©O0 0000

daa) g e [ Adad gy Al ) oda ad ) a0

i (98 e glaal) i o150 5 CASAED) S sad (o g YD (381 andy

Al ol (5 st e A giua

D g Y -caadla




AIN SHAMS UNIVERSITY

Modeling of nonlinear coherent structures in
some plasma systems

A Thesis Submitted to Faculty of Science-Ain Shams University in partial
fulfillment for The Degree of Master of Science (M.Sc.) in Physics

By
Abdullah Ahmed Hassan Ghallab

B.Sc. in Physics, Faculty of Science, Ain Shams University,
2013

Supervisors

Ass. Prof. Dr. Mona Abdel Aziz Hussein
Associated Professor of theoretical Physics
Physics Department, Faculty of Science, Ain Shams University

Prof. Dr. Wael Farouk El-Taibany
Professor of theoretical plasma physics
Physics Department, Faculty of Science, Damietta University

Ass. Prof. Dr. Mahasen Mahsoub Abdelmageed
Associated Professor of theoretical Physics
Physics Department, Faculty of Science, Ain Shams University

Physics Department
Faculty of Science
Ain Shams University
(2022)






Ain Shams University
Faculty of Science
Physics Department
2022

AIN SHAMS UNIVERSITY

APPROVAL SHEET

Modeling of nonlinear coherent structures in some

plasma systems
By

Abdullah Ahmed Hassan Ghallab

Supervisors Signature

Ass. Prof. Dr. Mona Abdel Aziz Hussein (covereonnnnenannones )
Associated Professor of theoretical Physics
Physics Department, Faculty of Science, Ain Shams University

Prof. Dr. Wael Farouk El-Taibany (coverennnnnennnnonns )
Professor of theoretical plasma physics
Physics Department, Faculty of Science, Damietta University

Ass. Prof. Dr. Mahasen Mahsoub Abdelmageed (...cccceveenvnnnnn )
Associated Professor of theoretical Physics
Physics Department, Faculty of Science, Ain Shams University






Ain Shams University
Faculty of Science
Physics Department

Name: Abdullah Ahmed Hassan Ghallab
Degree: M. Sc.

Department: Physics

Faculty: Science

University: Ain Shams University
Registration Date: 7/5/ 2017

Grant year: 2022






© 2022
Abdullah Ahmed Hassan Ghallab
ALL RIGHTS RESERVED






Acknowledgement

First and foremost, I would like to thank God Almighty for giving
me the strength, knowledge, ability and opportunity to undertake
this research study and to persevere and complete it satisfactorily.
Without his blessings, this achievement would not have been possible.

I am indebted to my supervisor and vice president of Damietta
University Prof. Dr. Wael El-Taibany for his continued guid-
ance and an endless support. His unassuming approach to research
and science is a source of inspiration, which is something I hope to
carry forward throughout my career.

My special appreciation goes to my supervisor Ass. Prof. Dr.
Mona Abdel Aziz for her marvelous supervision, guidance and
encouragement. Sincere gratitude is extended to her generous partic-
ipation in guiding, constructive feedback, kind support, and advice
during my MSc.

I would like to recognize the invaluable assistance of Ass. Prof.

Dr. Mhasen Mahsoob and thank her for her supervision and

11



Acknowledgement

support.

Many thanks to all of the members of Spring Plasma School at
Port Said for the valuable discussions, the amazing lectures and mak-
ing me aware of my standing in the field.

I am grateful for my family whose constant love and support keep
me motivated and confident. My accomplishments and success are
because they believed in me. Deepest thanks to my friends, who keep
me grounded, remind me of what is important in life, and are always

supportive of my adventures.

iii



Contents

List of Figures
Abstract

1 Introduction
1.1 PLASMA . . .. ... ..
1.1.1 COLLECTIVE BEHAVIOUR . . .. ... ..
1.1.2  QUASINEUTRALITY . ... ... ... ...
1.2 CRITERIA FOR THE
DEFINITION OF PLASMA . . . . .. ... ... ..
1.2.1 THE PLASMA APPROXIMATION
(DEBYE LENGTH) . . ... .........
1.2.2 BULK INTERACTIONS . . . . .. ... ...
1.2.3 PLASMA FREQUENCY . . . ... ... ...
1.3 PLASMA PRODUCTION . . ... ... ... ....
1.3.1 PHOTOIONIZATION . . . ... ... ....

v

vil

(= I



Contents

1.3.2 GASDISCHARGE . . .. ... ... .. ...
1.4 APPLICATIONS OF PLASMA

PHYSICS . . . . .. . o
1.5 WAVES IN PLASMA . . . . ... ... ... ...
1.6 NON-LINEAR WAVES. . . . ... .. ... .....

1.6.1 SOLITARY WAVES AND SOLITONS . . ..

1.6.2 DOUBLE LAYERS AND SHOCK WAVES
1.7 MULTI-ION PLASMA . . . . ... ... ... ....
1.8 DEGENERATE PLASMA . . . ... ... ... ...
1.9 OBJECTIVE OF THE THESIS . . . ... ... ...

2 Literature Review

3 Methodology
3.1 REDUCTIVE PERTURBATION
TECHNIQUE . . . ... ... . . ...
3.2 GOVERNING EQUATIONS . . . . . ... ... ...
3.3 NUMERICAL ANALYSISOF GE . . ... ... ..
3.3.1 SOLITON WAVE SOLUTION . .. ... ..
3.3.2 DOUBLE LAYER SOLUTION . .. ... ..

4 Results And Discussion
4.1 PHASE VELOCITY . . . . . . . .. ... ... ...
4.2 FAST MODE . . . . . . .

37

46

47
48
60
61
63




Contents

4.3 SLOWMODE. ... ... ... .. ... .. ..... 80
Conclusion 86
Bibliography 88

vi



List of Figures

1.1
1.2
1.3

1.4

4.1

4.2

4.3

States of matter. . . . . ... .. ... ...
Debye Shielding or Positive ion sheaths. . . . . . ..
Examples of terrestrial plasma. . . . . ... ... ..

Solitary waves in water. . . . . .. ... ... ....

Variation of the phase velocity A against M for both
fast and slow modes where (f, u , 0, o,) are kept

fixed respectively as (0.1, 0.5, 0.2, 0.1) . . ... ...

Variation of the phase velocity A against f for various
values of y where (M, o, 0,) are kept fixed respec-
tively as (1, 0.2, 0.1) (a) for the fast mode and (b) for
theslowmode . . . . . . .. .. ... oL
Variation of the phase velocity A against o, for various
values of o, where (M, f, p ) equals (1, 0.1, 0.5) (a)

for the fast mode and (b) for the slow mode. . . . . .

vil



