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Abstract

In this paper, we study dust acoustic solitary waves (DASW) based on the dust charge
7 Ny,  equilibrium density of dust ions
g = =

n. equilibrium density of ions

lo

, initial dust speed U ,, and initial streaming speed

V,, ofelectrons with the introduction of relativistic effect. Only rarefactive solitons are found to exist in the
unmagnetized dusty plasma in presence of relativity for electrons. It is observed that for greater values of dust

charge Z, rarefactive solitons exist.
Key words : Dust acoustic wave, Dusty plasma, KdV, Soliton.

l. Introduction

Formation of solitary waves in the plasma is being studied both in laboratory and space plasma by
many researchers of the world. Recently, the presence of dust grains in the composition of plasma has attracted
many workers towards its fold. The presence of dust particles in a plasma influence the plasma properties leading
to new significant results.

The dust acoustic waves [DAW] has been investigated by Rao et.al., for low frequency waves in
unmagnetized dusty plasma. On the other hand, dust ion acoustic waves (DIAW) are studied by ?D’ Angelo,
3Nakamura et.al. and “Duan et.al. But existence of DIAW for higher frequency is reported by 5Shukla and Silin.
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In most of the investigations, reductive perturbation method is used. éDuan et.al. have investigated solitary
wave in a dusty plasma with variable dust charge through the KdV equation. "Wang and Zhang have studied
warm dusty plasmas with two component ions through the KP equation. For two temperature ions, solitons are
studied by means of KP equation in dusty plasmas by 8Barkan and Javidan. Besides, °Pakzad has studied
(DASW) in a dusty plasma with isothermal electrons and nonthermal ions which are detected by Phobas
satellite on the upper ionosphere of Mars. Using Sagdeev pseudo-potential method, °Wang et.al. have shown
the existence of solitary waves in dusty plasmas affected by negative ions. Pakzad has reported the existence
of only rarefactive solitons at critical temperature in his investigation. 1* Z. Rahim et.al have studied thes and
chaotic motions in Thomas Fermi dusty plasmas. 22 N.T. Willington et.al have studied the dust acoustic solitary
waves in a five component plasma.

In this paper, we consider the existence of dust acoustic solitary waves with weak relativistic effects in
electrons in an unmagnetized plasma in presence of negatively charged dust particles. Interestingly, only
rarefactive solitons are found to exist in our model of plasma consisting of electrons with weak relativistic
effects and non-relativistic massive ion- dust particles.

I1. Basic Equations:

The governing equations in one- dimension are given by
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ou ou o¢
‘ d —L= Zy— (2)
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where z, stands for dust charges, *j’ for positive ions and ‘e’ for electrons respectively,
_ M, _ massof the electrons ;N4 _ equilibrium density of dust ions
m. mass of the positive ions "% “* " n, ~ equilibrium density of ions
Again for charge imbalances these equations are to be combined by the Poisson equation
62
_¢=ne+zdnd_ni (7)

ox2
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I11. Derivation of the KdV equation :

To derive the KdV equation from the basic equations (1) — (6) for description of the propagation of
dust acoustic waves, we expand the variables asymptotically about the equilibrium state in terms of smallness
parameter ¢ as follows :

Ny =Ny, + &Ny +&2N,, +...

N =Ng,+eN, +&°N, +..

n,=l+en, +&’n,, +..

Uy =Ugo +&Uy, +&° Uy, +... (8)
V, =gV, +€°V, +..

V, =V, +EVy +E°V,, +...
p=¢¢ +82¢2 +g?’¢3 +...

For unidirectional transformation related to solitary waves in our plasma model, we need to use equation (8) and
the stretched variables,

N |-

£—z2(x—-Ut) (9)

3
T=¢%t
in the set of equations (1)-(7). Equating the coefficients of ¢!, we get from the first order perturbed quantities,

the equation for the phase velocity J namely,

1 Zyny _ni0 -0
v, (U—udo)2 u?

3
Z,-QU -v, Pl1+ o (10)

This can be solved for the phase velocity U in terms of the equilibrium quantities in it and dust charge Z4 and
c for relativistic effects.

Again equating the coefficients of g2 from (1) - (7), we get

oan, ONg 9
-U g'i‘ﬁ'i‘%(n(w Ud2+ndludl +nd2 ud0)=0 (]_]_)
ou
_U OUgo +8ud1 FUgo d2 Uy OUgq ~27, 8¢2 (12)

o8 or o0& o¢ o¢
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Now, eliminating % from (11) and (12) we get,
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Eliminating a—'; from (13) and (14) we get,
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Further, eliminating 6—22 from (15) and (16) we get,
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The KdV equation (21) will give the soliton solution for real suitable values of p and q based on the



Riju Kumar, JUSPS-B \ol. 32(6), (2020). 23

parameters involved in (22) and (23). For the desired soliton solution,we consider the transformation n=<&-Vr.

Using the transformation n = & —V 7 , for solitary wave solution, we integrate once and use the

d 2
boundary conditions ¢, =0, q ¢21 =0as n —> o toget
n
d ? ¢1 _ \ p 2
> | ¢l | A4 ¢l
dn q 2q
Lo . de, L .
Multiplying both sides by 2 d_ and again integrating we get
n

G057

Integrating again we get the solitary wave solution

) =(ﬂ]3ech2 1\/27
p 2\q

where V is the velocity with which the solitary waves travel to the right. The corresponding amplitudes ( ¢0 )

and width (A ) of the soliton are respectively ¢, = (Slj and A = 2\/5
p

IV. Discussion

The small amplitudes of the dust acoustic rarefactive solitons are found to increase rapidly to maximum
[fig 1(a)] against every critical Zq for small dust charge Z4> 10 in its narrow lower range and decrease concavely
as Zg increases under relativistic effect of electrons. The corresponding width ( A ) [fig 1(b)] of small magnitudes
decay convexly and parabolically with Z4. The initial dust streaming Ug, is found to be responsible to generate
dust acoustic rarefactive solitons but of relatively high amplitudes [fig 2(a)]. The amplitudes increase in the
initial ranges of Uq, upto a critical Uq, but decreases at the increase of Uq, . The corresponding width (A )
[fig 2(b)] increases in a regular manner with uq,. The amplitudes of rarefactive dust acoustic solitary wave
diminishes sharply [fig 3(a)] to nearly zero with range of Ve,. Besides the width ( A ) grow in quite opposite
(convexly) manner [fig 3(b)] with Ve,
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Figurel(a):
Amplitude (o) of dust acousticrarefactive
solitons versusdustcharge Z, for fixed

V,, =20,c=300and V =0.4
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Figure2(a) :
Amplitude (o) of dust acoustic rarefactive
solitons versus initial dust speed u,, for
fixed

V,, =20,c=300and V =0.4
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Figurel(b):
Width (A) of dustacoustic rarefactive
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solitons versus initial dustspeed u,
for fixed

vV, =20,c=300and V =04
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Figure 3(a) : Figure 3(b):

Amplitude () of dust acoustic rarefactive
solitons versus initial electron —streaming
v, forfixed Z, =10, u,, = 20,c =300,
V=0.15

Width (A) of dust acoustic rarefactive
solitons versus initial electron —streaming
v,, forfixed Z, =10,u,, = 20,c =300,
V=0.15

Conclusion

In this model of dusty plasma, with the introduction of weak relativistic effects in electrons, only
rarefactive solitons are established based on the dust charge Zq and the initial streaming speeds Ve, Of the

electrons. For all values of the dust charge Z4 > 1, the soliton is found to be rarefactive. In all cases of this
consideration for relativistic situation, we consider c=300 (normalized).

Application and future scope :

The presence of dust particles in plasmas of space environment has created interest in the domain of
plasma research. The role and theoretical applications of dust particles observed in earth’s magnetosphere,
cometary tail, planetary rings, lower ionosphere of the earth. The usual characteristic plasma phenomena like
solitary waves, double layers etc. and their stabilities are being studied with the introduction of dust particles
in the plasma. The Vega and Giotto space probes are found to report low frequency noise enhancement in the
dusty regions of Halley’s comet. A small amount of dust grains of micrometre or sub-micrometre size can be
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considered as charged particles for field emission, ultra-violet ray irradiation in the plasma. The behavioral role
of fragmentization of dust grains in the dynamics of plasma primarily can be investigated. Waves and its
propagation can be studied explicitly in many branches of science using set of non linear equations. The
damping problem in curved beam system can be studied.
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