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5-‘1‘116 ann oct' t.he research in te p:tmde au eﬁmant mathod of amlysmg antenna-;
 mtrays composed specifically of vesonanit dipolm and folded: dipoles, “n-Port:
mupling theory and routmal nnnedanm expreamons that are ba,sed O & sinu~_-_
- soidsl cusrent distaibution srs used in preference to the more gensial Method- -
of-Moménts: The main aress' addressed i attaining this sim'are deﬁnmg i'.he_';'; S
_-mntual impedance a:ld the selfnnpe&anee of’ the folded dlpole e

O The cnuphng theory uaed in thiz thesia reqmms that uha se!f aud mutual mpudam:es of the_
Ll _antenna. elements be found Extenmons ta the traviamission ling analvsis meﬂmd for fblded el
o | thpoleﬁ ave developed to t!eﬁne the selflmped&ncer o1 the folded dipole. “Tew axpmﬂslons are _' .
. developed for mutual impadsiice involvin’, a folded dipole, e dipols to folded dipolé and
LU felded dipols to folded dipole coupling, mmbrmng the tramnuaawn lme m&del of the-'. IR
- "_'_.'_.,_ffi'olded d:pmeandmecﬁs oftheinduwd-el.\fmethodi R : R

- o "I‘he exlatmg theor:r and *he new developments wexe mmhina& m the onmpuﬁe; progrm Ny
_SCA‘I‘, whosusolapt&posemtoevaluatef.hepmpmedthm . e S

1 g I[mPcrtamce of tha Pr@bﬂem

L All:hough it ma;y appear eounten-prod r.m to develop a0 amlysm methodenlyﬁ'ur antennas"-" e e
" composed of dipol and folded dipoles, antennas tonsmhng of these simple e.lements (or theu--' R
. duals) ave sufficiently important aud commeot: to wakrant special treatment, The mem L
- elements maybe ﬂmen, or pamaltzc, nome exa.mples of this clms ot‘ mtenm. mclude* '

- oYagiwﬂdaammys L
eg'rh muallloupmsenuaisamawtwdipnle
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¥

- _._-.;. Dxrect:on Findmg (BF) ant.emas |
- '-.'_'iﬁ Loops and atra.ya of Ioopg (mgll loops)
- :J-_o Siot mays

o m; e exa.mple ufwent mm i:; s:rnphﬁed analyms Mahony (1939) presanta some ap- R
e _.:prommaﬁe ﬁh&oty to md in i;he deaxg,n of microwave; slot. plamm m:ray dmgn, aud {Lawson_" SN
" '1988) presente somie analyms aids for Amateur Baud Yagi-Uda anag;s :

The mput impedames of the chpole elements ate obtmued ﬁnm IOok-up tableg Smer m by E 2
. NECZ toking the dipole thickniess info account, However zhe tables are for the mﬂpm. DL
o dxpole unpedance, whmh B diﬁ‘erent ﬁ-om the seif Jmpadmge (,fm element within an W&Y»[ i o

: A Meﬁhod—nt‘-Momenta progmm such a8 NEC:Z (anke & Pnggm 1931} i often used in the- ;2 o
PR snalysis of these antennaa -Howevet, since NEcz is a,general program that cati analyse amy e
S ::admhng stmctnxe, it does nottake advnm.aga of the mmp}a:ﬁcatmns tha.t- ma.ybe made when, -
R : ____gna.lymng dxpale a&ements As a resulf., NEOE willbe far slomr a.nd use momresnurces than "

..aslmpliﬂedmethod far tlnsclaﬂaoefanteuna.-- R P o

S _Another beneﬁt af a faswt mmplﬂied method is: that it allows miore cantmmty. ot‘ thonsht e g
0 in an fterative design © process. In the inibial Bﬁs.ges ofan iterative demgn, it s important to - .
o .egtabhsh cause-and-eﬁect rela,tionshlps with the vatious antentia parameters, A dpiified, s
s.":faster methnd muldthus be uged for th& esl;abltshment of the trends, and aslm mm-_] : e
_accur;see method for ﬁnal opum:za.tmu and inclum of g:ound eﬁ'eci.s

& stong cmphai ofthe ok ropoed s i thse i the ab:hty o suelysa flded

- dipoles, The folded dxpn]a often nsed becanse of it abﬁﬂwto provide wrolidly bonded DO ©

C o sarth wlnch s finportant for hghtmng protettion,: The'folded dipole also pm awider o

o ‘pandwidth and ahisharmeahanimlatmngththanthedlpolﬁ Mosis other slmphﬁed methods-.'_ R
L '.-'°fanﬂl}’m lgnore{olcled ﬂnpoles o ¥ F

L ;-_'I‘he mment d:smbntmn on the antenna 13 t‘ound ba, mumport natwork "1’59’-'3’, “smg t.he RS
* slf "nd mutual impedances of the antenna dements. AUl anteona paraiseters of interest

. can lse caicula.ted from these currents 'I‘heresearch in thls thésis i therefore hmitadﬁo the:___ R o
S : &efermmatmn of the aelf and nratuat unpeclaneea oftheae elemeni-.s, patt.;culaﬂy mth mga:d N
o tt) tﬁe folded deolm R T PR R Lo




_ _The dﬁfamwe between thaara tm Mpedaneaem :accepta,ble aver mcatafthe mngenfwg,';__:_ E L
'hut not when the d;pole lengths ate mmdafnumelength Im';g. R .

. The mutnal mlpacl&nce expreasmn is basad nn 3 smusnidal cnrrent dmtr:bumm, wﬁmh p.*i-'__:: |
S duces a numemal smgulanty when the dzpoies are. afuﬂ wavelength lomg. _As s tesult tha B ey
"“-"*:-tﬁmry camwt analyse antennaa whcsa elementsare afull_wavelength ltms' NP 0T

. " The omnbmanon of the premus two 'prabiems a.t 2 full wave!engﬂt le&dﬂ *0 *he hmta.tmu;'_ T
N of the scope of the thesis o dipoles at or relatively aem: half—wavea-esonanm, althﬁusﬁ somef
'_:.':_Wionsaxepmﬂtedtommmvmtthm e T S PR

S _'3"'-'}.he mutunl m;pedanea dﬁxzvation also ammes Nuaated nurxents, i that the d:pors a.ra SR
y _'-"pam!lel to 5 comman axis (not neceasaxﬂy collinear ox coplamn-) since this- is the most
T pommen: aonﬁgmm Hom, this g easily extended to wplanar-akew am& even non~__‘i"
g 3';'.-.-enplan~'w aknw sysﬁems, wlmh a.re uutuﬂe the smpe of tha hhesls S e

. 1.4 - @V&Wi@wgf ‘&hﬁ T‘hesis 5

Ghﬂm Hn Wamﬂmﬂemeﬁmwksrmdfm mm

e Ji_n overview of tha Method-oﬁ-Moments i pmted since it j¢ used 2 5 atandard EER
E ;agmnst whlch the thaory in fslus thesis i measured. Tha Method-oﬁMoments i o
- plementation in the anmcal Elettromawmtic Code is dmcussedimth soime of the S
'f-_pmtmanm;ﬂmaﬁona R o e

__ a Gucmtnetwnrkthearymbnaﬂymiawedasmapphestaanﬁmnasystem R
Ct a Thie transmms;onlme mo&elofthe i‘ol&ad dipoleispwsmﬁed whmhisu&edtode!m- R
o mme;ts se!f:mpedanee, md alaousedmthe developmant ofth&.nutualimpadmee' i
0 Ahtmlxra aurvey af‘&ha devehpmmufmutual impeda.nce axpress:ons i‘mr dlpoles im ':' O
S preaented and the mdueed-emfmethudxsusedtodevelopthausuaimutnal m:pedance_' R
i el . o 'I‘ke theozy hnkmg the current dmﬁnhutlon on B antenna to the ﬁﬁl‘-ﬁﬁld mdmtmu :
o pattmh:mmedmthm:suaeﬂmthe SGA:I‘paclta.ge S : S

R In Ghapter s ' o page 24 the theory nemesarsr foat antenna analysm b;v th& ﬂmphﬁed
| - : methodpreaentedmchapter Emdeveloped ' |

t o | 0 A distmctmn bﬁim the fl‘ee spaee mput lmDedaalce and the self impedrmee of & 3 | _. e
S e dipoleds made. and t.he candihona whem they mw’ae mmie to be eqmvalent are
7 defined, v _ S



&The mmwaion Tine miodel ui‘ thie Tolded dlpu-le is Iuedequate for tomea dipoles of
pmctical mterveat The model is ex&emied by daﬁning an- aqmvalenh Imh which, tékes
the! mtem!ement spa.cmg of t-he fa}sie& dipeole mtn aecount '

o ‘The eombination ofthe -uaual mdun@emfmethbd ta ﬂ I _1'0 mutual'im_ped&nee, and
' the a.ransmission I:ne model oi the folded dipole allows ati ekpression to e derived ﬁot
the mntual mpedance between foldéd dlpnlea, md hatmen ﬁlpoles anti ioide& dlpnle.s g

" e Ametho&ofobtaningmumalimpedaneefox an}ftmantmas&lreuﬁy‘fromthe NECz

e chapm 4 :51;"_11_3@: % presenﬁs _' st the kgsgitg_ ot'thetheory cory: - L
"« ‘I‘he foldad alpo:ef self lmpe&mee vaam denve& &om m ami saxr, |
o Mukus! tmpedance reoults e shown, ‘The NEC method-of ob

xﬁxpe,danm is :yah:!ateﬁ, md the mutunl impedance mvplvmg a féldéﬁ,
of cnztform to ﬂm theory develaped in C;'hapter g -

e chmm & au me 'r:. mnnmanaea tha ﬁnﬁ:n@s aad pm‘ﬁ mﬂm‘m .“‘em‘““"’”

" :"_"'Ap' lhe A on page'fm s manualﬁ:r the'sa.&"r cokuprter pa:kagedavelopaéd b e
- thesls: Anmarviewaftha pa.ckageis gim,follawed b;rabmf:dmeussmn cfii:suset msa?face'
o '-"aad a iﬁterfwe lmtmg of an publu: proeedum D

ppenﬂix B 'nn page 99 describes the empmcal ﬂechmque uaed w determme the nxtana:on
.ctar for tha transmlman hne :mactel of t!m fol&ed dlpole. . o :

o " mm,dm G ‘on pnge 106 is atabulatmn of the dipale aaif medame'values demred fwm - o
" bt areused msc*m PR o 5

R 'I‘h@ Biﬁ:hnm;;hw wamfewnaes thatwaraused mthebackgmundmdmgforthetbm :'_ f
RIS -hut were ncr& speuﬂcs.lly mted ' 2




= The 'Method—af~ ' mnentszs used ex:tenswﬂy to vahdate the accnrecy of the Blmpﬁﬂed theo‘-'r’ -

- prosented i this thesis (ov embodied in the computer program SOAT). Sectmn 2.1 gives the

ES’_Cmtuf: netwmk theorzf ia userl t»o determims the couplins betwen dlpoie elementa of the_'*_f

L ’:.':__:antennss. ’.l‘he relevant backgraund theory’ isin section. 29 wb;ch hxghhghta gome of the - o

. o antem may e!mantia. .

- diffieultise in applying it in an il environment (Clark & Fourle 1003). Besentially, -~
" antenna anabrsm with thxs method in 'lves ﬁndmg the self ana mutual unpedandes of f.he

o '-':-_sectim 2.3 gives the backsrollnd o e t:ansmmian Jine model o the foiﬂed dipole which :'_

L gwgs e oom;mtahonaﬂy eﬁmnt methaﬁ ai‘ ca.lcula.tang the mput nupeda.nw

o Th thests procents the mntuahmpedancé between folded dipoies, wlmh:slatez ahm tok g-___:; o
- :an exi;ens;on of the them;;r of the mutual Jmpedanue between cylmdr.cal dlpolea. qectxon 24 -

- mzpedanee theo:y

L i a lii;erature Slil'Ve.V ,Df ﬂm pertmm aspecta nf the demlopmant oftha dnpole mutual_—. -

Fmally sectmn 2,5 remm the theory to obtam thefatﬁeld ra.chation pattem from cnxrents | o
' f.-___oni,;hea;;tennn ' e L s

L The Methad o:t‘ Mommts s uaed ak an. acmacy benchms.rk to vahdate thtr theow dmwloped. .
.mthethesm heneeanaverwewofthemethodiastm » S .




! 311 General Theary __

S ":::'The m&egtal equa.hons assou-ated mth & genemlelecﬁmnmgnetmaystem are reduced to aseﬁ
- - "of Yinear algebraic eqnatmns by the Method-of-Moments (MOM) (Hamngﬁon 1568, The -
S unlmawns in the :mt.hod are the meﬁmm&s ofthe t:nn-ent dmtnbutxm::fthe system, due tc _ i
some excitation. & bnefmmw ol the unportant aspects of MOM Is givea in this section. TR

- f}éms!ﬂer ﬁhe oonductmg and md.m.tmg bndy ahm m ﬁguze 2. SN

R Mamveli (] electnc ﬁeld bo:mdary con&xt:lm states t.hat the tqf.al taangent.ia! electmc ﬂeld on S
i the snzfam is zem, smr.e n isa perfecﬂy nonductmg boﬂ.v, fer Lo

. n=m&m + Egm | g Sl | _ {2&)

) Em the scatbered tamgentmle'zectm ﬁeld uaused hy the current dwsrty
S Fon the bod;y
the incident tangenhe.l ﬁeld &ue to a source

- -rhe reia.tmnshp between the scattered field Egm and ti:e ctm‘ent denslt.y I w]uch causes S
S ..it is gzven in- general ’ny 3 Jinear operatar Loy often it the: form of an mﬁegtu-‘dlffererrhal__. U o
o "-'equatlm. 'Ihua (the subsmpt tay baing om:tted, Bnt understood) we' deﬁne B




- ’I‘he unlmuwn r.umnf cﬁaﬁibntm .‘E can baabtmnedm terros of the kudwm extitatien, E‘ A

L by reax:angmg equatmn {2‘2)

- :Ntate ﬂm zlw Lmear Operator Lap must. the:efere perfonn & mnfnrm! mappmg ﬁrﬁm t&e

:'aubaet eontamng to a-subeat contmmng B in the nperator dommn

. '__Equatwn ¢ .3) obta.ms the solntmn for J by inverting the lmear opera.ﬁor ﬁs tha uperator

S 55 toually bn. intiegral operatr, it is never explicitly inverted in this manner. Instesd, = - g

5 aethodvuf moments techniqae is tleweioped Whlch has the admtage of greater numetml o %

'_.atabiilsy and is genem’ﬂy easzer iu:- unplement.




"rhe hinee prodiet alled Reaction, ‘as i s & » physically obseevable quant:ty of tho i
.._antem The. reacﬁmns are we;ghwd over the boﬂy by 8 set oi wmghgmg ﬁmmm Wm; IR
- t!rus farmmg the matm equa.t;gn -

S _ 4W};%wﬂ > Wn.ﬂw{ﬂz) >

[13 [23"‘ lV} (2 m} | : o

_..wbmh &eﬁm the geueml methn& atmoments applieab}etg sty mm ciim &umg body,'_ ; 5
 In order o solve this ﬂrﬂtem of eque-hons, the ﬁollowmgstn} mseds to bo defined: -

. ! e ..'the vet ef weightmg ﬁmctxons, Wm -
_ 0 ﬁheaet Qf bams ﬁmctmns, :ﬂ‘n, nnd
e B the form of the }.l.near opgm;or, an

o .mm“ Th° dﬁefe“* ch°iws also mtroduee d:ﬁ'erent reatnctlona to the method L
o '. _-;'-Aitez the‘f hnve heen deﬁnezi, tht-. :mpedanee matrut [z] can be ﬁlled the e:xclﬁa.tmna {V] __
L E spem;ﬁed ‘and f.he cur:enﬁs [1] found Ml s.utenna pammeiaera of mﬁzest can be calmlamj_ et ..
Tl fromt,hese cmnanga, ' _ : _ SR AV T

8. mdiation-ps.t.tem

| ® mput lmpedaﬂce

‘° scat&ermmsecuon e




R pitfalls (Clark & Foune 1930, Kubma 1933, Ludwxg 19&7}

: .;'Npcz’s multa thh mnﬁdenca

' ow be discussed, Only the Blectric Field Intesral Equation (EFIE) form will be discussed, -

e the scOpe of the thesls. R

Co ._ %Bﬁomdwﬁgmmm“m | AR

o the Welghtmg function:

L The Humencal Electmmaguem Cm:le, Veman 9 {mmz) [Bmcka & Poggm 1931) is & well
. _'3_knovvn =mp1ememta.hon of the Method-of-Moments. NEC2 simulation results ‘eompage well - s
o wmhmeaauredrestdtapm&edthat theprogrm;susad corractly. Asthepmgmmmemly-_.__._ R

_'=be ma.pplmd, varions ‘heuristical rulea have begn. developed to: a.vmd tha mom comman'_ e

NEG% has been ﬁm pnmary antenna. nnalysw tool i‘or savetal ynam, nmi its va]id:ty kaa e

,.been verifisd . againgt’ measured ‘results by BTERoNs. Tesedc, s (eg (Chiodmx 1:939)) A ;_.._-\;.._:
" new analysumethod ‘such’ a8, the ont pl:opcmd m tlua t-hem can thus he V&hdated &ﬁaimst e

g '--The welghhng an sl mncﬁm, and ﬂm MW °Pm’“'f “ﬂed hY the wE02 1""’5‘” n il

. g aurface patch mcdellmg usmg the Ma.gnetm ﬁeld Integral Equatmn (MFIE) fnnn is beyon&

S Since the hnea!: operatar is usua!ly an mtegml opemtor there are two :ntegrahons to be ol
R ___.performed m eva‘u.ste such matnx elemeni: in the :mpedancs matm: [2] (Equutmn 2. 8) - : o
- onéfor the linear operator and one to determine the inter product (a surfboe integral). The

RRRR 1 computationally expensm: and it is demable 1o reduce thm load, ifa Judxcious choice of |

. eighting function can remove e m«agmﬁnn Conmder usmg 3, Dirac. Delta functaon aa i

B Smee the mtegral nfan impulse welghted functmn m a sample of th&t funchon at the lmpulse.- '_ -. ;

""-'_pomt or :.. .

f f@*@ -rw f(r} e

o _'the nmez product mtegtmon colla.pses to & sampla nf i‘he dot proﬂuct at the apphcx.hon SR

' point of the mpulse Thus, th:s i;echmque s k‘nown as pomt matchmg (mo known aa the
:eell:scahonmethosi) IR _ . S

R Phyaically, pomt matc.hmg mphes that the houndaxy ¢ond1tmn uf 2610 ta.ngentml ﬁalds a8 '_
o a,ssumed in uquahan (2 1), holda only a the satnplmg poml;s a;ud may be non-ae:o at otherfj- RO




g poirts E‘o: the methn& to. be nwnme, emugh aamplaa mms be um‘\ to enme that the
R '_magmtudeofﬁ:eﬁeld&tthenoa-ampledpmntsmsuﬁuenﬂysmaﬂ - R

- Noﬁa that i pmct:ae, it is nob neceasary toha.va aqmspacad samphng ;'-Ms on tha numencal .
S moéel nfthe stmcfnte, but n‘. is usual i ﬂte mozeaensitwe ateas nfthexnodel auch_as the"
SR feedpomt o

- -'-Alshough the pathcnlar ‘formn of the ba&a *’nnctloa is ok r.ntmal o the. functmnmg of the

- method of moments, it has been shown that the closer.the forna of the basis function to the
‘netual form of ‘the current distifbubion oty the radiating structure, the faster the meﬁ:od
L 'mergea. ('I’hleie 19?3, Pg 18) This. mphes that: fewsr samples need tc bé faken ior a .’

. putticular problem. Fewer samples are & definite advantage to a method siuce the order of
_ Cthe MOM mpedanoe matm"whch needs mmhng, ] dnectly rela.ted to i:he number af
ERa s&mnle Pﬂlﬂfﬂ« L e

i i-_ﬁ"I‘he l'mis ﬁmﬁmwmﬂm axe lmm as sub-domadnbaaee since the.r ars vad»*for
_ " the & auh-domam surxnnuding the pomt match nnd not aver the. enti:e m o Sub
-+ domain bases gas.. she calenlation of the inner pmduct and help to manre that tho 'Impedam:g L
_matrm is well mnditione& {Bu:ke & Paggid 1931, E‘g 1«10) e B

B NEca’s basm functwns oonsist of a.hnear combmatwn uf a sme, s eoame, and 3 bonstant

o where

be&c. cons‘-’ants obtamedfmmbmmdarycondmom T e e

. constant, obtained by soimg the xmpedance mai.nx. ST e
S j——thewavenumbar (—— T) ST T e
s; theﬁegmentlengt.h(lethe samplmgmtgrval)

o 'I'ha fom of the imear operai:csr

Fockﬁngbon (1997) amloped an’ mtep.\i equa,uon demzibmg the cunents ona mdiaa«-*i*-
S ing body using Masxwall's equations for regions conta.mmg hatmonic magnetic and electric. L
- agurces, Posklington’s equation. contging the linesr operator tequue& by the method of mo-ff.';"-._"' j
S -:ments, % it 3 used b:r NEG.'&. We m‘.m:t mth Maxwelis equatxons (hmch electnc and




SRR _-;_E = elect.rxa mmni- dmmf’y
K S magnetm mrent densn

o A;.-: .retarded mto: magnehic potential

iy = tetarded scalar sloctric. poteatial
- _U : ietmded scalar magnehc patentnal :
£ ST Imee.r dmtamaa beiwesn sotres: pomt and Dbsermtmn_ pomt
: p‘ = bemg the volume densities _ofelectrxc and magnetw cha.rge

T = fj Ke i

A

S : ':The relntmnah:p betwuen thevector tr:antmea A andr nnd theacalar quantzt:es Vancl U -
'axeglmhythﬁborentzga“gem m ST S PRy : e

o %slmphfrm“m"’hmdﬂﬂmgmthtyplcalmdmﬁngmnmm, e i m T




i un-»magnehc env:mnments whem the permeablhty m t.hnt of.free' space _: S

St maﬂy dlrectad eIect.mc cu.p:_e_ntn ﬁowing Only i the Pdli‘ect:on ( Ie:this'mpll*ﬁ T
lumf.at i an. the radlatm;g _b : dy tn be oonstructed of thm wm {m[y

__.'_ami um aqtmtion (2 14} reduces m

dE, = [«‘-’?f-;;,ﬁ'hk*a(z,z')] .w oAy

| hemsuin m, A= =_’) i defne 4 the fre pace Groa's functm_é T

a(s s*) gt

S :’I‘hua foracurrent denszty.'l para.lleltothe z aans . AR A
j fj { ‘_qg&_" + k’G(z, z’)] Jdﬂ’ (221) -_.. y

e - : ami ﬁnnuy, sasuuung t.hat t.he cment. densit.y 1 i testneted 1o the snrfase cf the cylmder,"-'__'_'_f: ST
IR and dmtnbu&ed umforml_ {ie n @: )a), then eqnatmn (2 21} reduees to a mnfaace mt.egral

:,'we

I () [..._gf‘l’__. +: nﬁﬂ(z,z'}] dz‘ = «-jwsE‘ (3) o (2'22)

-aL{s o
.' .'-whxch iu Poc!:hngton 5 equa.tmn, and mmrporates the necessary Linear Operator :aqmred' _. R
o _for the Method ofMoments ' L _ L



z 1 3 Nmm leitatiuns L e

_'Nwz s hlglﬁy cmeetent program, bt im asturacy depends l&rgely on i the abilitynt‘-' e
- -the wser Yo faithfully model the physical situstion in numeidcal torms. - 4s 2 reqult of the .
i drlﬁcnity in madellmg, the:e have: ‘been attampts to a.utomaie the Ixeuustwal appmm.h o S
e -_:_,-'_'-_;'_constructmg NEC niodels (Givati; Clark & Fourie 1989), (Walker, Sorenser & Kenney 1989).-
TR ‘Since NEC2 lm heen used extenszvc*ely m ab‘sammg rem:!ts for thia thesls, ﬁnaf_hst of the P
. _I -. mor_ *mpmt mderatmm 13 gnren _ R L

Y NEG? converges when umng t.en or mote segmenga I’er waveiangth afain: adght. mru__:}-_'__: BN
(1o the smnpling interva). "A grester density, however, may be roquired tn semsitive < .
axens of the model (part:cularl:. W diss:ontmwt;es) und a more relaxea density. may be{. SRR

allowable on long sechnna relat-wely fam fmm the i‘eedpmnt (Bnr‘s:e &. I'oggid 198 n

u The Iength 10 thlckness rdac uf X wira segmenz mauf not. be iese than g« due to Gha ; X
o mumptlon of- ﬁlamentmy current ﬁaw in the der:m:hnn of Pockhngton’s equatim IR

o own, some of wh;eh m:e d:scuused in Clark &'. Foune (1989)

o pambe, maocmacnes in the current flow aeross the Junction mll aceur.

3 the Bxtended Greer’s function fs spesified for the kemnel, however, the langthbs -~
- thickness' zatio may go-as low us 2. The implication of this imitation is thek, fora "~ <. "
- partivular wite thickness, the aninimum length of the segment s restrictell ~ effactivaly -2
Lo publing sy upper frequeney limit its evaluation, Xt higher frequunay evaluation of the =

" wire is necessary, wize tage. modelhng is the only option - wluch haﬂ hmitaﬁiona of ita'_; T

. . 'I‘hs th:clmesa of abuthmg segment.s muﬂt bo cbmpaxable Ifthaar are auﬁiclently dm«

i _"__a The raina of the aagm.en& lengths a azuncémn should be compamble to m’shm afactor L
" of five {Knbma 1983). This i is & typical heunstica.l mla w]uch cannat be subutantaated RS
o by demmﬁnn, but ouly shown by expenmenﬁahon The aceuracy degrades expomens -
' tia.lly as this factor gets !arger tha.n ﬁve, and by & i’actor ofm:, the ersor is unacceptably R

_ l&rse T L R _ .
n 'I.‘he cm:umfarence of tha wue mnst ue much lesa ﬂ;m one wa.velength, ia E*g ,,g 1" '
nthermse t}m 'basic a.ssumpt;.on ot‘ amally dlrected current 10 longer hnlds. A

" ce Segmvnt mtch pomts magr nof. uveriap oy an indeterminate curxent mll ):esult ‘iﬁe RTINS -
* implication is that wires with fsiﬂ)’ ﬂlmﬁ Hesment-s meetmg at acute mgles must be-_ S

modelled wntb r.are.

'-a Fbr accepta.ble xeaults, wirea ahould. ha seveml radir npa,rt If they ate cloae, and'_‘

parailel then then- segments should al:gn

e Modellins a dolid surbace with & ite grid ie sometinnes unpwdxctahle espeuinﬂy when' L
o k near field quantities ave being evalusted. - Under thesy conditions the wanel yule.of- = =
thumb of ten wires per wavelength By ‘nob be & summant ccndltion for ¢ convergenm. R S

‘I‘he rading: of the w:res used for the grid also needs to be carefully chuse.n (Imdwig_'-. e |

198?, Mayhan 1990}

)



S 3':-& m pmt circuit cam b cumpletely chamctemaﬂ n tarms ot‘ tha mteramon hemen i :
__'_t.w porta Tha basic imo ozt wmk theary o he mndecl tﬁ apply for twu a:itenna--'_._
L mﬂxators {G‘m‘ter 1932, .‘Ba!ama 1982) Beﬁniug the valtages and eurmta as. in ﬂgum 2 2 f" R

g




: '.Fer a,generat n—pmt netwmk the terms on the diagonal, Z,.,, Are called tha ae!ﬁ-un?edanm
) Whlle f\he tﬂnﬂs oﬁthe d:a.gonai Zmn m thﬂ mﬂtual hnpedmaes In a Iea.l pasmve syﬁtém, .. _-

IREER rnn, = Zams hﬂ_that f.he taskriz is symmeﬁncﬁ‘ dhout the “lwﬂ* S

E . It; is uaual tu apply the network +heory ta X mcmt, bue lt cen. he apphed to two antannas : '
S im Troe npace Huwever, thare are’ prohlems with the deﬁmtaon of tha welf mpadances as

""--5_3deﬂnad i, equation (3.24), ‘For axemple; the defluition of the self impedance of the first = PR

"' - antenna requires thiat the turvent Ty in the second anfenna bo zero, Tn the eircuits case, ik - -
Lo s enfficient to apen clrenit the secrind, ‘porti (}pen cirmi* ag thie mund antmna, huww, SRR

does uot remove itn eﬁ‘ecta ~ a8 disctmect in aer.taon 3 1 o page 24. ET.

_'-2 3 F@lﬁ@d an@]le I[rspuﬁ Imwedama

s S -A foldeé dlpole can be wnszdered £ & unbulanwd m ionl h;le wh;ch ra,dmms 2% a_'_' TN
T _L,;_-msalﬁ of its unba.‘lancecl condition (Ta; 1648, 'I‘hle]g ;rm p# Hend@mm 1980) h o
__ T epak (1980) shiowed. tha the current on the dipoia cati !,a mﬂw obe compase dof two. .

R _-mades nt:ansnumonlmemodeand an antenua., np tmiiaﬁmg mode, asahmm mﬂgum,‘z.s, e | .

- Flgm:e 2, 3 The decompomtlon of the folded dxpole r.urrent mto a.n anﬁenm thotle aml a,_' : Ny
:-_-_..__transmsamn lme mo&e AT R

e : :'By aupemosihm ofthet.woc\m:ent mudesinﬁgureﬁa, tlw mput nnpedancsofthe ﬁoldad_ Soe
_'dupqlaiaglmby- R SRR RO



Ig- transm:smon hne mude cumnt
IA = antenﬁa. maﬁe cuxrent

s N B :The madax wrrents Ir and IA aze obtamed by lookmg a,t the equivalent mput- mee,danm.}: o ST

. 'I‘ha mlpedauce for the transmismon line mode ZT i8. ?mt of a shorfr-cxrcmted loesleas tra,ns-_:. G

S ‘""'whera o o S e
. 1 t1p~to~t.1p Ieng%hofthe folded dlpale S
«% uhamctmsﬁc imPedame A

L 'I‘he chamctemtm 1mpe&ance is thaﬁ nf n two-wna lme antl Js gmn 'By{" ST

3'“ = 12‘”“ [HW] o | (22?)

where T S e e
e -ﬂepamtmn of th folde_d_ dipolesids .
u:radms e e

: '-‘:‘I‘he imyedance For the antenna mode Zp i that ofa c}'hndncal dapola with an mqreased " R
a eﬁ‘ech\re i‘adius #e which § I8 flmctlon of the spacmg, 8 nnd the wire :radms a. - .

W

lﬂ(“) +~;—!n(%) e

ln(ae) L S S

.- ._i Zn can ba faunrl usmg lmown methods such ns the indnee&-EMF me mi {Balania 1982), : ) | __
- stendard publ;shed impeﬂanos tableﬂ (King & Harriaou 1969), or a Mathedmf-Mommt#f:-‘_.f,'_ o
""-_wde(Bmke&Pasa:oman SRR S e e

. Thus the modal curents o givenan:



e s (2o 120 gt

3

o 'I‘he nnportauv.a ot‘ equatinn (2 30) is th&t it. gwea asxmpla mvﬁhod of dezer’mmng the ia‘olded SR

s _ﬂipale inpit impedance without vesorting £5 conaplex toethpds fike the method of moments. '_ .
N The txanmismon lme method eaaentm!ly preeents & correntmn to tabulated cyhndm:nl dxpole'-_-; : :_'_Z. E R

B ._.'-:Unfoztunately, t'he method 1 acrﬂrate mﬂY whem the separation 8 ls Iess than nna hun&radth;. o

'dmcusseﬂ in s&ctmn 3.2 on pags 29 -

";_z 4 Mutuaﬂ Mpeﬁam’“

o '-'betwaeen dzpoles, daivad by m induoedamnfmathod (typmally)

S fﬁi‘ 8 waval&ngth which is4 aevere. restnction fn ;‘;actme, An extenm to the trmammon : SR _
| Yitie methiod t6 overcorne this restriction has bem presentad (Giark & }Eburie 1991) which is__._‘_ R

a‘Lnﬂ:amtm'e Survey

.;}k hnefhmtmr oi‘the development afthe standa:rd expressions for fuutual unpedance is sim EE
L __'.'.;here Many of: the. references in the: bxhhogzapha refer to woil donem +this yegard, buk these AR
. give the basig outline of the progression 3o the standard expreesmn for mutual hnpedance':.___ﬂ:_';'-ﬁ" e

N Ga.rter (1932) mtroduces the mrcmts laws in relt;taon to . antanna syst&m H.e showed.that ' B
= the cmuit natwo:k theoxy cam he apphed o tvm dlpole :udmtors of mtegra] number of half

s _- Wavelengths

o m wites: that ae an exa.ct nwal numbez of half WaveS long, he produees the atanaara'_f S =
S hed conditions &t a poins, from which the mntmnl impedance is derived. He solvea theaa oo

S closed form (Si and i mtegrals) fors

'. ':. o patallel wites ai' aqu&l length (No& Staggered),
o t Pnrailalmream Echelan, BER T
. ] Cnlhnear mrea : T
S - ';, and (thaugh m i c!ased fozm) for o wi:ea fo:mms a Vee (ﬂw ma rhombiel



) zmpedanees i:e pro&uee graph:cal ra.dm.tmn pattems of an M\E broadca,st &n@na.

SR -[;n hig c.laasic mmsa, Brown (1937} shghﬂ@; extends the work of Cmer, and ndes the muml

L Cmc (1947} extends t.he theory " allow antannas of nneq‘lal lengths but us he s adﬂressmg ST S

7 ihe’ A broadeast antennos. of the day, his mtho& dm mot sllow tﬁe antennas f° bﬂ

N _'_'stngge:ed in acholon

’[‘m (Igﬁs)wastheﬁrst authurtaconasder ﬁhenﬁecto&'th:cknessonhhscﬂculahonofmf, B

. mauual isnpedance. Unfortuanately his taéthod involves deiving the antennss in & symmetie  ~* -~ L

: :*andanti—aymmetncmnde hisasmptmof;dentmi antennas s fnktinsic to the method, e

e which is aleo limited to non-staggared natennas, He. pmdum r.mea nfmutua! impeﬂﬁnee
.._asmvmieswiththicknmfmtor wh:chmofuae Lo N

a '-: I{ing (195'{} ‘bmlds on Gattex Brown ami Cmt, to calc.ulatte t!m mutua.l mpa&nn:a, in eioaed = S
. form, of unequal lengt.h anteinas in. echahn, for the cases qf nom-ataggemi staggered or__:

L o mgml equatm that is of mterest to tn' 'staudard &envat:on of the mutual mpedance '

- collinm He covers antemas of: ™ hali‘-wmelength long, nrshnrter Ttis hm no::-close& form, '

o Fmally, tlze cloaed form ﬂnls.\faons ate mmplebed by Rmhmond &: ﬂeary (1973) whu e:wend'

o nan mplanar skew dlpoles (m a.tbxtra.ry onent.atian)

- the wark to the co-planar skew situation, followed by R’lchmond 8& Gear}' {1975) who txeat o 5 v

o _.:;}".Nﬁ ﬁxpmsmm h&ve been glven for the mﬂtﬂﬂ lmpedmce W”‘“ﬂ B f‘“"‘l dlp"le’

s thng.the mtegml equatlons”_'

Most nf the eﬂ'ort in: the abmn :eferenees was expended m '

_-_;_'_.mto Y closed. Bk non«general fomn {im most cases with t'he use of Ci aitd St inkegrals, with - 7
4| »s many as 40 such evaluations per ‘point), However, it is now miore tiseful to use the dhove -

. goneral integral foxrn and use an efficient integrating algorithm, (SCAT usen ihe Bomberg_. ST e
IR Intqgratmn methodi mth a ‘I‘mpesoi&at starter, and R:chardson Extrapolatlon} FE

; s ’I‘ha usual axpresmnn i‘or the muhm.l impedam:e, evalved fmm the wotk outlmed abm, T
o007 now reviewed s » similar derivation ia followed whes deriving the fnlcled dlpole mutual"'_' s b
L B -impednnca m Gha.ptet 3. _IImng ttm the symbals :dentﬂied in ﬁg\ue 24 - S BT




V:u—“"'*"f Exu(g)j'z(z)&z

" Em = E field camponent radia.tad by antenna 1 psta!lel tu antenna_» B0 nan
Ia(s) = it the current dmtnbut:onm antennaz as anfunctmn ofz BT
____Iz;'m_mtheﬁumtaﬁheinputtoanwmﬂ o

| .Iz(z) . Imsm[ (—*Izl)]

o fm = ls the maaummn current.
f. = iﬂ 'Jhe thpdie lenglih_ |

L --._.j-_':[‘he z-dmeu:ted component of thg. glect,uc ﬁeld ot‘ % dlpole gmn o a poiat P i spa.ne, _...::
- _a““ming smuscudal cnmnt d:stubuhon xs of the standm:d fo;m

By=- ?Enz[ i + . (M‘) ® ] (m).___;_ S




E Subsﬁtutins equatian 233 antl eczuatian 2. 33 .mto Wim 2-31 3’“1 ;:ealimg ﬁ‘“ ‘i o
i mntual impeﬂm’& (:efme& tor t.‘he input mminal%} i gmn b)"’ _

. . It is tiaua.l ia zeiu the nmtua! impaﬂame tu the cunent ma:nmum acnd lt s wmlilltat.:onanyi
_._.\'_:_.usefultoaepamtethereal audmagnmpw P o J

H ] [nin(knl} +w’b_l gm -g") ﬂﬁﬂ()"‘)] dz

. : _'.:_:_To :etm tathe :eqmred mutualnnpe&ance (refmed tothumput temﬁnals) mmplymulhply: ':_ :_: E
‘equahonmbﬂhamﬁ- I S Cm

Zm - zznm (?1’:) ’ZT) me [mn(ﬂx[‘ﬂ)] [sln(k!z/2)] (2 37)

B .._.-:Notc tha.t the mutuai :mpedance gwen by eqnnﬁon 2 37 wm gend m in ﬁ] ty for i‘ull WM_.:.:__; | | “
. 1e.ngth dlpoles, due o the armmoxdal curtent mmptmn which ma.y be. wmpensaﬁed for by - -
o adampmgfactormthe dmmﬂor,nrhythemdusmn ofaquadmtu:ecuuentcomponent,' o

s wm Patra Ty
" The calelation of e far el radiatin pattern fromt carrents on vadistors i ® sveights

forwa.td intammon (s mmatlon) af the eﬁ'ects of the mdmduaﬂ cu:renﬁ elementa at tJ;e- '_ . 'f_?'s-,:
._____'_'evalua.tmn pumt : : L S

- _""’I‘he theory develope& m tlus &hems pmwdes the magmtude and phaae of the current in anch L
- pdirected dipole element, aasumed tobe. smusmdaily diatnbuted Thm isno E.p component SR
of the radxated ﬁel& but only an Eg c:amponent e A



"-rﬂate&*"theﬁnmﬂﬂcwﬂﬁowmgomthw B T R TR

e ;;:iau-{l.'«xai [mwaz,,mse)fz] m(am)
,n'“ .. _" . rive o __:__. N

"';': ﬁf'n thespuﬂafphmcompmeﬁtﬂfdipolen RN
q%,. = the phase component :Iue tn the Gumnt waaa on thpole n. _i

TEe array. ‘I‘ha dlﬁfemenw in magmtude due to thzs s!xght changa iﬁ_ ria 'ﬁegl,gmex eepmaﬂy
L “for hrge r, but the psth differénce is eruciel in the. phass eompnnént “Thug' the distance = © -
; B fcom the eentxe ut‘ each’ currenﬁ ﬁhmm needs te he. cum;mted B nbtam tha spatial phas&: S
' '-dnﬁ‘erenw raquh'ed fb: thavechor smmatmn nfiheﬁelda ak the emuationpmg, o Lo

S rxsum 85 ahm ihe netessary geomatry “The mttent e!emeum ot pome Q and t?us vectot_ PR
m the pugm to pomf. Qs r’ (e:' y’, z’) Assummg that t}m evu!qatmn pamt p is very L
o ans furthet away from the orlsm 28 point Q, the reqired: distance is the component of ¥
SRR 1 tﬁe directlon Ofthe ?Bctdl' o F gl\l'ﬂll b&" tllé Yﬂcﬁﬁr r- {Eslh 3) de the dutvproduct ofr' .

-mﬁ aunitvector mthe duethonufz-. S e




'. The wqulred umt uectorm i;he.dltet‘.tmn ﬂfthe evalua.tion polnt Js* Dot R

3—— (sln emé,mam¢,m¢) __ (34@) e

- '.%he dot pmduct of the two vecinrs Juelde £ value for t]:le pomfr labellﬂﬂ 41 111 ﬁﬁ‘“‘“ 3 5 mdf’__‘ 5 .I ' _
1. yidids the spatisl phase myonent zaa‘kdx wh:eh B acl&ed to. the phm d“e ta the ""mf‘ I
'-_;-__.j'.=onthaelemenz e R T S e

o F'J.elda due o all N d:poleelements are vectomllysummed to :ﬂeld Esmma at the evalua; on FOSR
o 'pemt P aml are dwidsd by the field ai thak ﬂmtance thas won]d Be genermd by Ak motmpic;
-fsource, EWthhe di:ecuvitymdBl. ' . e

e mmaﬂm mwlnﬁmdm ctm,, (g,.,-s),,, gwenhy' L ey e

- (2431

D(ﬂ_aﬂ zmosm }gﬁ"ﬂ% (dm;

L :.:'whlch is the value that SCA’I‘ p,roduces when aalml to genera.ire a radlahon patﬁem o e

B Ohapter Summ&ry

L a NEC is the met.hod of momenta mlplementatlon med o 'dstlckto memmthﬂ _' e
. accurdcy of thse new. mt‘hods developed 7, the tls _ & of the method of - 0
N momentshasbeengwen,asweﬂasmeimplementmnnai amﬁc oonstmmtsoi‘NEC!Z Do

L a Gimut netwmk theory is used n the analysm of antenna amys and has thus been _ L

" teviswed, the conclusions beang tha.t the self and muﬁua! mpedanm osl’tha antma.__ SRR

e e elemantaneedtohefaun& - el IRl T R
b o : ._.;"w Thet.rs,nsmmmlimmodelufthefolded ﬁ:poiehasbeenmmwe& aaxtma,neﬁclent_.f--;'-ﬁ}. e

R meana of ﬁudmg the aeif impeclanc» of the foldeci leole. Sotne lzmﬂ.aﬁons have been_'.‘

- A remw of the dlpole mutual lmpedance denvamem h&s been gmen, since . s:mﬂar. .
pmcedure is a.dopted in the mutual nnpedanee derwation for foldacl dlpoles ERRRTIE N



:__0'-.'1‘&“ ”ar—ﬁe}d radwbion pathern ca.n be ubtamed ﬁom 8 knowledge ef the eummta or,
 the antenns, The theory for thm has heen revxemcl i s mstmcmre tu uompm-e
pattems 28 we‘l as mput mpeda.nees whm compa.mg a.nalm mnghods Tt e




_ _' _chapter 3 &eveldpa tha theory xevzemd in chaptet 2 Thg pmnary m m m w:th the .
S detemna.tian of salf and mt.ual nﬁpedm;m m the antanna. elementa Tha t ofselt‘ | -

S __"I‘hefolﬁad dipalet;ansmiamonnnemodel whachdtne toaertmmtm hons cannot be appﬁed":"

S e mahyﬁﬂded dnpolea of: prachcal dlmensmns, iz éxtended: 0. thab it apphea o' tnostfoldad'-_'__. S
- dipoles; The model. pmdes & aeﬁcnent\ method oet‘ mlculal;mg t-he self xmpedanee oi‘the_- -

-{‘.’-folaeaﬂxpaxe...:.-.._. e R TR NE

L ;*3:1:5 modal alsa pmudea 2 comemm desmphm of the fo’ided dzpo[e which i used 3.11 SR

7 4hie indued-amf demvatwn of mutual mpe&a‘aae, pmndmg aK ‘expression for the mutual -

S mpedanoe between & d:pnle and a *’oldﬁd dlpole An’ e:q)ressmn for the :mltuai nnpedmoa e
EERE ’.mm m t‘oldecl d:poles is pmndad by 5log1cal exteﬂsion o -

x .mp@z@ Seﬁ_lmp..z"_.___.

. _-In sacﬁon 2, 2 an pn.ge 14, netwcrk conphng theory was mtrodueed from which it is andent"i" o
Y _antentia. onslysis’ dependa on ﬁndmg t.ha aelf—impedmce csf each element and thmr -
"_"mu%uahmpedanom RS . : . . -

C . 'The selfnnpedanae of & thpole, as deﬂned in equaiaon (2 24) regmres zero cmren%. ﬁow ax-_"- » -
7 ghe port oftheuﬁher chpole. ’I‘hafree spaaamputimpedmue. on ﬁheatherhand mevuluated-. IR
_”‘_-.;mtotaimolauon - P el

e A ﬂmt.mctmn is thns made between tl:w ﬁee space dipof” mpﬂi :mpedauce zimea and the . .';.; o
e selt-impedance Zu as deﬁned by equa.t!m (2 24) Figure 3.1 ﬁluxtrates that & open cixcmt'-:\-'i e B

oo whithe feed pmntofa secon& dzpulemcloseprmdmtydaes notwmmﬂs eﬁ’ect ontheﬁm’_' PR
el dnpc»le. e R S,




| E‘br tlm halﬁ»mmlangﬁ;h caaa {a} 'I'he magmtude of i:he indlwed cumnts on the two : | L
o Al4 secions of cpen civouited dipale js not particularly large since the sectiona are
_— _;:_{ short mﬁerms of wmelength, and the open c:rr.uit mfamng = eurrent mroax the emds,
e The muphng eﬁom betw..en the dipoles m}} be mmnmal and hencs there ml! be no. R .

e apprecmble dlﬂ‘erence between the free-space mput mped\ nee zmm and the self_ Lo

e mpedance Z’n

o ':-H‘or tha E‘all wavelength case (b) 'l‘he ogen cucmtad sectmm of..ne seeond dlpoie are_ R
S reaanani halfwavelength long ¢ atrucl:ures Thua the magmi.ude of the induced currents-_ R
" on Vhiese seetions will ba oi‘  the same ordmr 83 the curnent on the firat dxpole ;f they a::e-_--_ SN

| "'3:3.'-'._:cloeve togethet R

- Coupling effeéts wﬂl ob\rmuslv be ptrong and one wo‘uld expeq{-. a mmm ww..___ : = =

mihevaluesofthefreespace andselflmpedances B

. The alﬂ‘en-ence n the twa impedances is of xmportance ainne the calculahon af an mpuf.’ R
. impedance Zyy in the presence of two open cirenited sections of dipole is 06 Ionger tmrml o

. and is beyond the scope of a simplified sualysis method. The adviatage of sing vhe free

-_space fpnt’ 1mpedauee a8 an. a.pprqamﬁa.tmn to the self-impedarice i that the free-space e T
impeduac i endly aalable fn Jooeup tle fom (King & Hecion 1_9.693,_ i

Mony. nuthors fBalnms 1982 Py 297),(Jordm & Ba.lmam msa, Py 53?) wnd (Ellv'*t 1931,“{'_ )

. Pgaan state that in most inslunces the free-space d:pale impodance Zi1ves ¢an be used n - )
: -"place of the !elf-xmpedanoe Zn, but ﬂaey de aot delzm:t the candsimns atider w?uch this is o

drue. Co!lin {1986) does, haweve.r, demonstrata the case depmted in ﬁgune 3 1 and refera ta'. s



R g 0208k,

| ing (1968). King showed thak for s twn dment stray of sull wavalmsth dipoles, the aexr'-i e

L -;adxniatance Qiffers by “m—-zc" percant i‘rom thas nf sg. mlated &ipale For apa-eings in ﬂle- i L

. A numeﬁnﬂ a&pe:nme “t wos I*eri‘ormgd tn clmfy the condihcms o the ttse ¢ of the frw—ﬁpmﬁe i B
ST mpedance ds e eubstitute for the self-impedance. Two equsl length 'iiwleﬁ were 1'19"“"1 o
e a.dgacent to one nnﬁther at a t‘ixed spacmg dw A/s as ahown m ﬂ&'ﬂ‘e 3-‘3' C '

EXY bond
[
7=

| Both dxpole lengttw ware va.ried cohtmuour’" ftom & blf Wavelensth *0 0319: Wﬂ a h“lf . .'
-  wivelengths, ie starl:mg and ending at case (a) and paeamg tbmuglt cm fh) a8 deﬁned in i

T - _' ﬁgnm 3 1 NEC2 wus uaeﬂ to evaluate tha mput impedancr- under the two condmnw

e ) Dipole 2 not present (w E'um.,) _ :
o Dipole 2 pxesent huf- apan circulted. (ie Zu}
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B Fu;m 3 3 showa the rmita of tha aimuiaﬁun. Glaa:ﬁr .he error ..s aceepta,bh for mueh mw -
o the range, bnt not in the v' "ii’-)' of the fill wmal\mgkh dine, 85 pmdici;ed by ﬁ&um 8.1, o -
i -_:.There hus also heen a-cleny shift in the peak magaitude, probably 2us to the hnite gap i .. o

the npen cucuited d1pole- ca:usmg thé aections tn raaonate at: a.ghgmy e&tlm p omt R

. .;.-_Deﬁue the psreeni;aga erxor, referenced to thefﬁea o m im ce i [
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- ._Asanming t.ha.t 8 iﬂ% ermr m acceptab!e, ﬁgum 3 4sh9wnr iémt fm: t}na particulm spacing cf
g :"3.‘1 m sz, tha Zunu csnnat be used mstead ott‘fhe Kn frocm 0.84.1 t.o L _

'I‘he unac::eptabla emr meaus that a methnd whieﬁ re‘lnea on uamg the' mmp!u free spr.ee.”:_ _'
SRS unpedanca yaluey g self mpedame values Ty t.he madarixeq:uahon (2.28) canmot hu ee:peubad ST
W anal.m nntennaa whmh have elementa that er nﬁﬂl mvelehath 10113,' auch as will oceut .'_ P

- Notetha oo oty fons kb notmmmewdmmmm tsuch e

o How tha error range ‘m:ies ﬁar dlil‘erent upa,eings
- a’lhaeﬂ’ectafchangingbheopanuircuitgnpgmmﬁy PR
= Whether the entr i afsced by radius of the dlpoles. B Sl

o _': . .:_::_: _ However, 1t. is cleaz- ti:at at ﬁrst :esonanca, the free epace unpadamauﬂiciently app:o:mnates
e thgnelflmpedancerequired b;.r equatmn (2 24) ;



S ._'_f_;jf:’as z E'@ncaad mmi@ Sﬂﬁmpedm’@

ohm sacﬁon 3‘3 o pesge 15 tha tranmmiun Iine method was. preaented whic.h oﬁers aalmple:- L
~." miethod of obtaining the input impedancs of the folded dipole, ‘According lo ‘Thisle et al.

-+*.-(1980), however, the method can only be used with confidence if the separution of the dipole
. siden is less than one hundredihi of & wavelength, ‘He eseribos the failure of the methodta = -
S .transmisaion linaequmon bmai:down. Ciearly, howaver, transmisaion line theory does hold..-...__" s
S .:_far Lirger sepunations - and & dlﬁ‘e:ent m:plammonw givenin (Glm:k & Fﬁune 1991) which___: S
m mﬁihned mthls sectzon el G TR S *)

c N Toﬂlustrate the Hnn%aﬁ.lon ofa < .;VJ,O() eonmder that & typxcal commermal 150Mﬂs faalded

o dipols ia made of L9mm diamater aluminium tub:ng (OD) and hasaaepammn 8 of B&mm, Ce el
A _jor OnE. twantleth afawavelength I‘a: i‘.his dipole, Th\.le’n transmisszon Iine model breaks e
-_--_.'dm '

o Thxs sactwu mll preaenta extenslona to a‘.he tmnmnmon hne mthb& to ’be able ta analvse_::
s tﬁpi:les thh & sepmtion of 1 up io oe a:xth bl’ awaveleragth y

- r__'-Wirelangﬁh an& resnnmi: langth af a hm wire rachator |

Ty Branemission li.ne camponent of the methnd tn.kes the aepam:bmn a inﬁc acenunii'-: only
S __by ita im:lusmn in the chamctenstm mnpeda.ur.e expresmon The ohaw:temho mpedance_-'.i"f.
- .. of s ienamisslon line 18 wot unique in that many different geometries of twa wire lins o
.. héve the dattie thraracteristic impsdaice, is the separabion is nsed ss  vatio ia the dismeter,
i Thigle feels that at the Insger separations, the transmission liria nature of the folded dipole S
N '=_‘_.’hreaks dnwn A pnpe: by Aust-in &: Fomue (198&) wlmh illuatmtea the welengﬁh uoncept"' L T




-_ They ;huwed that. the msomt length of 3 bem monopole is mhally mmtﬂ at {m 4 equal"' :

o o s thle experiient shiowed st witss with s band oﬂmtm su*’hehamleccmmly EE
- Hke Ion&ﬂr stralzrit Wires. Bends ’uuch 8. the ones at the t:pa Of a foldedt dipole; can Hence.

_ "be t:eated by extendmg the physmal !ength ef tha anteum by & "u:tuz dapend : t-_'on the-'.'_-'_\' '

o | 'I‘ha aeciraey ot"bhe trammmon lme method shonld therefore m:prove 1f ihe ovemll Ieﬁzﬁﬁ Sy

1isincrensed by an amount dependent, on thie adaitional wirelength at _
e _dlpnle 'The extension imay ot necesaaﬁly beths full separat:on a8 stdgg‘sted by ﬁgure 35

be s of thefolded

K a8 the end~capmtanes eﬂ'ects of » fb!ded dipole axe Merent to thnse of a monopale

'_':'_""Annmaricgl Mmment vras eondncted todetermma ."_: S R Pt

e thé exbeadad eqmva}znt length fag o - R S R I
L ° whether the extens;on npplimto the. transmissmn lme mocle, the ant.ennr. mode, o:c t,_.,_:. e
hoth ‘ PR . _ o S




S | * Hag siuue betoma a.pparant that a sewndary correction factor is- necesadry o awaunt for the'=
L ra&ms d of foldad dipole tubmg 'I‘hua, the extended length bacumea (See append:x B)

as lengt.h extenmon factar, to be foumd .
e -$he original tlp—ta-tlp length of the folded dipole e
!c( m'tlw extended eqmvalent Iength of the d:pole S

: '_glves a.cmpﬁalﬁe xesul!:s when applied 4o both the antenna, md transmmsion hne maﬂes. Tﬁ_._ﬁ'-'i

g : An walytxcal expteamon fm: the mutua.l map. .;.a.noe between a dumle aml a fo!ded chpole has - RS

“ " nok yet béen developed.. Hoviever, the tranemission Jins modsl of the fofded dipole (Thisle.

e g '_'.et al, 1980) aw discussed § in: seﬂi;mn 2. 3 on Pnﬁe 15 Bﬂsgests a szmple method of mnlm thnt_ o

o can be used tu dave!ep an expressiau fnr f.he mntual impedancé

- ."-3.3 1 G‘ombming the izransnﬁssmn lme mudel uf tha folded dxpaie'z.:':'.f.'.-:._.

and the mduced—emf metlmd o S

- The mdueed-emf mnthod a8 deacnbed in sectmn 2 4 nn P&ﬁ& 1'? is used ta determma thef R

T et derivation to obtmn the mumt impadance with . olded dipnle {emk & Fourie 1992)

_ o “mutual mpednnce between two antennaa The ttansmwsmn liuemodel of t.he folded d1pole is : iy _ Gl
= uuad to determme t.he cirrent stmcture on ‘the folded dipolis jn ordet tn e if in the mdumﬁ-' o

.. der . d1p019 and a i‘o}ded dlpole as m ﬁglna 3 6




| i of the formy:

-':-_'I‘ha open mcmt vnltage mdﬁeed in ﬁ:lﬁézidipola 2 due to thergdmhon&om dipole I excxte&-;-‘_
b;r acurrent 1} is exprease* aa'_'Sea aaahon 2.4onpage 17) e 2

o i ﬁ,f:;&«ﬁ,;,,ﬁ
*.‘ﬁ’“‘g;" _gm(kf) : ] S ;'__(3;?)'. L

: '.f:'l‘ha currenﬁ ont the folded dipule m found by eomdenng 'ﬁhe transmissxon hne mode curtent :_ o _
. Ir bnd antenna mode Ia current.m Clearly the fmpressed: electnc ﬁeld 1‘:351 in the vicinity oi‘_’ R
 folded dipole 2 -canses an antenna mode current IA to ﬁrm in ea.ch mde nf the folded dxpole,.- S

”‘ij&@ ;@[C;mefffff  'm#}iiﬁ?

'Tha a.c{mal muxent fiow ¢ in mcﬁ side of the fulded dlpola mmodlﬂed by tlie tmnsmisman lme'- T .

: | * : component of the eurrent I such that the current on. ihe lett hand s:de ofthe folded dapole' 3
: -'_'.-_isIgr +IA a.nd I;mIA on the righthand aide. : A S



o "'_.Hawever, i:he elect.m ﬂeldg generated by the ranmmon lma mode cur:ents I:* mwl amce L
-they are in such clase prouannty and flow'in oypombe divactions, It is theraﬁore :emahl_ ' S
L ke poﬂtula.te that tie frensmission line mode cursents do aot infivence the mutual coupling,
- For the; purpmea of dete:mnmg the mutua.l mterachon between a dlpoi& and afolded dipale, T
. then, ond tan conxr&nr thefmded dlpole’asidee s bemg mILapaed 10w ﬁla.mentanr cumnt L L
o '__".ut'valun ﬂg, or that the eﬁwwe cumntm thesewn& amtennaan awholem g e

..Hm E\:Ided ﬂipoh to nmm. Zx Zmok tﬂﬂipbler (3 12). : |

L .?w*ﬁch i obtained by”mmmg the travismision line mode _of the !‘olded dapc:le wmf =
S denvmg the mniuallm,pedmm b-,;themdueed-amfmathod R IR

- 3 3 3 Faldad dzpala tn_foided dxpale

B ‘I‘he mutual mpedance ‘i:etween twvs foldad dlpoiea can then ba o‘ﬁhamed by e::l d“% the R

o cr, that the lmpedance woulcl be the sam& 1f the foide& dlpoie and I'.he :hpole ware SWapped} : o g
e figure 3.5:° It follows that the mutu&l impethnce between & fblded ﬂlpo]e and 8 foldn& L g
S dlpola wsll agam have twm ﬂxe currenm moment, or: o . _ =




A me&aﬁmewrhldadm 4x zzlnipntehlhpoh e Ry

L 3 3.3 Usins NIEC:& ﬁa nbtain mutml 1mpedmce : o L el

& M&Md i mq agmnsﬁ wh“’h t}“‘ a,bove them:y can be measurad NF4G2 cannot :'_:'

S ;__'.'-caa‘. ba adopted

S provide the mutual Impada.nue 'between two mrtemms dmectl?;‘ but t}m follomns pmcedure SR o

: --jbonmder the mtmhng matnx m equaiuon (2 23) It' Viw 18 set ta zero (d:pale two 13 s]mt_ ) -_
s :'_-airculted) Lo - _ AL

) For a reciprocn! netvmrk 2"'21 - le’ and the m]ulja,! m}pedance 331 lﬁ obtaineacl I‘W‘

g _h V 31133:'*512321

o whlch ends the ma.thematical clmvatwn The pmctacal :mplementstmnuf th.ls equatmm 15_ L - o

: ._ _._, h‘ttle more subtle, The: qusnhty under the square root ir. equaﬁlm t3.18} wa compla:z _: =
" ‘number, Pinding the squaze oot invblves determining the arctangent of the Imaginaty ..

o E_ part over the’ :eal part. A four quadxant .mtangan& must The weed to dete:mme the cm-rect'_

. quadrant of the square root, Bt there remains the usual choice between two rots that .~

L ‘are 180°0nk ofphase. Naxmally ‘the choice I8 nbvmus due 6 n purely real naturs etc, but ST

: mtugl impedance tan have. negatzvereal and magmmy pa:ts - e 1% ca.n fa]l in W Ofthe_-__f R
g _..,:fourquadrantsmt]wArganddlag:m o e

S INEG:!mpmdeﬁauphnymdﬂ‘swhchmdeﬁnndw&ammmwlmgwhmmmm am o
"-Pﬂ‘fecﬂymatdmd bm;snoithenummmpgmdmam s R



: I‘o ensure a'smoot_h plmae transition when' plottmg tha nmtnat mpedance denved i‘rom‘tﬁm :
" method the previous value of the: argument nieeds td be inspected to chiooss the coraai:t o0t
o There doea nok séem o be amr other my of mmng thia mathemaim:ul dﬁemma. N

e I‘o: evexy mntual unpa&mue pamt c&lmlaﬁed, there a::e thra. NEGE eva!uatmm 311,.523*- o
O the Zyy fi caleulated, aud the toatchuaen, 'l.‘he pmoedure haa bm :mtomated mmg -
L SCA.Tasapta&ndpoat prncesaomoNEca . PR

_..‘I'he metho& of nbtainmg the mutm! impﬁdanneﬁ:om NDG‘E in ﬁh:a zashlon m ne«rerthg]m:'__ g o
ﬁ_'wwulauaamﬁmmnofiamoﬁeze&mshemmﬂesmﬁonﬁmpm@ - RN

3thzou91ya¢hmgeﬁm—wtb wuaﬂm&ble,bu&naﬁaphmd:mmb&'w wbldnmu!d.imph'amp
.'_'-;qupmlrantn s e T ; . _ C



:'I‘hm -chaptex apphes -the theozy c!mreloped iu c.‘hapter threa, and preaents resulta- of-_smmla- R
© . tlons performed against NECZ. Saction 41 stiows the degradation of Thiele's transmission
-+ Tie imodel for Taxge separations, and shiows the itprovement obsained with the extansions
-~ presented in this thesie. Measitrements of tttusl impedanice were parfoxmed to confiym the
s smnﬁa.han xesiilis preamted insestion 4, 3~ the ﬁelsaﬂa of the, mesatzemeis setup are nhown
. in sectmn4 ¥.2 Fmalk; section 44qhuwsthe mmulatxon maultsofaﬁaw s:mpléaxtm nsing :

: -the theory 'developed in the thesm, vm:sus NE02 results o

L 4’1 .. Fﬂlﬁeﬂ Bipﬂlegelf Im@ edmcﬂ

- Deﬁemomhon nf axzcumey oi‘ *Ji‘hmie’s tmnsxm‘ on lnie madei_;'
mﬁh incraasmg mter-elemem spamg e L

el :Anumer:calexpenmentmswadtushm tlm detenoratmn maccuxacy chhele’s sl
7 sion line model as the inter-element separation 4 of the foldad dipole was increased. In'tliis |
- experiment, a halfu—wawlength long folded dipole waa evalnsted :l‘mm 2/3 cent:e—ﬁequmcy, g
7 fay Y0 43 £, Thi radius of the falded dipole ¢ ments wsed wia one two- thousandtha'of the. .

. wavelength at the cent.w-frequency, r ;\dzﬁ(lﬂ, for alt threu s:mula.ilons, The progredgion. T
. - of the inacriiracy csn be learly seen ss theaeparat.mn s increases: figure 41 shows theoom-

- pa:mon to NEG2 fdr @ sepw:atmn of &= 4, 015%; = 3&,/260 ﬂgure 42%ra sepaxahnn of :

4= 0.08); = X:/20; and figure 4.3 for & separation of # == 0.1% = Ae/10. Also shown are the
S reaults (anna&ated a8 SpA’I‘~D 39) of the emmalent length modnﬁcataon i the: tmnsmmmnu 3__
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o Flgim 4 3 C‘Dmpm& foldu.d da.pol,e mput impedance for s - J\a / 10 Thiele . I'TE02 W. L
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- In mdumon, the e:r.perimunt has ﬁhown that *l'hmle‘s tmnamismon lme madelia inadequate_ B |

" for folded dipoles with asopazntion greator than ¢ = 3,710, 1t has also shown thab the fiat. ) -
- order modnﬁcation to the equivalent length uaed in the trammission lina ‘miode] adequataly < R
 compensntes for this emr. hut ouly i’or the wse ofu ﬁm& radius nfr = x.,jzooo (o.r Imm' SR

- ab IBDMHz)

IR T



o | j-_é. .3 Th@ demmmtxnn of accuracy .of tim ﬁrs&-ordar modaﬁcatmn’f’f

L The a.ccumy af tha iiwt-order w.npanmtinn a given 'by equaticm_ .(4_.1}.agaiu. degradea RN
U with thicker radivs folded dipoles (See. Sedtion. 3.2 on page 20). The fu!lamng nurneticel Lo
 expeimint damdmtrateﬂ the (ieteﬁorationinamumcy &hﬂfmvalengthlcngﬁ!ded dipole

) to ﬁhe tramanuasmn line moﬂel with mm*eaasmg mdms, -

s aua!yzeﬂ fmm 231 1o 4;3 fg Th nter-clomnt paciog ia fairly hrga, 2t 0= 0.06% (.,t .

o 'I'he etvok o qnoted in 1he ngm i the miean aheolute ersor norm. ie tha abaolute valua T
R of the ﬂ:ﬁaxent'.e in unpe&am magmtudea gwan b:r. e ' : S

o E””" "‘"*" (w:
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In eonclusion, the experiment has shown that tha ﬁrst«o:der correctmn ﬁuea not adeqnately_:_.". o L
cortect for th.wker dlpoles, and X3 mndaa:y eor:ectmﬂ m nee;ded t.r.- ta]:e the ra.dius mm..-._ g
"'ﬁ._account.- N S

mm ﬁalmtmw tanmxmmdel B

- "-"I‘he need for the secandm-y car’tectwn introdueed in sectlon 3 2 iz mdent frzmn the reaults' -
. showm in the pmvious gection, 'I'ha sewndaxy wr:ectlon to the cqtnvalent length whmhi_‘;.; Lo
meorporntes the. separatwn 5 and i;lm radmn r VoS gim as' ST S



. _-"I‘he axmulnnm pteseute& i the prmous seeiaan wers mn agam,' Wit the fall mmet:on
' '_thetzmmmssmnhnemethod _'I‘helrewltsamshownmﬁgnres todg. :
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Inconclumon,theabovusimulahomahowthatanaceeptable mmpaﬁmmthelun:cz folded_-'-
- __dlpole input :mpedance results sre obtained with the modified tmnmmmn fine motlel P
'- a.cross & mde range of elemenﬁ radu, and mter-element sepamhom- SE

'-'_The developmsent of equation (4..3) and furthe: results m:e presente& m apr-endix B on-' -. v




ol .NEG mmulatwns were 'perfm'me&! tu toat th _‘d;ty bf the' sxmple :eaulta ubtama& from
Ll theory vis: thab the mntual impﬁdam:e betwem ® rhpole and folded dxpale it twiae that -

5 betmmd:poies mﬂthatthemniuahmpedanm Beﬁweentwofolded dxpolesm four tﬁnes;_;_ -

* that between two dipoles. The results of these simintations ave pmsenbad in the néxt section, <
=0 Although NEC san veally be sonsidered to b the validation tool, it tvas felt that measm&f_:_ L
S o reuu{ts uf the mutual !mpeﬁazme tn vahﬂate NEC‘ would he heueﬁclal : Y

S Uniommately, mutual lmpedmoe (2’31) nannoh be dlrectly measu:ed and haa bobe mf'erred o
. either from Tull §-paramieter tesults; or by the Z-parasmieter method m:%lmed in seetion 383
- “oil page $4: Both inethods have inhetent aumerieal error due o the subtraction of twcr_:"' R
""_large numbers Howavar, the Z-parmmte: msthod requires: that. open and shutl: mrcuita aie:
.1 defined, Buth of which are diffioult to achieve (withsut end capacitance and série inductarice)
e in the measument selup. "Fhe E—pammeter method wad used ot the mahmu-ed regults tha.t--- =
' m preaanted'as th:a'uaes matnhed porﬁs whmh m fwmer to aclﬁeve amw:ely SN

-Smonnv. (1990, c.hS) sho’ws tha' xelatlon beem'aan t.he mﬁterhg mah-ix .S' m . *'hﬁ'nomahsad -

L =(;,9)~1(I +8)

. e normalised rustaal hpedance zai s s given: s

1)(1 33-_,)«5125'31

S ) which xs mulhplied by ﬁhe system mpeda.um
S ‘I‘he meastneménts pl‘eaantad wma Dea'ﬁot"med mth a Hewlatt-l’a.clmd HPB'Z&:%C neﬁwork B
analyaer, in‘an suechote chataher surable for i&equenciea above 400 MHa: "The insbrument - S

- . "twas ealibrated with the sid of an N-type tahbmtion kit EPSSHS‘.)B All toisurements were o

- performed at BOUMEz, with manopols over & sground plane, Using » szound plane vediess

- % the meed for & hinkin, snd also reduges srror die to the Proatmity of the feed cobles, - The 1 -
o E:mpedames ﬂhim obtamed are sunply mult:plmd by two to get tha fnll dxpa!;e mpedanr.ea. o




petformed; eli;hu-;#imgthe matching,

L -':rangeisade(pmte. By

The: gmund'plam uaed was 1 5 by &.m the meamments bemg ta!tm. ﬁ 500ME5 'I‘he
twu aﬁltennas_ could be mwed xelativa ta nm mother down the cent.ral a.m of 1,’1,,; gronnﬁ-.j :

of ﬂlﬁ i‘oldad monoﬁole wa p = 0016?}4 {wmm) The cahbmﬁm reference plaus m R

. ‘eatnblished hy Hewlett Packerd Trami fesavle N-typs barrels. A full ﬂ-pm calibration waa

o ~-and “thru" cal.i _ation siand&rds;

: mking and dimcﬁi?ity m& ‘fm tile QP*“‘: 51’“‘*‘! l“‘d- : o
"_w_ .ﬂalibr.%?mwmﬁ petomed, o the dymame. .

o .Aft«ar cal:bration Greeupar male N-t.ype o maie BNO bm-re!s wers nsed o eannect to °°mml'_ S

L ﬂ:ﬂeada that wete d&mcﬁy xo!dersa' oot the ground plane, The measupement refetenee plone - e

L adiusted vis purt axtensions to an absolute short cireuit on the grmmd plane,. The o : o

| o antonnus wqre monmted (one at a time) to check thezr mput- impedanc.e

S :_ .f._':_'J,‘he measumeut problemn asaoc:ateﬂ w:l;h the coaaual fﬁed mangement are futther dis-‘ _' N
IR ':_"'.eusaed in Appendixl} - R

R



i 431 ..'Vemﬂratmn nf the NE02 me‘bhml of ohtaining mutual 1mp$--"'__.:'}'__-.-_,._ :
B dam:e T |

= A methced of nbtammg the mutual mpedunce from NEC2 wras nutlmed in aection 3. 3.3 R
fO e Self mzpedauees 2&1 and Zgg and the input impedanw 2:';.1 are. used to calculste the mutual-" el e

(4.41] :

o N 'A nnmem:al expenmem, was eonducted t.o prmre the validity oi’ i-.hia methodof ohta.imng the_: e
. zautuel impedence, ‘Two dipoles were arvanged a5 shown in Bgure 411, where the distance <~ .
T bebween therry o was varied. between 0.05) xmd 2. . ‘The radivg of the wirss uaed in the: R
. NECD supierical expemmen& was very thin (@ = 5% 1(1“‘):) sineé. the thacrawal values . 0
- agalnst which the NBOR results aracomp&redam for mﬁmtel}' thin wires, 'rhe lansth i of e
. .__the dipalesm&halﬂwavelmgth! 3&/2 . L o A

L
L

s -'_Flgnw 4.12 ahowa t]m reaulta of t.he experimeni;. 'I'he cunre denotad SGAT in the thedretxcal i IR
_ ; cum, ‘asewmning mﬁmtely thm mree Thg memred sesilis m hnﬁted to tlw yange of t:he . S
- graund plmm movemenﬁ, e the largeat spaang ia 1.15}« and a wxre radiun ofa = MGOEA is AR
'uaed(nammataaumng) S T R :
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'Flgute 4.12 Compa.rlaon af mutual mpeﬂames ohtamed ibam IVECZ!, theoret:cal {labelled - N o
. SGA.T) and measurement. . '

’ In eonclumn. tha expanment !ms shown that the NEcz method ina valid method of o‘b--.. -
. taining the mutaal unpedanm, airice its values compure favonrably with the theoretxcaﬁy"_'
 obtained xesults, with au error norm of only 1.450. The measured resilt shown were b
) tuined by the Z-parameter mathod, which hes &' hxghar mherent grror than R S—pmmaw o
- meﬁhod, nevertheless, the measured results do track the theoretical results: zeasonsbly, with - -
* aherror nowm of 10,640, These mishaurements used a.wive yodius of 0. 001?»\ (2mm: 50!]M§1s)- . L
" and a later expemnent shows the dependmce ofﬂm mnma! Impedanea rm f:he wire radnm, o
_ '_which alaonontributed to the e;rror. : ' Co T

B



B The mthad o obtmning the miitual impodanee from NEG can thus be wiod with confle 3_
o dence £ estabhsh whether the mutual impedanee involmngfaide&dipotﬁa i a p;:opose& m-. .
S section Shenpagedt. i | |

.3. Mumx lmi‘-fedmue fewed dlpole i:fs &apoi&..‘:_.

B T 'I‘he mutual mpedamce between 8 falded dlpole nud a dipole was shown to Be tmw that of ' . .
} "'-a_twod:po!wmsecnonaﬁonpagaﬂ de LSO SR

R 321 I-‘bl&hd ‘Dipula T I}ipble = 2 x .E’gmlpm m mm- : :

e follumng mxmmc&l expeument wap halgmd tco verify the abo\m equa.hm., A folde:l."_: o

o dipole anid & dipole were placed-ud shown, iu figure 4.1, where the leola was moved such S

" thinb the distance d was varied from 0.05) fo 2).: The folded dipole wes kept fixed ss the

C 7 feed sntunia. A before a s 5 % 10°°X for the NEC2 mumerical model, asd in this gase S

SO 'thumer monppalea (o= 0 0005»‘\) we::e u&ed ii':br the measnred antennas, 'I’he falded_dxpole::-'_' L Lo
R _-'elemenmpamﬁon smaosa TR S _ nor

 Figure 415: Foldsd Dipols to Dipclé mutual impedance goomolzy

reheal rnutuahmpedance between twn mﬂ:utely thm ha]f-wavelength }mg dxpolesmxﬂnpﬁea S

by two. Maasured results are also shown wiumh validate the ‘IEG method

i a N R
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- Figuce 414 Folded dipels to dipole sl mpedncs

Using panel mount BNC donnectors_--” =

N ._.As c&n be seen, the theorehcai resultn a:ui the NEC reanlts ate axtremely close wit.h an erxor g -
y _' E oI ofouly 2«1’?9, thus ﬁm eatpenment hos shown 'Bhat the Tivabual Mpedame bet.men A
- 'folded d:pola and J dapole is twme t.hat betmen two d;polea. {cx ﬁgure 4.12! E

o '-'_'Ihe rn.easu:ed results shown were obﬁaine& b:,r the S—parameter met.hod thh the oomalrf T
. cables aoldered t5 the ground platis, Exttemely good umelahon was obtsined, with s
* ervor norm of 5,720, hich validates the NEG mothork U R
" on the gioond plane gave laxge errors. (error norm of 20.430), us shown in sppendix D. .
o Exﬁreme care in the measnmmemt proeedure was needed tn produce the mmlhs showu '

LRTITCRrS S -

LLITTT T R

P TTE




_ impedance: beﬁmeﬁ twa' foided dipnlea

(R ":..'Th& m‘ﬁ“ﬂl lm!?ﬁmce be&mea twrrfold 'd d:palea was shcwn ta be fom* timqs ﬁmt gft,w
o .'_'d:.POLaa or. ER Lo T S S

- Figute 4,16 Geomnetry for the mutual impadatcs of two Tolded dipales

.; : ThB l’eﬁtﬂl‘s ﬂ!‘ﬂﬂhm m ﬁgtn*a 4 18, wheret.hem\fe denmd SG.&'I‘ia.the ﬂl o3} El muw
S -_impedanee hetween t.wo mﬁmtely thh half«w&w.length Iong ﬂipoles multiplwﬂ by ﬁ:ur N
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 Figue 4.16;: Folded dipole to folded dipole smutual impedines

In m&mm’ the NEC a‘“‘l th““’““’l mults compare wull with an erof norm of 6. 139 S o
~and. show that the mutual impe&ance hetween two folded dlpolea 19 mmply ﬁm mw thnt':.'_'- -
N .bemtwoﬂmdw. s . _ |

e No mammd ramlt.e axe ahawn, as the'measummm.s in the pmvmm amm clea.rly'shnw_;' o
2 A R -_-_'_that the NE&: methad in asvahd beuchmarlr. againat which fo 1iest the f.heory RN

R




434 An investigation of the effect of thickness on mutuial impe-

R -\on page 31 Themmulatmnsmre, hnwem perfome&mthmy ‘hmwms(a Exmﬂ*ﬁ;}-__' .
"] sincs the theoreticel values against which they were compared msume iufinitdly thin wites,
._ -. - Eowwer, ﬂle NE€32 methml outlmed ca.n be zmed tn obtam ﬁhe mutual mﬁe‘iﬂhce Sabwect "

i :'.ﬂ-'""-' 25;{1{1"%

Theresultsof-theslmnhhonsareahmmﬁgm‘il ﬁqgethermmtﬁe el
| 6_x 10-3;\. Notethamuvamiu “g:aphmmuniﬁaoﬂamb&a, S
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Flgm*e 4 17. The eﬂ’er.t of chpcle thlalmess on mutual xmpedanee curvea a,re obtamed from R
-'NECZ and meaaurement e

L ':'In condusmn, -i 1'? ahows that the .ta.dms of the antennaa afrecﬁs the va.lue of tﬁe murmal':
’ "xmpedant.e .é.cceptabie a-ccuracy is obtamad upton :a.dmaofa 5 % 1{3'"ﬂ wln mrréspunds R
- toa dismeter of 4mm for & 1m Jong hulf-wave dipole st 150MHx, Clesaly s coreection factor - - -
- “'will need ‘to be incorporated into the Tutusl impedance expression for thicker dipolea, zt" o
DE desued For hhe purpoaes oftius thieals, however, the reelmction s aoceptable. AT




S _: " ’I'he the.mar prezwntad m ﬁna thms is %W.m the compum ptogmmme ___G&T whose
. ;_._:-__temlta are compa:md ag&mst t.haae obta.med fzom HECE. Both mput mpndmm ond radm-

o 4 4.& Gaae 1 2 Eiameni: Yagnuﬁda,_ dxpnle feed

e .-Tha gvaomatry oEthe 2elenmns Ya,glis s}mm i ﬁgum 4 13, all dnnenmns_bmng'm_metm,ﬂ"ﬁ- _

© 0 the feed elemment i the folded dipole. The Vagi wad evaluated ficm 100MBz to 200MBs, -
© - the radistios pattern being@e#‘mmed at mm:- Jm reault.s'hm m_mmm«ﬁ mha
W&eqmcyfa_lmmm .

e Flgm-e4 19 shows the real a.nd imagma.ry wmponents of the :mput Jmpedame andﬁgn:e 4.20

<. stiows ihie ' snd H plans radiation pabters je ths elevation and azmuth plots respeciively, .
. when the eléments of the sutenna are ahgned in the e%mt:on plane, when t.he folded mpgln s
"-_in ﬂgure 4185 replaeed with adfpole
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_ I‘zgure 4 20. HE‘O vs SG‘AT ra.dlatmn pa.tm 2 elexnent Yagl-Uda, f.ﬁpale feed replamng
e the folded dipale

o "_:In mnclumon, i is clear that for the cizermdly annple casa pmm\ted the reau}:ta wm;m-e:_ .

e weIl, mth a mean abeolute magmtude m tf 2 43&’2

""”4‘4‘2' G“”ez ““-‘meﬂt Ymgz«Uda, i’olded dnpale feed"-’ o

y Gm P Bhows tne aame antenna mth a folded dxpole feed eiement B shnwn fa ﬁgure 4.18._.__ ' - o
ERETRER -.T]h': unpadance compansuns are shawn in, ﬁgure 4.‘21, mr} the ra.dla.txon pattems in ﬁg-: ST ’

S
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[T T )
- -"_‘-n--.:.;.'n_«““ A

) . - o ._ : : Agam, ﬂlﬁ input ijedm and ra,dmj:mn pattems eompmfﬁvombly Mﬁlotlgh iha& Sl
S iamew 36.879, theyamscales are much h]ghe: (1{} t;me‘sfar *hemﬂwﬁ},aothm_stiﬂ
_'-_'representa averylowemr o - L

4 4,3 C«ase s--_.j 5 ezement Yagi-Udas drpnlﬁ fﬁed

- *Ihe geomet.ry iht this nummeai mzpenmenﬁ s ahownmﬁgm 4.23( a.gain the dma.emonﬁ 3 S
. arein metres;, excepi; that the folded ;hpola !‘eed elament- slmwn is mplaced mth a dipole.-_'-_ .
feed element oct' ﬁhe satne d:mensmna. .
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Fisure 4. 25. NEG‘ va sc.a'r radmtmn pattem .'-., elemant. Yagl-Uda, dipo;e faed replacing o
- the folded dlpoie -

. Gleaﬂy, the resle still eomlsars favoutably, "’“’*h *he Hﬂpﬂdance resulis even tra.ckmg the SRR
- geomeh-mal tesonance at 1,15 £, slthough ot with the samie magnitude as the NEG results, .~~~
" The distirbance in the ctherwlse smiooth unpedauce curve 1g an auomalyof the design, and © e
- 1ok & mumérical érvor. "The intentia preaen!ued has been optnmiaed for supenor &ont«to-back' ST
o stthe axpense ofbandmdth - =




4.4.4 Case & -~ 5 elemaeni; Yagm-Uda, folded 'dxp Ie__feed

Case £ is the Same amtenna as casa 3, but mth a folded d;pole feed as shawn m:ﬁgﬂm 4.23,

| _fmpﬁm.mmﬂtsmshawnmﬁgm42&&ndrﬁmhm?&tem resuitsmﬁgum42? :
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'.-.fi'_____:4.4.5'_: .Gase 5 oy 5 e}ement Yagx«U'__"a, folded dnpule fee;l_,

L Gase 5.13 the s&me'aatenna g in case 4, shm m ﬂgme 4 28 but uaung & THioTe realmha‘mlﬂeﬁj‘_ﬁ- ' .
| | '00475;&.,) Re-aums of this simlaum;_: c
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Figm:a 438 NEC v scwr mpedance - 5 element Yagl-Udn folded d:pole ﬂaed, 19mm
cha.meter tubmg (et!:or norm— 382.53!2) L
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Figurs 4265 N5C v swr radmtmn pattem 5 element Y&gt-Uda folded dxpaie feed,{ PR
' '19mm d:ametex tubmg, SERS

o It is. clesrfrom the tesulta ofthm expeﬁmcnt versus thnse ofcaee 4%11&% tile ﬂw:kneas oftha o
. dipoly elements hus adverssly affected the salenlation of the rutnal Smpedasees of the wray,
. __'(Enor aorTL of 382 53&% 278.859&‘0: the. thmner r.ase) It is tn be: nnted thot thnkn@a o
. taken into ancount in the self-impedanices of the artay, and it is only in the caiculatmn of £ o

the mutuaj :mped&naea thataﬂlammtary cm:rent is assumed. T N




| _ZOHB emPhammtkedmcusemofthennpoﬂmeeofthep:oblemaddresmd bythetheais;a' '
._..ihatammplermthodnfmdysisshouldpmdeafm and more sfficieat analysismethod, . -
. Theemmtmn times for the cam preaenta& abaveareshownmtableéi,asmnonmmm R,

'-_"mmmtible 80388-8Xmac’.lnne SRR o L P

o Tha exa 2 times preaented in tabie il wers thamed fwm'mnins "EC? oi B 35.'_' SRR
o T MHE 8(]386~SX IﬁM oompa.tlbIe machine, mthout oo-pmwsaor “The MPlementahon of . R
o g NEGZ usad thwughouﬁ was aupp]ie& by the Apphed Compututmnal Elactromaguehw Suca
S ety (ACES): mwmplled to support manhines without m.procmaom i S

SRRy :.._.__-._.'Note that the reatest. speed-w occtm  tor ﬂﬂm “’i“‘ folded d""’h‘ »” m acmr,:_._};f

L - .._..-.mntxmes are pmportmnal to ‘h“- numbe: of antenna. elementg, whereas NEG& mnti m._; . -
are depen&enﬁ on the :mmbe; of’wne segments S s

. chapter Smnmﬂl‘sf

- i nnmical acpemnent: showed ‘the decreasmg m:curaw oi' Th:eie’a tmmmisuion hne ST

"

S S

m:az Runtzme scm:' Runeime Speé&-'up' 'mté?
26133 | B : 74.86

- 71588 0850 - ] 204.::2
Cwrae ) der esaL
252988 | o odes. 101.58
262350 2467 | W02

Sl 'I!abla 4 1 Runhmeu for case studies presented on assams _

_ modei of the folded dipoks a8 th& inter-element spacing mcrenae& _pnd showed that. g o
' the ‘error ws uincoeplably Targe for most prachaa]ly dimensioned folded dlpoies, ) S
also showed tha algmﬂcunt Jmpmvment in accuracy obtmned 'by & smaple ﬁra# order N o

:.. :_ e d1ﬁcati0tl to thg t,;wmmon Line mndel

3 A numsncal expenment showac{ that theﬁmt urder modlﬁcahohm nnﬁ suﬁc:ent to g e
e cope wikk alatguangeafelement radius. A ﬁmher correction factor was mtrodncad SRR
o and msults wae prmenwi i‘or B laarge r;mge afmten-element spaemg and radivs, - T

_.'__-o The measurement proceﬂm hss heen outhned as mamy ofthe results presented hava__ s

baen veuﬁed by measarm:ent. -

. ® ‘I‘hemet-hod of obtazmngthe mutual mpedance between amr two antennasfromﬂfﬁlcﬂ, : L ) _
o ) asoutlined in chapt.er 3, wos venﬁed b;r meaaured and ta ﬁheotetical mgulta R




o : : 9 The mutual meedme betwaen a dipole ami ai‘oided dlpol‘e (and the mpmwl
o mﬁgement) e well a8 belween tmfolded d:polea haa been presented, and venﬁed_-
agmnst measureci tesults, au& NEGz

o o “The NEGEwasuse& ta»mvashgatetheeﬁ'ecs ot‘element thwkneﬁs o themu ol fme
pedmw valuea ana the varia.tnon in thex mlnes h:we heen pmente&

'-.a': Sevetal s:mple arra;rs have been analyse& and the radza:hon pattem ami input ;mpe-
e dam:e yemlty Liave been. compa:e& aganst those obtnmed from NEC2. Gmd mmpasr-: Lo
e 'mon is obtmned i’or dapale mid folded ' pole fed amys_ bnt Ieaa 80 wit.h thm]m radma
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o 51 Dmu m e MSM maw

';_'A conslderable number of antennag are -:ompoaed ufmplez elemenﬁs such.ag dprleﬁ and'- G
SRR =_"’_:__-fo1ded dipoles. When designing thess antennns, it is impcttaut 1o bie able o deterryine the AT A

e frput lmpadanccs for corzect matchmg to ﬂie tmnsmittmg or receivmg aystem and aiso to L
determme the radmhon pattem of the antenna. B g o SRR

i - _Gouphug theotjr huheenusedtocharaateﬁze w.ch antenmmtwmsof the Belfandmutual:;-_:'-_. : o
L .jmpedanoes of the autenna elements: The thests Tas been: maxnly concemed thﬁ deﬁmng o
RS t.heae seIf aind mutual mpedanees, pa:nculamly wlth folded dipoies '

N ‘I‘he aelf au.npedanca of & dlpo]e m an artay has baen shown to be. dxfferent tcr ats free apau:e L
S -'mpnt nnpedamee Withm the seope of & s:mpliﬁe& analysis methnd hawwer, these impe: . Coe D0
S :._'daneea ate uagnined b0 bé eqnal; A nitinerical expetiinent. wis presérbed which defined the T
L rauge nf vahd:t.y of this- a.ssumptlon for & pa.rtwulm geometry 1n- genaral the mpe&nmes:' v -
o 'ane ccmpara.blewhen thsdxpales Bre not approachmg an mteger wa"relength in length EEA R

' The st mdm& expreasmn fox mutual unpednnoe bet.ween d:polea waumes an inﬁmte;y ﬁ,,n - R
7 dipole, und sieusoidally varying curest ﬂiaf;ﬁbution mplring that ata fuﬂ wavelenaﬁ: a' T
g '-numencal mnsularitywil! oceur. - S

L .' - _’I‘he samp]ﬂiedmethnd must tberefnre Eereetﬂtted ta antermaa Where the dipofaelengthﬁ axe' SRR
e ':'_'not approacb.mgan mteger wnveiengthiong o S SR

PR The self impe&ame of kY folded dipole has been found by applymg the f.mns:msm line e o L
7 tnodel of the folded d:pole “Various extensions $o'the triode] were proposed totake the fnters T
" element spacing of the folded dipole into aceonnt. ¥t has beett shown that the extensions to -~ =
v - the model proﬁde ar.cnmte mpu!. nnpedauees up to anmter-element sp&tnng ofone-sn:{;h nf_;;;;_-: o S
: a wavelength RS U . SR _ o

o ;_ The mutual mpeda.nce between ) folded d:pale and d:po!e has baen deﬁned. 'I‘hm has beﬁn”_} T




- o verﬂied agamst the NEUZ and measured mults. i shown that the mutuai mxpadance B

i ‘bebween & folded dipole and a dipole is twice the: moutual impedance betwa\an dipoles, s is B
= a.lsoshcmrn tha.f. themutuahmpedanaebetmen twofoldedd.tpolesmm nmegﬂmt hetwm.'; SRR

'_ ‘I‘hs sxmphﬁed anaiyma techniqnes preaented in tl:us thesis was embodxed ina oompuﬁet pro~ B . L
7 granin ealied SCAT, which 'wis used $o analyze ssveral mmple antenttas; - For thin za&%hs;]---. REE
E _antennas, t.he comparam mput mpedance and zadmtlon paﬁtem reaulta were gaod, i:npbu-- R P

- ing a close model]}ng of self and mutual xmpedames, emm mt.h i‘olded d:pnies However, for

' "'ﬁeg:adatlunmmuracymclear S

 dipoles of latger radiue, the mutual mpedanaea are o longez accumtel;r mdelled and the-_ R

: | - - : .._-It has been Bhown ﬂ!ﬂfu ﬁﬁB &xecu‘[uon spegﬁ ofthe SC AT ngmm is gre&tly !l‘np rcved w: ;_.
v ithe NEC2 program,  jutifying the. thesis of Fister execution for. simplified analyms methods. .

L m‘e shll inany. tyges nfantenna tha.t r.a.u be analysed br SGAT. SRR

b0 the mutual nnpadance bebween: two dlpoles. The axpreamonn ave for mﬁmtely t'mn-"' .
o s mres, t_wemver, and it has alsu been shown how the: mutual mpedanue varies with

measurement Some of thm work has been published (Clark &. Fouue 1992)

" Howerer, the method has kad to bo severely lmited i scope o acheve i, gl tere S

o 'l‘henmﬁua.l impadanee mvolvmgafol&ed dxpole haa bam analyhcally deﬁned; by cons SIS
' sxﬁe:mg the tranammion Hine modél of the fol&ed dlpole when using the mducedﬂnf .
mgt.hod of det.emnnmg the mutua! unpedance “An expression. for the mutual | impe- - S
dance betwesn a dipole and a folded dipole bas been, defined in this manner, amiogous SRR

thmknens of the antennas, which has baen conﬁmed by mxmencal expemnent and L | S

e It was shovm tha.t the aelf zmmdnnee ot' & dxpolein Y may is s:gmﬁcanﬂy dn‘fe:ent o
from the dipole’s free space input nnpadance when the chpole is & full wavelength long PRI

" Within the dooy of a simplified aualyms raethod, the free-space impedance must be - Lo
useci in place of i:he self-. mpedanm wlm.h precludea the analyms of full wavelengﬂi RO

dlpoles Pubhshed m (Glark &. ]ibm;e 1990)

L @ ‘The t:aasm:smon lme modei nf the fol&ed dapale has been shawn . be madequa&e'_.}__’-
S B '_ _ . for. the ‘snalysis of folded “dipales: with an- mW+elemwt spacmg ¢fmm than one <. T

. undredth of & wa.velength 'i‘he ‘riiodel hus been exterided by the mclnslou of thef'z}

* inter-<lemeut sepaation into the equivalent length of the folded dipole to enable the .
" nceurats analys:s of folded dipoles with inter-element teparations of up to one-shxthi of S T
a wavelength T!na aspect ofthe work ;has beeu publ:shed in the Open !1terature (Gim-k R

B &.Fourie 1991}




i 5 3 ' m mcendaﬁi@ms f@r 'fwrﬂ;h or mvesﬁ:ﬁgatimm .

_.1_; The twa ma,]or prahlwﬁncnuntere& mth ﬁhe anlf an& mutnal'impedanee when the dipa!ea_ -
. dresn m&ege:'wmlemzth long swed 4o be addzemé S e

S ;'I‘he mu‘-mal impaime i‘or dlpoles needa to be extended in order ‘o tm the tmm a._

ke dxpoles nbo scconnt, T hns been shown that the mmitunl impedance i wensitive t6 the”
e vese. of dhe dipoles, sud- that B8 x-esu!t the s:m;rhﬂad method’s acecttrm:y degradas
. '-3whenmaly5mgthicke:an$mms o ; '

S * progren Janut optmuxedfo:speed atmcutmn ‘Ihanumm@methqdaumﬂf; R
R in r,t wnre &\oaen for %hexr simphuty in ord:er tﬂeat. tha theqrr shat wea ewiuped Mmei}'_-_ o

.. mrxent-'gxpans:on method hke NE('} ‘I‘he problexns autlined m t‘his thesm saem tc indmata
‘thst the fimit has been seached snd thiok inéreased acciacy of $he simplified methiod will
" only be bronght shout by increased complexity. It s this pecommentled that other tech- -
_'E‘mQuea.aéé mveeﬁg&ted o incrense the execubion speed -of ?NEC* ﬁ!r mph ﬁmﬁmw
_'-.mafm: mterpolatlon qr spaxse mﬁn&t teci:mquex, atc ' R - . -




s The SAT < computer e solbwais packuge ivas retten as a ool b0 éxl:*!ora e t.heory dmluped_‘. SRR

mthmthems SGJ:sanmonymforSunpleCompnthmnlAntenmﬂmiym Techniques. PR

. B Langunga Tm:bu Pnscal Versxon.ﬁ.{}, but mthaut nsmg Ob,lect Onented mﬁensmn&

"m omm of t.ha pnc:kage is gwen, follwe&ﬁy adesmptm ofthe nser mterface a.nc'[ the_ R

SR Featum and Capabﬂltm

S ﬁ.mmutame Siva SOAT wmpxlesto 185kﬁytea ofemueabte non- overlmd wde ’I‘]ﬁs cm R
reduca lftheom!aysaremabled. B R

_ Analyeﬁs of anrlsemna arratya compnmng dlpoles and foldeu dapuias

| & Ra.dmtlon Pattem Predmtlon o S _

i _'nr Input, _Imp_edanoe pmdxctiun m:mlar tu the ammxacy ofNEC2

| o -:o Mutnai Jmpedanoes denved i‘rcm NEG fo: a,ny geomet.:y |
'.__.a Theoretlcalmtualmpednnces for dxpoles S

o 'a Speed of mmputa:l;mn ..an be several times !ess than N'EG2 for the eqmvalenf. unmPu—_-____-___
L :_° Post Proeessing of NEG resulta w]lenhs Inpuj; Impadance da.ta to ﬁle ina plottable ; : B L ..
fo:rm AIBOaullecta NECmdlatwnpatbem &ata . Do e .'

__ '_ | a Post v;araeessmg nf SC’-AT zamlts Outputs impedmzce and radaation patt.ern data m :: '_ -:.::_ A
o & mmﬂarform ‘o the NEG post—processmg R : S



“- . o Gompaumn pinttmg Accepta N‘EG or SGA’I‘ ﬁies and plots them agauuas each othet
Tt aﬁow for. con:pmmn. Plats Snnth Ghatta Radmkm Patt.e.rns in Palar, Elmmhon
Only, as: Recta.n,gula.r formata ' : R

L Aziﬂ)esmptnf thepars ofthe seresn |

S Mthaugh SGA‘I‘ wras written usmg Turha Pascal 6 II the bull: oflt was wntten in. Tlnbo'-'.*._
ST __'_-Pascal 4.0, s the tonvenience of the Turbo. Vision mterfaee with antomntm mouse sIpport. -
C o gnd dmpdown mmeni’a ‘wag ot titilized. Iusi;ead, 2 peveen mana,gement ntnht,y, based in.

s __.'-'_'."totheuaeramnowdescnbed

The S s . 3 ST

c .:conf.ept on Walker {1086) (but eud-euswﬂy modiﬂed} was used The variaus scedens present.ed_'

T 'I'he menu sctm is placed nplm the desktop mth a h:ghl:ghted bm: which BOTOLE muongh;

e ':' thaﬁ :tem

. ‘the mennoptidm wng the m lneys P:eamngm-rwxll select ‘Ehe higl:hgheed menu"
: '-:'opt:on ' . - -

U Thefim fotter ofthe ety option is Bold- mdmaemg that typing the lette;r mll auto-select

S 'Some menu thlons mll lead ba i'urth&r menus beu!g placed on thr screen Other opt:m; »
SR mil pnp-up & promps stigen %o ca;atme user. mput al‘ten these optmns will have 8 defauit
R _velue, &hm nght Justlﬁed on t;he mena screet, 1 r.he defa.ult valnels mntab:e, the opi‘.lom- B

: .'Thevery}asthneofthemen candzsplay amnmmkeymenu,whemtheopum are_. |
©. " selected by pressing the appmpnu%e E\mchon lre’y Bince thia largely duphcates the fone-
; '_tmnahty oftha Mﬂm Screens, and mgeneraily more cryptxe, they are not oftm used '

o '.I:hesmm Sm . PR

R ‘I‘he second lasf. hne ot‘ the screen isa Statua sereen - Th:s is used to convey mformatmn tu g

“ " the user about the cutrently nmmng process, ﬁo: Mplethe fmqnency beang worked un in
&frequmrsweep amal:ms -



o _'_'*x:ha?mptsM

e - :_ch”) “The’ promms ate pop-up windows ws;tmmng the Pfompt shring and space 6o fillin "
L fthe respcnsa. ’I‘he defanlt values ofﬂ:e ftems malwnomehmebnhown, and mmpl}' prmg o

&11 um: mput i captmed m P:ompt. scx-aens {mﬂas in’ concept fo, the modem “Dmlog o .

. Bover will accept them. The Duput is type-checked (if mimeric date is needed, ﬂph&behcé_. j' .f.';: e

o _ thuracters ars. not accepted), aml the mput can: be adlted wltk t.he backspaoe I;ey

SR lels is alsa 8 pop-np screen, typ:ml}y mveymg mfennauon abonf. 3 fault eond:ﬁou, am’l
B ;:equirmg 8 keyatmke 1 remova i fmm the desktvp R : .

.+ Tios prompt, iseme: St SCAT=KOSOUID bo kecp 1 quist.

R pattetns okc in gmphns mode.'- Ca

L Only zlmse mmbles that you msh to change need ha put mto thec .cig ﬁle (Nrt attem.lon'

The Eﬂ'orsm s . LT

o ':t‘here is only one Envmmenﬁ vanahie ishat scﬁr responds to m ot d:a: to suppm the B
-beapm& sounds mada on ertor cond.ltmns, a.nd 'ﬁ'!zen ﬁmghmg an malyms ta.sk me the_

S uuad_ to aet. up tha smen ..'celomr scheme and tha pathg f.o _'_';:. ;
o *I‘e «"B" lewﬂ Gtaphm ‘l_ntexfmﬁla -eda& m ordar_m plot ﬂnnth ahms, Itadmtlon"_ S

- ~ nesd to be yatd to c@ztalwatlon etc) “The vauablea that ca.n Iw se‘h, together mﬁh their :::_. B :

- ..._defaultvalues (maqnarebzachets) aregwenbelow

. o :'__-BeskTupBaek [Blagld Backg;oun& cuiour of the DeektoP _ S :
o i)eskToPText ElehtGra}'I‘lbxt ooion;v (Noteumeof Grar ok Grey, since theea mablee'.;"--} R

" mre pm‘aed dnectly mto the Bo;land eqmvalent colours—usmg Ameman spellmg)

. BSText [wm:e] Eieor screen tm:t u:oIour

| ESBack [Red] Bricr soreen backgtonnd oalour
o SS'Ihact [Yellow]Statuameen .

"::'-..SSB““‘*"[B‘““"’] L e T e
: .MS'ITs::ﬁ [Llshfatab'}Menusmen S s T
3MSBack [Blackl o
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:. PS‘:E!e::t [Gmenl Pmm ptmm
_._P$Eaeh [Magenta] S N B . o
" '-_'mcm*ﬁmz ,r_-:.} (IeDuaGurrent Path}l’a:thtothe Gmphics Intmfm Fﬂm. | SR
Owelarah i o Oy Te
'Mosrw Thea;istenneofthiskeywmdmywhmmthnmﬁgumtiﬂnﬁlemults n s black. -
S - and-white colonr acheme fm: the User Inte:fa,ce mntahle for Hercules momﬁors, and-' '
. monach :tﬂe mumtora ou r.olou: cards

- Awmerpﬂnmmm

S Flsma&z anm“ IR

. Wﬁfoﬂh“enwofageommymdmnssuﬂ’mthemay S
K Impedanca Manipulations - vews ete. Calls up the “ﬁnpeéanw Mnmpn.lat:on Menu" - S
_ whn.h allows the m&mpulatmn of impedances n ﬂ!ss, nonmmns amc.. ERETARS L




| _' }'Eutuai lfmpedance of mays ca,na w ¢ the “Mutual Impedanee Manu” wlmh ewluataa P
L ihemniua.lmpednnm L e . e
L 'Auto:mnted NEC muiual impadance Ca!ls wp the “NEG zxz Ba.tch Menu wh:ch :uns S
N‘EGm batchmodetowaluammutuulxmpedanm ' ST e
. Radmtion Paﬁtemﬂmm NEU file Prompts for the name of & NE nutput ﬁle, which'- o
36 saam.hea for o Bax!mtmn Patte,rn o plot. It. then ca.lla up the. ﬁxst Function Soreen

Mmdeacnbedbelnw _ Lo RE T R C
Get Nac Zm vala and. appand to a simgla file L&!la up the “NEG Zin Semh” mény - L .

" vihick doss NEG Post procedsing — searches NEC Qutput ﬁles for impedaaea da.ta. - S
ean handle m‘alﬁpla nnpedance&inmuatlple ﬁles. o o o

Gt HIP4195A Dats and , lok a Sinith Chaxt, P:ompts for ’rhe name of a .ﬁle of thiear PR
- sured data a.nd enables a Smith Chart Plut s L

i __Qu;f, tlm menu Qutn SGAT afber r.he usual “Are you sure® Iil-‘ompt

R 'A‘d-d a ’era to the Gmw cﬂnﬂ wp the “Wire Geometry Data- Entr.v" menn wluch-.: L S
. cnnaddammtathe geommy - RN

. I“Jnter a Smgle E‘requem:y Pmmpts for afrequemy Bt w!w:h to evaluute the mput Jmpe-___: '_ o
' danaa of the antenua. smray -stored in the gemnetry for & amgle ﬁ-equency pcini; only R

I Enter a fraquency Sweep I'rompts for the Start frequencya End ftequency and the i‘re-. S g
quew mcrernent ofn ﬁ-equency gweep, to evaluate the ﬁwt geomew R -

3 -73___'_:.



g Set wpa Radiatmn Pattern Request Calls " t}m “R&dmt:on Patm'spmﬁmm”-
L et spamfx the pmnta in snam at wluch to i:aicn!aﬁe the Radiwtion paﬁtern ofthe >
B stored gwmst.ry

_ Cnlcuiate the :mput mpeﬂnncaﬁor t!w ganmatry Prompts for an output. ﬁ!‘.e name,._:: '. o o
andmnsSGATanthegeometryanieontrolthathasbeenentemd

_ -_-._-__-;Rem& in the Gmetw ﬂmm nisc P‘rompts for sﬁle naxne and:eadain s Stored Seom- .- SRS
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