
Accepted Manuscript

Nonlinear quantum ion acoustic shock wave dynamics with exchange-correla-
tion effects

Biswajit Sahu, Debasish Roy

PII: S0273-1177(18)30003-6
DOI: https://doi.org/10.1016/j.asr.2017.12.036
Reference: JASR 13569

To appear in: Advances in Space Research

Received Date: 20 June 2017
Accepted Date: 28 December 2017

Please cite this article as: Sahu, B., Roy, D., Nonlinear quantum ion acoustic shock wave dynamics with exchange-
correlation effects, Advances in Space Research (2018), doi: https://doi.org/10.1016/j.asr.2017.12.036

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.asr.2017.12.036
https://doi.org/10.1016/j.asr.2017.12.036


  

Nonlinear quantum ion acoustic shock wave dynamics
with exchange-correlation effects

Biswajit Sahu1,∗ and Debasish Roy2

1. Department of Mathematics, West Bengal State University,

Barasat, Kolkata-700126, India
2. Mitrapur Anchal High School, Mitrapur, Birbhum-731221, West Bengal, India

ABSTRACT

The dynamics of linear and nonlinear electrostatic shock excitations is studied in homo-

geneous, unmagnetized, unbounded and dissipative quantum plasma consisting of elec-

trons and ions. The dissipation in the system is taken into account by incorporating

the ion kinematic viscosity. The system is modelled using the quantum hydrodynamic

equations in which the electrons are significantly affected by the quantum forces, viz.,

the quantum statistical pressure, the quantum Bohm potential and electron exchange-

correlations due to electron spin. In the weakly nonlinear limit, using reductive pertur-

bation method deformed Korteweg-de Vries Burgers’s (KdVB) equation, which elegantly

combines the effects of nonlinearity, dispersion and dissipation is derived. It is found

that the present model predicts the existence of both nonlinear oscillatory and monotonic

shock structures. The temporal evolution, stability and phase-space dynamics of nonlin-

ear ion acoustic shocks are investigated numerically to elucidate the effects of quantum

diffraction, electron exchange correlation and ion kinematic viscosity.
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