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Abstract The properties of propagation of small ampli-
tude ion acoustic solitary waves (IASWs) are studied in
a plasma containing cold fluid ions and multi-temperature
electrons (cool and hot electrons) with nonextensive distri-
bution. Korteweg-de Vries (KdV) equation with finite ampli-
tude is derived using a reductive perturbation method. From
the solitary solutions of KdV equation, the combined effects
of nonextensivity and density ratio are studied on character-
istics of ion acoustic (IA) solitary waves. Positive as well as
negative polarity solitons exist. Since singularity exists for
A =0 so we have also derived modified Korteweg de Vries
(mKdV) equation to study the solitonic solution for critical
values of physical parameters (g, f, o). The nonextensivity
of electrons (via ¢g) and density ratio of electrons and ions
(via f) and temperature ratio (o) significantly influence the
characteristics of ion acoustic solitary structures.
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1 Introduction

For the last few decades, extensive theoretical and experi-
mental investigations have been reported to study the prop-
agation of ion acoustic (/A) solitary waves in a multicompo-
nent plasmas (Asano et al. 1969; Washimi and Taniuti 1966;
Ikezi and Lonngren 1972; Taylor et al. 1972; Ikezi 1973;

N.S. Saini (X) - Shalini

Department of Physics, Guru Nanak Dev University,
Amritsar 143005, India

e-mail: nssaini@yahoo.com

Shalini
e-mail: shal.phy29@gmail.com

Tran 1979). Washimi and Taniuti (1966) first used the re-
ductive perturbation method to derive the well known KdV
equation and investigated the small amplitude ion acoustic
waves in an unmagnetized plasma consisting of cold ions
and hot and isothermal electrons. In the early days of the re-
search of solitary structures, most of the investigations were
confined to single electron temperature for different plasma
models. The observations of the voyager PLS (Barbosa and
Kurth 1993; Sittler et al. 1983) and Cassini CAPS (Young
2005) have shown the existence of both cool and hot elec-
trons populations (non-Maxwellian) in Saturn’s Magneto-
sphere.

Many laboratory as well as geophysical plasmas have
witnessed the propagation of ion acoustic waves with hot
and relatively cold electrons (Ghosh et al. 1996). Some ex-
amples are high intensity laser irradiated plasma (Estabrook
and Kruer 1978), hot cathode discharges and space plas-
mas such as solar corona, Earth’s auroral zone, and the Van
Allen radiation belt. A large number of investigations to
study the characteristics of ion acoustic solitary waves in
two temperature electrons plasmas have been during the last
three decades (Jones et al. 1975; Goswami and Buti 1976;
Buti 1980; Nishihara and Tajiri 1981; Sayal et al. 1993;
Rice et al. 1993). In order to model the experimental ob-
servations on ion acoustic waves, two temperature electrons
plasmas were treated as two fluids by researchers (Jones et
al. 1975). Goswami and Buti (1976) studied the solution
of a two temperature electrons plasma using a KdV equa-
tion. Nishihara and Tajiri (1981) considered e-i plasma with
Maxwellian cool and hot electrons to show the normal and
anomalous regions of propagation of waves. They showed
that there exist both types of solitons (rarefactive and com-
pressive).

To account for full nonlinearity of plasma, a large num-
ber of investigations have been reported in the literature.
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