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/".BSTRl .. CT 

Helical ::lJlknna designs fi.;f mu(~h hIghcr fi'cqueHc;es have btXH a very dw! leng.ing task Co;, nhht 

(!.nt';;nnil design;:rs, ThLe, tlh'.~ref<);',;;, neccesitated the need to dc\,-~jop a sin1plitkd approach 1(-,!' the 
design of helical anknna \vhkh has th:Z:WeiKY range hdwe;;.n 12 Ullz and 14 GHi., The purpose of this 
thesis. D<'.sign of Ku~b<1nd axial mode helical anknna. is to dcsign hdic:.:;! :.wknnas that CGold be 
utilized h)f nruch higher frequencie::; than the availabk \VLA N ;:md C>band f:'eqH,-~n('ks, Design curves 
dnl\vn us1ng l\·L\TL\B fJf the design ofKu .. hand hd leal :::.nknna. ,.::n"bks the prdictiGfl of the W!iH 
(lnd band\'·/idth in tdatl(H) to the axia! length and pitch angle. The pitch angle \Ytb in"~!T~,bCd bCi\v(:t'1l 

fF and 20> to achieve the oj~je,~tive of this H1<.~5is. The incrcas~' in pikh angle kd to 3. sm;J!lincfemem 

in axial kngth,. thus ne<..~cS5i.hHing the need to keep the pitch angle v·;ithin the H,(!;at;e>n ;wnek){ the 
axial mode hcikal antemw, Cakubted \'<1lu;;'~; of the flormaliL~ed il\.ial length (inf,'t:e :.'pacci !-1 lit.' 

bet\v<.'.(:n 0.51. Mod Ii;), which'grwe t\h~ maximum gain cor 2t.<>::;:.5 0.31 ,H ;;H1 ax;;;,! length <)f 14;·" 

Si'!(lHi'tLlOn in bandwidth uf ak)utLY<: \vas obtdined as agHinst t!\<;; >n~) dwt \'1<:1:; ,'idli:;;ved {('it the C~ 
bil.nd \vhich i~; fk)( so cri!.L:d because many techniqw;;." Him:.xl at lnaximizing. hand\'·/id;h~; in 
cnrnmunk:atipH systerns have be<.:n devdoped, An improvernent in gain ",>as acbievt:d in this ;;ksign 
',,-,kn cCHnpared to the g;Jin ut-:;tained fiJr 11K' exi:-;ting: C·t,and ;.ksigns, 
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(.~t:],~ OTI-Tr~ ()N[" ." .I.J.j~'\ I I I ... E.\ ... ._.i 

1.0 INTROIHJCTION 

1.J Antenna 

lim' ! John:.>on, j 993!-

prc>dllcd by iO!i,;:cderated (or decelerated) charge. 

1 



good <ksign or tb: anknna CJH n;!as. wstern requirernen:.s and inw:;,.)v\:, over:;;!! :.>v:.,tCfrl 
.. .....,.... 

1.1.1 Types of Antenna 

n:i:n: are rnan)' type::; Gf antenna designed for various applic(!tion~".They range horn simple 

dip<des and rnonopoks to complex structured antentus, They inchde \vire anknnns, aperture 

;\ntennas ckployed f..)f sat.ellite cwnmunkations ,UY high ,Utin ;.md directlplwl Utilizing high 



(a) \Vire A.ntcnnas 

The circuia: loop is themUA cornmon bt::c<,tU~;C ofit-; simpl!:.::i!y in constructkn. 

(b) Ape:rtur(~ Antennas 

In addition, they can tx:: covered vvith a d;tkctric materia) to pr"otect Hwm from hazardcHJS 

({'} lVlitTOSt.ri P Ant(~mlaS 

ddJercnt con ngunltiGHs. However, the n:.'Ct:.rngu br and drcu iar pi'!tche~; arlo'. the most popub-



(d) ArnI)' Antennas 

arrangnm:.nt of the arr:.ty may be such that the r~:diat;on from the element:; adds up to giv<? J 

;;lntcnnas had to tx: us,xl in on.:!::r to 1,:'wbmit and reci;:ive signals tha~ had to travel rniniGns of 



parabolic is the comer reflector. 

(0 Lens Anh.'nnas 

in undudrd direcliGlls. By prop~dy shaping the g{·omdrkal conf1gun.:..tion ()x:d d:oosing the 

Lt.2 Basic Antenna l~~tramctcrs 

(1.2) 

\vb~;'rc 

L -:::. iengt.b d· ~~urrent dem~nt;:(n) 



reSiSf.'H:ce R, .. This resistance is not related to any resistance Hl the i.mkHnil itself but. IS (l 

1.2 The Hdica!Anrenna 



in dr(:umfh.'.nce and L,(j it via conxird nne and ground pl,me from his 12 em 05l~ilbtOL !t was 

b:lwviolH, Adding more turns hVNevcr resulted in sharper beams. Altbuugh his invention 

frequencies between .:: A GHz and 5 (illl limiting the applkations to \VLA1".J ;inti C>band , 

7 



:L2J Types of lIe Heal Antenna 

drck and a cyjin~kr, ! n additiun, it <tho lw:, kHld,;;dn~~s.,,; it can <:;ithc{ be h:;f ... or right-hm1dtd 

(a) 'fhe QuadrHUarHeHcaJ Anknna 

a r<:;:.;on:'Ult strw.::t:,ln\ the impedance bandwidth is n;~rro\'v, TypkaUy, tht:, \/S\VH is j(;s~.< than 



Fig,l, t : (a) IbJf-tufn, ha!f-\vav~.::Iength volute anklHHl 
(b)tvka:'iured pattern at 488!vlHI. jJohnson"l9931 

(b) The Sphedcrd HcHx Antenna 

::;phcric;;d hel!,\ consist:; of a helical winding \vith cun:.;tant sp.cing between turns FXiD.:.d on a 



signitkamly with the number of turns used, unlike a cylindrical helix. The volume (if the 

<.)\,<::1' a broad beamwkltb is highly desired but sorely lacking dnrw:terL:tic in Cllm~m antenna 

(c) Zig ~Zag A~.ntcnna 

\vuuld h:~! wire an!.~;:nna Dxrned in a zig~zag paHern, as shov,,;: in FIg 1.3. C'urnrning (1955) 

10 



amtnn;.t its pallern h)nn~." a spLit b:amwith amdl on HX;S, ',imilar w an :.t:->.h! mode hdix 

a Yagi·lJda d<:sign of similar length, but v,iith H \vkkr bandv,·]dth due to the tfitVcling \.Y'l-VC 

Thb anknna has little other application ckspik its icatllrc~ c:f high gahL simpie con;;tructlcHL 

Fig, !.J: Diagr~Hn showing the Zig-Zilg '.mtenfHl \vithkcding ::,rn:mg<:mcnt 

11 



(d) The Hdicone Antenna 

Th<:. hdicone anknna is a full size helical antenna pbced inside a large ;;-yhndrk::,l horn. Tb: 

hdkone \~·as d<:'vclnped by Carver ;jS <.1 varbtlun of the btli>;; with extremely k)',v back- ,:ind 

poiarized ViH\:<:gukk operating in the TE! ! !l1<xh:. 

The impedam.::e be!wviof c,1' the lwliconc is very simi!;:f w that of the helix alom\ being 

12 



1.1.1 Some HdkaIAntenna Paramet.ers 

Fig. ] .5: Schematic of the helical ilnkrma 

T ~:::::::::::::::::::::::::::::::::::::::::::::::.:? ... 
-, .. , 

(::: g D /e, 
.... 

~. 

1.):: diamekr <.ii'hdis 

L=Nonnalized ()xbJ k:ngth ofhdix =NS 

d=:: diameh:;r ofhe!l.\ «(,nductor 

13 



1,2,3 reatures of HcHcaI Antenna 

mode opcrat;on b supportedk,t ~lppros.inHtdy (L7S/ < C < L3X The optin:al pitch angk, 0., 

Since tb:. hdkalwinding is periodic \vith a period equal to the turn spacing, !.he he1!x i:;; 

, " ., d '! I P'" "I ~ ,. ,. n·' ana!yt!CHl approxH1KltlOns, an . numcnca ana .:>/5e5!. ~',(:mgp::WKjO ,2UUr'j. 

14 



1.3 Statement of the Pn)bkm 

the -t(-;under of this n::rurkabk ant<:.nmL and other (luthors-:hovv' that stabi!ity at such higher 

Ku brmd npplicatiofL 

1,4 Aim 

The airn is to show that bdical anknna could be utilized to op~~ra1'e at higher fh:.qucnctcs such 

as Ku lJ;:md 02" 14) GHz by vmying the pitch angle and axial kngth. 

Analysis of the gam and bandwidth of the Axial Mode Hdica! Hntemw using stand~!rd 

antenna Dx the Ku kH1d appl kation. 

1.5 Scope of the Projecf 

dGn~~. /\ f~~view of the (P-.:ial mode helical anknna (ksign parameters su(~h as the pitch angle 

will be looked into. EfI()!'t \-vili he made to vary the pitch :.wgk with a vkw tn l'wJ:ing th:.:: 

design. ~;uihbk f;:){ the Ku band fn:~queney. 

15 



( -'U L~ -n'r-r~l1! rf"~~i§-) 
.... 1-.1..: ~\'.I. .1_ .1...:..' J"-.. I.."'"' \. 

2.0 LITERATURE REV1E\V 

2,1 The StubLQadt'd Helix: A Rcduccd Size HcHcall\ntcnna 

comp:;;mble to the traditional axial mock he!i:,,- but with H signHkant n;·dtlctioH in 5i2(> For the 

same rlmnber of turns, the SLH i.!('cupkd a volume approxirnatdy on,>third of ,) cOHventj(}!):::1 

/>. sdj(~mntic di,w.ram of tk Swb Loaded Helix is shown in hi!. 2. I. The SLH consists of a ..... . ... 

respect to the adjacent stubs. Because of the pitch angle of the helical ~vinding, ttl'.'. stubs Gf a 

Fig. 2.!: Ge<Jmdry of the Stub LurAed Helix antenna ,,\'ltb imporwnt p,~nlm(;ter:~ R-
.. 'I" .. !" . ' i' ';·.l 1':;;(110\ c<1 H:ll;,,-, {J.- pHcn nng,e, ,) ~ tum-V.Hum spacmg, am. £;; ~ sum ~:~~p,\1 

I Barts 200?Q, 

1.6 



~;tructure:,; and corrcspnndingly brge po:~ition~;;rs. Any ;·eduction in ~dze of the hd is. i:~ 

tran:.;!at<.:·d iHto ec.st n:duction fbi" the system as :o;ma!kr support ;;\nd positioning equipment 

tel CrtHtc a siov¥' wave structure on which traveling '"",we will yopagate and radLHc \Vhik 

Impoftant geornelric parameters fIx tb.: Stub Loudcd Helix are the di<'tmetef, D, the pitcb 

2-1. 

17 



~hhk 2,1: Co;nprison of Conventional :Helix and SLH Geo~ndd~s Barb (2003) 

.................... _-_ .. __ ..................• _-_ ..... -~ .................. -----
Parameter SLH 

~.-............•• --~.~~ ............••• ---~ ............•. ~---...........••• ~----............• --~-...... . 

Circumference (C) 0.60.. 

0.160 \ 

Tum-h>turn spacing (5) (U)93 Iv 

'vi ojumeiturn 0,01689····0.0209 ;;.' O.OOJ22?.3 

DZTth of Loading Stub fL0795 ;" 
.-----~ ................... . ._---- ..................... ~.~-----..................... -----

He surnlnaril<;:.J thaL the Stub Leaded Helix geometry c<.inslsts of a helled \,v'inding \vith 

or (l,G!95}" The opiirnwn pitch angk Jix the 8tH was W'. The en~ .. third reduction in helix 

dbrnetet and one-half redtKtlon in lHrn-to .. turn spacing charaCkristic Gfth~ SLH meant that 

f'Jr the :,;;,une nwnber (j'f turns, the SUJ occupie:;; a volume OIH:>third that <)f a conventional 

18 



2.2 Gain of tht, AxiallVlodc HeBx Antenna 

antenna ever perf(Jrrned. NEC-2 '}/~lS used to modd some ! OJ)OO diHcrtnt hdkal antermas. 

sy~;knuHkaliy changing the physical paramtkr:.; of the anknna and invc$tigating the ;:fh:d un 

1node1 an ilnknna:<Nith frequem checks on the validity of the calcubJions. Some 3000 hours 

<)f nd.worked Spare ',v(xkstation c(},npmc eye 10s were used f:'Jr the study. 

cX;Jel"irncmal and theoretk:al v,,<);i,, The maximw11 possible gain~; were up t<.) 4 or 5 dB lower . . 

than tho~.<e obtain<.:d by KrallS. ThemaX!mllm gain increa:,es muchmon:- slovd;: "vith 

19 



( ?:!) 

as a function of leng.th r in wavelengths to be: 

professional llkratu:n.:, aH of v,· hie!! shov,i that thi: gain nbt.tlrwd by Kr~ws fGf a hdix is !{If too 

optimistic"' by up to 4 or 5 dB. The rnodeling sllo'Ned thaI, Ht n given V:.~LlC of tum spacing, 

even wh<.::re scv<:ml times worse tlnH aluminium, had little etl-Zx:t on effick:ncy. /\ half-

20 



2.3 Enhancing the Gain nfHdical Antennas by Shaping the GnmnJ 
Conductor 

rnode helical antennas to have signJkani impact em the antenna gain. By sktping the gruund 

conductor, they were abk to incrc"ue the gain of a helical antenna by !IS rnu,J1 as 4 dB. They 

a} Am.enna above infkite ground plane 

b) Antenna above sqw.U'<;; ground conductor 

c) Anknna above cylindrical cup 

d) l\nknna nbove truncated cone 

cOl!ecb and directs the energy spilled into the siddobe:~), but also !ike a horn antenna that 

cnmputed and measured result:.; was gGGd and c<)nlLms that the adequaw sdection of the :;;ilt' 

:.Hld shape of ground (;unductor can enhance the gain (lethe bd kal anknna. 

2.1. 



2.4 HcHcal Antenna Optimization Using Gt.'uetic Algorithm 

Ruymund (1999) f;mm!iakd ti1<:. Genetic Algorithrn (GA) th[)J was used w design bciical 

;:In!cnnas thB-i provided a signiJkam!} larger bmhvidth than i:onventional hdkes v,'itt the 

He ibund out thM, for nearly the SJlnC band<Nidth and gdn, the (}A-nptimized helix ()n(;red;;i 

Ekctromagnetic Code :2 (NEC2}. 

Genetic nlgnrithrns <1n:.~ lisehd fDr optimizing helio,! nnknnus to ilchk've dcsin:d 

previous researd1 on the optimi::wtion ofhe!kal antennas COHCCJ1lfnied on building and testing 

conjunction withmudem optimization kchnim,cs such as genetic algorithms" a!kyw engincr;.T<; • • A 

22 



algorithrns are uscd to find opnm:ll so!mions to a film:ss fuu;;:tbn, 'rypicaHy" Genetk 

Algorithms is used tc: ,naxhniz:c a single attribute: h0w,;;veL a helix requires optimllation of 

Continuou;~ contf01 of the radius fcquird a wry brgt number of vUrlJblcs to optimizc,The 

rJdius values to control the overa!! shape of the helix. Fitting tb.::: data in a k;;\st squan:s set):;t'::: 

to;l pdynor(lid prov1ded a simple t.:::quation to define the boundaries of the helix, 

fleikalFeed Antennas 

Pm!! (lOO:?) atYirmcd hdical ;Jntennas to have kmg btxn p'JPubr in applkations frorn VHF !D 

miCITI\Vri'NS requiring drculr:!' pGlarization,. since they have the unique property elf namraUy 

providing drcularly poludzed radiation, One area tbat t~d.\.es advantgge uf this prupi:rty is 

sutdFte C0Hllnunications, \Vhere n10re gain is J'<.:::quircd than cgn be pwvided by (1 helical 



A!nwst all hdied antennas h;tve been made vv'ith uniF:r;rn diameter and turn :'iP<King. 

Snggest)()!1s t>r long bel.ieal mw,:;nnas requiring var!<'!tions in dbrnder Jnd spacing over the 

kngth of the: ::mJenna have been mJde: j!.ht as Gptin: ix<.::d kmg. Yagi-lJda <H1ti.'nnas r::quln:' 

variable element lengths and sp~King for very high g;.ilrL 

Som<:.: of the AMSAf satellites ~·md other::; f<.'-quire more dlJn 15 dB gain \vith circular 

Cb)1ce. While a large dish can provide gains up'ward of 30 dB, a small dish can easily provide 

bn}~H.:kr than the: beam of a large disk rnaking traddng k·ss difficult- Of COllrse, the dish 

24 



Mat"hong the ;,npedlmc,c '" 50 "hms over. bro:0 b.odwidtb w<lUld be m''''' di!llcnh ,h.n 

simply ",atching itweH lor a ham band. A ,imple g"a,,,,r-w,,e matching section wilh a 1" 



84 ohrns did the trick n:w (1 sIngle baneL The mfitching is otten part of the helix: a qumter-

side of lhe ground phme, to sepmateiropedal1ce mmching fi'om the radiating dement. 

C:ifcu!ar pol,sr!z0JioD lws l\'-/O possible seni>es: right~hand (RHCP) and ictdwnd (LHCP). 

and dimension::;, ht) :~aid, are nut critic~\l and the patterns ;:,1':;; 'vvd1-SlJit¢d to iHumination of 

2,6 Central-Fed Hemispherical HdicaJ Antenna 

applications in s<Hcllite cornmunicatlons dut) w their insensitivity to the ionospheric 

. .. I L' J '!' '1' • ! I' I .~., ~" polaruatlOH can '!i:' odam(;r oYer H \Vtt e anguiur range 'Vl.\ll relativelY Hg{l gflln OJ anou, (:' 

26 



t: 

Fig2,3: The geometry of the Cl.'.ntral,fed 1·!t.Flisphericai Hdkal Anknna 

The curved portion of the thin wire ,<vas described by the tdlowing I;;quanon in Hoe :,;phl.'.ric:i.d 

c<)-ordinrt{e systern as propu:.,cd by Cardoso and Sa[tai-.hu.i (! 996), 

helix, thl.'. sign of the l:::spression inside the br[K.ket in :::qn (2A) should be reversed,The length 

of the shOji straight \vire' l.}et\veen the helix and the ground pla.ne is denoted by h. The radius 

of the 'wire is L. and is ewtw.1 to the radius of the inner conductor of the (:<:;;';c";,,,l line. Tbi;: 
... ;, ~ 

27 



ejnd E", are vcrv close tu e(lch otb:r ov~~r a wkk deviation ande {"him the In,:lin din:ctiGH. This ~ .' ~~ 

is the r;:suh of the v;,ide angular coverage of cin:ulf:r p()briz,~rtkm radiation of the antenna. 

pobril.<'ltion p::;tkrns, but ;J ~;ignincantiy iarger ban(hvidth (md a t,dkr axial ratio. The antenna 

1,7 QuadriHiar Helkal Antennas for .Persomd SateHitc Term!.nals 

Frank and Gn:g (2004) affirrlled ()uadrifihr Hdk~,d /\nknna (QHA) !Hi excellent choice for 

persona] lnnd:;ets Hwt CGmn1unkate with sate!nws. The QHA is capable of iHuminating a 

cGnsidcrable ponion of the upper hemisphere. It provides omnklirectional covefag<.'.in 

antenna was isolated by iL>df, but that did not satisfY the needs uf most lHObik or personal 

compromised manner. 

Chara(Aeristicdlv, tbev have learned to think nf rt':Si.'mant ankmms in {ern,s of multiples dO' 

qunrti;-r·\v;;vtkngths, For the QHA, iarger multiples tend to increase the gain at the peak of 

28 



some cases beam \Vidlhs less than hemi.spheric were desired. Higher multipks of quarter. 

,;vavekngth elements tend to improv<: the Ii-om hemispb:re to back hemisphere r8Jio. This 

\:..;as;mportant in some applications to redtlc(~ the noise ternperalun: ofth~;; antenna. 

For today's communicalions product::;, the customers' applications tend to a]wily:'i r<::quirc 

eom;idered (l:.:::ceptable, A better antenrw could be milde if a thre<>quaner filar kngth could h<: 

\vorking conditions, 

fh<: antemu f~)r personal nr mobile earth terminals such as tekplHme nandsI:'ts \vas su!::ject to 

angle. The receiver noise figure or noise temperature I:'; an important betl.x in determining the 

performance, The (dT ngme (if merit demonstrates the (omribution of ant<::nna gain, antenna 

tb: receive ant.enna gain to the anten{w nGb:; pius nxeivtr n(}i::,~;; temperature ratio. This rati[) 





I/"-~ 

{ 

t 
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Hb study indicated rh;;lt the proposed iHltenna provkks circular polarization and high gain 

over i.l wide freqw:ncy rJnge. For ;;:xarr:rk, when the nurnkr of turns "va:~ I 0, ~1 g<.:.in of j 1 ~ 14 

(:{,mpareJ with a conventionoJ helkal antenna made of straight vv'ire slwped into a bdix~ 

L::ving abt")ut the same radbtion chJ1Jcteristks, includIng gain, cin:;ular polarization, 

h:.md\vidth. and side-lobe level. This ne"v antenna occupied a volume about :3 time~3 smaller 

than the conventional helix. Thi:3 reductbn In size:, --shieh in turn implied smaller \vdght and 

m~ny cOinrnunkatioHs and a<:::ruspace applications. 

2,10 The Radiation Prop(~rHcs ofmectrkaUy SawH folded SpbcdcaJ 
Helix Antennas 

Be:.;; (2004) c.onsUered the pdmaryvarlables in the design of the antenna to b<.~ the H!.lmbcr of 



resonant, cxkbiting efficiency in excess of 95%, a Q 'kithin l.5 tin1<.~S the f\mdamentallim\ 

self reSonanc,: at lov.; l}'equendcs<Nas discussed. Radiation properties of the tddtd spherk:al 

antenna \Vere prestnted. 'Antenna propertics as a f\mctioH of the numbu of hdreaJ !.U!'ns and 

Through nppwpriate selection of prop'~rtie.s, it was demonstrakd that the spherk:aI folded 

practical considefation, the limiting perfi)rrnancc propertie~; of an:v ekctricdly small <Hltenna 

tlnlcs the J!mdamental 1in1it, the absolute value of Q can be high h~(:mjse of the small values 

required a lnldt-GiT in tcrms of rcducing the anteml<1 effkkncy. 

l.ll Coaxhd-feed Axial Mode HemispherkallJeIltaI antenna 

HUl ~;t al (1999) studied the \\·ideband, high gain and circular pobrinHkm chal'acteri~tics or 

conventinn:.J ~:yEndrical J1elied anknnas. From their Investigations they i()und that spheric,)! 
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b:llcal antflUHl:'i CJn provide drcubr polarization over a "vkk bemflwidth wid) mdiafion 

'.' , 'd ' ' d I b lj 1. l 1 v,' I ,., ,'- Jf.' ,. \ ' bl p<ltten1s Y<:e trom Sl' e:ones an ow aCr, noe leve . l'ng 1 gam 01 up to ~/,) [ .3 ,5 aCllleva e 

~~phcricdl helical antenna arc onl}' half as higi'" B,Y v.:inding the helix on the surfho: of a 

poly~;tyrenc hemisphen:::. the antenna rests very stead! ly Gil t1w ground plane, Fro:}) d-,tir 

:m;dics they ti:mnd that the pcrfonnanct; Dr the anfenna is simiLe ttl that of 8 sphaical hdka! 

fig 2,7: The geometry of the hemispherh,'ai hl;;1ioli antenna 

Th::: curved »OIt101) of the th!!1 INire is described by cqn (2.5) m the spb:rkal co-ordinatl:' 

syskm by Caniosn and Safrwi-jazi {1996} as 
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describe:" only a right~handed helix. h); a kil~handed helix, the sign oftbe expression Inskk: 

equal to the radius of the inner conductor of lhe coaxial line. The mdlus of Uw outer 

C'Gnductor of the coaxial line is h. The lwmispherk.al helix 1:., \\ound on the surtllce of a 

polystyrene hemisphere. and is connected to the cuaxial line at the periph,:::ry of ,j1e 

Hui et al (1999) V,fas f;xwd to foster a more stable :,truclure tban sph0rical helical antemns 

and provided <zxtremdy pun::: circular p'Jbrizcltinn over a broad beaIH\.vidth, The gain 

b,mdwidth product \vas arrroxinwtely 33% while the peak gain V<'f.!:" about 7.6 dB at C'" I ,3.L 

ltsinput irnpedance sh'Jwed a large reactive part over the axial mode frequencies, 

1.1.2 Studies on a Novd Ellipsoidal Hdicaf Antenna 

Dongvu et ,d 0007)' Pl,\Y0osed imd studied a novd elliqsoidal helical antenn<'l as a sp,:::clai .... ..; ... ~ • .t ,. 

instance, The hemispherical helical antennas "vert tk:;t analyzed, their andy::;!s indicating that 

the ;;:haracteristk:s of a tW(Hlnn unit arc better than those of a single··arm unit. Based on this, 

thi: tU ipsoid<:I helical ,mtenna, tormed by changing the Hsiai dhxtion' s dinl'.=;tdon of the 
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(Wo··ann hemispkrica! helical antenna, '<vas <'maiYb:.d by the .moment method \viih curved 

p;'ovides dependable gist as to the choice <Jf antenm:. format uccnrding to the pmctical 

requirements. 

by winding HrlOtb:.r helical >,vire centro-symmeirica1!y t<J the original one em the surthce nf a 

twmlsphere . 

.2.13 Axhd»l\lodePattcrns and .Phase V clodty of\Vavc Propagation on 
Mmwmar .Helices 

Kraus and f>...1arhdka (lOOS} derived the flrst approximations f;.)f nlGllGilJar {single (;onductr;r) 

helical antenna mdbting in the axial mode to bV1:' a single tmveling W;;!v{; of unih.'l'l11 

ampHtudt along it:-; conductor. By the principle of pattern mu!tiplkiltiGn, the Llr field pattern 

of J helix is tlw product of the puttern fGl" I turn and the patitrn l~)f an array (if n isotropic 

equal to the turn spacing. 

They found out that \vhen the helix Is iong (say nS:> I}, the array p,Htcm is much sharper tkln 
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din;;'rencc: hdv,een smm:es of the Jrray is eqtmi to the phase ,;bin over GH(HUn1 length .l. for i.i 

Th.:y ds() dis(:overed that if fields from all SOUfO:S are in p~w;~e ~H a point on the hdix axis 

( C ~ 0), rudi:.ukm wiU be in the ilXia! mude. Fcr the fkkh to b: in phase (ordinary endAlrc 

(:ondition) requires tbm 

vvhcrt. 

To disWnt point 

... / 
j' 

1t ...... IIi ...... ,(:":0. \ •...... iii ...... til ...... m .. . 

., 

. .L .3 6 



\Vhl.'.l1 m :::) 

1 

P :;z ;.j:;;:i~~::~; 
" 

diiTi;;rcnt pikh angle h illustr:ued in Fig 2.9 
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Fig 2-9: .RdB.tivt phase vdocity (j.?) fbr different pit(:!:! <mgks as a function of 
thehdix cir~~umfercn(:e (0 for the condition of in-phase fields in the 
"vi'll di""'>"i{)'!, n,"'<'~;"; ,.'j>i< ~~;\'l:::··<->l('!.:'l (1fl/W)! 
;;":'.t ... <.~ }~v .... ·t-) .. ) t~-~, ........ ~ (, ... ~ ,.1~ "'::~""'''''~'<'~ ~."'-""~"~ . ..: 

ZJ.4 Expcrhnents on Triangular COPPClY Strip as Impedance Nlatching for 
2.4-GHz HdicalAnte.rma 

possible tzw compukrs to k) connected together wln:1essiy. At pres<:-nt, computcrs af<:- used to 

The Internet is inevitable in our everyday lives. With porUlble COlnputers Jnd WLAN,tlK 



smidt 

of I BUrL The helical wiw "vas peripherally Jed at the base by using Type-N female 

pv,ver. Rna return loss equakd to "''J.) dEL !'lo\vever, from Fig, L j 0 without any kind of 

impuJance makhing, retum loss becHrne ve!'y poor and reLiti\-<::ly nat acwss the rneasured 

(orreq..;Gnds {{) only SO '>i, of incident pmvcr being ab:.<o;·bed by the anknna. 
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Fig :2.10: Return 10% as (l fimction of ji'(xjucncy at diffcn~nt ~~trip lengths 
f.\Vongpaiboo! ,10GSl 

2.15 Design Curves for the Axial Mode 11eHcai Antenna 

'.vhkh !1(: applicd to his design ctlrve:~ that made 11 is de:~ign dPplicablc to Cband.His design 

curves enable the prediction of the gain and l.)andv'o'idtb in relation fo the axial length and 

pltdl anglel(")r any particular helical antenna \vith an axial kngfh of bct\veen 0.5 Jambda and 

g<.11n; thus, the gain f(x a given axial length may h.'; obtained from tbis curve. IlK required 

incrrase in pitch angh;; required f(x an incn:ase in bandwidth. A.n l[li:.:r,,~:;se in bamhvidth 

value are indkated by dotted lines. 
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Ph.::h tingles kss than the optimum valw.~ art indic<1ted by dotted lines (for axbl1engths l.lQ 

llsing eqn (.i.ll) and varks with pItch as s)-;mvn .;n ~qn (2, l2). The dotted Ene:, on the graph 

(for axial k':ngths of 0.5 iarnbl.b and (U~4 lambda indicate the satuf;;ltlon of bandwIdth ;'It high 

pLch angles, 

2.16 Shortcomings of Hevl('\'!/ed \-vorks 

KrHW~ unci Marhdka {lOng) established that fDr a hdical antenna T-;) he in axid mde ((~nd fire 

drcunrD;;rencc of the helix nmst lie bet~\\xn I); ,:nd 1.2 of the <,',/uvckngth thereby lirn lting 
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f(")[ !lSi:.': in Ku hand is possible, 

go through this rigor to kct'p one of the helical anti:.':llnH p::.mmeters constant ',',ihite v;;lrying the 

(if and diamekr fD), or keeping dhmw(:r (Di C(Hl:~taflt and varying pitch angle (r,) ;.is well as 

turn ~;padilg lS.) or keeping turn sps,cing (\) constant and varying hAll pitch angle (U) and 

trbngular copper strip nw:tching kl..:hnique fur Ku !xmd (tpplic~jtion" ::'5 :"uggeskd bv 
• h 

V/c>l1gpaib00! (2008), 



IVIA.TERtALS ANU lVIETH{)J)S 

This chapkr intrGdtH.::e:~ the Ku-hmd ().\bJ mode hereal antenna design in ,>,vhich the pitch 

r;W(lln. Previous dfsigns of tht hdicd M1tenna \'·t:re only limited to \VLAN freqH<.~nde;:l 



The idef< behind this de:~ign is to :,,110\\' that axial mo~k helical antenna CiHl be mibed fOr 

* Number ofturns N must be equal to or greater tlwn fuur ( V;::: 4) 

'" The CircHmttn:ncc C ;-::: nD IS equ,:ll to the \",,<ivekngth). (,ftlw ti':::~quency of operation 

* The diameter of the hdi;-;.;~:: :::: ~. (:u the cenkr ffi~qU(ncy) 
};':' 



~ Operating l"requency:12·. 1,·1 G HI.. 

stat~d. 

* Tht ground plane may be either t1at pr cupV~d H1 shape. In the case of a cupped 

* Tht diameter of the conductor ,nay vary betwc~;;n 0.005 bmbda Jnd OJ!5 Imnbda 

3.4 Analysis of Ku-band AxinIMode Helical Anknna 



C-:::,f) 

and the dinnh:ter D ,~s \-v(~B as tb::~ pythagoms rdatkn indicating the 

pitch :lngie n, turn spacing S }, and tb:;~ cirdJrHfi.'renc0 C, 

of 1:unn the klngcf the ,~x inl kngdl of the .antenna and Hws the higher the pb::h Dx;gie, The 

as horizontal Of vertical pnhdzadofL 
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patkrn £ is c+:tained by the multipJkatror: ofHw paikrn in one turn of the helix by the army 

fJ ... --'·.?r:. -. .: 
./'./ 
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:3-5 NtodeHing ufihe Pitch Angle offhc Ku-hand Axhd lHudc Helical 
.A.ntenna 

\lodifYlng the pitch angie d1()'Nn in the trbngie of Fig 3. J fi)l" the design of the K.u··band 

('/'/« 
~ .. ~.~:.'~-'- . 

... 
/ 

/ 

• '<J. 
/ 

//:>;././ 

/ 
/ 

\"; .~ 5~ :; 

-"". 

--_ .... ;: 

Fig, 3.2: Schem,Hic n.:pre:;;entatk.Hl ()ftbe increase in pitch angk \vith 
". .• -, ,.- .. f.l . 

cnrrc:'iponmng mcremcnt in axwi K.ngtn j rorn L/ ::0.<, J anu tum spaetHg 

frorn S to:)l h,hik keeping the cj"c;Hnkt\:~nce fL-;ed 
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This is the principle IJsed ill the lrian,;ubr copper strip mulching th, helical antennus by 

~-... ~ ..... ~~ ... ~-...... ~--... ~-.-.. ~~-... -.. ~--.. ~~--... ~ ... ~~-..... ~--... ~- ... ~-. 
a (degrees) 

Jennings 
00(2) 

Hi. = a+ y 

(dcgn:cs) 
..... ~ ..... ~ ... ~ ... ~-- ...... --.. ~--... ~--.... - ..... ~--...... ~ .... ~--........ ~-..... ~--..... ~ .. 

~-... --... ~- .. -.. ~--.... ~--.....• ~-- .. -... ~.-...• ~--..... ~-.... ~--..... ~-- .... ~-..... ~-, 



(2008)~ 

pilch angle a Iso leads !<) smail i "creme nt :" the ,x;d length L' "f t he he! ix from Li tn L, 

From triangle ABC of ng (32) 

(3.7) 

(3S) 

(3, i l) 



3,{) J\'lodeHing of the In-Phase tldd of Ku-band Axhd '[Vlode Helicat 
Antenna 

1· 

P ;;:: ~~~~;~~~~~~ 
'" 

>: ,' • 
• ~J 



l) k ~ z:: -:-"':---"'~_~~:;?~;;:':? 
::;: r: :. (:~.}.} "1'·.-----~~ .. -----..r (3.15) 

(3.i6) 

c 

inrroducing trigunomdric expansion: 

(3.19) 

SubUitlHing <:erns (3, 1 g) and (3.19) into <:q.n (3.! I} \,',~ ObLdn 

cun) 
C f-:'~ ;.;. ;'.: ,:;;:.:.,' .. ------..- •.. ~- •. ~ ........ - ... _____ ........... _ •. ~ ........ _ ............. _ ... _ ........... _.~ ........... _. 

} ~~ :' ~. 

Simpli{ving gi"TS 

with ~, coo ~. + 1. and a being the original pitch angie and l' heing incwnse in th,: piteh 
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heli' 'u, iI resuit 'he 'arger 'he V SWR the Iilrger 'ile length "~rId the Illrger 11", pilCh angle nnd 

gain and bandwidth in relation to tbe axinl kng'h and pitch !Ingle for tbis pnnklliar hdie,,! 

3,7.
1 

Design Cu rve t!W the Gain V('['SUS Axial h~ngHl of Ku~h.:md helical 
Ant(~mla 

.knnhgs (2002) obtained expressiun for the gain C; of the helix as <: ilmc!.lon of the <lshJ 

Iengt" of!be he ii, J) of 30 em ,(1.3 m) IV il" '" i! ized. He obtai ned lhe "tnmaliwl ""iil' kngtn 

.57 



~ ,: 

L ,,:'" ca~:~,: ::::; ,~~,SD'fSA fL 0:: norm~llixed axd length in tJ'ee SpKe} 

n,ls is .he axial length (in free splree) .hm gi ws the optim um rni!l (> f 17..i d Hi in Jenning's 

From fig 32, in'Toase in tho pitch angle l~s"hod to small inc,en« in the normalized axial 

ie;;glh (in fro" space) fi)r the Ku-band hdid anlen."" Then 'he gab, using qn (320), oan he 

(3.23 ) 

Bm 

(3.24 ) 



Eqll (3.26) is the txpressinn h the gain tbr the Ku·band hdienl a"'enna ,"odilled from "qn 

3.7.2 Design Curve for tbe l'e,wnlage Bandwidth (BW %) versus piteh 
augh: of KU-haud helical Antemw 

.... " ... l.:~;:.- ;.>.'~ ....... • q. /. - .-~ - ~ l~.}~) 

Jennings (2[}(l2) again reiated 'he percent bandwid.h, pilCh angle n Iud the axial length L 

(3,29) 

(3 .. 30) 



CUi) 

J,8 KIl-hand Helical. Antcnrw Dt'sign lising Iksign Cm'ves 

rc,,· the Ku·b",," design, "cenler IreqnenC) r of 13 GHz with an ax;ct! length ofthe heli, L, 

,~: 

":" };::.:. ... ~. --. 

l{ 

.(/ ;:::: speed ofnght :::: 3 :->: .tO~=:: rnis 

l: ::;; "13 GHz 



'" ! 0<) ,1 B60 

'" 0.6474 

T'-lum~~r;cal ({':orn pattern) 

:\ ppruxinwtc 

Dumcrrvrrv: 

'* \'h:ximum possihle gain: 2L0295 dB; 
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to: Length {on~>tur.n) L( {in brnbda)" O.H286 
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CHAPTER FIVE. 

S.O [)lSCUSSION~ CONCLCSION AND RECOlVIMENDATIONS 

g<~jn ohi,aintd frorn the C'-band dc~ign by Jennings COOl), although the p,~n:ent lnndvddfh f()f 

:0 



5.LJ GRins versus A.xia!Length 

hHKhvidth. The 21.0295 dBi \-i.ilm~ ut'lnaxinwm g<!in h thi:; thesis \VtlS obtained (ronl the 

The pitch angkv of the Ku~band helical amenna designed is assumui 1.0 range ti-Oll! W' to 

;;lxid kngihCL,) DOlt this thesis is obtained from the incrcrnenr in pitch :tngic fr-orn 9.75 



tnHKhvidlh rnay b<.:~ varied by changing the phck \vhich may be kept \vithin the Si:lbk region 

5.2 REC01\lVIENDA'liONS 

recommendations for fiJwre work: 

72. 



5.1. I B~mdwidth 

nwn~ (>)1 'vva:ys to impmw the bandv·:idtb if: order to rnakt: !.hc :HHCfHW. sllitabk hx more 

radOlrlf. 

73 



REFE.RENCES 

Bald,;s C.A (j 997), .4ntemw The my· Anf.f(vsis and Desir.;/? 2/id {'dilio;;,. John \-Viie}', 
>~t~v·.: )0' ork:. ·t,~-\ .. t}Si\.. 

Bart:.; R.fA (20G3), The Stub Loaded lle!!><-: A ?'educ<:d.'.L::c Helical Antenna, PhI) 
[its,serration, Virginia polyt<.:chnique Institute and Sw.t<: UniversilY Blacksburg, 
~\!.t~ t)S/t~ f~P 9 ... J. 8.~ F'.P 4.1 ... 56 

13m'!:>. R.kL and Stuum~n \VL( 1(96)' Find! Reoou "S'uuuor! orAs!;\)}! Phase Ii ,SBfR 
. ..... l. ~. .. _,' 

pj'(~f}{lsa! OJ! ('om 'err Anfennas, "Report i\(\EL S/>,TCCllVl 96<), 'Virgina Pnl:,'{kChnic 
!nstituk & State University"B!acbburg,VA, September 1996. 

Bart:'" If.M mid SUHzman Vv'L (1997), "A reduced size Hehca! ante}ma. "JEEE .'i
7
:telmas 

<mdPi'OpagU( Society Intenwtbnal Symposium,! 997 digc:';L pp. 1588~159 j 

Best S.R (2004) "lhe Rudiaffon p)·(j[<f..'rties o/Ekctricaf!:- Sma!! r-'r.Jded5,':4:crfeo! Helix 
A!ifemrus" IEEE Tmn~~actions on Antennas [and prnpagati(H;~;' VoL 52. Nt" 4. 

He~;1Cn, RJ), (2007). Heiicd,HeliYAntenna C'ookbook Recipe .. />r ).-!C/I;: lh.n'~:!m!s 
a.~i(Ii}r jT'/r~f /lr)!-}!jcalion,~ 

Hurh~ GJ, and h;ggb AJ. (198l), Nurnt:j'ic<ill-;,'ject~,<)flwg'7:et;cs ('ode ('vU.) Alcfhoa' (!/ 
Jlonrems, U(JD i 8N34,. La<NlT!H,X; Livumorc hb)f;Jtory 

Carvtr r<.R (1967\, "The heliu!l]e-a circufar/.r pofarhed ,m!enno lvi!h !ov.; ";i,klohe !e'!'u', 
o!-:;roc~ lEl~f:~~, vcd55, no 4~. p~559 

Chan K,'{, Hoi H,'!' ilnd \'ung EXJ\ (2001) ('enfrai-·Fed !{emlsph:rfi.:u! Helical 
Amenna, Ekctronk Engineering fJepartrnent City Univcni(v of Hung Kong 83 
l\t CLee A Vdn.H." Kmv)oon, Hong Kong SAl<. F::"ail:96090870@plink.dtYH,edD.hk 



Fr"nk h·t Cahn;, (PhD), CiTCg O'l<fcin, (200' t) (}uo::!;'jfiior Neff,:,,!! /imc}!i7u,yii}r Pt';':::()!io! 
;\'t!"fr.':!/!rc ]-f?l'·'fJlir!.{!i.1

;." 3.(:plc-nlber 2{)Oll 

f-h:~ \'·t~·~; '\\/. {) (.l: ()4:3 ;, ··';(;~l'i.:tin.~~~)· ([lui ~\cr(:eJ?.s· as :14ic/\)~·~·:(rFe r(/!ec/o/":\, : '. \.:1,1. "r 1<. ::~;j i~_d.: or: 
L.dhofHtr:ry ;(eport pp 54 20 /\.pril "1 9:~~ J. 

I-~·~~:\.~ker~ J. (::G07). r/O~H; to ?uake 0 sff1"i.[.ile :;.42'.-~(i}!.~; helical >icri(r/ .I'or \rire!(:~:'.~ .i:\/;.j" !:.?anoi 

j)e v fee.';." as {) b tal j~; rrOj.1~: hJ.~p_~:!:~\:~:~y.~:~:; -',!~:,:lI~J<;'::~~.~~::r.;;.;':f:~~:~(.-:jl1y:~~L.~·:.r:,:·t~~):~_~:: 

~·§:.::i J·r."I··, .. (:~}lHn ~<., \".: ~{UI';g I:·: .. l(.l~~ a!ld Sh ing .X:~.(), (1999) ,: /.}?::: c<}a.Yi:(~!-~/;'c::! {1.Yful ;!.~(i(./~' 
l!('}'';!isl)h:'?rlcu! hC/"Ctfi an[er?nu~.:· e1.(::i:tro.n .. {ct.:. '\'O{ JS .. pp, 1982 ... J. 983, 

.TC'n.Tjjng:;~ '\\/ .. (200_2 \ l)e.)~i.g·.n (::·~.!'tV2S .. lor l/;(: .. ·J.,rial .. ·1/(.'1(.1:;: .f1r...)!·I,.;·~}! ./i}-J{e} ?J"?{{. Fourth \: c.ar 

1)(;sign RcportfH the ::~;.'hnul of Eiz::c;r;~:,al and inf<Jrnwticn rngin(~,:r;,r:g, L'ni\':::r:3lty 
of :.he \Vit"~:i'ltusr(jnd. 

'KI~:;U-;=: JJ) (20n3)~ ~.jntcnrh:f.s./(>r ~··li! ~.·lr~r'li~:({[i()l?'i: 3(..1 ~·~I.!!'tion r'y1c(ir<;p .. ~./ ... 1-ril{~. 
l;f(;v./ ""{ c:rk~ .l'r .... { .. l:J S/\.~ r:rp 1. 2 

I<.r::~us~ J. f). ('f 977) .... j 5{)~··(}/r:n inJ.~u{ ]n~r?e{/anc::? ./or he/ic(;i /;C£fl"n {In-ielinos. ; E~E::E ·'rran.:3 
/\:~:.t.(~nn;::s propagate': /\~) ... 25' 91 J 

';lS 



t' ., I' • 'I' , 'I' !) I' ") - - ) -, _ I • _. , 
x· .. Jaus .! - J., :V 3-me ,M! h._" {.<..O(8). /Vuemws'/or Af! Appdcan'O!is, 3" Edition, 

Pu.blishing i-rouse of F,k:;;:.tronk indu.stry, pp 227<135 

J'vlar';h JA. (! 95 j) "Afcasured C~un'enr Distributions on Helical AJi/clma," IRE Proc., 
vol. 39, pp. 668-675 

N:lkano J1 Y;:n-mwchi . .1 :.-md )'vUmaki f-L (lYBO). ''Tapercd Baianeed Helices !'adiafing in 
ill(' AXia/ A·rode, '\lig,Int. SYJnp. Antennas propagate, pp. 700-7~n 

Raymond L.( 1999), Helie.>! Antenna ql!timiz(1tion (/n'ng C;'enerfi: .-l/gorithm. j\'!;Jskr 
degrl?t' thesis \/irginh Polytechnic institute and SWk Uni-,'crsiiy Blacksburg, 
Virginia. 

S;]tJ(ji-Ji-~zL A. and J.C Cardoso.( 1(96)." Radiation Chaf'dderis{fc 4'0 spherical helfcal 
antenna "LEE Proc·mic:ow. Antennas proP~tg., vol I ':13, ~·k. J February -1996, 
pp.7·12 

Sengupb, DJ,,{ l(58). 'the radiation chm-ac/{')'/--;tic q/u zig·za,;':; on[enna, 'IRE Trans. On 
AnI. <wd Prop" vol APh 6, no,2, A.priiI958, pp. 191-194, 

,-. j'"'' I (1 ')",1\ .--. . l) "}"- " (Yn""""-;'I'-' ,0 ,; 'r ,. ~pai,';, :\/1., (;t ,i --, \!~ y~) ~'lnai l'-tpon l_m >~Ji fnveSl1ga00n (~, !1ft-iuI- r ",Nea_!I; I;{'flX 

Antennas," Report No. SArLOfv! 94·6, Virgina Tech S:.uellite CClFurnrnkatiuns 
Groap, Virginia Tech. 

Stutanan W.L, Thiek C;,A. (1998), Antenna themy and {),:s/gn ,N,,::w \"odc J{)hn \Viky 
&. son:~ 2':"-: cd 

TkeT.E and Kralls J.D .. { 1949) "Thf;' if!.fhenc<: (:lcortductor si::e UN llie properfies/iJr 
helicalonte:mas, "huc. fRE, vol 27, p1296, NGvember 1949 

Tsatldou!a~;, (LN, (1967). [hi, linearly rape red lransn<'fssion line as a matching sec/ion
hi$//; ('ft}{/ !OH:'" h"t:(jUerf('lf beh(tFiour. f)roc. If:~E,E' 55: !':>j') I 65S~9. ).> v'.~, ~ 

\/on Hippc! ed A.H.,(! 954). Dielectric materials and App!ic(1fiun,~, The \1,!.T Prt'ss. 



\\:ong~ 1<. L,~ and (:hen \\:~ .S. ( 1991) ~\~~tu~b.i a,loll in:e?'l?a!~v In{f/c!u.~,;:i /?eli{YI/ heai?} 
Ui'iteNN{1,," iEEE ho/!s. UN Aiit. <ltd Pru,Nfgnt" vol. 39, no, 6, June 199 L 
pp.81Hn4, 

WLng 1.1. and King ILL n 979a), "I}madlwnd f{dica!Amenn(:..~, "U5, Patent 
4J69,267, Septernber 25, 

Wong, lL: m,d King, H.E: (! 979b). Broudb;md quasi-taper helical ({iw:nllas. IEEE 
'frans. Ant<:nna prop.;:,gate,AP 27: pp 72-3, 

\~V{;ng J~LJ (tnd King t-LE~~ (J997):; ~"(,~har~:r(;ferjstfcs (~r5~[o 35~ I-j;,rn l.:in~~lOl'rln .!!e/j('[{! 
AmeN!'kf.s," Aerospc:e Corp,Tech.RerL TR-007i{(3724~Ol )-}, DUC ;\D i\(H64B7, 
June 1997; \.)1' <;(}t({t'('u.:h!rfstics ?~l'l ({) 8 f1i'in,,'C!.cl?gl}; [}ll!/or:n l:!('}!·{Y,fI.,4.n!enN~}:s~ 

"IEEE Tn,m;, Anknnas propagat, yol. AF~2g. Min'en J9~W, r.:rp, 291-296 

\~/;.)ngpaibo{)l \? ~ (20(8), .[})}?cr':'tnent on j«rfa,nguh.:ll'~ (,l{!j.)J)er Sllrij/ as INlj?t'(iaHce 
M~{tchfngf)r 2.4GHz iIehcaIAnh:nna, lv1aster Thesis, lEEE Publication, pp. l-·6 

XL I)ongyu "Zhang Hnt! < \Vnng Chong, Zh;.mg Qbnym: (2007) AIi.,:·:ik InsiilUk,A./r 
Force [.'ii'gin2f!1-ingUnivel'sity, SHTlYU<li1 713800, Chilla) 

Y(JH.'iang l<uo, S;lou-We"O SH, ;~nd Kird_u \\long (2009) Duu{.-iJand Planar Hdi-.::oi 
AmeH}!ajhr fFLAN qucJ"i:tion. rkpartJnent ofEkctriciJI Eng1Deering, N<'ltionai 
Sun Yat~Si:.;n UniwrsH:'!'\ K;lOh~;iullg 80424, T;;;i<Ni.Hl. 



APPENDIX/\' 

IVIATLAB COOE FOR THE COrvlPLTATION OJ? GAiN AND 

AXIAL LENGTH OF KU-BAND IIELICAL ANTENNA 

"/(> To comptlk the g<lin and ilxbllength ofKu-band aXial rnode k~H<.;d 

n., :.:::::.:::;::::::::::~:z::::: :::::-::~::::::::::-;:z=:::::::::-:-:::::::. ::-:-:::::::::.:.::::::::~~::.:::::::::::::::.:::.:::::::;:-:::-:;::::.::::::::::::::: :::.: 
/:.( 

O'J!ol/lO S]. Oiya Original Code 

,>::, Insert an array of aXial length Li 

L! ~"O.5:{U:20; 
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pht(LI, GKu, 'b'): 

xbbel (\i!.L! IarnhJ:l {n1t:FC )'); 

ybb;j ('\itGKu'); 

titkC\itPkf of Ga in {GKu) versus /\xlal L:'ngth (Ll rx 
\egcndCGku V ~~ U '): 

grid on; 
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A.PPENDIXB 

IvrATLAB COnrSFOR THE COl\fPlJTATION OF prrCH ANGLE 

AND AXIAL LKNGTH Of.'KtJ-BAND HELICALANTfNNA 

'\, ScriPf file Computation oftbe pitch Jng1c and the axial Length 

ofKu-band Axial Mode Hdkd Antenna 

% To compme the pitch and axial1eogth Df Ktl~ba!ld Jxial mode heknl 

~:~) ::-:::::: ::::;::;:::::::::::: ::: ::::::::::::::-::::: ::: ::-:::-:::::::::::: ::::: :-:::: ::: ::::::::::::::::::::::: ~:: :-::::::::::::: ::;::: :::: :-:;:::::::::;::: :::: :-:~.-::::::::::::: 

Original CXle 

zdphaf ""6:1:21; 

% insert an <Hny (;fgain (GKu) 
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L1 "[ I O/{GKui W,l-7. 75}./8.5; 

pkrr(L! ,::dpha 1 ,'r'): 

xLbd hirL I bmbdil (metren~ 

title(\ilPlot of pth;h (alplnl) versus Axia! Length (L I /): 

kgi;:ndCp;tch {alpha!} Vs axial length (Lin; 

grid on; 
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APPENDIXC 

1\lATLAB CODES FOR THE COMPVTATION OF PERCENT 
HAND\VIDTH AND PITCH ANGLE .FOR DIFFERENT .AXIAL 

LENGTH 

% Script Lk: Computation ofttll.': pc{;.:;ent:ag,~ bnnd,vidch \'t;;rsw; Pitch for different ;;lxh.l 

L::ngth of Ku-b,~nd As.ial Mode Hdica! AnknrlJ 

</: To compuk the percentage bandwidth, the pitch angle t(w difkrcnt axial length of Ku-
band :lXiH! \\1<)(1<; helical and save the n:.suh 

:::::::::::::-:~:.:::::::::::: :-:::::::::::::::::::-::::;::::;::::::::::::::::::::: 

()rigina! Code 

::~;; Ll d ~. Axialk:ngtb br;.\, 13 landa 



Lii 

-- A.xiai length hJrl4 bmd<'! 

% insert an anay of pitch angle 

alphnl :" 7; 1:21: 

';-;; Input the 'J<', lues ofaxia1 length (Li) 

Lle ::: 6:. 

Lif:" 8; 

Lib ,,: 12; 

LTi ":l3; 

p::rccntBWa:::o: 2S"u!phai - 21 D*log(Lh) + 21; 

percentBWb:'C L5*alphal - 2L9*Iog(Llb) + 21; 

perc<::mBWc:: 2.5"'aiphal - 21.9*!og(L1c) + 21:. 

perctnlBWd,;: 2.S*aJphal - 21.9*!og{Lld) -1- 21; 
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pef"c<:>.mBW}" ::.5"aiphHl ~ 2L9*log{Uj) + 21; 

ybbe1 C\itpcn:.:cntBW'}; , 

hold on: 

hold on; 

hold on; 

hold on~ 

pbttHlphU 1 ,pcl'()entB \Vg, 1;,,:):, 

hold on; 

hojd on; 

hold on; 
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hold oil; 

legl.':nJ CO.5','0.i>L' j J:Q"'4. j 3';6','8','1 0',' j 2'~' U\' 14'): 

, , 
gflG on; 

(~·c Display results 

tj:"lrinH(,pcrcentB\V'" '5';;5-41"\n·, perccmB\V); 
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APPENDIX D 

~MAT'LAB CODES .FOR lIfE CALClJLATION OF HADIATION 
CHA.I{ACTKRlSTICS 

o..~, Rdi.~lTnCt: "Ant<;'nna Theory: Analysis imd Design. Second Edition, (\.ll1stantine A. 
Bakmi,;", Section 103.1, Helical .Anknna 

<\, This program cakubtes the radiation c!nrncterisiics of a helical i.!Irk~nna~ both in the 
Nonnai mode ;:md I.he Axial(Emk'ire) mode. The ck1dbJion characttristks \\·hkh are 
cnh.:ulated are: 

'~<;;; b. Axial ratIo (AR) 

c.;, c. HPB Vi On degrees) 

'h; c. Directivity (dimensionk::;s and In dB} 

};> d. Relative plws 1e vdocity ratio p 

% c HPBW (in degrees) (beth appnJ:.x;iw<'lte (md numerical) 

,),~ L FNN\V (in ,kgre'.>.s) (bdb approximate and nUn1trical) 

'V, g. Dir,~dlvity (dlmensj.onkss ""nd in dB) (both apPfosimrlJc and numerical} 

%; Nonnalized radimion pattern of both m()de:~ are plotkd. To gd. c(){{ect Output just follow 

dle instructions b;;!mv, 
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c.";, j .ChGk,e <yf output 

'\, Input 1 fix Sen.'en output 

'/;, Input 2 for File omput 

:}i, Input 2 to stkd /\xial (End-Fire) mode 

% 3Jnput 

% ,:t,Nurnber of turns N 

(;.<, b. CIro.H1;Jhenct of l{')ops C (in !ambdCi) 

% c . .sp':J<:lng bet\~'l~en turn:., S On lambda} 

<\: bput I to select Ordinury End~Fife 

,;,;, Input 2 to :dt~ct f'!ansen- W{yodY<'lrd Enij~Firc 

};) 4.0utput 

%; L t"-iorma! !vlnde 

::'i, ;L Pitch :.mglc alpha (in dcgn:es) 

(~; b. Axial r:xdo (AR) 

c.'~) c. HPB V.,i (in dl~gret~;) 

';"~ c. Dlredlvit:y {dlmension1e:>s and in dB) 

c.~) d, Plot the normalized NtdiatiGn patkrn (0 to ~60 dB) 
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';';, R Numerkai (ibund hom pr:Jten1) 

'\> C F\f>l \V (in degrec:,;] 

% EL Numcrk,,;J {c.<'lkut.'ltt'd from cqual}(:m DO:"':l*piX<Umax!Pr~d) 

(,<) 11, Plm the nonnalized radiatirm pattern (in dB: () to -6(} dB} 

dO:<l;; a11; 

ck 

iiJrimJf\n *,*.~ NOTICE: This prngram lIses "polar ... dB-m" to p10t the pititerns!\n\n'): 

an.g :~~~ 360;. 

fprintt{'Outptlt (k~vice option: \n\tOption (1): Scrcen\n\tOrt~on 0): Fik;\n'); 

ERR'" 1: 

DEViCE": str2rnunOnput(\nOutput d<::vke '" ','s')): 
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ERR~" 0; 

eL.;eii(DFV!CE co:,,: }) 

FiLNA\1::= inputUnput tile desired Output nkn(unt~: ','s'); 

ERR "'·0: 

tprintf('\nOutputUng devke numbe: should be either! or 2\n'); 

ERR "" 1; 

\'vhik{ERR .~,,: 0) 

fprintr('\nSELECT RAJ)IATION MODE:\n,); 

ij;rinttru) }',[ORlYV\ L [v100£\n'): 

1-t)rintf((2) AXIAL MODE\n\n'): 

SELECr .. mode ::: str2numOnput{'SELECT ::: >/»; 

if of((SD .. ECT ... lnode ""= it (SELECT .. n1odt: ::::::: :m 
ERR::~ 0; 

end 

end 

%·,~-Smrt of main program--~ 

s',vitch SELECT ... lnode, 

fprintiC\n Input: \n'); 
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EHRoo: I: 

'Nhik.(ERp···o:, n) 

N "" str2num(input(,Nurnbtr of turns N "" ','s')): 

'[<,J :" !"Ounde>.:;): 

if (bemptyi}O) 

fprinH{'\n '" '" '" ERROR: Plea:~~;; (:nkr an imeged\n\n'); 

cbeif (N <,,: O) 

fi:-dmtr\n *H [KRell{: The nmnber has to h: g.n~atcr than O!\n\n'); 

dseif(N:> !O} 

it)rintf(,\n *** v//~HNJNG: Largt {urn mrmh~r may cause multHoh::!\n\n'); 

ERR 0:: 0: 

ERR:::·O: 

end 

v<'hlk{ERR'v::: 0) 

t)"winttr\n H*l',JOTICE: For Norma! mode, C « lambda:): 

i})rintfC\n It is recomrnenJ~;;d that C/l.ambJa <::: 1 j! O,\n\n'); 

C """ str2numOnpui{'CircumJerenc;,: r< loops C (in k1mbJa) ::: 'S)); 

if (isempty(C)) 

fi")rintJ(,\n '" * '" ERROR: Pkuse enter an numbed\n\n'): 

ebdf{C <= 0) 
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fprimH'\n *** ERROR: The number has to tx; greater than (i!\n\n); 

f:~J{f:<' ::: 0; 

end 

end 

ERE ,:: 1: 

tr;rinlf(,\n *** NOTICE: For N'.mna! mode, S « lambda.'); 

ijxintJC\n rt h recommended that S/lambda <::c 1!20.\n\n): 

S ,:: str2mnnnnputCSpacing between turns S (in !wnbda):::: ','s'»; 

if (bernpty(S» 

fprinU{'\.n ** * ERROR: Please cntet a m,mber!\n\.n'): 

ebeif (S <,:: 0) 

if;rimf('\n *** ERROR: The number hw:; to be gf<zawr thHYl O!\n\n'); 

rJZR .,:: 0:. 

end 

deltH':: le-2: '1·;; To avoid slgLlbriry in caktdation 
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'~;r'vPiwh fwgk--" ... ,vvvvv 

;:dph,l"-"aLn(S!C)* I gO/pi; 

M"'.2*N; % lrn:lge due to ground plane 

[U max, lndexj""uH.lS( U); 

lJ"t}/Umax; 

UmJx'''I; 

{) .. dB=1 O*bgl On)): 

c.·;i,,-HPB \V (From pattern )",vvvvv 

tW ... dB"=( I / sqri(.2 j); 

11'>1" !"'!ndex:kngth(U) 

ifU(i)<HP .. dB 

1'l:PBW"'angk(i )+angk( i, j )-2*angk(Index): 

break: 

end 

t'nd 

92 



Prad::2 *pi *~;unl(in{<:.gral1r,h I :round(kngth( inkgrand)l2Y)}: 

D __ dB::: j (!.t log! O(DO); 

H(DEV!CE :::::: 2) 

fid ::: .DEVICE; 

fprintHfd,'\n!-ILUX; !',JOIUd ALMODE:\n'): 

fp:-intli)'ld,'\nCircmnfcr<:'IKe ofh)ops C (in !amlxb):::::: %6Af,C); 

J)rintf(fiJ,'\nHPBW (in (kgf\'cs) '" ~~6AfJ1PB\V); 

fprimHnd,'\nDiredlvity(approx;n1<~te) (dim(~nsionkss) ::: 1.5'): 

fprint.f(f1d,'\nDirediYitY{:lpproximate) (in dB) '" 1.76(9); 
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t>rintf\tld_.'\nDircctivitY(rlunl(Tlcal from p:ukrn) (dirntHSionkss):: <)~l6,4f:DO}; 

fixinurnd,'\nDir<!.ctivity(numerica!fi-om pattern) (in dB) \t=== <;:;iiAfJ) .. d!l}: 

ii/DEVICE ""'" 2) 

~nd 

titk('Nonnal iztd Radiation Pattern ofNnrma! i\.-iode Helie:.:. I AntcnnaOn dB),); 

fj:lrimJl'\n 1 n put \n'); 

ERR "'I; 

'>vhile{ ERR -~::: 0) 

N "" str2num{input(,Nt!mkr oftl.lrm; N '" ','s')}; 

if (lsenlpty(N)) 

f\JrimW\n *** ERROR: Pkase enter all inkgcr!\n\ll'):. 

elseit' (N -<= 0) 

fprimH'\n H* ERROR: The number hi~S to be greater than O~\!1\n'); 

ERR:::O:. 
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end 

ERR'Z I; 

\vhiJ.e{ERR "._-"" 0) 

fpdmf(\n :t** NtrneE: To ~Khieve nearly cirndilr poiarizaion. it i:/); 

fprinH{\n nxurnmended that 314 <"" (C/bmbdal <:""- 4/3,\n\n'j: 

C :0: str2nwnOnput(Circllmterence of loops C (in bn;l.)da) ::: ',.':t)): 

if (isernpty{C)) 

fpdmf('\n :rH ERROR: Ph;;ase enter an nwnh<.:.:r:\n\n'); 

d~~cif {C <='" 0) 

iy)rimf('\n :tH ERROR: The number has to be greakr than O!\n\n'); 

cb.:: 

EFR:o:O; 

end 

end 

ERR"~ 1; 

\>,:hik_(ERR'~"c 0) 

fprhH('\n **:<. "[",OTleE: To achieve neady ;:jn:~Hbr po/arizaion, it is'}; 

fpdnt[(\n recommended that S/blnbd,l is approxinHltely1 !4.\n\n'}; 

S ::: str2num(inruf('Sp~1dng bet\veen turns S (in lambda) ::: ','s'»); 

if (isempty(S}) 

fprlntf{'\n "'",<. ERROR: Plei'!::>~;; enkT dn rlumber!'\n\n'): 

e1sci f (S <=:: ()) 

fprintf('\n *** ERROR: The number has to be greater tkH1 O!\n···.n'): 
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ERR :z; 0; 

end 

end 

n·;rinarnSELECT END+IRE fvlODE:\n'); 

fprintf('(!} ORDrNARY FND-FJRF\n'}; 

11:"'I'lntn\2) HANSEN-WC)ODYARD END-FIRE\n'); 

SELECT .. sad ,,: str2rmm{)nputCSELECT ::0 ','s); 

ERR z; 0; 
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R'''l40*C; 

i>;; ...... HP B W (A.pproximate}-~-~ 

HPB\V ___ ;;!ppzo52J(C*~~q:t(N*S)); 

D.yPfV! 5"'N-l:C'-'2*S: 

D __ app_J,HJ;-:: 1 0* logl O( D ~ app); 

;'~ R :"(2*N-f-! )/(2* N); 

LO:-:-:sqrt{C''-2+S''2); 

if SELECT eHd:~::::: I 

dsdf SELECT ~ end .'''::: 2 

0"'1: 
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Umax"'l; 

U~dB::: j O*logJ on..!); 

fot J.::::1 ;iength(lj) 

HPB W:";:mgle{i}-}-angk(i~ I); 

end 

en.d 

for i:~l :kngth{U) 

ifU(}<:leA % $et "zero" point to be jess thnn leA 

rNB W :::;.mgk:(i)-:-ang!e(i~ 1}; 

hreak~ 

end 
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end 

Prad=2 "'pi" ~;umOntegrand( I :round(kngtIH integrand)!)))}; 

DO""4'" p1* Umn~JPrad: 

IJ ... dI.·V 10* log 1 0(00 }:. 

iHDEvrCE ="" 2) 

I'd = DEViCE: 
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p()br __ ,dB(angk,U",dB,~60.0,4,,'-'); 

if SELECT end :":,, ! 

ckdf SELECT end :::,,: 2 

tide(,Nonmdized Rndbtkn Pattern of HnHSCrl- \Voodyard f:'nd+irc Helki'd Anlenna(in 
dBY); 

,<, 'N l' 11"~"!) i''-' )1:." . "fl'f' , " dD'" uu.e( ; :om:~a l/iX ·,,};l{'d<1tlOn f attern Of J::nc T in:' (po"; J redeal A ntfnna{m I of); 

If SELECT end::zoz: ! 

fprinttFld,'\n HELl X; ORD!NA.R Y END-FrRE l\10DE:\.n'); 

cLcifSELECT end :::::: 2 

fprintf{fid .. '\n HELIX: HANSEl'-P>NOODY ARD END+'jRE \10DE:\n'J: 

fprbtf(fjd,'\n HELlX: END-FIRE tvlODE (p:zol):\n'): 

end 

fprintlFkL'\nNurnbef nfturn:~ N ::: '%3.0f,N); 

fprimf(fL:t'\nCircumi'ercm:.'c of hops C (in lamhda) ::: (\,6AC.C):. 

n'lrintf(t1d,'\nLength (onc~wrn) LO (in lambda) ::: %6.4Lsqrt{(>'2+S"2)): 

J.OO 



if ~SFLECT ,;;;-;J :,," 1 }!(SELECT ... end :::::: 2)i(imax "',,: 1) 

fprintilt!d,'\nhput imptximlce H (ohms)} ,,, %6Af,R;:. 

fprimf(fld,'\n /L A pprox hnatt( I 0<11 ):: (%6.4 f ,HPB \\-' ... 2.pp"J ~ 

.fpdntf{fkL'\n\nFNB \V{in {kgrees);'); 

fixinU{f!d,'\n A. Approximate( I 0-32} ~ %6Af,FNB\V ... app): 

fprintf(fkt>\n\nn~nxtiv it)':'}:. 

i(dnd(fid,,'\n A.l. AppwximaLe( 10-33) (dirncnsionkss) ::: i~U).4 f,D .. app); 

fprintf(t"1d,'\n BL Nwnerical(from pattern} (in dB) ::: '}i,6.4 t\D..dB): 

else 

J1xinttyt1d,'BAD DESIGN! tv1AXJ\·1UM IS NOT AT {) DEGREES!\n'); 

fprintt{fid,'PLEAsr: SEE THE PLOTTED R.ADIi\TIOr-·J PATTERN FOR OBTAI LS,\n'}: 

<,-nd 

i:Hd 

end 
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figurc (2) 

hdd on 

pbt{tht:ta( j: j 8(0), U .. dB( I; j gOO)) 

phil, ~ 1 *tb:ta(j :lSOO),U ... dB( 1: 1800)) 

grid un 

hold off 

xbbd(thcta {md}') 

*** NOTICE: This program usc:, "pobr ... dB,m" to plot the patterns! 

Option (1 ); Scn::en 

Option (2); hit: 

SELECT RADI!-\TION MODE: 

(j) T\lO!<.1vlAL !\'10DE 

{2).A X!ALMODF 

SELECT '" 2 

I opuc 
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," NOTICE: To .thieve nearly circd.' polaril
aio

", it is 

(1) OROH",)AR"i E:>~D-FmE 
en l_IANSE1,PNOODY ARO END-FIRE 

0) END-fUZE {p",1) 

Number of turns N '" 17 

Spacing between turnS S (in \ambda)' 02799 
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