
Astrophys Space Sci (2012) 338:57–61
DOI 10.1007/s10509-011-0905-5

O R I G I NA L A RT I C L E

Nonextensive collisioneless dust-acoustic shock waves in a charge
varying dusty plasma

Rabia Amour · Mouloud Tribeche ·
Taha Houssine Zerguini

Received: 19 July 2011 / Accepted: 25 October 2011 / Published online: 16 November 2011
© Springer Science+Business Media B.V. 2011

Abstract Nonlinear dust-acoustic (DA) shock waves are
addressed in a nonextensive dusty plasma exhibiting self-
consistent nonadiabatic charge variation. Our results reveal
that the amplitude, strength and nature of the DA shock
waves are extremely sensitive to the degree of ion nonexten-
sivity. Significant differences in the potential function occur
for very small changes in the value of the nonextensive pa-
rameter. Stronger is the ions correlation, more important is
the charge variation induced nonlinear wave damping.
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1 Introduction

Nonlinear phenomena in dusty plasma attracted much atten-
tion during the last two decades. A dusty plasma is a three
component plasma consisting of electrons, ions, and very
massive solid grains. Dusty plasma coexist in a wide vari-
ety of cosmic and laboratory environments. It is ubiquitous
in different parts of our solar system, namely, in planetary
rings, in the interplanetary medium, in cometary comae and
tails, in asteroid zones, in the Earth’s ionosphere and mag-
netosphere, in interstellar molecular clouds (Verheest 2000;
Shukla and Mamun 2002). . . etc. Beside these, dust parti-
cles have been observed in low temperature plasmas, like
those used in plasma processing and plasma crystal. Unique
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and novel features of dusty plasmas when compared with the
usual electron-ion plasmas are the existence of a new, ultra-
low frequency regime for wave propagation and the highly
charging of the grains which can fluctuate due to the col-
lection of plasma currents onto the dust surface. Dust grains
become charged due to different processes, such as collec-
tion of charged particles from the surrounding plasma, pho-
toionization, secondary electron emission, sputtering by en-
ergetic ions, etc. There has been a great deal of interest in un-
derstanding different types of collective processes in dusty
plasmas (Goertz 1989; Mendis and Rosenberg 1994; Ho-
ranyi 1996; Lin and Zhang 2007; Mamun and Cairns 2009;
Mamun and Shukla 2009; Mamun et al. 2009; Pakzad 2009,
2010; Alinejad 2010, 2011a, 2011b, 2011c; El-Labany et
al. 2010; Shalaby et al. 2010; Barman and Talukdar 2011;
Eslami et al. 2011; Mayout and Tribeche 2011; Tribeche
and Benzekka 2011). It has been shown both theoretically
and experimentally that the presence of extremely massive
and highly charged dust grains in a plasma can either mod-
ify the behavior of the usual waves and instabilities or intro-
duce new eigenmodes. The most well studied of such modes
is the so-called “Dust Acoustic Wave” (DAW) (Rao et al.
1990) which arises due to the restoring force provided by the
plasma thermal pressure (electrons and ions) while the iner-
tia is due to the dust mass. However, in a real dusty plasma,
the dust charge may fluctuate becoming therefore a new dy-
namical variable, and the electron behavior can be strongly
modified by external or self-consistent plasma fields.

Over the last two decades, a great deal of attention
has been devoted to the nonextensive generalization of
the Boltzmann–Gibbs–Shannon (BGS) entropy, first recog-
nized by Renyi (1955) and subsequently proposed by Tsal-
lis (1988). Owing to an increasing amount of experimen-
tal and theoretical evidence showing that the BGS formal-
ism fails to describe systems with long range interactions
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