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i.

lRirFÁf]ll
---¡lË

iÍtth the ra$ld orgenslon of Rad,Lo-¿Etlronoqr

oluo6 tbo Gnü of tho Socontl \:orl<f iar¡ and. eapeclÊl\y

rlth r€co&t ücvclopmçnta ln f;paco Ücnr¡nw¡laaülon¡

ln gcno¡ra"lr a.rrd. Doop Êpaae bxplonationr ln pentlsulert

tl¡t Dtroblcn of ôeci6nlng lov nolco ¡roosr,vl^ug ayatenc hao

boom Eor6 snd, moro lmportant. Thls ls s Y€rTr

dlfflcult problom drlalr anbreecs a wl"d'e fleld. Thc

oubJect haar thcreforo, bcon ex.tenalvoly stuûlctån

anû nany lntoncatlng dl,eoueelono arG avallablo ln tbo

lltcraturo. lhc ¡m1n øffort aLms at fmBrovlng ths

ovarall ô¡rat6n ponformaneor In practloe¡ howevor¡

lt has becn forrnå that thc Borformenoc of a aystom J'E

uaualþ rcII below lte thooretloal expeetetlonr thåt

ls, there 1a atrryg a eertefn ll.¡nttetlon ln praotlcally

neallztng a thoorcttoal d,oaÍgn. thla problern erlsss

from thc fact that there are mar¡Jr lmportant fectorç

rÈrloh noy sêtlot¡¡].y affeot tbo penfotrnanoa of the

doalgncd ayetemr þut nùI'cb aro not undsr tb.e ulrect

control of tho d.calgnen. Beslücor tho oomplcrlty of

the problm ma¡r foroc ths deglgnor to ovcrrlmpllf,y

hlc Eath@atlsal modcl.



ll.

iTlth tD¡ i¡lvrrt of p.rütrlo q¡llflær rd
[¡..r¡ I tÞt Ëû/ttm tÐFfotErnor brl bcrn 8¡It¡t¡ly
lq¡ror¡d. I t la nw tnn thst r 1A e nlotoülYo

Fce.tylng rfBtmr tÈ. rata[nr h¡¡ bæona tù¡ nô¡t

l,rylertrat founoo of lol¡c¡ ln otDð! torûr¡ tbô ottlr¡¡
rlgnrl-to-nolre ratlo of, tbl .t.ûG¡ ûcPtdr prlnæltV

oa tìa rato[nr liotlsä. Unfætenrtcl¡r tho parfor-

Ernôe of tbl¡ ¡nrtlsulr¡ ¡rotloa I¡ ratbæ wp$o-

allotrÞlc r bæül¡r tìc l¡lttnnt l[rforn¡noo lt ¡o

Itrongly l¡¡?lwæoû bt tlñ-vilytag ¡5¡ær luob ü
üffi lonûrr tbtnr.f affcatlr ttG' rN ;11¡ lf EIEII-

fpturtrng tolorpt¡. Tblr 1r Þr¡tlculsrLy tlg¡ for
I¡rgc rrttan¡u¡r. In tbc o¡lr of ¡¡tonna rlrryr, thr

problul 1r to æoulat¡ly n¡t¡t¡¡[n tDß rehttrvs ¡¡b¡ro

r¡ ;roll m tDt rol¡tlv¡ nrgnltude of tb* ourrsnt tÃ

ræh reltf$lÂg ttronrate O¡r tbe otùßr hsÂr tD.

ðrsl{f¡S frotor Élob ûttotûL¡.r tho ultl¡*te Curltty

Of ¡ lugo pfleetOr rntünnß l¡ tbc rcflostor A!¡¡tftse

tolortncl. A¡ tDOro ü¡l¡¡ells rrc ÞOt¡ü, to eoOn¡r la rn
$ãÞnoül nnnürr lt lr tbor|fono not pornlbla for tbr

ðr¡l¡nor to e¡tL¡¡to tbc trtst ¡nrfonamo of hl¡
ôo.tgf¡ad ryrtorn 1o l¡Ðrovc to ovrrtll 018[a1-to-no1ro

rrtior Þ¡ rlshôr to fns¡roala th rntcnnr tlttr



lll.

lblr¡ hûürült¡ mnr .q lffirrlt ln thr ¡@¡r ef

lrùlrtor¡ ln tÞ rmry or tß Lmmrr¡ lß tDü rlß of

tho prfl¡ûtorr Ar a r¡rslt¡ tt b¡oor¡ tærufagft
nñt ü,lfftoqlt to $t¡t.l'ì tDr olcottl€rt rnÂ nohslorl
tolrlamu rtûhln rattrfretort llnlt¡r 81ru in
tnßlcr¡t t¡ tolcrtæci rlro Drn¡ t gFfrt.! ûro¡t f¡r tD¡

fomrril 5nfa rd üt |,uß$!r.t 1¡ rlûrlobe lttul¡, lt trt
tD.srf$.r frDelf$t fæ tbi tmÍlgr to Iær th¡
rlrtlonrblp b¡trcn tDe Ërnrrr tol¡r¡mc tü tþr drtrr'-
lonrtlcn ü tÞr rd,lrtton cDæmterLrtte¡ of tt a'nttua.

oloa ¡nnÞ r $¡.rtloqrhlp ern bc mtrblt,rhrôr tÐ optLun

Itrl of tb rÃtla¡ ern þc oþtrt¡rtr th¡ lq¡o¡r'Ûoo¡

et tbl¡ ploÈlæ !.¡ Þoün ümq¡trrttû Þy tbr rolrtlv¡\y
l¡rgc nñç$ of ¡n¡nrl ü t¡þ rtlcat of ¡nüor .fitÌDújl

ln entrn¡r ü1ûù Drvc bü.4 ¡n&Ifürrl ln tho lc¡t
flfScra fcrfir¡ Unûcrtua¡tll¡rr rort of tÐr¡ ¡nPoF.

ôorlt ütth rntlünn rft}ry| onl'' ülle lcflootor
ratrnnr¡ D¡vt Þun ræûrt nglcotod.

to tbo outìsr¡ lnÐùlrû8r, tE$t ¡$Ë lo fr¡t onfy

r frr lrynltrnt tbsrcttoú tnrtnnûr ef thl¡ rtfrot.
Thy Ërr¡ bonv¡rr ú ¡¡ortlr¡t qu¡ll"tür anÁ oont¡"lÞutt

r glr¡t i¡lrl to tår sdal¡trn¡tlng oú tùå ProÈlær rbË

tt¡rt ¡tuüy n¡ prÞllrHa Èy nutr(pt6o) |.a t gfrt ürah
rr¡ tb¡r¡r f,ollorü ty RoÞt¡q¡r r( SZ) urirx ln I g56.



lY.

Both Ru¡c rnü RoÞl,cu¡ trsatcdl tb¡ ploble! of Eünu*

faatulrng tol¡nncol. Thotr m¡ultr a¡s of coaltôartblc

lnpontanor. Hcvontù¡lca¡¡ thc lld,tatlon of thclr
thcorloc t¡ rlso rlaLly rcoogni¡oû. In |fil ,

Brssorpg(f t) Br¡ulf¡¡cd. a p¡Ilcn on tho tolara¡sa thcoly

of 1ar1ge antona¡a. Hle Þqpor oontal.nt ullnlr nev ldlcanr

anô ls prebably tbo Bo.t lnl¡ortaat çork of thø tÞrco,

brsauæ tt provad,os I bcûtör t¡N.ærtand.ln&i of th
pb¡rltoat natr¡ne of thc problær s¡d ¡tl¡ul,etce fu¡übor

rcgcasghr

In tbls voltur rlr attcqrt 1¡ nrêc ùo tntrtÄw
a ntv qPDrotßh to th¡ ¡¡roÈImr Tbê naln body of tÌ¡¡
th¡¡l¡ l¡ pne¡cat d, lt thsrtcr III. .agart Son a

¡hort etudy of tho offoot of phs.o tlror on tho fom¡rô

gËinr r qür approaob to thc pnoblon of tol.orarcc¡ l¡¡ I
DÉrrbotoldal r¡fleator Íttl bo pncrcntgd,. thla la
thon foUorüd þy ¡ oqX¡Ictcly ncr qpproash to tba

problcm of oxterna! cffoot¡ on cntcnn¡ radl¡tloa
prttornr. trüphgnl¡ ls nnd,c on the üÐoltsqec of thls
proÞlcû tn largs altonn¡¡ úcrc tbo u¡ual atrtl,rtloet
a¡¡pro¡ch to tho Droblon of nen¡Únsturlng toloranc¡e

¡tartc to br¡al don¡ a noto üct¡llad d.l¡ousslon ls
prorcatod. la chqlten I anû III.



Vr

A¡r o;¡Wlmntrl todlol rrr dc¡lßnc4, oonrtruotrû

üdl urrd to vrrt$ tb rrllitlty of tbo thqor€t!,oÊl

eûuÄJr? Ër¡¡c¡"l¡ontal rcru¡tr aFË lrstrcatcd. ln
Chq¡tar fV,



Tlr

pç/Milffiî

thr rutb@ rtür to rf,lltrn ttrì tbr tåmlr
eontltEa æ ritltl¡'r ürab [m Þrr¡ twllttrê fol tbr

rnl¡af cû ry oÛtæ t¡rgF.. ol tfDls l¡ ary q¡lËilltt
rü tùrtr to tDr bcrt of ttr uthsrf r lrülå¡ü rü
Þollrfr tht tbrt¡ oonßrtnr ao rtrliel ¡nrrleinlV
publlrhd G rtrttrn br rnotnm ¡n!¡oar oslPt ü¡8
ôur rfrramr t. d. l.n tb trrt of tþ tDcrll.

I4-ffi-8Æ,



YÍI.

Tb rnthor rlrùoe to e¡¡rcr¡ hlt gratltuû¡ to

thc Cæqmalth oqtlrryr¡t of Auftlrll¡ for àlr
ogpætuntty to uürltrlt n¡ra¡oÞ¡ udtr thr rponromhl¡l

of th¡ Coldo Plrar rt tha llnlvcr¡lty of åAclelôo¡

ü¡rr thtra tbrlt n¡ rl,tûln. fÈc flumlrl rn¡pwtl
glütn to bln Þy tb urrlv¡rrtty of AÅclrldr r¡¡ ü. Iüt
llvo autâ¡ of, hlr ¡oroa¡ohr 1r rlærclf slaorlrüglüo

Á¡Þrl¡d¡lffitr rlû gfrtltuûo a$ü dllf to
Plofmror E.O. rtllottgDbyr of ùÞ¡ Ëlcctllorl lt+gçrnrrtn¡

Dr¡n¡'ùrntr for Èlr nrggratlqn of tbr ÞæJüotr È1r

Trfnrbfo ôlæumlan¡ enü hlr GtDört g¡¡lalenoü aaf

ruporvlr!,oar

Aolaollrûgæetl üo ùfo ûË ts rrr Fl,ttont

of tür llaoh+ntoal EngÉ,nccrt{qg Dc¡nrÈmntr for ¡ullo¡-

vlrüg tbr oo¡rtluÊtlon of th¡ cx¡r¡!.mntrl rcûcl.
Ib ærùbor alto vlsb¡ to cgxctr bÍe rlmcro

thlnla to thr Dlrsator of tbt wcq)onü Rqruaroh Establ.lrbF

mntr saltrbrrtr for hl¡ grneloolty ta 8Feqtl¡8 acoût.

to tbr Antâ¿na To¡tlng E'|,clû ¡ndl ltr frallltlc¡r tnd

rl¡o te lücaepto O.Br Hg¡lr 3¡¡t iI.G. Faær of, W.fil.Er

S¡ltabu¡¡rr for thsls oæDt!¡tlon.



?11fu

Fürffy, tDr n¡tùo! rlrb¡¡ to tb¡nh lellrl.
R. Plttnrn rrt A¡ HtlII¡ of tùe itlcotrlsel nlgtnocrlng

Dcpætmat¡ for thotrr hülD aluí,Dg or¡rorlmatel Dc!loå.,
r¡d otbls üo b.fprd to nalr tùo ooq¡letlon of thc

tbcale poetlbll.



úsaPtq3 r

lrlr

Îb prùls of lry¡rovf¡g thl ¡1en¡l-fqr'-¡6frc rrûlo
ln a rrÅlo ¡ìæ.ltl¡I ty¡to hr¡ rlWt rttrtût¡û r
oCIürlû.rùlr Eua,t of r.ttcnttonr rn¡l tb rübJoot hrr
þüü erttErtrcly 61¡eurt.at la tår lltrtaturc. In frotr
tär ür¡l¡n of lr noûre rtrtor hc¡ lory becn tbr 9rr-
ooÈs¡ftloa of rolcutlrtl¡ rrpoolr¡\y rlmc thr r4t oû

tbe saooad, werlÄ Wær últà nlqf lqrortmt ûcvrlo¡natr
ln Ïlrüto Artroaoqr r¡ rrII r¡ ln $¡noe Comnloatlæ
anÄ If,r¡¡ B¡noc E4rtg&rttoa.

It [r úlI Inoün t!¡ûr la tD¡ læ fï¡qu¡aCIy r¡ngp,

tho umftl rn¡ltlvlty of r lrûlo ¡corl.vlns ftrt6 lrt
þ. fl¡ltct bf .rtrßu¡oul aol¡c goqcrrtrt outrldr th.
mcolrr!.(e9) AþorDÞilo olcotllorl ¡ttrturbmmt
rnob ¡¡ all¡trn3 thr¡[û.rttó¡il! rnå nrn¡altr nolrc r8b
a¡ ûtrohu¡nr oF trurl,s¡tr 1¡ .Lotlloa1 ünàtn !y rrr
thc ad¡ lorrqlrr Hffb ürmlttylty ræclrrur Efr
tDrñfmrr bü (tultl c;rbr¡ for reooptlm of rrl rlgn¡l¡r
ürtoÈ r¡y Èa oæ¡rl,ctrlt filt ür tÞo no1ry bæI€foüniL

Iùû rltuntlon, hûrrvorr ôüt gFmtrrfl.¡r Gbrngo r. tùø

ffi$r.H/ L¡ lrfmür At rlly \tctr fÍlBu.ryr tbc

&lrc ommô ùy to¡er¡ùrr{o mfl¡otloa bæm¡ loe¡



2.

lryrortrnt¡ m4 thô efy atnûü¡brrlo Glcetrlosl ôlrtut-
Èæsm of fryortlnßt ilrc t¡àot¡ r:l,thln tbË ltne-of-rt[ùt
dlftlrm.¡. Xoltomr¡ th. orûlnrr.y trrm!,o¡rt¡ la
clrottloal rqul¡n¡t öo not oo¡trta oq¡on¡nt¡ ln thË

Yaty hlgh frlcqt¡omy t¡notrun A¡ r rcrutrt¡ ¡¡ tàr
f¡¡oquomy ta rnlaoü¡ tb¡ rcarlver notro beoor¡ mro td
rær¡! p¡rd,olnnn't r gùtncs tbo o¡tmæouß Eolac boooæc

lor¡ rnå le.¡ tsportantr thñfom, I¿ tbË alsrorrv¡
roglon¡ tbâ ¡rn¡ltlylty of tb r¡oclvlrg ryrten te
ultlmtoþ rtotoralmct þy tbc nol¡c gonolatcû f¡ tho o¡flt
rtrgnr ef t!¡ rcscltr.(l+3) Tblr ;r¡ ßwnrarry tru¡
1B tDt Dutr th¡t lo¡ bcfsö tbË l¡rntloq of ¡¡aruûrle
q¡Ilf,Iæ¡ a¡Å fr¡als. fho advcat ôf u¡rrt .nô Þlila-
mtüo agtlflem¡ hmvrl, urÞd â acr nn¡ro trq tba

hlrtory o'f rlÄlo r¡cr!,vl¡g c¡nton Oorlgnr It hr¡ mr
boeso. poralDlo to 0¡ðtgn ¿ r¡ðotvür rltù HSLl5lbf¡r

lor tntrm¡l nst¡o. Ac r ro¡ult r tho crtrånæu¡ notrc

DtraI¡¿ rt¡l by th ¡ntcnnr orû r¡o longcr nrglootcåo Tbo

â[t.nnå hr¡ thm brcm a aeJor aol¡c loì¡$oc rlûh ltr
not¡o taûrpcrlturo lar.[rl tl,n¡ tbrt of tùo npl.lt?trr.
It l.¡ tlrcn coqvü¡lont to nelrtc tho ¡¡tr¡an ÊrqlnratuFa

to othnl a¡ntærr ¡¡rrmctorc il¡ follorr¡



I
¿ta

g

tsB(îA+rD)
R!ûn

û¡p¡ Arfn l¡ tbn pfnlutm rfl¡!,ntrÞlc rlgnnþto-soltr
rltlo¡ bolw ûlsh tb¡ ¡1$¡rl snnnot bo nccovorcû flm
the DæFgroundl, of ml.sÇ¡ E lt tbc tsoltmnnnf a son¡t¡nt¡

B 1o tDo brnÀrldLth, I l¡ tDc ¡lenrt poË¡'¡ fA am ÏB

.ss tbc antrqnr oqlrlvül.at tq¡rrtt¡¡ro anó tho rsætver

nol¡r tm¡nrctu!ö re¡¡¡eotlYlly. To tl¡oßmrfirlþ er¡rlolt
tàø aÀvrntegc off¡roa Þy lor ÐlBÊ mpll&lorsr lt lar

tbcroforcr lgpertanû ùo l4provo thc aatçnns FrÄletlen

oha¡ætrrütlo¡. thl. l¡ bco¡u¡e tùp nol¡o tøg,cratuFr

of, tùr autrnnn 1¡ r ftætlon of lt¡ orleatrtloar and ean

þr o$)ü.¡r.Ä ar folroo, ( zt+)

atoa (r-r)

aaaQ (r-z)T
"A I!¡

tËw ø(oÓ)Í(od,)ðn

Ècrc
o (a Ó) få tb¡ ètraottrentl ¡ntqnna 6ún fumtlon,
I (0 ø ) fs thc êl¡pcetlon¡l offcotlrr tcn¡nratu!€o

It seq thorctore bo ¡cfn tbatr to rodlt¡os tbc nola¡

Dor.fr lt 1¡ lpcosatrJr to lrcp elt ¿lôølobc enÅ bæEtrobc

lcvch a¡ troç c¡ praatlorblc. Thc problcm iar thcrcfoFor

to ûco1gn antcnn¡r rlth hf$b ålrtEtlvlty anÅ h¿8þ 8aln"

.æ-T



4.

1.2,. qA¡çg ¡tADro .q¡Blxl,{As

In pr*otlßcr Ãæror b€& antannr¡ grlt bG æhlcvcê

o1¡DD¡J by l¡c¡rcaslng tbß antomer a q¡nrt[rGr Thc mcd

fol largp anto:¡n¡gr tbat lar largo ln Èc¡ms of rrrt6-

l,cagtbr¡ hss long Þoon rcoognl¡Éd. In fætr e?lr ¡fm'l
tho dtl¡oo¡o¡Tr by Janlkfr trn 1913t of, the sxl¡toæe of

rqÅlomvc-cnlttlrU stargr tt has boon reoognl"B.ô that,

unlor¡ ants¡na¡ of largu offcotlvo Epcrtune ürl.o avallablc¡

lt 1¡ not posalblo to accu¡ateþ losate tho raÄio startr
In tùorc cer¡+r deya¡ ülth :tåôlo ¿rgtronoqr üe a ratho¡r

unfaportont rtib-bsüx¡t! of thc a¡t¡rono¡nlaal eoÍêEe, ånÂ

rlth $¡race Cmunlcgtlon rc rmtht.ug uryroallrülo 1f

not flotltloun¡ lt m¡ not Ju¡ttrflablc to bull.ö lrrep
nrÊlo tolclco¡na. Boatcþsr to obtela c rerolvlqg

portr of rn¡r grætloal uecfirlncoe¡ lt mulÁ b,o &çû¡eefy

to br¡llð nn rntoqnr Ètob ßulat Þü ùoo largr to bo

aohlcyablo rltb tbo tqeà¡lsal knælcd,gp rü tblt tlnor

In fæt¡ rt lO ntor ¡arclongtbr tbß aateqar æulù ì¡ve
to bo sr largc sr thE ¡iarth ttælf lf lte ro¡olvln6
pottr le to bc aen¡¡a¡ablo to tbrt of tho btnan ofor

t'ÌE ltßk of largo raùlo toloaoo¡Fg ùcfora tbe lügt 'rtar

var lergcþ reapqanlÞlE for tbo ocrly sler l¡tc of
grcth of Raålo Artronqr. Tb ¡Íturtlon¡ Þenrolr
;er glratty lryrrowc eflrr tbc wel tìrnlr to tbc



,.

l.qrortant ûts,sqyorSr of ¡raålo l¡terfer@torÊ by Austraùl¡n

eßlËntlet¡o frlth tùo now ðovlco¡ tho ¡qo¡t orucla.l

proÞl,en of aahlevtng hlgÈ rerolvlng povqf has r beon

çslvcd.. Tbe thoot'"y sf, rad,lo laterforæstors oa¡t be

gulto ooq¡rlloatuar(fl+) anå the autbor hss no tntentlon

of praaeatlng a Length¡r hlstorlsal rcvler of tbs subJeotr

It Lt, howverr auf,flotent to et'ate bere that¡ ln lte
slrylc fornr lt ts tboonctteally poselbLor by uelng tto
Ena,lt srlale, to asbicve s rs¡olvlng pqrr of any

d€olrcd. ôegrco, alnpþ by lno¡ro¡rlag tbo baas ðlstarcü

botuürn thcsc agnlale. Hsny l¡qI¡oftsåt ðlsegvorleo bave

b€cn nråc poaelbls rlth the a1d of tÌú 6Í d,6v1oo.

New¡rtheleaa, th,!.e a¡rotcro of sntsnnÂo èæs haro oæ
serlou¡ ll¡altctloÊlr tbr.c ars ûlf:flsultl,ea trn ûbo

Eûas¡¡aûËnt oreatcd by tbe lango Þuc èlgtanc6.

$rca¡l¡rGrúnto a¡c a.l¡o t¡tbc¡'¡atly elwr Br¡t tbo

grcateet dlsedvantagc Ío qsutorå by tbo ølqr t pb¡ratcal

qpcrtrrrc of ùhs lndlvtd,t¡¿l aato¡¡ac. 'fbd aotual aounÛ

Of 6lcst¡¡r¡¡94Ëtlo flr¡¡ ürloh ofin bö lnterocatoö by tbc

ayatcm 1e tbsrofore v€r¡¡ tua,lJ- Aa a roEult r Ësh
elgnßIs fton an¿If snô/or renotr cclerttral raôlo

sou¡ssss É1l be oon¡rletol¡r troat ln th6 baol¡grounÄ of

¡olac. Roorat ü¡vololucntr 1n Sipæe CcnnunLqatlm

Èloh l¡q"sLtcr træl¡lng of r s¡ Ë11 {rs rcoovlrtngt
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trh .l8prlr fræ !.lrtLwly f,mt Epvt&g rrttftot¡I
rrttllltc¡ hrrr rrt largc nÄto tolo¡eo¡¡s ütb fiþ¡lÈll
cotül¡8 fælllttr¡ aot Éqft (þelrÈtc buü ¡l¡o

Frm reu¡tlon (t-t), tt om tlso Èo ü.oq tbrtr
foo r glvcn losclytnÍ r|¡:l¡r tho rl8nrt poÈr rtrtl,ôÞlc
at tho rmlvæf ¡ l¡prrt nrt bc eÈæe r sattrln ¡rfnLpr¡q

l.rvol lf, tbr ¡lgn*1,*to-qottË rrtl,o 1r to Èc ¡rtl¡frotolt.
In e emunlortloq ti¡L ütù ¡n ertlflotrl ¡¡t¡llltc r

ü thü rn8r of tDo vehlalo iryru¡t¡r tho rreclvlng
portr ûro¡n otf r$rlûly dur to r¡¡ræ attmuatloÂr

thc rr¡l¡ma mngÐ tr fouü to Èc dl!¡püatly pro¡¡orttonrt,

to tbo rqtcnn¡ ülpt¡rr rn feat, lt orn be rùom(55)

tÞrt¡

o

ntÃgr Dlautcn

Þoltnrnt ¡ oomteat

cffeotlt¡ rattnn¡ tul¡rçrtupc
rocl¡rr Êel.ü f&gu r
sao¡lrtl b¡nll;l.ltb
rrrNlloû ¡lgnrl.-tonnoftö retlo

Dflr tnqnltt d, 1læ rprÊ. vchlolc
vrhlclr ¡ntcana Sätn
oyrmll ¡lflotcæt of tbû !.s¡fvlag .J¡rtG

J r.; (t -¡)

wbpre
tscs

l*
F=

,af,i'
s
TT-

Pr-
oas

B:n
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Îb ü¡rlüun raßßt aan tåtnoforc Þc lmroeaoû þy

lærca¡lng ftr Fedwlng Af , Gûor Tho rssolwr þad,-

nl'ôthr Þæwrr la ganrroraoú Þy tha rcts of lnforn¡tlon
rDl'qb 1¡ to Þr tnaamtttcú fron the ¡¡tallltcr trÄr

tb*úorc r cannot þc mürr¡dt t¡r an ar¡bl,tr#y Elrrt¡ultro

¡ia lnrceao tn thü lldtr tranmltt€al ñæ tbo ãPtÊo

vcblalc lc mt settrfüctory frm th comcmtoel polnt

of "tor, booruo tht¡ al¡o ma¡t a unnh hl8È3¡t oo¡t la
orþltlng a hoaTlor ðattlllùor

Iboroforor ln praotlso¡ thË l¡ort cffsotivu ry to

l$¡ræe tÞ ssngp 1g to lærsa¡o the a$tonnü, nlstr

1 .J.

trryc rlttnntt orn Þ. gpun¡trly ülvldtd tnto tn
E¡lq g[onpar In tbp flnt group a¡le rnton¡¡¡ ûlob
oon¡lrt of an ¡rFqy of !útratæl * tbc ro..oo}Ilð cqtc¡nr

ãtl!ffro AåtaEn3å, úlcb brlqs to tÞo momd SFor¡Dr

ero rctl¡stor antomat - r ooûln¡tloq of clonnt¡rlf or

prl¡a¡y ldlrtora (or ¡aAtrtol) aaá r¡fleiltors (or

rcflrctor).
Ègtb ¡cflcoto¡ antanaa¡ anÅ ratconÂ alrryr brv¡

br.n rrtrartvclg rtuûic¡l ln thc lttcratwc r tnÄ ræh

typo hm Lt¡ orn aÄvantagôo aó mll as d:ltaÄva¡togcor

F¡rom thr cooncloal potat of, vlËr¡ antannr ¡¡rrlyt Ëcüll

-æÐz4
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to bc ppcftrable. lhla le nalnly duo to tho faot tbet

rrlth antonna a¡Flraysr olcotronlo 6ga¡ur{ng aan bo oaally

effcarcd ovfr' qulrc ¡ rylûe soan anglø. \i:â?-:ãï:ffi¡
In the oa.nly üffBr utcana ä¡Ilragt hail bcon Éc161{r usoù

to BccrlrÊ hlgh antonna gaiu çlth 1oç s!åoloþe levcLs.

fhø¡o arrry! aro ußt¡åIly of a nelatlvol.y slnplc typcr

rrlth tho naln bcæ botng rtccroð ðt¡tply Þy reohanLoaLl+

rotatlng the array or by varylng the phaËo vclosLty ln
thc focðlng tranmlrnlon ltnc.

Tllth thc ¡noôæn tr¡41 of butldlng lalge antcrrn¡l

to obtaln an erù¡rqn1y hfgtr {lrootlve gal.n¡ both

refleotor aûtoqnag and antcnna arrryt hÈTo bcen

oonctruptoô.

iYlth largo r¡fleatorar holËtcrr tbre æe ô11Ìf1*

oultto¡ ln doelgnlrU a lou.coatr oonPletcly Etotrabl.s

eystcm. 0n tho otÌrr hnnü, large ¡rqngæof sosn ang¡,o

aan Þc aolrlcvcû vlth sntdrna a:rrryt rlthout tb neeû

of a coatly ¡æohar¡l,oul ûllve anö tupporttng ¡trotur¡lr
lthl¡ lr aoblovod, by clootronlc ntans auch aa fncqucr¡ay

varlatlon, pharo ahlf,t toenr beän ¡wltehlng, ?tet

Âparü ñoru the oouromleal aåvsntagË r e lcctronlc
poannlng I,s alao morc tlc¡lpatla beeeusc lt oan bs

nusb nofiË raplilly cffcotcd' Con¡lder tbe oaoo of e
coru¡lletoþ atocraÞlc rcflcotor a[tcrula. Ita hony
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rtsuotura Daoc.ssrtly ffnft¡ tbr psasttco.I æranl¡g

rstc ûuo to tta lalgo nechenloal. lrurtlrc lhanc nay

bc eåd,ltt,onal problono all¡i.ng frcÉ rtllþt¡¡rol ünA

usoàsqloal rcaonü¡oto ùlob tenû to þo Lor ln l¡rgc
r.aÅlo toloroogcr. Aûnlttoû$, clootnonlo ¡cunlng my

l¡?olvc bqth nsoùrnlorl üA el¡cùr1o¡l l,ærtta¡r thelr
affcctsr hmwr¡ ô!r of nlnor î¡port¡ns¡ bceaul¡

mebonlc¡l nwlng Brrtgr Ètah nr¡r bc ìuod ln oleotroalo

6gnnqt!ìg eyttamr¡ rro rclatlvrþ enell ln ol¡c. Thcy

tro, tbarcforo¡ Bot so obJectton¡Þlc.

Antcnna rrrrys arl alro p¡qeforûÞIo duc to tho

ðr¡¡ rrtth ¡àlob, ont crn couttot the agortura flolô
ülâtrlbutlon. th¡ n¡f n ldra brbldl tbo phllæoptv of

¡nlororave antcnna ôcalgn ls to acblove an optlnun

raÄletloa pattarn¡ trgor to obtal¡r tbe hlebÊrt rt¡olYl4g
poilr o[ tþ antrmoat beasilrLdth for e glvcn slûcloba

levcl.c rïlùh antonna ê¡rrúger th1¡ cün be æhlev€û by

ì¡ßlng thc rcIL-IaoE ¡iolI¡h-ChoÞysohðv curront {l¡tnl'-
btrtlon. In tJ¡at catêr all ¡|,êolobe¡ a¡c of cqual

mgnftuf,o¡ âDû; oon¡tquöntlgr tho qrln bcæ wlll br

ünrrotttn tÞan thßt of r prttcla nÍtb tqponed rldclobo¡

urd útb tlro n¡xlm¡n tf"ûtl,ùc þvtl aqual to that of

tho Dolphfå oårc.
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AntGnnß ¡raryor homy6r, ¡uffar fnm 4rny ôrarùæIr.

tîo6t lmr¡o¡!'tsnt of all le proþeù\y tbs drop ln eeln (ytlr tt5)

rltb lna¡oesl,ng roan angle. Apå¡rt fron ütu effoet of

mutual oouplt"ng þetwon tl¡s clooantory mð.latora¡ úlch
rltl be erpld,¡$dt latcpr thc loa¡ ln galn la aleo eauleü

Ëy ühc dooroa.ee ln tho cff,ectlvo qlerùure ae tbo BGan

eagle Lærea¡eE. Thla maEea aqtonnÀ arsäyü unaultaÞlo

for wLd.a anglr traakl,ng l¡ratæo.

lloeondlf r therc ls laevltaDly a nutuat oo,,pr[],å rzi ,ez)

baûrscn tho eloruentr of ths âflrgr Tht¡ mrtual l¡q¡¡ûrm.
effoot t s a fi¡notton of ths Ê€6n aqËle and, the poaltlon

of tl¡s elornt ln thÊ 6!Fågo ¡tB a re¡ult, ålrtortlon
of thc rrdl,atlon pattorn nfght occurt ln dd,ttlone tlË!ô

le a ôrop ln the n¡ntom ggln as q re¡ult of tlre va¡l.rtlqü

of tlrp drlvlqs Dolnt lrgnÖaacs. lho n¡utual oou¡tLlqg

offeot ta evan no¡"t sötloug ü¡cn r tepcr€d. at¡¡lrcnt

ôl¡trlþutl,on 1g u¡ed ûo üqrnovo the d$eotlvtty of thc

syetemr eoBectally Ërcn tho scan qnglc ewlags ovêr a

Iareo rangG or ünn thc eleraont¡ arc not trrlopenûcntly

f€d. 1¡'or tbeoG !6aaona, wl¡en largo acannlng angloo

arrtl r'üqulFoâr autmatl.c l¡npodæe coqpoaßatlq nay bo

llG9CAEA!$o

r'U¡fþr aa tba n¡ñor of, rad,lgto!'a la ôÅroctly

p¡ro¡¡onttonrl to tàt rflrtrËc of tb. tl¡csr ðlæarlon qf
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tbr nrrayr lt rtt{y bs praattorfft unßoud, to bullô a
largc antðnna trray vtth a rotolvlng poç¡r ooa¡¡arable

to that of a large roflcetor antor¡nÉ.

rq müulnlss tbe rcqur.sad aunbøE of clônônts t

non-r¡nlform 6¡€ncnt sBaolag('l6tb4r¿r8tEî t87) b¿e bcen

rttg,Erltcd,r [hlc 4åy tcprcroat a raüloal chengo ln thË

d.anlgn ¡¡hllorophy of antcnna â$raysr Fcr a gfvan

a¡rtqnna, oLso and for a glvcn ff¡úibÉr of rdlatlag elemnt¡r

r groåt üavrng nay be cffeotcd il"th a posslþlo ln¡lrovoô

radlatlon qharaûtorlttlo. Umqually rpaocd a¡ÍFüyst

hoËvclr ar6 ¡ttll ln tÞ1¡ sarly d.ovclo¡mltal rtaßor

anrt ltttle has bson knm of tbc lnûret¡l¡lgly conlour

øffcct of nutu¿t oorplrng(r ) æt*cn tl¡c olmnter
AnotäÊr d:1¡advaatag6 n$t be cstuod by tho fæt tDåt a

rsductlon tn rtdelobsË ln one rogLon nry be aooopaRlcd.

by a coÍntgponÅlag lnoreeto ln anotìcn roglon.

lnon thcce r€stongr å gFoat naJorlty of, lar$o

atøoraþl€ antcn¡råÀ ln u¡c at Prcacnt are of tha

¡.efl,eatoF tyD€. Tho ¡¡¡ln obJeotlon horc lo the hlgh

eott, s¡poolally rt¡on a lar8er fuXfy ¡teorable tyctcn ll
requlncdr Åd[rlttaôlyr olceüranlo Esa.r¡nlae aü alEo Þo

aohloveô u¡lng ft¡oû roflostor ¡nten¡".f i 'IE'7?'å'r:l}'rß¡
tho sçrn anglË¡ ho;¡vc¡rr ta lüq¡toeL fbt most eùn¡llc

typc of pcnËll bos pcflootoE rntrnnac rltb 6s¡anlÃ8
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faôLüùlð. is ÞroÞably a e¡retern uelng a ocñ1natt6 of r
pa,rabollo eyltnd,rloal ¡*ofleotor and, an a¡rtuna ãrrrqy

ryf¡rg along the fooal lLnco scannl,ng angls of up to

5Oe ln cltDsr ilt"rootlon from tl¡c fonra¡d dlrocttren ha¡

bacn rcpertcô .(72¡ [hG al¡r¡ltrolty of tbô rcflætor
gometry md ths faôt that ths r.cfloctor :roct¡ ttËtloarr¡/
çlÉLc th€ mlD boan trs tçept ftæ sld,e to alôo nrÄo Lt
poaalble to rcüuoc the owtall, oolt. fioennlng oan

alao bc sch16Ycd, rlth an antcnna havtne a fl,rcdl

parrbololüal rcflostor. In thls Gq¡r tbü þoan ls
stÊ6Faü by novfng thc fBüû ln thc fooel ¡¡Irm.(¿'5)
Saanalry acblcrcû by thta mtboû aa¡r¡rot bo offoctcd oüit
a rtûc rangt of, ocan rnglc boocurc of, tho lrôreoelng

o&a anÅ Eatlgnûtlsu. Dtotortlon of tbr raðlatlon

Bettcrn lnsrcelc¡ raplûly Tlth lnomt¡rngí ËGan qpglo.

A mr ayatæ bae a]'eo bacn propoaeö, u61a$ Ë

fhca henirphcrloal ref,lector. Ëy ðløpltorng tbo fcrû
ou thc fæal rurfaôc, tt b¿e bocn or"rrfágì** a 14oc

tean-å¡glc rango can Þo m¿lfsodr Thc eyatcn la,
horcyarr vory lnpiflolcnt ûuc to thc fact thst qa\y a

lnÂLl Þastlon of thc rofleotor ls ctÊrettvüly 1n u¡c at

a¡ur pa¡ttcula¡ ücan angler fn aû,ôltlon, rpurloua

algnat lcvc1 n¡y þc qulta ôl¡turbfngfy highr
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Up to drt¡r hsnvrr¡ lr,rgo¡ ñ¡rft rto.DrDlc prrr-
þolotû¡jl ¡tfl¡otor mtran¡r h¡vc Èlaa¡ Èy falr tbo Eolt

oænfy rså la s¡¡roc cm¡nloatlo¡¡. Afüongù t¡Do cert

of thl ¡t.Gflng t¡Ðt ! ¡y br qutÈt bfgb cffin¡rû ültb
otÞæ ¡Ûrrtar, fi¡lly lùtc¡lrÞ¡¡ D.!ùololdrt Eofllotor

ütrann àm Daovrê to Þc thc nort wrr¡tll¡ faltnülnt.
Du¡ to tÞolrr etryrl,r gftüt¡r¡/r tùt nüD cl¡ctrlorl BroÈlc

t o. to br tlc ûmtgn oû rn rypæ¡lrlrtc ûr¡al ¡yrtm.
Flm tDc mùcnnr tallg[crt¡ Dol¡t of vl¡r¡ thlr grüßtly

¡Lryltflcr tJr¡ otàrrrtm sqtþ¡ problcnr Ë¡ tbc rtro
of tbt ft.t t¡ onlü e mll, frrottoq of, t'brt of tÞp üffüü-

tl"t r¡tOmr qnrtnmo å 88'ltt æu¡t of rolt Þ¡¡ b.ln
t¡dcrieh¡n oonsrtnlng thc d¡¡ttn oú ra qltlntü lcËô.

rt ifr hùtËvlr¡ æt¡Ûð¡ tb æo¡n of tbt¡ bcol' to

Þrtnaû r oqlrrch¡a¡lm hlrtorl,erl rovlrr of thc rubtcot¡

tb€ rorûllr rhoulð, Lf thry eo flrh¡ oonult thr ¡ohvæt

lltc¡prtwt.

I .l+.

It hrr boca ¡rcvlorul'y ralal Ùhat lrr8c ¡taotnþlc

snt¡nna¡ Anc rcqr¡lpå ln tsoalalrn comuntoatlon ayltgnl.

In fastr for thrrr v.ry rollontr a [ûalþcr of largc

mÂlo telosoo¡¡ee ü.ro Þutlt la tÞc l^elt tcaaÄc @ lor
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e llrt of ¡æ of tb¡ rc¡t tryorûlnt tolc¡o@ca l¡
chom Þclç' tba üata gfYrn fn tbå ll¡t nr. pttÞllebodl

by vrrte.. (86¡

TlfËIGAf. RADIú l¡¡5Î¡,NilÀ$

âJ¡trnnr

Joallol¡. Bonl,
titanforð
oærÉrnts

¡r¡rsolbo

Parbs-Cslfio
rlshlgan
LoÞoûcv
HayotæX

uLættar(u),trot
tolcraæa

(e)
tnobo¡ rur

7 ¡8.

Q.55
0.h7

o.t l+

0rOtJ
o.o25
ücO2O

Frccl¡1on
D
f

250o
3279^

7600

I 20æ

I 8000
e5600

5|¡5oo
'¡2000

Ril¡rÌ,r

rufry ¡tcoraDla
Fully rtcoreÞIü
lru¡lt tRttru¡-u¡t
Ëôaith-Ioohl¡g

rDbortoal
loflrotor

gtsorablô
!'ul}¡r .t6.rübl3
Füfy ¡ûa¡rabl¡
ftrlly stooreblo

tn rdo¡

IOOO { ¡O

25a
r50
500

Ê10

85

72
120

Îbô qu.rûlor bowvrrr 1¡ üü.thËr tùr¡c 1r rry
lld.trûl,on to tÀo nüyrtoel lls of tht rcflcotor. In
othcl çorrttr t't 1¡ tryortant Èo fldt thc llultrr lf a4rt

rlthln ülËã tb læmrm ln mta¡nr clro rarl¡r ule:ft'!.

It 1¡ rll lnfrtr thått unlcte mtlrfætory rurfræ

soourüry orq bl EbltüüAr lergc rntonaer oannot bo firlly
¡*llotttû. Itot onl"y ls lt rËocttú¡t to bt¡1ld' antca¡rr
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üf'tb c su.rfåßê toleranco rrlthln the alloçablc llmltet
but, undâr mrklt\g aondLltlonsr thß ¡urf,aoo scouräsy nu¡t

Èo mal¡tdng¿r the nnln trGüþn la thrtr ln rcflootor
øtcnnr¡, eurfaor luogulaflty gl.vot rl,eâ to plneo eÍlor¡
Itrlch¡ 1n trrrn, oruaûs a d^rop ln the for"la¡{, gal,n'

Iloævarr lt 1o praotloafly $apoaclblo to Þulldl a

pËrfeot ¡çflcato¡. IÉoFGoTor, thß antðnna eq¡qf,æo can

b€ rubecqrrontly a¡prcalablv atcforuA by fl¡¡û loade¡

gFatltattmßt forccar thc rffeot sf non-unl,fæm the¡ml

crpanrlon¡ oter $brc 4lffleultlca, tbrrofor€, pom

an tg¡p3! ll,ntt to tbc praotloal ol¡e of the ¡ntonnsr

.s grriot, Blanoc ¡t tbo rbær llrt of nø largc

raülo tclcroopca¡ Èloh çcrG bullt ln tb la¡t êoccûc¡

clrarLy tbürs tbßt gmet l'4lrwcucntr barr beaa aohlerüd.

Tho flr¡t lalgor ftlly ütäcrrbla, radlo teloroo¡n nas

bu1lt at ilod¡oll tsrnX.r La 6rc¡t B¡'ltrra. i'cltb a

l@tct of 25O foctr lt hil r lolrror 3tl¡tfæG tole¡¡np¡

of 1o2 LmDtt. fn otäpr üFd,ûr thc n¡tlo of dllaËtÇr

oîo! !¡EoËr tol¡re¡me , &, 1r ogue,t to e¡S@. A for
G

vüÈlt latcrr cnotbcr laryp ldlo tolosooPc ra¡ bullt at

Pt¡tc¡r AuËtrall[r ;lth tho çltlo ë cqual to l8roo0.
C

Latôr rtltlr rlth tbc llayrtæts rntcnnrr ülab rr¡ butlt
ln tt¡t U.8rAe r lt tnt po¡ðlÈle to ral¡o thc lt¡oolßlon
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to oæ pa$t Ln 72rOoO. unÇ ls tlpr€fo¡c Juatlffcd, lq
sqylng that ov€rr morê åocurata gu¡rfaÊ€ contour oould. ba

Brætloalþ æhlcvad ln tbo ¡oar f¡¡turcr Ono ahoulô,

hoÉvar, reæta¡r thât naauf,ætr¡rtnß tolcroRces å^To not

tho oaly rguaco ôf, ofrqrar and tho cffeot of sxtcrnel

loaÄ naplally l¡orcama rltb lmreaso ln rcflcoto¡: ctscc

Þtorqovrrr thc oo¡t ru],ô toon booms prohlÞltlvoþ high

as onc rought to lnorca¡c tha prcol¡lon åbqvc a oontaln

lcvcL
thü Êtsl"gimrr tborcfo¡¡ar tB rpt on\y tntcro¡tod ln

tho ¡nrctbll'lty of aahlcvl¡rg hlghfy æcwato trrrfaßa

oontour¡ hc al¡o ;t¡hc¡ to bo able to e¡taÞI.l¡h a

ocrttcln ¡alatlonrhlp botrtcn ¡ glvon aatcnna tu^rfâaö

tolcre$c anû tho oorrarponü,lng aatenna lrttforBünßoe

Ar tbü of,t¡ot of ¡wfaot lrrogularlttc¡ on tho

antcna ¡nrfornlnot ls alco a fi¡notlon of tho o¡nratlng¡

fncqrrcrnyr ln plsßtloc ¡ !t nran¿ thåt tE filrfaËo tolcn-
affir d¡torulnm thc aa¡¡ablllty of thc tclesoopG la
firnotlontng aatlrfaotonlly ovcr a fraqucnoy ÈaÉo

tho pbyrfcal ltnltgtfon of an ¡ntcrua ota tüoncf,o¡r

bi ùtrlM Þy rtüylng tlp .ffrtct of ¡urfæc .lrort on

thc entcnnr ldl¡tton pattorne

Ðe¡lo¡Iltr thcm r:ro tru aùüi tounocË of åraort,
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that le, rnaaufaßturlng tolararcce and erterruú forccc

suah as w1nd loaåcr gravltattoqal foreE, ote.

iltnufaatu¡tlng tolaroæos åro p!€ÈüblJ EorG tnpon-

taat f?m the ücal6norf ¡ polnt sf yler. fhle ls
partlaularly true rffi€ rclatlvcly mall antcnnêBr vhlolr

aro Dloðuood, ln large Çuantlt'y; afo gorß6!sð,r Ðeoaulo¡

fon emall antuu¡a¡r ft la poa¡lþle to provldla a moFc

r1g1ð aqlport to vlth¡tad orterual for¡oes¡ hionoovcr¡

tbo total rladl loårtr rfnd torqnc anô gravltattoaal foroc

arc ralat!,tcl-y. on¿ll çh¡u ths lofleqtor olao l.s mllr
Tho offoot of üo[qilüform thomal c4)ânâlon ls algo m¡oh

Io¡¡ ¡ofl,oua¡

Fnom tbo F¡roduoùlon pê1nt of vlorr oD€ te thanoforc

Jultlfllð to ugloot aII othor ¡ourocr of crrors buù

tlrc üürufætr¡¡rlng tolarcmor anü to trcat tba problcn

frø thc ¡tatl¡tloal ¡¡olnt of ylcr.
1.¡Jh6n tbo r¡tcu¡ ülso ls larga¡ hoillvcr¡ onc oan

no loa5cr l5norc tbc cffcot of oxtonn¡I foros.. In fæt,
Ln nqry caÊoa, namfssturlag arrotll o¡ly rcplcroat a
nf.ilos contr!þutlon to tho oyonall dctcrloratfon of thc

antc¡na FrÄratlöa pattolar

Moæoolcrr larga ratonnÊË ara not ¡roôr¡ocdl ln largc
qtrantlty. llpy c¡ra utuÊI\y of ülfforcnt alGoignÊ aa tr1l.
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rts ths etatlgtloal avorago hao no real reanln& u¡tran the
poBulatlon lE ûo ¡nallr a thsoretlcal approaoh baaod, on

stattstlôs ls thercfora of no praotloal valr¡c. Tho

proÈIom of nenufaotur{qg tolerarce nult tbsrsforc bc

colvod, W dfffcront nËthodor

f,orpïcrr fïom thc po1¡¡ of yleç of a pr.oJect

englnscr, ïño le oonsc¡rncd 'üttb a ¡rartloula¡r large

antsn¡ar tbo nost lqportaut problon Le tha effeot of
rtacl Load,a, rFoE¡ loc¡ ctc. otr àlÉ ant€nns ¡nnforuanoo.
For htm¡ Daaufactr¡rlf.ng arlors are flxed,, ad oan actualþ
bo aogsu¡od rlth hlgh aoauracy ;lth the alcl of Eoôern

tccbnl,qug¡.

the rsÄlstlon pattern of üþ antcnna ean tl¡ereforo

bo for¡¡¡fl rlth tho atû of an oleotronlo ooql¡utcrr Ho

canr lf ho ro çlrhor, oBttml*c üho ¡nrforuanoc of the

antcnna by nlnb:fsrqg thß loot Ëan equrrcû ,oo*,(6)
on tb othcr hand,, æc thc antrnna 1s oon¡tnætcd,¡

thc ¡u¡.fæo Grro! at any polnt of th6 rof1octor. rsulô
ohrnge ultlr tlnc Þocaugc of ths lafluoqße of artcrnal
foloclo lhc affrst of tbcsc forccr ,is; thoroforo yerTr

ua9roôlotùlËr It nay alao ¡c {ulto ¡cnlouß. Atthoqb
1t l¡ Sultc lu¡nealbh to c¡ttnrtc tlrc ü"angc ln
rrd,latlon pattcm rlùh aßor¡¡pocyr lt 11, homverr
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dealrable for tho proJect onglnoorr to flnd Eomê näena

to e¡trmste ttp avore,ge porfortanoe of hle antËnnå ovor

a cortaln ¡terlod of tlr¡Ë.

1ïlth the ald qf ststlatloal ûata oonccrnlng tha

locaf va¡rlatt on of ütnd voloolty¡ sqd othcr olLnetle

oondlltlone êurlng varlous perl.od,a of tho VôÊfr hc wqüd

then be able to evaluate tho affsot of wlrd, loade ¡ GtB.

on the dotenloratton of hla antenna porformanoo.

Sc nay aloo çloh to stìJüy tho offcct of non-t¡nl'forn

thsrdâl erqnnrl,on. Thls na¡r bo qulto scnl,ous ln largo

satcnnasr

Äpart firø thc ülrtortton of tha æflootor owfæ
oau¡od by local bcat oonccntratlonr €rgrr [€8F the hub

ribcror dluc to tho laree bulk of tbo ptructunc, tho Ïp¡t
ôta¡lpatlon Íc mæh olsrvsr thÐ at other parta of the

antanna, thcr.c 1o al¡o thc tcWnraturc &raÄlent iblch
e¡l¡ta bcttoq tIF ¡unfaoes of cætr psræL An s

rGsultr looal ûl¡to¡4ton of eaoh pæ]. na¡r aloo ooGllFr

AttøDts havc boon ndc to mlnl.ut sô tMso a¡tarnrl

cffrstt W uålÃg rlattoü r€fltctoaß oif by the eÄoptlon

of raÀooc. slatted r"cfaootone¡ homvcn, cmnot b6

cffletoatl.y trasô et verÌtr rho:pt ravalergth¡ bcoauec to bc

âffcctlye la rdt¡¡stng tho cffeot of çtntl loadEr troar
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lsrr ftÉ., tbr r!,rc of Ëfù mrt aot D'c E¡lllf tþ¡¡ r
oaltlln ntnl,m tl!c. By urtng rüÀEfr¡ os¡ cäa ætua¡l¡r

Srorlôr tb rntrmr rúrtdr rtth a eilDl.tc Frotoetlor
flan úDrl; tær¡ otoo IoFü mtfou tqnnturc Étbfn
tbr mllø oåE û.o br æhlovotr Sonoffi!; nltùrorlgD

rll¡bt lllrtctlm of t¡hr ¡lrÂm ru¡fæo door oæurr tb.
rffrot of tthl¡ dlirtortlon on thc nltlrtlâÂ ¡lÊtt.fa 1ü

mgllglblr.
Ho;yr¡¡ reËffi¡ ils Eot p!fllôc e ¡nstüst rolutlon

to ùhr poblær ADtFt flm t'ù¡ lo¡r of Aün ûu¡ to

¡nÁl'ttton þlookaga ùf ths råtrlllo ¡¡¡æ-t!ß aadl

rf,lcotloa flw tb dlc¡,rotllo raâw rurfüptr thæc t¡
rleo a 60ll t¡frortaut problcu Gf aùiolTrtl,oa gf rncr.g¡r

b,y ütür tr¡þu! oa tbc ¡rrÀæo lurfæo. (¿¡6tl+?)

For t¡hló Fcrronr lt nay bc fq¡rd th¡t tho u¡c of
a so¡t\y rdøn to Irrotcot tho antuna ny nôt þG

turtlft.ü.
In thlr rolw¡ âttcqlt¡ úU br uedc to pæoulüc

a Eü rolutlon to th Þrotlæ of Fùr!ö .Ítìoltr orurcô

Èy euúaoa trrrSul$ltt, ln pga¡ololdtal nrfX¡otor

aatc&alo

Although a gooû ûtal of runlr Þar bca üonç on

tolæanoc¡ ln anttrm¡, lt tr r:lafrl.y ræoe¡rtatê ttìat

tuth¡r raacarçh on th¡ rubJcct la vcry ôçui.rablc.
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Iq tD¡ Ðrû oD¡grùcr, I gpaæel hlrtorlorl ¡¡vlir
0f thÇ grob}.ü oú nnÅsn cFror¡ ls Dno¡ostcdr Tlþ

al,n la to qùmlra tbc tn¡nrtamo od tùÊ Proùlm1 thl
lnndsgqasy of ¡¡¡F6vl,om troatmnts id tho roå for
fiutDcr ¡tudy¡
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ïllth thc proæat rtatc of tho altr lt ta Jurttfl,aÞlr
to ¡ay tÞat nort of thc aaJor aÂtcms p$oblsnt haw þea¡

lolycô,r Tho tboorîy of a¡tenna dlo¡tgn ù¡rg bccn ao

tDonoËSDry ¡tuillod tùat a ilaelgrun roulô ù¡vcr rt lo¡rt
ln thooq¡¡ îo illffloulty ln aohlcçl¡s a üa¡rncd rad,lrtlon
patttra by ncanr of ¡trrrûarû ryathårle tsohalqrnr.
nor?cr¡ praotloal o:perlêarúÊ havo chorm that tba ¡nr*
fo¡aanoo of an antcua lr, io a nulo, ûie?ctcät frør
rùat o¡c nlgbt hevc cr¡lootcd tlom tbo thsoryc Ttrla l¡
Þeoau¡o ary 4lpstrro of the ¡¡tcnnq a5r¡tc¡n frm lte
tlporcttoel npæLftoetlon rtrr afrfcot tta pcrfotrtrrngüo

Unfostu¡Ëtc\y, tt 1¡ not alnaye poaolble to elrqrnate
thosc r¡üosl¡abro ôovlatl,oaoo ¡tparnG from th¿ faot tDrt
tàa nathcrotteal ooq¡la¡rtty of tho Broblcm nry have arô¡
It noccsaaly for tho dcolgnôr to neglect atl acoorr[aly

@Îfêots, and, to ldtealtgc the ûsle a¡ratcn¡ thcre ar€

also e Rrôer of faotora nlrloh are not r¡¡üôn the dürcoù

oont'rol of tho ûoatgmnr ürd thercfore oar¡not bo

scor¡ratoþ taken lnto aosolu¡t tn thc tbeor"etloar deelgno

Brlofly apealcüU, thonc are tço t¡/tr'€s of ernorc -
preålotaÞle ernors and random efrors,
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Pnoallstrblc EErBr ürG thosê tüo¡É Gr¡¡tü olfbgtr
GtB¡ tùco¡ctloallür Þc artlnctoô, Þut a¡a l¡ourfl"y

a¡tlootcd ål¡c to tÞaln Eäthsnatlo¡l ooqDlc¡lty. îo
thlr Gatogor'¡r balongr üb olrÉor oauüod Þy tho tdoêIl-
¡atlon of, tlrc plryclool n¡tn¡rc of thÊ t¡Ëtrnr

¡leËom ËTfoE8¡ Êe ruggtct¡d. by tùrfr trrB¡ oæur

ln an uqllrc¡U,otable rtffiG!¡ llny a¡rc the tyl¡c of orrora

*rloh acotdrntrl\y ooou¡ alurlns tb urmfæturcr ooÞ

rtruotlon anû optratl,on of th¡ antonnro

In tbc otæ of a¡rte¡na ærryDr !ä¡r¿m ö¡¡cFott æt
oau¡rud" by thc l,!âbtllty to gct¡reto ùät net¡taln an

o¡æt phare and nagnftudc rclattonsl¡tp bctrtcn tha

ourront¡ of ldlvtûu¡l clsrmnû1.

Fol n¡flector drtomtß¡ claols æc ¡n¿l¡ly €ürr0 br
¡r¡rfeos l¡srcgUlanltisse In f,eot, thcy aro tha only tTDa

of crnæe ¡ùtch dlf bc dtfr¡lt rrlth trn thls yoh$rÐ¡

Tlxpctll,onoor rtth optloal l¡ct¡nmcntr Þ¡ru aùon

thatr âDroru of thls type 6ürð. tllgDt {lf,¡turûanoq of
tho rravc-So[t. Ac a rrctultr a örcp 1n tbo tntantlty
tn tUc força¡qdl Aheotlon Ery bc ox¡lcctcû. Thc narlos

la that th¡ ro¡ultrnt flolû t¡ aotually th ¡r¡n of

oontrlbutlon ñom varlous rourot¡, or ourrGnt 6lGrm¡ta,

of thÊ ¡.cflootor çhorc Bhat6 rclatlonrhtp lt goycrFrrcô

by the gaonttr5r of tho rüflccto!. Ttråt l¡r ¡u¡rfaoc
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fraÇüllaltty glvca rt¡o to ¡ùace orroFr

As an llluet¡r¡tlonr oclnåi6.r thc earo ln çlrloh tùc
ætr¡al nì¡rfæ. hßr boen ôlnplæd., ln ths noma,I d,tncetlonr

a!üy lïon tho thoorctloal eu¡úapo. Flg. I ahoua tbat,
for a dtrpl*oeænt erlrotr ü, thô total path dtfìfcroæo l¡

D ¡ d, [aod + oof + taú . (a1n0 - at* )¡
r.rr (a-1¡

frro
d rc ÈlrplsCI@nt ülaor
0 !É angls of lnoldcrcc
t ËÊ aq8llc of rçflootlon,

Lf 0*S ,Ðbeomo
D oq d [oo¡0 + eoú I

B2d.ood
anð tþ o@mqporËfng ph¡co crror la tbon

ô !s p u s¡ q-3 coe 0 o... (a-a¡

In tùc 6aso of a DarèÞololalal roflsetor antcnna,

the phase ecntrc of thc ñoå of Ëloh oolnol.dtea rlth tt¡
foouc¡ all clanoatartr flaldtø ara ln pbaac ln the forra¡{
d,l,r6otlon.

Ehla¡ horrvclr ic no longcn t¡ue if phaae 6nror.
arG protcnt' For thlp rêrEotrr partlallv üa¡t$¡otlvo
lntcrfcrsæa 1111 oGourr .êiÉ a :roaurt, thene ¡auet bo ô
drop ln the forvard ga1n. ËÞaac Ërrorg alao afßcat tb.

-æF



25.

pelnûf¡g æouræy ar rll a¡ rlôclùe rd bæI,lcÞo lovtlr
sf tbt antt¡n¡ rsôlatfon pattarn.

Ihc Droblrn of renilm ÞÈilc orrort trr ty F Ëlrt¡
Ê Ytrïr ær pnoblGr In froÛ¡ nlry PcoPle h¡vc udlr-
talcn rc¡carob oË ûbt cffEct of tà. rFDör on tàn

pcrfornrmo ef tha ætran¡ qlctorr llonvrrr r oqDlrta
rolutlen to ûbc DreÈlon l¡ ¡ot y¡t founÅc tr''urtbr

Flretrch oD tùc ¡r¡blcot ta tàrrofom vrrry ü¡rlrôla.
Atûäough tbl! voluo ¡Laalr -rlnr¡r rtrth DurË

bolotrôil lrflcoto¡ ¡¡!,tqnÂt¡ r rhort ü¡rrq/ of tho

gwml DroÞfm of, Fril{Ët Êü. ¡tnoüs ln mtrmrr l¡
ürrüùIr. An cttæpt rtll þt rtÄ. to Jn¡ttfl tho

alaron f,or ûc¡tfirg rftb ¡nrrÞololôrl mfl¡stø iût.nnr
on$r.

2.1.

In tbe lats tfontlss¡ coneldcrablc cffort ha¡ brcn

dllroatedl toçardl the ûoslgn of llnoar Erroyg vlth a Lm

sitlclñc level.
Ðoll¡hr(eo) tn hte ola¡¡lcal Bqper¡ ohoccd, thst th

proBertios of the Tccùnbysohoff pol,ynmtala may bc

utlllred to obteln aq¡r d6grs6 of el{olobe Bupprcsslon,

tbat le, thc slûelobe lovel otr¡ thcorotloally bo kopt at

lov ae d,eelrerl.
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noËvlt, tt ürË üoon ncall!Êd t}rrt üatl,ÉaÊtor:f

nr¡ultr can bc obtaLmû only tf tho ou¡¡cnt dlrtrtbutton
ln tùú âËlay oen be ¡oountoty nat¡t¡inËü. tho offcot
of rurûom pha¡c erroüg on a Dolphte Inttcrn barr thGn¡-

fæo, arouËGal rlûr l¡tcm¡t @ng ¡otcntt¡to, Dcc&Ëo,

1¡ plætlæ r lt haa boün fou¡ü tDrt ürræ6 alçaya ooour¡

lboi! lrpoltrmr tr!ûatc¡ m tDc rl¡c of thc ülDiy
lncmagor¡

lhc nott 1Ðûfrrat ooütlfbutlon¡ to tbo udËt-
atanålng of thc pnoblrn Ë!ü thoac by Ballrrn rd
ürrruokr(4) arÉ ra¡Ëottr\y by Ruro.(5916O) It rag

fourü thatr ar ürc ct4clsbc lctela Êr{È tro¡¡ü ctroneþ
rtryrprceacû, ur l.norcarlrns ptcatelon on tùs focûrng ot
th array nurt alao bs roqutrot.

It thotofora qppGs¡rr th^qt theno ls a Boaelblllty
of ovtrt¡slgnrq* ün a¡llay to obtaln tbo dpalrcô elac-
lobe supproßBfon. Thåt ls, ffi dXcalg¡ for a largcr
Buppr66sfon of sl0olôc levelo thar¡ le ûcalred to
omIÞR8ate foll tbe lmrcees ln elclclobe tsvclc oauscû

by ernorø.

It umr ¿slqcaû(J) who attcrpted to flnd tho optlmu
a¡nount of ovordoalgn ln ordcr to obtaln a nl¡lnr¡n nean

s!,d,elobc ln tho pr€Eonoô of erro¡lar
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fùt problrn of, drslgn!,ng aq optlnñB antcnns ar¡rait

lrr studlcd. I¡tcr Þy GllÞalt àEê Horgen.(e7)

It *s ¡alô ùovo ùh¡t Rure I e Bqnr aontrlbutod,

eruetty to tho u¡d,oratdlng of tb¡ tubJect. In hl¡
p$rorr horayor, RuüG rr¡trtoted htÊ lnvlrtl,grtlon to

üb¡ oero sf rqurl E gnttutlm of all omor crurcntt and

cqu¡l DrobaDlllty fæ aII ¡ù¡a¡g of sn çrror euttf{rtrtr

AE a ressltr tDr Drætloat ur¡frlaou of blr tFogy lr
Eutto Il¡nLtad¡

rt nr Ro¡au.ml,u(5ð) to fl¡¡I.þ eir.tanðlå üjl
lap¡.e¡¡¿ Rr¡rsro tborl¡. Hla lgr¡¡ arn br ¿trtalrô lato
tùrct n¡tn Fntr¡

(f ) xa¡t¡n¡q olðolùc Iov¡I îrttbü¡ a apoclflcd

oom sÞout thr Eßla bcm'
(Z) åÁa¡lnrro alôolebo lovcl 1¡ übe nc¡oalniter of

tbß b¡¡f sDnoe outsldß tbÊ e¡nolflotl oonoo

(5) Bos poütfag aooËmogr

R¡,nûlnrl1lr e tgrh ra¡ llter on oonnlrnan3o{l by

tà¡Ê of ìlrett!.6.(25)

It oanr thorcfof.r bt cean tàtt rntenna olesi lrYo
roctv¡d a g;net æount of rttcatlqn. , ¿à"go"tr 1¡¡:for-

uatloa tr¡r tboroforc, åratrJ.¡blo for tbe pur¡roeo of
optlelrlng thô ütrl8n aaö, coqrtruoÈlo¡ of r¡¡ tntüer
trFäy ¡t¡ton.
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Largu rcfleotor êAtör¡¡¡r en th¡ otlar bÀnù¡

baw not rooolvoû aufflolcnt attontloqc At e gtrort

ñæ of tbr¡¡ sro nor tn uro¡ lt ls thß!Êforo ôe¡trable

tìåt tåe ppoblen of rnte¡ns suú6c€ lrrcgularltlon þo

fi¡rtD¡r lwcEtlg;atcôo

2.?t

The flrct ¡orlou¡ stuây of thc affüot of narËc
pbart €FlGi ln ¡oflootor rgtoul¡¡ nr ffio by Ruæ at

H.I.l, rùr¡rc ha unôa¡rtool rraorrùb lcaCl¡rg touaröa hl¡
Pb.D' ôcgncco

Ru¡cf r pqpltr war nalnly Gono?rnrd d.th mnufaotuËlag

tolcrtrcoa. Rceogntr¡l¡g thc naaûsr rtturla of thô

proÞIcm¡ bo lnvortlgatcd ûhc offcot of tboro Êrrolt on

tb€ a¡teua radlatt.on sharaotcrlatls¡ fldt tür rtrtlrtto¿l
pol¡¡t of rrlev.

ûr¡¡¿ nadp lt cloar that Ë oaa Bpotk onl"y aDout

üBt hepDraa on tn $ayorcgen ovËlt a lango nt¡sbcn of,

sood,ngfy ldfantlsal antrnnar snô hot tìo FÉobùl1tty of
a glvcn re¡ult va.rloa ñrom tht'r eynton BYo!âgsr Hls

t¡agntflo¡qt plcoo ff ræh la æt @ly olcganü þut alro
lnspürlng.

Bu¡a sbored(6o) that tho fleld' atrongth of a
oætlnuoua qponturlo ln t¡hs far flcld rcgtron 1¡ glvcn hn
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u(o,o)s r (E) 6ry t¡ h. gJ crn rl d(g)J d sa
[.

eart

29.

(¿-r)

rhcror Àe shom tn Flg. 2,

It q Pogltlon rtCton?

s-15x
5 = unlt rsotæ ln th d,lrcotloa ( C , O)

€ql ¡,J d(*)l e ôrFû faotor

fb pml pattcla 1o, tlurcfærr tl¡ô proöræû of
E ( a r o) s¡d. tta oqrlex oonJrrgatc:

ff
P ( O, ¡) * lj il (Ð ¡. (E') e¡D rá {,. (n-a')J

oxp t¡ f(n) - ¡ f(n,)J d s d, sr .,.. (a+)

.A,o tht ¡¡hlrc ctrFso vary la a rantm Éäarrtr,

r:ßp tJ f (å) - J d(å')l f¡ not traomr loor¡ P ( O, o)

oa¡not Þc trtl.ntrô,¡
on tbe stbr b.d, tùr Drn Iptts

ü (l) ¡Ít (l') rrp [J [, (å-&')]
cID IJ d(q) * J dtrg')J ô, s 4 s Çrrr (e*5¡

srn Þo founil tf r tb. mra v¡Iur
ú tü. erræ fætor¡ orn bo ¡vdurtrôo

Rr¡¡or e ¡moblæ¡ tùrrrtfo!'e * ¡r¡olvcr l&rotvlq¡
tD¡ eÞsrc equetlon of F*ff;õT.

In thl,r cquaûf on t d(R) Ç 4åt ) J rpromnt¡ thr
Dh¡¡c 4l:fifFoan¿ bctrcrn tm ¡nlat. oos!üfponllln¡ to
tb porl,tlm r.6to. L .d Lt r¡tprctlvrlt.

t
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Iq tb6 catô of dllco¡ratc aataru¡a araayrr the phasc

alFor of thß ou¡:rcnt ln oe olmnt nay ba a¡stuoü to bt
lnrlo¡nnilont of thoas 1n adJæont oloneat¡. In suoh a

oatr¡ i,f tho pbasG 6110! la no¡mally ôlatributoür 60 la
the pha¡c dlfforçle€ S e d I - dJ, úerc d1 lr tbû

phaac oælo¡por¡Âlae to tbo 1ü elqnt d thô cüDtfr

If lt ltrû also rtrru¡Ëd that esifi" d t bao tb BaÉ
é,vanl,a¡æo d , tÞ6 vrri,åneo of y çoulô aLn¡¡\y þe egrral

to fFi D 27, ¿nd tho nsa¡r va.lus od ar¡¡ l,.J vJ tp
glvo¡r byl

-Ë-
ire (J v)

2y*

l ûy

órr. (e-6)

trn tbo oam of oontlnuou! qllcltum ö[tËnnår,

hortvür¡ tDc pì¡¡r er¡]o! rt ary polnt of tho üplture
u111 bo olo¡cly rclrt¡d to thrt at aqy ethor pçtnt rrot

teo fnr am¡r frq lto 81nGû thc ¡soflcoto¡' cuÉiga

omrütt of s ffior d nam¡,¡ r¡tgld,ly attasùff, to tb
bæffae strusturo, tbË ¡r¡rfroe æ!@ rt a ¡lolnt otß ¡ny

¡¡rrtlct¡lar ¡¡ml uolllû årprnû not o'aly on tl¡o loclf
dlctoætlu of tìa Duol¡ but ¡leo on tho illrplaooaû
of thô pansl ör¡c to D¡oktng rtnætr¡re dlatætlqr
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pls a r€oultr the Dhase e¡rrof at that polnt le relsüod

to thoee of otbe¡r ,polnts of the BtüF pru l ar mll at

of n61gþbourlng pariolsr

lhe oonplerlty of, the ente¡urq Etruoture nshoe 1t

lnryoeelble to cloternlas tùc o¡a¡t rolatlon¡blp b€trnon

tbs¡o pheoe Çrro!Ë¡ on tb¿ ottlsr hßnd,, tt tre svldontl.y

l¡v"lU,ö, to sr¡rs tbaü tbose plrasc orüorÇ qre tr¡fþ¡¡cnesat

of om ¡DotàÊrr

Tbs qatuso of, tbs oolnolatlon¡ bonror¡ wr¡ld

af,feot both th6 rtsËnetb ad tJro OtreotlqnåI oharætrp
l¡tle¡ of tbÊ mdlatloq portro

JLs a ftrrt appro¡lnatlcr¡r l¡,uaû B83rÐtô tÞat tùc

Dheso ôlffeneme stlll ret¡l¡o a $aú¡clrn d,lrtrlþutlon.
TblB tr d¡b¡ûÉle bæu¡r of ùhr lntcrilrDraatmo of

Dhlro crFctr
Ar å ¡ooqnû Ðprsrl¡stlonr Ru¡r ¡trtücd, thåt tDË

¡ütan tgrrln.t pheao ûlfleranæ 1¡ of tbo follerlng forn¡

îffi - r7[r - cru t- #i, .... (z*z)

ûro
çÌ I -3t * tbe dtrtaæo batron thc t¡o

polnte corFËr[od,r

c mß ôGftaËû by ttuæ Ër the *oorrclâtfon lntoltalr¡
tr€., trtbat d"l¡tanoo r on aycragcf rùr¡rc tbc tfrwt btoma

tr¡entlû¡g l,tribp$aÉratltr .
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lTltb tDc6 aarrr¡rtloalr nuto rrl ùlc to dorlvG tû
qpPrortr f¡tc or¡llo8sfoa l'or tbs Äorroellsed po\sür Dqttorrnt

f(d'ø)E

rû¡o¡¡r

.r.. (2-S)

g'o ( o o ) . ths noEcall¡eô poucr pattcrn ln tlro
abasmo of orrore

tho no¡anl gêlrir

TbÉ ¡purlog¡ rrillrti,on 1r thmfo¡re qpprarlnstült
propontlonrl to thc Ern ¡quûro ¡ü¡¡r crre ¡¡ rtll r¡
tha ¡quüñ! of tb "oo¡'rol¡tton lntrrvdr'.

Ilugof ð ootrr¡fgt ef oowcl¿tlo¡ lntrrva"t shond

thrt h. üo!.ougÞlt gllrD.rl th phnlorl lqfnrtamc ot
tb tat€r.ðü,cnûwr of th Þbr¡o trr6ß ¡t ùlfforsat
Dof¡t¡ cf tþr rcft*otor.

Bu¡arr plonrcelng trlg'r! b¡e Þcen ü¡fcfy æoln;lmô¡

anô hlr tüoorotforl troatu¡trt bê¡ Bnovoû to bc hlehry

valuabloo lletcvôF¡ et å puÊ.¡Jr ttpsrcttaal trsrtmnt
of thc aubtcat of raaôm pb¡¡c crtfors, Ru.rore pe¡nl hll
tom llnttattontr tla e¡cqltton that C 1¡ oon¡tant

tùtt@ghöut al¡o nntc¡ ht. throly l.øt¡lætfoal. Futthtr
roaca¡olr on thla problæ lo tbcrcfoßü d,oairablr¡

WGo=aP B
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In 1956¡ anotbf Lq¡oltant pqpcr truå publlahcd.

by RoÞt"r.r(17) rùo preacntcd, a ¡onsùat ôlffonat talr

of ttrüyc qg thc cffcot of naatrfoott¡rlne tolcranoðt on

thË antca¡a ¡nnformarcc.

¿roaorrtl¡g ùo Roblcurr tbc âu¡tfaôc tr¡rogglarlty
d sn antanne oün bc oharastonlred, Þy trc paranotcrat

tho nr¡¡ufæturl,ng tolsr¡rcc ånð tb rad,l¡¡e of oorrelatloc.
1o golvo tùo problmr Bùlaur d,lvtdcs tbc eurfaor

l¡to Éq¡¡åfirs rùon¡ ¡1ôo l,¡ sqt¡al to tho raÄlr¡¡ of

oouol¿tfqr. Baoh oleæatrr¡r flolû la raprer€ntÊû

by e vootc t of mod,ul.ur a* ald' of phúc gn. It ts
lmBortant ts mtc bno th¡t t'hlr v¡ator ls not tho

epaülrl ¡lapfioe€ntatlon of tho rryarateê fle1dr þut e

wstorlal rcprccoutatlon of lt¡ an¡tlltüfr ¡qÅ ph¡¡r.

tr¡r tbs abcoæe of crrorer the rccultant f1ü141, ln
an¡ glvðn ô1rootlon t¡ glvcn by¡

I - ¿ rJO ü D åk rJ gn +r.. (A-9)

uùorc Â aü, { arc tb nasnltü.c a¡¡d, tÞ ¡¡b¡¡c of th¡

rc¡ultant fflçIÅ roe¡not lvoly.
lrbca clrotr'a rac IrFÊlcatr tba ¡¡r ro¡t*ltant flolö

bcocnte¡

tJo 
t o iq.. ui( irr I *'' k) ö..r (e-to)

rhcre the cffeot of tha crræô on ths mplltt¡flo of tbô

rlrnratæy flolû¡ D.t bÇcn ¡rglrstrû.
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[]o ooæ¡rDenûlng Derrr l¡ t¡brr¡fe.! sÍtca Dyt

Arå., t¡r¡ os (tk, + ,.n,)J8 + ts* rtn (tk. *k)Je
oF Af8É *¿ + âAB .Ì * I fln (fx - 0 ),.ó. (e-rt)

a&lcE¡t ¡ nlhcû l¡ qult¡ rtrelg[tfæmlil' Dlc
àlr tbq-¡tleal tnrtnantl tìo follcüfry oomlurlou¡ eln

be ¡lrm¡
(f ) ¡f tb tdlur oE corr¡rlntf oa fü E¡IIrr t!¡n

hr tÞG mtou¡ ü1,1 b¡årw ¡¡ lf, lt rro pæfoet¡ þst

tf ùhr rrûlur oú a*:rrtstton lr gnrtcr tbrnþr tht
rffiot d tDa rurfror .!!ür rry þc Qult¡ omrtôrlÓlrr
lÈ¡¡r oglu¡ler Dä¡l btün ll.q)ly lt¡trô rltÞout rry
lrtbrr'3|ôrl bmL[ng. It l¡ lryrortant to oqnm tDc¡l

ütD tÈase ú BræcrlL TÞr æD¡rrnt dltrcnr¡nry ary

bt ourtrû Þy ndùtrurt r ûrf,l"nltton gf, taÀlur of co¡rrlatlm.
(¿) Tbrrt rsrtr r llntt te tbr rrrlnun ¡rla ü1où

orn br rttrlpô ty tgrra¡lng tùr aat¡mr êl'r¡rlüt.
Shl¡ ltdt ôrgrnû,r G¡V on thr ¡nrolrloa ütD ülûb th
antru¡ ar¡ ba rldfu I¡ ott¡r rûr{r¡ lf üÇ llnu'-

fætwftg tol¡Pl$ ll a llam¡ ù8ËÙlqn of tào cnþEr
Olantclr tDo n¡¡tÐ 5rfü or¡aot Èc 1.mr"¡ur6 Ët

traarurtnt tb rlr¡ cf tD. r¡¡tlnn1.
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(5) ÎÌrc statl¡tloal averagÉ of tbs loe¡ lo tÐ
Fotçardl t¡lå tr r¡lp¡ulnrtr$ plopostloml to tDr Drn
tEuttìr esrore It tr¡ bot??!r l¡rylrDrdüt of tùr lt¿l¡rr
oú scrclatlon a¡dl, tD. lm¡lÃttlon of tbr Lltad ¡urfþcr
On tÈ. otË¡r Þrnür thc fluotuatlon of ühe grl¡ ùost
Itr evcregp y¡lus 1¡ r¡ Lmrca:f,ag ñlnßtlon of ùb¡¡
fætom.

ReÞl.u¡t ¡ Dæcr r¡¡ tcly rall lraarsùüd, üÀ
ûr?trlaly en l¡Slrg ntt ÊïcF Rurcf r tùcotïl. It ¡I¡o
oflw¡ a frrqü ¡rneottorl, nthcü oe ¡olrlng tÞr Erotlf¡.
flcwrtùclutr Rqblüu¡r r a¡rproæh to tbc B¡p¡Iru l¡
Èa¡torll¡f tb lu er that by Rurr. Agat¡r thq frü.lut
of oo¡rclrtlcn ll arruû to ù¡ ooa¡ûant tùrou¡ùout,

anô thr üolc throqf tr Þrrrû oa thtr ergrtlonr
¡,flcr RoÞlru¡t. D.Dcr, tÞü olfftoutt ¡rûlra of

lrms Bhrrc rrr#r ln rcflrotæ entcmår lûil Þr.n

acglrotrü¡ u¡tll f g6f rhca Ðçærrcf¡(f l) puÞIt;bô a
¡,qprl en thc toltremr tD.oty çf lartgo aatran¡rr Both

ryrtmtlo eaC Ëedm c!!@t Frc trrrtrür ü,th rü
oryharh o¡ th¡ rffrol ú t¡ùmr ctrror¡ oF DcrÞolott¡l
mftrotor rnton¡r¿ Ec ¡¡olntcü øut tbc frat tÞatr rlth
læge a¡trrqr¡r lt ta ast yrt por¡lÞIr to nmn¡rr tbc

nrÅ:lrtl,on ptttöln. A¡ I rerult¡ tt l¡ ôæl¡nÈlr
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tbrt tbc tl¡eor;f of tntcmß toloranoos ôhoulô Þo purluidlo

tt&r RoÈlar¡, Bræclrll fot¡¡f, thåt tü3 ôrtttlor-
¡tlon of tùo md,trtlen oba¡aotorlrtlo¡ of ln antcm¡

d,r¡n¿ô¡ on thc $lrn ¡qn¡ro crrorc ¡ß ;¡11 l¡ thc

tm-Clmncle¡rl aUtor-oo¡rml¿tlon fi¡natloa of tho ¡uffaa¡C

Éevlatlon.

HoúTrrr Þ;r nlfng tb Soultcr tmn¡fcnr ÐDmcutll

r¡r able to Bbfl, ln a nlgorouo !¡ånnsrr th¡t oan¡¡

structuro ta tbp c¡nrturo flHr then tbo freo-tpaßc

rnvololgth, Erßt bo lcft out Ef aooount lq sonÊldorln8

tb¡ nad,latceL ftåldrtr Èooeute lt 81w¡ ri¡¡ to en

ovanaloönt ftcld onþ.

Th¡ clìleoÈ of lmoro os tho raôlatlon nua tnoatedl

1n s@c ðatrt¡ö llrtoerll ûomû that 0froß8 cèll3€ a

roûlrttlbutton of r¡À1rt6d oËcfryr [ìlorly vnr¡.lng

r!!oa3 rlll af:ruot ùùo besrlåth ^na boanrbg¡r¡ üroËcar

ÐoF¡ rqplüly Yc¡ylng ôrrlo¡r IllI proðuoo ¡lllc raôlatloa

trry fro¡¡ tho Éö,tn þonr
Afthol¡gÀ f t 1g I nolotlv¡ly ebort pa¡nr'¡ tsrao¡rllr r

rorh dbrlaos a vc¡Py r4ût flqlÔr ad oontaLn¡ raânJ' actt

tngrontrnt lôCaar It lo, tbcrtforc¡ rathor unfOrü¡neto

tbnt a nolt ôctrllcd rtud,¡l ln thc llnt nrygortcat by

BræoËll 1r r¡ tot not rv¡llablor
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Brfsr e¡Ð¡ûU thlr r.otlon, lt lr rstbütl.
r¡tto¡l¡r¡ th.t, rËrt fïm tùmr üætlLnt ræI. Dt

B¡¡e¡ troDtrlr rü Bræaüllr th¡rr 1r rættrr I¡¡¡
t.q)oû3ent rtu¡ly ùr cbüs.(t5) In hlr üß.t p{ilr ül,oh
nt DrÐllrHt f¡ tggSr Obn¡ rtr¡äld tÈr rf¡frot of ¡ûr¡c
crFot. trø mtbo Dûl¡rt of rtrr ßlr ¡rttnt¡ of
tbr W¡nr ltd,tr to tür rrdÐ flnllo¡rl rrdutfoa tn
¡el¡ rnü tå. ûDrngö tD hrtf brælttb ri.Dostlvrly t¡
Èr¡d oa t'ùc rrrûn p¡r¡r t!ËGr At r rrnlt¡ Þfu

nthnlfo¡I rolslioa ern þö ùtrtçdl ;ltbout dtl{lftcslt¡.
1Þo umfrlmr¡ of hlr nrultr¡ honnlr lr yüit lld,toê,
Þeoru¡r ratlntr¡ br¡rd, 6n tDa nrxfm nüua amff ûo

nct ¡lvo a Soot ldllortlen oû th. mturl ¡prtfu¡nrr of
ûbr rntrpq¡r

Fru trb¡ rboür ûlrcqlslærr lt ËrÃ þt rt q thrt,
rftüoqÉ .¡anll¡qt tËrocrtlc.l trcrlrntr of tD¡ rillþrtoû

of fËmt GËßr ln ¡ru'ùelofûdl ¡rflrstæ antrurr mr
eyrllrblr, tb prcÞtæ Þå¡ ùf ru nral ùccn rolvcd¡

Funf¡ülr rlrûñüh on tDr rrÞfrot tr¡ tDæú-bmr ¡lmf¡'rÞlrr
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@ËEEE,J¡5

4 Nl$l¡f. dt¡lp,m¡AqF

I¡ this oùt5rtcpr tùc ¡aln bory of tùo th.¡lt 1l

¡rcßontcdo or¡fy tbr cffsat of pàam crDoat¡ ül.cb rnl
e¡umö by :urfaßo ûlstmtlon" on tìo raû,latlon P¡tt rn
of pnnebofÐfôe't raf,loator antrqn¡t ü¡f bc ooa¡l.domib

Thle ohffrter úI¡ bc OtvlÍl¡ô lnto fsur n¡fa
¡¡otÁæn.

In ßbe flrst rostlon¡ a tborlt ôf¡ot¡¡¡loq of tbr
varloue etbdt¡ of ft-dl¡g; thr fâr flcld, raÄletlo¡ pattæa

la ¡¡¡"eroat'cil¡ Tho rlm lc to feolllt¡to ûbr goHlal
¡¡sþ¡¡trruilln$ of tbÉ folJ¡rlae roôtlontr

In tho Dcoosl rcotlon¡ aa tttoqpt ls naÄc to oltl-
¡n¿to thc losr lÃ tbo formrÖ grta stutô¿ by a glvon eat

sf crroreç [htro le lryrort¡nü þeoæ¡¡c lt ls (þrir&lo
ts be gblc to astcsB ho¡ m¡oh lrÐ¡pvcønt aaa þ. æbltvcû

ú¡n ctlert l¡ neÄo to reôuæ tha rrnrt frloa ovs tb¡

antenne eporturcr

Tho tbtrtl rrotlon atùcnlrts to I,ntroduoe a Ðr
nctÞoû of ryproaoh to tbs ærc dlfflcult Droblæ of

urnufeoturl,ng tolçrmoc¡r It bå¡ þern ¡tlôr tn
Cb¡ptor II r tbrü thl¡ nreblæ b¡¡ Þcra prevlourly

trc¡ted by nar¡y slrthæ¡¡ liowYerr the natorlal to bo
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Dlora¡tG{t ln thlt ücotlou le b¡rforrrv ett¡ rtt nctboê

n¡lor tt po¡¡lÈI¡ to rtqpttfy tùe natbcmtlorl pnoblm¡

aaÄ to tol¡r thr rooh¡ntod tolotaast lnlÞ.cal on thö

oon¡tFuotlo¡ of th bmkfng rtn¡stu¡'co

A oonpt¡toly Er rDproæh to úhc I¡poþlæ of renllom

pbaro i¡rolc ln larç antcn¡¡¡ ls prraontril ln thc lrrt
lcetlonr It attoul¡tr to ¡olvo trbc ûlfftoult problcn

of ¡urfaoa ôlttortlon oaulcif by cxtorn¡l offcote¡ ¡uoh

r¡ ;l¡d. loaÄr¡ 6r¡vlt¡ttronel foroösr ctor A Erlt
oonr¡rlrto d,lsou¡¡loq of th¡ proÞI¡n l1ll be g!.rrrn la tùat

oootlon.

J.1.

5.t.1 . IlEf,lnßllûa
thlr a¡stlon ls rôdla for ths bomflt ot

t¡¡rdrrt üo are Âot qulto fm,lllar rtrth ttu ncthoö¡ u¡oû

ln êc¡rlvl¡g tlrc raâlatloa B¡ttcrn d ¡ ¡¡araboXofô¡l

rcflottor anttanr" A vrqf oqlrcbmfY¡ tnrtorst of

thc rtrÞJüot crn Ès founü 1n ellvcr'. ¡of,fdÀn "xtorffi¡to
Antüruâ TlúofTf ünd Detlg¡ß.

lbrr. i¡ ¡o rcYClty tn thtr llotton¡ ad, tlË bü14

natcrl¡t pËæntâü btp€ oa¡ alro Èa ùtrfeô olaotrorc¡

ræc¡rtr pcrhapsr ln a ûllftlent foËrn.
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ocnotalþ opoallngr tÞoro a¡o ttp ilsl¡ mtholla of

ffüi.a8 t'ho mÂl,rtton ¡nùtcra of a rofacator antonru¡

Èbo l¡xlr¡sadt eurnrnt mtboû rd thp aBcrtwc ntbodL

In l¡ho il'ult¡o¡ü' oumont EtDoûr onrrcnt¡ c¡oltoâ

ty th¡ ctrotrmagnotlc ttclû oû tbo lroltor on 1ùo runfeoc

of, thr rcf,I¡otoF BrG tll¡t oeloulatcd. lo dlo thl¡r lt
tc omonþ alatnô thtt tlro lurfao¡ ôlqrlty of, thc

olcotrlo ¡n¡rtra¡t ts

J. * e(ItJf) r.Òl (g-t)

üær
.Ut * rtgDtlo trotor d thc l,ælôrnt tffiö

I - unlt rotor norul to t'br lt'ftsQr
In othcr ;æûl¡ th owrcnt ôlrtrlÈutfoa or¡ bo

eÈtalmd, fræ th¡ togenttrl W¡o$at of ÛD. lnttûrat

regmtto fl¡Idr EÞ ro¡ulta¡t flal'd gettcu 1r ttpn

oþtalmû by ¡u¡¡rrl"qp¡lng tbc lmfilrnt ônaf tbn ¡oattorcd

fl¡tå tru tlt tofloctor.¡ füt lattor 1¡ obtetnoô fnon

thô l$lt¡É.al ourroatt.

Tb; r¡¡ofi¡ln¡t¡ of tblr ntDo4 lrr tbcrcforct

llrpcilcat on thc vlltölty ot rqurtion ( 5-f ) r úrlcb Ír
¡¡rot ontJ ln t¡hc *rrt of, rn 14.üly oonlluotl¡gr tntÊlnltl¡

pl¡m rrfrIcotlne t¡¡ffi.
Fo! pa!êbotolô¡l ncflootoær r hoilvcr¡ th¡ rbnr

crgrctrlo¡ fcr thc ruúm¡ Glilaü¡t ô¡n¡ltt lr no longg
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roo!!ôtè. lÍoytltb¡lcorr for nGflaotof Ëu¡'fsoor rltb
largc raûlt of oËsraturç, rqurtton ( Þf ) ôoce rrDrËreñ
a ?ört 6ooû äDpro¡Lüatlonr

fn th rroonÄ mthoûr th a¡nrrturo uatbod, tho

fl,cldl la tbÊ rcflcetor qpËrtum to flr¡t oeloul,¡toû by

usirìf, tht l¡r of, gcmrtrlo*l opttor, loÈr, tbe nnglc of,

lnolûcaaG 1¡ cgua.l to tbo qglc of rcfteotton. Thli
mtboû 1r Þarcô on tbo Erygrnr-f,lrotrhoff ¡rlælnlat
tho rrdlt¡ûloa pattora ti ûttöf,lnflrû fnæ t¡Da f,lctd
ül¡ttlbuttoa olrr tb ap.ftrrË plane.

Eerloatlyr tha E¡nrtqrc lcthcÍl la alro aa l¡pnort-
nata mtåoilr(a6¡ r¡ thc lar of roflcotlon lr¡ ttfl,at\t
tDGìÞ{¡rgr oû1I t¡æt fo¡r ¡lcettrqgaËtlo r¡ra lmld¡noo
oA lü l¡:ltnlt¡Iy fügË fûr*fþ roüußtlq8 rurfæc.
Bml¡rr fsr raf,Iootcr lìå"lng lalgc ead.tt of ou¡ryntun,
tJrc oBtlcal l¡v of roflcatton oaû bc applloû úth
rÛlflotcat aoouraoy to thctr ou¡vllløclr iurfaso.

oË l}loul{t alro mtlon thc dllt(rætcü rqy
tochntqu.(xt5t+) túoh bñG Ècrn rrrcû latcly to rtuûy
tbr nd,latLon ¡t ls¡gs englrr ¡Ef fron tho ;¡d.¡ of a
¡trleÞolto rntcmrr

Borlvonr tbË ft¡rt tm utüo{tr a¡c rtlll ùtr far
tìe nrt oæonly n¡ct ln solvLag ûtÊfraotlon Drobl@1,
dmpl,te tb¡ fæt thât tby ûo nst l.ü¡t to ooq¡lrtcfy
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sonßOaô¿nt r.c¡ultsr o¡crpt tn the llnlt of ¡aro rÊv!-
langth çürn Èoth ncthod,c glvo æounatc trrrultË. TIç

ûlacr.;panoy lleq ln tho fæt thst ono har tåa flclô rt
tho raflcotor at th strlt!,ry ¡nlnt, ürtlc tDË otDcr

u¡ür th flold ln ths qtortulc.

Duc to thc aËecaoc of a r!,gorouc ¡olutloc to tbc

problcm, lt haa not bocn poaclÞle to eettmsta tb¡omtlealfy
tho crlof of oaloulatlon ta cl,thr oütôr Th¡t, Dorætr¡

lcalt to tDo rüË ¡rerr¡ltr ooæcrnl,ng thü nalnlobo¡ thc

¡ldclobcs E¡r to !t, anll tÞ aûtcnna galar For tble
fGrloB¡ tbo tço mtìsdls a¡s q¡IoyËô l.n anten¡¡ thËory

as bcl¡rg of, oqu¡l vulu¡r

lforvcnr ttr tlrc qa¡r of pharc ür'rarË 6autêd by

eu¡rfæ ûlotortloa, tb; l*h¡otô ouront mtbod lc fgl¡aû

to bo mÍlo êcat¡aËlc. Slrpa tl¡a crlors tax'c B1aoc at

thô aufro of ûha ncflcotor lnrtcaÄ of fn th¡ ryorturc
plrær tlp lnÄuood, sumcat mtboû glvea a üoDË aoourato

ortl¡ato of tho tËllqrr offiot.
For thls F.¡ronr tbÊ tr¡anro.d, our.t6nt ætÞod rIII

be u¡ccl tbrousbout th!'t 6bqgf3¡.

3.1r2.
It h.r Dccn tatd bcfu.r tDåt tb rüsultant

flold, pattcrn o¡n Þc obtalmû by au¡nrlrçnrrng tba

¡s¡ttcrôat floLl, flø thr rlf¡rGtof üê th¡ lmldont
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ftcld o@lng cllroot\y fnø tbe dotslcêe In tho oÊsc of
a parabololôal rtflastor antrnnå havlng lte faed. äorn

locatcå at the fooal polntr thß ûtr.oot oontrlbutlon of
thc fcod to thc rc¡ultant flclû ln ttre bslf spao6 ln
fnont of thê scfllcoton lq nogllglbly ffiIle It lr
thorqforc ouatonary to tûcall,go tha pnùlsm arü arüEe

that tùø ætual alrapc of ttrc radlatlon pattslln ls oolc\y

öctc¡mln¡dt by tho ÉGatt.fúd flelð, tlm tJ¡r ¡soflcotorr

Thø oaloulatloa of, thc soattcrod tloldl fiqn a
rcflestor àa¡ booa trratcû by S1lvor. glnm tho ourrtat
ôlatrtbutloa !,¡ üticqÀtlnt¡ouô rsrocc thr bgunÂa¡yr brlng

loro ovcr the rùaÀor e¡pür, c tlnt d1¡trlbutlaa of
ohalgs elong tho Þoudar.¡f llÐ le lntroûæcd ¡o that tb.
egtratlon of oo¡tl¡nrltty fa cvcrr¡rËro ratlrf,tcð.

íic sball nc¡t¡lot tlre analysls to tl6-por1oûla
flcld,s. In thta easc r tùe ttæar chalgr dtonelty along

the borr.dar¡r l.or 
( 66)

2

fr -F x'3n '.. . (¡-e)2
t lraI-E

ürorc

E

". = r¡r¡lt vcotor argûg tlro borUäæV cu¡¡rÊ

Hl - uaûÐtts vcotæ of, tbc tnolöont rñü
in . nagmtlc vcotq of tho reflsctcal uavt

f Ë al¡g¡rlar froqrr¡¡qûr.
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thr orcrrll ¡ortûr¡cd ftrrlrl l¡ tù.ilfotr¡ tb. tE
of oontrfiùnttoqr of tbræ loqaür ôlrtrltuttouu th
taffroo cEìrgr3l o'|t! tþ flluül,n¡t¡ô arrtr, tlr twfr¡c
ahlr¡cr gur tàr ¡m lflr¡ rd tD. llm ûtrtrlbuttoa oû

GlüSr rtilS tùo Þouüu¡rr
$tË tDr surrrrt r¡nû clr!¡p i¡!.trtÈuttoer natlrtl

thr rqu*ttan of eontlnultfr tDr llrlû gs Þr .rg!'rtrrtû t[
tc*u of lnt¡¡rrlr tarelvlag tùr ourrrntr rlonor Ëllwl
tùr¡ rnt o¡ to DaÐrr tãrt tD¡ ooqloÐnû¡ of tbc
rortlemô tlolit ÊÉf, e glvrn u¡flootor S. ln tbc frDr
rom ril( 67)

i" ' 't# rr¡r (-¡t*) 
/uo tltlr - t(l*fr).Brl kÌ

rrp (l¡€ .3r) a I
aoa Ò ( ¡-])

üÅ
IIr ù (g r1') lÒ.o (5.¿r)

üar.

U a ErgÐtlo lnÂuütlvr ofptott¡r

a € olcottto ldluotlrr cryætty

r-gß.---.Ê¿--X rerrl¡ngtà

toôr rr .ùorn lÃ Flgr ,
h ¡ unlt vrotor f:çou tb ærÍÉ,n to th ltct0

Delntr th. allrtræt bttma tt¡a botqg n,
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p,,t = unlt vsotor ln the cllreetlon frm tho
onlgln to ths elomnt of aurfapc d. S ¡

I = uîlt veator nornal. to thc artrfacc¡

e a Æ t = Ycotor frm the ortgln to thc
su¡face alemnt ¿ S.

ìlor, eoneftlcr thc çage of a polnt gou¡roe f,ocd..

Lot the fücd, bc located at the o¡rlgln O ln Fig. 5.

It rtII bo aaarmd. that rithln tho con€ of tllunlnatlon
fallt.ng on tho Eeflootorr tho l¡clêont ravoflont¡ cllffer

ncgllgtbly frm sphoraa about thc polnt O. I,et p, 0 , û
be a¡ùcnloal ooordlfn¿tea of e¡y polnt on the neflecto¡e.

lbe eonponpnta of tbÊ lnslüent fleld trm thc fced, to

thg rof,loator ls thon

3r ( P ro # ) - f, l,Wr #*, c *,]*
-ct 

(e+ ) erp (-Jkp) '... (Yl)
anô

rüore

(ft+ ( pr qFr)tEr=æl r. .. ( ¡-0)

a3(o t' ) = geln fi¡rctlon of tbe f6€d,r

P g total radlateô porcr from the food,t

*e¡(o ) ) E unlt vootor alüflnl¡rg the polarleatlon
of the l¡cldcnt eleotrlo flclü.
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Fron theee trc equatloner ilÉthave

tor ( a,a )J
I

ã
I

1xg)l
r... ß-l)

By rubetttutf.ns the expneeelon for (gx {1) &om

equatlon (l-Z) lnto equatton (l-3), the ecattered

oleotrlc fleld" booonas

Ë6 = - * "* (-¡nn) [ç) t #]r I .,.. (J-e¡

çhcre

(3xprxfr) e4, [-Jk (p-Et
. ,_Bt)J ¿ s .... (i-g)

Equatloas (¡-A) anÄ ( 3-g) sbor that thÊ acgtter€d,

fls]'cl hae no rarFral fle].d, coqroneat.

Thc racLlatlon pattorn of a pa.rabol.otdal reflector
antenna ean nory bc oalor¡lated,. Althorrgh an ldeal
polnt-souroo ca¡aot be achloved, ln pnacttce, a rad.lati4g
syetem can be approxlmatcdt Èy a polnt-Eouroe lf the re-
fleotor la at a sufflclentþ lar.ge dlata¡oe away from

the foerl¡ thls oodltf.on can be pnacttoalþ aatlaflsd
la nlororavo antcnna¡. Fo¡s thla r6ason, ln the

aalculatlon of the ¡racl.:latlon pattorn of a paraboloiclal

rcflcoto¡r anton¡¡a, a polnt-lotil¡rGa ls assreed, to be

looated. at the fooat polat.



þeu

{,

g
o/',

r

f



t+7,

1o aolvo tùr problcmr Ê ¡ôr ryttÉÍr otf rqfrronoc

assr ¡¡ übo¡n lq Flg. l+r ls wcd,r gllver b¡r¡ rborln(66)

thåt tùc oon¡n¡rcnt¡ of tb ohotrlo raûlatlo¡ ftclû of

the rcflootop as.

ï
E

ü

l- o$r r- l*nfi f,*r
.S.J

* .I *.r (5-to)

tgüPt
2

5 t

ûrre tbr vootor J r cÍ¡)$so¡oö ln torn¡ of thc mflootod

flolð l¡

r {l"t 
o 

g, (rrl , t3, (1, ,!r ) l rs ¡rar o* å
-I. å¡pl - J Ip It + ooC oojf - ttnll rl¡f
Í

ooor(f -t)l] dr ûf '..o(rrr¡
üan¡ ôt thsrn l¡ $1C. l+

R, 0 ; I ¡ ooæû!¡¡tc¡ o-f r flclit, polnt tn tbc
frr ron

tr f rT g eoorûlnaÛr¡ of a polnt on tìc
rrfl¡otor *u¡f¡oo

ln . ualt vootor la ùbß s ðl¡roctlon

Jt . unlt vcoto! û.flntrg ths pol¡rls¡ttroa of
tDe s.ftrotrô r[trtr

!

sLH
r*11.'i'): 

[.;:]:: _ i.t';'



tbo vcotoo J oan Þo rosoLvcd, lnto a tra.alvorsa oqroæat

pârsllcl to tbo a-Y PIaÃ€¡

48.

(¡-la¡

r, '! : /"t" toiJfuT ) ¡l [ - ,r .o. ä :l

."{ - Jts ,..'r] r8 rtnt ..o t cr cf....
ant a fonetttÉt¡¡l oæpoa¡nÛ

o [sr (f ,T)¡&
(
IJs -J a '3r ) .*[ -Jk t...r]

!

¡r2¡trnï mo!dr ðf .... (¡-r¡)

Houvc¡r úaa ru¡tæo ûlltottto! oootlslr th¡m rquetlm

m loa¡rr lrolû.

In tùc fslloring e¡otlo¡¡ r tbå Droblen of PDr¡e

.&¡qoa¡ onunoô by tbe rofþotor rt¡¡fæc êlltoÚtton ;trll
bo promatoÄ.

5.âr

A tDtorotlaÊl stuÖy of tbls proÞlæ ã¡¡ bron

IlnÞIl¡ìfd, Ëy tùs author Ln th¡ l.]j.;{r}ì. Trrn¡rÐtlOn¡ o¡

asttnnao anÄ Pro¡¡aegtlon. In thl¡ motlon¡ tho nl¡
pæt of tìl¡ Cm¡ntoatton rtll bo roprodnood¡ rilth ¡
ürc ôrtdltü dlrcu¡¡lonr
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3'2't ' IÃlÊggl*llg'
ITt th nor d,Gvtlo¡rcnte ln apasr Gr¡¡lonatlen

progr@r rùlotr æocntuateg r uËrË aotlvc rolc of
&EEüdl rptoü wàlolc¡¡ tDcrc ælac¡ t, vc8Ðr f"uDortant

¡roblu of unlntatarïg ooattãuoq; ü¡l rell¡Þtr oo¡rtâot

Þrtrn tbs spâoa nhfclo andl grouü bsiô¡.
fhls rüqrrlrc¡ a hlâ¡t aÉaurato ¡ntennr rürfÈGr.

Howerr it 1¡ rr11 hoca that tba rcllaÞtllty of
a raÄlo llal ôe¡)ånil,s Isrspfy on thË oaDÈflttg of tbo

antcrn¡ to nal¡taln ltr aurfæs oeor¡rËo¡r rûllc ud¡r
tbß laflwae¡ d ¡¡vtrmntr.l eod,ltlonr' In fmtt
ve¡'lstlo¡¡ ln rurqf¡fl Frroor clrsr orul¡d, by tb.¡Ðf
rr¡n¡¡lonr úüf trodrf fù6. Doir rn qDDt! lt¡l,t te

tùo prroldon rtth rùtoh oaü sân ¡trofLtðLy oonptn¡ot

tb. raflcotw ruñm of læg! antcaalrr

lbreforo¡ ln ært ottttr tbe rurfæo ronrtr otfiso!¡

at ary ¡t*ûlcular tnrtutr 1¡ not hsra¡ A¡ ¡ rcrnltl
th¡lo l,r æ W of ¡noüles tùr r¡æt lorr ln tbe fæ'rürat

6afnr

In ow DertlouläD oürm1 Mtrcr¡ thß rcY*t,ty

of, ünylloma r:I eoÉttlon¡ nÁ¡ lt nooo¡tary to Drovllb
tho r¡ûsr¡n¡ ryrÈra rtür rü rpcotrl fuu d proteotlon

¡o tì¡t tbr ¡nteÉn orû fu¡otloa æ11 tmÄ¡! all ratbor
oodltloln
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Fcc thl¡ F.rte, ûdttnrr rúür Dinf bæn

rafoDtcôo fùt Ërt$ ôlra4vrataglf r¡ìü r¡Atrlton ùl,oc!r¡r,
ûur to thc mtalllo qlæ-ñæ of tår rliæ, enÅ tÈ.
lo¡¡ iluc to mflcotlon flm tün ûlelcotpls ldom ¡uFfæro

ñorvrrr rLtb r Dropôr ür¡tgn of ndoru þ@-f!flûo ra

roll ar e Drropor ebolæ qf ndrcnc natcrletrr tb;c loür¡
sa¡r bc gñat\y ntnlnlsôo It hsô boss orafra(tr) thrt
an ow¡nlL lo¡¡ of ùout O.5ft'orn b æhlovqt.

tlp ûe tlrte, tÞ utr of radm, rltDougÞ fs frü
brtng Flfætr(lot6f ) ,*. to proü,ûo thË ba¡t Dolulloa.

Ðæürer of lts grætry, tDc rtatlørry ladæ f.r
nrrch lc¡¡ ú?Getcü Èy Gïtalncl olfbot¡ tbrn tb¡ r¡ry¡rro-

ttetaü, sq¡lcr ryrto d rtcorqbh anta¡n¡. Igrcovtr¡

a EoËr ualfofn teqnrrtusc ûl¡t¡rlbutl,on üftbfn üc
neâm oen br r4¡rotöêr

¡tr r n¡mltr eptrt tlß tào nnúæturlry trrefr¡
thr ü¡y fryortrEt fætor l¡¡îItrætnS tho rbfDo of ûh¡

rr(l¡otor ¡urfnr tr tDr grrvttetlonrl rÍlootr wltb

Eilrtn lrtùoû¡r lt lr Dooelblr to oq)utt tìc m¡*æc

FrDotr GrFor sa ¡ ñ¡nÊtlon of tùa rntannn bfrrl¡8tr
fb Ërultr een tbl bË ¡tonll t¡ ¡ rpcolrl lrorl¡o.t

üqn¡tû¡p úlob ¡utcetfo¡fft ¡lri,ntr out thr ¡urfüro

r¡Brte .tßcr ñcn t¡b f¡put tr ñû rlth lnÎo¡catto
oæoc;nlng tbc rntcnr ùoætngr tat¡r

--æ9*=
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It cu¡r thrcforc bc rdr¡ rñ¡r, la ao €rtmr lt
tr t4¡ortat, fe! a protcot crylmcr ro*lnE ln tbr fl.alô,
tb¡t 3Gþ üanr of lncdlotrng tbr c¡cot lo¡s of galn Ln

t¡ÀG f,o¡ra¡Ö d,lraotlon aå a ñ¡ætlon of tlro ör¡rfeoû ¡rrnolo

GDror trutt bû avallaÈIs.

5.2.2. A ii¡.@La .S.qJ¡Ftl'oa

Slrc¡ onl.y tho fo¡rrard. gêln la treatcd,t

tùo gtcn¡r ôün bo rr¡llæod þy a al¡aular a¡¡erture¡

Iß3 p qnû g br thc polg oooËdlüåtta of a polnt

on thr 4nrturc rÐ¡o contcr oolnËtdlô¡ rlth ttro orlglnr
If tho tllull¡'3loa la unlfuu rßrorl thc rt¡otro a¡nrtu¡¡r¡

thc llold rûrsngsh lr¡ tlrc foryrrô dlrosûlon ln thc

f¡r-Eom rogtron Lr

8r
E - Comtant €æ (Jl )F ap dd ..Ò. (5-r4)

o

ü¡¡c
Sr Þùr¡. taror at tba polnt (prg),

Ih¡ m¡uall¡r¿ IþüF 10 t¡ÞËrof,oro oqual te

L

l/rt /"""* tJl I p ð'p ô'o

,1 ,h
J" J" 6lu¡ iJ,É lpôp cto

2PN a

2

ar

f1 rb
Jo Jo

PdP do rùô. (5-î5)
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In ¡l¡nülor¡ ùeilT.lr t lr ¡ß.fft n ff. n
tñr ttra

rrrlrll+ (t -'

làtr lryrtLt tùrt

| Þ> C
lr

cr Éf J t çdtrü¡¡

In m¡b olrtrl t ùrü
I t Éi

å * lÞ_J pap4

.r.ö (5*tg)

rçrr (t*17)

I
t l*

tt

: l- t
n

+ J(T*) 
2

OD Ptr= r-tl *ff)s¡ .ro. (>.tA)

Êl¡ F .m Ë .n tbr ra rltu oú ¡¡ "nl Q t
mr¡rctlrrl¡r

tror¡ t!. r|q ¡qì¡rûr Dùüt ðvl¡tloB lr Éwa uy

rl rJ
Jo'l"- (ç -TlzPe o

f"

I

.l -ù
i í pap&
JO JO

¡*
Jo

? !(t-l)8*
PQ T
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7 ! -I
j
I

J
+l *2Q.û

,- (Tf . oor (rtg)E

-¡ãPtr. | - 0- rror (¡-40)

In otÞl n$ctr tb loü l¡ nomrlt¡üal Doürr lr
rq¡¡L to tùr r* t$ror Dùr¡c d¡vl¡tlq¡

5r2c1
lhr ùoË lr.ult Dr¡ þ:rn ålroetly OslËû

flæ optlsal 6tlcür Itr glætltrl urrftÞtlr¡ hmvlrt
l¡ rrtÞre ltrttcû¡ broæm oquetteq ( rr-.9l0) ¡rr ùnn
ûtDtî.t Èy r¡nnlry thrt th. ryårturo l¡ r¡¡l,fc¡lll
lllurlnrtrll. In prrtlol, tbl¡ trr nct thl crËr
trt lr, tDrrqrfor{rr lÐltrrúls to fln¡t ¡ rorc grmrr
qlnrorb to tho ¡pebl¡¡r rltb æ Dnrcoss¡lvril r¡¡ry¡tlonr
Gorulnfns tÞ rÍDeü nsnttü¡lo rÉ thË forn of tb.
q¡Ittutr lllutnrtton fuüotloû.

Dst u¡ tr.rw r oûIt¡lþloal eymtfy for th¡
reÄlctlqn Inttrtnr d oqrutc th¡ rrlltrtlon flrtå l¡
tàr Dlana úor¡ ç- +, tbo oqly ftülÄ t¡ tDtr plrna

lr r* ülcù tr glru ln cqnrttoa (5-lo). Hoilrtrr
rl,.æc tù¡ rulrl Droôu!û Ld r |. tr rlwt rllrÐr oafy

a* :a oqronrnt oú tbc r¡eto! f, 1r p¡qulrrih
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îh!üforc, ùào orpO$-tçso rrtûlåtlon floïf la ü. forruû
d,lrcotlon t¡ oþtr.l¡oê by putttng Q - o ln tb c,Erütrloa

of E. . thrû 1¡r f!ø rqErttroar (Þf O) anÄ ( ]-.lã].,4
rr ÈrTr

l,n L
Te

E nr 0on¡tnnt to (f 'r)J r a!.dY tr dFo
*

ùutr-

rhrnC D - foc¡l lü¡¡ãn eon¡trnt

Eo * c t: /"t" [c (r ,r ) l* ten

È¡mO1¡roo¡¡tutr

wùân csrorË ûo oocur¡ t hcvc

to (f ,r)lt ¡¡p tlo I ûrn I
-

tD

-d--

I + oorÏ
D

ãFT

L
2

i¡T dffr

rÙ iïoEorG Jo Jo 2

Cf ðf r. . o (>Zl)

tro # 1r tbe BÈ¡¡ö tlrs. at the potrat (Erç rY ¡ o¡

tbr ¡cflstor.
If th. roturl r¡&lettoa ¡¡att¡rn rorö plottoê, ni

muld, ftrnÄ tàat ûìe r¡mtqf et ths patt¡lg Eo troagor

oxlrtr boonr¡o of tþ GpfroFB¡ For thl. Fre¡oar lf n
rnnglm tÞßt täs sofrlretE¡r t¡ rot¡taÄ aþout tùo arlr
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of tÞc atrt¡ãna, rùtlc the lìrcû ào¡rn le hapt flrtt, Ér1l
fl-qal thåü Êtr¡ ftclü, atrongt¡ä rt ary pol¡t ln th
Frn¡nhof¡r ro8É,oq rlll ohaBaq thcro l¡ om creptl.on¡
horcw¡r¡ tD¡t lrr tDc flrlÄ ¡tron¡ûh tn tht f*rar{l
ölmctlon l¡ not Alrtu¡tra llr tqy qy by thlr rotettenr
ü lt t¡ ln thû ûlr€otloa oß tåß arl¡ of rot¡tlon¡
Itrl¡ 1ðr ln fæt¡ t¡.tm lwrlnotlvc of tb¡ æturl rùl¡tc

of tb faÄfcttffi Daûtorn.

8l¡¡of ro onl,y ctfrot thc rotrtlon tn our ntdl,
th; æ"ror Fettora tr aoÈ rfr?octrû ùy gr¡vlt¡tlon¡I, or

rryr otDa¡r cffcotoo On th¡ othæ han¿r th¡ Btr¡ü otlror
glaoolstüû rlth ary fl¡aô polnt of thr tôoal rcflætor
üoulû ohangc rltb ttc rotatlon

îbrofor.þr trf n changptl thc ragÐltuÂc of tbr
anglr of rotatlon ln a ¡pdu nnm¡, ç rmlô rucoaoô

tn aohlcvlåg a rril,æ varlatloo of pb¡rE Grlolto

fhe ¡¡roDls os tùarcfora br trsttrd. ¡r a

rtatl¡ùl.ott ¡xpùlær
It ts lnln!.trgt to mta tùstr rrü,öür tha rvtragp

raÄl¿tton pattcrn l: equtcü ln tÞlr rü/r thc aoûrruI

f,lclÊ rtr¡¡Eth l,n eq¡ ût¡cotton 1¡ å!f,lalcat f,rø !.tr
a?;rûtË val,w" oa ttË otltr hartûr ths avara6a flclô
¡tnagttr la thc fs¡rarô ûlæoùlon 1¡ c¡ætly rqurl to
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It¡ ætual valuo, ütrtcb üocr ¡æt change ûurlng thc

Drloocgß of rotottonr

lho¡oforcr th æh¡al flold, rtrcngth la the füïa¡ô
d,lrcottour for a gtwn {urror Inttclnr 1¡

f aæ
le ( €, r) Jr (oorç + ¡ clng )

Ttof at ilg o.'r (þaz)

rno f
.båE sB rGæte 8T€r

üær
(oorg + ¡ ßnl ) . rvora8s rrlu oú (oorç +JrlaÉ)

Lat 6 bü tbc nagnltuÂo of ths n¡¡fæc ofrot at

a partlsuþr polnt ( p, fr T ). ft À la tlË o¡rarstl¡S

r¡vcXcngûb, tþ oomr¡poül$ Þhtr ¡rrsr l,¡

ç =+ caeor{ .,.e (.3-ar}

Ay amulne thet 6 t¡ norcally d,lrtnlÈnrtcd rlth
ãoro ilta; lt oa¡ br æcn th¡t tìo ru thl,4g ar¡ ba

.rlal of, ö | tbü ¡tffirrû, ûctlrtlon of Ëloh tr glwa DU

lrr
É*.ê, * T î re ó. (fg+)oôÊ lLI

üfrro Í l¡ tåo ¡tend,anô dcvletloÂ of g

rt crn a.lro Þc rbon o*n(tl)
a

- -

ö60rú+ a -oslÉ +lrtaf
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+æ 2

2,trt
öû rO@,-ffiL

al¡É 6rI)
t--

{

I

ó l?
ø

ad

-
I

J

a,ø

.i'r (W5)

l--Gor É Ere

,lro û3".t
ctP

ù CIp -øåtl,L -
â

By rnrDrtttutl¡g tDo r*nr¡clon¡ ror îfiilf, enû

ñÉ- tato cgnatlon (i-r6)r ç h*ç

E*r. = Earü. = o [n I"o [o ( E,r ) lt .* È *i
tan f cr qf

¡ c [* 
[o'o [a (f ,r)tl rrn þ *.e åJo

tan å ôï atf .. r. (¡'eg)

iËgntloa ( J-36) rbo¡¡ tù¡t tbr lorn trn t[r æturl
galÀ lmrce¡oa rqpldly úth laorcanlng o- . In pr¡otlotr
thls elso mca,ne thrû tt nry bc ôcrlrrDlc to ogßl.o:lm

tbc ætogta pe¡rfomr¡os by røcluolng tba foarÊr ofror¡
Thla DroÞI.q¡ hsr boËã etr¡ûlcd bJr Ba¡!ìodo¡a md utku,(6)

Tb¡y ôcvclo¡nü a ooqruton pnogrffi to ocquta, ÈoE tht
orrorts at a aumber of obea¡vrü pohts¡ tho ner

t
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orlrñrtts 0û tå; Þrrt flt ¡nrrUolol0r tÞt optlün

"ürlrttqn 
of tDe f,ooal lGagtb qÅ tbc oqnnat¡ of tbr

l1glð Èory notlon requlmü to glru tbo nlnt¡u rqaot t¡n
iquæü.!rü. Th!.¡ oqlutcl Drtotr+ilü m¡ l¡tc! ¡mûlÍlst
rnal lÐtøual Þ!¡ RrJ. ütrla tnt M.sr lttotr

5t.5.

!¿Jrl. ¡¡lËgl¡¡l¡gg
EÞr psuùlo of umfæturl¡g tolrranm ln

prnÈofoutl rfl¡otol rntrur¡ àil bc¡n rtutlloü tu
grcrt d.tüI bt Êu¡r r RoÞtru¡¡ aËA el¡o by Brætlrllr
Tbll Ërl¡ trrr b.r! prrvlourly dfrcu¡rd þ f¡àlr ?Dlrnr

In thlr rcattrcn¡ . nr mt$oô of, æ¡¡roæh 1r

pmmatrôr fhfr üthodl nù¡ lt poulblo to ¡tryIlfy
th¡ $¡haaûlorl rolstlon¡ rd to rcl¡r tàß noàrntoü
tolæm læo¡o¡f öa tbo con¡ù¡ruotlon of thp brollng

It$t[tuÉt¡¡

Tbð lilôr l¡ to uo. ¡rFr€lroþ foÐô þtrngur¡!

Dtnül¡r üoæ ooütlrr Eo atûnhdl to r rlS!,û finrrolt¡
to Þutlô tùr ¡mrÈototit lurfloor ryltà DroraEt eatlrnolt

notbo{lo lD rt¡!trrtì rmfæt¡tf¡S ürtru¡trt,r¡r trt lr
¡nrrtblt to ploêrm tbrao Drrsl¡ üth hfghfv ær¡r¡tr
ôErlntüË{rro For î¡Dl¡ toåronr thr supfaßr of, tht
ßiflt oûot orr bt roumto\y oærtrutsl üthsgt tb
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nocü of a hl¡¡ply sgtu¡tr rqlporù|,{ frnmll, Dcoaull

tbå ¡urfær noosr$r sm bc ràtovoð by oormotly aÂI¡rt-
l,.ns th oolm lttgDt by optto¡l stntr ¡¡orcow r ¡t
tDo ¡lsr of ûhe pml¡ 1¡ nrll oqrrncd, to tüo dtlmttr
of tùr a¡tou¡¡, tbry caa br p¡rolealy nd¡ô rttb rcl¡tlrrlt
Icl ooltr

In lucattos¡ hotcvcn¡ lnoonrtst ¡ottlng¡ do ooollÌr

fhl¡ gtwr rlr to lùar¡ Grloatr ad ormrr a û¡t¡nlor-
aülon of tùrc aDt Bß ¡nnforocrpcr

In tbl¡ ¡aotlonr åå rùtqrt 1¡ dr to ¡rrrrcnt r
ntbnr3loôl treatn¡nt of thc proùl,on of rantg phËt

otllora fe. tùl¡ pa,rtlouhr tm. of rcflfftos¡
Xour rltbufib tt !r tru¡ tàrù tbc üopætun of tbo

æturl red.latlon ¡ntüofn et an mtcnn¡r trE¡n tt rtnÄo¡
l$u lta tÞoorotlsrl p¡ttcrn lr ¡ fimtlon of tb
oor¡¡latlen l¡tertalr tbr tü swlu¡toa ûor¡ not qDBlt

to thc ¡r4rtrE! rrÄlattoa ¡nttcrn¡ RoÞtour ìä. Dl¡oüû

tb¡tr for railll of oærd¿tl,on frr6ü ooq¡anö to tbr

relrlragth oú tlr olntrtüg flrqsaryr tbt *tst¡!
rutlrtlon lpttern l¡ taltc¡ndont of tå¡ ¡¡rgnttu¡h of

thc raÄlno af oe.rrc1rttro¡.

Ia thle Gtte¡ a¡ l¡¡nrlt ¡rro trlrngBlæ l¡ ùq¡a,

ücn .añDa¡ Fi¡ ËI1 oqrsc4 te tbs ¡¡rml ltrm¡r
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dlLw¡toa¡ ¡o dlrtetloq of prnolo ttll oocu¡ ôr a r€ûnlt

of ¡rttf.Es GfÌF{rBr On tJro ot¡àor ùanÔr tho rctlootor
¡urfæs lr d,tr¡tottóê ðua to tho ôl¡¡¡Iænt of I¡aqsltr

Tlrla paltlcular pr'ÐlËo of ¡tbaao €aÊerl oå¡ tboTc-

fcc bs üreatoü rlf¡hout tþ moÕ of crPllat tlJ ûsflnt¡g

thc ccrôl¡tloq l¡trrrrlr bccs¡o tDo lríllu¡ of
oolrtlrùloqr ln tà14 eôfltr lÊ lefloübto¡lly f¡¡'gÐ Gm!

pæcû to tùr rsrolsngthr

Thc stattstloal arsrago of tb flt].d, pattorn tiII
be oqrutdl la pl"æ of the norc amroqtlo¡al po¡s!

pattcra. \ìlæc F æt on}y congËrmd ül'th tDc avcrqgl

loaç ln tÞ fo¡lard, e¡La åd tho rolatltu lnorrero ta

¡tdnlôo lrvcls¡ tùs tro nothoil¡ anc of cqual TüÉ.
TDO ¡nrrn pattorn, büCtt¡l.¡ Goeûftt bc eYalûåtod rrltlout

or¡rtlcltþ cpcolflrtry t'h,a ¡raÄLu¡ of cæ¡aletlon.

iloslôcsr lt ls ûsflnlto\y nush tl4pltr to cqlutc tha

fl¡ld, pattcra.

3.3t?.
Fra tùs aÈoüo û:lasnsolonsr lt a¡n Þc atla

thåtr l.q Ðls cet{tr thc oaly tygc of arço¡r Ërlah rwfü
algnlfloaatly affect tÞ ¡ntanna raôlrtlon ¡nttctar ll
tàs rctttqg GFo!¡ thrt le, tbe ÔlfforÊm'G, æarurcö

aloqß tho ¡orulr þctncn t¡he ætual belgþt of e coag¡gt
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aaû tt¡ lalaöI ¡Êl6ht abovc tho baallqg ¡future.
Lat "tJ h thp æror at thÉ ltÀ oolDsr ú tùû

Jü l¡enrt.
Dü{r to tlre rrydm mtr¡¡¡o of tbo prólcmr clJ

la ¡ot precl¡oly Læra. I'ol thls raËtoq, lt ls ttot poatlble

to o¡tt¡atc tùr eæt rdl¡tloa Pattoaa of tD¡ rnto&nr

It lar horcvct ¡ ¡naalÞlo to obtaln ùþ atatlatlaal
dtærgp pattcm at & ñ¡ætlon of tb6 otdnrû ûcvLqttos

of tho ortìorr

It can bo rrrq tbat e¿ ry artarm oltbor Poaltlvo

or mgatlte Yalucs. Be¡ldoor 8.g bo'th ¡naltlve a¡¡al

nagatÍw crrort aro ll"he\y to æoulr lt la qultc ¡robrÞlc

thåt tbc sveragc valm of € tJ l't Earo. fÌç negnltuÄc

of "tJ la also lüËry to þo múrr f.
I¡o¡r tÞca6 B;eso¡¡ar ons lc Juatlflcd f.a a¡aü.n8

thst the raqdm va¡plab],o r ,, lc r¡orøIly ôtrtrlbÚall¡
and hl a züro úFaût

rir 
" tJ le sma"tl oulraroð to thc llaear' ùlmaslæ

of, tho F¡nclcr ættfng GüFa¡rB onIS¡ GaJuæ pamf ûlepIæc-

nont¡ but no ðlstortlon æcurs.

ifo;¡ ths crrnopfroe trancvclso ooo¡¡onanto of tlp
aoaÈto¡recl flcld, 1¡ tJ¡o Ë¡ra¡¡¡hofer regio¡r ú6trPë glven by

cquatlonr (f-to¡ to (3-15).
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Slffi 
| ls elmyr o¡rtt¡ogpqal to 1"r thc unlt

faotor f¡ the d,lroctfqn of thc arlü of the psraþololat,

tba aoal.a¡:. proðæt 
å 

. L t" alüqys oql¡af to sero.

Fæ tbls aÊa¡onr ün $, la craluatod,, tbp cæI¡oænt

I, d tDo Ycctor I oen bc @lttctL
In tùlr üoIB, rr ih+l} ctatË ü oßf.glrlea"ì.

qrmatry d tl$ rndlatloq Pattcrar anil prOçcad, to f,lrdt

thö ¡raôtatlon Battern tü tl¡G g-plans only. In thl,s

planer tbs flelel. håß onþ an IÊ esryonÊnt Ëlah 1e
6obtalffi b¡ puttlqg ç * T ln equatto¡ (f-12).

Ehat La

Ë
6

rith

tÊç .¡P [- JIRI ' {tf]* *}u rr * c rt

t" -!l !:" tar (f ,r)lå o- $ err [ - Jkr(r + oor, cor

rûî st¡¡t arng ) I . î2 .hT æa t q k

... ö (yzZ)

.o.. (3-¿g)

tetsc¡ â Epr form

... (5-49)

coo .'!f exÞ [- Jkr

üm Flg. l¡ for lofereaoc.

\Tàûn 6rr{0.18 ûo occtr, .ri

E cri
ulth

û

ç

tl =/.*/oto
i

[or (s 
'- ) Ju

t
(l + oon' Gcfu - e\ sþ0 efn6, )J

r €g tJal ra rtay"*$ürt ö. r. ( ÞJo)
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ür A 1¡ tìc pb¡ae c¡Fror aontnlÞutaal Èy ths oloræ¡ts¡r

arsa at tbn polnt (r, F, Y ) of tbe refloats.
\lc h¡viÊ ugloctcð tbc offcct of tÏp 68!0r on tà¡

¡nplttuÀc of the olænta¡r¡r flcLd.
Frm o¡uatlon ( 5-lO) r lt oan bc tÊËn th¡t, to

obtal¡ tùc Aattora d rl$ r o&l ut¡¡t Bfæ ffi the valu¡

of a.

tbo pnoblm, thoroforo, rctolvee lnto flqillng A

ln tc¡no of tfJ'
To üo thltr l¡tte obooro a panoL st ranôone ar

tho paml 1¡ not ôl¡to¡rts¿ by tÞc corqor orlorsr !ËI¡p
tl,vc to tb ¡nnolt tb poaltlon of tbe plam trlanght
fqffial hy the qpü¡aË of tho BæsI, lo tlpraforo flr¡üc
Iror thlü flËaöoa, th aorual df,rplmæt at ary ¡nt¡t on

tho pucl úlf Þc oræ3fy thô .so ar that of tDo

oorrct¡rodrng polat oa ttp plæ tÉeñgl@¡ lmcr¡rcttrt
of ths ou¡vaturo of tbc panel.

.A,r r roeult, ¡.f tho rctlanoær r:lcr aFD Do càøtta

thrt, ücn tlrcrc la ¡o oÍt¡orr the baso trt'anglo of tbr
panol, eolnelûcr rrlth tbc (or, oy) planc, tho r ooord,l¡rtr

of any polnt on tlra ûlspl¡eod plane tntangle lf,tL
reBreacnt the rmrnal dlaplaoenont ae the oônrosponitlAg

polnt on tho pnñI.
Âs ahonn ln Flg. 5r Èy ehooslng the ccntrolil a¡
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t'hc e¡rl8f q Of th rst, tb aoo¡{,ta¡tar ¡¡f t¡c æ¡'¡¡lr
of t'hc Atrplæca Dlncl rrr t

¡fr-bt r2e+bl rSeO
J1 s-{l lZç-ût ySqgd
q=éfl ra*êZl 85* ",

ro.; (fft )
üüt

g * oomF æFor at tùc lÈ cmcr
2þ ¡* brßr lcngth of tbr plam trla¡¡Is
lfl ,¡ Þreil.t d tDr trt¡ngle, mA, or"thogonf

to tb brto æ,

tåo mrurl itlryleoaôÉ ¡ rt æy ¡nl¡t (¡, y)
of thc B¡ml fru lt¡ ldrat IldltlÐ l¡ thoætonc glvca
Èy ùhc foltroülng rqu.ûloü

¡yÌt
\Jl !rt
+,J2zzI
rlt3r,t1

! O ..r. (r-fe)

By rdbrtltutl¡g tDr cgrarrlu for x1e T¿r l1 tlc
rgurttæ (¡-¡t ) f¡to oqnrtt* (r-]9.) r Ë à¡vo

6tata - d (g¡A+yÈ-2bü) + e¿ (Jrd-yÞ+ Abö)

+ g (zyb + ebü) r..r (r-r¡)
fbrataæc, 6, o¡F !, l'a a llæer frættqn of lo

Ar % vef,rr tn I rt[ü@ nær, ro ûorl ]
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It }'as also bocq rbe ln otatletloc that, tf
€l r ËA, -.... c¡l arc l"ülc¡nrürat, aorrr.lþ û,lrtftbqÊcd,

vall,ùlcr, anJr li'æar fircttot of tlr fætn

qo + 6'l q + sg h + .r... + Gn h
lr lt¡olt !sml. forcotur, ttr ml¡ r l,¡

! - ao + rf I + ¡e Þ + .e ... + tlh
* to t Eal tl .Õ.. (J-¡r)

md. tùr vælanoo n2, or tb sqt¡ana of tÈo atadsil
ôrulrtlo¡rr ts

eca .o,ro (5-J5)

ürs
et = ourtat¡
\*mqd ã1

Fl * ¡tuds!û ücvl¡tloa of rl.

Ste tùo otrom ¡t tbc earæl ffi. ùvlonrþ
frÀnDGaatmt of on atrptb¡rr c 1¡ tàærfcr al¡o mrnrf:V
allrtrtùltc¿ rltà ¡rro Dan, aDd, rl'th ¡ rulæc oqual to

t"tt 2sl

3
2

(ra a2¡? + 6 aâf + te vzaz:)

p

2r
5 6ú #

tr. r (Þj6)
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For En Ëqullßt€rat trtanglo, b * d¡ltl" In th¡t
oûæ rG brvc

c.. Ç ß-57)

It brr ¡lro boæ rhm lu ogueûl& (e*e) t¡at,
f,or a ûlrylaemt s¡ææ r r tÞ corrcapodt¡S gbarr

o¡ror lr

p2-7s (t'+ t2+eûe)

€ (ø¡a + oor ú ) + tano (sin o - sireú)

A¡ a flraû repro"lrÊlon, d .g . Tùr ¡rhr¡
trüqr t th

ts" .2corä-F6 *.å ..Ò.(L.qð)

ffic 0 r G û, D¡l bcon ¡upfæô Þ ä, tb tmlerot
aqgl,a ot tùr nûlatlæ rctattw to tù¡ æruL

tbå ¡ùÐ. clrol !a¡ tåoroia¡r, 3lto ærufft
d'l¡tslbr¡t¡il ¡tth ¡o$o rctr rtr ¡ta¡4æô dsvlstloq ls
tbûn

TÊE P üos L
â .r..r (¡-:g)

8o larl p hæt o¡ly oon¡fuIærd, tb m¡nr1 illrplæc-
æat ú tàJ ohaatæ¡r FGr ro*' . lo Èc rlgorou, ot¡r

ibu¡d, aIæ trb lato eæou¡t tDo roüstton of rûÂn,

booænr ûEú to aetttag cçræa, I'd¡r ls mt onry ætur\y
atlrftlrseô but úro El'fgbt\y tttþ¡f frq it¡ orlgfr.l
ort.ætetl6.

ù*
À t l

4r
}\
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fhfe ¡rotatlon can be aplft t¡¡to tro angular

rotatloaa about tæ mrtuall,fr ortùogÐaâI a¡üt Étch ana

al¡o orthogsn¿l to thr rþüu.l. It tr üom la A¡¡ra.nr¡ ¡
th¡t thcm anglar a¡ìr ?cr¡l' &¿11 rd urü of tù¡ o¡Ê¡r oû

å O"" a lr tb ltnæ tLænetoß d th üAangufæ

¡,nol. Tbro rotrttonr brvcr tÞerofooar acgùlgtblc

offeot an tàt ¡raâletlon ¡nttcrn lbey æ!r tùcrefæct

@fttcil ln tùs cæ¡nrtetlu d 8p .
Ëc lsr ær tn a Do¡ttloa to rtüy t'b tf,foot oû

th¡ rrææ * *# .

5.5.5.
Ecfgñ attaqttlqg to ¡val¡atc tão ¡;æügt

valuo of E . , Ëo¡o val.nc for any ¡ct of crro:ro la glyol
0

Uy cgratlma (F29) a¡¡ü (3-to), lt f.a ilcatrablr to rtutf
tDe ¡lrúl¡n of ¡rsra5Éng tbe flcld, atnqngth f,ræ aætrìot

potnt d vlor.
It ba¡ bæa rþra Èy EoÞtot¡ tbrtt ln tl¡o aÞ¡cær

of, oæem, tDc m¡ultant flclÄ ln ry öl¡uotfoa l¡

å:F À¡J0* b*cJ9u

ünrcrlr rùc¡ æFæa ûo ooourr üb !fi Dc¡ultæt flslû
Þæg¡

åt å Ar tJo' E ät"J(ûk+ck)
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Thaec a.r.e equatlone (2-9) ar¡d. (2-ro) ln cÐraptor II
of thlc volumo. Thcy are ùGre Eraphlsalþ gnceaqtcd ln
Ë1g. 6,

;ilthrgh ltùlct¡¡ dltÄ not go on cvalurtttg tùc

ô'rrrag€ Îlc1d. stronstb, lü ean Þc c*rlþ eaan tD¡t tÈJ

avrragË ralrn d a,f tal¡n ovar a ¡qt of n pettonnr l'a

fu- \r rJ( g¿1 + otl)

r.. r (51Ð)

Ëutr a¡ th ¡nr.gp oû ùb nE of v¡etær 1r

oquel to tho rnn d thet¡ avtlrgGr ñ b!ilc

çq3l ) ¡r. '. (¡-¡+t )

rn-ta
'EùS *i =Ët3r

T

A.- g
f
s

ltt
I
¡

Ð
lFî

å +, 'r( rtt 
*

In othr lordl, thc rara8r ltalat ltrugÛh la rry
ûllcstlo l¡ cqsal to tb ¡¡¡ult¡at oNf tb cvcratc of

tùr oIûrntrry flclü¡r
Eor thLt rlriñror to obtriÂ tìo atærgp fþtal

¡trcagth 
" É r r san flnt nrææü to flûl tba evæ¡gr

olæutrr¡r flold, û$.

llot¡ ü üo l¡ tbc c!Ëæ-f!o. rlcatery flolllt
n tDcn h¡vc

dË ¡F ano cJ a
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ü¡r 
^ 

1¡ tD¡ DDar. .ltü egrað Èy tm*.trcot eorner

Èetgbt¡. It bar Èocn ¡haa that A l,ü al¡o nornall¡r

ðltttlÈEùoal ril.tb tüFo DEnr anrl rtth a atanûs¡qal dc"l,atlm

rqurl to r- U fl- o- ,f.
Ëoæo¡ tb úrcq¡r¡ry fi¡ætlm 1¡

sd, tùâ rtettrtlcal aræagc of dI.' l¡

..t. (JJlz)

2

la¡ = oIP t- Él
ö ¡r r (JFålt)

ljËeoæ(la)oxp l-#l oorffi

Ëüt l t¡ tD. rrn (Etfæo

b ßo 1¡ ldq¡cdmt ü ù tt o¡ra Èo tel¡n qt
of tù. l¡taSrrt rtCn

rt t¡ nr¡o rbm Èv oræ!(r7) tbrt
2

Iã-q
. ... ( F+5)

ff tbÈ !¡.rn Gtro! tr not oeual to loror cquatloa

( lJ15) Èrcoæ¡

I- l, -
E;-?z

að :+3r
crg[+ t A -

cÞ

thr ln rrnlt oea r1¡o bc ôt¡tuû Þ¡r u.lnt e

læo csmtloÊrf nthor!,r
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BEnatlæ¡ (J.¡ù5) tu, (PlI+) Glva

fq= ê Ee æt -+ J .... (¡-l+¡)

TÞ¡rcforor tb ststl¡tlcal eræag¡ rdlatlon
pattern of tha aatenn¡ la

*ç rv6a - #/: 4 tæ t-!þ1 e¿ ...o (:-r+s)

Èrc, ¡¡ sbm fn eqr¡¿tlon (Þr0)

I t

Ërn

Tb¡t lrr

l

t o lor ( tr*) ]å
!

+
t
)

coc f rur [- Jk!
(t+cq oæT -aln'' rt¡t rfaE)l
r üg t5a I ra slaa scc f a.,, a€,

% ü?oc cr
I o o f "æ [- JhrGOa

F

(t + cot ¿ ûcï - o\ ß1À 0 rfnç)l

o Êg t- oo.e 1-1 rå r1n7 .* Ë
aï ûg ..o. (J-l+7)

hs bcôn rplæû by ltr valw glvrn ln
cqu¡tt'on (t-lg).

8ùp atrrt¡G ¡eillrtlqa pttcan at a ftætlon d tb
¡oort Dra rq¡æü mttlag GËG can tMldæ b¡ foud.

bJr eolvl,ag cqnrtlon ( 3-ti).

-2-+*
?
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5'5'l+' g¡¡¡nP¡ü

It 1r I tll Inom fæt thrtt for cælr

prtna¡y ¡ntttra, th€üt le ¡ co:ttaln rng¡t"læ a¡nrtura¡

o¡r ratlo d d,lætor to fool lelgthr ûot dlcb tbô 6¡fn
fagto¡r ls Ft¡Lm.

ff tbe frodl pcttcsn 1s d ùhe foru

o (t) = o"aochï

tt bes bocn ahorn t¡y $tlwr tàat tb gntn factæ le
¡rerlsnü, tf the angul'at qnrtuFa To tr aÞout 55o.

In tDla ¡aetlmr Dorcror, oaÊ ls not psrtloulatty

lntero¡teö, ln cr¡¡ttnl$¡e tùû gigln faotor. It le
tDcr¡for€ a¡¡ßrnd tbst fo 6oo, ad

or (f'r) lÉ co¡ l+
T .r.¡ (3+ô)

rlt¡ tD.m ú¡t$rtlûÐr tÞ dclrg€ rdlttlon
¡¡ottam, üÊ. b..n oùtrlnoð rltb tb Êlat d qn oloctro¡rfo

oqntæ. TÞ rtrlrlt¡ æc dl¡st¡Dúûl -oelor.

( t ) Tbc rvæcgr 1o¡l of tDc fæmrat 8rln" r¡ aùon

Ln Fl6. ?, lncrca¡re rrytdly últh lnorci¡l¡g nooû rüN¡

¡qnüìrô no:Eær GrFoFo ThIt 1o to bo aficotoôr slnsc t'åc

efßcot of thc ærûFü lt to catrË tb ¡lnntar¡r tlrlûr
to bo tlrtFt\y out otr phane rÉth ono anothar ln tùa fo¡ln¡{
d,lmotlon. Fo¡r thl,E ¡rcaton, a partlsllt d¡stnrtl"rr

È

8u
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latonftrG.Bê, ad tberefü'c Ê loas sf tr¡o¡rur, Dust bB

erpectocl. A firllsr ûlcoug¡læ rtll bo prearaÈ€dl ln
Cbagüer IY rban tùcæ¡ülcal nooulta and crycrlæntal
sÐa ars ooq)åD!ûr

(¿) Tåc ¡tetlrttorl-¡TcF¡tc flctÁ ¡nttorn dær

àevo tñ. e¡fls r¡ ¡bm ln Flt. 8.

Thl¡ roo to be fææcôstr Èeoarær duo to
phase 6Íroan, tbe pharc d oaah cleræntæãr fllsldt rrltl
be md,Ifrlc4. As a ro¡ultr tàË roaultant fteld. otroqgfih

ln any dlroetl,on 1o no lqgËr r'oal. In otlær wôc¡
tbo flslcl, ttr€ngth l't ær tba rc¡ul.tant of tço Èsrua 1¡
quaüratr¡ro, rihlah a¡e not lüsf¡r to bs ¡oro at tho BEt

d:lmstÍon- fb E¡rll'¡ âûna¡ ühtrfo¡ra r lnvælöfy flltül
1¡. 'Iùl,a ta also supportod by practtor.l o4rerlo4êtr

Howvo¡r, oæ Ehould rwbor thst tt la æt
th æülul, æ rea¡wed, ¡rüalLetton ¡nttcrn of a¡r

¡¡artlonlæ uùrnns Ëlch le dúg.lt wlt.h ln tùl¡ tþltw.
One t.a Þra rtudyl¡g ths ¡tgÙl¡tlosl-aüæa6s flrld
patterm. AorooYorr t,t ms asErså that tlo ¡¡oan crPnor

te zGro. Ilo¡r thla rreaionr nulla do srtst'
ün tbe othr htnÄr lf tb avcrage poil'r tñ

cqntaÈ¡ all tþ tnllls uoukl be ttl.lsð la. Thls 1l

alpo coatrary to prætloe, beoaueer nhen a raÄ:latlon
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pcttrrn lr næurdr r rh¡l¡r ülp bctno! tro loh¡ oftt[
oocurF: . Âgdå, th ¡¡a¡on fon Shlc ill,soFl¡rmy 1¡

that th ræ¡ags ¡Ðtttta éocr not proôlot thc ætu¿I
porü! Icvrl la ary ðl¡¡oatlær bnt ltt lcrl!, ooa avcrrgor"

tsbr faat tüat tbÊ ar€Frgp rdrraùloa pattcrn 1ç

ülÉfolont, dlctndtng on Ë¡tbo! tÌlo flcldt ¡trqagth orl

tho ¡nrer lr oon¡lÅ.ñ¡å¡ Ggtr Þt er¡lfy ¡lmonrtr¡ttô.
lüJ'a Ls eborn ln Áp¡nr¡dtr Il *ùü.ü ar¡ e4)Irniûtq of tbs

sxlrtcnce of the ¡n¡114 ts afso gl.run.

ilowwcrr tbe prooemG of tbo nrlln, or thelr
eanpl¡tc t¡¡¡oc for tù¡t nstttFr rbtrtd, cßutt Do coruirnt

bacmsc lt lr oú rc rcal t4¡ortanoo. 0tr3 ts mt lntcr-
crtad tn fl.dtng to ü¡t oxtæt oæh E¡ff ta fltloü ln¡

onc l¡ oaly oomnü Éth th lom of tbe gxrln la tb
f*æal illrcotloar rFÅ tùa rsl¡tlvo fæsm¡c Ln rld,¡lrlb¡

lotrIs.
( J) gl¡tr,UÈc þY¡,h

?hs vælatloa of, th6 çaÍtlrtlon pôttorn al a

fnættoa of tù6 ¡t.E t. crror l'e grryhlcaffy prreaentrô la
l'lg. 8. It qan bs rcÊs frm thfa ftgu¡rr tbÊt th
pnoðLctaÕ lnorcasc ln eldolobc levcls s€€ü¡E to bo mæh

malle¡r tb^Ên oæ rculô c4toct t¡ prætlGrc.

th€re ena tæ¡ roatone ügr thla 1p eo.



fu.

In ¡rætloc¡ &rc to tùc bloclqgÊ of nadtatloa by

tho f,cad ¡Vttarn d otÞr facte¡t cm roulô natural\y
ø4not a hlgüe¡r eldËloþË I'cvcL

xo¡ro fqþ¡lttdr hoævarr la tùc fæû that ort lg
lrrc ôoalrn3 rtth tb ilffügo naôlatlon prttêrn. At I
lcrul' , tb ¡ymtry of, tbc pattcrn le praoorvcð. In
pnacttnc, brtüur, thl.r qr mt bG ths Gttor anll tt la
gultc dten fourd, thatr üue to e¡srffar tho qrætry of

tha pattarn le groaily u¡racte If the pattenn ln æ
of ttæ Prl.æl¡nl*flmc ¡qna plottail¡ w nulé frqr tìat
tb flr.et slèolobo oa os¡ ¡1ùo of tþ r!ol.ñ lob! c4r Ùc

constrðærbly hlgÞtr tlÀan ltc countæ¡nrt at thc otlrc¡r sldl.
In suoh osoa, tbp lmrea¡a ln thc fLret atd¡Iobc Ìcvol

ronrfÁ .rot! to Þc üÊh hlÉh.r ttân tbß ñ€fagË O'JDo

ÀBart frø thle, tt fa qulto logl,oåf that smtlnr thc

rrrrago valuo Þe lcss the a partleula¡:' nluo takon at

lsrúoo thelr d,lffbrancer of eounrcr dcpcd,a on thc

rlûtb of, tùo ilt¡trlbutlon sr¡rrur oF tbc s¡¡rcad of the

lütvlÅr¡al Yalr¡c sbart tùß avorsg€ ?altt.
Bor1üos, thc raÀI.¡tlon ¡nttera of an antona tr

r¡sus[y a3&our6ö by rotatlng tbc tr¡¡r¡-taþIe about a f1¡cð

vartlcal a¡18¡ Tbc antcnna ls Placoô on toB of frb
tùlc¡ nlth lta qnrturc pla.æ ryÜrg ln ths vcntlaal
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plars¡ For thla Fatson, onß lr ætuålly neacurl,ng t"ùo

Glrroüs-sGotl,on bctnan the 3;-¿S6aelonal rndlatlon pettæn

anü tha hortsqntal pla¡Éo

Hsrcru¡r, lt 1¡ qulte Do¡rlble tbat, åm to ortorô,
tùG horlrortal plano d.oe¡ Ft lpse through tbÊ rolddlc of
ths nrl¡ lobc. Ae a rcault, thr.e la a m¡oh graator

appar€nt itnop ln tùß l¡tcn¡lty d tlre ¡al n l&ð, *llc
the rlðolobe level la only süSbt\y affeated. IÃ fsst,
lt aàouLd not be affecÈod at ell lf the oylLúrloaL
eymctry of tJrs 5-dLmuslon¡l rartlatlon pattera uÊ¡cf

pr.eccrYeü,.

Tbl.a 1r awn üoro Bæl,ol¡ß úron tb Þrø¿Cth of,

tho paûtsnn 1a ¡qrræ" bæaneo oüon a mtl d,aafl8Eürrrt

of a tïætlon of a frgrc€ gæ¡d, cd¡rô e ¡ÞBnrclôlc
û!:Fo¡r ln d¡torltatnüS tbc relrtlvo l,.m¡raasc l¡ olûclùs
lÊYols.

TÞ, tbcosrtloal t¡oaÞnt prcocntoð ls thls sêctlon

l¡ o4lg fmt¡fry wrlfl¡il by torts errrl,oô ont oa t
fe¡gt-fq6ù Daralbolold¡l malal aqtor¡nå ú1oÀ ra¡ Èullt at

übo üaivarsfÐ of Ad¡Ielôcr A fir.llsr dcecrlptlon of
thc æûalr a¡d ùltou¡¡lon¡ on tho e4rürl-ütnta1 rsarlt¡
TlLl be prcrcntcô fa Chagter IV.
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5Jt

5d¡'1. I¡troapËqn
In tb ¡¡¡crlo rcottonr I sl rfull ú

fDplwh to tb. preùl¡ d rmf,bhúfrg tuilæeær¡ Þu
bra ¡r.ûüttr¡.

Ecçre¡ tàl'c olurlod rthril of rtulftng tb
åfñ*t d ruútæturlng tsl*wrr tl¡tB r rtrtl,¡tlûú
fpnrorhc har onlt ¡friltüü rfptlsatlûD. Â¡ ttt ¡l,ro ú
tùr stom lurlrat, tb ffiw7 t Ér to hïû üúla,

È¡orlr¡ tì¡ rnn¡r lrðlatLe lrttcrn lorc¡ ttr nenl¡9,
ualrrr t'tr¡ ¡ronf¡tton lr ¡üttllùry f^ar1r¡ Lr., unlmt
on lr coæl"dælns th l¡¡rætlnL problæ ú ¡rlr
pr.oôul¡S lry¡p aüanrro

lbrctorlor to bü tràrt ESpúm @ l[ rttuaßp'

ortË a trq¡r ¡¡rDcr æ rrofn¡f.y lüretlml antrm¡rú

lrEmD6r ¡Glloltü.
whn f¡rgp eatær¡ sô rnoünts.d,r u rrt"

throtcacr tgDrrmà tbr ¡robln et ¡üûr. rlaurr fro r
ûtfìfÞrat Dol¡lS st rlr.

Flntlyr f6 frgr mtmnrrr al3bnßù tbc ¡rrrÕ¡.r
ú rrñbturfag oenotrr atlll rrlrtr, Lt 1r no lqgpr
tho ært fryþilürt plçù16. I¡ fætr oæÇ tb rntemr
lr ourtrwtrtr lt¡ mfæo oucçrtrt ora rtlll chaafp
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Goütdú?ô\y bcocr¡go of tb l¡ßlucmc d græltstlonal
læcr ulgl loaûc, mn-unlfo¡n tbruat o4¡anstoa¡ Gtc.

lùaoc ertellpl offccts¡ altbougþ tby rlo cd,¡t, arc of
no rcal try¡o¡rtaæc Èn thc antqun el.¡s la mall. TIF

!'aa!ûa f's t'àÊt tbotr fnta¡Ðltr ðc¡¡enilr 8loet\y on tb
FùtElGsl alsc oû t¡ú rcfrIosten ss æI1 aa lte û$Ðortlng
EtlEcÊElrte Yvlbcn tÞo !€flootor t e æLl" thc mal
lnfluæa sf ¡rteræl for=t¡ ean bc eff¡otlrr\y cllnl-
¡r¡trdl ùy FoDor\y dorfgnhe c mür rlglrl f!æælk
'trbrr tùc a¡toua ús lmaaot, Þrrû;ür, tÞ ¡tflot of
ortcrnrl fcor¡ fretr¡o¡ lqrlrt\y. ID fut, lt.-po¡r¡
an qDInF ll¡tt to tho ¡rættoa.l ¡!,¡c of tùr a¡tomr

Eoooúfyr cLL tD¡ l.*Zprt crlrtr Ît ¡nt¡mr ar¡
ütÉìËtËnt tlm m &tb, mt onl¡r la ol'tal Þr¡t sl¡o
ln ûoclgn d ænrtffûtfe trthril. flçoovu¡ tàÍr
altustloa ts æt l"lhr\y to shngp tü tÞr Ðú f[tæo"
Por tùl. lGaron, lt 1ü qulto ttrùaÞIo tùnt oæ 1¡ ln
ItoaF.slon of a rul,q!! aatm, ad, tho cla¡¡loel mtDoil

of .Wyf* rufa¡trnlag Gl¡ær m lcn¡nr a¡rl:lm.
OH l¡ br. fætqg a ooqtlntr\y Hr ¡l¡robfm.

fb m¡futurt¡g ürrrotr, fon thlr rrEm antcue¡

lt e ogtafr at ary pût-nt on thc rsfl¡otorr lorco?@¡

çtth rct¡rrn tcohlgæa¡ lt la also ¡þtc1þfo to nc¡lrc
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tho naufaoturlqg ünrìo! pattc¡a rltà brsÞ æsrurqlr. th
ætull lor¡ of thc æún tn tb f,orræd, dtroctlon oln,
fÞrrc¡Îoær b€ obtrlæü b¡r q¡tng thc utbd tlcaqrlùod. ûr
¡cotton J.8. of thlg yolw. O¡ls ¡¡a¡r a.Iro optlnlro tho
galn Èy çlnþrrlle tDe l.nr¡. t:rDor by urlng tÞc æt¡lrod,

ruggcltod. bt Ëatcaûera qnt Utlu.
Hotvur, än æouato c¡tlmtc of tha ætual galn

of thc antcm at aryr partloulan tlnr tþleaftG! Gfnlnrt

Þo n¡llc. fhË rcuon !,a¡ tàrt udan tha urulm¡tlotaÈly

?slrlqg l¡fllumo of cxtæaal fg.ocar the csnor pattern
il.ll æ Iææl bô th t@¡

For tùlr lqrlrür, Èn larga atcnnag trÊ 6oætrÐd,,
I bFt prætlc{¡L FÐro la to tlrl Éat b¡lpcm orr tho

üüarrgG, o'Tcf a ¡ælod of tLuc, to a glæn antcnn¡ *lch
le d,ol türc lÉluamc of Ctm-,vr¡rL¡g factoro. In
otDæ wü,rr oæ la t¡trnc¡tad ta cattættng tbr arìüFagc

¡p¡É*aaæo of tùß mtonnsr ov@ a psrtod. of t¡æ, aa a
fræ3lon of üdt od.ltlqa¡ GtG.

thll le per.ticnrlâ¡F$ lqprtant l¡r plmf.qg l¡ùng

tern proJoot¡. f t alao ÞLpa lu anaf¡rrf'¡g rosnltr
tolæ ovs ô m6r of ùærvatlonc fl¡ßh a¡ tn Raðlo

i\atqr.
AdülttGd,\y, thl¡ fc a üæ? ûlfflcult problcn Eùtcb
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rGqulncc æt only an Ë¡tßt Inosled,gu of tÞ6 ôtsürlbutloa
sf c¡tænI fæeoa, but al¡o tiÞ ¡naolblllty of arttnattng
ths let¡rgc crrqo! of tho ag¡fæa træatorts unÄar tbg oou-

bl¡¡rd affoct of ertar.nûl fo¡reca ovcr a cart*ln ¡nn1od, of
tùro. If thec6 oodttloas ofn b6 aatlaftsd, thË €rræ
dlttrlbutton at an¡r polnt on tbe æfloottr€ aurfæ of
tb€ anteüs oan bc oÈtaf¡eô, tbat la, tlp prcÈlem tn
colvd,.

Ihc dlatrlbutlon of rl¡d 
"ctoolty¡ 

6tê. aan bo

usua.lly oÞtalæ{ frqn data collootcd, for noteonologlcal

BtuTroûcsr Horpverr th edlned, rttoot of cxtetnnl
foæçaa ot¡ the üntÇû¡a rtnntuss ecnnot be cast\y oatlnataû.

It elso dÊp6nÊs on thÊ gt!Ì¡stulr"I êcalgn of tbo partlaular

sntema 1¡ qup¡tloa.

lloævor, th¡Fr arc arall¡dble núny exocll¡st pqDoËr

ú¡1ch hðrê boan,puuuaùodl by xlol¡r(5ô) gl.11rÁr(rI)

rü asuklcücs( l+9) ad. otÞrß. ( hgr 56, ñ, 8o, I J 126 &9 t¡¡2 r 89 )

Ërovi.dcd . coryùato f¡tlormtlm eoæornlng the structural
èo¡rgÞ of the staus tr avalLabl"e¡ rlùh tbó afd of

tbs. mtbocle¡ a, EültricâL qpglyele o thc dcfloetfor¡

of tbc EntEæa etrnætue, u¡don ths ef,foct d varlürs
o@l¡atlon¡ ú extænsL fæoo, Ean tDoref,ocs b€ ttråflo.

For tÞ18 Feason, tho Fonrso s"non at ary l¡otnt of the
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ôl¡tætdl mrfær cæ bc rþtôlmûr AmtDt! ¡q¡nr oû

l4nrtmeo¡ vûleh doala ü,th tüc tccùnl.Sut of ctud¡rt¡g

tha oqtls¡ ¡trætu¡c of large ætoma¡ u¡t¡g al.4rllttcd.

nattrøatloal uoü,ole, üer IniÞrlsbû br tvüavGr.(85)

ft oan, tlhs¡rof,ore, be go6n ùhåt, a'lthoügh thro
i¡ro ury Eru of ealculatlne th¡ ûl¡tortfoa oË a ¡tancl

¡ùcD tÀs fæeoa ætlng on tt æc ünsnrrr nuoart,oal

eolutf,oas to tùc paml dlatætlon æo of no dl¡cc,È

lntæert DFc, Þcoæto, 1n thle acctton¡ ono doos ¡rot

atudl¡r tùs per€onoû¡rc of a ¡¡ætlot¡Ia¡ adenn¿. fhË tlnt
lìoËf€!, ls to formulato a gcüsrs,L nsthøatle8l eolutlon

to tÞ proÞlø, to provlðo a ba¡1e tïm ürlclt & noFG

practleat etuil¡r ú a partlculæ antonna caa Èa dsrlYtô.

th¡ ¡nastfoal problcn lar tùæcforor to cort*r1¡t

tbe thaor.ottoal atu{ proaentcü lr¡a snü thß aÞwe-

¡nautloncd, nr¡no¡rtcal mtboðr to obt¡ln tha dcalrcd, rerul3e.

fo roüw thc nathena'tloal eoqtlerlty of the pnblm,
only o@ ty¡¡leaf faotore, suclr as rlndl load,er tht¡æI
otÊoct¡, nnå gpavLtatl@81 forccor r11I be ta*€n lnto

aooouat.

J.b.3r
In tbc pravl,onr eeotlone 1t bsÊ È6cn fou.d

tJr¡t, to c¡ttsato tbc tvoragß ¡nrtuneaeo of ùbs rttt E¡t
om q¡¡t bG sb¡,t to s þf rt n the erron d":lctrlbutloa st
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üYClt pot¡t on tht FGf¡aûto¡.r

lo ùo t[ltr ær Fìr¡,ð tava to o¡tebllrb e mlrtlæ-
.ÞlD bctnrn tå. ðlrtoü.tltþ d Nry gr¡Êt r¡A tDr ryÉtd.
of tbt fccr¡ ßtlnß G 1t. Alûùou8È tbt Ëqù.¡ atnntur
of tb ¡ntm¡ n¡hr¡ tt üffflcrllù to oo¡nrætþr oatlntr
tb¡ fæor iltrtrlùutt&r lt oo¡ ùrtvær ba clrglf tr.a
tbat tb¡ d.lrtætlon d tbr r#lætæ 1¡ rnrn\r canmû þy

ü. ôül.otlon oû tilrc üolo rnt¡mr ¡tnrætuto unÄæ tÞc

o{bl^ual ¡ffoot ú Grtcr¡rrl folrc¡r R¡flcoùor ôl¡tætfôn
oen rlro arll¡ tfo th. læallr¡t dl¡tætle ot orh prrL
A¡ .n il.ln¡tl¡ùtoa, ttb tüö rl4ùc allc of r Ít¡t f,llg,
tb so re of üteù rra tlrd 3o tn flcÉùlc Inlr¡, tæ
q ¡eù poloo t¡d,ar tù¡ ;ffrat of rln¡l letÂt, tÞorc ;tll
bo trc .o¡Ea.r üfoh GeErG th. df,ûor¡etlon of tDo flqg, ¡
rr:fÍ1. Îb flilt l¡ thc bdf¡g of tb¡ polrr uüæ tüo

todr tnDntttrrl ñæ tho flrgrI ¡sf,ær ts thr polæ¡

th¡ ræd, Lr t& c¡m8¡ oû tbÉ oqütm d tù! flegr r
rnfæ atÐ to täß dtr.ot rta¿r r eflsct on lt. It tr
l¡temrtf.ng to ætr tùrt th¡c tlo ru¡lfm dcfsntlon
qomntt oa c¡l¡t tdr¡¡rUrntlt d om ¡mt¡ùæ. If
tb llofot rrt rrþnfy rtlff¡ tb flr¡t rou¡rac sa¡ br
oq¡rlctcþ rltdntciL os tDr otbr haü,, lf tbr ff^ig
G¡ rrcpf,aasl ûU a t¡hte,f ntellls platc, tD¡rc n¡r b¡
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o&l¡r tìc polc r r ÞcnÄLng. Tb6 ætu¿t ùåpt of thâ f,teg

m¡fær tÞ¡cforo ðepcd¡ oa botÈ tt¡ m flrrlÈlllt\y ¡d
tùc Dtgld'lty æ tbe ¡nlcs. fb. ræ thlqg æp].le¡ to r
¡¡encl úl,oh t¡ attaoù¡d, to th ¡ate¡¡na fræøçsr¡ß' ¿.r.¡ a

nonrlt¡ to ¡ùuÂy tl¡¡ scflsotor dlrtortloqr ons aou¡d Õlr1ôo

tùO CffOn¡ l¡¡to lp¡ qnt a gDOüpAr

Flrtt, tåorc rrü .mæ¡ üloh r¡3 ûausoif by tbo

d,llæt ¡ff,¡ot of c¡tern¡]. fososg on orsb ? r¡illvld¡¡¡I poncl.

fæluðcd l¡ tÞl.r cetqgprìy l¡ tÈc bæIIlnS of tÞc paml

orü¡roö by r tequ¡ture gnmÄleat erlatlqg eoro.r tho ¡¡aml

In thc rcoqqÄ grorÐ rro a¡rrær osuscd bt tàe dlcflectl,on

of thâ f¡rærcrt udø tbo ooÈlmd cfìfost of c¡tcrn¡I
foroc¡¡

For r propclly dtof,lgrd. antcm¡ rtmcture , tbe ¡r
orrmr aro ururllJ¡ s¡¡¡It eon¡nrcd to tbs panct llno¡r
ûlnnrlon. ft 1¡ tD¡rcfcc Ju¡tlftod, to aseru th¡t ùb
pllml¡ttc of, cu¡¡erf.qnattlo¡¡ qtr¡plio¡r nnd to rapatatol¡r

study ùb drrûoçtlq eøüxrcntr can¡cd by cæh ld'lvlduel
f0lltGÖ¡

To o¡lsr¡lsta tàe rurfæt doflootlolr bosl'roar tbc

¡be¡lo of thp In¡slr mrt þo Lm. trn pmotloor lt nay

bo fou¡d. thôt thË l¡¡rugmct rlns la aadc o,f oqtrll¡trlrll¡r
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t¡rl¡¡gufsr pancla, úlle mûüF rl¡ga oo¡elet of trqr-
uolôal Bamla. If thc rl¡e of tùc panol ls not too

la¡Bc, thcy oan bc ¡ppro¡l¡¡tod by pl-snc o*¡a¡qgula!
plataa. ÂDg 6!tror drrcà' rtlr oocur aß a ¡rault of thl¡
aeoun¡lt1on la of rcooadar¡r lnportaræo onty.

$trletly Bl¡Ëdrr-qg, ûo obtel,n an roeuatc estlpata

of, tbc Dsml ü!,stortloq, ætual bounÀa¡ry oodltlon¡ of
the pancle mrat bs el,¡o ogcolfloô. In ¡lractlce, horcvcr,

a pc¡cl ts aelt'bnr purol¡r ¡lnply aupportod,, nor ù¿vlne tto
cdse bullt ln, $levcrthcleea, bccanas tlæ panel d.la-

t*tlon ls rnaLlr no qpD!6olù1e smor vlll æcu! lf oac

type cf boqÀasy aoültlo¡ 1¡ asumd, tùrougbut. In
tbË follmlng dllrcusslotro¡ afry\y oupportoil panls vltt
bc aagun¡ú,.

Å. IÛIEIIüI ËT.TTEGTS

It h¡ born gotrtoÄ ont bcforc tbat, bce¡nm qf thc

rolatltt\y ül1I üSg.ftls. oû tùc ææa1l rwfs dôfl¡oo*

tlon¡ tìs ¡ulælp1c d ru¡rulq¡nrltlon cu bo rypll'Gô.

A¡ a rerult¡ ü.n tho il,tFrût offrct¡ d ertcrml fæoc¡

oa I prHl erc rtud,lld,r tb bstr 4t ¡t¡,r¡cturo ô.fl.totton
oan ùc olltÈGð. tho prcùlru 1¡ tä¡rsfæe to fln*t tbc

ôlrtertlon of a fl"at¡ ¡f4)\t rup¡lortd pcnl u¡öcr

rc¡rortc ¡ñß¡otr of úa¡l lorde ad tb¡¡n¡I St.alrnt

--æÐ4+
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ùtoh o¡l¡t, ærsrs tùe thùobc¡ of thc ¡nml.
åt tùJ tåg8l"B oú a paml -tde¡r lt¡ om rlght le

ùvlourl¡r ver¡r ErII, Srsvltrtlqnål cffoots r1I1 þc *lttd
l¡ tùl¡ galt. th rffoat qf. Issrf bat ao4].[trettoq l¡
¡I¡o æt Lrc1,dcû, bro l¡æ¡t¡¡o d tbÊ ¡n¿Iln¡a of thg

¡nrf ll¡o.
th¡ lp¡slr borwcrr nc¡r bc ¡f&Þtly d,l¡plaapd

rclEtlvoly ùo ltr mf¡frboû¡r¡ a¡ I m¡t¡lt of tb bodlns

of In¡ts d tÞÊ bstl¡g stmturü cårrreÖ by loo¿t tbo¡ul
o¡pußlon. fb¡ effcot. of hcct oortntratlm¡ ergr r ôt

tho buþ of th¡ enùsmnr sÞt¡kl tä¡reforc þc trcIuif.d. l.n

Inrt Br rbso ttre ooontnoal sffGct on the rùolo ffæmrts
1¡ gtudl'd.

(r) ëlflLÐtr
Onfy üc ærnsf cqponÊÀt of tbo rlnû fe of

lntsreot ln tàlc ¡nrt. tho ¡roblam lar tùsrofore r to
fi¡¡d tho dcfloetlon oß tb paæl und¡¡l' qmaf þryrtng

¡¡tqalf.tq¡3.

IÞß ülfiCo¡raaùLal cqætlon of tbs ècflcctlon

ersfæe ls

i.çþ.zt#.4#'*# ..eo (]4e)

q I c(rrf) - IflA tltrn¡tty et tb Pol¡t (¡ry)
Il n¡ flcxsal rLgl4fty d tåË ¡nml
r :* r(¡ry) * ffilnd ô.ftcotton ¡t tDt Pot¡t (¡ry).

rùcrr
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Âlthougþ, f,or large nefleatorq, the rrlad velootty ny
va¡.¡r oone!.d,eraÞry over the antonna apertursr q.(rry) ean be

assuned' oonstant becauec d tbå rel'atlve\y onqu aLsc of

eaoh panol.

rt hes b€ä¡r ehorn ty rtüosbonlo "t *(71) tbatr for

a aon¡tant o¡r unlfolnly dlstrl¡.'utod loaÅr tho tlcflectLon

¡n¡faoe of a slry¡Iy supported r.cetang¡rlar platc bag the

follorrlng orl¡lleeelon

r6 ain mT7 gln \'lr

rr
oa DU '+t +a-

fhla ecr.|.ea co¡ysrrgee qulckly. One ce¡ tberefore

mlto
tr+ f6 eo sf'n

?TI gln rr!
...o (¡-¡o)

ûero
Qo = Lntcnalty of the unlfo¡nl¡r cÉstnlbuted. loacl

a¡ b = Llnear dimenclone of the panol.

Tbp relatlve poeltlon of the panel rtth res¡nct to

the refsrenÊå ëxca Ls shom ln F18. 9,

tr:bßÀ tbo panel le trlangula¡ ln ehaper lt hae been

shora by ttmaeho¡Eo e¿.g¡( 76) that
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üaüt, ü. rùsøl l,a Ftgr l0r e lr tür blgDt sf tb o{üt-
latcral trlaqglor

I'lm tüoro Gquetlonsr lt oún bû rc€n tËat thÉ

d,lltætlo,û"ot Grth ¡nnol aü any partleulÄr ülne la a

Il"uar ftnpûlon d thc ÉDû vclælt3r.
Tbe d,Ârtrlbutton of, th error at nq¡r polnt of th.

nefleotor eiufm, r¡dcl tbo dl.rcot effect of rlnd Loallr,

lo thcr¿fore ûrycdcnt oa tüo dlttllbutton of, th€ noratl
con¡nænt d the rrtlal volælüy, tbn,t la, on þotù. the rf'ill
veloclty em tbÊ aaËenne orlcntetlon relstlvc to üür rLd,
d,læotloa.

tbê rfnd d:lstnlbutton roulô dapanÄ on tÞ geograpàl-

cal eharactørlsttea of, the Bnt€äDa locatlon
F¡:.sm d.sta aollected, Dy tùrc 9tatf,etlcal. DlvlsÍon ú

tDs C.G.I.R.O., Unlvæslty Ctnounda, -+Åclsl,ûc, South Äu¡-

tralla, caln nathcr ta moÉt lfhêIy te ocsur. In fact,
l!æ e Þhourly rceæô of rlad, rålet¡trbutlon, rùlch has

Èocn colleateal ln the last f,tf,tsen yeaDa, the frGqoånoú

oú' occulroæe gf g6lto-üÍ16-Ilc!-how vrloclty is by far
thÊ hfgÞottr bour for No¡rth-Soqth coûÐonÊaÈ qnd the Ealt-
lçect conpoænt. Fl'g,4l short t\DÊ rrfnd ðlstrlbutlon ln
irdolalde oysr a 2-year ¡nrlod (lg¡O-t951 )*

l\E tl¡ nornal oqpomnt of tbÊ ür1r¡ü also d,a¡nnÄo o
the onlentatlon of the ¡ateärtn, the dlstnlbut1on of tùc
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mrrrl €{q¡ffit eG Þü enploütntlû by I slnl @gl. c

oüãr tù.t ¡¡otloa!, of tlnr
tb úlil illrtrlhtldt 05æ . mb ùoûtGr ln¡rloût

ùo'rrw ) qt br gnlts ôtfiîcr¡¡lrtr anû tb¡ ôflt æ.qltiæ
S/ mt b¡tô" Oæ nlt t¡Dcpforo GùÉ9. tù¡ fg¡mlr
æoortl¡8lJf.

Sor 3bl,t rætlær th illrtrlbntloa ot tå¡ ænrl
rldt cq|oünt lr r¡nû to Þr E!Ðl¡ .ål a rcrult;

t 1r rlro glrffy ûl¡trlÞutrôr ül"th e ¡trnilæ{ ðlVl-

rtlon glwa u¡r ¡qnattø (3-æ) üt ( ]-5Ð r¡ follmr
Fol rctrrynfæ Del¡r n bor

tl a.a.*
I 6 ee".¡. rla lrt

--
rln û

eÒ.. (f-^a)
D +

ad fG trlnsrfæ lrulr
qq

nr,ð.'.Eï+:.i^J- lfr-r (f *fl ,$l
.o.. (J-g¡)

(2) rrrrrr $t4rpt

In ¡rætlßûr tt lr cmly foud, tù¡t thæc

¡rlrtr r t qlratæü ¡neiltcnt æ0.1 tDo thlclæ¡r of

cd gæ1. L¡ cII attüm, ttle cff¡ot lr Ht
t*oú.tmtr btcært tbt rln4orl ûút ÈY tbo ant¡m
rrtfætæ lr trll' Pol thl¡ Fft¡ûar tlo tqtlrtgllr
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at ùh tloqt üal, Þrol lu¡f,rocr d th¡ rcflootc are

¡ractloa.lfy th¡ asto Eorover, tùlr t¡ ¡ot tmt fc
lan6r tntrnn¡ üæc t'& tarynratruo gredlo¡t ny bc qutto

oon¡ld¡rablr¡
Dr¡a to tìll '.ltrÇn dlrtrlbutloa of tq¡ueturìr,

fosEl dlrtætloa rlll oocu ln crûh ¡nnlr Þrc¡uro thr
hottcr ¡u¡€æc r1ll e4ranil ærrl th¡n othâr. tDr ¡ffeot
of ¡¡urn¡ dl¡trfbutloq of t EfËr¡tutc of, tbl¡ t¡rgc se

¡fryÐ eqr¡nrtoô pl¡to¡ b¡¡ þucn trcated, Þy Tlrcrbnlo

Ë ,Ffr for Þotù ¡lcctrngul¡r sn¡l trhnsula! platoo, It
r¡ rbJTT) tbrt, tùo nomal ürfrcctlon eurfæc d a

ollply rq¡¡nrtoð nrot¡ngulsr lrÌato !.a
{o

* I ¡rrrfa
Þ1 t5i5... -d

oorb
¡r(y - *)
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oo¡h ltr È
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A¡ tÞ rorlor æqargr¡ Salotþr te aan bt gfv.n

$E¡lorrrrtal'Jr ¡¡ r(y )-
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r ø lr5r5r.r . tttogor
t c tGgtlrtuü! ûlËlrreæc bctrr¡ tte ñoat +ni

bæ*, s¡çfæ ú tù. ¡nnr1

, E cottflcl¡nt of tb¡.mt c4nnrlm

it r¡ Pol¡oqt rrtlo
h o* ptäÊl thlslæ¡ro

sor tatu¡ula! ?lrttrr r, lr qp¡lrod¡¡trfy clru(Z8)

G IJ -tf!-r('2*/).#-l
.?ú. (Þ55)

A$¡lnr Þ l¡ a llmæ fumtlu of tr t'hr tqpnt¡¡¡
dtl,t?rrcro. Tìr vrlu d t lr vcsfr ury'¡CfotùIo¡ tt
ry rE mtlaunrÐ afuçf¡t tÐ ôry a¡A t!æ ôry to ô{fr
At ¡fgtst rd ün lt 1¡ bttll.' ovorua¡tr lt 1r ngltlfbtt
rrll. fb polulftt of t alro öa¡nd,a qn tùt ntcsn¿

ælcntetlm ¡clrtlrc to tÞc ¡un

ff tb &ù.na rruû rcq¡tl¡ü to ffitloq ¡t nlght

o.lfr üA oü bl nelccttû- on ÙÞr otbr bsaû¡ tf tDo

antrnn¡ f¡ æ¡ùty ol¡ætt¡ô ûû148 tbl üqrr t tlU v'æly l¡
a rdc r¡rqffr

TDr allrtçlbetloq of t sü¡! a o¡lt¡ln p.rloif of tttct
tbnflcm¡ ilr¡laår on tÈt fulgtloo ef, tDr rntcurr ü¿
rlro m tDr otlstlÊ æd.ltlæ.
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Horæycr, üon thc Þcrfoæa¡ßo of th¡ antouo o.vêr ¡
loqg ¡nr1@ of tl.m 1r ccttntaû¡ tt ¡ry bo lran d, thrt
t l¡ ¡orn¡lly dlatrlb¡¡tGd,. In thl¡ ea86 ra te aLo

rcra¡l].v ületrlhrtctt" lllth s sta8ardl rlcü,¿tlqn glvcn by

olthcr oquatlon (3-56) o! ( >97) a¡ follc¡r
For rectaq8u].æ panrlr, n h¡¡tu

t2 *tr.ü,. (r +v ) 4 *e.roffs
lod,.

..r. (1-16)

J-ttzr-E(r3*ya)+
t__

l¡lr '

ã_:

1I
mû for t¡rtqngulÉ Þ¡ælg

c t¡-,r- (l + v )t2a, a
{L lr rh

.oo. (t-57)

B.

PqFl ttlrtoçtlen ûuo to tbc llrflcotton of tbË

n¡flcotor f,rowrl sen bo lllüAöd l¡to trc n¡ln grìoqpc.

îù¡ flrst oÐ 1g Er¡¡rúactur'r'tg sanor, thc ¡cooall 6lgup

aonEl¡t¡ ef crrer om¡cå ùy tàa odtüê ülfbot of

cxtclu.l forcag itnnlng tb antcua o¡nratlon'
Fæ a glv¡n ürtou¡, bævcrr múactr¡trng otroFr

am of a ¡¡:¡rancat tvgo r and, 1111 aot Èo tl'cstrû 1¡ thl.t
æotlq.
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Io stuÀlr ths effcct of G¡to^rJral foroea oa tÞ bslr-
lRg atructræc, @o Bu¡t bo aÞlo to eoEl¡ute tùÊ ¡trcs¡
dlotrlbutlon. fbs oonl¡IerÍqy of tùË a¡rü6ans, atructu.nc

m¡Ico¡ euch a täaor.otleal rtud¡r crtreæI¡r C,lffloult.
such en qpproasb lc ¿leo ln¡ractlcal con¡lal.rtng tàs fæt
thatr rtp to date, ths atructrral öcelgnn of lartp mtena¡¡

æø qultc ülff¡ront ftæ oæ emtber. Eoçverr 88 lt mr
sold. beforo¡ a rnmlllcal aolutfen Ès tåe problon caa Þr

ôtå1¡¡6il rrltb tbß ald, of varloua netbod,er DFovl¡Lcal thåt
tbß stn¡ßtr¡laL qÞa¡æterl,ctlcs of tbÊ antonan tE¡¡s lrnom.

In tÀlc voltntr ùorrevcrr th6 aln la apt to tmçetl-
gate tb€ Eågettu{e of the ilcfl.ectlon of, arur glton entannr,

but to stuttJr the gereral ¡th¡n1oaf n¡turo of tho dþflrotlon
anÄ to formrlato a nathe¡atloa"l rolutlon rblch egrrotset

thô üvo!¡se rad,lctlo¿ ¡nttora 1¡ to¡ot of ûb¡ tFoEeBr

onpoæ at evcry polrt of tåc tlsflcctæ a¡¡{rco" It ls
tùc trek of tbc ¡¡rqJæt onglnoer¡ Ëo É¡ha¡ to atü¡r

Èl¡ ¡ntanrta shæætoatttlcrr to obtrln tb nurntco.l talr¡t
of tàe rrcüoor elræ hU æ¡n¡ of æthotls ouggoatcd abovc.

Frø thð Dh¡rrl,osl ¡attrc of t^hc r.oflcctor; o!É

rculd e4pct tbs,tr for * ¡roBæfV Ào¡lgnsi rcflectoct
tàr ¡u¡fæc isrogu¡årf$r oæ¡od by tbo backfng gtrtntu¡o

d,ofleotlorr tE mt onÀy Ðdl but also ¡æoth\y dl¡trlbqtrt
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sÍrr tta fuI. rü,fi|.¡totor wtlæ* In Drætlôr, thlr tr
ætu¡ltg ths sa¡a. _AlthqgD crt{B!, oæËrtag at tto
folntr üldal"t tttstr ean ba qqfï¡ allffc$a[tr ürrft Èn tù¡

Dolntr oomcræd am ln thr mleliÞæhooû ef o¡rr æthr,
tD: æ'ron¡ æG ü¡ltel\y tÞ ræ tn boür qWplt$o ad
polæltt.

Ëor thlr Faatrrn, tà. terel¿ttno l¡torval' l¡ î¡htr

oü¡. nn¡A b¡ Culte largr ü to tba r¡tuloaãüh.
On es tbF.fwo .¡ru türt, dno to ün Þrll¡g rtrwtnËa
ilrflactloqr eny elmatemr a!€a nðd' of tb n¡flrotor
nulû þ. ¡l.4ltV êlrpf.ærl focuaril Þ¡r e ¡rult tren¡lrtlon.
trt ;o d¡mt¡ tht¡ ûlrplmncnt crnær It cen Þa ¡rtn
tDat r, G¡r Èo ctlùor ¡nlltlva or 6gatlru. Itr ngnl-
tüc rt ñLl m lt¡ pe181ty Ghægpf ao¡tlanlf,y rftU tlr.
If ûhr c¡lilötrt Inr:folam of tb asûrma ovr¡F e loag

pæfoû ef tlr ürßË nqülrdn tj n6r tDoa bo notæô to
brr¡ r t¡snl ülrtrlDutlon alro.

l"lt l
F¡ræ tb ûlænuloú ¡mcrcatoð ln matlon

3'b.?. r oil tr Ju¡ttttrcû ta um¡ ttat tbû dlu¡ qt

sçrlctlonr ta GS 6rtGr 1¡ lrrgp cæDaneû to tba üúü-
lctgth o'f thr c¡¡æetlng tìrqu¡nry. It hr rlro b.a¡
rfm Èy 8ùlrrlr tùrtr lÀ ürù I ôöË¡ tàrr arærgc

nüLe'ùloa Ectt Fa i¡ lnqnlttrta to tüp reû,tur of
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coprletÍo¡. As a Foùrttr trtre cglooù.û raÄlatlü pattorn

cün ÞG eou¡nrlod rltìffit tÞ [tcd. of cgtlloltty dlctl,slng

the rd,lua of oerolatlon In thl¡ oectlon, tD€ dçsragü

f1alü, ¡nttenn ln tùs Frau¡¡hofer rcglon ts agatn çWlugoaL

lbs mtbod. of ryproæù 1¡ thoroforc varg m¡ch the EanG rr
tbot uct ln eestlor¡ 5.5. r cæcpt tbÀtr 1¡r tàÍr çl¡ôr tDt

oru¡1L 6gnor at any Doüt on tho neflactor la tÞe rolult-
a¡rt of thrto ooqpomnto rt t Í2t v,3. lDo¡e ooaporntr

rllt bo a¡¡rmil to Þö Lgùo¡rodcnù fran oE tnöth¡rr
tet X * be tho pbo¡c crror cnsocl¡t.d, tlth tbc dlrpltæ-
ænt r1r n thoa harc

þr !r
xr =#*"+

Xt S thcrefgte mr¡¡ffy ôl¡t¡ltbt¡tcû'r ¡rvl tho

¡¡robaþttlty tbät X I rrllL t¡IB a v¡hæ rltÀfn thc l¡rtclvrl

)tr
(xr-cr)

zrl .... (¡-gg)

t

t dx t

ùrr

thrt l¡
It

t*DtnvrluúXt
Ëi * sfrnô¡nÄ &vl¡tlo¡¡ ú X t

t+t
rr 'tr-I lr

Sodr
o*å :... (J-59)
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Th nÐrerlpt ood,. rslæGstnts rtrd¡rd rtcvlatlon.

.r\gnln, ür slrtl p¡:'occrü to ftnlL ùho atetlrtlcal
aïtragp of thCI olcucaÈaryy flald, dS. If dtÊo la tùo ffior-
ÈcG olematæy floldr rc havo

dËe@oc¡pLJ(xr+ xz+ xjl
rDå, tbô ¡tatt¡tleat ¡vâeg! d aE udor tb 1nfù¡nn ot

Xtl¡
I

-am
11 þ2 þt (a' )

)z üotæ{J(xl+
xa + xtl

( x¿t ¡e ( xsat¡z+
2

,t2 p t
dl xl ûxaüx5 ,o.. (Þ60)

But, lt hæ bæn rborm 1n n¡tIldlx II tÞt

r €.$ t å
2

I I

I f-öoGÐ(Ja).urpFr {2 "l.* 
Y 

'-.

( A-n)a 'ì
I
I

-,.1
2, ala

2T
( ' ! r -É'I=diÈooryl J¡ z )

iio tÞc¡cf,oro havr

E - oroio* tJ (nr + le + c5)l crp [- i (þi2 , r¿'*uåll
ü.ro (}$f )

Ar ¿ a.rnlt¡ th aræegr flold, rtrugtb ln tb
F¡rannboûrl raglon lo
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ler (F.r)l*
coB E- oxp [ - Jka

F

(t + aoüf oo¡ 0 - slnï cln o tln g) I

Í

. orD [J (1 + üe + 15) - * ( r1e * trz? . r32ü

ü crrr tJ a(f ,î)J . r2 alnï 
""o { ar ûf

dr'o. cf 
,.oo" 

ft tcr (Ê,î)l* GrÞ [-!rr(...)J
orp [¡ (,,.) - I (...)J r crp i¿ ¿ ( frf)]
t* d at ôf r. o | (,,r-ilzt

ü¡rl
c * 2Gp ¡c coüÛaAt
D - fscßl leagtb

¡nit r à¡¡ bo¡s ropl¡ccû, hy ltg o4lroaelon
Þ

"æ2
I

2

I

!æ *

tho fætor elp [J a (f r T) I ¡an boon eddeô to tbe equatlm

to taks lnto æoturt th¡ fl,rcd" olre', gtroh cl ¡¡atufacturlf[S

CIFi?Gr

lBgqatlo¡r 1¡-ea) thorsfore r€Ir€aantå tho 8crual
oa¡¡¡rcsslon fo¡r tbo avaragë fleld rtreryüh tahcn oT€r' û

¡rort o'it oû t'fü. ILeeu¡a of t'b Bneconæ of

cry [J (nr + + + n5)l ø cgr [J a (f,'T)l tþ aroragp

Irqttosn ðo¡a ¡ot harc t¡sr¡o nnlLc.
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tqulttu 13de) br¡ htr Ètü|,æû bv arnnlg ttrt
tho ¡¡rct ¡¡r¡ n*u.flv ûlltrlDtcû. îbllr homrt
ühoulå, mt ro¡trlot tb vrftaËt¡r of, tDo ntDoil oû aPprsrgb

p!¡Ër$toa ln tblr gr(lttroDe lb¡ ¡r¡r4¡Ùlon l¡¡ rd¡ rf4pf¡r

fæ tÞ¡ rltrr of êlrou¡rio' rf lt Fat fo@t t¡ ¡pættoct

thtt tbr d!¡trlbutlan of tbo cçaæ 1o aot nocnel' r11 türt
l¡ lcgulgû [ to rc¡rlær tùo ratþ¡¡Êtoat eqlrcsrloÐ,

üfoh eornrpoaû, to a ncr¡l ûlstrlbt¡tloqr bf t'boao üfGh

oorrc¡Ind to tb eIE¡lolnleto 4l¡trtbutlon fbc c¡-
prorúoa for th¡ åTt&tgo ¡lgtary-flalû d,E Gü¡ Þc ro-
grltto, .rlä cguaÊlaa 15-6a) nodlttlaû ææi[qglly. I¡
agp$t¡g thl,r Gquåtloa¡ (Ð ¡hou¡¡[ alæ rqtnlþcr tù¡t

lA ) pZ ú' ,t, 4 Eoû ù. eoqltut.
lT¡ D¡vc tÞæûgro ¡nc¡Ênleû r vclt 5cæal cthoû

d q¡r¡reüb Ël.ch can þo g¡Bllcat to ery ty¡¡r d ¡nobla.
oæ gtvÐtago ts th¡t 1Ù nrl¡¡ lt ¡¡o¡rtbla to ¡Êúy cæb

ürFG oqmorrù ropaletsl¡r. It srn alro tür l¡to
æsou¡t tìc Oe¡o rtcfc tÞ r.sr¡. arrnæe ¡t ilÛîfc¡cat

Þot¡tr of thc ¡tft¡sùer rc ô,Itt¡lart ln r8nltds. In

tblr Gåtcr ûba n n¡ie ltïlæ at rqr Dolût ( r r f r T) can

bo cg¡ragæd tr

¡roF (tr frT)
ûrl.c Ëo le rr!.3r l!?o! ËÛ tb caqtrc of tbo ldlccÈor ¡
üâ, F ( r, ir T) lr r frntlm oú tb. ¡nrltlæ. trf
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tb¡ orror pettrra ¡l¡o oülbltr a cylÍrylrloal ryqrtrãr,
r' ( r, f , T) oaa þ. ô*tft¡ssö ln tern¡ od Y aloÐr

fht¡ 1¡ e ûcf;l¡lta try¡rovrmnt ovor 8,uncf c ad Bôleu¡Î
æthoð¡ üloh åa¡G ¿ oon¡tæt t¡E¡t¡ êtrfor¡

In oqclu¡trq Lt cæ bc sElô tihåt t'ble oblPtc¡r Þa¡

pmoantcô c eolutto¡r to tbÊ ba¡ls grobl,m of phnoG ê!r'æa

fn ¡nrabsUo nrflætæ ¡nte¡nr¡. ÎbË stbr$. of {tp¡loæh

1¡ qtrlÈe flle¡lblo ¡ü sonld þe cr36s!od, to ot'bor c¡t€s

û¡ne tlra gectry of tb6 r€flector 1e d,lfftroant.

tsorvrr, tt 1¡ ûltilouLt to cr¡¡orlnatcfry vcrlflr tho

valldlty d l¡hl¡ t'hecctfoel trsettat. NoYertblcra,

an otsnn mû.I br boan bullt afog üÉ 1lnsa deeqrlÞGal

Ln rcotlo 5"J.1. Unfo¡rtunatolgr ônr to tbn ll.nttc¡t
Èualgst ú,lch rn¡ svallaþle for thË ¡¡loJútr tbo ür¡tbor

rar u¡gb1a to D¡vc c ¡ufflslcatly æurato ndcl Þtrtl"t.

A¡ tù€ ætu¿l &l4ür1butt'm of ùhs l"útffrl an¡rfæa olre¡
of tÞ! Eodrl 1¡ unlnsmr lt h¡¡ bocn for¡d YÊr¡r ôlfrfloult
to nnal¡rca ths ro¡ult¡. a Eorc ooq¡lotc d,l¡ounslon of

tho nodol dlerlsp anÀ o{nrlmntal rc¡ultr Ítl1 bo foud,

1¡r tÞ æxt oh¡¡ltor,
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OTASIEN IYre

In tùl¡ oàa¡ltcr¡ tùÊ atrdgn sqd, oættrmtt'm ot
tùl ¡¡¡n¡lrntal Eoilrl r11l Èo prarontcd,r It l¡ tba
follæt Þy a .bort Atrour¡ton æ tÞe mtboal oû e¡ûFr-
ænt¡ e¡À fln¡IÐ È¡r rn r¡r¡-ì¡r¡l't of üo mln,It¡.

l¡.1.

.å, lsu-fod roå¡:I rdlo tcloroo¡r r¡ üor1æü U
Þulft rt tÞ U¡l,vcmlþ d Aû¡lrlôcc

As tb rl¡ n¡ ûo rx¡nrlnntalft vrryllf tÐ rrlttff9
ú ùàü t¡hrtl¡d t¡ïatryfÈ of, tbr DËñlä 6û phüc

onræl ¡rrcmntril tD Ch¡ptcr lff , ttÊ al¡rttn of tDc ¡atra¡a
w brreil qa tb rqf¡f,attm d¡ l¡ rcat!,on 5.3.1.
A frIl dææt¡Êlo of th. ffiel ta ¡rr¡rateû brlcr

b.l.l. T,Er Rrrbtm Swfboî

Ia ffi1@ j.J.lr¡ lt p ¡ço¡¡moû tbet tÞc

6cmr rrfrI¡otor bo ËEltt Þy eeaóltqg s brgp ndæ
ffi ¡¡n¡l¡ Ëoro coç[t¡¡ æc rttæùrl to r rlgfd f!ülæÌ.

I¡ l¡D¡ sû.1, tùr tTruwts Ír a roltt þut
¡nrùofotd. Aft¡r lt r¡ rmlðüü, tb ¡mcfasc of tàc

aütctl ¡¡rrtofotd, w gcrrtcf¡ trú¡?hlnû ¡g¡ iihrqg t¡¡
tool follor a ¡ra-oçtutcil, ¡læÈolle GoütqË of a¡
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artdt orrog¡-rætton of th! öoalgnerl l¡arrbolold,r fho

naohfmt mrfaee va¡ flnally pollah6ð. ÎÞc accurroy oû

tb6 ft8á,1 proûuct rea .tO"OOZ tnsù¡1. Hlg¡ly æcurate

aufæê Er l¡ttquþoA Èccauro thG o¡rcratlng frcqusnc¡f of tbc

noûrt res noai¡alfy füûA aû 35ro0o Ú/e.

Thø ¡urfacc o'f tÞû panibololô tàu¡ offor¡ aa lûcal
¡rcfensaoc ûron úleh tho ar¡ræs eaû bc aeeuratcþ æasur€d.

Slwo tbe rln d tba ar¡lorl.ænt l,¡ to rtnulatc thc

l€ro-üaD¡ normall¡r ùlatrf,Þutcd nanfactu¡lqg crroûr, Lc.¡
both Doeltlvc anil ¡ogatlvo Grr.ora n¡r¡t bc croateå, tho
rolre!-Þôotr poeltlon d tbc refloctor eurfacc, rùleh 1¡

foruô tU eaecnUllqg üho Banole, nrt be looato6 fi¡ntbcr

otrt t¡ tbo ñont of the ncforsæo pæaDolold. Ar tbo

¡nucl¡ æc attæÞd to nÍsræcterr, rl¡tcl¡ aro @Èßdilcô 1¡
tlrlrty-scyan bolc¡ drlllrd nolralþ to tho æfcrcæe
rttrrfæo¡ the rslatlvo forrarcl dU.aDlac@snt na¡r b€ tllffo¡.rut
fæ ûlÊferant Innsl eotrrüF8¡ fha eonnoct Boeltlonr w*r
tbsroforc eu¡nrtod,, a¡¡if tb s¡aat d^lrplæamnt of oæh

qo!¡oa ra¡ fonnô¡ A rcrrs dletalloù ttocorlptloo ef tlro
i¡tar.ætor a¡¡mbfy füf þc dl,l¡cu¡¡cð latcr.

TÈôrq are altogrtìtË tàlr'tJÂ-.aúün ùolce, ¡1r ln
tùo üæ ElEg, trlvo tå tl€ nldðlr rlag, qü clgbtcrn

le tb oqtc¡: rlngr Thô thl.rty-¡Ërtctth ùole l¡ oeatrcû

at ûho q¡nr of th ¡nrúoIold.
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I OOr

In tilro ücúgn d tho caËtr4gr f,m Doacca Ée al.ao

1¡aludcû fæ tlhc trutErocc ú muntüg thÊ pærDololû

ôurlng thÊ ¡ræhlnl¡fg ¡rrooð¡s as roll a3 thrlqg tbc ag¡all-

¡nnt.
thæc ra srilF fætce úlch favour tha cùolaa of a

eâÊtcù ¡¡¡rtolotd. ovcr oñt Èullt by a aplnnrq8 ¡nÉtelo
Thc ru'r#G cm b æsræatc$ Eshfncd' btrt tb ¡tról,æ
of atrc¡a co¡þ@t¡atlonr anÀ tbrcfæo dl,¡to¡tlon ülth
åglngr oan br groet\y ralnffrtûtat by heat tro¡@t otrrlcô
out at cllf?cra¡t ttagut of thG ÞrsoGrtao. Moloovlr¡ tb.
lltglülty d the paraÞololðr Épre surf,aoc thlcþp¡ç le
about bclf u lnoh, àclpr ln ¡ra¡arvl¡S tbs æenræy d
g,þ6 ru+Drrpt rofuoa d,trrng tranr¡nrtatlon. .A lcar rlgtd.

aurfæc rw.Iil" þo too fllrfblc to Þo eultablo a¡ the refü¡r-

eæe aurfæ for thp panc]' asacË\y of the mùcl ncflcetæ.

Eæverr thcnc la el¡o a oøltatn dls¡dva¡tagor

¡\pa¡rt from tl¡a rolatlvoly hlgÞ coat¡ thsnc t¡ dllf,ltouftt

Ln æaurgto\r æraûIrtg th l¡üno1e" ;ilao, onao tbo

Innolc ara as¡oñldr tbæc ls no ¡nsrlblllty oû 6s¡¡ç6tr*r8

a4r faulty Jotat ln m Lnmr lrËg vltbort tDc oort\y
pnæa¡ö d ôtmtnÊlrng tÞc ¡nml¡ ln onùar rl¡gËr In
tblt rca¡¡ratr e aùclcton lïruærk sorut¡trqg of latæ-
aoqmstlEg ttrn æû rdr æutð bc mra ¡nltúlc thm a
æI1A ¡urfaoo æ a ¡tfalcoc for tbo pamt eredþ.
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Wà.n' .ll nl.s¡atcr rrc æt at tb O.7ãO tE*,
tb ruffi sf th roü1 þ nøù e trsr ¡nrùolold,¡
bæun cù pml lr th rerrfÞ ðrplæraf fËr tb
rofuicnt rn:fæe bt ¡ atlrtræü ogÉ¡l to O.â l¡. lo fcr
æ Ecrtc lu:t-Uo, tb ætgl'r¡I *ttt¡g d d,srnllæ¡
f¡ ôtñlÞtrt lt¡gt nrt br dlfì?r¡¡o3.

r#tth rrûqrFc to Flg. 32¡ !f tìr fetû DolEf ü rlro
uvr{l OrÊ rn. mf fÞo tb tæu¡ ü tùÉ wtgÈrf ¡¡¡rer'
botold,r tb ¡lcolrf æ¡pt¡G1r at t'üc rl¡ nrt b. mûfy
ût¡¡llæcû ùÛr Oo2 oor 5oo, trb ounær et tb ræod' rtng
!U O.2 cc glolSt, eû tE tÞlrû rlrg Þtr o.8 ool ll%¿t
rd ¡t tDr qn¡ ÈUr O.2 Ltr æl¡tlw to Î¡h¡ rafaw
l$fs. If thlr 

'"¡ 
tqr, tb noû.I ¡urtb É11 Þr

c¡ætlt tbr rn er tÈ¡ nfütæ¡ læfæ1.
Oa tb otbæ ìd'¡ tr ¡h t¡¡ Flg. 23¡ lf tb fæû

Dotrt 1r bpt ¡t th¡ elgf¡rf focur" tf ttæfææt oû

t¡Dc æænlr üælaf Þo or8 æG "t0oe a.2 nc 8lof3t,
o,rÊ tæ ll\¿t, d, orâ ln"sc¡¡¡ootlrt\yr ro tiàrt tby
üfff llc m tb¡ ¡c,rlg of a ret ¡¡æùc.lsld, üth r rbætc!
færl la$tÈ. A .lgDL rrthetloal IrGoú tr elËl brlilr
T& tb polæ cqoatloa d r pæùol.otû

2.jq .r.. (116)! E

-"ætP=-



lSOr

E{rúlæ (tF6) Gu al¡o br nl,tûa tr ætlæ tË

lcr. l¡t 2+ t* r + l¡g (l + Gcf r )

Ëy ülffGtrt$t$ dtt lrr¡lrst to Dr r Drr

ü d! & ! gl
D

Ò¡.. (4-7)

Lt E br tb tül'¡r oE tÐ q¡r¡tu¡ ü tb lntOoþfûr
stnür tc lh roûnl, T 

-. 
. 6O0, en tbrrltur b¡

Eß twSoo
rú lt tb rlr oû tü. r.rütlcûc

FrErær0o

lq*lnn (å-?) th
ût r ¡¡, .-g loo :'." (&-g)

ln ctùæ Érilr, tt D lr rrturd ùt qD - or2 l.a.i G n¡û
rl¡o Èr r¡tmr|, Ër lr ¡ o.2 *å !oÛ. Âa tù. mr
llt¡plærut tt tb rtr oprrr¡nnüIng to dr !.r

üorüool 5oo

t4o * g"å æcä toc cc ioo
É org ¡rc too

I
!!-

D
!T
{D

I
O

t
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Uoro gcla¡patly, fæ l4r añglÊ T , F brvc
2

-præ¿ T
2

!- + ool

dr ¡¡ü æoa I- ôD
2

-

Agrln, tho noqul,rot m.n¡l dlaplrooocqt l¡
iln È *oo.å

&= t*** ..o. (4-g)

fhl¡ llnoü¡t th ùæ! ¡ûstq¡nt.
Fræ tùl¡ iltrælrtoa, tt oan bo ¡eca tùat tb

rcqutFoê ¡o*ntl rlttplææ¡t at cæÞ rlry la gncator or
Frllcr ùhrn ùbat at tht tp¡, ¡lr¡euûrag m ürtF tÐ
lìr.û Dolnt la lcpt rt tb æfgü¡.f foom F æ !þ"ct
f.qÉb¡F ry fu lt to p1. For tht! Fc{iaoa, avrE ür
rr1 ü,orntcrr a¡ru ¡ct et tha o.?5o ræt, tro aDpücolúlo
¡tlF'F rOulû, oocw ¡t w ¡rt¡s tÎ tDr f,côû lr æw{ to tbÊ
a¡Eno¡plata pol¡t È¡trrn F ad F1. Ia ¡pætlac, tblr
ou Èc êm W trtaf aü omg. But, ntàcnttsrllJr,
lt e¡n ba &a tlrt tb flt{l rboüa bc ævlü to pg ffi

?EeroûrO.AIl -Ggt]l
lf thË .çr.Tæ rt tlc rlns oorFG.pæiuag to y I l. to Èr
¡ll¡Éa¡tcd,' wltà rafrrcæo Èo Flg. âhr thg ætud



1?'2.

rF-q¡r tn fìooål lægth l¡
lF E D-t r O¡8-ô

Tt¡¡¡Eær tÐ lrqultnrt ¡ml dúrplmt lr
ü¡ù !r (O - ¿) r.c ,ï,¡

2

f,f c mt tD¡ æræ S tùË fü r.fng to Þl æe¡
r nrt bm

D

F tero

(D-û) "*J*rË

:r-
2

lll D (¡¡o r)

ð . D (r * ûc fl - o.2 (f - (Eor #l
oü¡e (t+-t O¡

Fæ Èr;t rcultr, tt¡ velul ü af GæIi Èc ùrrn
æ tàrt tb rrræ et tÐ rr*ont rtng t; ræo. llat lr

dror-8 I -rlüfsP6:2

n O.g (l - O.9!)

- O-O ¡ O.OT

æ û¡O.Ol&l¡.

It ø t&rúU¡ Èt rrrü türt n¡tæ¡ tþ tlË,rb{f
ruCmr d thr d.l oa Þr É vüqt mærtrl¡r¡ ttr
Ôæt túDo d Gtæ l¡ ú nc !rrl, l¡¡ruûÐrr.

'a
2
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l'flth the nodol¡ ho*uvar, tÞre üro nä¡y Eor¡rcca of
êtrlæt¡ fþet\y¡ atthoqgh tho næqfætr¡rar claLmil tDrt
lf all rlcemtcrøf rcaû!.ngo æ6 tl¡c aæ cvcr¡rúone,

thÊn tbc ¡eæI ùlcplaÐænt¡ ¡¡elEtlvc to tbc rcûcrarco

surfæc arc a.11 oqual¡ ttorc are FGs,roæ to beltcvo tbat
thle ls not t¡:rær Thla vrs cloar\y .osn ünn a rdtatlæ
Battern of tba moüü ur¡ tqhî"r, bco¡u¡o tÈË eyætry otr

tha ¡utt{rn n¡ eq¡lctrl¡r legt. Socoüly, lt 1ü gua-

Ftatcal tbat tþ DGml ou¡lrtunc afül ¡ltgDÊly a¡eres ú.th
tlm. fìü{fy, eraür nqr alao harc oeürrsd. útla t¡Dp

aatees rrr tranrDcrtod, bctwu tùo Unlvaratty rú tùû

ÂltæÐ tqrttng RaqgÞ rhtob n¡lo î? d,l.cc qDæt. IÊ

nbmUi sl.s bo pol¡Ècdl mt tDst úcû ths EoCcI re¡ tt¡.t
êcllvcrcü, lt re¡ fq¡nÄ tàat tàs gåpr bctnaa tb. Dr¡¡rl.t
rtl. too glL AB a rcault¡ rD¡a tb ¡nrel¡ ç¡e gvaå

færa¡{I ùg about O.l l&. fræ t}e Fsfæ€æa surfæô, trtroy

teilsÖ to tn ¡eal¡at on¡ atrotbor. thle t¡ u¡¡*tllf,ætory
bcoæ¡o tb¡ prrrpun ragnltüo of ÈD¡ ¡rtüf,lolel clrre
muld. be fctt tùnn O.OjiO l¡- tho nottl m; tb¡ofæc
aoat bsts for rerd,Jultnatr l¡¡teaÄ of, r€alwlng tår
¡l¡¡ of oæh ¡¡rnlr tho mufæturcr cùÐü to Læ¡ca¡¡
th¡ lagÊ Ëû .fforln8 tbc prnl't to ærtr futh¡s bæt
Tàl! n.g iaæqlr¡.lcbcü Èy ü'llll¡S btlnat holcr sa tbc

ncf¡mnoc nmùololdr a; rbta by ilottoil ll¡c ln Flg. I S,



1t¡'

to allor Flt 5 to asrr anotüor Ool ln. ñ¡¡.tbs to tùo

b¡sL lE't, Mrrr, artr glçr rlrr to anoth! ¡ouFclr

of ælcrr
.{Ðürt nFm tÞ.rc lt¡lt¡tfon¡ Ëlelr govæn tbr

ebol,oo aû tht Esfnu rt¡n;lnrtü, d,avfaùlon of orræe, tD,e

agnlLty oû th¡ r!,o¡lætara aleo naEeE tt ûU¡rastloal to
c,boocc I TÇly mll ¡tad¡¡lü doçl.atlon. As tb c¡¡ncrtl,ng

nvalcqttb tl rùout 8.5 t, lt rs¡ fq¡il that srly tlo
valuoa qf tùo ttßüs¡{ ûæletle¡ rrrl8þ¡ ¡r = Orl À

d, s * Or2À CoEld, b aatlcfætútþ uttûr
Brlrfly eDcrll¡g, booause d Ît¡aælal roanq¡ rd

tæt d færl fælLltlee, tà€ antos¡a ædcl ooulû mt br
br¡tlt to ¡rtl¡fætle.

Bcaeuac of lntttel ¡ulfaoc cEFoF3, tbr nüt crræl
c¡n ¡o lqern Dc a¡¡æd, aeual to ¡cro. Tbc5r oan,

borcmr, Þr þDt mall bt rÊJu¡tlng tÞ fccat åBn ro tht
aq o¡tlnr¡ ¡rrôlottm Dattcrn ls ùt¡ffiû baforo ortl,flolll
c!!Ël rrt lnttodnotd,.

¿k5.

l\s tbû ËoE, ærom a¡la not ogual to aoro, d, tblr
ab¡olutt nqg,nr tldèt arc rl¡o un}¡¡orÂ, 1t la thorofor¡
aot po¡glble to obtrln tba cræt offoat of tÈG EerÐ&
arrorl on tho radl,ntf,on pattorn of, thc antoqn¡. 'fbt
¡reault¡ årÊ, bmr¡r. tabnlat€d, anÄ n¡ore eornuents oa tb
rqrultr rË gf,Ën l¡tcr*
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lr.j.l. tûEL¡l,
(l ) tÐ Alem¡r ortn

For oow¡nl¡¡sc, l,a ær ill,¡esrtl,oû¡
tbr rad,l¡tlon ¡nttcrar ôtalÐd, bofsm ætlftnlal eç(ær
arc latroüood¡ ü11 b ealtc{ tDo ft¡rd-rrræ luttom
to öf,ctlngul¡h ft fro tbe radæ €lrìur ¡nùtelr"

Th rcletlvc ðroD ln tùû fo¡mqrll grtn, Cç
to ræds orro$t inÄ fl,sd, crræs, cq¡lsrad, to tà*
Î|,¡ct-crræ gala le taÞulatcð Èolor, foo a æir'{.Fü
drtLatlq rgual to ffi-tc¡th ú th€ latclcnggà.

Bcl¡tlrc D¡roD ln ËaLl
(ercrucfr)

À* 6.dü , Í = O.ll

Sot Fo. ntlåtlË
r.ors(dL) 8ct [o. Relatlvo

¡,o¡¡( ô)
2.6
5.6
5.9
l.l+
ll*9
íl".0
5.1+
2.O
b.l+
l¡.o
l¡.t+
lb2
4.6
1.6
2.5

I
2
,
ll
5
6
7I
9to

tl
12
r3
llr
15

4.2
5.O
2.2,
l+.5
¿+.1¡

4.9
2.6
).5
5.4
7tQ
5.4
3.2
3.8
6.9
5.7

fl¡ avcrcgg Io¡¡ f'¡ tÈ¡reforo oqr¡¡l to
.aîrrrgt ler ," <1,6ä"5 * I.l&.

ts5

t
J.
5"
3.

{6
17
IE
19
20
2l
?2
Ð
*
25
26
27
¿8
29
w

i*:t*) ecr so.

7.2
5.lr
5.2
ll.5
5.O

31
32
35
3l
15
56
57
Jô
39
4a
4r
l+2
¡5
¿¡¡l
45

,.ll
l+.6

2
5
5I

5.1¡
l+'8
3.6
l+.5
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Îb ¡xl'rûlotaû lota oü grl¡ ln tb f*æd ðt¡¡otloar
ðn¡ to ¡ÊFrhËüI lrd,æ crræ¡, l¡ 5.7 &' Ërn tã¡
It¡drrô üælattoa la rgua.l to o[Ë-Êçath d tùÊ oDcrrtlng
uavole¡gth"

i'dþn thc ¡tnit¡nl derrlatlon ls lænooåcd ts g¡s-

t atü¡ of tbe rwrfcngt¡r tl¡å mactsod y¿l,r¡o of tb
¡¡cl'etlru d¡rop 1¡ eêtn t¡ 15.? db. oqnreô to tþ prûr
ôlctoù YrlE ú 12.5

füÊGl.

db. fc tbc €r,¡r otr rcFo-ma

(2)

Âfüoueb E6¡ö typlcal o¡I¡crt-æ¡rtal

raålatloa pattcrm æs eæloÉcd,, lt l,e ðoatrabta to
coqputa th aræqgo lloær pattera, bocame Èrt rG r.
eoæcùlag fæ 1¡ tbe aræagc færoøe ln pomr levcl
and, not ary partlßr¡Iü pettcln.

tÞ rctnlt¡ ¡ro tsul¡tct Èolorr
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[Centtrul¡ô t]ou¡ page 127.)
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Btc orn tàtrofæt tù,l¡t¡ th¡ rvær¡r pæ aa follmr

Í r Orl l, ¡ Îr - 8..f ¡ .ontcm dlstæ - b ft.

ta.å*l o.5 l.o 1.5 ?'O 2.5 3.O 
'¡5 

4.O 5.Q 6.0 7.0 8.0
Rol¡tl¡o
Pmr(o.¡ 17.2 lô.e el.6 26.1+ 29.7 3Q.5 fi,2,58.8 l¡1.6 45.6 l+O.5 trJ.l+

gaå-l-O.5 -lr0 -lr5 €rO .{,'n5 -,rr0 -1.5 *¿¡eO -5.O -6.0 -JoO -8.O
&rlrt!,ru
fæ 13..6 f 69 2O.4 2?.7 29.3 &-l.Z 3r.1+ }+.k lr0.t ¿t+.f bO.E t¡5,0
(æ.)

lb¡ romlt¡ fæ c - Or2 )' aro al¡o tÈul¡Èaal bclwr

ar- O.eî. t À*8.5n¡ Antonrülætor*t+fÈ.

(c"&.al o.5 I'O 1.5 2rO âr5 5r0 \5 tLO 5rO 6.0 ?.O I'O
Brlrûlvc
lqpf 8.5 ill', l7 ZÍ1.8 d+.8 27,5 jo.t j¡ä.Z # b0.g llt.g t+o.9(e.)

t&tl"O.5 -t.o '1, 5 -2.O 4.5 -5Ço -3.5 J+.O -5oO -6.O -7ro -E O

Rolrttvt
Pmr 9.3 1216 1fu7 19.3 25") ãr.8 29 5t.6 }+.1 j8.5 j7.9 t+t(o.¡

å¡ rhon ln gfrlù l, tbË dbæ! ra¡¿lGa arc plorttcô on

t'bs ¡* græh r:lth tb fl¡rð-r¡æc ¡¡attcrn fæ aqn¡:'larn
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)+.3.2. coldMENIs

(1) The Forryard, Galn

It has beon eald bofore that¡ d,ue to manu-

facturlag ornors, the flnfebed surface of the mod.el ls
not ¡nnfset. For thle reaBon, the rand,on emors at any

cor&rr are actually dletributed about a flxsd. er¡ro¡r.

In otbe¡r rcrd,s, the rean error of the etçlerlmental errorsr

illstrlbutlon at any polnt of the rofleetor le not zero.

Its Eagnltud.e la, hovevor, ur¡horn.

lbcoratloal-li¡', lt te thc¡refone lmpoeelble to
estlnate the r.elatlve ðee¡rease Ln th€ forwrd, gal'n aa a,

fi¡nctlon d the eta¡¡dard devlatlon of tl¡e raad,or¡ €TlroFEo

floreve¡r êtr approrlnate eetlnate of the loee

can etlì'l be obtalnecl rlth a e).lgbtJ.y lmperfect mod.el.,

tf tne poeltf'on of the feed. 1e adJusted, ao thst the r.m.s.
yalu6 of the f1æd. errorg oyer the çùole au¡sfaae le a

nlnlmn. A proof of thie la glvon belæ. In ou¡

ex¡lorlnent, üh.e requLrecl foeclr e poetttoa haa been obtainsd

by masurtng the gafn. The optlmm feed.re poeltlon ls
obtqräecl when the geln ls maxlnun. The optlnu¡n ff.xed-

emon-pattern for tlre mod,el Le shoïa ln gra,ph I .

$/hen both flxcrt errors and, random cr.rors ar€

preeent, equatlon (f¿+Z) nuet be noÕlflcd,. Oæ now bae:
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EC [',ô ItoJo
lo ( f,r)l

"- f,.rn ¡-¡tr(.".)J!

try)

0¡rt[, [0f (g, r)

t
B ùlìl¡

-þ3 pz aw|+ . üæ (J n) ¡f-rrnr
æo f ar ôS

tut r æ (fæa.r 1cngtÌ¡) . (aæ2

r"roo

tbscfæsr lf Ct ' C (foont fqtÈ) ¡ Ë DrË

I C
ôVO¡

rGre(Jn)tanf ar ûg ...o(rrlr¡
üÊtrc O rc¡raraat¡ tÞo ffnd üüFæ ütch varlas tlü
¡nl"rù to ¡nlntr

StE tåo tllrf¡atlon ¡nttorn l¡ r¡¡rüA to by

r¡rnrtrtoel r!,tì rarÞæt to tba c¡l¡ of tùa pæùoloiô,
thr r¿lÐ ú Ë fn tb ffi{l d,þ¡otl"on s¡n Dc rgromd

P2rrD

lü .4l [- JÌ! (... ) I

*"+

t¡ar

E

Y

'' Comtrlt F ( T) crg (J 0) ¿Y .o,¡ (tr-te¡I o

fflñGr 0

Érc F ( T) lr a fTrtlûa oû T aloaü.

I1 0 t¡ th rürf¡¡gr galn of, tb d,ol rùca fteaf
o¡tüFs anil, radsn oËræ8 æro ¡noocut, aEÀ 6l la tùo

a?Erago gú¡' ilrn @Ly rdCIE Gsrsrs are Dr'Étont¡
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3-
O1

$lnû

G

a

ffrcIClr- L(r ) rrp (¡ n) ¿t I 2

t/.t" ( î) *î l"

l5h.

G... (tFlj)

..rr (t¡-t¡)

cÐ(ån)sI+¿n-{-'-¡H**r
E (r -# r¡¡r) + f (n -Hr ...)

ntf -6 ts æh larr tb O ¡ @ n þ úh lræ tËü
{Bo S*b5 }Stan, n !¡ro æpçorfntalf

nn.Ð(ln)!(r*3. ) *tn ....(t¡_t4)

rt b Ècon rþrn tv oøag(t¡) tbrl, tf tDË vrlm
oû rgr (Jn) tÉrta ln cq¡stfæ (h-tb) tr aùstltEtGô tr
ogustt'on (b-f 5) r ä .l.Ðlcl lclstlmf,ùfD ÞtÉt¡¡ e rd, Ol

oan Þc ôt¡fr{lo gbÊt ll,

g
ol (r -Ë )

IIþ

2aor,'or-@ ( 0rf tr*f )

üü r l¡ cEgÊt to tÞ narlm fl.sd, tlrrrrorir
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Now, lf onLy flxed. olrrors are present, equatlon

(¿+-r 5) tould becæ
fTo

sr lj" Fo ( r ) e:p (J ft) .tT l' o... (4-fS¡
õ;=

f"o*o (r) dr l"
ldrene

gt = gaLâ fun oDLy füocl 6E!æs arc preeent

Go = tÞeo¡retleal galn of tho crllæ-fiFee a¡tenna

Fo(T) = fumtlon d r .

Srnlla¡ll.y, one haø

aGo = GO - Cll .,.. (4-rZ)

Hoteve¡r, lt oar¡ bc aeon tbat there exf.Et trc
poel.tlve oonstants q qnd no, eæh thst the foll.oú.ng

egqåt1ons Dold,:

act=Gt-G=G1 q(r-?rt r...(+-re¡
a¡¡d, aoo = oo - Gt = oo.o (t - llt .r.o (4-r9)

üore boùh n, and nZ ars leee than or oeual to r¡2.

fn our e4lerfmnt, fl,xed, en¡tors are ræJr smell con-

parart to the ravelength,. For thle r{saaon, nl ad, no

are both ña'11, and. re ean mlte
aot = n Gl .... (+-ta¡

anaf AOo = Do Oo .... (4-f 9)
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Îìct lt, th losa ts oalSr a æalt tTættou of ùbe gaüro

'flü E?c tbn

AOO- aOt=0O&o-EfOf

ht Oo rc O1 + AO

ù'o
A G * sYcragË loss d eåln ün onfJr ro¡lo

ÛËF{GA útrl| IIütæDt,

å À0o - AGt * Ol (to - tf) * noA 6

+ no A O ..¡. (t¡-2ç¡

But
ASO ! Oo -Gr

^01 
E Gt -Q

lb¡¡rufæo
AGo- ,5Gt - (e.r-ol) -(Or -G)

iÊ ÂO - AOr

ü¡cc A Gr = (e+ra üp to ft¡sû Glìræs alru) - (Aruragl
gal¡ ûæ to Èolù ff$al ad, rdæ clrwr)

â 0t 1¡r tHuftorcr tb qD¡E@t d'ñrngt lorr oû

gaf'nr tl.ch tr æùuall¡r æas!trroat lq ora Gg¡oflËatc
on th¡ otht hraü' ¿: o lt tÞ tbæat1Êôf yel6 ¡¡rlc-

aüsbal by oqustfon (J,JT?),

Eq¡Élu (lreO¡ nn Èæa¡
AG - A Or r tro A O

ot aO (t -nc¡) * AOf
. .,. . (t+-at ¡et

æ-



1î1.

In our o*¡grlmJrÈr tbg mqgnrt¡¡fl¿s of fl¡Ed. æ¡.otrÊ

a¡eo rqr se]'t Gomtrlan{ìal to täs tìË"olËngÊh. F@ thtc

loa¡oûr [o ry a,Ieo bc Fgl6cüd,l lblt can a.lro lre

aÊÊn trø oqr¡aûloq (4-tgD) È¡sarsa ¿Go lt only ¿ qll
fnaotlm d Oo . \TË tåp¡tforo havu eppq¡t.ntofy

A0 E ,*.gr ...ó (l+-e¿¡

Îùrt ttr tbc q¡¡nrant $rrltgs logg of g¡trnr ùlcù
tr obtal¡¡û by url¡g a rltgÞtft fryc¡.fcot æûtlr 1g

qp¡¡loxlortoþ oqlraf to tDo p¡c¡llotdt 
"aluß 

f,or a lprfost
uodËI.

Tbl¡ le codlæat Èú our o:fi¡ælmatal, ¡ernlt¡.
tn ou¡r GüËr a(}r ro l¡tcllf,otcal by cquatlon (5-l+7) r 1r

5.f' d le.$&' foc a rtaüæd üavlatlon ognol to orf

ad O.2 rerpætlvrþ. lho oæc¡¡¡onûl¡g DeËü!'lå

valucr d Act æ 4.1&' âd 15.2&' rc¡r¡ootlvÉlJ.

eltbocgÈ, aææü.lqg to cqnatlon (I+-21¡, agr úoEl.at

b€ Bllgùtlt Ð¡.lsr than A G ln tôd of largcrr tbla

d.leoËpsncy acuartlæIosg le qt¡tt€ ¡"'qll nqßt ooulal b6

attrlÞuted to agprtraatal GrlrllFso

Eqr¡¡tlon (¿nae) om r1¡o ba lnter¡rotod, tn anotbr

Wr
818 Àor le tùc ryparent av,6ra,ge lotar tb ætual

Ioes oyr! e D€ffæt d,cl ts tbarsfæe lægpr by u
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@uÃt rùl.ch 1ç ogn¡l to tho lo¡s oanrscö Þy fl¡sA GEroFl

alom.
Thl¡ rcarüt 1rt thoreforcr of .ou€ prætloal

Lqrortanccr

(a)

In ¡uættocr lt has bocn fotld ùbtt mntrfætut-

1ng ænors õßf lnfln¡ascat Èy ùturn l.ql:rfoctlü ¡¡ r¡11 c¡

lnrtrmqtal açroço' Ân la¡t¡rmnù ¡ry oontl¡tcst\r
glva æ!o poaltlvc cnora thân ncgatlvG a.F@ar Iàü

Êa!Ë thtqg say ryply to tte opæato¡1. Far thl,t Fôt¡ollt

üil a 1*go mÈæ o'f rod¡ of r r¡¡ratll¡ü fßngtlt ans eut

Þy ¡ rr¡ùlncr tt rry bc þud tbtt tùc ar'raSo lcrytù of,

tho rodl 1r nt cqud to ltr ¡pælflcal valuc. Fon tb
rd ËrsJl6¡ Ërü r gFoqg of ma acc ca¡¡Iryaû ßo oon¡t¡næt

a tarsp 6þtr of ¡cæLaefy l&nt1aa"I antôena¡ tålro flßo

rrsa¡{rnß to Þelleva that tb æan ognor at a4r ¡nrtl,eüIæ
polnt qr Èe æsal N not equal, to gc¡o. lbil'r Ëaa

G¡:t¡ûtr 1: mÈ only u¡tM Èüt also rælcr È6 orp polnt

of th roftcetç to amtb¡.
It la ùør¡ ln "App.dl¡ II tbttr ¡¡ tbt¡ Ga¡Ët

rquatlon (Hr5) Ècæc
f2

ûEo s d,Eo qrD [Jm- T J ,'-.. (4-23)
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arr¡ 6q¡.¡lon (jJ+]) þesoæa¡

s nlBI,
rT

J" tor (F,y )lt 6rilr [- J kr ( ... ) J

u".t #¡

Í o
BYGr

otrD t -ftt ,
crp (3n) tan

2

å ot .rF '.e (b-eb)

üæc n La tùo æa¡ grrFofr It can bc ¡aon that

cguattcn (lr-ta¡ þ oû c¡mtly thc ¡æo fom. that lat
cgntlan (¿¡-¿a) elso eDp1lca. In otùar torðo¡ tb
sreürqgg pcafg:¡aæs d tùrs båtch of antsesg ylf'l be

LtrfGrtæ to tbrt ¡ucal!¡tEô hy cguetl,os (J+7) Éfoh
tùatnìa tbat a.II noan æ¡ora æc eEuel to gcro.

In Fpætlsê, lt la tùe¡rafore tq)oÉaqt Êo Èerp

both ùho ctad^afil ôov!.atlon and, tbß EFan ore¡¡o¡ts a!¡¡ll.

(b) I¡sEîr,,gnten*'ás

Iù lt6¡ ha strtod la cætlm 5lr. thst !rr¡:a¡-

f,ætrut¡U GEtìoDr of a gtycn lersc aÉc¡ua arc tl,gü æræ¡,
adr lf moc¡rtrt¡ thótr offcst ean bc d,nfnùr{ Þ
æetf&.tlng the fGCôr a ¡nrltlm sd tb ¡¡,cf,¡atcf c

¡tooltlon. I¡¡ surlh a aaË€ th6 ron.Br v¡l.us of tìß flæ{t
atreû lc onf¡r a rurtrll. frætlo¡ of tbo nrelcnß3b. In
tlla oûtô sgutlo¡t (t++Z¡ rorrlô also ÊPÞlV.

Teb a glwn atcmc, Ðqra to ren¡fmtullry
ûrr{Fl} tùs fl¡i,ùaat ¡rcfæo of Êho ü[t.Er lt æt Dorfoot'
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thc srror at any partleulæ polnt on tbs refteotor ænld,

alro sübôögumt\y oDrneÉ dæ Èo c¡tsrn¡l offcstr. SfE
tba ovarall ¡terfomarco of, tüß antor¡na la dlsped,asû on

Þotb mn¡lbturr { æ$BrE eqå ¡rroro oæd, bf ortornaf
fæcr lt ¡ry tüoætorc ba n¡orr¡æìtr to dupltoatc tho

marn¡fæturl¡u ønrelo oa ths ædot üen dr r4)ÊTf¡aental

etudy of tbc eutsana pæfornanco 1s uaÀa. Thl.a ls Dot

onty clJ'fft*uft bt¡t alco tnpomcnlert, bææru ths rædsl

m¡r bc rcEtrlrcû for othpr ü4rcflæntr a¡ rll.
Eguatlon ([-aa¡, hmtæ, ehore tbËt, D[.oç¡.ilêû

øanuf,æturrqg r!r.æ! arc @a.ll eoq¡rarrt to tbc o¡nratlrg
¡¡valongth¡ oü3 cm rtugr tDÊ öffïrot ef ortern¿l frrcsa
oÀ tb sqt€mef c gnln ldlo¡¡odontl¡r of mn¡factr¡rlq8
erËûre. Ia otbcr rcrd.s¡ lt t.e BoeelÞl.a to EtualJr tDË

effest of artornÊ.I fecee by carrVlng out o4lor!-Ecfrr
on a ¡¡oôcì ühtc,h m€d üot, üsvc tb aæ flxsô €rrìæ

pattorn ar tùat of tùa actual antcÐåo

Onp aen t&arofors rtüJr the dFect of ú.nal, losâr Èy

tortlqg æùols l¡ s rüfi tn¡¡nÊil. om eâñ åIso use a&

elootrcrls au¡rutor to etuft¡ tbe geæra.l effþot of,

c¡tornal fcroca on antamc È¡¡r aasunlng a ¡nrfaot @üoI.

(2)

/rltbough lt lc poarÍbÌc to otudy tbû girt¡¡

lltbout rry Insrlsûå! of tùË f1sû oËrror ¡ntttcn,



tlrl '

tÞ¡ ræ wlmlm æ Èær ormt, bmvcr, bf lDDlloil
to tÞ s]ærg! rrrûl¡3ton ¡nttarn lDr rcerq l¡ tùrt
tùc ¡nrw lc¡rlr ef tbr ¡lûr1Ðo; ß11 æo for. For tùl'¡
aoüÊr ülf. rep¡tloû (t-ee) m¡l¡lcæntr I god q¡¡norL-

ntc eqrr¡¡fm fæ tþ f,oæræû gtls, lt riltû gfw ¡
8tÐ. rErcr¡ üÂ lt lr am¡l!,¡af to ¡illrlobc l¡lrh¡
fb rynfüËc qf tla oç¡¡æ l¡ru'qr¡¡{¡r r¡ tbo DoüË I¡.1
of tt¡ rlit¡loDc dtoaË{rtrl

Ëouwr a qUnltt¡rtl,w Ésaly oû t!¡ DoË l¡rtrl oú'

tlbc rlürlÐ¡r t¡ glrn Èafæ. urLeg rtd,læ mtetlonr
s Þrûæ¡, n hæe

8i s t?lFr8c Dûtr lcçol úü gft pdn 6!f¡rF.
æc ¡rerut

g ¡ õttFrsr Dilüf 1'Tll Èn raúo ril, firD¿
ûçüür æ ¡scernt

fo a trrlwbfñt Do# lcul
gt s poü lm¡l üq onfy f!,Ëû .rncËr úrr

lmroæt
l¡1 * dllfllËr¡mt Dctnra q d g

ûsb * ü,ltfç¡rua brtrn qn d, 6r

il¡¡ * ülffiuæc ù.ùre gû d 8l

TYr Gu rl¡g çltc
aq I r\ &l o... (4d5)
ôso e qo go rror (tæg)

tr q !.IËË¡ætr tb r¡tto of 'rgt ûicr g1r



rb2.

It oen tDcæoftrc È. eÞoß tùnt

ü t ,+ -$ ¡' ..r. (t+-e?)
I -4o

ülc tìe dtf,fbmæo (nf - uJ ùs¡ Þô6n ae¡ræd, to È€

mgrlgf,Þþ nllo
Lct us e.rrn tbrt aquaÈton (¡+-47) rcpmecffis tLo

earrôat rclatlouhlp botrtn {lS ad ågr. Lat u¡ ry
ft¡ül tho rel¡Èlvo lmc¡¡o 1¡r ilg üm tb atadrrit
dotlåtlon d ã'EfioçD l¡ lmccsaoif fls om-te¡¡tù to
l¡prt¡¡fþ of tb nvrlongthr

If dft ânû dSþ ¿r tÈa ææ¡¡¡nnaU¡S yrlu¡ otr ttg,

aat ågra tlra ûStb æ tùa sgJrr¡ts¡roülng falwt d Agt,

Ë tarr tila

ftr=#Ë
arü q+ =e
o! .g - ggb

dsb dg'b

tÈat l¡ fo8 üga - Iog dtb = log dgå - 10ß dgb

tbl¡ rËoÐ tù¡t, üa tD¡ rtd^utt dsçl¡ûlcn f¡
læard ar ¡þn tovc, tùo relrttvo tæraa¡o f.û üc
Etttuûd, I¡ffir l¡nc1 ln ûcolÈclr rùo'uld Dc rypno*lrtcþ



ll+J.

tqtrrl to tb rststivo fm¡¡aro I p¡çdlctsû bf cquotlm
(H7)- Froa grt¡J¡ I, 1t 1¡ ü.a.tr tht tù|,¡ Xr a¡¡nort-
lrtaltr tÐ¡ Th llrc8trfsrfty of tü¿ æurrgo ¡nttalnn
ls eau¡cd, Èy t¡e fæÉ tù¡t ûDry æG æt *¡lry tùp gysrqgp

pettorn d oa\Y t¡¡ Aff¡rrc¡rt parÐofolclr úleh e.c

¡ldlatoå by orrpngrng tD¡ plcmtæef crttl,qgeo

Iq ænnlrulosr 1t oan be ¡a,1d. tù¡tr altbor¡gh tb.
Eodtl la æt ¡¡orf¡crtr 1ü eæ bo r¡ssd to etuåy tln vallAf$
of tho t'àrærtloal tr€rbnt.

Dr¡o to ft¡Daf ortlqror lt tg mt ¡¡or¡lblc to ðlrr r
rtralghtfmd" æmlualon u tDo offeat of ranÊg ¡rüsse

Gtlltrtrrr tro*ven, ogrurl.watel reculta obtelnoô w r¡srqg

thla nlfeDtly frycrfoot æ1 ðo ¡br tàrt æ"rcot r¡¡r¡lt¡
erß bG ætuff¡r *talncal by .rl¡rg cquatlon ( ]+7) "



llf.

EffiÈg$tg

* nr r{fuif of æfil¡3 fÐ p'rÈfm of pbrr t¡l'on l¡
n¡¡Solol¡lef rofl¡dor üt6nr hú È..r¡ prcræteü ¡t¡ tb
ürf¡rlr ù ül¡û,y ootut úth tù. rtßcot of rrf,lcoùæ n¡ll¡æ
l¡rrßl¡rtüôr s Ð ¡rs*tnrnr d ¡ p¡¡rbolaü,ihf ¡¡trE¡r lt
ibu ¡ú úttr a ooçlcto .o¡,uttn te tåa tû¡r Gnrrllrf r¡¿

rn æçls ¡n$lll of !ùrrt lrfrÐfl¡ Fcrrüb¡fur tür m
ryproa¿U npnrøtr . ¡r¡.t{+ro¡É rtrg tbnnrit to¡s¡d¡ th¡ uÒr-
rùulLç of tbr ast¡qrl ùûbvlffi fs tæ qf lta pcnrüær.

ll.ù cflt lr lt tnrc that r nJstty rf lores ruillo trlmoogm

b oprrrrtLæ to ùrte 'an pslrÞoü.ot¡hf ln ebn;o, tt 1r rln
dÐft roooptod ttu'"t reflcotor rurf¡or lr¡eglrfêrltlor ilrûr¡dr
tb UItlDte qr.rstl$r of, tb. lstüm. Aå¡ttto{Ayr tb rtflobny
of r¡ r¡ùrm¡ dspaû an nnr fløton¡ l"mlr¡dfg tb rpr¡t¡n
tqnr' tb forû sù¡notcl¡tlot' rûorr búü tÐ 6rrtrt lcm sf

n¡ll¡túæ u6t, Ir oütd Èg n¡ùo¡ ü.riuo¡

lü{¡flt ¡pcllr3, últb th!,t Ðr rp¡nroæhr tb plùf[ ct

Db¡. rG¡rFü b dttvlÐil l¡ûo tàrt r!¡ ¡nsts, ioh af Éfob |r
Cd.lç 11Ë a par"túotü.cr opæù ef tba prùlrn

tlb tt$rt peil üracltæ tù. ütbot oú etf.rtt.¡ tb 1¡rr

otr tb ratræ ¡rfn 18 tb tbns¡ üf¡rqttÆ r¡ ¡ flstln cf ¡
Éur¡ Fç & rr ã¡¡f¡ol artìæ. eb f¡ &sortosû ta pnottot tr



ll5.

q l,¡ Ett{Ly oülrnü rtth tbc ûfttu ilrflætls môrr lt¡
m nrl,6ht. In tbl¡ or¡rr tbt qt¡f¡ot Fñom et r lrr;r ûúar
of dü¡srrrt pol"*r o¡a bc tounal - ãp t{¡strl.lJfr or otb¡triltt.

In dbæ fcil¡, tbü i¡rtbo. æ¡or¡ ¡r r ñ¡ætloa of tb¡ rlrrrtlo
¡Ërt ora br ooilInfuû uq/oæ caa¡rrà,. F¡r t¡bt¡ Ë.roû, c t¡bmrtlorl

frq'dføùl.o of tbr sfly lo¡¡ a¡ s flmttoq sf tb¡ olrr¡tl'æ ¡tll
orn bc fr¡nl' thfu l¡ t¡¡l¡¡blc bro¡uor t¡ .odlüûüa æ¡¡trrnd
of tba cfffot¡ry ef l¡¡Tt astrucs lt, u yrùr nt pocrlhlcr

It t¡ alro tryætaü to mtr thôt, altrhoSb rlt¡h rst of tbr

oapenetrrr ÍË¡l1o tchooo'por thoro ßrE ar4m lrJ rbfob tb a¡r'fbc

orrore at tb¡ro ill¡enrtr polnta ean bo rll.Értcür th rçfrrü,
prooed,uro l¡ æ tlrenr''atng th¿t 1ü creü br or¡rl¡if q¡t

rùl1r îùe aÉrm lå l¡ ogcntlo. Hcmttr¡ ar r'bmn üy tb ær

*'"+rJnllr tbr loo¡ of rnrlg¡ iæ¡¡erlr n¡rldly rllf¡h lærr¡¡l¡g

!¡!Êrt¡ ¡u¡faoc trtìqlr fW tbls t'Etoo æ anrt robr d.d-d¡r

tb ¡Îfætlr lrn¡l¡ lrtrof il4tbq¡t oorrætf.g tùr ¡¡tfrolf¡
ihftn¡tl.o I¡ cûh¡r ¡erllo¡ m n¡Û looltr r tÈ¡ærtlorl

ganùrlloü, ülßb tq¡¡¡l b.rt fttr t¡ tbt lrl¡t t{Ë¡r. rror¡ tb
ilefu¡û n¡*frÐ. À a¡rt ltÊd, aocqü of r¡Êboil¡ of roùvLç t¡hl¡

proÈlr l¡r brrrlr, or¡t¡tdr tùr ¿oopo of tbfu Yoùn. It 1¡

a¡fflol.mû to rr¡ tblt tt ny bo o tcdtøn ¡roblcl' ftlôh l¡mlr¡

th d¡fó¡rtlæ o'f tùr E¡fË'nrla¡{¡blc lhnstLæ.



tà6,

I! fu .¡od, prtür tb ¡f:fþot of ;dtoã¡¡'l¡3 tol¡nær¡

on tÐ ailæ ¡rrttnnr nr ¡nalfcrd. üútf¡t fru tùr oe¡t

of eq¡r of tb f¡ïmt .dttf* aút@ü tf ihÐr cr o¡n¡û elur

eopbdm tùr l*æt¡ær of, thl¡ proùlm" tfkr rl1 rtrtl¡tl¿rl
prubil,ro, tbc n¡rrlta rn, úrf.ofùy rprrlú,gr enL¡r rr11¡[ úaü tbry

an rppfbd" to ¡ lr¡¡r núac of ¡cod¡êy ld.dlorf llt@l¡
I¡ pnetl^or herrrlrr tbry !trlt ¡¡ ¡ nlrrùlr Guül tt dæfGrn

anal nuûoà¡¡ur rl,lb. Afthotüb tbù Drlhfrn b¡¡ noctr¡ü ¡gr

ettætlm Lu tà. ¡nrt¡ tb n¡r epproooh ta quttr al¡tlmtlrrr

bosar¡rc lt ibrlr rttb r rpeotflo typo of ûùlls rtn¡ot¡r' Ù
uee of trl¡aguf¡r pancla to forc: a ¡urabol.oldrl ¡rtl¡otcr b¡
pfrved. to b€ of Errot ¡rtF{floa¡¡oa. [¡ellb ûtb6 t¡pcr of p¡rfl

wtrl,oh harr D¡t tb¡q tbú.o Gqrmr¡r Hrn¡ular prnlt rn dçly
¿f¡pfsood,, h¡ù rt ð¡!o¡uü, ptwlirô tbt tb. rdtl¡e ü¡ræt tlì¡

æt tæ lrr¡l' ûf¡ r¡ð lt porrlbÛc ùo b9'ry1¡ tb ¿ltflmft
prtùlon of ibflnLg tù oo¡tlatlo lntrçrl. tlql lqlortú t¡t
pflùtplr tb. fbot th¡t tbr c$tuoüre ¡bnd¡¡t û¡çl¡ttn rf qlç¡

l¡ ¡pfrrofrbfy rnff¡r tha tùÊt et tÐ oüÐtìl¡ E$rtrü (W?)

rhcilû W P r tb rtrt¡ü iH¡üûË cú rrrr¡ lr rrryúær
gllrr th.E ft rrln s rt 1ùr æwlr üå, i¡ É¡f,nf lt tb
oæt¡olå (OrO) ¡ *lrl tt la c4r,f t .g-

.t,
Ia fhotr fh n¡a

¿
2

nluc of P
2 coçctct orrr æolt tráan61r lr rgnrl tr a



lPæïr¡rprn f¡rqe1fuo üf (r¡rü}ft¡fc peroÛolil s) l¡n$ftnl¡ æq

ßGl¡r nrr¡S e qÐF ùfpæ TI qt lnp r¡ rrq cç&rr¡ tE,

.d¡r¡ ATú tt u¡o ¡1,ooJJc rlttf+o ø6 it D.m tro¡¡. tqJLEtt JÐ

tPrqTút q+ .ÎFË .Illtt Âß $sf q æ{Ð rill&D $rfæqgrm
.ûüDî!qor+ ¡3¡¡4¡ r$fa rlor¡ q .qünþtr *rfut 6 ü[ ug'Û¡¿ c¡n

.ûlJl r¡ rr¡€llt q+ Jo .rt¡ qn urç rlufl4 rl¡t¡¡l J[Ð næ¡

fæUoef lil üR. lm¡r¡dr¡ ¡æq¡¡e3Ël f¡r¡¡nfofg¡ t¡3lÐ ¡ rgÛ

ql .¡¡p¡Ð 3t¡¡ qü c¡r sf w¡mar ¡rrr¡1 !¡ojptrü JP

rfç¡ü q¡ 'rd¡¡r tre csT JP îsrJuo ;tl Fil ¡foT P¡Ðr Fs+s

{l¡Ë r* qfrm ¡l¡t!¡ lpr q s¡o tm+oû¡lt tt¡¡lpl eq1 r¡1uc sç

@Ut ;¡I tc trTt tt+ ËQ'ú Tû¡4Tn¡oo t¡ü r@rc$rs e&æ1 ucp*

otrtt$É9 1n $ ¡ttqoø ¡o od,tq 6Tq1 q lüFlntril r¡ 'po4uocûfd

üf spoo1 tgrsf+¡tf¡¡rÐ pe uolstrÐtkc 1E¡in ¡üJ¡m=tlq¡ tÛ?EoT

FË Jo +ilJptc rrll æ f¡n4t Te(rÉ'e¡oq ¡ r{¡rd }sÉf m ql

.frrf,TE! IcsFl@q+q¡ ql fts.¡rpfEo rrr¡rüqrr

ÍF¡ .q6Ðl¡r¡S¡ ptsÍJ lflnls q+ gtrfryeo fi ¡noqp fÊa¡e sf

1¡¡¡¡g¡Crf ¡q+üV rp¡l1¡¡ +ffitl tf .f¡l rf r¡¡Ð Jc sþo1 tF
r¡¡rrrrd ¡ú,Unrr¡$ t¡n & t+c$ ú€û tl rr¡qJn¡q rtno 1¡

.$¡gnçpoúo*f Jc Fqmo t tf N r¡+

.*¡r
¿öÏt ù.(n sf l¡rrû JÐ lÜslDilt

¿t
/- E
a

'atd , 'Jf,a d

riùl¡r .fu æo .w¡çlPcdö Ssrr|¡ û 3v

'qÊ)
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/u aütcryt t¡ tba råt to rctfnûte tb oçrotrt prÉUæa d
tÌæ ontem¡ t^f tt rur¡ to bo but!.t at a e¡nolfl¡s l¡ottlmr

'1t'ho6h¡ at f1lnt ¿tamcr e otrtbttorl ltbü d æpruoù

to tå. prohl¡n fm flloclorl ¡ e cartfirl ütuly of tb. rltnttrat
¡ru+h¡lo¡¡r tbr! tùtt tH¡ sFroaoù f. !ú Gft ltla'f r Èü

ôfso Ðflt¡hll. Ât tb rtfro,b ú rld lc.Alr üto. ¡ Él tLll-
Arpenl¡nù, tt ru{tor ooctgl¡¡.l of tb túm n{}f bü illffc¡rg!

et dlltFr¡ot trt¡¡¡b cf, tþr If o rl¡ù.il tc fi.lr tb
ecotr¡, ¡tÀt¡tlæ ob¡roû*:t¡tlot d tùr r¡tru¡ où ¡bülû,

¡ ult rt¡ürtl¡rl æ,ük¡dl¡e Cof¡rryl¡C tb ht6b oct
d lrüD rú.tor r rol,6Læ to th¡ ¡aûlrl mÛ¿ b of lltt
!.EpffiDlo

& tÇût tü. ï¡ffdftr ef tha üaæüost r¡¡lJrl¡r m
o¡çcrLnrt¡f D.frl' n¡ hÉlt aleg tb¡ llnr ibr*lbrrit fn rcortl6

5.5. b ¡¡flætor a¡{tror oû th¡ mitdt sar"l¡tr oú ffqpSsq¡'

trl¡¡CÉ¡r DÊl¡ nürif r!& ùy sl¿la or¡at t¡ ÈoûfÈ of ¡ ¡clld,

rstb¡sagl ¡r¡rDc¡,efd+ fu ostrors of tbr D¡Ð14 t¡it nmætrt

Uy t¡frh¡o3ç¡ dô¡lttors. lbo tulSbt 6| Ioù ogrgt ælr tb

rsÍore-nÉo po,rrbofoü oelr¡ thøroforo, ùe aac¡nÛrl¡r oodrûfd¡

r 6nrucba ilt¡trtùl¡tlo of *tor¡ r¡ ¡ldrteü t¡r ptçdfy

oq¡trefllq¡ fùr ¡|¡cutæ ¡ol¡tfç¡ f5. Oâb .[t3ln prttga"

lbr evantr pñrs Datùcü fb E eltru Ñrd¡¡{ ôrvf¡t{n d rcrsr

or¡r ËrrfH b. oq*cü fim tùr n¡ell ¡nttrlr.



t b7r

Erornc of ¡ nfrttËly aq¡¡,f fofrg¡tfo¡ fuor åt ftç .rËb

¡tt¡qüt Dm ¡rtt mr t¡ll ¡rwgc DÊttG,lr â¡r lot ç¡ltl l6Gth.

Eømrr a tb ùb¡ tb ueor¿mtaf ruult¡ r6ffi lbt.f¡y

rL[ rÉth tùg¡t&¡f tttltl¡. tho e,qrer:Lntrl arrntt nrlu¡
of tb dñD d tù¡ fqnrü g¿{n obow ooæludrrl¡r tb rryrrl,octltf

of tr.fon6ulcr prndc l¡ l.rcreerstu tùô a¡tru afllftôlmtr.

ïs omlu¡nor lt orn ùc sold, tbrlÞ tb thË¡ prudr r
aofu$nû¡ to tb Fcùlc¡ ú Fbro errloür !¡ prnùofolld rfl¡offi
a¡rtcnr. lh¡mr tàÉr a¡o üüIl ryt urd,tù ¡urflnt
!q tbo a¡r tbr cor$d4i ä ñ.¡t 6ntn" It br thlLl,
ita¡lnùlr tt¡t âr¡.tå¡r r¡¡r¡qb æ tùro ¡æÈfc t¡ ocdúrL



l. J.l. AIJ&IÍ
¡d

ÌT"P. ûELáffif

2. L.J. .åfDËRSffi
üd

L.H, OROTE

5. D. A$flgÁD

4. L.Lr åAILLIÏ
rdl{.J. aERtIqK

5. JcD. EAnAÐ
.td

6. 8.r, åårcaDÄsg
d

s. ItfÍL

7. Ë'.ü.T. BAgBg

8. B. ätnroìIlTz

f hE.

gryWEE

0Oa tb¡ Eff,oGt of lußurl Couplltg q
Ðl¡¡oto .A!il¡t0.
.R.8. Tralt. ¡
oJ¡ 1#2) pp.J8l¡-t'

rR¡ftr¡otoa gnfifø Dsrlatiqa la
Largo P¡rôollc A¡trær¡n.
f.B'i.S. t!!Dt.¡ V. AP*l1r lÍo.2,

HOBtlnu Dorlgn of LlE 8r .Àrmys 1¡
Ëroreæc eû Êaúæ BrrorË. I.fl.B.
l¡t¡t¡, re-åP-Il" IfoY. l9ær p. El .

"Fstos ¿f:F¡otl¡g tùr PtÉorÐanür of
Llaclr ArFt' ' I¡8.!1. Traat' o
A¡tma¡ æA PtFoDe€irtloÐ¡ PO-AP-I ¡tdnrr no. ¡IP9¡ Fob. lg52t D. 85'
rîb. Ër¡ùoltß D

Ëaan A¡tomdr. tor ¡
t958r Dt. I r Dp. 272.895.
rCqrutrtloa ú wclghÈcð Root IcrE
Squa¡o of Prth tôrgtb Ohan6or cmrd
Ëy tb Dgfolrrtfon¡ ed lr[lc¡rftetl,ry
otr Botrtlqf Pr¡rÈololdrl .A¡tt¡¡nÐü.
Jet Prep¡I¡toa tabæaÊoqfr C¡llfoml'a
Iutltut. of Îocù¡ol'4rr .uPD-ll9t
f 7ü Ecptdrr ) l9ß2.
tRadn Ë*ær fn $nrtur Dlrt¡rl-
htl,oa¡t. I.B.Ë. lraal. r Í' .åT-7r
Ío. br oetolur 1959¡ Ep. 56þ572.
rA¡tcn¡¡ l¡cal È!r Ëænlr. P.I.R.E. ¡
Y. t¡l, t955r Dp. tJ6l-þ.

9. R.W. BICXIOHB



lO. 8.0. Ef.eV¡g rl,oagtl Drn to Rdn o BrÀcr ed
.åaÈaÐr RoÍloctf-qÍ $¡¡ltËscaF .
f.ts.8.8. ttana., V. .TP-15, frG t ,
dlur. 1fi5' (Cruuntcttlon)r DD. l7q-6.

ll" R.It" BRåomgE[.L rÎolæamc rhsc¡r d Lægo ¡l[ttnlrüo
1,.R.8. lrt¡1., Y. ¡yp-9, Iïoe l¡ Jant'
1961r DD. 5O-58.

13. L.Ë, BRËNbIA¡I rÁlgulnr aoou!üqy of, e Eharcô ¿lrry
Rad,art.- I.R'E. lren¡.r E. AF-$r ltto. 3tury t 961 , pp. 26æ75.

l5c J. BRII"LA rfltÐû Bcr¡ü¡ly Y¡lü PrùIo of
.Ànfrotr latcrr. ilcvr d¡ Iooanlqu

6, No, 4¡ 1961r Dp.

ll+. F.S. GrItrtlER, Jl. ÐlÁutr¡¡I Conprrng &fi¡otr ln LugO
8cg Sg¡allng AFrF{Éff . I.R.8o IülÐö,
Y, âP..8" Ner 

-Jr Eqy 196O, pp. Z7hZïT.

15. D.ß. Cffi rËffæt oû "A¡rblþallr pÞúo Enr'oat @
ùbo Oeln nr¡d llcærldùh CÞ¡rætorlrttar
of Relll¡tloa PattÊlaff , I.&,8. Trtm. ¡v. .àp-Jr Jury 1955t pp. i45-7.
nfDr tlsola Lùorltoey Aftlua¡ Îlrt
RengoË. -lllß!cr. t.¡ V. 4r So. ltr
4DsIt l96f r PD. 5745.

'Urtbn¡:tl¡rl l¡tàod¡ of S3otl¡tlo¡d r(Prtmtoa) Chagtcn lO-¿O.
råa An¡l¡¡1l¡ of Oonlccl Scrn Aatcm¡
For lrulll,agf . I.B.Ê. I{tt-Goñ.R€gr¡
| 956r pt. I r ÞÞ. 59t{¡J.

ú SÞtl"lrn.
89 (J.rng.Iccb.Dtv. )

r Et. I, Dp. 6j-$5.

16' A. ætrEt td,
Á.w. ttAl.lEgi$

17. H' CÊJAIffi

l8r J.B. DAUOHTß
¡d'

1).J. SEO]¡D"ARD

19. D.to DB¡I

f l+9.

ËA Cuæut DlrtrlÈutloq for B¡uaûllðc
.Alr$/. ü¡ûb Optlnira tb Ëol¡tloo¡-
¡blp Bct*ca Bosrld,tb rnÂ Elilctctbc
Lcrol". F.I.?.S., V. Jl¡, Jrrnr l9lt6,
Dg. 315-ta8.

2O. C. t æI,Pfl



el. 8. gÐtLEEtO
¡s

A.A. OLItrm,

22ç $. I{DELBEm
rd

A.A. OTINË8.

2!. ¡f'L. EßgfRûI

dl. n s. Kr'LIolî

15€.

ruuùueJ. Con¡rltq¡ Sf:ftotr ln Large
A¡rtcna Árngr - Pst I¡ $lot .ArrqrtË.
I.H..E. IlEt.¡ V. åP-8¡ ffoo 5r Iry
79ffi, Dtt. 286-¿97.
nxutu¿l Cnglll¡g Effeûto tn Largr
.å¡ttrnr Arnayü - ParÛ IX¡ Coqpca-
ratloa ßf¡hoter. I'fuE. Îrüt.¡
V. AP-8, Ho. 4, Jult 1960r pp. 160Þ7.
rlct Ro¡ult¡ tn tDc Tìæry of BrnÅo
Brroñt ln Pà.aaA Aæry¡r Ò Hb¡ù]M¡
Ëltctr 8Þsr andl Coryr - WGlooE faù.
Pq¡ml¡ Y. I, 196lrr Dt. 1¡ No. 16l+.

üIoohrnlorl anÄ Elcctrto¿l tol¡r¡æcr
fm lro D .m
¡\rrqftn r t
Jan. t958r DÞ. lll¡-199.
rBtfcota d E¡tcmel llol¡o oa EadB
Ptlffia. Ilorütr J.¡ Y. 3¡
tro. lä¡ Doê. ISO¡ DD. 73-80"
nu (freaalatcð
f ilaûlcæ.)
Pc r 196l .

t'Largû l¡cflsotlo¡ a.ml¡rrlr of U¡l-
fildy tocal¡û A¡mlE lðr.ntn.
A.I.å.4. J.¡ Y. 'l¡ $tpt" 1965,
DP. ?tll-5.

er6. A.8O FRADItr

27. E.l{. gUAËRf
rd

9.P. rcElrt

28r I.A. OOLDÊER(}
rd

A.B. PIFtr0

29. A.L.

DrB.
J.Í.
iI¡8.

0OIJlfilTtsIEm tÎDr'w¡r oú ¡ùIr.3lo thl¡¡ EbIl¡Q.
Intorn. $tl. of xgmg3*rh¡ ln A¡to-
na¡3ler rd Attrerutlst I Y. 2¡
Pægæ Prcrr, Xct Ïo¡rÌ,, 1761.

EAtûfùfr" tXl¡rstr.on¡ anÄ xlcrowyc f¡rloûo¡'o
HIËP rü, Rd,.taÞ.8.Ër, Íc$rarfllll, lf.Y. r I St8.
MBüHB Ë¡PiiR

Ð.



Jl r R. C' fr.åNBEil

fr. A. IË[{II.åntt
üd

H¡$T ÎUAñ

55. iI.B. f,ELLER

*. B.T. KIXBEn

35. f,.J. EIrc aü
B.f,. I¡¡OI.Aß

tß.

l5t .

iGaln tlnltatlm of targc åûtunts6.
I.Ë.s. Tr&Ë.¡ Yr .âP-8, go. 5t Sopt.
1960r DP. 49O-5.
ftÎlnægr of Pr¡qu¡ay sslnnlng d
Aat€Elaltr. I.R.E. Fen¡ç, Y. åP-lOr
No" 2) 1#2, pp. ll¡l¡-159.
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.ôPPE8¡DIX I

In sootloa 3.3.2¡ lt üaa bccn Bald. tDËt, Èacr*¡æ

qf ætùtng 6rr'016 c1e tfdtx la mt æly ¿tl¡plæcdl along

üo maufr ùmt alrs elfgbtly tt'ltcü flFm ft¡ orlgfn¡l
ætcúrttæ.

To flil, üp tllt oqrwata, lct r¡¡ arüw tËaü tb
Èr'langlc 1¡ equtlrtærL Á¡though tål¡ lr not tmc for
all pamlsn lÈ 1o bwrcr a good" Al¡rronl,ntLoa, sad. m
rcrlonr rrnot rbou¡,{ ü!ûtc.

A! thm in Flg. .A-l I tb æntlotÖ of, th¡ ¿¡atUlc
tc cboürr¡ a¡ tD¡ orlgl¡ d tÀc rsfarsno€ ñpt, ;lth OX

¡mellrl to t¡o bû¡c ËC of thr trl.aüglr.
Du¡ to @F Gtotc¡ thË t$t^mÉ!lo tn¡Ê¡ a Fü

¡nrl'tl.æ .A1 Bl Cf ,
To tl¡rd tl¡c oeula¡r rotatlono, dl tùÊt l"a rcqulrcû

t¡ ùo fldt tb ngl¡r tùmgh Ëlcä tåo Uf¡ryfo ¡nC

mt bc rotrtcû rbout gf rd, tù.n GX Ln ædrr to bo

¡tÑdfrf to Af B{ Ct. *ht t¡r ¡6 1ii¡'rt roûrtc "âBC

Èont Cf ûatll BC oolc ldm ü.{¡h ry % Ët,ch fc ¡taæltcl
b Bt q ( æc Plg. A-l ). thl Ëqlt a¡gle æ th¡ougb

*rl.oh DC mmt Èc roÊatrd tl
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"AþP¡I{DIä II

-

?he artt hsre le to glvo a Elnp¡.Ê lllustretloq of
the fæt tt¡åt trle aver.a¡ae rad.latlon pattera 1e ¿lff'ereÂt,
dependlng on qbother tlre flelcl etrength or the Bowør le
coneld,srod,r

lalße the srqFle sasll of llnea¡ phaee rrrotls¡ It
has been shour( 63) tÀat ttu cfÎoet of, thË eryon le to
¡otste tbe reÄ.latlon pattern t-trrough ¿¡ engle ! . For

ði;Êferent rotc d cnrorr,6 rLlr tatre ülffo¡ent valrrea,
''arl¡lle the raülatlon ¡ia,ttern ottll retalns lte ortglnal
lha,po.

Sor ühe såke of elnpllclty, w v1ll coinpute tk
averåge voltage and. avenüge porer patterne for three

d.lfferont valuoa of 0 , Êegr1 0 - Qs arrd A = t A1.

It can be alearþ eeon from irÍg. ¡.-j that ln the

ava"reÊe porËr patternr all ùh,e nullg are flLled ln, whllo
t.be aversge fl'old. pattern stltl hae trrp nulls.

thls srnple oxanrple d,oss clearly' show that oas grtr
d'tfifcrent resultc do¡¡Ëndlîg qn ür¡st nethd of qpproach tr
used,. rlowoyen, fn splte of s.ll thie rllfference, t"be

t$o ¡nthod.a arc of equaL valr¡e ln obtalÄlng the reratlvr
l¡¡croaee ln eldelobo Levele, ar¡d the loee of the ëteln t¡t
tho forrvard dlreetlor¡.



160.

1à¡ tovo ¡tq¡Ie Ílluatratlonn bmvcr, Grmot b6

u¡cd to ¡rovc thc srlatcæe of nrllr lq a @r'E gaHral

Gtlüo

To do thle, 6qt¡et1q¡l (ilre) to (¡.'ig;T) sgct bo n¡cd,.

Fro thoEc cguatlona, lt oan bo s€ên that t¡sr¡o nrJ'la ËrG

preeaat tn tbs avtr¡ra,ge fleld. patter.n sfrypfff boc¿um tb
ran oarot Ëa rüarßö to bé equa'l to gero.

If tb æan Grro¡r t s not q¡¡e.l to ücror oquatlo
(H+t) pr¡Id þcoæ

I f{ot
,
IÐ6 d to ory [rA (a - n)2dE o e r(aû)å J¿¿22T

I
il! r (zrr )t ff.&o sre [Ju- fi , .e¡p Jn ôu

,'fr*lÅî"or" o¡B tlu- tl au

on ãÇ = d.E6 ag) [Jn- å, o..,¡ (¡-¡)

rù¡rru*(A-D).

If n ls æt qoa¡tant o¡Br tho úole rufro of tDo

¡cflooto¡r, m trw nullr puld tDc¡ crlÊt ln thø avcrags

fl'cld pattcla. Ia tDo ouo d nanúætu¡elne ürlro¡eat

hoçæcrr lt t ¡ qulto Jurtltfcil tùåt tba ¡cqn cræ i¡
æro, Þcomro Þotù Borittvc ad, ¡pggtlvô Gr¡rca ene

ffb¡¡r to oæur.



l6l .

Fru tùrn oonrtÀælou lt oan Èr oouluûd täßt,
la t¡tcr¡ntl-S öqmtl@ (Htf ) r om ¡hml¿ Èt¡¡ l.q rfsf
thc fæt tùat t't tr ¡où ¡¡oorlbtr¡ to prcûlot tb ætncú

¡nttcrn ú aq¡r a¡rttnnr ûloh ryr bc tüæ ¡t raÉc¡ f!il
töo Èatoù¡ Bqnrtto (f¡rf ) ûrmfæo ôsr¡ æt gtve r
EG.¡u$cü ¡nttcrnn ht ll¡[rfy a tbeæollÊrl, ctctl,rtlsal-
cü¡rrgt ¡nÈtæn foü tDô ûotr htch of utrna¡.






































