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Introduction  

Dust and plasmas exist together in the universe and they 

make dusty plasmas.  Dusty plasmas are found in cometary tails, 

asteroid zones, planetary ring, interstellar media, lower part of 

Earth’s ionosphere and magnetosphere, etc. [Geortz, 1989; 

Mendis and Rosenberg, 1994, shukla, 2001; Horanyi and 

Mendis, 1986; Verheest, 2001; Horanyi, 1996].  Noticeable 

applications of dusty plasmas are also found in laboratory 

devices [Barkan et al, 1995; Merlino et al, 1998; Homann et al, 

1997].  There has been a rapidly growing interest in the field of 

dusty plasmas because of its great variety of new phenomena 

associated with wave and instabilities [Verheest, 1992; Pieper 

and Gorce, 1996; Bliokh and Yaroshenko, 1985].  The 

consideration of charged dust grains in a plasma does not only 

modify the existing plasma wave spectra [de Angelis et al, 1988; 

Shukla and Stenflo, 1992]; but also introduces a number of new 

novel eigen modes such as dust acoustic (DA) wave [Rao et al, 

1990, Barkan et al, 1996], dust ion acoustic (DIA) waves 

[Shukla and Silin, 1992, Barkan et al 1996] etc.  

Very recent researchers are paying, more attention for 

investigating the non linear properties of DA waves by 

considering the charge fluctuation.  Shock waves are generated 

when charge fluctuation are considered in dusty plasmas as 

discovered by the works of Mamun (2008) and Duha and 

Mamun (2009).  It is well known that linear and non linear 

properties of plasma depend on the velocity distribution 

functions of the particle constituent of the plasma.  The most 

commonly used distribution, is the Maxwellian velocity for 

collisionless plasmas, which is a distribution that is in thermal 

equilibrium.  But from recent observations, it has been found 

that fast ions and electrons in space environments indicate that 

these particles have velocity distributions that deviate from 

Maxwellian behaviour.  Many instances of fast particles have 

been observed in space, for example, non-thermal ions have 

been observed in the Earth’s bow-shock [Asbridge, et al., 1968].  

The loss of energetic ions from the upper ionosphere of Mars 

has been observed through satellite observations [Lundlin, et al., 

1989].  Recently, a very large velocity proton near the earth in 

the vicinity of the Moon has been observed (Futaana et al., 

2003]. 

In this paper, we consider an unmagnetized collisionless 

dusty plasma composed of non-thermal ions, Boltzmann-

distributed electrons and charge fluctuating positively charged 

mobile dust.  The reductive perturbation technique is applied to 

study the effect of non-thermal ions on dust-acoustic shock wave 

in dusty plasma. 

Basic Equation 

We assume for simplicity that all the grains have the same 

charge, equal to ezq dd  , with zd representing the charge 

state of the dust component.  Hence, charge neutrality at 

equilibrium is given by ne0 = ni0 + zd0 nd0, where ne0 (ni0) is the 

equilibrium electron (ion) number density, nd0 is the dust density 

at equilibrium, zd0 represent equilibrium charge state of the dust 

component.  All the dust grain is assumed to be spheres of radius 

rd.  The basic equations for one-dimensional DA waves for such 

a dusty plasma is given as  
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Where  is the electrostatic potential, nd, ne, ni are respectively, 

the number density for the plasma species for dust, electrons and 

ions, ud is the dust fluid speed.  The non-thermal ion distribution 

is given as [Cairns et al, 1995] 
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and the Boltzmann distributed electrons as  

Tele:   

E-mail addresses:  leabio2002@yahoo.com 

         © 2014 Elixir All rights reserved 

Dust-acoustic shock waves with non-thermal ions in a dusty plasma  
Louis E. Akpabio

1
, Akpan N. Ikot

1
 and Akpan B. Udoimuk

2
 

1
Theoretical Physics Group, Dept. of Physics, University of Uyo, Uyo – Nigeria. 

2
Department of Physics, University of Calabar, Calabar-Nigeria. 

 

 

ABSTRACT  

A dusty plasma system containing non-thermal ion distributions, Boltzmann-distributed 

electrons and mobile charge fluctuating positive dust has been considered. The nonlinear 

propagation of the dust-acoustic (DA) waves in such dusty plasma has been investigated by 

employing the reductive perturbation method to derive the Burgers equation. The effect of 

non-thermal ions on the height and thickness of DA shock waves are also studied. 

                                                                                                             © 2014 Elixir All rights reserved. 

 

ARTICLE INFO    

Article  history:  

Received: 2 July 2012; 

Received in revised form: 

25 October 2014; 

Accepted: 31 October 2014;

 
Keywords  

Dust-Acoustic,  

Shock Waves,  

Non-thermal Ions. 

 

 

 

 

Elixir Space Science 76 (2014) 28133-28136 

Space Science 

Available online at www.elixirpublishers.com (Elixir International Journal) 

 



Louis E. Akpabio et al./ Elixir Space Science 76 (2014) 28133-28136 
 

28134 

 0 . 6B e

e

k T

e en n e




 

where i is a parameter determining the number of non-thermal 

ions present in our plasma model, kB is the Boltzmann constant 

and Te(Ti) is the electron (ion) temperature.  Neglecting all other 

charging processes, we assume that the dust is charged by 

photoemission current  pI , thermionic emission current  tI  

and electron absorption current  eI  only.  The charge state zd 

of the dust component is not constant, but varies according to 

the following equation [Paul et al, 2009, Shukla and Mamun, 

2002]: 
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where h is the Planck’s constant, Tph is the photon temperature, 

we is the work function, J is the uv photon flux, Y is the yield of 

photons.  The typical values of we, J and Y are given 

respectively as 8.2 eV, 5.010
4
 photons /cm

2
/s and 0.1.  For 

convenience, we express the set of equations (1) to (7) in 

normalized form by introducing the following normalized 

variables:   
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Nonlinear dust acoustic shock waves 

To study the dynamics of nonlinear dust acoustic shock 

waves in the presence of non-thermal ions, Boltzmann 

distributed electrons and charge fluctuating positive dust grains; 

we employ the reductive perturbation technique [Washimi and 

Taniuti, 1966].  We introduce the stretched coordinates [Das et 

al, 1997]  TVX 0  and T2 , where  is a small 

parameter and V0 is the DA shock waves velocity normalized by 

Cd.  The variables Nd, Ud, Zd and  are expanded as  
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Now, substituting these expansion into equation (11-14) and 

collecting the terms of different powers of , in the lowest 

order, we obtain  
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The next order in  2,  O  yields a system of equations that 

leads to Burgers equation as follows: 
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Making using of equations (16) - (23) we eliminate Nd2, Ud2, Zd2 

and 2 to obtain the following equation:  
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where the nonlinear coefficient A and the dissipation coefficient 

B are given by  
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The Burgers equation which describes the nonlinear propagation 

of the DA shock waves in the dusty plasma under consideration 

is given as equation (24). It can be observed that, the right hand 

side of equation (24) which represent the dissipative term is due 

to the presence of non thermal parameter  i
, the ratio of ion 

and electron temperature    and the charge fluctuating 

positive dust  i
.  

Discussion and conclusion  

Our expression for Zd1 as equation (18) agrees with what is 

obtained by Paul et al (2009) when non-thermal parameter 
i
 is 

set to zero and  set to 1. We strongly feel that the last term in 

the denominator for equation (19) should be   )1(   R  as 

against what is obtained by Paul et al (2009) as  )1(   R . 

Likewise, the last term for f as  R  reported by Paul et al 

(2009) should be  R  as in our report for 
i
. Equation 

(19) which gives the linear disperation relation for DA waves is 

greatly altered by the presence of the ion non-thermal parameter, 

ratio of ion and electron temperature, as well as the positive dust 

charge fluctuation. For stationary shock wave solution of 

equation (24), we set   0U   and    to obtain the 

equation  
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The latter equation can be integrated, using the conduction that 

  is bounded as   or by the application of Tanh 

method [Malfliet, 1992; Malfliet and Hereman, (a,b) 1996; 

Malfliet, 2004] to yield  
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Equation (28) represents a monotonic shock-like solution 

with the shock speed, the shock height, and the shock thickness 

given by 
00 ,U  and 

sh respectively. It is obvious from 

equation (28) that, the presence of ion non- thermal parameter 

significantly modifies the shock wave amplitude and its width. 

As the width of the DA shock structures decreases; the non-

thermal parameter increases, while the amplitude of the shock 

width structure varies as the charge fluctuating positive 

dust  i
 increases. This is due to the fact that dust charge 

fluctuation is a source of dissipation and lead to the development 

of DA shock waves in the dusty plasma  

We have extended the recent work of Paul et al, 2009 to see 

under what conditions, the ion non-thermal effect and the charge 

fluctuating dust in dusty plasmas can be seen to modify the basic 

features of the non linear DA waves.  In a subsequent paper; we 

shall numerically analyze the present dusty plasma model 

developed by us with a view to determine if, it will admit both 

positive and negative shock wave (potential) profiles. The 

findings in this paper are important in understanding nonlinear 

DA wave phenomena in space plasmas.  
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