. 6(c) illustrates the45｡_planepatter･ns. Themaximum-1 ()(IBangle

of thePrincipalbeamwiththeshapingis4.022｡. The relativGgainwithan(lwitll()ut the
shapingis－0．24dB. ThemaximumcrosspolaI､ization(45｡-plane)isobservedt() })('wcll sup-

pressedbelow-40dBwithinthemaximum-10dB-angle. Fig. 6(c) shows that unlikem

Figs、 6(a)-6(b) , the first sidelobe level of the secondarypatternwith theshaPinginthe

45｡-plane is improvedbyabout4dBcompare(lwiththatwithout shaping.
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Fig. 5Contour l inesofthegainIossof
thesecondarybeam.

Fig. 4Contour l ines ofmaximum

cross polarizationwithin the

-10dB-angle of the principal
beam(W/D=0｡04).
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lthasbeenshownnumericallythat the

crosspolarizationfromaparabolicrenector

couldbesuppressedbypartiallycontrolling

theaperturedistributionandthat themax-

imumvalueofcrosspolarizationwithinthe

-10dB-anglecouldbereducedtobelow-40

dBfromthebeammaximum. The tech-

niqueusedhere inthispaperwouldbeap-

plicabletoradome-mountedfront-fedreflec-

torantennas.

Thoughnotshownhere, thevalueofthe

maximumcrosspolarizationat theangles
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Fig. 6RadiationpatternsofaparabolicreflectorantennafedbyaO．7ルaper-
turecircularwaveguidefeedhornatf=10．OGHz･ Thedotted linesshow

thepatternswithout theaperturedistributionshaping,while thesolid
l inesshowthosewith theshaping. lnFig. 6(c), thealternate longand
shortdash l ineshows thecrosspolarizationwithout theshaping, and
thealternate longandtwoshortdashes lineshows thatwiththeshap-
Ing．
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widerthanthe-10dB-anglesometimesbecomesrelativelyhigherwhen theamountof the

polarizationcontrol exceededthenecessaryvolume. Someoftheproblemstobesolvedfur-

therarethen(a) todeterminetheoptimumpointofpolarizationshapingon theaperture

wheretheshapingistobedoneforagivenaperturedistributionwith lessergainloss, (b)

improvementoffrequencyresponse; finite-lengthmetallicstripshaveafrequencydependen-

cy, (c) thesuppressionofcrosspolarizationatwiderangles thanthe-10dB-angle, (d) to

investigatetheeffectsoftheloadingofthemetallicstripsonthewider-anglepatternsinthe

principalpolarization.
■
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