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E -_INTRUDUGTO&Y,REMARKS; :
'Tﬁe'ccntémts of this thesis are arranged under five'%
"gChapters. Chapter - T is of review nature and déals‘with g_
gén@raL iﬁtvbduction:to the thesis. Chapter II is‘devbte@féé
the_studQ of wave propagation in a plasma filled elliﬁéiCélé
_wavegﬁideo It consists of three sectiéns,.ln the‘first

' Sectioﬂ of-thié Qhapter propagation of elecfrbmagnetic waves
in cold plasma filied eliiptical'wavegﬁide.is discussed and
rate of eriergy flow %hroﬁghlthé'waveguide is caleculated in
i%ermsuoffMathieu functions. In the second secﬁion5 nature of

space charge waves in an elliptic plasma column in the

presence of finite and infinite axial magnetic field is

'discussed while in the third section propagation of electroe—

magnetic waves in warm plasma filled elliptical waveguide is

discussed, -

Chapter IIT is concerned with the propagation of waves

in a2 warm plasma filled cylindrical wageguide, This 6hapterf

comprises two sections. Iu the first section, the disperssion

f

relations for perfectly conducting wageguldes in the;pﬁésenéé

‘of finite and infinite magnetic field are derived while”in the

second section propagation of waves inside a cylindrical

=hia,

e
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‘waveginide partially filled with warm plasme is considereds

i

dhapter IV is devoteé to the study of propagationii
'waﬁes'in‘a warm plasma Betweea two perfectly conductiﬁg,'
platess This chapter compriseé'two sedtionse. In the first
section propagation of electromagngtic waves in é warn
plasma filled parallel plaﬁe_waveguide;andfin'a‘prallel . ;
plane waveguide pertially f£illed with wéfm'plasma is disg- |
cﬁssed;‘ln the second section propagatiénvcf waves in a
wars plasma‘filied parallel plate waveguide wiﬁh’one boune
dary corrugated is discussaed.

Thé last chapter is devoted *o derive‘the dispersion
reélation for/wévr propagation thf@ugh'twoéﬁémperéﬁure plagma
'using two-£fluid model hydrodynamic equations and several

excitation conditions ave deduced.

Before we iiscuss various problems we preseirt below
a brief survey of iiﬁérature'on ﬁave propagatign thréugh
vplasma'filled cylin&ricél;‘parallel plate ellipticai wave-
guides. Also a brief Survey o£ 1iteraﬁure oh wave propagation’

'ﬁhrough two-temperature‘plasma is given below,
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the nature of wave propasgation in a plasma between two

1.2, A SHORT REVIEW OF EARLIER WORKS ON WAVE PROPAGATION
THROUGH BOUNDED HOMOGENEOUS PLASMA AND TWO - TEMPER-

_ ATURE PLASMA,

A study of wave propagation in plasma filled wave-
X . s a8 O e .
gulde is of great imporiance 1n‘1Q§pher1c investigations,
plasma diagnostics and fusion has attracted the sttention
of various researchers in paét years. A brief review of

propagation of waves in plasma filled waveguide are given

" belows
Hahn (1938) haes shown that the basic charactere—
istics of & new type of vacuum tube, using a velocity

modulated electron beam may be explained by means of wave
propagating along the bean. For an ideal tube in which the

beam was assumed t0 be of uniforam density throughout its

length he déscribéd the small amplitude alow “space Chafge”
waveé thch have axial symmét?y; Ramo'(l938) studied for
general slow space charge waves which do not neceSSarilyl
nosses symmetry aboub the axis. Schumann (1956} discussed

infinite conducting planes and established that there are



three frequency ranges in which propagation'constant was
;maginafy and %ﬁ plésma moves_in the direction of'an épplied
magnetic field, the.éxcitatioh of electromagnetic waves iﬁ :"
these faﬁges appeared possible..The ngtural modesAdf 0sCi-
llation'of-a cylinﬂricéi plasﬁa.waé cdnsidéred by Stix (1957},
To derivg the dispersion relation he f§lidwéd ﬁbrﬁal mode'
‘analysi"s sim_j.lsz:"*to that of Kruskel and sGhvéanghild (1954)
and déduced thé%’frequenéy well below the eiecifon‘plasma/

and electron cyclétfﬁn f%équency; fheré apbeééeé-in-twoﬁ
limiting cases hydromagnetic waﬁeé and wa%es(ghése natural
frequencies were clogetc the ion gyclotf@ﬂ~ffe§ﬁeﬁcy. Kbrpér
‘(1957) dedudgd{ﬁhe oécillatién of ﬁlasma eylinder of infibite
length and establiszhed that %here'wére two %&pég of osgillation..
Dawson and @berman (1959) deduced the propeﬁtieé of the normal-.
modes of a cold plasmas sléb‘éﬁd‘cyiinderp situated in a strong
magnetic field and then used éo’discuss the %ﬁaﬂsmissiom and
reflection of radiation the'scattering by a plasma cylinderg the
responce to deriving squfceé‘in‘the vicinity of the‘plasma‘and
“the raﬁiation due to plasma oscillation. Tfivelpiece and;GQul&'
{1953 imveétiééﬁed the propértie§ of spaée charge waves by

regerding the plasme as a dielectric and solving the resulting

|25}

ield equations. They considered the effect of steady axial

magnetic field but the motion of heavy ions and electron



L femperé%ure effeé%é'were ﬁeglected.:Waves wére fquﬁd to exist
w ét freqﬁencies 1@w:¢ompgired_with.fhe plasma'frequénéy a§ well
 as wéves with oépositelj.direCteaIphase veloéityignd gfoup;.
ﬁ'Qélocities; Cagué‘gnd‘Mezgc (196?)Estudiéd the proﬁagatgbn';:
‘=_of'wave$ in a'circulér plésmé.filled»waveguide witn'mgéhetic'
field directed along the axis neglecting collision, thermal
;f@éfibh_énd ion mbveméﬁts.,The'éispersion relation f6r s1owi f

waves and'cutaoff»freQuencies wére deduced. Hal;f(1963) cons-

'-Q-fidéréd parallel pla%e plasma problem under the assumption of

*qﬁniform den51ty amd specular boundary condvtlons at-the élates.'
‘1‘Sayakhov €1904) deduced that the amplltude and perlod of the |
snace charge and electron vplocitj waves were decreasxng
'function of thefrad;al velocity. Anderson and Welssglas (1966)
%ﬂ§§ﬁgidered~the~pfépagation of ion acoustic waveéiaibné'a
”'ifgyliﬁdricél Qla%ﬁa'and'eétabiished that in addition ﬁ§ithe
}-infinifé_number~§f}ipgjw§ve:modeé'there*éxiSté a surface moée_
‘which;wés-théhion equivé;ent cf'the electron 3ﬁ§fégé méde'of
Triﬁelpiece and~Gou1d.(1959), Wong (1966) in a thebré%icalAu
énalyéis showed'éha% fhé boundary effects on ioﬁ:QCOuStic
iwaves Dropagating aldng the magnetic. field to be~un1mportaﬂt
f‘lf the ion Larmor radlusals much smaller than the plasma |
'radlus.AKondwatenko (1907)9 Xitsenko and Shoucrl (1068) and

,Guernsey (1969) dlscussed propagation of - waves- in bounded

. ,;plasma. Karplyuk and Kolesnlchenko (1970) investlgated prOpa@&LGW



of slow high-frequency waves in the presence of a magnetic

field in a cylindrical plasma waveguide surrounded by a

dielectric or metal. They analysed the dispersion relation
numericélly and established'théﬁ-éllowénge'of temperature

leads to ‘the appearance of new branches in confined plasma

system.

Waite (1968) dévised to apply the effect of

.‘éléétroﬁ-temperatufé-to_Maxﬁellps ééuations by the

" treatment of hydromagnetics (compressible plasma'theofy Je
._ Using compressiblevplasma ﬁhédry Ito-éf al (1971) showed

lthat thé‘yavesiconsistinguéf eleétrbn sound wave mode and

' electromagnetic wave mode are able ©o travel in the plasma

waveguide., Azakami et al (1972). ésed:same.method to the

waveguides and established that in case of pérailel waveguide

‘the waves can be separated into TH« and TE- modes and in
case of circular waveguide the waves can be separated only

at ¢ = 0 mode. ZhelyaZkov and Nenovski (1973) derived the

dispersion equation of ion surface waves propagating along
a warm plasma layer bounded by dielectrics or albng a

They .
dielectric.deduced that in case of a plasma layer bounded by



 dielectrics the propagation of two types of ion surface

‘Wéves. [;ége'ﬁith fréquency ® > 6i /(1e€) j2 , and

1/2_ ]

anéther with'a frequency _a><¢u ,(1+ G) was ?ossible '

L in the case of a dielectrlc 1ayer bougded by warm plasmas’

both carrespondlng waves had frequencies lower than. a> /(1+® /2

Van DenjBerg et al. (1973) and Dwar et al-(l974) studied
wéve propagatioﬁ in ellipﬁical Waveguidé.Axbndratenko et
al.(197h) %heoretlcally analjsed the propagation of low:

frequency waves in a cylindrical wavegulde filled with a

‘highly‘nbnisothermal plasma.Weber (1975) obtained the

dispersion relation for the prepagation of elec%romagnetic.
waves pafallel to a magnetic fie1d in aicold plasmg between
conducting planes and‘iﬁs numerical computation yields six
types of waves. |

The first attemped o build‘uﬁ a Kinetic'theéry
of the surface waves in a cyllﬂdrical hot plasma was made
by Kondretenko (1972). Atanassov @t al (19?6) derived the
dispersion relation of the axmally symmetrlc surface waves

propaéating along a hot plasma column by solving Vliasov and

Haxwell’ s equations. Shivarova (1977) determined the dispersion



of the high frequency surface waves existing in a cylindrical
ﬁlasmé c§lumn surpounded by a dielectricvin the entire eiec«
tromagne%ic region of their p%epagation,}on thé basis of a
ﬁydrodynamic.deécriptiOn of cold collisional current carryiﬁg
plasma §hivérova (1978) iﬁ his another research work obﬁainéd
| the propagation of highbfréquéncy axiélly symﬁeﬁric surfaée' |
wavés élong a cur%ent carrying h@f plaéma.coluﬁn'iﬁ.a gloss .
'tuée by mea#s of a kiﬁétic;plasma nodels The wavg.spectru§ and
. the éambing rate were alsq obtained. Shivaroﬁa et al.'(1978,
1979) étudied the'physigal‘as well as the spectra and damping
rates of high ané low freqﬁency surface waves in semi-infinite
and éylindfical plésma; The éiépeféien.relation of surface
 waves’pr§pagating on é hcmogéngoug Maxwelliaﬁ plasma column
with sharp boundary and surrunded by diel@ctgic and vacuum
were also obtained. Phalswal et al.(1979, 1980) in series of
Pesearch.paper considered the wave propagation iﬁ a élasma
f£illed waveguide. Cibin (1980) éiscuésed énalytically the
effeét of losses on %he dispersién relation of guided electron
1 5plasma waves on a plas@a cylinder. Arora (1982)_discussed the
'cqllisional'effects oﬁ ﬁhe TM; modes in'the plasma filled

parallel plane wave guide., Zholyazkav (1983), Unz (1983) and



Peneva et al.(1§83} discussed various problems on wave
propagafion in plasma f£illed waﬁe guide, Das and Basu
{1984) stﬁdieﬁ ﬁhe‘propagé%ion of in%erﬁsdiate frequency
vaves in a plasma column magnetized axlally and enélbsed

' in a conducting cylinder{ Khan {1984) iﬁvestigétéé'the
propagation of plane plasma waves éhfough a céilisioﬁal
élasma sphere. Zhiléi (1985) derived eigen modes‘of

ﬁhe fast magneto fluid WAvés and slow waﬁes for a plasma
fiiled'waveguiéé'with‘eliintical’crOss-éection aﬁd showed
that fast waves caﬁ propagdte in a hlgh‘dens1ty region,
while slow wave»‘pfopagwte ohly in ihe region of low
plasma density, Cross and'Murphy,{198b) derived‘tbe dispersion
welaclon for Al&ven surface waves in a cyllnerCQT plaSma
.assuming that the plasma was separated from a conducting
wall by a regioﬁ éf,low density plasmal,Prgséd et al.{(1987)
derived ﬁhe electromagnetig wave:propagatign in'a pa&all
plate waveguide’ﬁith one boundary corrugatéd and(filled

| with unzxiel warm driftiﬁg plasnma. Thay'established that
fhe_fas%‘and‘thé slow waves are gfeately effected by‘%empm
erature and the drlft veloclty, where as the wavegulde wgve

: anglgnlflcantlj effected, -



Now We discu§s<the shért revieW»work_of the two-
temperature plaSmag Yakimenkoj(1962)‘discussed the osci-
11ati0n Qan coi& uniform plasma cylindér'contain“ng"
electrcné”énd two icn:épeciés in a uﬂiform magnetic field
parallel to thelcylinder axis. A disperéion relation was.
obtained for prOpagatioﬁ at an arbitrary anglé with reépeéf
to the magnetic field, Aliev and Silin (1965) studied the
effect of external periqdic electric field,on electro-
static waves in a cold plasmé in which the wave vectors of

the excited waves had non-vanishing components along the

o

direction of the applied electric field, Montgomery and

.

Alexeffl(l966) studied the possibility of parametric
excitation of transverse electromagnetic waves by~external
pefiodic electric fieid and they pointed‘out the imporitance
of such a study iﬁ connécﬁion with ﬁhe energy loss during
the turbulent heatimg of a plasme, due %o exc;tation‘of
transverse waeves that is iree tg leave the plasma. Prasad
(1967, 1963) and Nishikawa (1968} discussed the effect of
spatially wiform eﬁternal periodic electric field on wave
propégatien through a plasma. Das (1970) starting frpm the
TWo fluid'medel hydrodynamic equations, a dispersion.felatian

was obtained for wave propagation through a two-temperature
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- plasma pe?pendicuiar.tcrthé direction of an external

electric fiéld and several excltation conditions are

deduced., bas (1970) deduced the possibility of excitation

of extramardigar§ waves in a cold plasma by smsll and periodic
external electric-fieldgfSeveral‘éxéitatioﬁ conditioas and
maximum gréwth-rate were deduced. Das.(1971;<1975) derived
the dispersion reiatiOﬁ fbr'wéve.propagation tﬁraugh a hot
électronvplasma.pe?pendiﬁﬁléf and parallel to a2 -spatially

und forn external.periodié,magnetis:field'and-several‘excit§'

ation conditions were derived.:

L. | SHORT CRITICAL SURVEY OF THE RESULTS OF FRESENT
IﬁVESTIGATIONS. . |
In this section we dbscuss the motivation of the

present thesis. Here élso thé original and éignificant points
vof the hethods of'our,investigation_are repérted briefly.
’ Thg results of the present thesis'which wé cléim to be new
are briefly reviewed here.

In chapter IID propagation of waves in plasmoe
filled eliipticai’wéveguide‘has beén éiscussed. In section

one Magnetodydrodynamic equations are used‘to solve the problen,



HMathieu functicons and modified Mathieu fugctions are

used to calculate the dispersion relatibns,_The elec-
tromagunetic field components'ih.elliptic-ccordinatés ara
derived interms of Mathieu funcﬁiohso'we see though
electromagnetic field ccﬁpqpents in plasmaefilled_elligticél'
waveguide'are different those of. empty elliptical wave.
ggide Chu (1538), electric and magnetic lines of froce

are seme in both the cases. In elliptical waveguides,
‘propagation can not be possible in absence of the components
B and By but the vanishing of E/; and By does not effects
the propagation in cireuler waveguide. To calgulate'the
Vpﬁléatances of the modes the disperéion relationsg are derived
for even and odd.SOIutions.’The time rate of energy flow
through the elliptieal waveguide in the direction of wave
propagation is'bbtained. In the limiting process, dispersion
relaiions for wave prepagétian in circulaf waveg&ide havéi |
been deduced and it is interesting to note tﬁat this
dispersicn relation représénts ba%h even and odd soiutioms‘
of elli@ticél wﬁveguidea In section two, the nature of |
épaﬁeneharge waves of an elliptical plasma column iﬁ

the presence of finite and infinite constant axial magnetic
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field are studi,gd. Maxy've'_!?l’ s equations for the perturbed
varkables in terms of _-dﬁ.e;ectric 'fensof € are taken to
éolve 'the problem; Fron tﬁe dispersion relation (infinite
axial magnetic; fieid) we see empty waveguide cut-off fre-
quency“ .wo ='-292m, ) /a/?; andthe plasma cut-off frequency

1/2

, ‘ 2 5 2
is o= [“ + bp / (a € )1 lse., the plasma-~filled
Zmpl) 0

waveé:uide mode cut=o0ff .i‘requency is shifted upwards as in
E;ase of circudar waveguide, From the graphical representa~
tion of disper’éian relation it ié clear that the iipper' paés-
- band represents wavegui_de modes and the lower pass«band
betm—;en W= 0 and wawp :fépresén'?s é“lasma oscillation.
The. dispersion relation for finite axial magnetic field is
de_rived.,' The graphical representation of the dispersiocn
‘hrelati'g.nhfc;r a stéang magnetic field (w e > Qp.) and
Ifozf a v;eak magnetic :E’leld. { wc <wp ) are shown., For the’
’ R @ " in 'éddition to the mode (& ¢ &p), ‘the. upper
2 2 )1/2

brid mode o0 @ (o w
-h‘ym, ode o (p‘*f!

\ilsti‘_c frequency in the plasma. This mode has the interesting

S oo
case o,

appear as a character-

feature tnnt it is a backward wave. As the magnetic field is
further reduced (cop >C‘)é)p it is seen that waves propagate

for frequency less than the cyclotron freguency. The backward
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wave mdde now propagates in the frequgncy range

= € wg (wp

+éc2)1/ 2. Here: we see vEgem SEI3cd m sew
plasma filled waveguide wit&out an,externél magnetic field
will not pTOpégate space«chgrge'waves.,Eastly,-therdis~
ﬁersicn relation fqr a plasmaafilied cylindrical wave-
guide in ﬁresence of fini{e and infinite axial magnetic
field are derived.as a 1imitiﬁg_cgseg Iﬁ section threeg

v eléctromagnetic field csmponenﬁs and électren velacity
ié-warm.plasma filled elliptical waveguide are derived.
Here we see that the waves combining the electron sound
wave node with electromégnetic wave’ﬁode can propagate

in elliptical waveguide'con%aining fhe warm plasma, The
waves can be separated i@to TM~ modes and TE- modes only
at T =~C mode and other wmodes became hybrid modes. Thése
resulté.cannot be exp1aiﬁed upto'the present by the cold
plaéma approximatioﬁ power tfanémitted in the d&ﬁeé@iom

éf wave propagation_fof TE= and TM-~ modes are caléula@ed |
and lastly dispérsion relétion ih-circular wagegu;de havev
.‘been derived with tﬁe ﬁsual 1imiting ﬁrocess.

in chaptértll, the.infuﬁgnce of temperature oun the

propagation of waves in a cylindrical waveguide is considerdd



by-using_compressible éiasma the@r&. In section ona
applying:coﬁpréésible plasma theory we try to~include the
| fini%e ééﬁperaﬁﬁré effecté on ﬁhe.Trivelpiece and Gould
(1959) érbbigm; The dispersibn'rélations for pérféctly' 
conduétingfﬁaveguides in the préségce of‘finiteAand
infinit; mégnetic field are deri&ed; In“case of finite
'_m_agnei;i’c'field9 the waves‘cahnot be-separated.into_TEm‘
-mﬁ Zéﬁd TM;‘mades. The dispersion curves fdr'a wafé:plasmaw
filled waveguide.in a zeré nagnetic field are showﬁ
 graphically. Here we see théf.far small values cf'a’6”<a%)
“there is only one dispersioh curve but for large values
of e (@ §w p) there aré infinit’e humber of dispersion
curvese The digpersion curves for small mégnetie.field are
alsé shown graphically. Here we see that fdr‘larée val&es’
of a>(cu>cqp} the freququy shifts are uegative and the
magnitude of the frequency shift increases with-the wave
number, whereas for small values ef'09(~“’<<09) the
frequency shifts are positive and theAmagnitﬁde of the
: frequenéy shift decreéses as the wave numbéf increasesa
Lastly, the dispersion relation for an infinite axial
Imagnetié field ére shown graphically., The uﬁper;pass-band
WEUTH wER e

4 f»;‘v M ate -
v gj e / 6) iy aiie' Y LiBAR )

8A7 M;ﬁ«‘ﬂé]ﬂ?g‘
rﬂ? GEC 1989 Eaid BAXHO vl



représehts the waveguide modes and the lower one fép?eéen}ég -
| plasns oscillation. In section two, the ‘.dispersmn relation -
féf a per£ectly ganducﬁing wavegulde, filled with warm
.plasma‘imﬁersed in a vaGuUm cylinder; in the nresence of a
finite magnéti¢.field are derived, Here we see that the
-waves cannot be séparated_inta T~ and TM- modes. As a
particular cése, the dispersion relations for zefo magﬁetib_
field are derived and différent modeé of propagation',
ére shown graphically. The graphs of wave.prdpagation for
which phase velocity ié less than the velocity of 1ight and -
:.Rl ( radius of the vacuum cylinder ) is very 1arge;in
comparison to R { radius of the plasma cylinder ) i e.,'
Rl/R - o s for various values of Ra%/c ; are shéwn graphi-
cally. The nature of wave propagation for Ry = 2R are
'aiso ghown,graphically for various vélues of R“%/c uﬂ

- In chapter IV, we consider the propagatisﬁvof
waves in»é warm glasmé filled perfectly conductiﬁg plateé.
| fo iﬁclude the temperature effects, compressible plasma
ﬁﬁébfy is also used here. In section one, the disperéion'
relation for the propagation of waves in a parallel plane
wéveguide filled with warm plasma are dérived, It ié found

that the waves cannot be separated into sound wave mode and
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eléctromagnetic wave mok. Meither can they be separated
into TE- modes and TH- modes. They appear as a hybrid modes.
But in absenée of external magnetic field we see Ehat |
electris field are separatzd into the eleciron sound wave
»mode and the electromagnetic wave méde and also Ragnetic
field has no connection With the electron séuné wave modes
The waves can be separated into TM-= modes‘and TE-~ modes .-
as with the cold plasma approximation; Wext, we apply
compressible plasma theory to derive the dispersion relation
for wave groﬁagation 5et§een tw6 conductihg_planes with a .
magnetized plasma restinglon éaéiplane and a vacuum gep
between the piaéma and the sather. In section two, we discuss
the’wave'prapégaﬁion in a warm plasna betweeﬁ two ¢onﬁucting
‘plates of which one plate is élang and the other is éprruga;
ted.-Thé digpersion ré}ations for TE- mﬁdes-énd THe modes are
- derlived in absence of external magnetig field. Iun case of
TEe modés_weﬁséénﬁha£¢thefdiépepéiQn rélatidn,is iﬁdependent
of temperaﬁdre but depends on the'z, Therefore, the disperéieﬂ
relation alsg valid for cold plasﬁa filled waveguide ﬁh@se

lower houndary is a plane conducting plate and the upper



_’- : .71.8

' boundary is COrrugated.:The dispersion rclation for the

TM~ modes expresses the fact that the wave number k

b dépends Upon;the‘freqﬁen¢§ eo as well as distance 2z in

the manner which is determined by the form of roots of

‘ these equations. As thégﬁavelength'of the periodic surface

| vapproéches tOAinfiniﬁy or the amplitude of the surface”

tends to zero the'abcﬁé dispersion reldation QOEﬂéidesvwith

‘that of warm Dlasma lllled parallel plate waveguide -

Azakami et al. (1972).

In chapter V, starting from the two—fluld model

'1hydfodﬁﬁamic equatlonsg dispersion relation is obtained‘

xfor wave'nropagatlon threugh a’ two—temperaturé plasma. The
, "?éffect of a spatially(inlfarm extefnal perlodlc'magnetlé
-";fleld on wave pPOpaéatlom threﬁgh a hot plasma was canSLdered,

"A dlspePSLQn relatlon is obtained keening terms ubto.

, (26 -0 ﬁwczfi'f4na = eBO/dmé‘). For small values of €

qﬁthe}ﬁfan9verée7Waveg iongifudiﬁél!wave and écoustié“wéve
?'?ropagate w1whrthe shlfted frequency. Excltation of the
k‘waves is found to be DGS&lble wh@n the frequencj @i the
) external magnetic f:a.eld satisﬁes any one of the following

1conditions
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— S n O or n + =
vV ow o )
(5 o o : 2

when_l}kg «, and &, denote the frequecies of the
transverse, longitudinel and acoustic waves and =n

is any pesitive integer,
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