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Abstract

ExB plasma systems refer to plasma contained within a region of crossed electric and
magnetic fields. The three main examples of such a configuration are Hall thrusters,
Tokamaks and inductively coupled plasmas. A Hall Thruster is an electric propulsion device
used for space propulsion and orbit corrections. It basically consists of a cylindrical channel
with electric field along the axial direction and the magnetic field along the radial direction.
Exotic gases like Xenon and Krypton are used for providing thrust. Electrons emitted from

the cathode get trapped due to their E x B drift and ionize the neutral gas released from the
anode. In this way, ions and electrons are generated and we obtain plasma inside the system.
Electric field along the axial direction forces the ions to accelerate out from the channel,
thereby providing the thrust to the Hall Thruster. A Tokamak is a plasma confinement device
where magnetic field lines are used for confinement. A conventional Tokamak has a donut
like shape, often called a Torus. Plasma confinement is needed to carry out sustained
thermonuclear reaction, similar to the ones inside the core of stellar bodies. lons and electrons
inside such plasma have high thermal energy and velocities. For controlled fusion process,
the plasma should not collide with the wall and it must keep moving within the cylinder. On
the other hand, in inductively coupled plasmas, energy is supplied by electric currents which
are produced by electromagnetic induction. These plasma sources are used for various
purposes including etching and deposition.

Generally, the unperturbed or equilibrium state of a plasma is characterized by
Maxwellian velocity distribution of plasma species and absence of free energy to excite
waves. Any deviation from these may result in breakdown of thermodynamic equilibrium
which is often called instability. Instability is characterized by the presence of free energy to
excite waves and absence of thermodynamic equilibrium. Generally, we have four types of
instabilities present inside a plasma system. These are classified basis on the type of free
energy available to excite waves in the system. These are streaming instability, Rayleigh-
Taylor (RT) instability, universal instability and kinetic instability. In the thesis, we are
concerned with the gradient-driven instability, similar to the RT instability that generally

arises when a heavier fluid is supported by a lighter fluid under the effect of gravity. The

plasma in an ExB system is subjected to gradients in density and temperature. So, we are
looking at the behavior of the growth rate of this instability with respect to other system

parameters like magnetic field, ion and electron temperatures, dust density, ionization, etc.
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This is due to the fact that during collision of ions and electrons with the walls of the
confinement device, often dust gets generated. Dust is basically a cluster of atoms which gets
charged by the electrons and ions accumulating on them. The presence of dust affects the
growth of instability in plasma. Alongside generation of dust, ionization also takes place in
such devices. So, in the thesis, we have considered the variation of instability growth rate
with density of dust and ionization frequency.

The work in the thesis is divided mainly into four parts. In the first part, we look at the
behavior of the instability in the presence of temperature gradient. The gradient in
temperature arises due to nonuniform drift of the plasma species and their nonuniform
collisions. After solving the necessary continuity, momentum and Poisson’s equations, we
look for the complex roots that lead to the excitation of waves in the system. It is observed
that the magnetic field and scale length of density gradient have a suppressing effect on the
growth rate, whereas the ion temperature gradient, background plasma density and electron
temperature have an enhancing effect on the instability growth rate. In the second part, we
analyze the growth rate of instability in the presence of ionization. It is found that the
ionization frequency and ion temperature gradient have an enhancing effect on the growth
rate whereas the magnetic field and plasma background density have a suppressing effect on
the growth rate. Moreover, the growth seems to get suppressed in the presence of doubly
charged ions as compared to singly charged ions. Interestingly, the variation in channel
length has a very weak effect on the growth rate. In the third part, we look for the variation of
the growth rate in the presence of dust contamination in the system. Normalized growth rate
increases with the increase in the dust temperature attributed to the enhanced thermal energy.
Growth rate also increases with the dust density as increased dust density means reduction in
electron density which are basically decoupling agents here on account of their lighter mass
and low frequency of these waves. Large ion temperature gradient along with higher dust
charge has a significant role on the magnitude of the growth rate. In the last part, we look at
the effect of ionization in the presence of dust contamination on the normalized growth rate
of instability. Here the majority of the results is similar to the previous part but there is a
difference in the order of magnitude. Growth rate increases with the charge on the dust

particles as this leads to higher Coulombic force in the system. The important observation in

this system is that the growth rate of the instability is not uniform throughout the ExB

chamber, but it depends on the position where we are observing the instability.
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ExB wied Red @wad faggd ok doom &df & e &F & iRk aHied
WA $ Fefid HRdl gl 59 R & 09 & dF T8 Iaex0l 6- 8id e,
JeTe R gsfacad! U WIeHll Bid YR UH fdggd Uuied SUGRU §
e IUaT sfaRe Uuled SR ®el guR & fou far Smar g1 39 9 =9 9
Th DR o & e fGxn & Y fagga &F ok Bsg fo=n & 9 dawig
& g1 g1 99 SR fppa SRt fAfSpy A @1 IuEN wuile UM A ¥
a1 ST g1 FUS ¥ FHad a1 SAdE U ExB §8d & ®RU B S g
IR T ¥ e arell IERA T & [AHT FR od &1 39 TR, 3 3R
sAde IAF B1d § R B ey & SR WoHl U oxd &1 e fomm &
Iy faggd &9 oMl & oF9 q aeR Fead & fou AesR wxar g, a9 8|
TR DI UG FAadr g1 TIPS WIeHT &I ST B ATl SUDPRU § oGl gad
& Y@l &1 IWNT duF & N fHar Sar 81 URUR® AdTHEG HT MHR ST
ST BT §, O SRR IRY Hel ol g1 dRPIg Fe/dl & dR & SR am
ORI & WM MRR yHgeaaR ufdfehar &1 & T w@edr deq &1 Saadmdl
B 1 T wWeHl & 3ieR Al 3R 3agedl § 3= drdi SHelf 3R 3 8 g
R daga ufear & fou wem &1 darR @ 61 ThemT aIieu ok 39 Riciex
& iR gad @A Il g8l SR, SMAdS U 9 g wiedn ¥ faggd
YRTSM GRT Foif B! MY @1 S & S faggd gee™ RO gRT I0d 8t 3
3 WSHT Iidl T IUANT ol ok fauur afea faft Sewal & fom e
EicI

M dR W WA Pt IuRafdd a1 dqed RN & e s@gd &
Aqqafers a7 faaRur SR R &1 I a4 & o gad Soif &1 srgufufd
o fadwar g1 399 ¥ o W fogas ylemmifie dqeq & ged &1 uRumg &/
Joal g S R SIfRRAT FHel S g1 a&ll & IAid o’ & fau gad St
o IufRfG R yHlemAIfe dgad &1 orgufufd sifRRar &t faRiwar g1 smd




IR W AR TN Wl Red & 3R IR TSR & HRRAT dAg gt g |
Rred & a@ & SAfod axd & T Iuasy gad ol & UPR & SMUR R
3% T fear m 81 3 T SRR W-TR (3RS 3R, Ardifte
SRRAT 3R Tiaw SRR €1 MY T T AR T 3RS RRAT & JAE Iad-
Tarford SIRRRAT ¥ Tefd 8, S M dR W a9 309 gl & od [albyu &
gud # T gl RA Gord gRT Yl A Uerf & W1 S g1 E x B WieH
R & wom ¥9@ iR aoHE # e & oefF g1 71 39iY, 81 dee &,
3T 3R TdGe dIUHM, §d I, MEHIHRY, e o o fen Wufler &
ey ¥ 39 IRRA @t Ifg W P dead Pl ¢F I/ ol g 39 aF & PRU 3
& oMl iR TadeHl Pt WISHT §eF I3 & AaRI & T THHI & SR SRR
Yo IOF 8 Wt 81 YT HA U ¥ RAYS BT Th g § off S W WA T
gAaeHl IR AT GRT AR Wl 81 4o P IURRUM wireen # SfRRar &t
gfg @ UUIiad HRt Bl 4T SOF 8 & Y-y T IuSONT A B0
BT B 3G, MY TYAEHT Yd & T 3R TGO 3Mgfy & Wiy SRR
& R @ fmdr ® AR fFar g

WYIYF HE B Egd: IR Y | faurfora foear mar ®1 uga 4 # gd
dqAE U9ual @1 Sufdfd # SRRAT & Sead B ¢@d gl auEeE H gaurarn
WIS 3qgd & IR-THH §81d 3R 3% IR-YAM THREl & HRU 34 8l ¢
RGP ARl TAT 3R g & JHIDBIUN B 8 HH & 9, §H I Sed
moolon @I TR Hd € ol ReH H Tl & Il &l 3R o Ol €1 I8 ol
T g fb gewlm &8F R Ud Uaudl &AM BT e @R W gHABRI UHE
Usdl ®§, S 9 dIuH UIUrd], WIsHl 99 3R Saded aradE &1 SRR
P R W TS THE USdl gl GO HET W, 89 SME-iaxul & Surfd #
IRRAT ® gfg R &1 fowawnr HRd €1 I8 uRn T 7 SmieRu Sgfa
3R S YA UdUdl &1 fAHhN &R W TS YU USdl | oldid dadbig &x
R @ gRYH T &1 TpM R W THASR UG TS gl S9d S,
Thd ARG Al @ gal H afF AR ol & IuRfad & faemm




gedI g3 Udid 811 g1 fidaw a1d 98 7 f o« & dag # figdr &1 foem™
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