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Various dcsigil techniques used for bcxm wavcguidc  (l\WG)  feed syskms  arc charactcrimd. ‘llmc inclu(fc  lhc usc of
p,amsian beam, Gcornctrical  Ol][ics  and p}lysical  ol}[ics sys[cms.  Also in{~oduced  is a ncw trxhniquc bawxt  uIron a co[ljuga[c
]hasc. rnatchi[!g  focal plane tc,chniquc.  Advan[agcs,  disadvan[ag,cs and range of aJ@icabili[y of cach kchniquc  is give.n. In
addi[icm,  col[l[]arisons of conqmtcd and mcasurccf  ICSAIIIS  from cad]  type of design al-c pI-CSCntCd.
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1. IN’1’ROI)LJC’1’ION

A IIWG fcd sysicm is c.omposcd  of onc or jnorc fc.cd hor[ls  wi[h a series of flat arid curved mirrors ar[-angcd so [Ila[ ]mwcr
can k ]mj)a~a(cd froln the honl through the mirrors with nlinirnum losses. 1 lonls and cqui~mcnt can then k kxatcd  in ii Iai-p,c
stable cIIclosuIc  at all accc~siblc  localimr.

];rxding  a ]argc iow-noise, ground anlu]na via a kin) wavcguidc  (Bw~)  sysKtIl  has scvcml a(tvantap,c,s ovc.r placing the.
fccxt directly at the foczrl point of a dual reflector antcnrra. }Jor cxarnplc,  significant simplificaticms  arc possible in the design of
high-powc.r,  wale.r cooled transmitters and low-noise cryogenic arrlj)lificrs,  since, these systcrr~s do not have to rotate. as in a
aorlnally feel dual reflector. Also, since a IIWG systcm earl transmit ~rowc.r  ovc.r cotlsidc.rablc dis[anccs  at vcxy low IOSSCS,  dlc.y
arc uscfut in the dcsip,n of very high-frequency feed syslc.ms.

Many cxis[ing bsarnwavcguidc systems usc a quasi-ol)[ical  design, based on Ciuassian  wave print.iplc.s, which o~)ti[nims
[)cr formancc over an in[cndcd o~r-sting frequency ranp,c, ‘I IICSC designs IMn bc rrladc to work WC1l with rc,la[ivcly srnal] rcfJc~-
tors (a vc,ry fcw tcm of wavclcnglhs) and may bc viewed as “bandpass,”  sinct. pcrfor[nanm suft”crs as the wavclcng(h bccomcs
very short as WCH as very ]ong. l’hc long wavc]cng[h cnd is naturally limited by the approaching small DA of the iridivi(iual
LMm rcffczlors  used; lhc shor L wavc]cng[h cnd dots not produce the pro]w focusing nc<dcd to inlagc the fcti at t hc. dual-
rc,flcclor  focus. In contrast, a purc]y gcornctrica]  optics (GO) design has no upper frcqucrrcy  ]imit, but pcrforlnancc suffcrS at
long, wavclcnglhs,  ‘1’lmsc  designs may trc vicwc.d as “higt]ims.” Do[h “highpass” and ‘%arrdpass”  de-sign tczhniqrm  arc illus-
trated by cxarnplc.

If there is a need to add additional frcqrrcncim  to an existing IIWG design ou[sidc  of tlm original design cri(c.ria, it is
sometimes diff~cult to gcncratc  a ncw solution by a slrtiigh(forward  dc,sigo by arlalysis bwausc  of (IIC large nrrrnbcr  of scat[criog
surfac.cs  rc.quircd  fo]- c.onqmtatio]).  A unique application of the cor]juga[c phase rnakhing lcchniquc which sirnp]ifics IIIC  design
process is dcscribcd:  An cxarup]c  of incorporating a low frcquc.tlcy s-band  sys~c.rn in ~hc. ‘(high  pass” RWCi sys{cm~ is inclu(fc.d.

Mos{ lIWG syslcms rcfcnrs  the energy at some ]nint  along Ihc path, but this may no[ bc desired in a high-pmvc,r applica-
tions. A dc.sigll tcchniquc using physical optics is dcscriltcd  that dots nol dcpI adc either LIIC,  peak or avcrap,c powc.r  Ilalidlinp,
Calmbility  beyond lhc ]imifations  impo.scd by ci[l]cr  tlIc fc<d or [IIC dual rcffcztor  cot~figur-at ion. An cxanlj~le of a “Jli~ll-I){]\\’cI-”
dcsi~n is dc.sc.ribcxt.



2. II IGII-l}ASS  I)ltS1(;  N ‘1’JcC:JINIQUIIX

‘1’IIc  dc.sip,ll fo[ a hip,tqutss  l]\t’[i  sysIc.111  is I)ascd ulxJI~  a (io elite] ia irltlodud I)y Mimsawa aIId Kitu[ c: LI\v;I  [ 1,?] Wllicll
[: LIaIaIItCCS a ]ICI fccI i]n:i~c  fto[]] a Icflc.cIoI [mir. Niimsawa’s c[i(c.t i;+ CaII (W bI ic.fly s(al(xl  [IS fo\l(WS. l;or a cil~ulal ]y sy[]ll]lctl ic
inlnd lm.al  II, (tic conditions 011 a collie IC’ffccloI  Imir ncccssaI  y I(I lModLIcc  aII idc.n[ica[ OLIIIIU( bc:iIII  aIc:

1) tl]c. follf loci (Iwo ofwtlict] IIIay t~c. coil] cidcnt) awocialcd w’illi llIc two CLIIVNI  ICflcc[ws  Inusl t)c. alldn~,cxl OII  a sl[ai~ll(  Ii[lC.;
and

?) IIIC CCCCIIII  icity of’ tlIc second Ic.tlcc{oI IIIUSt I)c. equal 10 IIIC ccccntlicily or Illc reciprocal of ttl~ cccctIII ici[y of” IIlc fi[sl
Icflcclol.

]Fif},ulu.s  l(a) i(c) SIIOW SOIIIC  tIf lhc o[icnlalions  ofllIc  cIIIvrd  IcflccloI pair liial satisfy hfimsawa’s  c[itcl ia.

“[’his tcdllliquc  was used in [Iicdc.sip,ll of NASA’s fiIsI lkc.1~ S}KWC NCtWOIk (l)SN) llW[iAmcmIIa  IIaIIICd  11 SS- 13. A ptofitc
of tlIc. dcsi[:l} is slmwn  in l;igurc. ?. ‘1’tw  dcsi~n of tllc ccnla Icd llW(i  cmlsisls of a l)can] ~lm~nific] eilipsc ill a pedestal 1(10111
locaIc.d IJCIOW yIound Icvcl (lIat tI aIISkM IIIS a ?2-dl\  gain fc~.dlmf  n i[lto a }liS}l ~,aitl ?Trlll  ptiltc[ II fo[ inl)u( to a Mizusau,a  fou-
IIlii Iol (two hat and two ll;ir:it)ol~]icl-c:tse lb) l\WCi systc,III.  ‘1’lIc  sys[clll  wvt$ initially dcsigtlcd for o[mrtitioll at S.45 [il IZ (X-
lIaIId) and 3? GI Iz. (K:l-band) aIId has IC.SS than 0.2, dli loss (dc[ciil}i[wd by co]i]p:iring  ilm gain of a 29-dll ~,airl horti fcccling (hc
dua-slt; ild rcflccior syslclII Ufi[ll  ltml ol]taincrt  usin:  tlic IIW(; sys[cIn)  [3,4].

Since llIc u[]lm IIW(; tvis a 2.44 tiicle.r (8-feet) dialimlcl [mjcclcd  al~cr[urc llIc ltlil[ors arc. 70 wa\’clcII~,llI\  :il X-band rind
260 wavdcII:,IIIs  aI Ka-band,  ccitaillly laIy,c clwug,tl  for usinr, ttlc Cio dcsigtl cli(ct i a.

l;vclI ltmll:ll  Ihc dc.sigti w:is tm~cd upon GO all ])cI fw iII:iIKC analysis v+as done. usitlg l’l)ysical  ()[][ics  corillmlct []rograln.s.

“1’IIc 1 )SS- 1.4 34-III  dt;rllclcl 11 W(i anlr-IIn:i  v IS Conslr uctcd in (iold~onc.,  (klilor[lia  by 199’.)  an(l an c.x(c.nsive Illc;l.,tlmrncnt
pto~[ al)) corduclcxl [5]. ‘1’hc prcctictd  gains al )(-band were 68.54 d)li fm fl (Ihc focus of ttm dllal reflccto[ syste.111)  and 68.29
dlli fm f3 (tlIc focal lwint of ttic IIW(i fc.cd syslcIiI).  ‘1’IIc  II ICaSLIICd  tfficicncy and ~ain at 8.45 GIIz, was rcpcwlcd  10 bc 0.754 and
68.34  dlli for f] and 0.7?4 and 68.17 cilli for f3 [6]. Since tlIc. antenna Id a significant ri)ain rcftc.ctor suI face distortion as a
function of ckvation  ang]cs, tl~c. Ka-ban[i prcciictions arc :ipp]icablc only for a main rdlcctw  a(ijustrnmlt  or rigging angle, near
45-cic& cic.vdtion. I’hc prc.ciictcd f 1 totai efficiency and ovc.di  gain aI c 0.52’/ anti 78.36 cilli, Icspcclivcly.  ‘1’lic  cm I csfml(iing
IiicawIIc(i  cf(icicncy  an(i gain arc 0.523 arici 78.33 (iIli [6]. At f.1, tl}c prcciictc.(i totai ante.nna efficiency an(i ovciall :aill at 32 (iIlz
:iIc., lcsI)cctivcIy, ().452 anti 7-/.70 cilli, as corllparrxl 10 tllc II IrxisLiIc(i  cflicicncy  rtIIci p,ain vaiiIcs of ().449 and 77.66 (il]i [8]. III
Scnc.ial, tile :i~lcc.llic.l]t bc.twccn plcdictc(i  and IIlcastltcci Ka-i):in(i  c. flicicncics  an(i fyiris aIc vc[y :,ood,

3. 11’OCAI.  IDI.ANJc MA’I’(:lIIN(; hilt’I’1101)

AS st:itcci ;I1)OVC, the 1) SS - 13 IIW(; systcIII  was initialiy cic.sip,ric(i (1’liasc 1 ) fm oj~ctatimr at 8.45 G117,  (X- fm[lrf)  :Irlci 32 G] [z.
(K:i-ban(i)  an(i utiii~,c{i a GO cicsi~n tccllniquc.  ln l’hasc 2, ?.3 G}lz,  (S-ball(i)  was to bc ackicci. AI S-tmnci tllc. rl~itior ciialnc[cr
is oniy 18.7 wave.lcngtlis, cicmly outsictc. tlic 01 ip,inal CIO [icsip,n criteria,

lf :i slal][ialci 2?-(ill S-tMinCi 1)01 [I is i)lacc.d  at tlic input focus  ofthc  cliipsc, (iIc ll\V[i ioss is ~,lcatc.1 tt~an i .S (ii], 111 illlati[y (iuc.
10 [Ilc fact tiiat, fm Imv f[cqucncics,  ttm ciiffraction  ptiase. cciI[cIs  ruc fat f]o]tl tlic [io Illirior focus, [Csui(i[igl  ill a substariti:ii
si)iilovu  :111(1 cicfocusing 10ss. “1’his  cicfocttsins is c.specially a lMol)iclII for the IIm~nificr  cliipsc, wlIcIc tlw S-txiIIci  pi]asc ccntcr
at tix out]mt  of tiIc ellipse is 3 Itlctcls flor[i the. [;0 focus,

A lwtc.rl\iai soiution is to ]ccicsip,rl  tllc hmn to I)lovi(ic  [III  optitllul]i  solli[ion  fol S-t)all(l. “1’IIc  qucs(ion is iKwv to (ictcl[liinc tile
:ii)pmpr iatc ~,ain an(t Iocat ion fm this fc.c.ci,

A Sl[ai[:htfmwarci  design by an:ilysis wou]ci [Move. cutllimsor]le  bcca(isc  of (im larp,c nuIIibc.r of scattcriny,  surfacm  rcquirc(i
f-m the cmilp~itation.  l{atlict-, a unique al@icaliorl  was ma(ic of tllc conjltf,iitc  i,il:isc-lilatcllirlg  kxl~nitiucs t<} {lt)trrin  tiIC cic.sircci
solution 17].  A plane wave wm uscci to iiiulllili:~!c ttlc Inain reflector ;In(i tllc ficl(is f[otii  the cur I ems irlrfuccxi  On tlm slibteflcctor



l)lolla:atL’(]  lI]IOL]{l,I]  1]1~ ]]W(; (() a p]allc. C’Ci](c,]Cd Ot]  (tic. illpl]t f(K’al sl(~in(. IIy Iakins tl)c c{)ll)])le.x-co~ ljllgntc  of t}lc Clll[CrIts
iad Lmxl on (IIc, l]]:lrlc  arl[l apldyitI~,  the radiation integral, tlw far-field ]mlle.1 II W’as oblaiacd  for a thcwclical tKNll tlml ll]axilili7,cs
IIIC an[cIIIIa :J,aill.

‘1’llclc  is no a p iol i ~LiaIanlcc  llmt tllc [ml(cIJI  [)l{)duccd t~y (Ilis Illclll{xl Woll]d bc easily rcaliz.c.d. 1 Iowc.vc.r,  tlic ]NIt(CI n is
nearly cilc Lllarly sylllllw.tt ic ard tlm theoretical lma wa$ ab]c to t)c II Ialcl Icd fail Iy Well by a citculal co] Iup,alcd horn].

‘lb sytlttmim a Ilorll (Iaicfi]y  allcl ilmxpc.rlsivclyt tl~c, tlmorctical Il(lln was taatcl]cd as Wfcll as possit)lc  by tin ap{)rol)riafc]y
siz.cd cilcular ctni LI~,atccl IK) [II. l;i~,ulc 3 SIWWS Ilm nc:it-field 11-l~lalIc lmllcllls of tllc Ilmrc.lical 110111 ald a 19-dlii ci[culal’
C()[ 1 u~,akd  IKM [). ‘1’lIc.  ap,IccIIIctIl in amplitude and [)lmse is quilt ~()()(1  oul to tlmtti = ‘2 1”, ttlC :lll~>k Sllb(Cfl&d  by (tW  i)c:Illi
llla~,ilific.r  ellipse.

“1’IIc  coil up,atcd IIol II Irrfot  [nancc was orl]y 0.? d]] lowci dian t}lc. oj)ti!llull~ tlmwclical tmn abL]t 1.4 d]] above (}K star)da[d
?)-dll lmll.  A systclll crllp]oying, the cm[a~atc.d Imn was l)uili and tc.s[ccl  it])(l installed in tllc 34][] lIW(;  antcnn:i zis l]ar[ of a
silllullancoas S/X-trend tccc.iving  syslc.lil.

‘l:,\)lc I lists I}, C l]l]ysi~:,] [)[)[i~s fin:l]ysis ICSUIIS  of (tic. ;trllcl]lla at S-t); irld. 111 IIlis  tilt)lC,  (IIC s}]illover 01 tllC.  alllCl)lla ]Ilit [w’s,

tllc antenna Cflilicllcy, al]d sys[c.r]I  Iloisc tcrlll~cralu[c alc lislc(l fol (Ilc 19-dlli coiiu~,;ilcd  lm t) and (1K ttlcotctical ho! n lml(cln
lncdiclcd by IIIc.  lkal-1’]anc  hfctlwd, Also, fo[ co[[qmisoll l) LII})OSCS,  tlie. calculated ~)cl folillance  of a 2?-c1]II cmufyitcd  ho] n
is l~lcscntcd  flotll [8].

‘1’llc S-trend fc.cd is lmlt of a sin]ultancous  S/X-lmrId Icccivc syslcl)) illll)lclllclltcd on IIIC ttcw llW(i  antcnlla, ‘1’lm ~,c[icial
con{i~:llrali(m  of l}lc feed systcllt, t}m clctail dcsifpt, and rIIcawllcd f~cd syslcl II pc~fot (Imncc alc descr i[wd iii [9].

‘1’tlc 34-r II IIWG antcllna prcdiclcxl S-band cfticiclwy  flolll “1’able I was 68% and tile lIlca$Ltlcd cflicicrlcy was 67.5%, dcm-
ollslralir]~  [Ilc sllcccssf[ll dcsip,tl and irll~]lc.]llc.]}t:~lioil. Ikl  LW]lipafison, tl)c lncdicled X-band  cfficicrlcy (at IIIC ri~~inf[ ait~lc of
45”) as “/2.’/% ad ttlc rl{casulcd c.i’liciclcy, includirlc tlm dlcli: oic jdatc, was 70.1%.

Wllilc (io is useful fw dc.si~,ning I}igtl-flcqucncy  01 clcchically large IIlirrors  > 5 0  w:ivclctl~ths in diarllctci \vitll X) dl]
cd~,c tape.r), SOIIK llWG nl:iy bc opcratcct at low ftcqmmcics  wl]crc l}m Il]itlors Ilmy bc as srlial] as 20 wavclcnr,ths  in dialiwter.
Ihlc to diffraction effects, ttlc cll;ilactclistics of a field l)fopa~alcd twtwcc.11 slli:ill IIWG [Ili[lo(s  (<30 wavclc.n~tl)s in diamclcr)
witl I)c substantially diffmcnt  flmn the GO So]utioll. I;or these cases, [tic Gaussian tlca!l~ tccllniquc  has bccm utilized,

‘1’lle  (iatlssian bc.arll lllodc is an apptoxillla[c. solution of a wave cqmtiotl dcscl ibillg a bcalll of radiation ttl:il is un~aidcd but
cfl’cclivcly  confined ncal an opticat axis. ‘1’lic mo-mdcl IImdc is nml]lally used in tllc dcsip,ll. A  rlmjo[ advanta~,c. of tttc
{ia Llssiaa tccllniquc  is tllc. sill~plicity of the Gaussian fw Ii Iula, wllictl is easy to inlplcrilcnt and tlas nc~li~iblc. cotIl~)Lltation.

llccausc  of tllc negligible corlll)Lltaliotl tinw., a (iaussi;irl solatiou can tm ilm}llmlatcd witl} an ol>tilniz.ation  mutinc.  to ~~lovide
a convcxlic. nl mcttmd to seal-ul] tllc design ~mrattmtcls for a spccifkd  f(cqucllcy ran~,c, IIli]lo] Sims and locations and holII
]):iralllclcls.

(i. {ioubau ~,avc (IIC fiist n~attmllatical  c.xpcssion of Gaassian IIIodcs dci ivcd flora tllc solLt[io~t  of Maxwell’s equations
dc.scv ihcd by a continuous spcctl LI]I1  of cylindricxil waves [ 10]. ‘1’. S. (IIIa dcvclopcd ttw ];rcsnc.l zone. il!l:ip,ing }Jlil~cil)lc.  of tllc
(iaussian  bcalll to dcsif:ll a l)scltCi{>-fic.cl  ~lcllcy-i  I)(lcj  Jcll(icllt llW(i  fc.cd [ 11 ]. S. llctsudarl; “1’. Katasi , anti S. llrawiki used a
silllilar il]la~ing tccllniqac to dcsip,n lal~,c groun(l-based llWCi antennas [ l?]. N.J. Mcllwan and l’,1~. Golds  Initll  dcvclo]md  a
sillll)lc  dc.si~,ll lnoccdurc lmsc.d on (I1C {iaussi:in hcalll tllcol y fm illuli~illati{)ll of tcflcclw al](ctlllas wlwlc the. rcflcctm  is clcctl i-
cally sllmll  ol in tllc nca-ticl(l  of a fc.c.d [13].

Alttml@l (iaussian t)calll analysis is fast and sinlldc, it is Icss accurate. than the. I’llysical  ()])tics (I’()) solutiot[ for slllallcr
Itlillols. IIowc.vm,  by dcsi~lling with (iaussian bc.:im analysis, chcckinf, and adjusting using 1’0 arlalysis, an accLltatc and
cflicicmt too] can bc fashioned. Vcmttiponp,  [ 14] ctc.vc.lope.d sucti a tool f’m dc.signing  a second 34-rlw.tc.r  llWCi +intenaa for tllc
l)CCIJ S[MCZ Network, ‘1’hc g,oa[ was to provide, ~~,rmi pm fw nlarlcc. (wc.r ttlc. lan~c of ?-32 GJ Iz.



“1’IK  dcsi~,ll is similal  totlIc.lHS-13 antcarla  (sc.c l;i~urc 1 ) ia (Iml it Uses 3 Cut W] nlillors (oat in Ihc I)asclnrmt loorII and two
]ofiilitl~  in az,ir])l]fll) aIId a ~d-llw.tc.t  dLin] shapcci rcfk.clor  atltcnna (]iip,Llrc  ~). h4ultiplc flcquency  Oj)c.r  :~ti{m is prtwicicd  by lIK
usc of’ dicilloic II)illols. “1’hc dc.sire is to lIavc tl]c radius of culvolurc  and 1 R (Ill I)c’a[ll di:mlctcr  of tllc Kaussiaa tmalll at Itlc
sul)lcflcctt)l IW lhc sali)c at all frcqucacics. ‘1’IIc  sim and Iocatiotls of  Illc lllilr{~rs arc rdalivcly  fixed tmca~lsc of (IK twsic
St IUCt UIC ~,ct)fl]c[ry,  so tIIC pcr[itlcnt wui:iblcs arc (Ilc horn diall[c.tms, Imr[l positioas ard rlli[lor  cmvaturcs. Alpoxirl)atin:  ttlc
Illirlots by a II]ia ICIIS forlnula  (I;i~ulc 5) and utili?.ia~ Gaussiml rllodc.  analysis 10 iterate tlm various dcsi~n [Iarwlmtcrs  :i dcsi~a
is acllicvcd wllicl] IIlccts tllc initial dcsiy,ll cx)rls(]ailll of’ idclilical IJ:IIICIIIS  at {IIC sut)lc.flc.clor. ‘1’tlC 34 IilCICl  llW(i  arllcllrl;l MZIS
buill atd II Icasu It,d at S- aIKl X-t,:illd [ 1 5]. ‘1’fm l~cak Il)c.asulcd cfiicicacy was ‘/I. 1 % at X-trend ald ‘/I .5% at S-band.

S . II I(; lI.I’OWILR  l)lIX1(;  N

OIMUI  vc llIat tlw GO dcsi~acd  llW(i  syslc.t II illlaf:cs (rcfocu~cs) ttlc fc<dll(lr II al :1 l(~calioll acal Ihc IIlan lcflcctol (Im.iliol) f I
it] l:iy.u r{’ ?).

‘I’l Ic 11’f(wLlssirlp,  of II)c f’ccd  syslcrll  cncr~y near lhc rlmin reflector Ilas two distinct (Iis;i(lk’:illtag,cs. I ‘w oat., tllc. frc.ak  fic.ld
I)oial is ~:cltc[ally al or ia front  of IIlc feed ilsclfso  this l,cak lmwct ~x)iat is illl:t~~,cd irl f(c~rtl  oftllc  rltain lcflcclor.  If ttlc jJcak field
ll(~irlt calI I)c cor)(ail)c(i  witllill ll)c llW(i  Systctrl ttlcrc. is ttlc I)ossil)ility  to f-ill IIIC }IW(;  tut)c with a ~as to Cr]ll;lrtcc  tllc [)c:ik  lI(IWCI

llatltllirj~, cajxi[)ility  of tlIc. systcr[].  Also wlma tllc. caclu,y is Ic.f-fcctcd flo[]l ii surlarc SUCI1  as a lIW(;  rllir{ol-, {IKIC is a ()-dll
cllllarlccrllcal of’ llIc lmwcr mar the reflector sirm Itlc iacidc.rlt aad rcflcc(or  field add cohe[catly near tlm Icflcctioa poiat,

II is Illus irlllmtaat  to tlavc. the crlctg,y near tlv.- a]itlors al Icast (,dll  below Il)c i)czik lmitlt ia ordc.r toI)icvc]\l  tlw ]ilillors I_rmil
dcjl,ladillj,, rllc [mvcI  lmrdlirl~ calml]ilily of (Ilc syslerll,  ‘1’flis  is diflic Lilt to do if LIlc ctlcr~,y is rcfocusscd  ill It]c IIW(; sys[crll. l;or
tlmsc Ic’aw)ris, art Ilrlc(>rlllcllti(]rl:tl  dcsip,ll }Ia$  [)cca c}wscll for the t)c:ltll\\’:i\fcf!Lli[lc  olllics. l;i~,urc 6 strews ttlc t:corrlctly ofoljtics
fm llm lMOIXMCC1  atltc.rlrm.  [ 16]

l;O! tl~is dcsifln,  only onc Ctllvcd lllirro~ a  p a r a b o l o i d  is IIscd  alott~ with Ittlt-c flat rllil(ors “1’l]c  r:ldi:)’ion fronl t}lc
ficlllmr II is ;Illowccl (O sl)le:id to tllc [M! alx)ioid,  wlm c it is foCLISCd 10 a lmia[ a{ iafinity. l’tlat is, aftcl r(’t Ic.climl a collilllatc{i
bCaIII  cxisls w’llictl is dircctc.d to ttw subrcflc.clor  by the tlllcc flat rcflcctws. “J’tlc cacrgy  is thus spread over tllc crlIirc ?.74 rllctcr
(9-foot) dialnctel of the 13WG  tLlbc. I’hc bc.am rcflc.clc.d by tllc Imlalwloid d(ws  rwt hc~ia to s[ncad Sigtiificanlly duc to (liflrac-
tioll until it exists througl] tl]c rllain Icflc.ctor, Additional sprcacfiag occurs ia tlm  region bctwcca  h [[lain rc.flcctor  and the.
sut~tullcctor.  Sirm a collimated t)cat)l c.xists t)cyoad tlic Iits( rllir(or,  Il)is arltcana is ctoscly  related 10 a scar-fic.]d (:assc$lain
dcsi~,n, if Ilw fc.c.d syste.r}} is dctlnc.d to irwlucic both the fcc.dhml  and a pal;ilmlic rilirlor. ‘1’hc.  rimin and subrcffcctor  arc then
dclcr lllil~c.d Il]lour,l)  a staadard sylllrmtl  ic uaifor  III al)cltu]c synttmis  [Jrof,t;ltll usirlr, tl]c I’hysic:il  O\ltics dc[cl lnincd inlwt pat-
Imil ladialcd f[orl) tllc fr-wf  aacf four rnir[c)ts,

l:i~u[c”/ stmvs the prcdiclcd  fa-field lmltc.r as of tlm ovc.rail antcrlaa. ‘1’lm ca lculatc.d axis g,ain (at tllc ccntcr frcqucacy  of 7.2
G] 1?.) is 67.67 dll. “1’llis aunlbcl is base.d upoa a lJLIIc.ly thcorclical  calculation, aid liw following effects arc ncglictcd:  polar izcr-
ard  dul)lc.xia~, pyid e.ff’c.cts  on the. fccdhom ]acliation  pattcra, shroud cffcc(s,  1111S suI f:icc accuracy of all rrli[lors,  subrcflcctor,  aad
IIlairi rclicctor,  quad I i}m(i bloclqc, aaci fccdtm  [] 10ss. “1’lw sl>ccifkatioa  f(]l su[ face accLlracy is ().00S ia. lLI\s fm tlw sulJlcflc.ctol-
aad t)c:llllwr:ivcgtli(ic mir[ols, ard ().()35 in. rll~s for tllc rllain rcflcctm  al tt]c I i~,f~ia~ arl~lc, If wc dc. frrlc aatcrlna  cfficicnc}’ as ttm
actual F,ain for tl~c antm]m as cicsigacd  divided t]y ttlc Illaxitiiurll  tlworctical gaia for a 34- llmte.t diarr]ctc.r cilcular  apct turt: al 7.’2
G] 1/, WC Ilmy cstirllalc  the following cfficic.acy  fol tllc Incscat dcsip,n. ‘1’lm  c:(tculatcd gaia quote.rl flbovc rcl)i~scr~ts an l{l;
cflicicllcy (JI 9 1%. ‘1’l]c cfficicacy  due. to IIlairl lcf-lcctm SU[ bicc accLllacy is Calculalcd to hc 93. I %, atl(i quadr iImd blockage
~,ivc.s :Ia cf’licic.acy of 89.2%, for arl overall cfiicicacy of 75.()%. ‘1’tlc  oll]er laclors dcscribcd  atmvc will rcxiucc this value by
sc~kval 11)[)1 c })cfccnt 10 cot  lclatc u~illl ttlc rllcasutcd cfficictlcy of al{)Llrl(l  70[}(,.

6. {X)lvcl  .LISIONS

Iiwl di[”fc[cxlt dcsi~n tcctlniqucs  Il:ivc been dcscl ibcd. Iiacll of tlmc tcclllliqum was utilizcci ill a J1’1, Imil[  aad mcasu[cd  34-
]Ilclcr llW(i  antcnaa. All met tl]c rcquircxl  pc.t for[l)ancc  objcctivcs, ‘1’hc  clmicc of wllicll  dcsig,a kxllrliqLlc to usc dcpcads ulm
ttlc systclli Icquilc.rlwmts. As {ic.rnoastratcd by design amt ll~c.asllrc.l]lc.l~ts,  the usc of the H) tccllaiquc in cor~jurlctiol~ witl] ttic
focal [~lartc rllatctiiny, tcclmiqLlc plmiucc.d an arltcllaa with vit tLlally tt]c salllc clmlactcrislics as the Gaussiaa nloclc (ccl] aiquc.
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