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Abstract

The different modes of Kelvin Helmholtz instability are studied in dusty plasma
with Kappa distributed electrons, while dust and ions are consider Maxwellian. The
K-H instability arises in dusty plasma due to dust sheared or relative velocity between
two layers of dust. In four component dusty plasma the polarity effect is investigated.
Instability analysis is also perform. By changing the value of different parameters such
as electron temperature, magnetic field, kappa index & , and sheared flow we study the
growth rate and frequency of K-H modes. Instability relation and condition are derived
for both positive and negative polarity of the dust. All the parameters mentioned above
cause effect on growth rate and frequency of K-H modes. Relevance of the work with

respect to / planetary rings dusty plasma is pointed out.



Chapter 1

Introduction and Literature survey

1.1 Plasma Physics

The plasma is a Greek word mAaouc means something prepared, appropriated by
Tonks and Langmuir in 1929. It is used to describe the general diversity of macroscop-
ically impartial constituents comprising numerous cooperating electrons and ionized
atoms which display common performance. The beauty of these charge constituents is
that they have equal charge densities in which charge particle interactions are collective
rather than binary [1]. Plasma often called fourth state of matter and it is believed
that 99% of visible universe consists of plasma state. The man-made plasma is the
fusion reaction, gas discharge, arc welder, arc inside Auorescent lamp and electric arc
etc. The global plasma examples arc ionosphcere, lightning and fames (i.e. fire etc.).
The astrophysical plasma is found in stellar interior, gaseous nebula ete. QOur sun is
also a plasma state. Near earth region it is found in magnetosphere, Van Allen belts
and solar wind puffing from the sun [2].

Plasma have vast applications in every field of life. For the generation of power,
plasma is used in fusion reactions. This is also a source of energy of sun and stars. In the
magnetohydrodynamics (MHD) generators, the kinetic energy of plasma is converted
into electrical energy. While its reverse process is jet propulsion. Gas discharge is an
example of thermionic energy convertor. Similarly, mercury rectifiers, sparks gaps and

igmtors used for plasma jets. The space vehicles are also communicated through space






1.2  Multi-component plasma

Generally, plasma contains electrons and ions. The presence of extra species besides
electrons and ions known as multi-component plasma. These extra species may be
positron, negative ions or dust, termed as electron positron ion plasma, multi ions or
pair jon plasma and dusty plasma respectively. The plasma consist of negative ions
exists in astrophysical environment and can be produced in laboratories by several
methods. The occurrence of pair ion plasma and its significance have been studied
experimentally [8] and theoretically [9]. Similarly, electron—positron—ion plasmas is
also investigated in astrophysical plasma atmosphere such as magnetosphere[10], solar
winds[11] and in the nucleus of many galaxies[12], and can be produced in laboratory

for the study of different modes of plasma.

1.3 Dusty Plasma

We are familiar that dust is a common thing can he found every where in universe
and cause disturbances in our life. The presence of dust particles in plasma called
dusty plasina. . The size of these dust particles ranges from few nanometers to several
hundred of microns, and massive than electrons and ions. Generally, these particles
are solids but they can be liquids droplets or fluffy ice crystals, or dielectrics c.g. Si0O,
or conducting materials having shapes like rods or spheres or pancakes [13]. These
dust particles acquired charge either positive or negative [14], when inter into plasma
system. A lot of theoretical and experimental work on the occurrence of really massive
and highly charged static dust grains have shown that they introduce new physical
mechanism and modification of the present plasma wave spectra along with different
eigen modes. The dust in plasma and dusty plasma are two interesting and different
things. The condition ry << Ap < a implies dust is present in plasma and get charge
by interaction and cause little influence on plasma. While the condition vy << a < Ap
means many particles in Debye sphere, and reverse otherwise. Here ry, and Ap are
the radius, and Debye length of dust particulates respectively and & is the distance of

intergrains [15]. For the proper understanding of dusty plasma, we discuss its basic

10



characteristics.

1.3.1 Macroscopic Neutrality

Except external perturbations, it is observed that at macroscopic level dusty plasma is

neutral and total charge in it is zero. The neutrality condition for dusty plasma is
ity = CNay — ZgCNgo (1.1)

Here ¢ is elementary charge ¢; = Z;e with Z; = 1 is charge of ion and g4y = +:Z4:€ is
charge of dust species. Z; are the number of charges which are present on the surface

of dust species.

1.3.2 Debye Shielding

It is dynamic beauty of a dusty plasma to shield the electric field of an individual or
surface with non-zero potential. It is defined as the distance over which the effect of
electric field of specific charged particle is felt by other charged particles inside the
plasma. The dusty plasma Debye radius is given as

Ap = _ Aperpi (1.2)

V' ADe T ADi

Ape = ( K"T‘z)% (1.3)

Here

and

AD,-=( K5Ti )% (1.4)

4rrn,e?
are the electron and ion Debye radii respectively. Here are two possibilities if thickness
of sheet is determined by temperature and number density of ions then n., €& n,,
T. 2 T; and Ap. > Ap; this implies that Ap ~ Ap; , means the thickness of sheath is

determined by number density and temperature of electrons. If thickness of sheath is



obtained by number density and temperature of electrons then we have, T.n;, < Tine,

and Ap. < Ap; this implies that Ap = Ap,.

1.3.83 Characteristics Frequency

Perturbations of plasma ingredients from their equilibrium positions, assembled a space
charge field in such a direction to maintain the neutrality of the plasma by dragging
the particles back to their novel positions. Due to rioting of their inertia, they will
exceed and will be again dragged back to their original positions by the space charge
field of the reverse polarity. Hence, they continuously keeping oscillation about their
equilibrium position with a specific frequency called plasma frequency. Complex plasma
contains electron ions and dust particles. The electrons oscillate around ions, ions

oscillate around dust particles and dust particles oscillate around their equilibrium

1
i : : : _ drngee? \ 2 _ drnjge® ) 2
positious with corresponding frequencies wp, = (—mﬁf—) ,Wpi = (—mf— , and

1
drng,2le?\ 2 .
— o
Wpg = (_j_m., respectively.

1.3.4 Coulomb Coupling Parameter

It is a distinctive property of a dusty plasma obtained by taking ratio between dust
potential energy and thermal energy and used for the formation of dusty plasma crys-
tals.
Mathematically it is given as,
2,2
Zde _fn-

I'.= e

Py (1.5)

Here T} is the dust temperature , and Kjg is the Boltzman constant. Its numerical
value decides about the weakly and strongly coupled dusty plasma. If I, <« 1 then

dusty plasma is weakly coupled while for strongly coupled I, 3 1.

1.3.5 Charging Mechanisms

There exists different procedures for charging of dust particles, The charge on dust par-

ticles will be either positive or negative depends upon their charging mechanisms. In
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space and astrophysical plasmas, the dust particles develop charged by photoionization
or radicactive decay process whereas in laboratory dusty plasmas electron bombard-
ment is the traditional means for charging dust particles. In case of photoionization
method, the dust particles gain positive charge because the clectrons are emitted by
the dust grains while the Radioactive decay they become negatively charged [16]. Gen-
erally, electrons and ions are considered as a plasma particles. When dust particles
are injected in plasma then they interact with electrons and ions. As electrons are
energetic than ions then probability of interaction of dust with electrons rather than
ions is maximum hence they get negative charge having negative potential. Similarly,
interactions with ions make dust particles positive charge with positive potential {17].
The equilibrium is achieved when concentration of ions and electrons become equal.
The charge on dust grain is determined by %:I = 3" I. The clectron current is repulsive
while ions current is attractive type current, and at symmetry the net current flowing
iszeroie > . I=0.

The dust particle obtained positive charge by photoemission (by incidence of a flux
of ultraviolet {{/V) photon, the emission depends upon intensity of radiations falling on
dust grain) , thermionic emission {dust surrounding is heated by hot filament or by high
intense laser or infrared radiations). [18]. When highly energetic electron interacts with
dust particle then there are two possibilities i.e. it may stick with dust particle or cause
knocking of secondary electron by transferring of its whole energy. This fully transfer
of energy result emission of secondary electron. Hence dust particle becomes positive
charge. This termed as electron impact [19]. Beside these an important method usually
used for dust charging is called field emission method. It occurs at a surface electric

field of 10%v/cm when we provide very high potential [20].

1.4 Occurrence of dusty plasma

Dusty plasma occurs naturally and can be produced in laboratory because it is a hastily
rising field of research which includes vital problems in the physics of plasmas, such

as hydrodynamics, kinetics of phase changes, nonlinear physics, solid state physics and
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1.4.2 Planetary rings system

The Saturn rings was discovered by Galileo in 1610, as shown in Fig. 1.4. The rings
A and B are separated by Cassini Division. The particles in these rings are mostly of
ice having size from microns to meters. The utmost fascinating features detected in
Saturn’s ring is the radial spokes. If R, is the radius of Saturn then these spokes are
confined innermost edge kept at 1.52 R, while external edge at 1.95 A, Smith et al.
[25, 26].

The scattering of light from these spokes show that these spokes consist of dust
with size 0.5um. A periodic stream of dust has been detected by spacecraft Ulysses.
This spacecraft was used by European space agency in 1992 especially for detection
of dust. It was well equipped with dust detector and a distance of 1AU from Jupiter
this space craft recorded streams of dust coming from Jupiter [27]. Jupiter ring system
was revealed by Voyager 1 and Voyager 2 by taking images, while Voyager 2 take its
complete set of fine images. It is comprising of three major rings. The dust particulates
exist in Jupiter moons named Adrastea and Metis. The Uranus has nine rings beside
these the Voyager spacecraft discovered further rings named as 1986U1R and 1986U2R
and exposed that these rings are bounded by belt of fine dust particles. The dust
particles having radius 1.6 — 10 gm composed of material of dirty ice or silicates also
observed in Neptune rings system. These dust particle produce noise with frequency
10H z—100K Hz. The Uranian ring system was explored in 1970 and Voyager spacecraft
had taken image of its ring system in 1986. It has nine rings beside these the Voyager
spacecraft discovered further rings named as 19861/1R and 1986U2R and exposed that

these rings are bounded by belt of dust particles [28].

1.4.3 Earth’s atmosphere

At a height of 80-90 km from earth there exist location of polar summer mesopause
(PSMp), and it is observed by Cho and Kelley [30]. These (PMS) cause formation of a

typical form of clouds called Noctilucent clouds (NL.Cs) [31]. The main source of dust
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Figure 1.7: The Maxwellian velocity distribution [45].

+oo

Jo (v) dvydvydy, = n, (1.7
The plot of Maxwellian Distribution as shown in Figure 1.7. Where v, = ,/2%8% |
Vgug = 1/%’“5% , and Vs = —3—13*'; ‘T are the most probable, average and root-mean

square speeds of the particles of type 5. Area under the curve give us total number of
particles. As we consider plasma as a quasi-neutral gas then at thermodynamic equilib-
rium the distribution function for each species of plasma will he Maxwell distribution
function [46].

1.6.2 Non Maxwellian Distribution Functions

The presence of non-thermal particles is observed in laboratory and space plasma.
These non-thermal particles are high energetic and become more significant then we
cannot use Maxwellian distribution because Maxwellian distribution is not realistic in
all conditions. In different plasma atmospheres such as auroral ionosphere, magneto-
tail, Earth’s bow shock as well as in the laboratory, two different inhabitants of elec-
trons (hot and cold) have been observed [47]. In the Earth’s magnetosphere and solar
winds the occurrence of extremely energetic electrons with non-Maxwellian distribution

have also been observed [48]. From past few years a number of researcher organized
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theoretically and experimentally with non-Maxwellian behavior of energetic particles.

Different distributions functions for space plasma having super-thermal species or
other eccentricity from pure Maxwellian behavior have become the utmost prevalent
field from past few years due to its vast applications in laboratory and astrophysical
plasma [49]. Non-thermal plasma can be nseful to endorse chemical reactions at minor
functional temperature ranges where a predictable substance cannot be used. The
interest is growing in the generation of non-thermal plasma at laboratory level for an
extensive diversity of applications in astrophysics. The super-thermal ions and electrons
observed in interplanetary medium, which delivers evidence about their sources. In
production of plasma by laser the super-thermal particles are also observed [50].

The presence of such particles revealed an affected change in plasma topology. There
exists a lot of literature in which scientist study the effect of super thermal particles
in simple and multi component plasma on linear and nonlinear waves, acoustic like
solitary waves, drift waves, ion acoustic solitons and super solitons, as well as their
effect on charging of dust species, and dust acoustic solitons, [51].

We in this thesis give some detail of Non- Maxwellian distribution function.

Cairns Distribution

The Cairns non-thermal distributions were first introduced by Cairns et al. [52]. Ac-

tually, it describes the super thermal particle distribution function which is given by

Neo av? u?
L) = 5 N (1 i ?) P ("ﬁ) (18)

Here v, is thermal velocity and 7., is the equilibrium density of electron. The term
a is non-thermal parameter. When a — 0 distribution function become Maxwellian.
Integrating this distribution function over all microscopic velocities, the number density

of electrons can be written as

e = Neo[t — A6 + Bd7] exp[d) (1.9)
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Figure 1.8: The Cairn’s distribution function for different values of o [53]

Where 3 = 14:%5? and ¢ is the normalizec electrostatic potential i.e. ¢ = K—";% It is
predicted that the occurrence of non-thermal electrons can change the nature of ion
solitary structure, producing non-linear solitary waves with useless density. The Cairns
distribution for different values of @, is shown in Fig.1.8.

In different space plasma atmosphere, the plasma species [54] are not in thermal
equilibrium. There exists a lot of literature in which different scientist use Cairns dis-
tribution function for these non-thermal species. For the case of non-uniform plasma
A. Mushtag and Shah [55] study the solitary waves and vortices caused by sheared-
flow with non-thermal electrons. Dust—acoustic solitons electron solitary waves, ion
acoustic solitons, electrostatic solitary structure in dusty plasma, and ion-acoustic vor-
tices, has been observed, in different plasma regimes with cairn distribution function

[56].

Non-Extensive Tsallis Distributions

The energy and entropy of the system are considered as extensive variables in statistical
mechanics. Its mean that the energy of the system depends upon size of the system.
The extensive behavior of energy and entropy is applicable for short range interactions.
While for the case of long range interactions, the energy and entropy become non-
extensive and, Tgallis [57], gave an idea based on maximum entropy and introduced a

new type of non-thermal distribution called g-non-extensive Tsallis distribution. The
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distribution function for species j can be written as

mvt Q¢ )"'Ll (1.10)

i) = G 1= 0= 1) (e + 2%

Where C; is the normalization constant and m; is the mass of the species. The g
{—1 < ¢ < 1) called entropic index, characterizes the degree of non-extensivity of the
system. For ¢ — 1, the distribution function reduces to Maxwellian. For ¢ < 1 and
g > 1 give information about the probability of high energy states. Integrating the
distribution function over all velocity space, the number density in term of normalized

potential ¢ = K—';% is given by

nj = [1 — 8(g; — 1)¢) T (1.11)

where § is the ratio of species temperature to electron temperature. This pro-
vides a suitable frame for the examination of many astrophysical systems which can
deal with the non-isothermal nature in plasma systems with the Colombian long-range
interactions.

From past few decades the q-nonextensive distribution function got great impor-
tance for studying the non-Maxwellian plasma systems in different plasma regimes [58].
Different waves such as ién-8céustic solitary wave [59], Lafigmuir waves [60], linear and
non — linear Landau damping has been study by different authors in magnetized and
non- magnetized multi — component plasma. Besides this instability such as Jeans
instability, and modulational instabilities, and plasma oscillations [61], has been ob-

served, by using g-nonextensive distribution function.

General (r, q) Distributions

When some characteristics of non-Maxwellian plasma cannot explained by other dis-
tributions like kappa distribution then (r,q) is used. It has two spectral indices r and

g, and the distribution function is given as
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Figure 1.9: A graphical representation of (r, g) for diflerent values of index ¢ and 7 [63].
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_ 3(g— 1)~20+71g 1 w2\
1) = 0+ AT+ fa 7 {1 PR (ﬁ) ] (112)

Where v = 1}% is the thermal velocity I is the gamma function and ¥ is dimension-

less function given as,

3(g — 1)~ *Tle- e+ i)

N T D)

Whenr=0,q — & +1 and r = 0, ¢ — 00 it reduces to kappa and Maxwellian
distributions respectively. The index g is used for the high-energy tails while » describes
sharp top of the distribution function. Thus, this distribution type is more accurate to
describe plasma systems containing trapped particles [62]. This distribution function
is as shown in Fig. 1.9.

This distribution function has been widely used for studying different waves phe-
nomena in complex and ordinary plasma. Especially the electrostatic modes [64] elec-
tromagnetic modes and Langmuir waves [65], has been investigated. Beside this dust
charging and trapping of particles [66], and their eflect on different waves has been

observed by using (r, q) distribution function [67].
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1.7 Kappa Distribution

The basic fundamentals of the kappa distribution rises, obviously from non-extensive
Statistical Mechanics. For the replacement of Maxwell distribution it is used,when
a system is out from thermal equilibrium, frequently found in astrophysical plasmas
[68]. The velocity distributions for space plasma particles show (non — Mazwellian)
superthermal tails, decreasing usually as a power law axcept exponentially. The Kappa
(k) often called generalized Lorentzian velocity-distribution functions (V DFs).This

distribution function was used by Vasyliunas [69]

n; Tk +1) p? T
o) = (1+ ) 113
TN e T U Y
Here wy; = M,mj,nj and 7 arc the modified thermal velocity , mass,

Ky

number density and temperature of the particles of species j respectively. « is called
kappa index whose values lies between (‘%1 00).Ke = %, called critical valuc of kappa. If
x — o0 then it becomes Maxwellians, and system is will be in equilibrium state. The

integration of 1.13 over velocity space gives number density,

. |
€¢ LR

(k — DK T; 114

My = Tto 1-

In the following space plasma environment, the Kappa {x} distributed plasma
species showing super—thermal tail with (2 < x < 6) has been observed [70, 71].

o Solar winds

o Magnetosphere of planets

o Planets plasma sheet

o Magneto-sheath of radiations belts

o Plasma-sheet of Jupiter

o Magnetosphere of Mercury

o Magnetosphere of Jupiter

o Magnetosphere of Uranus

o Magnctosphere of Neptune
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Figure 1.10: Kappa (V DF's) for different value of « [72].

o Magnetosphere of Saturns

o Saturns moon Titan

For different values of kappa the distribution function is as shown in Fig. 1.10.

In above mentioned plasma environment there exists several procedures and tools
in which origin exdstence, impact and features of Kappa-distribution has been studied.
Hasegawa et al. [73] proposed that by placing plasma in an intense stream of radiations,
the velocity an-isotropy, and coulomb field variation cause generation of power law
distribution. Non-uniformity [74] and resonance phenomena in whistler waves of solar
winds produce super-thermal population of electrons, with high energy tail. Shizgal,
[75] investigated that waves with large amplitude are also responsible for plasma species
having Lorentzian distribution. Using kappa model for ions-exosphere Pierrard et al.
[76] and Moore [77], studied the magneto sphere of earth and Saturn’s respectively.
The isotropic Kappa distribution [78] and anisotropic Kappa distribution [79], has
been studied by considering plasma speci: ; parameters, like (velocity , temperature)
etc. as isotopically and an-isotopically. Figure 1.11, show different some formulation

used in space for Kappa.
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Figure 1.11: A schematic diagrame of most common formulations of the kappa distri-
bution for direct use in space plasma analyses [80)].

1.8 Waves and Instabilities in Dusty Plasma

1.8.1 Waves in dusty plasma

It is a dynamic area associated with the field of dusty plasina. In the physics of
dusty plasma charge on dust is a crucial player. After entry of dust in normal ion-
electron plasma dust particulates get charge, by variety of ways as discussed in charg-
ing mechanisms. This cause non-uniformity, and departure of ion and electrons from

quasi-neutrality regime. Then charge dust produce diverse modes of waves [81].

Dust Acoustic waves

In multicomponent collisionless dusty plasma the theoretical prediction of DAWE has
been given by Rao et al [82] ,while experimental confirmation by [83]. Due to per-
turbation the dust grain start oscillation against the quasi-equilibrium. The mass of
dust provide inertia to keep oscillation while background electrons and ions provide
pressure to sustain the wave. Hence it is analog to ion acoustic wave [84].

The true regime of the DA mode is Vipg € w/k € Viy;, Vire-The dispersion relation

is given by,






relation for DIAWS

w2 w2

E,% — W’E =1 (1.16)

In second way, we incorporate the dynamics of dust and ion particles, then inertia
arises from both ion and dust particles, and electrons provide restoring force. The

regime of DIA mode i8 Vipg, Vini << w/k << Vi and dispersion relation is given by

2 2 2
Wpa T Woi  Wpe _
— Pt (1.17)

De Angelis et al. [91] inspected the propagation of DIAW in a dusty plasma in
which a spatial inhomogenity is formed by a distribution of steady dust particles. The
linear properties of the DIAWSs are nowadays well established from both theoretical
and experimental , point of view. Their phase velocity is larger than dust and ion
thermal velocities. The cause, for larger phase velocity of the DIA mode is the declined
number density of the electrons [92]. The low-frequency DIAWSs in cosmic and Earth’s
mesosphere atmosphere has been observed. A noise produce by these wave has been

observed in Saturn F-rings.

1.8.2 Instabilities in Dusty Plasma

We are familiar that there exists a large free distance between particles of space plasma.
Their collision time is very large i.e. they collide once after few days. This plasma is
considered out of thermodynamic equilibrium. This mean there exist a lot of free energy
which cause instabilities, simply deviation of plasma from thermodynamic equilibrium.
This deviation consequences are different waves modes, with exponential growth in
amplitudes.

Mathematically, let deviation from thermodynamic equilibrium is z then z x %,
this imples = = y9, by solving this we get z = exp[yt]. The y called growth rate of
instability.

These deviations can be produced by applying external perturbations, in the form of

electric field, magnetic field, electromagnetic radiations, or by injection of new plasma
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species. Internally violent motion of plasma species, fluctuations in pressure, temper-
ature, and number of particles are responsible for creating instabilities.

The instabilities play a vital role, by releasing free energy it can drags the sys-
tem into thermodynamic equilibrium. The instabilities can be classified as macro-

instabilities and micro-instabilities.

Microinstability

The cause of microinstability is velocity space anisotropy in the plasma or in simple
words distribution of velocity other than Maxwellian. A significance of a microinstabil-
ity is a greatly improved level of variations in the plasma associated with the unstable
mode. These variations are called microturbulence. Microturbulence can lead to higher
radiation from the plasma and to higher scattering of particles resulting in irregular
transport coefficients, e.g. irregular electric and thermal conductivities. The following
instabilities are microinstabilities.

o Beam driven instability

o Electrostatic instability

o Electromagnetic instability

o Mirror instability

Macroinstability

The deviation of plasma from thermodynamic equilibrium by confining in space with a
locally higher or lower thermodynamic quantities such as density, temperature, pressure
etc. or convectively unstable system called macroinstability. The macroinstability
occurs in low frequency regime. The following instabilities are macroinstabilities [93].

¢ Ballooning instability

o Drift waves instabilities

o Rayleigh Taylor instability

o Current pinch instability

o Kélvin Helmholtz instability
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speed between two adjacent layers surpass the root-mean-square Alfven speed in the
two layers [98]. Blowing of winds on the water surface and on the clouds, generates
waves, are the classical examples of KH instability [99].

Actually, sheared flow is the main player in this instability. This also occurs in
solar winds , cometary tails, stellar medium magneto-spheres and in polar cusps [100].
It has been investigated with the help of viscous model that in these environment K-H
instability produces by the plasma sheared flow [101]. The Kelvin-Helmholtz instability
renovates the energy of plasma into other forms such as kinetic energy and magnetic
energy, and the disorder formed by this instability is a significant cause of viscosity.
Beside this injection of a jet of fluid into stagnant fluid is another example of this
instability. Where jets kinetic energy is a source for creating turbulence, in fluids flow,
hence instability rises. These jets are observed in several astro-physical atmospheres.

In a magnetized dusty plasma. this instability is investigated by [102]. In may occur
in dusty plasma due to sheared flow or when adjacent layers are in relative motions.
We can eonsider dust as stagnant or by incorporating dust dynamics, in both cases
K-H instability is produced [103). If U1 ,p, and Uy, p, be the velocities and densities
of upper and lower dusty plasma fluids respectively as shown in fig 1.14, then due
to sheared flow at the interface of these fluids K-H modes arises, with dispersion law

[104],

p U + ﬂzU2)2 _ gk{p, — P2) 2kiB§ kiﬂlpz(Ul - U2)2 (1.18)

2
137 —kJ_ -
( K P11+ oq

£1+ P2 o1 + p2) (P + p3)?

Then criteria for instability is

LB _ Kppy(Uy = U)?

(1.19)
gkp, gk{py + p2)

Eq1.19 reveals that magnetic field have a tendency to stabilize the mode and kinetic
energy between the two fluids is destabilizing, If nuinber densities and masses of fluids
are equal then K — M instability can also occur except Al fven seed Vj < (QJ;_Uz) CIf

both fluids are neutrals then the possible condition for K — X instability is
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On the behalf of these relations and using the numerical data of Saturn’s rings we
discussed our results. While in final chapter we summarized our work and sum up the

important conclusion of whole thesis.

33



Chapter 2

Kelvin Helmholtz Instability in
Dusty Plasma with Kappa

Distributed Species

2.1 Introduction

Dust is most prevalent constituent of the Universe. The dust particulates are round
or irregularly shaped particulates of cerbon, silicate or other material. Beside this
they may be composed of ice or tiny liquid droplets [108]. Dust particle after enter-
ing in plasma get charge both positive and negative hence termed as four component
dusty plasma. The dust particles with opposite polarity has been observed in earth
mesosphere, comet, and cometary tails etc. as well as in laboratory devices [109].
Dynamic properties of dusty plasma with opposite polarity has been examined theo-
retically and experimentally [110].

Throughout from the previous few spans the study of dusty plasmas is a fast-
growing area of research. The propagation of wave and instabilities in this plasma
have established a significant attention due to some space observations [111] as well as
experimental endorsement [112]. The electrostatics waves with different modes such as
{Langmuir modes, DIA modes, and DA modes} [113] and EM-waves, develop an interest

for study of waves in dusty plasmas . With the help of different fluid models, by using
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different simulation techniques, the propagation, damping and numerous dispersion
properties of these waves, has been studied by Li ef al. and Shukle [114, 115]. Actually,
a suitable platform, for different waves and instabilities in dusty plasma is provided by
polarity effect. The positive and negative charge dust are variable parameters in dusty
plasma. There exist numerous kinds of hydrodynamic, kinetic and MHD instabilities
in dusty plasma [116].

Hartquist et af. [117] used a kinetic treatment for the study of streaming insta-
bilities in a cometary atmosphere, there exist a relative drift between cometary dust
and the solar wind plasma flow. It was observed that an instability, required small
dust velocity distribution and the existence of an appropriately high neutral density
that can reduce the instability due to ion neutral or electron neutral collisions. Two
stream instabilitics in an un-magnetized dusty plasma is studied by Bharuthram et
al. [118], they observed the impact of charge of dust on growth rate and drift speed.
The Rayleigh-Taylor instability in dusty plasma was study by D’Angelo [119], result
shows that negatively charged dust significantly decreases the range of unstable wave
numbers, and vice versa. For stagnant dust wave frequencics was much larger than
the charging frequency of the dust. Self-consistent charge variations coupled to dust
dynamics impact the Rayleigh-Taylor instability [120], important to a quick decrease
of the instability regime. Varma and Shukla [121] illustrated straight respond of dust
particles to gravity, in Rayleigh-Taylor instability. They also obscrved that stagnant
dust particles reduce not only the growth of this instability, but also the frequency of
convective cells. Two stream instabilities and its importance in space plasma cspecially
in rings of Saturn’s and different applicable features has heen discussed. The Kelvin-
Helmholtz instability in magnetized dusty plasma, caused by dust sheared fow for the
first time observe theoretically by D'Angelo and Song [122], and experimentally Luo
et al. [123].

This instability is very important for the study of wave like phenomena in astro-
physical plasma as well as in laboratory. Rawat and Rao [124], discussed the positive
and negative dust sheared by incorporating dust dynamics. If dust flow is parallel or

perpendicular to the applied magnetic field then K-H instability in both cases may oc-
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these equations are given as

M

E‘t +V- (ﬂ@;\'dj) =0 (2'1)
a
Mgngj (a + (va; * V)) vy = qgng(E+ vy X B) - VP (2.2)

where ¢4 , Mg , Ny and vy are electrostatic charge, mass, number density and stream-
ing and fluid velocity of the dust species respectively. Here j = 1, for positive dust
particle 7 = +1 and for negative dust particle j = —1, E = —V ¢ is the electric field
with ¢ being the electrostatic potential. In the Eq. (2.2) VP = KpTyVng is the
gradient of pressure, and Vng is the density gradient of the dust species exist in the

negative x direction. For the unperturbed density distribution we assurne
Nogi(Z) = Noge ™" (2.3)

where ) is in-homogeneity scale length, Consider zero order state, in which

Vodiz = 0, Vogy = constant, Vog, = Vogiz () (2.4)
AW 8, . _ 04,
00, = (%) 2w (% 0= 22) o

Obviously we included (% =0) in the absence of electric field. For equilibrium state,

the equation of motion and continuity will be given as
Mg o (d—::i + (Vmg . V)V“ﬁ) = qd,-n@-(E + Yoy X B) - VP (2.6)

———agt“b + V- (nad,-va.g) =0 (2'7)

By putting the value from Eq.(2.4) and Eq.(2.5), in Eq.(2.6) we have

, o o
i
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where Vg = /724 is the dust thermal velocity. wes = 242 s the dust cyclotron

frequency with gz = Zge. Zyg is the number of charges residing on dust grains and
A= -"Lﬂjg'ﬁ The density, velocity and potential in perturbed state with time variation

can be written respectively as

ng = Mgz, z)exp—iwt (2.9)
Viggi = vldﬁ(zy v Z) exp —twi

¢1 = ¢1(I! Y, Z) €xXp —iwik

Consider waves are propagating along y and z — azis i.e.

k= (kyfi +k.2)

Then the amplitude of the physical perturbed variables in Eq.(2.9} as the function of

space and can be written as

g(T,y,2) = Nig(z)eitwvths)

vig(2,4,2) = vig(z)ewves)

$ri(@, 4, 7) = y(z)eiorthed)

For the study of K-H instability, the system is electrostatically perturbed and fluid wise
considered to be linearized. Linearizing equation of continuity and equation of motion
by putting fig = fleg + N1 80d Vg = Vogi + V1a5, then applying Fourier transformation

ie. (V =ik, % = —iw;) they can be given as respectively,

— iwj-n.w + ik - [(ﬂaﬁvldj + nwvaﬁ)] =0 (210)

Mg hag) [(—-iwj)vw + (vw.ik)v@ + (v.,g.ik)vw] + KBT@‘iknuﬁ +igg (naﬁk@ + ﬂuﬁktﬁo)
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different simulation techniques, the propagation, damping and numerous dispersion
properties of these waves, has been studied by Li et ol. and Shukia [114, 115]. Actually,
a suitable platform, for different waves and instabilities in dusty plasma is provided by
polarity effect. The positive and negative charge dust are variable parameters in dusty
plasma. There exist numerous kinds of hydrodvnamic, kinetic and MHD instabilities
in dusty plasma [116].

Hartquist et af. [117] used a kinetic treatment for the study of streaming insta-
bilities in a cometary atmosphere, there exist a relative drift between cometary dust
and the solar wind plasma fow. It was observed that an instability, required small
dust velocity distribution and the existence of an appropriately high neutral density
that can reduce the instability due to ion neutral or electron neutral collisions. Twa
stream instabilities in an un-magnetized dusty plasma is studied by Bharuthram et
al. [118], they observed the impact of charge of dust on growth rate and drift speed.
The Rayleigh-Taylor instability in dusty plasma was study by D’Angelo [119], result
shows that negatively charged dust significantly decreases the range of unstable wave
numbers, and vice versa. For stagnant dust wave frequencies was much larger than
the charging frequency of the dust. Self-consistent charge variations coupled to dust
dynamics impact the Rayleigh-Taylor instability [120], important to a quick decrease
of the instability regime. Varma and Shukla [121] illustrated straight respond of dust
particles to gravity, in Rayleigh-Taylor instability. They also obscrved that stagnant
dust particles reduce not only the growth of this instability, but also the frequency of
convective cells. Two stream instabilities and its importance in space plasma cspecially
in rings of Saturn’s and different applicable features has been discussed. The Kelvin-
Helmholtz instability in magnetized dusty plasma, caused by dust sheared flow for the
first time observe theoretically by D’Angelo and Song [122], and experimentally Luo
et al. [123].

This instability is very important for the study of wave like phenomena in astro-
physical plasma as well as in laboratory. Rawat and Rao [124], discussed the positive
and negative dust sheared by incorporating dust dynamics. If dust flow is parallel or

perpendicular to the applied magnctic feld then K-H instability in both cascs may oc-
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cur with different growing and damping modes, in low beta plasma [125]. For parallel
K-H instability in dusty plasma it is observed that, adiabatic pressure of dust affect
the growth rate. While for the case variable dust charge reduction in sheared Aow is
observed.

There exist a lot of literature in which scientist studied the wave and instability
in plasma by considering Lorentzian distributed (Kappa Distribution) plasma species.
Shah et al. studied ion acoustic shock waves in e-p-i plasma with kappa distributed
electrons and positron. The Zaheer and Murtaza [126] studied the Weibel instability in
plasma by using kappa distribution. Qureshi et al. [127] studied the Langmuir waves
and observed that these wave modes becorne much larger for Lorentzian plasma. The
characteristics of ion-acoustic solitary waves, by assuming Kappa-distributed electrons
observed by [128]. A relative study about DIA waves, and DA waves in Maxwellian
and Kappa-distributed plasmas is given by Zaheer et al. [129]. The Lee [130] proposed
that dust species are dependent of Kappa index.

We in this thesis are studying the electrostatic K-H modes by using the D, Anglo
approach [131], in three component dusty plasma with polarity and Non-Maxwellian
cffects. Linear dispersion relation is derived and from there both real frequency and
growth rate of K-H mode are analyzed. The effect of Kappa distributed electrons, dust

polarity and magnetic field are investigated rigorously.

2.2 Basic Formulation

Consider a three component dusty plasma, in which different laycrs are in rclative
motion, the dust sheared is the main player for developing K H instability. Let B is
the strength of external magnetic field, which is directed along z-axisie. B = (0,0,Bz}.
We assume low 3 plasma i.e the ratio between kinetic and magnetic pressure 15 small
(8= ——-’—“(B—ﬂ"- « 1 approximation). Where y, is magnetic moment, £ g I3 Boltzman
constant and Ty; is the dust temperature.

For the analysis of the Kelvin-Helmholtz instability in a dusty plasma, we initiate

our work with the help of equations of continuity and momentum. For dust gpecies
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these equations are given as

O

F:L +V. (ﬂ,gvdj) =0 (2.1)
ij
L ALY (a‘ + (Vdj . V)) Vg = qﬁntg(E +vy X B) - VP (22)

where ¢y , Mg , ng and vy are electrostatic charge, mass, number density and stream-
ing and fluid velocity of the dust species respectively. Here § = +1, for positive dust
particle § = 41 and for negative dust particle j = —1, E = —V¢ is the electric field
with ¢ being the electrostatic potential. In the Eq. (2.2) VP = KpTuVny is the
gradient of pressure, and Vi is the density gradient of the dust species exist in the

negative z direction. For the unperturbed density distribution we assume

Mo (€) = P ™ (2.3)

where A is in-homogeneity scale length, Consider zero order state, in which

Yodiz — 0, VYodiy = congtant, Vodiz = Vod,»,(z) (24)
{9, & o, 8¢,
Ve, = (az)z,a.nd (ay_o_ 3z) (2.5)

Obviously we included (%;n = o) in the absence of electric field. For equilibrium state,

the equation of motion and continuity will be given as
d V“ﬁ
Manod | —2= + (Vots * V)Vods | = Qai"ods (E+ Vo x B)— VP (2.6)

%‘ﬁ + ¥ - (ProgiVos)} =0 (2.7)

By putting the value from Eq.(2.4) and Eq.(2.5), in Eq.{(2.6) we have

oavi oo 9 (0% _
/\de + md’ ( BI ) wa#vod,y = 0 (28)
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where Vg = % is the dust thermal velocity, wey = sz:_ﬁ is the dust cyclotron

frequency with g4 = Zge. Zy is the number of charges residing on dust grains and
A= —%fi). The density, velocity and potential in perturbed state with time variation

can be written respectively as

g = Mg(T,y, 2)exp —iwt (2.9)
vig = Vig(T,y, z) exp —iwt

¢ = ¢1(z,y, 2} exp~iwt
Consider waves are propagating along y and z — axis i.e.

E = (kg + k.5)

Then the amplitude of the physical perturbed variables in Eq.(2.9) as the function of

space and can be written as

gz, y,2) = Nyg(z)elowthe)
vl‘ﬁ(z! Y, Z) = vlcﬁ(x)ei(k"y"'k")

¢'1¢' (z,9,2) = ¢1(¢)ei{kusr+k,,)

For the study of K-H instability, tbe system is electrostatically perturbed and fluid wise
considered to be linearized. Linearizing equation of continuity and equation of motion
by putting ng; = fog +n1g a0d v = Voqi + V145, then applying Fourier transformation

ie (V =ik, % = —iw;) they can be given as respectively,

— i“-’jnltﬁ +ik- [(n,,d,-vw + nwvmﬁ)] =0 (2.10)

m@no.ﬁ [(—iwj)vw + (Vltﬁ-ik)vodj + (v,xg.ik)vw] + KBTﬂikﬂhﬁ + iq‘ﬁ (ﬂﬁktﬁl +n14,‘k¢o)

38



"

- qtt,-(nwva@ + n@-vw) xB=0 (2.11)

As the direction of inhomogenity is along x — azis then we have

ni__a‘;‘rw = .ai(ﬂ) - ,\(ﬁrlj?.’) (2.12)
odj I T Mo Modj
Let for dust species n;4 = N4 using in Eq.(2.10),

- ‘!:(djﬂ]_(ﬁ + tk (nod,-vw + nwvod,-) =0 (213)

where ik=V =

-—iijlﬁ + Vigi - Vog + NogiV - Vigi + Vogi * Vg =0

. Ovizg OV Bvy, N4 IN1

—twj N1gj + Viedi (—ANogi) + g { 3:¢+ 3:"“+ {;z#)+ Bf"«w‘-‘r af"oz«ﬁ=0
——

—ﬂdleﬁ

OV1zg . o Nig o Mg
- g Txdf , . N, by =0
— AV + 2 + ikyvipg + 1K Vi + 1Ky - ~Voya + ik ——

Suppose (ﬁ—:‘- = uj) using this notation then above equation will be given as

Mz . . .
—AVizg + 8$dj + tkyvige + 1k Vizg — z(wj - kyVoys — k,,vwﬁ)vj— =0
_—
X Mizg ) L ik ik iQv; =0 2.14
= Wi + (5= ) +ikyViyy + ik Vieg — iy = (2.14)

39



where ; = w; — kyVoygj — k:Vozas is the Doppler-shifted frequency with v,,4 and
V. are the streaming velocities along y and z-axis respectively. Similar treatment
we have use for Eq.(2.11), for splitting this equation into its z,y and z — components.
For this purpose we use Eq.(2.12) and Eq.(2.8). From Eq.(2.8) we use % (%‘iﬂ) -

WogiVoydi + AVEy- The z, y and z — components of Eq.(2.11) are given as respectively,

. dv; i B¢y
— tﬂjvlﬂg — WedjVigd + thd (E‘rl) + gli: (%) = 0 (215)
7

=i Viyg + thy VingV + CogyVis + thy (;qfi) ¢, = 0
dj
. H avg ] . 1
— {8 Vize + thdzkzuj + Vg (—éfj) + ik, (T%) ¢, = 0
L}

The set of equations are closed with perturbed neutrality condition with assumption
of long wavelength approximation. We have
Zgng +ne=1ny

For perturbations the above equation becomes

ZgiMag + el = N1

Above equation called the perturb neutrality condition, by putting nyg = Nig

=

Zy—% = AL (2.16)

The electrons are assumed to be superthermal (Non — Mazwellians), while ions are
Boltzmanian. Electrons follow the Kappa distribution function. The kappa distribution

function is given as

n T(k+1 TN A
flrv) = ] ( 1 )3 (1+ 2)
2n(wwd)r T(r - 2)T(3) K
Where w, = (—w,m,n and 7" are the thermal velocity , mass, number density

KT
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and temperature of the particles. The integration of all velocity space gives number
density ie. f1% f(r,v)d% =n ie. [132],

B 8¢ —u+12k
Tte = Ngg [l - m] (2.17)

In linearized form with assumption ﬁ% < 1 we have,

Nepe
= .18
el = 0 KaT, (2 )

—1

where § = (:—_g) . Ions are following the Boltzman relation as n; = n;, exp [—%],
In linearized form we have,

_Dutdy (2.19)

Ny = Kol

Putting Eq.(2.18) and (2.19) in Eq.(2.16) with assumption that »; = %:f,

_ Do e T\ e
i (Zﬁ“&u’g-l- Zanaeg T,-) KgT.

which implies that
_ Peg,
" KpT.

Vi

where, P = 6N, + N;6, N, = N; = zMa— and § = Zt. By further simplification

——m—ﬂ =
Zgyndeg® ZdjMdoj

above equation will get the following form,

T (2.20)

P czdmj Mg

where cgm; = f—;% is the modified dust acoustic speed. From Eq.(2.15) we get z, y

and z component of velocities which are given as,
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R Via
Vizdg = (B(l —yfﬁ)) [1 + Cdm::l o) (2.21}
Vigg = ( kyE; }) li]- + -‘:thdqle

ik, Vi
Vi = (M) [l * Cdn}:qul:l

where £, = 4 = L (Ledir) ig qust, sheared flow and Vg = . /%ﬁ%ﬂ is dust thermal
Ly

Wedy ’ Wedi 8z

speed. These components of velocity show that these are modified by dust sheared flow
. By putting the values of vi;4, Viyg and vy, in Eq.(2.14), we obtain the dispersion

relation:

£ — &+ A—iEA—iB A H; A+ B0 HiE — i€, 82H; — B H; + v H; — Y3 H, =
(2.22)

where H; = (1+ —,’M) B; = kyp;, where p; = ;"'—"l is the Larmor radius, A; = Ap; and

v = k2p;. For the case of low frequency then Ej and EJ- — 0, the Eq.{2.22) reduce in

to

& +&,(iA - B\ H;) — i A H;A =0 (2.23)

Let £; = w; — wgjy:, where w; and wy,; = wy; + w,; are the normalized mode fre-
quency and Doppler frequency respectively. These frequencies are normalized with

dust cyclotron frequency wey. By using value of £; in Eq.(2.23) we will get,

Wi Wl — 2wy + iAW — B A Hiw; — i Awye; +wy B,M H; —iABAGH; = 0 (2.24)
Eq.(2.24) is a generalized dispersion relation in terms of w. This equation has complex
nature as some source terms responsible for instability in the system are involved like

density inhomogenity and sheared flow. In order to discuss the instability process (KH-

instability), let w; = w,; + iI';, where w,; and I'; are the real frequency and growth
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rate of KH-mode repectively. By using this value of w in Eq.2.24 we obtained,

wh =T34+ 2wy, T+ wl,; — 2ty (weg +iT5) + 1A wey +T5) — B8, Hj(wes +iT5) — i Awyz;

wej

+ wy:i (B0 H;) — iB;A;H;A = 0 (2.25)

splitting the real and imaginary parts of Eq.2.25 the real part is,

why = 1§+ wl ;= Qungjy; — ATy — B A Hywj + wyei (B;A;Hy) = 0

while imaginary part is

Simplifying imaginary part, we get the growth rate as

T  — Aw,.; 1,2)
I = L_”(,_) (2.26
’ (2wr_f(1.2) - Dy; )

the growth rate will be
T, = (Zm — A“"”*“'”) (2.27)
Wep(1,2)y — Doy
While for negetive dust
T, —Aw,_q 2))
r_=(=° & 2.28
(2“-’1'—(1,2) - Da— ( )

Using this value of I'; in real part, we get the real frequency

T'—'Aw'lg) 2 T-—Awr‘(n)
wﬂ,_(L_'J_(- — Dy, — A=A L a =0
I 2wej1,2) — Doj o 2wrjir1,2) — Doj i

where Qo; = wi,; + wye;(B;A;H;). By simplification above equation reduces into



quadratic form which is given as,

whia,s Vi — Wria,a)M — X; =0

Its solution is

2 . .
;£ 4/ +4‘I’d,)(._1 (226)

Wri(1,2) = 2,
7

For positive dust particles

T}+:‘: ++4'I'+x_|_

Wri(1,2) = 2V, (2-30)
For negetive dust particles
_E Ay
-2 = g‘l'_ X (2.31)

where, again

‘I’j = 5(2wm- + ﬁ,-AHj)g + A? + 4(&)5,}- +w,,jﬁj-A5Hj)
0y = Qg+ B0 H; + A2y + BiA H) + 42wy + B3A 1 H;) (wyses + wyi By A Hj)
Xj = {(Awys; + ABAH;) (2wyss + B;A;Hy) — Ay + B;A:H;) +

(Quwysj + B3 H ) (Wi + wysiB A Hy)

All these are constant terms, depends on different physical parameters, like number
density, sheared flow and polarity of dust particles.

2.3 Results and discussions

In this section we will discuss the numerical analysis of electrostatic KH-mode in dusty
plasma with Kappe distributed electrons. The numerical results are plotted for both
real frequency and (two and 3-dimensional views) and growth rates as derived mathe-
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matically in Equations (2.26) and (2.29) for positive and negative dust particles. We
used the following Saturns rings data in CGS system [133), where

B = 0.0004 — 0.0006 gauss
T. = LI5x10° >115x10° K
Ti = 1L15x10° K
Ty = L15x10* K
kK = 2-5
A = 001—0.03
Kg = 1.38x107'% erg/deg(K)

e = 4.79686 x 1071% statcoulomb

Zyp = 10

Z, = 100

mey = 4x107'%
mg- = 3.01 x1071%g
n, = 28/cm®

ngo = 1071 —107%/em®

Neo = 29/cm®
Similarly arbitrary values of

5k,

Ky
Voudi = 0.0lcmg

Vorgg = 0.020am;

2.3.1 KH- instability with positive dust polarity

The effect of Kappa index in the dusty plasma on the real frequency of KH mode,
using Eq.(2.30) is shown in Fig 2.1 (a) and (b). Fig 2.1 (a) shows the 2-dimensional
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Figure 2.1: The graphical representation of normalized frequency w,; of KH modes.
(a) as a function of K, for different values of x = 2 {red dotted line}, x = 3 (blue
dotted line) and x = 4 {green dotted line), while (b) is the 3-dimensional view with &,
and k. All others parameters are taken arbitrary from section of result and discussion.
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Figure 2.2: The graphical representation of growth rate I'; of KH modes. {a) as a
function of k, for different values of x = » (red dotted line), x = 3 (blue dotted line)
and « = 4 (green dotted line) and (b} is the 3-dimensional view with K, and «.

variation of real part of frequency versus wave number of KH-instability, with the effect
of different values of x such that x = 2 (red dotted line), x = 3 {blue dotted line) and
K = 4 (dotted green line). The corresponding 3-D view is shown in Fig. 2.1 (b). These
figures show that the real frequency increases by increasing the values of x. It means
that for positive dust particles when a system is approaching towards Maxwellian, its
phase speed increases. It further means that KH-mode gains energy when the system
is approaching towards Maxwellian.

Fig 2.2(a) and ({b) shows the variation of growth rate of Eq. (2.27) versus wave
number of KH-instability in dusty plasma with the effect kappa index «, such that
k = 2 {red dotted line), x = 3 (blue dotted line) and x = 4 (green dotted line). Fig.
2.2(b) shows the 3 — D representation of the growth rate with respect to k, and .
These show that the growth rate of KH instability increases with increasing values of
k. It means that the greater value of x makes the system unstable, for positive dust

particles.
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Figure 2.3: (a) Variation of real frequency w- as a function of k,, for different values
of electron temperature such that 7, = 1.15 x 10* {red dotted) line and for T, =
1.15 x 10% (blue dotted line), while {b) is the 3-D representation of frequency with
effect of temperature of electron.

Fig. 2.3(a)} shows the variation of real frequency as a function of wave vector of KH
instability for different values of temperature of electrons such that 7, = 1.15 x 10* (red
dotted line) and for T, = 1.16 x 10° (blue dotted line). Fig. 2.3(b) shows the 3-D view
of the real frequency of KH-instability with respect to k), and 7. These figures show
that the real frequency of KH instability increases with increasing the temperature
of electron. Enhancing temperature means that rnore energetic electrons and with
mode interaction these electrons impart energy to the mode, consequently enhances its
phase-speed. Enhancing phase speed causcs the mode dispersive and non-linear.

Fig. 2.4(a) shows the variation of growth rate as a function of wave vector k, of KH
instability for different values of temperature of electron such that T, = 1.15 x 10* (red
dotted hine} and T, = 1.16 x 10¢ {blue dotted line) with 3 — D views in 2nd part of the
figure. 1t shows that the growth rate of KH instability increases with increasing the
value of temperature of electron. Increasing temperature of electrons means enhancing

thermal energy of electrons. These energetic electrons make system unstable.
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Figure 2.4: (a) Variation of real frequency I'; as a function of k,, for different values
of electron temperature such that T, = 1.15 x 10 (red dotted) line and for T, =
1.156 x 10® (blue dotted line), while (b) is the 3-D representation of frequency with
effect of temperature of electron.
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Figure 2.5: (a) Variation of real frequency w, as a function of wave vector k,, for
different values of magnetic field such that B = 0.0004 (red dotted line), B = 0.0005
(blue dotted line) and B = 0.0006 (black dotted line), while (b) is the 3-D representa-
tion of frequency with effect of magnetic field. The physical parameters are taken from
the section of result and discussions.
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Figure 2.8: (a) Variation of growth rate I'; as a function of wave vector K, for different
values of sheared flow such that A = 0.01 (red dotted line), A = 0.02 (blue dotted
line) and A = 0.03 (black dotted line), while {(b) is the 3-D representation of growth
rate with effect of sheared flow.

two dimensions i.e. k, and k. Since the sheared flow is along z-axis as a function of x
i.6. Voudi = Vougi{x). This shear flow enhance the frequency of K-H modes.

Fig. 2.8(a) shows the 2-D variation of growth rate as a function of wave vector
of KH mode for different values of sheared flow A such that A = 0.01 (red dotted
line}, A = 0.02 (blue dotted line} and A = 0.03 (green dotted line) while its 3-D
interpretation is shown in 2nd part of the figure. This reveals that the growth rate of
KH-instability increases with increasing the values of the positive dust shear flow A.
Physically this means that positive dnst sheared flow makes the system unstable at its

maximum values.

2.3.2 KH-instability analysis with negative dust polarity

The effect of Kappa index in the dusty plasma on the real frequency of KH mode
for negative dust particles using Eq.(2.31) is shown in Fig 2.9 {(a) and (b). Fig 2.9

(a) shows the 2-dimensional variation of real part of frequency versus wave mumber
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Figure 2.9: The graphical representation of normalized frequency w,, of KH modes.
(a) as a function of k,, for diffcrent values of x = 2 (red dotted line}, x = 3 (blue dotted
line) and «k = 4 (green dotted line), while (h) is the 3-dimensional view with k, and «.
of KH-instabihty, with the effect of different values of x such that « = 2 (red dotted
line), & = 3 {blue dotted line) and x = 4 {green dotted line). The corresponding 3-D
view is shown in Fig. 2.9 (b). These figures show that the real frequency increases by
increasing the values of x. It means that for negative dust particles when a system
is approaching towards Maxwellian, its piase speed increases. It further means that
KH-mode gains energy when the system is approaching towards Maxwellian. In both
positive and negative case, the frequency of KH-mode increases, but the trend of mode
frequency, and magnitude of variation is quite different.
Fig 2.10 (a) and (b) shows the variation of growth rate Eq. (2.28) versus wave
number of KH-instahility in dusty plasma with the effect kappa index x, such that
= 2 (red dotted line), x = 3 {blue dotted line) and « = 4 (green dotted line). Fig.
2.10 (b) shows the 3-D representation of the growth rate with respect to k, and «.
This reveals that the growth rate of KH instahility decreases with increasing values
of k. It means that the greater value of x makes the system stable. The system goes

towards Maxwellian, when we increase value of x. Hence for increasing the value of s
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Figure 2.10: The graphical representation of normalized frequency w,; of KH modes.
(a) as a function of k, for different values of x = 2 {red dotted line}, x = 3 (blue dotted
line) and x = 4 {green dotted line), while {b) is the 3-dimensional view with K, and
K.

K-H modes become stable for the case of negative dust species.

Fig. 2.11 {a) shows the variation of real frequency as a function of wave vector of
KH instability for different values of temperature of electrons such that 7, = 1.15 x 104
(red dotted line) and for T, = 1.16 x 10°% (blue dotted line). Fig. 2.11 () shows the
3-D view of the real frequency of KH-instability with respect to k, and T,. These show
that the real frequency of KH instability decreases with increasing the temperature of
electron. Enhancing temperature means that more energetic electrons, consequently
decreases the phase-speed, for negative dust species.

Fig. 2.12 (a) shows the variation of growth rate as a function of wave vector of
KH instability for different values of temperature of electron such that T, = 1.15 x 10*
{red dotted line) and T, = 1.16 x 108 (blue dotted line} with 3-D views in 2nd part of
the figure. It shows that the growth rate of KH instability decreases with increasing
the value of temperature of electron. This reveals that for negative dust particles due
to thermal electrons system is going towards stable conditions. These higher energetic

electrons have stabilizing effect.
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Figure 2.11: {(a) Variation of real frequency w,; as a function of k,, for different values
of electron temperature such that T, = 1.15 x 10* {red dotted) line and for 7, =
1.15 x 10° (blue dotted line), while (b) is the 3-D representation of frequency with
effect of temperature of electron.

Fig. 2.13 () shows the variation of real frequency versus wave vector of KH mode
for different values of magnetic field such that B = 0.0004 (red dotted line), B = 0.0005
(blue dotted line) and for B = 0.0006 (“:lark dotted line}. It shows that the real
frequency of KH instability decreases with increasing the value of magnctic field. The
corresponding growth rate variation both in 2-D and 3-D with respect to B is shown in
Fig. 2.14 () and (). This Fig.2.14 also reveals that the growth rate of KH instability
increases with increasing values of magnetic field. Physically this means that the
external applied magnetic ficld have a destabilizing effect on the growth rate of KH-
instability.

Fig. 2.15 {a) show the variation of real frequency of KH instability for different
values of shear flow such that A = 0.01 (red dotted line), A = 0.02 {blue dotted line}
and A = 0.03 (black dotted line) and the corresponding 3-D plot with respect to A
is shown in Fig. 2.14 (b). The figure overall shows that the real frequency of KH

ingtability increases with incrensing the values of sheared flow. Thus the sheared flow
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Figure 2.12: (a) Variation of real frequency I'; as a function of &y, for different values
of electron temperature such that 7, = 1.15 x 10* (red dotted) line and for T, =

1.15 x 10° (blue dotted line), while (b) is the 3-D representation of frequency with
effect of temperature of electron.
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Figure 2.13: (a) Variation of real frequency wy; a8 a function of wave vector k,
for different values of magnetic field such that B = 0.0004 (red dotted line), B =
0.0005 {blue dotted line) and B = 0.0006 (black dotted line), while (b} is the 3-D
representation of frequency with effect of magnetic field. The physical parameters are
taken from the section of result and discussion.



Figure 2.14: {a} Variation of growth rate I'; as a function of wave vector K, for differ-
ent values of magnetic field such that B = 0.0004 (red dotted line), B = 0.0005 (blue
dotted line) and B = 0.0006 (black dotted line), while (b) is the 3-D representation of
growth rate with effect of magnetic field.
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Figure 2.15: (a) Variation of real frequen: y w,; a8 a function of wave vector k,, for
different values of sheared flow such that A = 0.01 (red dotted line), A = 0.02 (blue
dotted line) and A = 0.03 (black dotted line), while (b) is the 3-D representation of
frequency with effect of sheared flow.

cause by negative dust species enhances phase speed.

Fig. 2.16 (a) shows the 2-D variation of growth rate as a function of wave vector
of KH mode for different values of sheared low A such that 4 = 0.01 (red dotted
line}, A = 0.02 (blue dotted line} and A = 0.03 (green dotted line) while its 3-D
interpretation is shown in 2nd part of the figure. This reveals that the growth rate
of KH-instability decreases with increasing the values of the negative dust shear flow

A. Physically this means that negative dust sheared flow makes the system stable at

maximum values of A,
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Figure 2.16: (a) Variation of growth rate I'y as a function of wave vector k,, for
different values of sheared flow such that A = 0.01 (red dotted line), A = 0.02 (blue
dotted line) and A = 0.03 (black dotted line), while (b) is the 3-D representation of
growth rate with effect of sheared flow.
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Chapter 3

Summary and Conclusions

In this thesis, we have studied the effect of superthermal (Kappa distributed) clectrons
on Kelvin-Helmholtz instability in four component dusty plasma. Our main focus was
on the investigation of polarity effect on K H modes. For this purpose, we have
used the hydrodynamic equations for low beta § plasma with the assumption that
ions are Maxwecllian while electrons follow non-Maxwellian distribution ie. {Kappe
distribution). A generalized dispersion relation for K H instability has been obtained
analytically and numerically as well. By solving quadratic equation we face real and
imaginary parts, where from real part of wave gives the dispersion relation while imag-
inary part embodies the growth rate of K-H modes. The two relations of real frequency
have been obtained i.e. w,; and wyo. The w,; is for forward modes while w,s repre-
sents back coming modes. For the case of positive and negative dust particles we have
checked the polarity effect on the K-H modes by changing the values of different pa-
rameters such as kappa index s electrons temperature T,, magnctic field B and dust
sheared flow A.

o By increasing value of kappa index x from 2 — 4 we observed that the for
positive dust species the real frequency and growth rate are increasing. This reveals to
us that the system is unstable. But for the negative dust specics we observed that the
real frequency is increasing while growth rate is decreasing. Hence the system is going
towards Maxwellian, by increasing the value of kappa index s, and it has stabilizing

effect on system for negative dust species.
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o For the case of positive dust by incresing the value of electron temperature 7T,
from 1.15 x 10 to 1.15 x 10° both the real frequency and growth rate were observed
increasing. As the electrons are considered superthermal following kappa distribution
then our system is going towards unstable conditions i.e. instability occurs. But for
the case of negative dust species we observed that the both real frequency and growth
are decreasing. This reveals that the our system is going towards stable condition for
the negative dust species.

o Similarly by changing the value of magnetic field B from 0.0004 — 0.0006, the
real frequency for both positive and negative dust species is decreasing. The growth
rate is decreasing for positive dust species, but increasing for negative dust species,
hence magnetic field also has stabilizing and destabilizing effect on our plasma system
respectively. This mean that for positive dust species the particles are confined to
center, while for negetive dust species the particles are at periphery.

o We are familiar that in dusty plasma the dust sheared flow is the main player for
the cause of K-H instability. By changing value of dust sheared A from 0.01 — 0.03,we
observed that, for the case of positive dust species the both real frequency and growth
rates are increasing. Hence system is going towards the unstable conditions and sheared
flow caused by positive dust species increases the K-H modes. While for negative dust
species the real frequency increases with increasing the value of A, but growth rate is

decreasing. Hence our system is going towards the stabilizing conditions.
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