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A popular cliche ig that more than US.9/ of the
antter in our univer o exipto in the ploola state. 7 s
i; not surprising 4f ono 1 oks ot the gount of plagmaa in
the rcozhyocical and astrophyasicel onviroment, The word
plasma as usnd here denotes an ancembly of charped particles
4n which the time averase charge dencity Lo coro. An fondned
and neutral atationary plasna in a wonk clectromametic field
cen be repregsented as an oquivalent diclectric medium,
fowever, in prescnce of a statie anrnetic field, the plasnma
be -ooes anioctropio ec that ito cqui alent dlclece=-uric

'congtant! behaves as a ‘wongur'.

1o atudy of c.m. wave propagsation through an oniso=
tropde plaoaa medium 4o of oonaldcravie intervot due to itg
relevence to gpace cxploratiomy re-entry pliyslca, plooaa
aiagonogtics, roadlo astronony and icnoopleric physico.
Ionomphoric anlsotropy 4s due & the preconce of carth'e
ancnetic field.

The 'black~ ut' suffered by the apace vehicle while
i1t re=cntors the esarth's atnesphere , the trmomiosion and
reeoption of rodlo weves by acrinls ce ried om rockets or

antellites and wave puide like propertica of fonoophere have



focupscd attention on tho probleomo anmoci tecd with the

¢ :Astencc of a locall: gource lmaerscd in an andsoir sie
plusma gcdiune, aticra ddstortion duc % an andootropic
plusma ohoath suarrounding sn wntcuna hes been studiocd by
aany m;xora"'u. ihe presenoec of multiplo na: cow radiation
pouko in the computation of the radlntion pattorn of an antcina
on maodelpg 0L roewentiyy vchicloaq'a, cxeltotion of loaky waveas
on anisotruple plasaa \_,eomet:y‘c’. and enorgonoc ¢f radiation
pooks from cylin irical plesma ;comctries -2 rcited by a
apgmetie ring source have motivated the vegearch woxk repoe-
rted bhere.

The r diution choracteristics of c.m. sourcos
surrounded by anisotropic pluons medium have reoeived
conglderavle attention lu the liwrntuml;"-m. ihe revicwsn
and bidlogrepbles for cources in plesma have been reportod
by Poloon''s Bachyenaxi'® ond .ait and Irackett’?, Varlous
plopna geometriea fur the atudy of radiation f£ield have

been aalycede

Newatin and uuryoa" have dealt with the rzodiation
fleld of an iguiroplo plosan oglab of {indtc thickucss , they
have bowover dlare_aried the presence aond sipnificance of
both surface ond comples wavese Tedr md numrzx have

calmloted the rodintion fleld of an iootrople plagma slod



cxclted by a line gouroc via a atcepsont descent nmothod
an? then hawe shown iliat peonctrical optical conanlderations
involving tho critical anrle agreep with this vnult. Thon
ho hng shown that near field ic given npinly by contri :'tion
rrom complex waveg, mnd calculatod radistion field by means
of a Kirchhoff - luycens intcrrntion along the plama alr
tnterface a suming the precence of thip ncer f£ield only.
e pattern celeulated by both netivds are in agrecment with
cach othwr. In the trangpasont regiom ( w > (e bo th
the ge e tuode predict the presence of rudiation pe ks before
wwe critical angle. lmm-is"z studicd the radiation pattorns
of un inlfinite oagpetic line gource in adr jup botwcon the
cround planc and plesan slab and predleted the pregsence
of well cnhancod and gharp narrow radictlcon peaks beyond the
critical angloe.

iornetdzod plasms slabshave becn unalyced by ‘ait™>
and by eltz and ?horeﬁ. 'aitzs has annlyscd on cxtremely
thin plasaa nled with a 2ajor caphasis on the radiation
field, Heltz and :homs have shown that loaky waves are
supported by untaxiel plasme loyers and obtoined radiation
pecaks.

Kadiation from axi lly uagnetized p1amaﬁ4~lb
coiamn having an clectric dipole alon, and perpendicular



to thc axis for aoyumetrie and dipolar mous have becen studled.
Jupta and ,.-xu;lxz:g-;"’ have cwdicd the Jadded wave flold and
roddotion f£ield of a s unotic ring oouree placed oul .ide

the plopaa column ( iw tzroplo plasa. colurm, cxially aa -
notiged plazia coluan Je raddar and Yudizﬂ‘l haove ptudied
the coupled electroaccustic waves on gn igotropic plasaa
column cxcited by o ~ing source of cloctrom- motic waveg.

it those studies are ooncerncd motly with surfnce waveoe

smgddarm has clao studded the wave nroparation
along an anigotropic colunn surrounded by a metallic wave
44de with e ring nource plaocd outside the emisotrople
o lam, In this analysis, the dyadic (rcoen's function for
a point cource 1a conastructed in a formal vay {roa tho
e urce- frce solution of the eporopriate laxwell's equationg,
In this o/nfiguration the plugma column is surrounded by a
metallic wavegalus and therc 1o nv space wave radiating ocute.
Thig metwxcd canmot Lo convenicntly apolicd £or the cmse of
open plasan colwang, in which cace a part of the clegtro=
nuznotic power goes into the ondiation ficldage

Cruptef’ hap ptudled the r diation potitermn of a
nymetic ring source in plagan column mnd predioted the
presonce of radiation praas Dhend "ol and Veman studled

the roliation pattern of a maosnotie ving oource in a plugma

[y



coluan havins central conductor glong ite oxisg and pre=-

fcted the preponco of rndiation peaks ncar or before tho
eriticel angle. 'i'lmyI algo atullod the redintion patterno
of a nocnctic ring source in en air core having central
~ondactor and surrounded by an amuler plasaa columm and
ghown that sharp radlfation pcaoke are obtalned boyond the
critical angle.

Tho work rcported by Wwae euithors sivw tiat rao=-
4iatdon proks are obtaime. froa various cylindrical placma
_comotrics oxolted by a megiic ring ocourcce Ilhe dlrcoilon
of tnege poaks can be changed by cuanging the plagna leasity.
sumber of r diation p.ake Can be controlied by cuitably
edjuoting tue paramctrio values of the configirationg, iPused
upon thege regulls they have sugy sted 90 devolop an eleotironi-
celly searnable narrow bean placma gntonna ayoteme In all
thease reometricn, plasap hug beon conolderc@ %o be an
ipotropie, lonsleas, incompressible and bomorencous medium
oraractorize? by a rolative pemittivity siven by 65-1-(w§/w2),
where ¥, 1o the ploama frequency and w Lo tho opcrating
freq:cnoys

In this thesis, thres plasua (eometirits [(1) axially
masnetised plasaa column (31) axislly nasnctised plaoia oclum
with contral conductor (141) an clr cove having a contral



oonduotor and mu rounded by en annuldar oxially nametiged
plasna column } ezolted by circular aynuetric cen. souroe

or sources havo bcen analysod. “nheanced r-Ailation perks

n ¢ obtaincd in gll the cascse The ~adiction Hattormo for
the oase of uniaxiel placza ( i.¢, iInfinite mamotic Lield )
pave aloo becn studied. “he plasaa he ¢ 1o anisotropic
aloleciric modiuwm by virtue of an iupres 24 ms neto~atatio
field in e nxial diroction onl 1t: seralttivity 1o given
py tone psraittivity teancor. iheroal eflveto aud loooca e
no lectcd and we plogde deusity 1 assumcd to be unifora

over the crousg~sccti it of tho ocolumm,

In chapter By the rpdiation pattcrns of a na netic
ring source gurrounded by en exiaelly ougnc tieed plusma column
have boen stidicde The radiotlon patterms with a “adiation
peait Or radintion peaks are obtoineds The Alrection and
mumber of rrdiation pceks depend upon the volue of wpplicd
mecnetic field, plasaa colurm diameior ond plasaa denoity.
“he 1iroction of r-diction peak can be goanncd by varying
tho plusia density as well co the nagnotie £iold an’ thue
increancs the range of anslep through w ieh boem can be

goanned ag cozpar d to the isoirepic plasaa column,

In chapter 3, the z.dintion pat cims of a wa notic
ring eocurcs in an oxially mognctised placas column having



ccntral conduotor along its axio bave boen dipousded. Due
to the presence of control conductor, it has been found
tiat morc onhanced r-diation posks are obialuncd than in the
previcuoly analyscl Je0meiznye ihe applicd mgonetic fleld
hore -lso docs s adaltionsl scanning function. Ihe cose
of morxe pr octically feasiblo source of cloctroaasmetic wave
mich 2z en open ended co—axlpl line ¢ reltod &n 1 1 mode have

algo b on dipouons d.

chaptor 4 $s concerned with the ralistion paticrmg
of a masnetic ring source in an air core having contral con-
asotor ond surrounded by en axially marmotized (omular plosma
colum. “his ccomctry civee the most cnhvnood radiction
pe-xs with a Very gnall valuc of half powor beam widthe The
applied negnetic field increasts the rangs ¢f scoming anglo.
qpe --dlation pattcrns for an open ended coaxial line exolted
in T-M mode bave alec been gtudieds In tilo ongey the aaln
rodi ation peak i obtalned in ilw end fire direction.

In chapter U, the rudiation filolds of a magneiic
ring oource in the three jwonciries doocribed above oconol-
dering the plosaam column to be inhomogeneoun have boen
obtailned. The method of analynio involvesg the too niquo
of the Tourier= Transform and contour intogretion for sclution



of the fInhomo roncous wave emiation., It haa been assumed
that tho free clectron donolty vithin the plroun oylindery
15 inhowoencous in the r dial direotion nnd the denaity
profile 1o rarabolia.

Finally, chgpter 6 gumnorigeg and discuoocs results
preventcd kere and proposeg arcas for the further uvoxk,

“ee
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Tha r diction field of a ring of slectroarnotic
avoa placed inaide & eylindrical isotropic plaoma culurm
has been ‘mwa"‘l‘ e It hag been found that ©-&i - tion
potl Ins possesc Ono Or Horv aborply peoked bDoauge.e he
ddrcetdon of tlege beoms could be varded by varying the ploson
gensity sud colum: dlamoters. IXn thiu chppicry 1t is shoun that
¢ syciem oonodsting ol g ancnetic riug source gurrounded by am
oxially o meti nloglg coluwma may _ive rist W a rediation
pattcrn with single or miltiple begnage !More the Adree~iion
of beces cen be scanncd by wevying the plammg jengity, colurm
aiometer and mametio field. Iince this scom:txy hans one
e scsnning funstion ( L.0. noonetic £icld ) the bean can
be goanned over a comaldoradly wider range of ongles. by
very hich magnetie fleldn the podk ehifts towards the end

fire direction.

In the analyocis cancried oute the ploama 15 oonnie
deyed to be 8 loaaless and anlastvopic dfeleciric modiua vdth
the permtttivity cdven by the pernittivity tensor. iheruel
eficcto o ¢ B lecied md the plaoig dsnulty &s conalde ed
tw be unifors ever e cmvis=socticn ol the column, 1he

existence ¢f a elrokl o aymetric o=2000 17 csouncd. It hos
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boen shown™® that the '-mode onn be comai eved to exigt
inJepcndontly wien the op ratins fronicnoy ic away fron

the ocyclotron fwoquenoy. The inhomo/ocneous wave € ations

nr solved by the method of Tourier Trongform. This yiclds
the molution fo  thc fieldd in the fora of » dofinitc integral.
The 2tion £ield 1:c obtained from the anymptotic evaluaw
ticn oi the intsgral by saddle polnt integ ation, 1b® mothod
ol aadidde point integration is _ivon in A pendix .

=' 2. .i’,““i'iii'

ihe cometry of the comfijurction analys.d ia illue-
gtrated in £fige Zel. AD infinitcly long column of plogna,
» aiusg 'd* ie oricnted with fts oxia along the geaxdis of the
cyllndrlcal coordinato aoystem ( po £ 4 £ )o The ncdiun
aurro :nding the plasac column and oxtending to infinity 1o
froe ppace, with permittivity and porne-bility €, and g .
The sourco of elcetromagnotio radlation 10 a ring of nametio
gurrent of r dlug *a’ ( & < b ), oconcontric with the plaoma
column ond oituated in the g = O plane. The source field
distiribation s mathoantically repreaented by

Kafs(p=aldbd{s) (2.1)

where & represents Kroncker's dolta function nd f 4e a
andt vootor in the P - direction.
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e to the choioco of the source of excitntion, the
clectromasnetico fields will be indepande: of Li® ang-lar
coordinate ( 1.c¢. —_—— - ¢ ) Tor the circular synactiric
wode, the iniomo encous wove e¢q.ation for lig ( the £ =

- ‘ul &”
component of the mu netic fivdd ) aay be written ag

o b 1 ) 1L I i .,‘L:l-' :
-—lo e— e o ——.-,I’.,GO - ‘;Lx‘t:;:'
v

v up Ph CI ' :-... © - y

= = 3w €a6 (p = a) & (2) (2a2)

here X, = a4y, aNd €y and Gy are the componenta of tho
igeleotrio tonoor as given in f-oendim Ae

1n order to¢ solve emiatiom {(2.2) for n’, it ip
m-Guced to an homogeneous ordinary difforontial en:atlon by
mothod of Fourierw Traongfora, It 1o colwd in teras of
e -sel functions with partiocular roference to the radiation
£4old, by espentinlly ihe s:me procedurc na outlined by
mnoanu and Gupta and mh&.’l s with gpp-opriate boundary
conditions ot vhe Junctions of difforont rudlal zomegs .o
detoll of anulysis $o .iven In Appendix Ae libe soluticn of
tho rodiation field in ephoricel ovordinate ayatom ( xy Oy # )
can be put in the form,

€ k_o oo T

[*) o)



[T
bt

whe re .
{ k.av )
No) = : 2 ' ( Cod,
{\(;xobVJ Jo(k,bv) Hi{k b can 0)= E5(k b con 0)
Jy(k bv) T {kyb con 0 )]
€, 2
v el (eave-;- sin™ € ) (.5)

X, {1+ the free gpace propngation conatante "nClo 0 1e

oc ngured from the normal to the zeaxin. €5 and €4 are

the couponents of the peraittivity tencor. J, and 1| are

¢:.c Pegoel function of the firot kind end lonkel function

of firat kind end of nth order regpectivoly, and P ( © )

{5 the faeter woich detoraincs the vaeriation of field with o,

e r-diativn patterns ( vardation of T (0) with o)
nave bcen ocompuicd with tue holp of an IHI-II30 computer for
porametric voluon kb = 15.0, kya @ 7.5, €5 = .II00 and
£, ® J08l » 'ben plogna frecuency ic much lower than the
cource fromencys €y ic only slichtly leas than unity and we
shall call 1% low plaona deneity case. On the othor hond
when wy 19 only clightly lower th-n the svurece fromoncy, €,
1a nogr zero and oc shall call §t a hh plamma dJonsity cagso.
For given velucs of w/wp s the velue of €, changoo with c/”"p



ond may be divided into tiree :5to as (1) €y < €5 (44) €g
is nccative (418) €; 2 1. The effecto of vardcus
)aradeters on the chape of W radiation paticrn are discu=

s3ed belows

whol €7 €49 tho rudlaution pattern hos a pegk as

sh w1 in £ige Lo 4O rndlation pattern for the isotropie
case ( €f » €3 ) 1o also plotted in the £g. <.2 . lhe
peak of the rodiation pattern oorrd gponds t0 nminirmm of the
denominntor civen by eqis (2.4). For €, = €.I11(0, 0.1990,
0.07I and 0.0325, the pealsecour ot 16,3°, 15.7° , 13.6°
and £,7° reapoctively. The half power boam width for theae
ponka 48 3.0% 3.64° , 3.2° ond 1,86° respectively. e
ainine of domominator occur at k, bv = 2,648 , 2.6600, 2,664
and 2,8(.94 for which Jo( k bv ) Ig n:arly equal to zeve,
Paramc ter kybv 1s real for €4 2 -z-f'— sin” @ and for other
voluco 4t s imaginary. MOr ioacinary orgunent the ordinary
Bessel function in e@i. (2.4) changes w modified Beooel

funoctionge

«bem €y 45 LC;ative, the velue of v bocomes large,
g0 k bV 1s lurge and tlus the (omominator of K@) vill pass
throush & greater mmber 6f zeroa us O varles from © to go°.
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for €y = - Jeld46y thrce pu o are obialne | at 0 cqual to
£0.8%, 32.9° ona 54.6° with half power width of the peak
equal to 16,8° 4 1.69° ana 1.60° regpectively =3 shown in
£1ge 2¢3e Tlucpe pe ks Oocur for the corregponding valucn
of k bV cequal 0 D.4920, 8,6808 ond 11,819 which in tum
sor-egponds to zoroo of J, (1 k,bv ), . hon €y 2 I, the
radintion pcak 45 obtained in end fire dircction as shown
in £1ge Re4. TOF €p = 10000, I1.04184 1.3476 the poaks
socur at 6I°%, 63° and 63,3° with half powcr widths of the
pcaks equal 9.9° , 10,0° and 15.0° regpoctively., The
co - = opondin; values of k bv are equal to 2,4IC1, 2,4265
and 2.5739 for which Jo ( k, bv) i35 ncarly equel to pero,
i@ note toat in tbe case of 1ighly denosc plasda, he ~adl-
.tion patiern is gove med by the denoainator of ¥ (6) and

pcaka corregpond 0 20rod of Jy( ik bv ).

in thls ceoe, the radigtion paticrn has mulls ond
peaks as siown in £1g. 2.6. or €y = 0.7844 ( 2.00 whan €;<C, ),
the mills are obtalnecd at 10° and 48° and podte at 7° and
55,6 with holf poser widtho eqial to 16,57 ana 2.18° regpect-
ively, Tho mulls co’ reopond tc the minimg of the mum-erator.
The minima of muncrator ocour at k av = 7,0008, 3,8889 for
abioh Jy( kyo¥ ) 1n prorly equal to zero.s The peoks are
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obtaincd vwhen cenominntor ic ainimun, “he ainims of donoe
ainator ovcur at kK, UV = 10,4.30 and 3,77C3 for whioch

Jy ( kobv ) §5 ncarly cquel to =zero,

‘en € io acotive, tho valuo ¢f v beccomes large co
kobV 1o lores ond thus the demominutor of i © ) will pass
throuch a  reatlr nusber of ~ex0g ns 0 varies from O to 9c°.
fur 6y ® =.0308, the rullatdon pattern Les a madl at 4e°
and three posko at 34° , 88° aua 64° with halg powor bega
widths o ual to 15.5° ¢ ?.50 und 12.50 rogpectively. ie
nall ocoura at the cor.egponding valuc of kjav = 10,1739
gor which J; ( ky ov) 1p penrly equal to coro. These peaks
occar for the corresponding voluos of k, av = 17,9745, 01,4208
and 24,0774 for which Jo( k bV ) 1o nearly eqial to cero.
ihen €5 * I, the radiation pattcrn has mulle at 6 = 12° anag
67° an: pooks at 43° and 05,8° ~ith half powor boam widths
oqual os® ana 9,5°. The nulls ocour at the co regponiing
valuep of Kgav = 7,0188 and 846881 for which J¢( kyav )

19 nearly cqual 10 28X0, The peeks ocour at the cuvrvgponding
values of kg bv equal 1o 11,1715, L8087 fox witch Jot k bV )
{5 pe.vly cqunl to z0YC. v note in this case thgt the nulls
are Gbtained wion J;( Eoav ) 4o minloun ond pesko are

obtaincd when gewoainator 1o ainimua |, 1,e. ,0ither JI( ik, bV )
ord, ( kybv ) 15 nenrly caial 0 zorve



.'.“'. l"E us [2;5“’32 H,Gnglggs

.o €5 4s siven by Cg al -51- vhich in tum
jepends upon thc plugda donsity ( -..-px\'(" n, Jo iue dircotion
of the r.llation pcgk depsndp Jpon the plroaag Jengity. dnce
the value of k,bv gt the poak 13 fixed [ nopr ~6ro of J‘o(ko‘wJ
or 3,( k,bv ) :[ and k by Lo diven by tho rolationohdp

A
S
KbV -k, V( €5 - TI—' u:ln29 )

hom plasmc denolty &n increancd ¢ Jeorepecd the
value of €5 vorles and hance the value of k bv. The valuc
of k, bV oun Vary from kb ¥ €3 to =ero. The o di.tionm
pattorns for €5 = JIICC and €4 =-9081 aro sh.om in £ig. (2e2)f
(2ebiy (204) and (2:8). It 2ay alac be noted that the value

of nzlf power buud widtl o alao afivotod by plagas donsity.

kb affeotn the directdon as woll 5 the amplitude
of tae radiaticn pcuk formeds lhe r dlatlon peak for €4m.1I(0,
€y =0326 18 obteined noor the zero of J,( k,0v ). sor
Ca =, 0GI and €4 o,7844 tho malls arc odtgincd noar the
soron oF
1t has also boon founsi that mumber of popks incregeen with

34{ kyav ) and peaks nedr tho corog of Il K v)e

ihe incrcass in value of k,b for some param:tern. The dirow
ction and emplitude of the r-diation poaks for two Alffiront
voluen of kob i Siwn in Tuble L.1.



TABL. = 2,1

ffoct of varying kob ( 1.,0.,f0r g £ivca kc’ chansing the
ddcactor of the plnong o lumm ).

cs k- -3 .I'o‘;‘o cI = .0325 koa =5 7-5
T wb k, bv k_ov Mdroction Amplitude of
[¢] ° ° vf poaks Hy ative
S e e (in.we, xxcg) %2 )
0. 70 Do LS CoxlLL 00 Ue4200x10"
200475  1.1300 se® 0.2t 91xr0f
22,50 5.6499  1.0499 6.9°  o,arsrxio’
851( « 5081 CI = L7844 koa w 7.6
kb k bV k,av Mrection Amlitude

of porkn of Ty{ o=
and millg latiVe units)
e et et et e aeee s e so o~ e spdl] _dOZEn0 9 )

18,75 17.5213  7.0005 10°  ¢.3b2oxro”™t
13,2357  5.2042 36.6° 1 .5799x10°

0,7149  3,0069 48° 0.3747x10™T
8,6089  1.5235 69.9°  0.1399x107

2850 LI.0258  7.0008 10°  0.3608x20™"
16,1263  5,3754 36,7° L E76UxIQ®

11,6679  3.0009 @®  0.3304x10™F
BBT0  1.2790 60.6°  C.I139Lx10T

- — -— e
.y -



ffect of ik o8

The oource rodius 'a’ occcurn only in the numerator
0f eqie (204)., :iinoe , as digoussed obove, the pooltion of
the pcax 1s gove med by itbe demominutor only, any variation
in source rudius will mot change the direction of peak and
only the amplitude of the prak «All be afitctods That moans
for o fixed value of K., the direction of tho peuk is indepone

ont of the @agnetic ring source raodluse .hs vuriation of
peak aapld tude fur €7 11 and 61 = JUILD i op sclow in

fl{,’o ( 206)-

0,4 CCHCLUGIUNSS

Prom the results prooented in the previoua section,
se mote that a megnetic ring source surrounded by oxially
magne tized plaama column gives rioce t0 a radintion peak ox

peak3e tho dirootion of the peak deponds upon the plagua

tenatty { thruugh €3 )o @agnetic ficld ( through €y ) and
the co umn dieneter ( through kob). “ha direotion of the
peak 10 independent of the dlamo.er of the magne ic ring

souzces Lbo pudks are obtained wien the demvainator of
§(0) Lo minlmm wsick An tirn is (overncd Ly the value of
d l Kk, bV yord; ( k,bv ). ibe diroctlon of i pegk cen

be soanned by varying the plogna densily ca well as the
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dacne 4o ficld -nd Wmg dncrepoes the ronge of anglep
tirou, l wi.cl the besaa oan be gonancd ns comparcd to the
izotropic plusaa colume. It may alss bo noted that nharp
pent. are obtaincd for tho case of high plagmo dongity.

For very high nognetie fields the bmad » diatlon peak 1g
obtainocd in the end fire dtrcetion.
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01 TON OF AXTALLY MAGKEGE "D 7L 1714
CCLUMR HAVIRG CENTRAL CONDUCICR ALONG J7°

AL

P ¢ sxoltation by ma netic ring oource

3,1.1 Introduction

3.1.2 /oolysis
3.,1.3 Characterigtics of the rodiation ficld

Seled uisougsion
3.2 xoitgtion by open ended coaxial line

3,8.] Introduction

3.2,2 ‘naly~is
% 0,3 Characteriatios of the radintion field

3.,0.,4 Dizcussion
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33
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inadr ond Lllnorm predicted the prooence of rndie

,tion peako neer gnd boforo the critical ongle & cone of on
{nfinito ;rounded plasda nlab excited dy an infinite meractio
1ine ourcc. The cor eepondins oylindrical icotropie plasuwa
~comctry ( plocma coluwi having central condustor clong 4be
axlg) excited by the meonetio ring cource has bteen otudied
by Dhuond eom and ¥ et . Iley have aloo prodioled the pro=
genoe 0f NRrIOU roadistion peak Jormed ne,r and before tho
cricicol ansles -me directior o£ this bean could bLe variod
by varying the plasiin denuliy, dlamsterg of the plasme columm

aaa the contral COnL 21O

In this chgpter, the rndlation patiems of a masne=

tic ring oource mrrounded by an axlelly mosnctized plomag

column having contral conAuctozr bave bteom diamuiosods “mhoncod
rodintio
pcaks oF PO

nj??lled mﬁfﬂe
central conductoXs ninee this Joometyy h.o one nore scaming

tia field ) the Leam com be varied over

n nesk or pookn Are ebtainred. The direction of these
sk ecen be varded vty chongine the plaula density,
tie £ield, colum diancter and dfamoter of the

function ( L.€¢ BLEC
o conoiderably wider ronuic of the miles thenu the provioucly



analyoed footropic ceom try. Mr uniaxial plaocia, the
po.k 1o obtoined at 90°.

in the anslyois ca.ricd outy the plesug 4o conol-
dercd tw Le a losulcog apd anigotropic dicleoiric mrdium
wdth the peraittivity _iven by the pernd .tivity tonsor.
shermal eifects are neglected and the ploona density ds
asgumcd to be uniform over the croass-pcction of the column.
mo exdotenco of a circular aymneirlc L-mode ia ao umeds It
haa beon :;l'ncmﬂ:”L that the "~mode can cxist inderendently

when the opemting frequency la away from the cycloiron

freciency. THe {inhomorenacus wave equationsare solved by

the method of Pourier Trongform. Thig yiclds the soluti n

fo- tho ficld $n fornm of definite intesral. The radiastion

fiecla 49 obt
{nto.-ral by soddle point integrations The meth:d of saddle

ained from the asymptotic evaluation of the

point intogration is given in Appondiz D.

3ele2 ALALYIRR

ihe cometry of tho oconfisusatdon analysed i shown

in £ig. dele A0 inrinitely long axially mognoticed ploasaa

column of radius
‘a; ' alons the wdip Lo oriented with 1ts axis along the g-axle

of the
garrounding the plosma o:lumm and oxtending to infinity is

'p? and bavini a central oondictor of rndiug

oylindrical coordinate ( py £ 4 =z ) syotens The nediun
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{rce gpace, with permdttivity and permenbility Co ond w.
The souroe of cleciromagnotic rndiation 15 q ring of
maosnetio current of rodius *a® ( a < b ) concentrie with
the plasma column and pitucted at g = C planes This souroe
of elcoctronametic raiiation is mathematically reprenented

by

¥ =g 6(p-al)bsle) (3.1.1)

shore & reprcuonts Xromccker®n jelta function end f 4p a

unit vector in the g -~ dirocotion,

Due t. tho choiov of the pource of excitatd n, the
eloctronagnetic fields will be independont of the ancular
cvorainate ( 1.ee 0/0f =0 ) For the elreuler oyuctrio
o1, @odes the iplhowoyenecun wave equation for uﬂ ( the f =
coponent of the nagzietic £icld ) may be writton as

£

ozn_ I 0" I c l", [
2 ; , 2
0P P P P € 0=
2
+ky €y ly ==§uC €58 (p - a) 1(z) (3eXa2)

whore kL = W iy, 24 €7 704 €5 are the compoments of the

diclectyric tenmor ag civen An fopendix A,

In order to oolve equation (3,1,2) for ﬂ’, o it 10
rirgt roduoed 0 & homoguneous ordinary differential eqiation



L
&I

by the mcthod ol Fourier-ironaforms Thon 1t con be solved
in terms of Bessol functlon, with partiocular refcrence to the
« ii.tdon field, by esnsentially e procc. dre cutlined by
;n.uum.n;’I god Gupta and ;,-J.n‘;hm, with eppropriate boundoary
condiitions at o junctions of diffcrent .udlal comege. Ihe
detnil of tae analyois is siven in "opendix Be The solution
of the radiation fi0ld in sphorical oo rdinote agysten

(r.eoﬁ)cmtmputinthe form,

JwC~ ejko
nﬂ(r.o) o e ——— (0) == (341.3)

e
a

-
r

who re
F(g)upz(e ,?9(0)

FI(Q) = g {JO(RO%V} YI(koaV)-YO(koaIv)JI(koaf)}

1
P (0) = oo
o) (kowml“‘ob con 0)*{Eo£kon1v)'lo(k°b\r)
..rougoalw Jo(kobv)} -‘Gaikob o B)Ro(kcb con G )

g 1y, 1 g9 05 o)

v )
vey ( 93 "’U% NL e ) (3aXady

sroe gpace propogation conntant, gle © is mog~
s the normal o the m-axig. €y and Cg are tho
of the pormittivity temsor. J, , Y, and Iy are
punotion of first kind, ooocond kind ond Hankel

Ko i the
mared £x0
wmpcnentﬂ

the Bessel



function of first kind and of nth oricy rogpocively. ™o)
4. the fnctor - ich ‘dotermines the variation of {ield with 0.

3.1.3, CHAUACTENIATICT OF JIE RADIATICH PIVTDs

spe rndtation pattcrns ( variation of 6) with €)

pave bcen computed with the help of an 118~ IX.0 computor for

parometric valucs kgb @ 2040y Koy = 0.2, ko8 & Lely €5= oIXO
and €z = eJUBL. hod plaon: frequeney io much louer thou the
souroce freqicncyy €3 is only ald htly less than unity and wo
oughl call 1% low pluosdo denglty casee (n tho otlior hand

wuen wy 45 orly siightly lower than the cource Lrequendy,

¢y do mear 2eXo and ¢ suall onll it a high plagma donpity

cage. clnoe ?(0) 1o an oxprecsion involving both the

el =+ lankel function in a complicated way, it 1o
salt o cxpreass analytically tho behaviour of ¥o)

Beao

ag£ri

with yvarious parMcstors.
i £4rat and then thoao renults are mﬂlymﬂ o

Thorefore, computational results

AT0 pmsonm

Five o quau.tativo velationghdp betwsen the location of the

poonk and other parameters of tho configur~tion. For given

, the valuo of €y changes with v /w, and
into threo w6ts as (1) € S €5 (11) €y i

e cotive (114) €1 2 1. The effects of vurious parameiers
&

on the shapc of the

values of Wf"p
nay be agvided

r-ddation pattemn arc dliaguosod velows



hen €7 £ €3 the rodistion poaolts are obtoined, one

of tuca ig o uajor radiction poak. Iho value of v in dg

cape firot dec.eases as 0 increages and wien €g <(_. ndn™ 0)

it becomea Do ative and starts incroosing. Rr mgé;tivo value
of v the ordinary Bepsel £ nction &n eq . ation (3.1.3) will
~.aiation pattemsare plotted in fig. 34 2s The pattemn ia
plottcd only for the valucs of 8 for uhich v i3 ponitive,

ror ncgative v, tie pattern is governcd by the values of

modified Bagoel function whoo? arpguments are increasing as

¢ ingruascd, 00 ths patte:m becowe osoillatory. For €4°.1020,

the radintion pcako at 7.8° and 18.6° are obtained with Lalf

(4]
power boaa widthse unl to 3.8° and ,031° regpectively. For

€ = L0306, the radlation puaks at 4.24° and 10.37° are
obtained
105p00 tivelye
e 03206 4s ohown in Lige Sede The mojor rodi-

obtalned when tho valuo of v {5 minimum or

witb half pover bean vidthscqual to 1.9° ona ou0®
ihe detailcd structure of the major rndiation

pggk for 61
ation pedk ia

the value of Kp®V »
1t may be noted that the major penk ocorregponds

k, 87V and k,av ig minium ag shovn in

Talble 3.1.
t the maxima of mumeretor and other peak 1, obtained for the

adnimn of aencninators

Mo
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hon €1 1a mozative, the value 0f v incivnneg e
valuc of 0 inc:eason, o the value of k, bv, £,V ang k, av
also increasca. Tor MM -hor valuca of ors s toy the Tognel
funotiona arv wproxiantely equal to adno aon cogino i\x‘.ouon';,
% as 0 va:ies from O to 90°, an oselllatory pattom, 13 obtaineq,
orCy =~ U.1446y the rudiation pattern o zuam tn f1g8e 3.5,

aen €7 > 1, the valuc of v docroases ag ¢ incroasoa, no
oharp radiation peaks are obtalned in thig cage. wor
€1 = 1.0410, the : dlation patiom in sloen 4n £14, Sebis
isn €4 = 1 ( infinite mognetic ficld), the mus rator hga
maximum value at 900. 50 a oharp r-Afotion pcak 4g obtaineq
at 90° as shown in fig. 5.6,

‘hen €y < €3 4 the r.diation poakn nre obtatned, one
of them 10 a majorcrediotion Poak. Tho valuc of v boooney
nogative for €5 < grg' atn® 9,) and ordinary Neggel funotion
chance to wodified form. RMor nogative valuog the Pattems
becomce @oclllntory o0 it has boen plotteg only for thoge
valucg of @ f£or vhich v 15 poottive, The r-aiation pattemms
for €1 - oHL07 and €1 = 7044 are plotied in fige 3434 1op
g = «BUOT, the rediation peeks at 68,4° gua 71.48° are Obtainng
sith half power bean widt.sequal to 3,64° ang N3 o regpoeotively,
Jor €; = G.7044, the reciation pegks at 56,06° ang 62, 24°
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are obtaincd with Lalf povier beanm widtiseqal to 3.08° end
u.\,46° reppectivoly. Ihe detailed structuro of thc mojor
rodiotion pook for €¢ = 7644 1o chovm in fi5. 3.4, In thig
canc also, ke major rliation poak 1o obtainod when the volue
of v is ninirmum or the value of k, bV k,8;V and konv ia
ninirmum ao ahwwn in oble 3,1, It may be notcd that in thnis
caoc aleo, the nmajor poak co-résponds to the maxina of rure-
rator and othor peak 10 obtained for the minina of denoninator.

’hen €y 1o ncgative, the value of v increascs as
valuc of 0 increases, oo the pattorn 1p governsd by oine and
cosine f.notion thorefore as 0 varios from 0 to 50°, an
ogciliatory pattem 13 obtalned, I E:I & w,0364, the
raalation pattern is shown An fig. 3.7 For €; = 1.1956,
the r.distion pattern 1o plotted in f£ig. 3.7 and 1t cen be
scon thnt unly challow pecks aze obtained. uhom €y = I
( &.e., unioxial case )y the mumeyntor hap meximim value
ot 90°, 00 o shaIp Tpdiation peak is obtainod at 90° ag

shoun in £ige 3.0.

nffoct 0 XK, b

k, b affeots the dlrection as well ng the amplitude
of r.Ad1-tion peaks formed. or a fixcd vglue of koo tho
nicher volueo of k b mean  increasing the dlamctor of the
planma column. fIhree difforent vnlues of kb = 21,5, 23.0
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and 24.0 have been token., The direotionsund amplitudesof
the rediation prako for €3 = 1100, €7 = #0320 and Eyme 1.0,
€, = Jo4éd axe 1 on in Table 3e2 for thooe three diiferent
valuco of k;,b.

zligect ol Kooy

B affects tho amplitude of the rodiation pesk

gnd olao the alrection upto o omall sgtent, For fixed volue
£kyo the higher voluc of the dismeter of oentral oconductor
~gves ripe to a stromeer alation pegk. The direction of
major pu ek 419 affccted slightly tut dirmoifon of the firnt
pe % 4o chonred ao given in Table 3¢3¢ Tho dircciionsand
omplitudesof the r dlation pe':ks for €4 = JIIC0, €;=,0326
and €3 © .D0BC, €1 = 7644, O"iven in Icble 3.3 for thrce

diffezont valuesn oX K 8pe

Lgfect of phasaa donolEys
The dkrecciion of the peak i coverncd Wy the valuo
upon the plasna denaity. ihe value

of v ( egus

galeh, in IR, dopends

of v can vory £ro8 0 toy 33 « Rr lorge valuco of e

The radiation patterns for 63 = +JI00 nnd

o stown An £ige (GeR)y (343)y (Bed)y (3:5)4(3.6),

ghift from droad clde At oction to cnd fire

d_j,rectton.
63 = 08I &



TABLE = 3.2,
grect of varying kb ( 1.0. for o fixed ko changing the
di. seter of the placma oolumn )

€, = 0.1IU0, C; = 0380, kjap=ldy k,a = 20
k. Db Direction of tho Amplitude of i«
o p uko (in degrees) { clative univh)
gl.5 4.38° C.126I x 10t
10,30° U.1653 x 10°
S0t 6. 0° G.308L x 10T
x . o8 02665 x X0°
24,6 6,40° 0.174¢ x 10t
9,40° 0.3624 x 10°
g.® 0.008L,  €g = (7844, Loy = 0.2, k,a =20
“
D Mrocetion of the rmplitude of !
o pcoke (in degrecs) ( elative nith)
2140 60 8° C.1208 x 10%
62430° U.5040 x IOt
2340 60 40° C.163¢ x 10t
62, 28° QelZli x I0°
2845 60 400° 0.1731 x 107
B84.u0° 0,479 x 10T
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Lloct of vaxying k o, ( 1.0. £.: a fixca kye clionging the
dicneter of th: plasan columm),

Cy = ¢ +I1I00,

Ey= C.0325,

kobn,(,', c.a® 2,0

0

k 1 oetion of the peaka foplitude of I,
e ( in degrees ) ("ol-tive -m.‘.-’fi&)

0,08 ¢.66° 0.1659 x T¢T

1C. 56° 02737 x 102

Goll 4.49° 0.2025 x 107

10,36° 2746 x 108

Cel8 o 56° 02331 x Io%

10436° Ce??1 x I0°

C.® Lonily 61*078‘4' kob = EUely koﬂ = 2«0

koﬂl M ection of the posokp Ampls tude of Ha
{ in dogrees ) 2lativo unl&a)
0.08 59,15° 0.6444x 10°
62,26° GJ7855% 16T
0.12 59,00° 0. 752x 10°
62.26° U.I062x 102
ST 59.0° 0.7023x 10°
82.,:8° Collopy 165




(007) and (éoU). It agy algd Le noted g‘_#,t the wliwje
and valuc of balf powcr .0&3 wldth are nlso afliceted by

the placaa density.

L£fe £ K.

k,a doen not affoct the direction of randiction peak
but affecto ito amplitude. [once for a fixcd value of k ,
the airection of the poak 1s independent of the magmetio ring
gource but the amplitude of the pesk 1o dependent .pon the
ne ring source, The variaption of major peak

= JUOUI and CI = L8007 45 okoun An £fig. (.0,

diametor of ¢
a.apumdo for €4

Seled

(o stedy of radlation patterng of a nacnotio ring
gource in an axially cainetized plagna column having ccntral
conas tor alony tthaxis shiwg the presonec of well enhanced

‘:1&1&&01} p'.',' ﬂkﬂo ﬂle mm Oboc’ﬂnuon m tho pmamt Gway

45 that for the 0220 of €7 < €3 ( f.0e wy < w <y )y two

radintion P¢
minina of denominntor and major peck eo responds to

~lrg aro obacrvede The firat pogk cor-espondis
to the
the naxine of the mmoralor,. hen GI s negative or ex > I,

only shallow poeke are obtginede It may alnc be noted that

S LTORICT rodistion pogks are obtained for the caoe of high
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plasaa dcnaity. For uniaxinl plasma column, a oharp »-diation
pcak at 90° corr sponding to tho moxima of numeratop 1s
cbt:incd. The dirccidon of the peak Jopends upon the plagng
lensity ( throuch €5 Je applicd nagnctic f1eld ( throuch By e
coluan ddamoter ( throuch k b ) and dlaooter of contral

conductor { through K, By )

ihe cxprocalon for the radiction field of g magnetie

ring source in cxdally magnetiged plagaa column in the abgence

of ccntral conauctor cun mot be deduced from that of mognetio
ring source in axially asimetd zed plaocua column having central
conductor along ite axis by morely putiing the valuc of the
dlamcter of oentral conductor equal % zoro in it. It is
beoause that very precence of the central conductor imposes
gorced boundary oconditi ns on the fields of cleciromaznotic
wave. The expreossion for the r.distion field of the magnetie
ring cource in axially mametizod plasma ocolumn hes been ;iven
in scotion 2.2. Comparing these two oaotgy we find that the
very preoence of the central conductor wodifies the wh lo
This configuration ivepg rigse tc atro-

radtation patwern. .
n er r-diation proks with smaller valuc of half power beaonm

widtiie
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a 0,1 INIDICTION:

In scction 3.1 of this chmter, the r,diatlon pattorng
of s marmetic ring source in an axiolly normotized pluoma
column having central conductor along 1ts axis hawe boen
atscunsed. In that cese it $5 found that the dianeter of
magnotic ring source does not nffoot the direction of rodie
ation peaks but alfocto only their amplitudes. The field
diptribution of a maLm tic ring source i givon by Kronecker's
delta function. Ve physical malimation of such on ideal
muinetic ring asource iz not very convenient., Gho study of
cne r-dlation pattorn of an cpen onded eoaxiol 1lime excited in
.4 mode in an oxially megnetized plasa column having
contral conductor along Lis a:ias s thorefore nade nm an
attommt in the diroction of ptudying tho case of more pra-
ctically foagible source of eleo romagngtie waves.

The present otudy i3 concerncd with the rgdiation
patterns of en open onded coaxinl line encited in an
axinlly mDagne ti7ed pleann column having central conductor
along ito axige The ficld distribution at the open ond
~g=ceotion of the coaxial line i angumed to be equivalent
o the vector oum of magnotic current ringo of various
radil popging f¥ow tho outer radius of the imner conductor

tc the imer rnddus of the cuter conductor of the ooaxial line,

cIo



ihe radiation £icld 1. obtaincd as a veo=tor oum of field
cuaponenty due to individial rinco of accnotic cu.rent.

Thig . cometzy gives rige to sironger r diation pe-lig
with gngller volue of hglf owor boam~ widthe Ihe dircotion
of roddantion pcak deponida upon the oolumn diamoter, the
aiamoter of the oentral conduotor, ploona density and spplicd
mognetic field. The direction of rmdiation peak 1n indepondent
of mmer dianeter of the outer conductor of the oooxial line
at the open end. TFor uniaxial plosmn column, the radintion

peak 1o obtoinod at 90°.

3.2.,2 AIALYILSS

wn infinitely long axially magncticzod plagma oolumn
of radius °*b* having a contral conductor of radlus 'a;*' along
its axis 13 oriented with its oxis along the zwaxis of the
cylindrical coordinate (oo # » 8 ) ayoten ( £ig. 3.10).
The medium su.rounding tho plasna coluon and extending to
inrinity ia frwo apace, with pormittivity and permeability
€ and e «he s.uroe of eleciromognotie » diation is an
cpen onded coaxial 1ins, with open end at the g = O plane.

1he expression for the radintion fileld of a magn-

netie ring source in an axially mnenotizod plosua colunn
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naving central conductor along its axis as derived in

goetion 3.1.2 ( equation 5.1.3) 1s
% =

s r

1‘,,(:-.9)-

o) = 7l0) Fyl0)
|

;-?I(e) = & {Jo(konlv)Yl(houv)-fo(konxvpl(xogv)‘.

I
(kob?)iil(kob cog 9)*{Jo(k°axv)ro(kotw )
—1y( ko Brv) I lisgbVI | =Clisgb 05 84 kyb 000 6)

-2(0)=

s {Jo(ko ﬁ.'.)rl‘koW).Yo(zoul'”].(kob')}
Ko) 1s the faotor wiich determines the variation of f£iclad

with 0.
f£iold alstribution at the apen ond of the comzial line ( at

the g = 0 plane ) 18 mssumed t0 be equivalont to the vector
_um of megnetic current rings with verdous roddi roncing
_ the outer r~dius of the imer conductor ""I' to the

72(9 ) iz independont of the source rodiuoe The

from

{rmer o
¢ the 2 = O plane. The noonitude of he nacnetic curront in
a

ch ripg is nasumed to e proportienal to the velue of Iy at
en

that pmiw].ar location in the coaxinl 1lins., For a cooxial
1inc oxcited 10 TRk modey Hy is proportional to I./Rna,

45 the currents Tho total rndiel field of open onded

qiug of the outor conductor 'ax' of the coaxial 1ino

where I,



vy
coaxial 1ine .ith 1tg open end at the g = ( plone can be
obtalned as a vector gum of the fleld componcatp due
fnuividual ringo of mogmetic ocurrcnte. 0 in the case of
coaxial linc cxzcltation, Ne) is modified
¥ P, (0) Fy(0) a
) = a
7o ‘4 xa . &
&
a }”2(0) f a {Jo(koa'_[v)Yx(koav)-yo(koﬁvnr(kom")}
8,
1
» -—9- da
na
;--‘L,(O) I, J'
“om kv ) | Io (kg 0gv )Y, (g 8y v )3, (i 0y 7)Y, (g ag¥)
on o L
18 DAl 23101 VLD

the radiction patierns ( variation of 0) with 6 )
nave beel computed with the belp of an IHI-II computer for

porasetric values k b © 2040y £,0;% Uely kyar= 00y €;3%1I00

ond Egos90ULe woen plaguc frequenoy is much louer than the

aoRICe £reqacneys 93 15 only slightly loss than unity ond we
shall call 1t oW plasan donsity case. in the other hond

shen w, 18 only slightly lower than tho source frcguency,
' D

33 {9 nea¥
s sinee N0) 1o a0 expronslon involving both the Bagnel

goro ond we shall onll 1t a high pl-ume ‘enolty
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and Hankel functions in a compliocated way, 1t is Aifficult

to cxpress snclyticelly the behaviour of 1{0) wAith various
paraaetera. Therefore ocomputational recults arc presonted
¢irat and then thooe rosults ave gnalyocd to cive a malite-
tive rolationship botwcen tho locatlon of the peak and othor
paraue ers of the confizuration. FPor given valueo of w/wp,
the valucsof €, change with "c/"‘p and Qay bo dlvided into
three sets a8 (1) €y L €3 (i1) €5 1o megatdve (i41) €; 2 1.
e offccts of various parauciers on the shepe of the rudlation

puttern azd diacusoed belows

en €;% €5 One of tho rndintion poanks obtoined, is
a mgjor radiat.ton poakke The volue of v beooncs nogative for

ey < [g.?. ain o)a.nd ordinary fepssel function changes to modi-
) |

£8ad £0 e
4t has boen plottcd only for thooe valucp of © for which

r nerative values the pattern bocomos oselll . tory

al
v in poaitivo.
.0325 nre plott(!d in fi{:o J¢11, Por Gxﬂ 01020. the

5
~d4ation peaka at b o and 18.63° are obtained with half

beon widtl cqual 0 2053 and oO.ﬁ: regpectively. lor
+he rodiotion pocka at 4.5I° eud 10.40° are ob=

the r-diction patierns for €,° 1020 and

poseT

cl- 0320y
toined with balf power bead width oqual %o 1.6° and .016°

re opectivelys The dotofiled struocture of the rudiation peak
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for €; = 0.03:0 i3 shovm in fig. 3.I8. Ir major radiation
pcak 1o obtained for nindoun volue of v or minioum valuc of
k,bVy k, oV and k,av oo showa in .uble 3.4, _It Goy be

no tod that tho major peak covrcapomds €0 the maxima of the
munorator and the other peak 15 obtained for the ainian o the

denoninatoTe

U.on 61 1o necative, the valuo of v inoroases as the
valuc of 0 fncroascgse 0, the valucg of kobv » ko v g
k,av aloo increasc. Y hicher values of arguments, the
Pessel functions ere gpproximgtely oqgial to cosine and aine
functions. Therefore, as @ varfes fron © to 80%, an 0eie
1. atory pattern 1o obtainad. Mox €1 = = 0,I446, the radi=
ation pattorn is shown im fig, 3.14, Por €y > I, tho value
of v decreases oo O increnges. lo ohap rodiotion peaks pye
obtainod in thlo onse. Tor €; = I,0416, the redfation
pattemm 4o gsbown iIn fig. 3.14, dien € 1 ( i.0. infinite
masnotic field ), the numerator bas Mardmim value at 9c°,
50 5 gharp rhdlatfon poak 15 obtuined at 90° as swowa in

f-t.‘_;o 3015'

aunlitntive remilip for the caco of low donsity plasng

are gimilor to that for high density plooma, Tho ridistion
pattems for €y = 907 and €; = ,7844 are plotted in €1z, 3,10,
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or €;= .9007, the radi~tion peaks at 68.62° ma 71.6%°

are obtained with half power boad width oqual to 2.8° and
.030° respootively. Tor € = 0.,7844, the rodiation pesks ot
59.75° and 62.33° arc ob ainod with half power bean width
equal to 1.7° and ,024° roopectivoly. The detciled otracture
of the wmajor Tadlntion poak for €; = C.TU44 1o chown in 1.

3,13, The major radiation peak 15 obtoined wi.on ths value

of v 4o ainimua or tho value of k,bvy k oV ond k,av is
pintaum as shown in lable Seds It day be noted that for
thi; ca ¢ aloly biC ngjor peals corregpomdin to the moxima of

o pumcrator and the othor podk o0:Tegyonds to the ainina

of the dononino toTe

nen € io negative, the Ho) is covemed by oine and

o, as 0 varies from 0 to 90°. an 0scille
or 81- =034y the railation

cosine functionse.
atory patierz 1o obtainode
attern S shoudl tn fiz. 3.16. Por Cpe 1,1956, the pattemn

P
3,76 and it can be scen that only shallow

15 plotted in fig.

proks are obtaincde
r hae noximam valuc a8t 909. 30 a pharp radlation

‘hon BI a1 ( 1,00 uniaxial caope), the

pumerato
poax 1s obtatned ot 90° ao eb wn in £ig. $.07.

sgoct of o2t
gob af.ecto the dircction, mumbor @nd the emplitude
of the radiution pcaks fomoede FRor e fixod value of kye the
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hicher valco 0f k,b ncan increasing the dleacter of tho
pl:pma colume. Three aiffcrent volues of kKb = 1.5, D30
and 26.0 hove been token. "he directiono ond amplitudes of
the radintion peaks for €5 =.II00, €y = 0320 and €5 = 0081,
€= 7844 - piven {n Table 3.5 for thes three aiffcrent

velucs of kob.

k,or affocts tho amplitude of the wndiation peaoks and
slgo thedr direction %0 a saall ertent. For fixcd value of
Kg nipher velucsof the dlamoter of ocontral conductor givo
rige to wesker raglotion peoks. Ihe diroction of najor pcak
4, not ailocted much bat divectiom of tho fixut peok 18
JAven in nble Be6. Ihs dircctiong and aplitudes

gtion poako for €5 = IX00, cxﬂ 0325 wnd eau.gos;,

changed a3
of the rndl

er = ,7644 are civen in Table 3.8 for thrre diffcrent volues

£ 1

“he aireationo of the peoks are governcd by the values
3,7.4)s The Bz 10 civen MY E5= ( I= w::/'a) which
upon the plaomn denoily . “he r.diction

(3.12)0 (315 )¢ (Ge1d)s (5.18), (3+I6) and (3.17)s It may bo

of v { s®e
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A ‘“";:,'-\7).
Lffcet of varying 98]
( 4.cs for a fixed valuc of ke V-rying the value of column
ddamoter
63 = ..II‘;O. CI“ L oUS20 9 kam 0.9. S-OQ‘[“ VeUD

0
k b droction of the rhafutfon Awpliitude of ( 1n
- pcako ( in degreces ) colative un1€§3
- 4.59° 0,645 x 10T
6. 64° Ge0413 x IOT
9,1c° Ce1208 x IO®
—_— 6.54° 0.,1637 x 10%
I044° 0e3318 x 10
2.5 6o & 0,8509 x 10%
0, 30° 0.1800 x 10°
Cqg= | o (0TI, €y= 0.7844, I“‘oa = Ca9, koa[= Cel9
b Directlion of the radiation miplitude of K.
© pcaks ( in dogrecs ) (12 relative tfﬂita)
= 56.,46° 0.3172 x 10}
o .o0° 0452768 x T0O%
82.06° 0.7026 x 10°
_p 554087 0.2625 ¢ 701
82.930 0.?039 b 4 102
o
28,5 56490 01824 x IOF
0, 56° O.7619 z I0%
62.28° 03820 x 10°

PO g e



+3

-ﬁ.p{):: "3 L) 5

e o r'! - &

§d

( 1.,c. for a fixed value of Ko varying the dlancter of the

central conductor )

€5 = CoI100, Cy= OaC 325, kb= 20,0  kya= Caf
X " =% R
0.06 4,63° 01583 x 10°
10.36° 043617 x 10°
07 ¢ 60° Ce15I2 x 10°
10 0a0° 0e368U6 x 10°
008 4456° 01476 x 10°
10,40° Ced06 x 10°

CO = U OUCOIO

gy= 0.7044y kb = B,  Iga = 0.9

ni ~ection of the radiption

—— =2

‘plitude of IL{ &n

kg 5 peaks ( in decrees ) (relative unith)

;.0—; 59, 21° 0.308% x 10%
62.20° 0,5668 x 102

. 60,19° 0.:946 x 10T
62.32° 045139 x 10°

G 59.17° 0.0657 x 10‘2

62,33° 0.5099 x I0




noted th.t the auplitude and half pevor boan width 1> also
affeotcd by the plasma dcnaity.

sffegt of k. 8a3
koa.s does not arlcot the direc=.iom of radiation
peaks of the x: diation pattorn but affocts thoir aplitades
only. #&or vxcitation of the Td-wode in a ovaxial line, k oy
(¢}
ahould ve legs wign onc ( k ey €I )y Tue va $otion of poak
agplitude with k.03 4o shoun in rig, 3.16,

The radiation patterns of an open ended coaxial line
in an axially noonetiznd plastia colurm having a contral oOn M=
otor along its sxie a ¢ studied In this sootion. The direc:fion
of the peek can be changed bY varying plasme density, spplics
npene tio ficld, column diameter and diamoter of the contral
copductor. Thio peometry Civeg rige to siromger radiation
pegk with 8 gaziler value of half power width in comparioson

to the geoweiry anglysed in gection 3.1,

in case of mametic ring source exoitation ( ocotion
3.1, the ficld distribution of gource 4s uiven by Kronocker's
Jolta function. 1be phyulcal realization of such an duegl
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source ig not very convenicnt. It is aleo found 4n ring
source oxcitation thot the dircction of peak i3 not affecw
ted by the dianeter of ring source but 1tz amplitude decreg=-
s0g with the increase in the diameter of ring cource. Thisg
£nct ingpired +he suthor to atudy the r.diation patteynpg for
¢he cane of aon open ended coaxiel 1line eroitatior which pro-
vides the cagller valuo of K,oy ( for €4 mode e citation
in coarial 1inc i,04 < I ) whore k;, 48 free cpace propa=
cation conotant and ‘o' io the imner radius of the outer
conductor of the coaxial linc. ihe ctudy of coaxial line
oxcitation 4o aloo an aticapd in the direction of studying

o MOTO pga;.-ucauy fouod le source of e.clitation,



é.1 xzcltation by me netic ring souree
4.1, 1Introduction 74
4.1.2 mnlyais 75
4.,1.3 Chaoracteriostios of the ra1intion ficld &0
4.1.4 Discussion 101
4.2 "xeltntion by open ended conxial 1line
4.,2.I Introduction 104
4.2.2 nalysis 108
Lol Charageteristico of the radioiion fiald 100

4.2.8 Discugsion 126
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LCLTACION CR A LAY I ALY 1N SR T D) TR Ete
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4.k iMCELLH ) EVRRIONPs O IT 811 B T

d.I.1 Iliilw m\lcg gﬂl

,m;-d-a“e ntaddcd Lhg rpdia.fon pattorns of en intinitoe
moynetio 1ine gource in ady Lop betwcon  rounded plone and
piosma rdobe X0 predioiod U gregenco of sharp narcow boam
raddation podka veyoud we critical ande. ke corregponding
ovlindriosd ploasue (eonetry {( amulov isotrople plaons column
.. mounding wn i 070 havin, central madue~tor long its
.xig ) excited by the 3a netie ring oourco in adr core kg
.a3cd hy thuni ‘am 2l Ve male. Jlxy have also

rogene? 0f well eakuancud yadl-tlion gcek beyond

been

n-odicted the P
+he aritical ozl ond s ed to develonp @ eleotronioolly

naanr abde no-vow boad plasma antcang GysLei.

In this chopter, the r <intion paticms of a mgge
n tic rim; aource of olecironatwtio waveo, in o atr colum
. central conductor ulong lte wzic and mrrounded uy

acdally oonotized plasiu coluwm are studded.

hovin
an anmilos
e radiaticn Deoke OF 8 Pegk Lo obtalned in the pettoms
depending uP
‘he dirvcilo
outer adnaete
contrsl conductor, plavia @unalty mud cpplied mermetie

on tha parametric veluug of the cunfigarations
n of rodiation pedk depends upun the immer and
o 0f tho @rular pleasin colum, dlameter of

the



ficld. ude direction of tho rndiation peak 4g indepondent
of the dladeter of ring source. P unigrial plosga colurm,
a sharp radtation peak at 90° 1s obtatned.

In the anaolyolio carricd out, tho plaamn ig conoi-
dered W be a logoless and anisotropic ddeleetrie medtun
with the permittivity civen by the ocommonly used peralttivity
tongor. Thermal cffocts are neslected and plasme denplty 1a
conaidercd to boc uniform over the cross= geotion of the colum,
ihe exiotenos of a pure [=node ip oonolderod. The inhomoe
emoous wavd emiations arc golved by the mothod of Murisr
Tranaforn . This ylcldp tho golution for the ficld in
form of a definite integrale The rediation fiela g obtainogd
from the agymptotic cvaluation of the integral by saddle poing

intcgration. 1bo method of saddle point intecration 1g given

in Appondix Ue

Ge1e2 LIALLED

Tho ¢oometry of configuration analysod $5 lustrated
in f£ige 4.I. /o infinitely long alr colum of raddugs ‘e
having infinitely long conductor of mdiug ‘a;' olong the
longitudinal oxie and ourrounded by oxially mosmotigod
anmula> plasma colurmn of imor radiun ‘a,' and outer radiug 'H
43 oricnted with its axis along the genxig of tho ( Pe l v 2)
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cylindrical coordinate gyetems 7T & mcdium surrouniing the
plosma column and extending to infintty - freo Dasc, wWith
permittivity and pertoadility €, and #s » The ouroe of
olectronernotic vave is a filamentary ring of aarnetio
current of roddun *a’ ( e < ap % eﬁmcentrio with alr column
and situated at =-0 plone. IThe/distridution of guch a ring

gource can matlhenntionlly be ropresented ag
Eefi(p=al)tle) (deI.I)
whore & roprosents Kronccker's delta funotion and J g g

unit voctor in g = ddrection,

e tw the cbolco of thoe gourcs of crelitation, tho
clectrons netio £ields will be fndependont of the angular
ovordinato ( Le0e /3% =0 )» For the ciroular gqymetric
D, ; o de, the inbowo cneous wave oquation for lh ( the
¢ - component of the magnetlo ficld ) may bo written as

e S } X € 0
d ! s — .-i o omimw “’ + "‘A ;j!
2 2 9 . 2
op P ’ E
+ koccal’k - - onsa 6(9 e a) 6( g , (‘0102)

whe re kg = "gl‘beo)m €y @i €3 arc tle compononts of the
igoloctric tonsor given in fpponddx A,



=y
94

In order to glove ¢g.aulon (442) for iy_ it 43 {izxat
roduced to a bomo encous ordinary differentinl cqation hy
the aetiod of sourdor-fronecord. Shon it can be oolved in
termg of Desoel funciion, with particular rofercnce %o the
roaiction fiold, by eo ~ntially the proccdurc outlined by
rmlcanu and Ou ta end Singhm. with sppropripte boundnty
conai tiona at the junctions of different r-dial zoncn. The
~11s0f aalysisare glven in fopendix C. The nolution of

det
the radintion ¢ield in ophorical ccordinate aystom ({ o 0o P)
can be put 1n the forn,
joc €. a oakos
iig ( vy 6) = 2 ”e) == (4.1.3)
= T

— )Y (ka0 =T, (g 0r ¥y ) Ip (e, a¥y )

E N I it T i A i

Jo (Ko 8171 )6, (0 )=¥o (g oy ¥y ) Gxle)

ggl0) = a0+ BY

A® ca(xob coo 0) YI( kob") "o“ob con 0 )

- xoW) Yo( k'aW) Hy ( k,® co3 0)

n s By ( kb 000 ¢) Ho(lcob cos 98) Jq( kgbv)

R ) 3,0 ko b¥ ) A koD cos )



C = ( koaevx’ Ik 057 ) Y, ( ky00vy)
€
-E':"( k,8v) Y kyagVp) J( kyopv )
c
Ds=d  (k0n9) Tl Kpanv) Trl koagvy)

-( kyapvy) Tyl kg7 ) Yo kyoavy )

€
o e Clgagy ) g oty ) Bl ol )

- koop¥p ) Yg ( KpBV ) Ig{ kyasvy)
7 = ( kgag¥p) I5¢ %o%¥1) Jol Ko2%¥1)
- 58 Cmgagy ) 50 lgBe¥ ) 95k Roogy)
e sin“0 ) (4.1.8)

(4.1.6)

€0 M OTC TFOS OPOCE pormittivity and pormeability reo-
(o]

cotivelye
permlttivity of air and €y and €5 are components of the

pormittivity tenaoFe Ins T,e i, ave Pesscl funotionsof firot

kind, second kinds
:mcﬁww. and ¥6) 1o the factor vhich dsicrmineg

4; f£ro0 sgpace propacation conotant, Ga io the

liankel fu ction of first kind :nd of nth

grder ¢

the varlatien of fivld with O.
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ihe radiation patterns ( verdation of H9) with o)
bnve been ocouputed with the help of of gn IMI=-II30 conputer
for po:ometric valucs k,0r = 02y kyan = 2.0, ko8, = 5,0,
kb = 1.0, €3™ «II00 ~nd €4 = ,800I. hen plonmg froquonay
15 mich lower than the source fromency, €3 1o only :lichtly
lomn than unity ond we shall ceoll 4t low ploonn denotty caoc.
On tho other hand wben w, 1o only slishtly lower than the
source fromenoy, €3 is ncar =2ro and wo ghall call 4t g
hich plasma density case. 5inoce H0) 4o om expregsion invol-
ving Loth the fSessel and ilonicel functions in & very complie
onted waye 4t is d1fficult to cxpreos analytically the behge
viour of K6) with varioug paranctors. Thereforc, the compu~
totiongl recults are presented firot and then theoe resulis
are onalyoed tw gdve g malitativo rolationghip botwoen the
location of peuk and othor paraneters of the oconfi uration,
Por glven valucs o8 -«/Wp s the valuc of €; chanpos with
wof wy oo @y be divided into threc soto as (1) ¢4 Leq
(11) €; 1o nogative (341) €4 2 I, The effecta of vorioug
poramcters OB the shape of the radiation pattern are digoue

ased belows

7hen €y <€gy tI® radlotlon pattern bas poaks as shoun
he detalled stmuoture of the r-dlation peaks

1n £lge Gelow
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ta zshowm in fig. 4.2D and fig. G.ic. Tor this cano, the
goluc of v booumeo BOC tive for values €5 < ( ;-‘:— am"e)
and ordinary Dessol functions change to modified foru.

The values of ki 0V kK,8,7 and k, &V first decrease as

6 incrcascs apd then increase as O locroas 9, while vglucs
ox K o V) kavy nnd k&, vy alwaye decreasse with inercaaing

@, Jbe dencainator of H0) £foT €5 = 0.1020 varies with §
ahown in £18e 4e3{aeb)e Iho penks in the rndiation
pattemme correspond to the mindmo of the dsnominator

of M0). ™ Ey™0.1020, the posk ocours at 15,73, 31.0517°

gith half power bean width equal to 4.8, .00039°

.
3

wd U(.'.U['Bo
and .(_'00520 rewectl.wlyo Por eI' 000325’ the 1.'_)0&3 ooy

e8P, 27,0987 and 79.882° with half powcr bean widths
o0 2487, 0.00028° and 0,00052° respectively. The
s for which peakn ocour aro civen in Table 4.1,

nt 7e
cqual ¥

pnmetvl‘
1t nay be pointed that at v = Oy ( that i8 near 0 = 18°

for €y= 0.1020 and moar 0 = 10° for €;= 0.0325 ) the radi-
ation pottern doed not bhave a posk altlough the denoninator
zero. Thio 4o becaioe of the faot that for v = O,
a0 tends to zero and their ratic 1is fintte.

tends W
pumrstor ab

.hen €y i3 negative, the value of v incroosos as

o inoreapese The volunes of kob'o kqa,v and k,8,V inoreane

as 0 inoreascd ut k 8rVye k av; cnd koa.vy Jecrease with
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inecre pdng ¢, dneco

e paranctrio Valuos ol s sen are
maall,

the arpunont of Nosgel funotion 43 nos

Q8 Vv inc'enn g The r.df ation pattem for 1

- "‘QI“G 13
Mown in fig. ¢.4., The

oaks corremmonad o e ointnn op
the Jenoninator. My €1 > I, the valuesoy oll parmte

( 1.e, kobv eta ) decregor o5 0 inecrosag, ™ radintion

fi{!. 4. A..
the maxia,

15‘ “ebe o
othor pcak corregponds to the 2inins of thw enoadnntoy,

i’ okg for €rm I,04I6 are obtatnog as ghown ¢n
Por €= 1.007 & olarp peak corresponding to
of numrator at 90° ig 0btainid ag ghoun in £

sgfock %%@& 0BT )e

or €y € Eg » the rpataticn Pattoms pre
fig. 4.0, Dr 61'= LOWU”’ the r:xdl:t.lon

o
65.4725° and 86,13¢8° with half power boan widthscqual tp 5, 8°
and .0083° regpectively, ror €r= 0.7844, the raddtion poaks

occur at 89.061° and 02,9456° iy Rlf nower bogn vidthso qual
to 4.5° and .0078" recvoctively, mu, P ko orresmond 1o
the minimn of the denominator of Ng), ke firct peay is
shallow since the ninima of domominatoy at that value op 0
is not sharpe The paraneters fop which

JU0ks ocour at

Ponka ocour are civen
in Tble é.I. It may e pointed oyt that ot v = 0; i

that
(+]

+9007 and moor ¢ @ g3° pyp €re.7644)

S
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the roddation pattorn 4008 not have o Peak althourh the
donomin. tor tonds to -ero, ihig

L2 veepuge of tha £aot
that mr?aoa tho rug-

T2t0X alao

eRdn % oro ang thedy
Totdo 4o finite. It may algo be o

d that for 25y
plusiiny sharp rodiation Peok 43 oLtaine

direction,

wnpdty
1 0nly in an eng g1

Por BII! = U.6304¢,y the Tndiation Peuk ocoury at B0, uugg
ag ghowm in fige 4.7. he poak corrogponda to tho ning 68
the ¢rooainctor, fHr €= X.1966, the =

ndistion poak occurn
o
at 83.X04  as ghoun in flg. 4.7, bio% CI" I ( muial ;Pluma

ing to the maxing of minoe
in £iz. 4.0,

columm )y & charp peak corroopond
rtor 1a obtnined at 90° as ghown

Lffect of kb

kob affects the amplitude of ralf-tion Peak and ¢o

a vory amall omitent its diroction tos Mo hap valusg g¢

hat ®ong gor a
fixed valuc of ke the hipher volueg of e citas or

of amular plcsfa coluam give | rige tc weakor 1,

kb cive rise t0 weoker r diityon 20 ak,

wffact of kozv '

ko2 afiects the dirpotion 88 wll gy the anlitude
of the rndi.tion pesks formeq,

Por somo Parmietrie value 5,
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the nuaberof pockc aloo varics as k,a, changes. Jor fixed
k e the higher values of k_a, mcan inorecoling the frmer
diometer of plosda oclume. our different valuegs of

k,0p = 6.0y 760y 0s0 and 8.0 Lave beer tokene The direction
and amplitude of r~A1-tion pcaeks for € w7100 4 €;= 0328

ana €y @ Srud, €% .7044 are given in Tnble 4.2 for thege

giffcront volucs of ko_aQ'

Efsect of ¥k 81!

Ko % af feocty the direction ag well as the gaplitude

of the r.aintion peckds ROT £4xcd kye thO nigher values of

inc:oasing the
values of koﬁl o QeUdy Uelly UoIf and Ue.l6 lhuve

P . diame tor of ceniral conductor. Four

giff. enw
boen tokens he direotion and amplitude of radlotion pecks

L (T100 5 &y = <0388 and €y & JHO00L, = «7846 Are

for 33
7.ble 43 fOT thagse diffcrent valucs of k,a,e

piven in

~efeet of ”1"-;&_{329“31‘

e dircotion of the peak depends upon the plasaa
“ho mcntion of the rmdintion pepks for two

-

Aenoitye
which for a conntant nource [reqiency

sigearant vaIEO OF ©3
aifforent plasaa densitics ie shown in £ig.

go:ioﬂponda -

- it (6450 (4.6)s (¢.7) and (4.8)s Zor low density

(4eZ)0 s O s diation poak i3 obtained only in an end fire
_— $narP

plas



TANLT -4,

preot of virying kya, ( f.0. for o fized ky, changing the
frmer Alameter of the amular pl-oma columm )

!‘J - o.IIwU' elﬂ .(325' koa = 2.0. kob =4 1100. koaI=0.2
k.8, Direction of peako Amplitude of
0 < ( in dogrecs ) (relative umit.%)
6,0 9.7275 0.109¢ x 10°
42,3408 Ue1663 x 10°
GI +UB5H J¢6099 x 10°
.0 11.4923 0.1647 x 10°
BO.66L2 0.9476 x ICT
63,1773 0,2623 x I0%
i 19,9457 0,1013 x 10%
66,6326 0.2868 x 10°
(4,183 0.1439 x 0%
5. 8,68 0.,9864 x 10°
‘ 32,3202 0.200Y x 10°
0,066 C.4944 x IO°
04,6026 0.1298 x 109




d)

E' ﬂ!‘u‘l . .0le 4--_’

€5 = C+008I, €;=0.7044, Kk a = 2,0, kob = 110,

kouz'(,-.c
Mrection of Denka imnlitude of
ky 8y ( in degreny) (relntive -ing. )
6.0 60.3636 Ce2057 x 10°
85,9676 C.1098 x 103
7.0 82,6535 0.66831 x 10°
84,7694 0.8349 x yof
| 65.121I8 0.7830 x yc°
Oel 6
35e G470 Ce7024 x 10°
.9878
9.0 =4

Ce9043 z 10°
8640660 08302 x 702

———



Ul

LADLE = e
£fcot of vorying koai ( 1L.c. fOr a fixed ko. chapzing the

dfamnter of the central conductor J.

kon = 2¢0, kob e 114U, koaeﬂ L0

G4= Vel 100y €7 el u2Dy
% A cction of r-diation Azplitude of H.

o %1 pecks ( dn degrees) (relutdve unaith)

0.04 8. GOEC 001828 x 10
33,9173 0.C40 x I0°
(32,0780 0.28063 x 107

o .08 8.4205 0.173¢ x 107
2T 03986 0.I712 x 10°
81,3117 041300 x 10°

o £ 8. IuB7 Ce1741 x 107
30 . 4762 0.3302 x 10°
50,7666 Ue0656 x 10™F

0.16 7.,0492 0e1695 x 10!
09,167 01632 x IGO
8042027 Q1316 x I0°




1ol
Qontds soble §ads

€5 oG 006, €37 0.7844y ko0 = 2eCy kob = I1.0y kyap= 5ol

k,a A rootion of radiation Amplitude of
01 peaks (4n degreca ) ( in mlatlvoufunua )
004 11,1564 0.7264 x Y0°
1463307 0.,I550 % 10°
.08 6044445 0.4505 x 10°
G3.5462 0.1440 x I0°
U.Is 60.1263 0.:’.&)6 b 4 IO°
034917 Cel®4 x 10°
516 59 4956 07068 x 10™%
§3e B0CO Oel519 x 10°

S e LS s N )




dizc  tione. 1% may 410 be moted that the gaplitude and
the

valuo of holl powsr XC
jengity.

, width oe affected by the pleoma

£toct of kna ]

o Jocs not affoct the dircotion of r~diation peak

»yn but 1t affocts the amplitude. It mx-n
¢ ~RO

of = 11 ption patte
stion of z‘ndlntion :)ﬂak 15 incencndont of the

"he v-riation of noak aEplitude

lco

that the 417

Jigmote¥ of rins PULcts

wiih 8 sho v in Tig~ 4,X0.

cul.e JLucuAcl

atudy of tue r distion pattorno of a nagnotdc

a0
ring 00WECP {n on alr COX° n.ving ocontral condicior and
ursounded py an QMULeTF axially mognetiged plasaa columm
11 enkaoncod r-diation poak.

- wpe preaence of we
¢ €30 €3 4 negative OF €g 4s grecter tian one, the
cocrecponds ¥ e ninisas of the denominator of N0).
op untaxist P25 colusimy @ oharp Toslation posk ot 20°
45 obtodned o rogponding ¥ ne<iie 0f rumerators Row
~harp pesk 18 obtaincd 45 en end fire
otion of the besd cen be vericd by

when €1

The 41¥

3ipectione
pLaaa® gonol e

spplicd annotic fiold, dlaneter



51

Hap (REL ATIVE UNIT

10
1Dt=
Es. == D-NGO
‘.1 2 _ 27'606.'0
‘ .



lia

P

4.5

3.0

245
0

G.4.10

D



15

of anmlar plasda colum and dfaneter of contral oonductor,
The directiom of the rdiati:n pogk is independent of the

diameter of ring souree,

hio ccomotry dves rize to mogt sharp pecks with
the smalleat value of Lalf pow:r bean width a8 compared
t. the p ovioualy analysed geomotrics ( 4in chaptrp 2 and
chopter 3)e ihe cuange in the r.diatiom pattern may be
a.tributed o the presonce of alr cap. WMorcover, the paraw
moilric veluco of the conii uration are glep o3all compared

to the provicusly analysed _cometries ( in chipier £ ana

chaptor 3).
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4.2.1

In this section, it 15 chown that g ayston oconpi~
ating of an open cnded coaxigl line cxzciteq in the "1 mpae
in on alr colusn having o ceatral confuctor and mrrounded
by anmul:r axially maormetizod placmp colunn nay zsive rige
to a well onhanccd na” ow bean radiation penk with o vory
small volwe of half pover boam width. Tho flelg distri-
butic at the open end crogg=sccticon of the Coaxial linc 45
aasumed to be caivalent to the vector cum of na notic
current rings of vordous rodid ranging from the outop r-diug
of the iuner oconductor to the imer r.uiug of the cuter
coniuctor of the oo.dal line, The r dl.tion 1i0ldd 15
obtadned o3 8 veclwr gum 0L the field componcnta due to

inatvidual rince of majnetio cu:rent.

The @ircction of radiotion peak depends upon the
aimengiono ©f enmular plosma column, the dignctor of the
contral conductor, placta donsity and applied mammetic fi0l4,
mhe airection of radiation peak i3 indopendent of imneyp
» of the outer conductor of the ooaxial line at the

e pattcrmn for the case of uniaxielly aarne tiszed

dianete
open ende

plagm o



In scction 4.I, the nome [cometry cxeited by a
n- netic ring source h-a becen gtudied. In this case it
i found that tho diameter of aognetie ring oource does mot
ot tie ddrcction of radiation pcaks tut affucto only thaoir
she £i0ld diptribution of a oognotic ring source

W3 11 tude .

ig _iven by j.ropeckor's delta fumctiome Ihe phyoical rcold-

~atiun 0f s.ch an idoal mo notic ring source 4n not vory
convenient . i study of the r-dliotion patécrn of an opon
anded cooxial line cxcited in 10M mode in an alr ocore having

ccntial conductor and gurrounded by on anpuloy gxially
2 potiged plasae colum 1p an attempt in the direction of

-+ practically fonoible source of

o2.2 iALidd

n infinitedy lopg «dr oore of radius 'a,' raving
ccly 1008 conduotor of radius ‘a,;' al ng the loacitudl-~
and mmumhd by an oxially oesncticed annualar
er radlus 'a., and outor raulusc *B' 1o

infindit
nal axio

Ath 1ta axis ailong tho cepxdg of the oylindrical
000 ruinite uJJW“ oo £ 9 8 ( £ige 91l ) 1be m:diun
. soundiné the plaose coluan and extendin; to infinity 1o
froe HOCO9 Ath pornittivity ond permonbility €, end n, e

grientod



_ GENTRAL ‘CONDUCTOR )
o mRows Tea e E
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LTHE OPEN ENDED
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ihe gource of clecoirom:i netic mdiotion 45 an open cadod

ooaxial lim' with open and gt the s @0 plang.

ihe oxpreasnion for the r.ai.tion ficld of g ny netie

rin;:: souroe of rmJiug 'a® in an Infinitely 1 ng adr core

Laving oentrol conductor and qurrounica by axdally Bametiang
: 20

amular plasma column g derived in section (4,1,

2) (Om. 40!.3)
aftor some olmplification cen be written qa

Jve, e Beo T
,,",_._.._.9...9_2 e
| =

whe re
p(o) = FI(B) 32"9)

Bi(e)g a {Jo(koﬂzvx / !I‘ko m" )-ro(koﬁvl Hl("oayl )‘j
i

Jo“‘o‘l'l )“I(o)"‘)(ko“!['l )G&(O)

Pg(0)=

Gy (0) = AC + 5D
6,(0) = AP+ 17

x & cs(kob cou B’Yxﬂtob")!%(kob cog 8)

-1 kobv J Yo(kob') HI(kOb 000 0)

. k, b ooo 0) Hy(k,® oco @) Iylk, bv)
- kow) Jo(kob") Hl‘kob cos 0)
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G (kpapvy) 9y (Koagy ) Tl ke vy )

€.
-E';l (ko) Ylkyanvy ) d,(k a,v)

€
) = E‘g“ k,8:v) Gl a,v) Lk a,v;)
= (g 8571 ) V(g 35V) Y(kgapvy)

€
g Crag) 3ylagm) ke )
- (kyop¥p) Yp( Eyanv) Iy (k a,vy)

P o (k8% ) Iy (ky0ovy ) 35(icgasvy )
- :'g ( kp8o7) Jolko8a7) Jp(lgazvy)

vy = Viggm wn0)

€ 2
v =V (657 € sadby

7o) is <he faotor wnilch devoraineg the varintion

Fn(a) {0 the tcrm wliifoh d0og not dopena
&

0.
; fiell wild
e s tor of TANG ooures. ite £i0ld Motribution

upon she ¢4
P on ond Of th8 coaxial line 43 aooumod t0 bo oqui-
at the Op :

J———y gan of me;netio aurront ring with

nt W

vale s from the outer r,dius of the fyrmey
» Ln ¥ '

variouo . o tho Lmner radiua of the outer conductor

’
condicto?f “1 . 14nc at the = =0 plone. ‘e moomituse
a3
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of thc macnetio currcnt in cach rins 445
proportional to tho value ;

-
S

VBl 0 be
'7, at that porticulony eation
in the coaxial line. Mr g ccaxial 1lino excitod {n 7

wdey Iy i3 proportional to I /gna, whore I, 45 tho
ourvente The totnl rndiation f£icld of open ondeq coaxinl
lino with its open ond at tho g = @ Plane can be gbt. innq
as a vector oum of the ficld comroments gue % individugl
rincg of ma:motlc ourrent. % Iin the gngo
cxcitation ¥{0) 1o modifficd to

%
#e) -,,{ % Fle) 7y(0) aa.

Oy
s Po(6) a{ a {do(k,arve) !I(L'oavz)

of conxia) lino

L
= Bollkoarvy) Iy ik, avy N o2 da

o0 )1
= ;—ﬁf;v?)*{"o(ko“va) Tolkpopvy)

~Jo (ko 8y ¥y ) X, (i, %% )_}

% CHARACTRAGTICS CE T AT SSECT Py ng
GeZe ; .

The radiation patterns ( varfation op N0) with o) -

the I»1lp of an Iml=-1 T30 computer gop
4 tad with
baon COLPU

: ; = Docu. 'o% - 0'8' kono. 300. k M 0
r4g volucs Kooy £ e 4
paraaets
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€= 1eUy €32 «11L0 and €ga +OUBI. 0w plasma fre quency
15 zuch lowor than the pource freucnay, €5 43 oaly s1li-
sGtly levs ihan unity and wo ghall call it low plucmag yone
sdty casee. On the ot r hand when np io only ali;htly
lower than the mource Lrcquoncy, €z 15 nogr scro ang -
shall coll 4t a bigh ploom@a denolty cance cinee K9) 4g
an expression inwvelving both the Ponsel and liamkel funce
tion in a very complicnted way, 1t ip Aiffficult to exXprong
analytically the behavicur of N0) with various paromc tors,
Thorefore, the comput- tionnl rosults are prenonted firat
and them these roculto are analyced to ;ive a quolitative

~elationship betwoen the loocation of peak and other parge

oconfirurations Por gdven valuce of w/wp.

meters of tho
eho voluo Of €y changes with wy/w, und mey be Atvided into

< €3 (1) €7 19 mopative (441) €2 1.

three peto as (1) €7 3
reots of various parageters on the ohapy of the

iho el
radiation pattern &%

B o SR L

alsouosed belows

Lffeot
@, the raldotion patiern hag radiation

- in fig. 4,I00. The detailod atrmucture of the
»okg o8} -
peak ohomn in fige delpdbe I valuo of v becomog

/mon €y

1o
1on neak
radiat c? Gmgo and oxdinory Teasel functiong
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chonse w0 modified forme The valucs of kobv. koa.av ond

k oV £ir-t decrense ao 0 inoreasco and thon increasson

as 0 increapes, widle valuco of koa.lvl' koaavl and koaevl
oluays decrease with increasing 6. The denoainator of
#e) for €= 01020 varien with 0 as alowm in £ig. 4.13(aedJe
iho poakgo dn the roddaticn pattemg corregpond to tho ninie
map of the denualnutor of Xo). Hr €1= 0.I0£0, the peoko
oocur ot 18.164° ond 74.785° with half power bean width
ecual t0 3.860 and O OCOSGD rogpectively, Hor cI- 0.0328,
ocour at 10.35° and 74.3097° with half power boan
0,&3° and 0,00025° respootively. The para=
occur are given in I.ble 4.4, It

the peako
sldth 5’.“‘1 to

for which pcoks
cod out that at v e Oy the ratio of the dono-

the mumorator romoino finitc, 00 mo rrdiation
0 23 obtnined.

actero
nay bhe poin
ninator ond

pogk for vV =
43 negative the valuo of v lncreanse an

shon €3
sipos the PAar remotric valuos chwosen for thig

re npd 30
p 4inc 11, the argument of Bosdel function ig

conficuration =
" g V-
VOry 1arE® -
not Sown 18 £320. 418 A cingle rdlation pesk

e =3 -0-1“0 is
nod worregponding to ihe derominator of

g 8 OB
¢ion peoko for €;= 1.0418 are also shown in

ation pouks forCy >I are not go gharp.

increascs. 1he rmdiction pattern fox

iho rndds
“he r&d"

P3
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for €,® 1.000, o charp raddation pocak ©0 regponding to
the asximg of ounerptor at 20° 13 obtaincd ag “hown in

fige. 6,10, e other poak corresponds W the ninimg of the

enoninatore

£toct of nunctie f£icld in low donsity plancng (—81-0.9631):

ror € € €3 the rudiation patterns are gg shown

o 61"0-9007' the rndiantion pcaok occurg

dn £15e 44100
¢ §3.5648° vl th hadf pover boan width oqual fo opdd,
the radiation peak ocaurs at 0I.22 ® «dth

or CIB b.?U“!
half poweT poan width eqal o 000620- ihe pook corregpondg
o oo minios 0 the deponinaior of X0)e Iho porsuscters for
shdoh pu:ﬁmo sour o0 given 4n Taoble 4.4. It aqy Ve pointed

out that ot vV =U° e
20 no radiation poak i35 obtoined ot

ratio of tbe dengninator and the

mmerator 18 gind tos
o, ¥ Jow doD gity plagiBy & ainglo radiation peak fn
gt end L£1¥P agroction 18 . pemme
o 61" 5304, the rediation poak ocours at 73.0002°
in £ice 4,17, ©F €= 1.1958, tho radintion peak
as showd ve sod® il Aot in £38 4.I7. In toth the canes,
o oCcurs ol 19 — (o the ainima of the derominator. For
tho poak ”w oeak correponding to the maxima of mumec-
rator 48 77
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Lffcot of kobl

{cots the amplitude of the ndiation peak

nd to a VCIy gmall extent its direction two. ligher vaolues
4 .~ to weaker rpdiation pocke ihe amplitude

th kob 1p ohown in £iz. 4.19.

“ob al

of ‘ob it

variation of pcak wi

ugfeot of KoOg*

k, ag affects both Airection and smplitude of the
roal tion DO nlt sormote mor £ix0d ky the higher valueg
of k.0, 2080 inorecsing Hhe grmeyr dlcmoter of the anmilar
° »Hur a4fferent valuen of kpGp ® 3.6, 4.0, 4.5
plasmn oolumnste e ivootions ant amlitudes of
o L1100, Ep™ #0826 and €3=.0001,

and 54C have becnd cakcalle
B foxr thcae differont valucg

oty PO Adroction 38 well an the amplitudso
o
oz Lixed Koo the bRigher values of

poakée
"mwr of cent ‘ol conductore

reasiné
e D048y 0,08y 0.06 =nd 0,07 have

koby '+ ucs oF %o
’ plitudes of radintion pcakp



LALLE =Gob

P
&2
>

ir-er diancter of the nmnular plnsma column ).

63" 0eIIC0,

Kk o Dircetion of penks mnlitude of 1,
o< ( in degroea) (relatiww unifZ)
3.5 I11.8914 ¢.1450 x 107
76,0478 0.1342 x 10°
PN lu.I:."Jl 0.2559 X IO‘
78,0020 002696 x 109
iib 25,0908 0.6543 x IOt
PTI 14) GeICER x 109
5.0 5240320 0.,1057 x 102
81.5187 0.1609 x 109
st e

C.m C.006Ly €p® 0s7848s Lo0y= 0sBy KoB= Gelty ky0y=0,08

7w wpmame SHacsl
3.5 T BLe2911 0a81I33 x Iof
4.0 B3 2460 0.408C x 10°
4.5 84,7623 0.5106 x m:
640 85,1601 CoB8BE7 x 10 _







1 $uq <

are ~iven in Table 4. for thege differcat volueg of k e
(3

Lgfect of plogng dengl iy

The dircctlon of rodiation pesk 1o alfected By
Czs which in tum dopends upon pleoma density. The radsi-
y¢don patterns for two 1iffo.ent valucs of €4 aro ghown
{";.‘.;:/' ({,f‘/' (‘0[4’/’ (“01‘/’ (‘04?7/ wid (6ol /e
and value 0L ball possr boad addih 4c also

In 71z,

the plagsa donsity. Por low density plasus a

peok 48 obtained in an ond {ire dircc—tion,

4

[L'."“‘ C ':’_‘ o ~J

oin le rodd vion

Lgfeot of tof'&'

pot affoot the diroction of rmdiation
B

k0 o

g independent of the




b
[ gibe

A R -(l %3
froct of vr yinc "u'}l ( 1.0 fOor n £i:cd kog l':l‘”-ﬂnsmc the

~ of the central conductor).

afam
L'b.a UQII(O. st 000325’ ka%u U.B. kobﬂ 6.0' koaaa 3.C
Wrection of poalo saplitude of i
Fo s { in degroes) { ‘elative :.m.liu)
.04 10 ¢6805 01201 x 10F
76977 0,105 = T0°
O oUB 10.522¢ 041263 x 10%
7545870 0.0017 x 10°
000 10,4804 oz x 10t
75,1122 0.9912 x 10°
007 10, 4110 0.1780 x TOT
24,7427 0,739 x 10°
— > mm—
c o O.QOCI. erg C.?Md' koasu Coﬁ. zoba 5.('. koae. 3.(_
3
4 ~ction of poaks  faplitude of Hy
ko ¥ ( &n jegroco ) ( rolativo unifie)
-— E— ’ 2
’ : 2
0406 GE « 7400 0.5315 x 10
0408 81 . LHEY 0.4006 x 10°
[
G o 5302 04408 x 102
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nfaeier of mognetie ring souree. Tho fleld dlotritution

of 1onrtic ring source is civen by Kronocker®s deltn fune-
~tione The phyaical realization of such an idepl marmetic
rinc ouroce 1o mot vory convenicnt. In thig ooction, the

radiation pattcina of an open ended coaxial line in an adr

ooro
.-ially saspotised plasma column have beem studied. Sharp

radintion peak OF peaks are obtained dependin; upon the
onslty end aplicd masnetdic fielde Nor low denalty
adication peak 1g obtatned in an ond fire
ak ocorresponds to the ainin~g of the

me adroction of the beua ip in=dope=-

paving ceatral conducior and pucrounded by an anoular

dtz’ection o ha DO

epouinutor of KO)e

noent of the fmncr dlan
omon eundod coaxial 11nce iig peomdtry has soallor

L ametrio values and gdven rise to shaxp ~niiction peaks
volue of half power been widthe Pr

arp redletion peck at 90°
mmerntor is obtalmed. Thin

eter of the outer conictor of the

p!
with a vwI¥ mall
plnona colunng a 8f

undaxisl

40 nleo an at-cmpt in the Airection of atudying

of more pr;acticd.ly feanivle souree of clectro=

2 L
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In actial laborniory plusna, the Pluoma coluan
doeg not have uniform dengity over the Orosnescation ang
the density varles in certain foshion, ™ooquge of the
cooplexity of the wave ooupling in inhomo encoug anicow
tropdic ropiona, the anslysis of r-di tion han eon 1imitea
primordly to homo;oneous mcdia or o inhomw encous meddn
pirulated by pleeoe wise conotant denaity layers, Yoh ang
:‘mochag have otudied the interaction of a microwgwe with
en inhomogeneous and anisotropic plasma column,  Sampg.inpSS
hng treated the e:cit tdon of interf.co surface waves by
a aognetio ring source concentric with an intomo enecug
plooma column baving a cen.imuoug inddal v.rdation of
dielectric oonotante Saﬂaddar'% has alap studied the Toild=
ation rleld of a mggnotio ring source in a pluama cled

mc tal oylipder in a uniform , angulars atatic ma o tie

jhe rpdiation patterns of a slotted cylindoricgl

£iolde
anterma in the prooence of an Inhomocencous 200ay plasma

have boen cnlmlatodsa.



In .hig chrpter, the gdliation ficld of a magneti
ring nource in three reometries ‘_(1} axially m~rnetized )
plroma column (13) axiglly mometired plocmo codlumn with
contral conductor (111) an air core having a central con=
‘uotor ond suryrounded by an armular axially magneti-ed
plaone colufnn] have dcon obtrined acsuming the plasma
gn to be inhomo, sneouge It hoo beon assumed that the
Jjenpcity within the plonma oylinder 1o inhoe-

colu

frce oleciron
oo, eneoup in tne rndial direction and isnolity profile &
a

parawlic.
the mcthod of analyaie involves the solution of

{nhomo eNneous guve € jeatdons.oing Purlor.mnoform, Ihi

yicldds th. solution Ior th field in ijom of & definite

inwcyrabe {he r-die
o eveluation of integral by seddle point. Tx placng

virtue of an impresoccd norneto~atatic

«4on {ield 4c obtained from the goyme

ptoti
4 ani® tropic b¥

cield in 1§ reotion -na 1¢tn cloco:romn notie

the axisl
propertics any be aemoribed in terms of local, macroscepie

aiclectric tenoOTe
onolty o1thin tho plasma cylinior iz inhomo enoous

the dennity profile io para-

54 hoa boen assumed that the free

aloctron

in the rndiﬂl

bolice. 1he ﬂxj-ﬂwn
30 ¢nat the L-aodo can be congidered to

haop boen phowh
pﬁndeuuy wen the Opﬁl‘atm m'}mw is awny

1o g DOy e

1grection and
oe of o pusc emode 1o oconploerede It

exiot inde
from the cyclo txon £
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L3N0 )

An infinitely long coldum of pl.ong ol axmdiug *b?
is orientod with 1ts axis along the g-axis of the ( p,0, )
cylindrical coordimate aystem ( £ige SeI)e Mo cource of
nlectroma netic r diation ie a rins of mametic current
of raifus *a' ( a < B}, conceatrie with tho plaoms colum
and situated in the g = O plans. The oource ficld distrie

bution 1n mathemntioally ropresentod as,

sheye & represents Kropocker®s dolta funotion and ; is a
unit veotor in @ «dirvciion.

ihe ocouzce forms of Moxwell's cquations governing

the ulectmmnawuo fiold written in difforential form for

an o™IWP timw depundence oun be wrdticn ao,

Ox T e g K- K (Ge2e2)
Tx w3k () E (6.2.3)
ro e (p) 1o ) pcml.tttvity tengor 0f tho oold inhonoe

whe
the mognetostatic fio0ld

reneoug and aniao tropic pleoma with
{n the pogitive pedirootion,
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c(p) JC,(p) c |
€(p) = | =scq(p) €;(p) 0 (5.2.4)
U O Ca'P)
whc re #_) (p)
€i{p) =€y | 1+ —pre———r (Ge20¢0)
wWCeeygyw
(p) = €p{—2= ( - )} '
62 92 (o] - m ([)OJOQb)
wep (0)
Eglp) = €, {I < —r (B.2.40)
o
; n(p) e® )
..2 2 | wee—esesemm. |
R - ®x, /

shore n(p) 1o the froe clectron density, ¢ 1o the eleotron
charge, © 35 tho eleoctron Onaa, eo i3 free apace P°mitt1vity,
w 15 pource frequency, wy, i3 the plugma freq.ency ang Wy 1s

the oyclotmn Lre 18noY .
e to the chofce oI the source of excitation,
the olectromu e tic fieldn will be indepondeont of the anCu-

Jar ooordinate g ( Le04 —\}— @0} BIr ciroular ayixietric

WDI mode, 4t follows that,



) Bl P8 i on
—£ e oy Sale) %y
S ¢ ﬂ% T N
’ v vy 0’3 LI(F) .192
8, I : ¢ :
%o Va\willg w { 4 ﬂ ) €3(p) : s ~
. % o Calir)
Sdw, Ca(p) 2 (p =y ) (e) (Le268)
“ve e

who re kf L ae K Coe In order to

®lve coiation (6.s2205),
the mcthod of Ainte rpl tr naforn g

& mplicd, ot tho
defincd ag

PO
h(py £ )l Bylpym) ™3 4,

and inverce tr nofora be givon by

fourder transform iy (e, 2 )m

1 pim
Hgronm) & e _{ hip, & ) oJ5® dg

liow multiplying each tora of equation (0.2,0) by o~J58

intoyrating over the infinite ronge with ‘ogpect W - o

cot
. 1 0 I dh
B[l figa

£.{p) € (P)
f‘ Calp - c“'(%- g7 9 {m}"r‘}

s ~ IwC, €3lp) B(p~a) (3.2.8)
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mantion (,2.8) 4> an orddn- "y 04ffcontinl cquation ~ith
§ a8 a parnctor conntant. ’oundriy cond tions on h
follow from the boundary condition on itn inverne Pouriop—
tronofora. Taking into account the aopropriate boundary
conditions on h and its derivative with regpect to p, the
molution for h in Lfxee space is found and then its inverge
Fouzder-tranofom gives the fLicld in froe opacc,

u.B.E

ihe delta function 45 defined as followgs

et A
{_'Ab(p-'a) dp =I ,ond i(p=a) =0 Lrpfa  (5.2.5)

consequontly for all p other than p = a cquation (5.2,6)
~educes to difforential equation,

' an E(p)
2 + Ap(p) o (p) - 2 2] h !
Wt TP e !}2 erlp) ot
where
& v nieh = { : }
. P P 3 0p 63")

T Egle)  ° 1. 2
aglpd= iy Ealo) + " op | Eslp )J pe

ihe golutions of ewation (D.2.7) hiave been obtained for a



toudally inhomo cncous ploora region within wilch the ¢
ree

clectzon onglty is (lven by

a(p )w 14 )2
"o[ ‘ﬁ"j;oépsb (B.2.8)

whore Ny is the eloctron dengity on -xis,and 'b* i the
outer r-diug of tho plooma ecolume. The two indepcondent

ericg oolutiono are obtainod.

wlk pe (k.p)° £
Q&P ( ,_,P) g:o £{aem) (kc‘p)n (5.C.9)

kb I=lkgp ) Tnlkyp e E £(oem)Eyp )T (542410)

The serics ococfficients £{sem) and u(oem) involve the

p raset-r oonstebd & . ihese coefficlentz can be ovalusted

by tnoe cting o—qua.tion (5.209) aBd (Le2elG) into oouation
(5.2‘?) ‘e
How oolution of emation (0247} in recion I(0Gp<e)
will be .
no= Ay By (e )
In ecion XI{ @ < p ¢ b )y 4t will bo

h = Ay Ry ( kOP) & Bz%(kop’

and the polution in frco ppaot i@

h = ,\,3 "I( vO ¥ )



7ho e

) =k =%
aprdydng the eppropriate bo indary conditions at the Jjunetions
of dilic ent r dial zomeg, fowr sliultaneous eqaifons will
be obtained. &y thess euations, the value of Az 43 foumd
out and wudoh in turu by invorting the sourder tr.unsfora
w111 ,4dve the mdlation ficld in frvo opace « Ly this

pro_edure the culoulaied value o Ay 4o

ngm = 3y €5(a) ?[2pe Lepmdy alopm)]

whare
ol s W D i |
P[J)u.f(n.m).g(a,m)] = M1 %32 %6a” T3 Tag
( 830 8447234 %2’ %11 So38y3 ogp)

GII‘ Rn (koa) ’ 338- Rn(ko by 642" koR'n ( ko b)

aga=tif( Yo D) v Aug® ez(b) (¥, b) ;"wob)'“’(”ob)'%s“x‘”,,b,l
nsy @ ¢s= 83 %e{k'nl% P B (kg l=y(kg B) Bilk, b))

8,1 Spg=ars tax® %o gty B) = 330550) in(ky 0)]
«iors the prime demotco derdvatives of function with regpect

w0 1ta “L‘b".h'lnto

the solution in frvo gpace 18

n o= Ay Hil Yo )



Invertin, 1t we have

I e
W o) m e L B ) o g (be2u11)

4be inte. rond of equation (5.2.11) 15 a contour ine .. tion

in & = plane aid oz bo solved by plydng thoe otondarg
msthod of saddlo point intogr-tion ( pondix b}, 1o

polution for the r dintion £icla in soherienl coordinnte
aystem ( Ty 6, £ ) con bo et in ths form

3
A /2 k av%o
(200 ) o J(Ej—) / ~ 65(a)N0) —-

l
ey ‘ Y
where ¢) = :[»o. £(nem), u(a.u)]l “ 15 the tremegormea

s g

valuca of P[é)oo L{2sia )y J(B.m)] at the saddlo point,

metey of the configuration analysed Lo shoum
Tho cco
.- ~: f
In fig. b2 m infinitoly long colum of ploema of radfuy
oy | [ 2= J 3 " ' |
8 having a orntral conducior of ra’'ius 'ar' along the
'D* mnd ha









axis 13 ortcnted with 138 xis along tho -=cxipg of tho

cylinirieal cooridnate ( py £ 4 = ) aysten. She pource
ol cleotromnsnetie -~ ation 1o a ring of marnetic current

of r dius 'a® ( a < b ), concentric with the plosma colurm

and altuntcd 4n tho z & 0 plans. The ocource field Adstrie

bution 1o mathematiocally roprocentod as

e l o P =n )i {e) (5.3.1)

wheye & roprugsents Kroncckor®:; olta function and f 4o a
unit vector in # « ddrcction.

ae to th chodce of the oource of sxoitation, the

elecirom notic £iedds will be independont of the coordi-
nate ﬁ ( fe0e O/ﬂﬂ w0 )¢ Rr tho cirsulor aymnctric n’OI

mo dg, the inhouo enedug wove emation for .", may be writtcn
8 ( dotnils 10 goce BeBel)
>
%y o, T egte) g,
T AP ap _plgpr eglp) 0o

07 ’ Py o=ju€, C3(p) t(p=a)i(=)

(6.3.2)
In order to oolwve equ. (5.3.2), tho s thod of intearal
tranaform 40 opplicd. Let the Pourior-transforn llp(hs)

be dofincd =8
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g, £ 1= J_-, %( Pr ) o I Es dg

sd dnve oo uwroangform be civen by

“ o0

;g(ﬂoﬁ)ﬂ ﬁ'L" J h(u*o_?)ﬁdgs dE

-ily

Mow 3altiplying cach torm of equation (5,3.8) by o™d§= —
integrnting over the infinfte r.mpe with reopeot w0 g re
%

a*n 1 1 t
dy N, ? Cs(p) J] ap

o C ( ) e 0
0[&5 Cd(’ )= —LP §2~0 ———-’3(9) .u_- {-_—I }_I J
. “» h-
¢ite) P op Ealed! p*~

s - Jut, eaﬁp) & (p = a) (.3,3)

uation (Ded.3)4: un ordiniry diffcrontial equation wity

§ ag a pa.oieter constonte ounNdary conditiong on h
follow from tho boundary condition on 1% inverse Purtce
Tr noform. iaking inte acvount the gopropriate boundary
contttions on h 2nd Lte derivetive with rcopoet to p, the
golution for h in frec space is foumd mnd them 1ts inverse
murder-tranafors gives the ficld i free spacod.



P

',' * ’ - - Y ~ 2 5 J
O TICH P 7 A M ITCR FIET Dy

’ o | o Na v
oo i i,

Ihe Jdelia function in efincd og followg

ard

J e=n) dp = 1,004 6(p=~a) » 0 for P A a
fr LAY
opocuenldy for all p other than p = g eqation (5.5,3)

o ueos to diflcrentiel equation

::'h dh i [ A (p)
— s a(p) = 4 a(p)e S 2] h » -
d')“ 0[ 1P s (-'I(ﬁ) § | 0 (u.u.d)
wliere
(93 — Wtalaln { o |
By P w = & o ——————
P ’ ‘P 83(9) J

o c (P) 0 S I
no(p)ﬂﬁ“'C(P)0-—3-—-— --{ }____
2 . 8 P ap | €3(F) o

The oolution of cquation (S5.3.4) have boon ob ained fop
a raiiplly inhomo; encous plaoma region witlin shich the

rree eloctron donsity 1o given by

n(p )= 1, [I-( P/d)z] , 8 P LD A2b (5,3.5)

whore n, deterainos the mo i twie of electron density,
e 4t

and 4 ip a conutant related to proiile obapa «
@ = b, the dengity decuys monotonical'y ¥ peI0 at the
edge of the gsheath ( g = b )y 40 the other linit, 1f q ) b,



1 8-
the clec:rom Jensity 4o sccentlolly constunt within t:eo
ghogts and drops -AMpWyY W 2010 at the edge. 1he para=
volie plucnag donaity profile of oqi. (Delel) closeldy spproz=
{mateo the rodial distribution of cleotron dengity in t.ho

plopma sheath girroundin; a hypersonle _omontry vebicle®®
ne tso indcpendent corien solutions arc odtalmed,

3
nlkop) = (kgp)” T fzem) (g0 )" (5+3.6)
(i p) =(igp) Inlkgp) + 7 clnem) (ko)™ (543.7)

“ha ncries coafticlents £{3em) cnd a(a,2) involvc the poraw

o <o conotant & e Theoe coefficients can be cvaluated by

tnac - ting € Tde (5.3.8) and (56.3.7) into ¢ uction (LeBed)e

Now oolution of eguation (Ge3.4) in reglon I,

(ar Cp K adudll @

n ey plEgPd * By Sy )

Inm;_;ionll(a(p < b), it will be

h = Ag ‘*n(ko“ + Bg %(RQPJ
olution in froc gpooe 18

and the :
b Ay By (3 0)

who re

n
—

2 o
v, -&o'ﬁ



‘pnlying the anpropriate bound-ry oconditions at tie Junctionp
of difforent radiel zonos, five simltancous egiations will
be obtained, 3y thooo cauiations the valuo of '3 4o found
out mnd vhich in twrn by iaverting the Murier-transform wili
sive the radiation ficldd in {roe¢ space. Iy this proccduge
the calculatod vulue of Ay 1o

A= 36y Ex(a) ¥[Ye Hlapass e(oem) ]

(83 Bog™0eg ay3iory a g
(O11 %1~ Ogp 3p ]

? 2,0 Hesds cloem) ] =

x;= {(0gg 857045 54! (8op B33™0oy 85p) -

~( ag3 %G5~ %5 %3’ ¢ %2%4"334&32)}
zg= { (ag 205 954 %as) %er aa~2s o1 -

- (ag3 o5~ 84 %3) (%o1 3470 ay) |
apy® Rnlkoty Mar Talko0rle  re™fnlligar beay Sk 0 )
app=nlkodle Bz nllg8)e  agg= =ip(kya),
8, 4™ nl¥o®h %1 (kg e age® plk a)
ayg® =lkgsh 03¢ ~igBgah  agei(k b)

oge® nlkol) 0 2407 “HalkoPh A= 1k b),



a54= O (E D)y 855" = €40 ( o b)=ih( Yob)
oo 78 93(“ ) 1z the volue of ca(p) componcnt of the dicloctrie

censor at p = o ,0d prime dcnoteg derivatives of function with

~»rmoot to 1ts arpunent.

The solution in froo speoe is

gnvertin. it wo have
g ¥

Hglpea) ® I

g lg( 2op) 0358 a5 (8.3.0)

eqiation (Bed+8) 4u & contour into-

ve solved by wplying the otan=
inte ration ( ppendix D)e The

Jpe integrend of

sr.tion 40§ = plane ond esd

cod of sadile polnt
£ di-tion {ield in opix rical cooxdinate

oanbep\nmtm fom

dard o

gtem { Te O» g )

oy
§.6, Csla) ¥k,
nﬂ(r.O) -,-.--ﬁ°n " w(o)-%—f-
ghore Ho) o F(Vog f(ﬂ.m)l E’,(B.ﬂl)] in the trangformed
n = 0

#{cym)s 0l og) | Bt neddle point.

yolues of "2
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5.@.1. LY, 11 OF

The geometry of tho configuration analysed ic 1llus

sated dn £1g. (0.3). M {infinitely long air ocolumm of rodius
' hoving infinitoly long cond.-otor of radius 'ﬂ’l. along
and gurrounded by axially mosmctized
cutcr rodiug

Iaz
the longitudainol axis
auiular pl.oda column of mor rodiug ‘o' and
'pt 4o oricntod with ite axio alon; the gesxls of tho (pfyr)
cylindriced coordin The mediun currounding tho

s oo Lual and & te
and dye
ring of ™Y
»1th odr o)lum and pituntod ot o = 0
plonse The pouro? £ield sgstribution io pro -entcd as

= o 7 o p = a) ils) (6.4.1)
s gronocker's delta

ate S.V'Btonh
pin ading to infinity 4n free apnoc, with
constants &y ficld souroe
40 a gilamontaxy

) conorntric

e clootzomawtio
notic ourrent of mdius 'af

(n <8

oshore & reprosen function and g is a

undt veclor in § wdircctione

of e:xcitation, the
the ooordinate
mw do, the

qp ¢ oloe nf the cource
2111 be {naspendont of

g ( 1.c. afof =0l r olroular ayetric Bog
tcn os (detalls

e o

sntpmo, 6Nneors W
4n scction Deilel)



g <l 1 oil 1 e ( o

ale) 0™
T ey, W) .
Yy % v P cI(P) d !:.'.

P C —

| €s(p)

+k263(p) g ( .k _L, 93‘9)"-5 I }

@ -JWOC:S(P) 5(9"&) 8(3) (50402)

In order to polve emuation (6.4.2),
tr. .nefoxra 1s ~Hlicd,
defined as

the wethnd of integ:rn)
Lot the Murler tranaforg Hg(p,g) ho

m
Bps 51 =/ yloaz) o™52 g,
and faverse truyicform be given by

I +*=

Bylpss) i~ J bip, ) oI5 ds

Uow multiplying each em of equation (Lede2) by o™JES id
integrating over the infinite ronge with remect to E,00 ot

a*n 1 d I ah

L p f‘p 83(9) ’,’
5 C5(p) o €5(p) a [ 1 x
B e .. 3 ® h =
*|¥o Csle) ey(p) T T c.;(p)J %

= =32y €5(p) b(p=a) (5.4.3)



Loy

untion (5.4.3) i3 an ordin.ry diffexenticl oq.ation
vith & 10 a parancter conotnnt. Jouni~-ry condi tiong
on & follow {rom the bound-ry condition on its inversg
Fourler-vrmafom. idaking inte account the @oroprinte
Joun. ry conditions on b anc its derdv. tive with roopect
W py the colution foxr h 4n free gpace 1o found and then
its invceroe Furler-trensfom ;ives the Licld in free o0 noe,

.he delta function s 4defincd ns followg

o¢bd
JS ilpg=n) dp wl,and &(p=a) =0 forp o .,

o=
conneuently for all p other then p = a cquation (0,.4,3)
~~duceg to diffcrential cquation,

£y ( 1h (p)
e Jiy) m—— [un pi- hao
& e GI(P J (6e404)
Jmm 1 ( ) o {1 1 }
m m— e . P e :

. 2()83(9)0{1}1
aglp) = ky Cglple P ap ( ca(p) ?

The golution of cquotion (Bed.4) bave beon obtained for g

radially inhomogencous pl.sis ~ezion within which the free



lectron density 1is civon by

n(p)e oy [1( p/0)%] | ap¢p <1y a3 b, (5.4.5)

here n, determinca the mnonitude of elcetron ‘ensity, -nq
4 19 a constont rolatcd to yrofile shepe. Thug 4f @ = Ee
the denplty docoys monctonicelly to rsore at the odce of tho
shepth ( p = b}, in the other limit, 4f 4 2 by the oleciron
onaity 1s esoentially constant within the shoath ang dropp
abruptly to ~exo at the tdge. ibe parabolic plogmn dangity
profile of (Ueded) closoly gppruximatea the radiad dilgtrf-
v«tion of clectron density in the plipma she-th oux rounding
a ypcroonic re=antry veh.lcle"a. ihe two independent goricy

golutiong are obtgined,

kg ) = (kp)5E £(oem) (k5p)" (5.4.6)

Sl ,P) = ( ¥,p) 1n (k,p) +"£ &l oena) (k,,w"""'I (5.4.7)

he serden ocefficionts f(S.m) and G(f]. 1) involvo the

parameter conotant & . Theoe coefficlonts can be evalu-

ated by inserting equation (5,6.6) and (5,4.7) 10t oquation

(5.404)0
How nolution of cguation (Geded) in regiom I(a; <p<a)

will Dbe
i o AIJI( V. pl+ BIYI( 2 p)



o]

wheo re }):,' = klg « g% nnd k;‘z = ,-_-"'%."C_(:n
In don IT ( a< p < ay)y it will be,
headil Vg p) BB’I( Yiowd -
In don (11X) ( an < p < bjy 1t Lo
b = Ay gl kop) + Uy 5 (kp)
and the golution in free space 1o

h» "4 “I( 2)0 P’

2
where 2)02 = Koz - 5

foplying the ~ppropriate boundary conditions nt the Junctions
of different ro'inl ooncs, noven similtancous couations will
be obtoined., Iy these equationo the velue of A; 15 found
out end which in tum by inverting the Pourler-transfora

will give the r.diation ficld in free spacc. Ty thisg
procedure the calculated valuo of 4y 40
e =
A.4-3= - ( M/) B ll)o.i‘[' f(:).:l). S(B.m ,]
- 4
LM re
7 SagySgmay o0y Noye%e2p0%rg)
:'[”Qp)’lo I(OOD)OL‘BJD'“J = & )
(a; =9 *

xx"{(aﬁﬁ G =847 apg) ( agg 8340449657 *
s ( asp g~ o op) ( Cas ﬂae"ﬂac“co’}



‘po)bags A= 0y apg) ¢ %43 56~ %g fg3) +

* (o6 By = oz a6 ) { agg ags = oy, ags) |
erz= (V1 ap) 3, ( YoOr ) o™ ar) Yol Y
21° I ¥y ady egp= T(Yy a)y agsi(via,)
age™Yp( Yrasde a gl (k 8, 846" (ko 80)y
85 = inligBle  ayg® il kbl

ayp® =i ( ¥ o0 363“'[( “JIQ‘;NU(UIQ‘:}-\II(J)I&.‘))J

oaa= - [(¥790) B02 000 5,05 0] &

¢ C
L= e (kK a,) O (k Yo b e
250 [C;,m..) Yot} ' MRymple § oo ) Rl 05 |
€ c
— ) Wk, 8p)e ( D= o1
ko) Hlkoogh ( S 1) 5 kaf:ei]

86"
63( an/

577”[( Yo B)  *x B(¥oblnl ¥, b))

whore €_ 1~ tho dielectric constent of alry €5(a;) ana €3(Db)

are the valuc of the €x(p) component of the dieleotric tennoy
at p = ag and b renpecively . Ire the prime lenotos the

serivativos of the function ith rocpect to its ejrucent,

The solution in free gpace is

ha{dl:.l(vof)



Invertin: it .o have

gy ( 2or) oI55 2¢ (5e8e8)

/i
) m —

(<
¢ e

.be dnte,rond in eg.ition (5.4.8) 1o
ol be polvcd by epplying the stendard
iho godution for the

<]

4>t

a coatour intogration

in & = plape and
of saddle point integ ;r-t30ne

setiod
reddation field in spherical coordinaic aysten (0,8 )
con be put in the ford,
Jwe, €.a ojko?
':L/(r.ﬂ)--—-—'—g— A0) .‘;':—

is *he ronsformed

h1re o) = P(l’ov “ob £( 19130 8(‘303))

[=8

values of P (D ' “g0 £(cem)s gla,m )J at the onddle point,

6.0 CuliChd Lo
1d of a mo netic rin; souroe in

he radl ation fie
(1) axiall¥ mo, netiged plasia
oxially magnetized placna

on alr oore having

tnrec pl =4 00 teics
coluan witd contral 0Bd4OOT (11)
atral conducWr (11%)

r and ad: ~rounded W
um] hove beon evalu

colummn with ©o
n genirok cundutlo
magnetiged plooRa ool
+hn plas@a column

profile of the ahenth is

an angule axially
atod asouming.

e plosfia denpity

bo inhomo. cneOube
proxinaten tho

oho non gaoh that it w»



actunl profile encounte-cd for a ~ementry vehiclo. The
4 tiom patterns ( verlation of N€) with ©) any de

computed for various parametirie valucs and effect of

dnhoo. eneity and aggnetic field may be ot.ifed,

749
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Liy

B ¢ 3.
> noted thal ocourer rediug *a' ococura only in the mimo-

sWr of vque(Ze3)s since, the dircction of peak ig

Lovemed only by the denvainator of eqie (2.3, , uny

Variation 4n cource radiug will not cli-ngo the drection

0l pogk uand only whe agplitude will be affoctecd. ‘tho gCO=

letry hos advantyge over the prewiouply analysed fsotropic

2
,00mo LIy o 10 becsuoe mow there are two goauning functiong

( 1.6. plogma denpity ond opplled mognetic fleld) tngtond

of one gommning functisn ( plusma density)s Therefore,

the docan can be geagmed over a consldornbly wider range of

anglease
attributed to the losky waveg.

o of & marnetie ring oource

ihe preanence of thape rcdiation peaks noy bde

The rodiation pat!
au.younied by -xially macnotized plnoms colucm having a
central conduclor along its axis have boen gtudied. For
€; € €50 the rdiution pattom peosess two rodlatlon caks.
The f£irst peak corieoponds to the ninina of Jonoudnator
and necond peak coricuponds to the moxima of nuBeTatorT.
hen €1 1s negative or € > 1, only ghullow puake oare
obtuined, dlus for the values w,S W < e pharp Peeko are
obtuined. jor uniaxial plosma column, g sharp radiation
pcak at 90° corresponding to the maxima of mumcrator is

obtained. (he direction of peak depends upon the plognm

dengity, applicd mornetio field, column dicameter oid
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reil atdon £ield 15 obtained ao & vector cum of {ield
couponents due to 4nitvidual rin;s of ma nctlic current

e | subpetry Jives rise W relativoly strong pcako with
a

s@oller value of ball powor bead width in comarision to

the . cometry analysed in section 3.I. sbe direotion of

n peak 1o indcpendent of the innor rrdiug ol the

rodl.tio

.ter oonductor of tho ooaxial linc. Ihe prescnoo of these
beams may beo aitributed to the leaky wavoes gapported by the
oonfk;ul’ntion.

he rdiation patiomo of a maynetic ring cource

of clcecrron: niotic TovVe Ty 4n on alr colusm havin~ a central
aonductlcr alons {¢+ oxig and mirrounded by an amular axinlly

14 -2 plysma column are tudind, The r-dintion noaks ox

n £ne

a nreak 18 obtained in the pattcorns wpendding upon the para-

~ trie values of the confiur-tion. hen €y < Gy €1 1o
coponds W tho ainiang

> I, the pcax ©OF

for €¢= 1. © sgharp peuk at

500 1o obtatnod correapondlns W the maxing of OUICT,LoTe
varied by cheniing the

the diroctlou of 1ho P&
«pplied ma netic £10ld, diomoter of sanul e
central conduotors 1he

nt of the dlameter of

ne ative oF €

akk cen be

plagma denui®ye

uirection of the peak 1o independe
op low donsity plathos

dimotmn.

rof

wring c0UIrcAe ghotp PO i
obtnined in end-fire
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® have a practically more convenicnt gource of

'.cit“tion’ the rodiation pattomg of an open ondod coaxial

line in aon oir cor h ving a ocentral conduotor anl surrounded

N amular  axially me-netised plooma column have boen
he direction of tho benm ig independont of the

-

Yy
}t Ji&do
inner dianeter of the outer conductor of the open anded

The -cometrica discussed in soc. 4.1 and 4.2

conxial line.
-lue of

ivo rise to mogt sharp penks with the annlicnt
¢ woan width as compared ¢t the provicuuldy analysed

balf po
Hore ovar, ths

_oonutries ( An chagpe & and chade 3)e
poramotrio volues of the configuration ore glso gsaall

t the proviously analyscd geomoirdca ( in ohap.2

compa.cd W
sence of these sharp boans wmuy be

ond ohape 3)e o p.ov
attributed to the logky waves asupported by the coometry.
‘he radiation iicld of a magnotls ring sourco in
three plasmua coometrdes [(1) axdally magneticod plooma colum
(1) axielly mosnotised plaome column wdth contral conductor
(144) an air core having a central condictor and sarrounded
by an amular miislly nagnetized plaeaa colum]have been
evalugted conaidering the plasma columm to be inhomo;enecug,
The placmo dengity profile of the sheath 4c ochogon s ¢h that

it ocpproximatcs tho actual profile encountered for a ree=
entry venicle. 1ihe r diation pattems ( variation of M0)
with 0) may be computeod for varisus porosetrio values and

effeot of inhomogencity ond magmetic field ugy be otudied.



«he ook reported in tulg tels 48 nainly wope
c¢ God with the rediation pattem chiaraotoristios op dificrent
gourcoe in different jeometricg, It is found thnt radiation
pattomn pogsessing one or more ghuxply poaked beans may be

obtainede Altempt hng beon mnde in the direction of

selocting practically fensible coometriecn with PIuper
porametrio values, exeited by proctieally conventent aourees
of oclectromarnetic wavep 80 as t¢ ~ive woll enhanced rodg-
ntion pcaks. The anisotropic plagma peomctries analygea

he pehave advantase over the isotropdc plasma soome tricg

sinoce it gives a wider range of angles ovoer which the bean oan

cdnoe 1% 15 difficult to maintain the pl.agg

be acemncd.
density for tho large radius of the plagma columm it g5

also decired to chuose thgt conilgar,ilon which requireg

small plesmsa columm rodiuse

ihe radiatvion patterng of circular aymctrig
sources { mesnetic ring murce, open cndod cosxial line)
in an air core having central condictor and surrounded by
an snmular axislly mognetized plasme columm give rise to

moat enhanced rndintion peak with a very msll value of
g confisuration alao reauires

half power beam widthe
amaller golumm rndiug compared with the pe.metry onhalyosed
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in chap. 2 and 3. But in thi, cane, the = 14n%¢40n e nk
1litude i« orcancs heavily ag we@ climie the 2dn mdintion

vi les e r-di-tiom poaks obtained in chap. 2 a'e brosa

+nd less onhonoed comparsd with thone in chap, 3. Comparing

the ‘coults of thooe chaptors, 1t may be nmoted that mogt

promoaing cuse Lrom proctical point of view with an eye

On _aving suarp pes. with larger soaw:.dng ancles  ycems to

be that of coandal 1line oxcit -tion in m axiolly wagnetiseqd

plasay column having central conductor alon: its axiae

Jased upon thege results 1¢ gy be proposed to
develop an clectrondnglly scwnable antema gystem,. Bp
the physical realigntion of spuoh an antouna ayoten, the
theoo etieally celected porametors siould de within the
experimental roange. or the execitation frequenay of
I0 %11, , the value of planda dengity varles coproximatoly
fronm IO: ﬂ"/cna o mﬂ/an3 as the value of €5 chances fronm

The d.ce ddochprpe c=n be used ZOr producing

Cel to 0.5,
pl-ana whooe Acnodty cen be veried by chanting the plaang

curronts BDachyanuki and Gibbnsv bags degoribid that mamo=
tio £iold con be produccd by two magnetio codls arranzed in
a llelaholig confijuration witiout enclozdng the plasna

.his arrenceaant is capable of producing macnetic

coluin,.
21elds of sevorul kilo-liauass . or €3 0,100 the magn. =-

tio ricld of OCCO Gadan allows the variation of u/up up to
 J0BI, 1t allows tho variation of W/up

1.0 andé oy 63
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upto Ge7. L.be macnetic field can be varied by changing
the working areg of ti wil.

The field distridution £ 8( p=a ) t(z) of the
mo netio ring source can physically be gpproximateq % a

coaxial 1inc excited in the ¥ mode ond tgpercd %o g

ncrmw amular eperture., In case of an open cnded coaxigl

line oxcitation the immer conductor of the coaxlial ling

can be made % run through the len:th of the colurm to

gorve ag the central conduc~tor. In solidsss. the plasnma

statc c-n be achleved by an injection process and the Plasma
dengity can be varied Ly varying the injcetion current, The
anigotropie plasma state can also be slmulated with the

In theory, axially

»

help of articlcial diclectrics
@.znetized plusma columm and air core ( chap. 4) huve
been aggumcd to be infinitely long » ior piactical arrgne
.ment, a finite plogma colwn has o be token and due to

the prosecnce of finite plasma a widening: of the major lobe
w41

of rodiation 1p oxpectcdm

6.3 JUIGRGTION: IFOn PIRTITR O RKS

In all the eometrics congidered here, the emore

gence of rndintion pesks may be attributed W the excitation
It is proposed to do

of leasky waveg on the plagna surfaceg.
theoretical analynsis of caleculating radiation fleld from the

near field consider-tion of properly exci ted lcaky waves by
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Kircho £ Tw on integration method, For this purpoge,

2ir-t the loention of losky wavo poleg 45 to be caleulated,
‘nalytie calc:lation for the location of lcgky wave poles 1g
11{ficult beo wmse of the involvement of Fo.nel functiong
ith complen cro.menty., Numerical methods may be holpful

in coleulating the location of logky .ave poleg,

In the present analysiagy excitation of eireular
agyame tric mode hos beon considured. Ffor obtaining a rodie
tion patiorn with o linited axtent in aszfmuthal plane, 1t
15 noce a-xry to excite o ddpolar or multipolor mwode on tho
xoitrtion of these hi hor mdes on tha

pl.smo column.
"ffcet 0f Inhouoencitien

plaoame coluam chould be ctudilnd,.
of pl-oma ooluum could alo be studled 1o the sumntion
of uniform anmular pl-oma column of diffcrent diclootric

tengor.
Yhe temporature effect ( comproasibility) of

plosnn otate should slso be taken into account In 2ll geoe-
metricse Due to the comprcosibility of pl.cma, ai exoltation
of eloctroacougtio mode in gddition to eleciroa-;zmiic modo
15 oxpectcd. The effcet of slass tabing ( which io norually
£ the plasmg

uged for containing the placmal)y finitc lop; th ©
ve taken

coluan and thooe of lossos in plasna ghould alao

into account.
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Plioma 43 @ cyroelectric meddun vho ge pendttivie
24

ia .»
JAven by a tensor. On the other Lyndey thero 45 Ao thay

¢laso o4 matordaly known ag ferriteg widob exiibit £ rrone
ngnotie properticss. In pregence of g state Be/motie £iolg
the permonbility of a ferrite decomen anigo tropio 1.0, 1
becomeo a tengor, A number of investisations have been
corried out in conncetion with the wave propacation in syro-

an-netic modtun ™40, mage investigation mostly deqlg
with puided wovea. The radiation characterictics of the
cl.me. nourocss inol ¢ the following geometrios chould be

Thoe aug ested geometrice arcs

stulled.

(1) Perxrite column,

(11) Ferrite colwm naving contral cunductor

(111) A diolectrio rod gurrounded by an amular ferrite
coluime

{iv) A wave julde filled with ferrite ani having Molog

on it surf-coe

The r~dinifon field 0f 6,3, oouUrves for thece
ceouetries may be evaluatced and the radintion pattem cham

racterictics may he studiod.

LR 2
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sanppendix Do

Aopendix C,

Ao y;endlx U

Malyis of the axially na nctiged

plasmg oclumm

Jerivation and solution of eqie 2.2
Caloulation of the rodiation field

malysis of the axdally na neti.ed

plasma columm having central ocone

ductor

salysds of the an air core having
contral conducior and gpurrounded by
ammular axially aa netised plasma

¢ lumn

saddle point integration motnod
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e cleotrvn nmetic fiecld s o colution of dewwoell!.
¢ wationewritten in dlfforential form for oY% tyme |

pendence we hgve

=z = ;lwunTT -7 (12.1)
Ux o 'J'.‘JE o (2.2)

hore tho souree distridution K of a momctio ring asource
of r-13un 'a' ig reprooented as a produet of the dirae

dolta function in the p and z coordinnte as follows

Fefe(p=-a)élz) (4.3)
The source diotritution T is indcpendent of § amd 15 o

andt source such that
atAL+D

JEeZaa=g J 6(p-ali(sldcdp =1
A e

T bos the diacnsiona of volts per smure mtere. Ihe plaomg
e of an a:plied magnetogtatic ficldd
ihe pormitti-

is anipotrupic by virtu
along the g=axig of tho eylindrical oo LM,

vity tenoor € for tho cold, anicotropic placma io civen by

0
epp j€Ep0

-JCop €00 0

™)
]
0

&) 0 €zg
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g o we oou 3 Qe
o uhe pource [romency » w, 13 the pl oma freciency

and wg do the cyciutron rooonance frequoncye

“he existence of a purc t=pode 1o conapldered, Ihe

mg. netic our cnv rilgment goneratcs a field having como-
' \ MI .

aent tye and B, wallc the componcnts -go ol, ond Hy ore

cqual 0 78I0e me to the oymiotry of the gource, the

14 s {ndependent of P ( Lece 'F?'— =0 ) M™r Dy

fie
mode, from 6. (2.1) end cR. (1.2), tho inhomogemsous wave
smqiation for iy may be ritten as;
a1 I L § I [ A .
4 s ._i - ._1 )] +____8. *‘t .
op” P op ? ¢; s 0 3y

= =}u€E3 t(p=a) 6( 2 ) (4.5)

In order to 010 oqie (A.8), At 10

wmmkg-wg‘-bco .
<neous o rdina

reduced W 8 non=iu o
by mothod of into rad transforite

tronsforn of u,, ( »

Yy adsfocrontial egiation
Jo define the Fourier —

.B)w;
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Mpe g ) ‘"fm it (Pez) o™d%8 4, (AeG)

ihe invo se tr- aoform 4o dven by
.’.-0

iglesz) = — J Hp, 5 ) oI5 ag (1.7)

maltiplying cach torm of ecuation (A.5) by e""g“ and intoe
sing oveor tho infinitc ronge . ith oopeet to s,we. get,

RN X :h ( o . €5 o I
— & ¢ l,"‘ (. - cum— §~ - comemy ) Ix -
e o @ 2 g >
= ~JwEeby ol p = a) (2.0)

tc scurce torm 6(z) 4o no longor presont., since

s O

49
J 6 (=) o 5E ag =1
an ordinary difforantial equation

7e may comoider (A.8)
Tho boundary condi-

in whieh § io a poaranctor congtante.
tion on h ( p, 5 ) follows frod tho boundary condition on
h( pye ) and ito deriv-tive with rogpoct to pe tho solution

for h ( ps § ) in free spneC 1o found out nnd then it

inverse Pourier-transform civen tho ficld in fx00 &Pneo,.

™oouce of tic nature of dolta function the eqi.(A.8)

may be writton for nll p other then p = a,as

s
a1 oo % 2 C yme0 (a9)

€ ¥



e .olta function t(p = a) implics a bound.ry
E i gt satdafy at p = Qe dulti-
(AeG ) DY dPo integrating over tho

cOn'.u-tiO!l dﬂ-ion h ( P'
plydng ¢ ~ch tcxrm of ele

intorval from p =3 =D twp=a+% D and ansuming h{p, %)

to be continious 202080 P = & we havo
4h i
19 de
0 Q.A

Y conditiona onh{ p» E } follow

po renoining boun-
on Hg ( oo » ) ond " (py 2)e

from the bound-ry conditions

~eaation ( A.0) &3 "ro o1'n emuation ond its Pre) LT

tion DAYy pe written Jsr(for o <p < )

gor a <P <0

hsAEJx(”IP)*BIYI(»IP)

oa pr P 2P
2. .23 s?)
whoro dgm | ( X €s €y

2“2
}Jouf(ko ‘5)
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br tli onr! ur tion onalyood in eotion

onditiong on h and an/e ;-

h s h I
fa S TAS a+a

Dely Ul boun i, =
atpea andpey gy be

h ah 1
- —— - ——— = - w
Ip ! dp e I
146 O A,
= nx
- or S
dh dhb a
. - 4 -] E—— -
dp < ’ '
0 A e O+ A,

Appiying all those boundory oconditions on the
solutions of oqu. (A.,9) dn difforent reglonc we hnves

p91( Y1a) =agy( 7y a) - Bp [( 7 ) =0
a6 Ypa) Jy(Fpa J=Jp( Jpe)]l = B ( pa) To( Ypa)=Tp(910)]
- A {(%2) Jo( Jpa) = Je(Vpal] = JwE €yt
Agy( 7;b) + By Tyl b)) = Ag He( Ypb) = 0
Ag [( »1b) 3 € Ppb) ~3;( ¥, b)] +By [( Vg0) L( P15 { 7))

~ag [E3( Yob) Byl Vo) =iig( )] =0
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cre Love four equations and four conatant., olving
tho valuo of Ay Lrom these eguations we have
(v oM ( "1‘“*&(”ob)""s"’o"’)"z(”xbmo("zb )

-he solution in froec goace i
(. )e= Ay dip( Vb )

inverting 1t vwe have
E
glporsm— [ tgigl p) 5 2z (n10)

The variobles ¥y mnd Y, which appear in the inte~
crand of oqu. (4.J0) arc maltivaluod functiono in the
moishbourhood of Y= 0 and 7, =0 respectively. It can
be suown by expendingz the integrand about 7’18 C and =0
that integrand ig an even funotion of Yy «nd 7, I0spectively,
But at ), = O the lankel funotions wiich @@i<os in the

inte_rand have logarithmetic singularitys bonos v, =0

givos rise the or-nch pointg of the integronds
consider the iatsprand of eqgie A.JO) ao contour

intecral in Ee- plano and epply tho method of naddlo point
Introduce tho trong=

integration to evaluate the integrale.

forantion
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5= fo ol (A1)

- I'e BX‘.JY

ig tronsfornation trangformg the recdon of Intoe
*2iion i T~ Hlanc in 0 o atrip in thoe (eplane, which
10 boun od by two ecuried lim g corregponding tc the dranch
cuta at =+ 1, in the (eplonc, The branch cuts in
renlano are ivoen by,

odn A co8 hy = 3 1
udg tranoci.rmotion yleldo
2, » K, 08D
€.

--& P“
-kof(ca GI ain” § )

71

low eqation (A.I0) irausforns W

- p Jk adn | 2
Bg(pez) @ == S tg(i) By(k, p oo () %0
2n e
» k, coo § d’ (1.1I2)

‘higtin: from oyliniricel coordimate syotem (ps £y 2) ®
h holp of the
sphorical ccordinate myatem ( Ze © o g) with the p

trangformations

p = r con 0

591’9186
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ecuntion (4.12) trangfomos to

I
g ree) o = af ‘50 ) B r X 000 0 0og 1)

exn( d3, udn 0 otn p) k, cog g ¢

(4.13)
Ta:ing aporoximate vaolue of Ilankel funotion of tinw intosr.ng

of eqde (Ael3) for lprge value of r, we have

1 j £ "'J(&’:/G/ ( I.Co )1/2( l/”
e = — .'_ { c y ) .
AJ,,(..( ) s & " R cos B)

OJkDr 00a(=0) dfisfor kor » 1

(A1)
The oaddle point of thio integral in iven by

.t ws (=0 )=0
dag

‘4oh zives £ s 0 &5 poddle point . The gtecpeot degecent
L o
th ( ¢ Do P.) 48 given b, the constant phaoe of the
pg e ']
onential factor of the integrand of cquation (4.I4)
exp

and 1t 1o to pass through the saddle pointe 50 we hpve,
in § cos ( p = @ ) = conotant gnd widch s t pass
iam

tozough § = © jlving

cog { § -8 )ooohy =1

" -
_"G)MHh* m iy
odan ( £ + -
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‘0 dying tho staundard method ( civen 4n mopendix D ) of
"1de point integration, the lowept order gpproximation
o the intesral 1c “tven ag,

o

k_of k.r
2_3 pg) 20

C. i
ng(r.o) m =y ( --I_-;o?- )/ ~ (4.18)

e
T

whore

JI( ko )

»e) = :

[ kotv) Jolicgov) Eplkgh 003 8 )
~€u{ kob 08 6} Jplkybv) 1, (&,d coo 0,}

C o .

g my (€= g o876

: Z4eld &n free opaos
xy ( vy 0) pdvea tho r. di- tion 3

sn P
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the confi ur-tiom enply-ed ip sican in fig. 3.1,
" p 7 . mode, the inhooosoneous wave cmotion Jor ', may

wrltten as

o

o

\‘ .-.‘ f I ".' I < Ca n -': "9 _
) ,)" P > P 1

o = JaCyts B pma) b ( 5}

deseribed in pppendix A

1s cethcd of Wurier {rpnsiorms GI
; egoasion ( 4.0} in

1o uccd. The solution of B egeed’
adticent cosdons will e ad follows,

h“*’x'ﬁ‘”x“*”x"z‘”x"j' for ey ¢p ¢
end for o <Cp €D

na A Jg{ ¥3P) + Bp Yol V1 #)

ond for p > b

}

€ 2
£ o = =B%)

whe re =0 =y ( ¥ €3 -

2
Douf('--g"%)



"or thig ooni’imration. the boundnry condi tio

5 ng on h
/P atﬂwnpaandb-ﬁmto, B
_ 1  dh oy (
‘-—-' . T ¢ —
1 | ‘fQI’A
- |
< [ h ,
f |
[a=A ‘.'.; +4
l';:odl
Jdh |
— R p
T].') - on";}
Ja-d
h ,[ "'
= 8
|b=a |beA
/
ah ! ah ( R
S el T e o

Anplying oll thope boundury conditions on the solutfon of
cque {A.0) dn diflcront resdong, wo widl have five equationg
with five constontas. Blving tho value of Ay IrOBm theoe

e uationg, ® bave

j..cob’s 8 & A
[( 2obj b PYob) B €5 (2,b) p( ¥4D)q]

As“
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A '[_'Io( »ap) Tl 238) = T(2yor) Iy @) ]
5 wfIg (Y ap) (@D = Yl ¥ o) 3,0y b) |
0 wfagl ¥yapd (P gb) = Yol ¥yop) Ipl ¥y b} ]
"he solution in free space is
v ( peE 1 = a3 gl 2 P)
tnve. uing 1%, wo Dave
: E (2. p) ed5%  ag
zv(m zi ® L, 25 "1t o
»- a4l -~ L300 cdold ( as in

Lo o:J.c.udr.hx,; the Xaf
wion mrﬂg ( rp 0) wikl e o8

fppenddz Ade the expre

Jivﬂn by oQde { Beled)e

aed
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The eonfizuraifon nnalyscd ia glown in £ig, 4.1,
or o1 @odey the inlowosencous wave cquation Lor | ‘i! ngy

\4: "?i ’ JJn aa

3~ i Qi I c.
b TR ‘i Gyt -

4 Uy

B ey 6( p =n )& ( 2)

M thod of Pourder-ir-neformg as degeridbed in Ajpendix A

15 usede MNow ag stowm in fige 4. rogion detwoen p o &
to p = a,is denoted as rosion I, Letwoen p ﬂatognas.,,
ag rocdon II. betweon p = ay to p o b,an meglon IIX and.tm
yoodon for shich p > b as recion IV. Ihe solution of equ.

(1.9) in region I 1o glven ag

ne ot Jg( 28 )¢ B T2 p)

2 2 2 2
whore Y, “k? -5 ad kp = g6,

In re don II 1s civen a8

p = igdp( el * By, Y 2g #)

in rogton IXIT 40 ao glvon as
b= g9 g 20 ”3"1‘”1 e
Y £ e __2}, §
whe e ~1 'ko 3 I



and for p > Db
e Ay (2 P)

LAl
e

™

w‘wm .‘J - “co“ - %
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