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Abstract

Recent observations show the existence of high energy electrons in various astrophysical plasmas which their distribution
functions are highly non thermal. The presence of dust ion acoustic localized waves in plasmas which contain non thermal
electrons and ions with kinematic viscosity along with stationary charged dust is investigated. Solitary shock waves are
derived as solutions of nonlinear wave equation of the medium using the reductive perturbation method by employing
suitable stretching coordinates. Both rarefactive and compressive shock profiles are created in the medium according to
the initial values of the medium parameters. We report that increasing the electron number density makes a growth in the
amplitude of negative shock waves while it decreases the amplitude of positive shock profile. Some behavior of observed
transience in the plasma waves can be explained using the presented results.

Keywords: Dusty Plasmas, Dust-lon-Acoustic Solitary Waves, Localized Waves, Non Thermal Distribution, Shock Waves,

Viscosity

1. Introduction

In recent years, dusty plasmas have attracted a great
interest due to their significance in astrophysics and
upper parts of the atmosphere (Planetary Rings, Comets
and Magnetosphere) and also in the lower components
of the Earth’s ionosphere'™. In this medium we have
charged dust particles which have either negative or posi-
tive charge depending on the plasma environments that
surrounds them®”. The low-frequency Dust-ion-acoustic
(DIA) wave is one of the main electrostatic dust-associated
waves that exist in dusty plasmas without magnetic field.
It was first pointed out by Shukla and Silin® that because
of the inequality n, << n, and conservation of equilib-
rium charge density n,, + Zn, = n, [ where Z  is the
number of electrons residing onto the dust grain surface,
e is the value of the charge of the electron and n
n_ are, respectively, dust, ion and electron number density
at equilibrium] a negatively charged static dusty plasma

n_and
i0
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could tolerate low-frequency Dust-ion-acoustic (DIA)
waves (DIAWSs) with the condition that phase velocity
should be very smaller (larger) than the thermal speed
of electron (ion). It should be pointed out that DIAW's
have also been seen in laboratory experiments”°. Also, it
should be noted that the dynamics of DIA waves is signifi-
cantly different than the dust-acoustic waves in which it
is important to consider the dust dynamics in our model
because the inertia is supplied by the mass of the dust par-
ticle and the restoring force is provided by the pressures
of inertia less electrons and ions!'?3, i.e.,. Different lin-
ear and nonlinear properties of dust ion-acoustic waves
have gained a large interest in comprehension of the basic
features of localized electrostatic perturbations in astro-
physics and laboratory dusty plasmas'**. From both
theoretical and experimental point of view, it has been
shown that a dusty plasma which is weakly coupled has
two novel Eigen modes, i.e. dust-acoustic mode'>** and the
dust-ion-acoustic mode®* . The main reasons for starting



Time Evolution of Localized Waves in Non thermal Distributed Plasmas: Considering Dissipation Effects

dissipation which is the cause for the formation of shock
structures in plasmas are as follows: the Landau damping,
kinematic viscosity between different parts of Plasma,
Ion-neutral and Dust-neutral collisions. The existence of
high energy electrons in various astrophysical plasmas has
been confirmed by many observations and measurements
show that their distribution functions is highly non ther-
mal. This non thermal feature is turned out to be a very
common in astrophysical plasmas in which it is expected
that coherent nonlinear waves and structures play a major
role. Non thermal distributions might spread isotropically
in velocity space or move with respect to the background
plasma and also their existence has been established by
various observations**. Viking spacecraft”’ and Freja
satellite®® have confirmed the presence of electrostatic
solitary structures in the magnetosphere with density
depressions. Inspired by these observations, Cairns et al.”
showed that the existence of a non thermal population of
electrons may alter the properties of ion sound solitary
structures and permit the presence of rarefactive ion-
acoustic solitary structures very similar to those seen by
Freja and Viking. Some recent articles have concentrated
on the consequences of non thermality of particles on
various types of linear and nonlinear collective process-
es***. Our main aim in the present paper is therefore to
survey the existence of dust ion-acoustic shock waves in
plasmas having non thermal electron and ion kinematic
viscosities along with stationary charged dust. Thus, it is
worthwhile to give a first theoretical work to study DIA
shock waves in a nonthermal dusty plasma. The present
work is structured as follows. In Section 2 we present the
basic equations that govern the electronegative plasma
system. The basic features of the dust ion-acoustic shock
waves are investigated in Section 3, while those of the dust
ion-acoustic shock waves are investigated in Section 4.
Finally, we summarize our results in Section 5.

2. Basic Equation

The nonlinear dynamics of Dust-ion-acoustic waves with
the condition that phase velocity is much smaller (larger)
than the electron (ion) thermal velocity is ruled by:

a_n+M:0’ (1)
ot ox

ou, ou_ 99  ou
o Yox ox 1o
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in which # is the ion number density that is normalized
by its equilibrium value n_, u is the ion fluid velocity nor-

malized by ¢; = /T, / m; is the electrostatic wave potential
normalized by (T/e), where T is electron temperature.

. . . . . 2
Also 7 is the viscosity coeflicient normalized m;n;, v, 4.

The time ¢ and the distance x are normalized respectively

by the jon plasma frequency w;il =\m, [4m e’ and
the Debye radius /4, =+/T, / 47m,e’. We have denoted

H= neO/ M-

We use the non-thermal electron distribution of
Cairns et al.?” which is a general class of the high energy
electron distribution to model the electron population in
the presence of fast or non-thermal particles. Therefore,
we use

n, = (1= fo+ o e’ (4)
4a

1+3a
the distribution of nonthermal energetic electrons and

determines the degree of nonthermality.

in which p= . a Is a parameter that characterizes

3. Burgers Equation

We develop a theory of DIA waves which is weakly
nonlinear with small but finite amplitude to derive the
Burgers equation for a dusty plasma model under study
that results a scaling of the independent variables®.

r=6t, E=e(x— At) (5)

which ¢ is a small parameter and 1 is phase speed of the
wave. Now we expand each variable in powers of ¢ as

n=1+en +en, +...
U=éu +éeu, +...
o= +e¢, + ... (6)

Now, we replace the stretching Equation (5) and the
Expansions (6) into our governing Equations (1-4) and
collect the terms in the different powers of ¢, to the low-
est-order in ¢, we obtain

2 = g %

Auf? = ¢ (8)

and
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ey, )

and for the higher orders of ¢, we have

— aﬁ+%+—a(nlul) +a&:0,
o  dr o¢ o¢
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o0& or oF o " of

=0, (10)

IPe 1,
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Now we derive the Berger Equation from (7) and
(10) as

L L i
81:+A 2t Ca§3 =0 (11)
where
213
eI "
and
c=2 (13)
2

Where A and C are respectively the nonlinearity and
dissipative coefficients.

4. Numerical Results and
Discussion

Equation (11) is the burgers equation which describes
dynamics of the nonlinear Dust ion-acoustic shock wave
containing the electron nonthermality effect and the
kinematic viscosity between the plasma components.
Equation (11) describes a travelling wave without defor-
mation at constant velocity u and possesses a stationary
shock wave solution. By introducing { = { - ut"and 7 =7/,
under the steady state condition, Equation (11) takes the
following form*.

) 0 9’
0,240,200
o 9 I

It can be easily shown that the above equation
describes the shock waves. The shock wave speed is con-

nected to the extreme values ¢ (-) and ¢ (e0) through
¢,(0) = ¢,(=o=) = 2u/A. So under the conditions that ¢, is

(14)

Vol 8 (29) | November 2015 | www.indjst.org

limited at { — oo, the shock wave solution of (12) is in
the following form

=0, |:1— tanh(%)], (15)

Where the thickness and amplitude of the shock wave are
defined as W = 2C/u and ¢ = u/A, respectively. It must
be noted that the mutual balance between dissipation and
nonlinearity leads to formation of this type of shock solu-
tion. It is clear that an increase in u enhances the height
of shock wave, and reduces its width. It is possible to see
that the amplitude of shock waves can take both positive
and negative sign, through Equation (14). The nonlin-
ear coeflicient A tends to zero as f— £, =1-1/3u,
thus for § < B (B > B) we have positive (negative)
DIA shock wave. This result is in agreement with? In
Figure 1, we have shown how the critical value of non-
thermal parameter (f3) varies with relative density (z). It
is possible to observe that the result of growing u is to
higher the critical nonthermal parameter _ which above
this parameter only rarefactive Dust-ion-acoustic shock
waves are allowed. Note that for 4 < 0.33, only negative
polarity of DIA shock can be created and in this situation,
nonthermality doesn’t have effect on the shock polarity.
It is obvious that for other values of u(u > 1/3), polar-
ity of shock wave depend sensitively to nonthermality.
Also, a similar behavior discussed by Baluku et al.** and
Yasmin et al*.

To investigate the influence of the dissipation and
electron nonthermality effects on the fundamental fea-
tures of dust-ion-acoustic shock waves in this model, the
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Figure 1.  Plot of Critical Nonthermal Parameter (/)
with Relative Density (¢) (when a becomes zero).
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solutions of shock waves are found numerically. Thus, this
model supports excitation of DIA shock waves with both
positive and negative polarities. The results are displayed
in Figures 1-3.

The dependency of DIA shock structure on the
electron nonthermality is investigated in Figure 2, for
various values of the electron number density. It is clear
that for positive shock wave an increase in f enhances the
amplitude of the shock structure, while the negative shock
wave displays an inverse treatment. This behavior means
that departure of electrons from Maxwellian treatment
(f = 0) leads to appearance of positive (negative) DIA
shock waves with larger (smaller) amplitude.

In order to investigate the effect of dissipation on the
dust ion-acoustic shock structure, we have depicted the

g e 5

(b)

Figure 2. (a) The Electrostatic Potential ¢ as a
function of { and ff with 4 = 0.7, # = 0.2 and u = 0.1.
(b) The Electrostatic Potential ¢ as a function of { and
S withu=0.1,#=0.2and u =0.1.
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(b)

Figure 3. (a) The Electrostatic Potential ¢ as a function
of { and # with 4 = 0.7, f = 0.2 and i = 0.1. (b) The
Electrostatic Potential ¢ as a function of { and # with y =
0.1, /=04 andu =0.1.

behavior of the electrostatic potential with respect to
{ and # in Figure 3 for two set of parameters u = 0.7,
f =0.2and u = 0.1, f = 0.4. The first set leads to posi-
tive shock and for second set a negative shock structure
appears. We see that the thickness of shock wave increases
with dissipation term. This is consistent with the result of
Yasmin et al*. Figure 4 indicates variation of the electro-
static potential with respect to { and x4, for f = 0.1 and
B = 0.4, respectively, in Figures 4a and 4b. This figure
indicates that a growth of the electron number density
induces increases of the amplitude of negative shock
wave (Figure 4a) whereas it decreases the amplitude of
positive shock wave (Figure 4b). This result is in agree-
ment with**.
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(b)

Figure4. (a) The Electrostatic Potential ¢as a function of {
and ¢ with f=0.1,# = 0.2 and u = 0.1. (b) The Electrostatic
Potential ¢ as a function of { and x with f = 0.4, = 0.2
and u =0.1.

5. Conclusions

In this manuscript, we have studied the nonlinear
dynamics of DIA shock waves in dusty plasma con-
structed from Inertial Ions, Nonthermal Electrons, and
Stationary dust particles. We included the dissipation
by considering kinematic viscosity between the various
parts of the plasma. In addition, we derived the Burgers
equation for the propagation of DIA shock waves by
applying the reductive perturbation method, for the
propagation of DIA shock waves. The present model
supports the presence of both positive and negative
DIA shock structures. We have shown that the depar-
ture of electrons from thermodynamics equilibrium
leads to appearance of positive (negative) Dust ion-
acoustic shock waves with larger (smaller) amplitude.
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It is shown that a growth in dissipation term leads to
increase of the shock wave thickness. It is also observed
that a growth in the electron number density leads to
an increase of the amplitude of negative shock waves
whereas it decreases the amplitude of positive shock
waves. This study would be helpful in comprehension
of the basic nonlinear properties of the dust ion-
acoustic shock wave that might appear in astrophysical
dusty plasmas, particularly those containing the non-
thermal components, the ionosphere** and the auroral
acceleration regions®.
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