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ABSTRACT

A\ Plasma model is considered, having contaminated with negatively charged dust particles to study the properties of
the nonlinear wave profile, in which the ions are the Maxwellian and electrons are non Maxwellian. Inertial dust
motion is possible due to their heavy mass in comparison to the much smaller masses of ions and electrons. The
occurrence of the nonlinear waves leading to formation and propagation of dust acoustic solitary waves (DASW) in the
plasma is augmented through energy integral. A pseudo potential approach is employed to derive this integral known

as the Sagdeev Potential (S.P) equation. The important parameters for our study are considered as z,, 1, a, M

signifying respectively the number of charged dust particle, equilibrium density ratio of dust and ion, population of non
thermal electron and wave Mach number. The nature of soliton is also studied by deriving well-known small amplitude
K-dV solution of the S.P equation.
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1. INTRODUCTION

The term “solitary wave” has been an important object of mathematical analysis since the historical first observation by
John Scott Russel in 1834 as a large solitary elevation, a rounded, a smooth and well defined heap of water, which
coursed along a channel without change of form or diminution of speed [1]. A solitary wave is a stationary and
localized structure due to nonlinear wave formation “propagating in dispersive media. Mathematically such a wave is
essentially a hill in potential field ¢ and is represented by an appropriate function of ¢ [2].

Plasma is a very complex state of dispersive matter occupying most parts of the universe. In order to understand the
basic properties of the nonlinear solitary waves propagating in plasma, we are to consider the effect of the characteristic
frequencies of the different plasma species, leading to the coherent oscillations of the charged particles of plasma. Due
to the dispersive character of plasma, the coherence of the nonlinearity gets reduced. As a result, some typical balance
between nonlinearity and dispersion occurs and the resulting wave structure propagates without change of size and
shape for long time. Such waves, called solitary waves or solitons are finite energy structures. Recent trend of research
in the line of nonlinear plasma waves shows high interest of mathematicians/ plasma scientists. The nonlinearity of
plasma which leads to the formation and propagation of nonlinear solitary waves was studied by many people [3-7].

The different plasma species have great influence on the collective behaviour of the medium. Due to the heavy mass of
dust grains in comparison to ion and electron, they can have collision with both and can be charged both positively or
negatively. Negatively charged dust particles can give rise to new kind of nonlinear plasma wave modes. Baluku &
Hellberg [8] studied both small & large amplitude dust acoustic solitary waves. The study of dusty plasma has become
more important after Rao et.al published their paper on dust acoustic wave mode for the first time [9]. Dusty plasma is
a complex plasma medium consisting of dispersed kind of solid grains of micron or submicron level of size. [10].
Effect of dust like grains was studied in the laboratory by Langmuir et.al. [11]. In the process of dusty plasma wave
formation, the presence of charged dust species plays very important dynamical role. As a result, the collective
behaviour depends on densitry, charge, temperature and other properties of the dust species. Most of the dusty plasma
wave studies are seen to consider negatively charged dust species since the high mobility of the electrons leads to quick
charging due to contact with the dust particles. The ions are considered as Maxwellian because of the considerable
mass difference between the ions and the dust particles. Basically the electron thermal energy has been considered
effectively in the form of Maxwellian/inertial/nonthermal character in such wave studies.
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Nonlinear wave modes in plasma are produced due to the transient behaviour of the medium as a result of different
types of oscillations of the constituent components (both charged and neutrals). Most of the problems in plasmas are
treated by perturbation technique. But higher order approximations are not negligible in case of the large amplitude
waves. So perturbation technique is not adequate to study such waves. Therefore a variety of nonperturbative
approaches were developed by many researchers [12-13]. In order to study the plasma acoustic waves of arbitrary
amplitude derived by nonperturbative approach known as Sagdeev (1966) Potential analysis [14]. However the method
was 1% discussed by Davis et al. (1958) [15] in the context of fluid dynamics. Exact solution of the differential
equations describing full nonlinearity can be obtained through a standard method known as the Sagdeev’s
Pseudpotential (SP) method. Pseudopotential shows the motion of the oscillatory charged particles by energy integral

d
equation having unit mass whose pseudoposition is ¢ and pseudovelocity is £ in a pseudopotential well S(¢)

In this paper we have considered a fluid model of plasma governed by a set of basic equations consisting of continuity
and motion equation of dust and ion, nonthermal equation of electron and Poisson’s equation. By applying
nonperturbative technique the S. P. equation has been derived. The dust acoustic solitary wave profiles have been
studied graphically for different values of the parameters through the pseudpotential. The solution of the soliton
equation is derived to know the nature of the solitary wave. The amplitude and width of the solitary wave can be
expressed in terms of different parameters.

2. BASIC EQUATIONS

We have considered the following equations for one dimensional dust acoustic plasma model.

For dust,
on, O
—+—(nyv, )=0 1
ot 6x( ‘ d) @
N, ovy o
— 04y, 4 =7 2
ot oax Y ax @
For ion
on. o
—+—(nv,)=0 3
~ 2 ) (3)
%+vi%+%:0 4
ot oX  OX
Poisson’s equation
82
87? =24y +(L-zgp2)n, =1, (5)
For nonthermal electron
n, =(L- o+ pp* B’ ©®)

where Ny, N;, N, are the number densities of dust grain, ion and electron respectively. V,V; being respectively the

fluid velocities of dust and ion and ¢ is the electrostatic plasma potential. The parameter Z refers to the number of

n Ao
charged dust particles, ¢ = —99 where Nyo» N;o are respectively the equilibrium dust and ion densities, £ = 123"
N + o0

« being the population of nonthermal electron [16].

The overall charge neutrality at equilibrium is given by zZ,Nn,, +N,, —N;; =0
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3. DERIVATION SAGDEEV POTENTIAL EQUATION

To derive the Sagdeev Potential equation, we have introduced a new variable & by the transformation & = X — Mt ,

where M is the wave Mach number. The partial differential equations (1)-(5) thus are transformed to the following
ordinary differential equations:

dn, d

—Mgﬂ—@(ndvd):O (7)

_M%+Vd%22d% (8)
dg dg dg
dn. d

-M—7+—(nv.)=0 9
T aeow) ®

—M%+vi%+d—¢:0 (10)
dg ~d& dg

d2

K? = 74Ny +(1_ Zdﬂ)ne - (11)

Integrating (7) and (9) w.r.to & with boundary conditions vy,V, =0, |§| — oasNy,N; =1, we get respectively,

ng = (12)

n = (13)

Integrating (8) w.r.to & with boundary condition ¢ — Oas vy — 0 and using (12) we get,

1
Ny =——— (14)

1+ 2'\;"2(/5

Integrating (10) w.r.to & with boundary condition ¢ — Oas v, — 0 and using (13) we get,

no_ 1 (15)
I 2¢
-5
M
Now using equations (6), (14) and (15) we get from equation (11),
d? 1 1
S (RN (AT ——
dx 22,¢ 2¢
e Ve

dg

Integrating w.r.to & with boundary conditions E - O,|§| —>was ¢ — 0, we get

2 % %
%(S—Q = M 2{1+2'\;—df} +(1-z,u)f{1+3B)’ —35ge’ + pp’e’ |+ M 2{1—%}

— M ? = (1-z,u)1+3)-M*
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Expanding in binomial and exponential series and neglecting the terms containing fourth and higher powers of ¢, we
get an energy integral of the form

2
1(de 2 3
| =2 | =Ap*-B 16
Z(dﬁ] ¢° —Bgp (16)
1 uzs 1
here A=—(1-z, u)1- B)- -
wnete A= (12, )1 )Lt 2
1 oz 1
= e (12
M oM gL L)

Which is the Sagdeev Potential equation and Sagdeev Potential is

S(¢)=—Ag’ +Bg’

Solving the equation (16) by tanh-method [17-18], we get the well known small amplitude K-dV soliton solution for
the wave profile as

A 2 A : 2 . ,
o= Esec h %§ where E is the amplitude and K represents the width of the soliton.

4. RESULTS AND DISCUSSIONS

The conditions for occurrence of solitary waves are
(i) S(#)=0 for =0
(ii) S'(¢)=0 for ¢=0 and

(i) S"(#)< 0 for =0
For the condition (iii), A must be positive

1 Lzl 1
ie E(l—Zd,u)(l—ﬂ)— 2|v|d2 Ve >0

So, we have to assign the values of the parameters as
a <1l u<0.0land M >1.

With the prescribed values of the parameters B is found to be negative. The nature of the solitary wave, i.e whether
compressive or rarefactive is determined by the values of A and B. Since A and B are of opposite signs, it represents a
rarefactive solitary wave [19].

The effect of different parameters on the dust acoustic solitary wave are investigated. Figure 1 shows the effect of
population of nonthermal electron ¢ on the solitary wave. It is observed that the amplitude and width of the soliton
both increases as ¢« increases.
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Figure-1: S(#) vs. gfor u=0.002,z, =10,M =1.1 and = 0.5,0.65,0.85

Figure 2 is to investigate the structure of the solitary wave for different values of Mach number.
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Figure-2: S(¢) vs. gfor 1 =0.002,z, =10, ¢ =0.5and M =1.10, 1.15, 1.30
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Figure-3: S(#) vs. gfor z, =10, e =0.5and M =1.1and x = 0.002, 0.003, 0.004

5. CONCLUSIONS

Thus the co-operative phenomena in respect of the collective behavior of the plasma medium under the present model
can occur. Hence the nonlinear plasma wave structures in the form of solitary wave are found to exist in plasma as dust
acoustic solitary waves. As a future scope of the present work, the different regions of propagation of dust acoustic

solitary plasma waves under the effect of nonthermal electrons can be earmarked by computing S(¢) versus ¢ . The
parameters of importance for such computation being z,, 1,c, M.
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