Lagrangian Fluid Technique to Study

Nonlinear Plasma Dynamics

A thesis submitted to the Jadavpur University

for the degree of Doctor of Philosophy

in Science

Chandan Maity

Plasma Physics Division
Saha Institute of Nuclear Physics
1/AF Bidhannagar, Kolkata - 700 064, India

December 2013



ACKNOWLEDGEMENTS

It has been a great pleasure and honour to work with Prof. Nikhil Chakrabarti
in the field of plasma physics at Saha Institute of Nuclear Physics (SINP). I would
like to express my heartiest gratitude towards him for his constant guidance, en-
couragement and support throughout my entire Ph.D. work, without which, this
thesis would not have seen the light of the day.

[ am grateful to Prof. M. S. Janaki who has been my guiding light in the world
of research and directed me to work with Prof. Nikhil Chakrabarti.

Special thanks are also due to Prof. R. Pal, Prof. A. N. S. Iyengar, Prof. S.
K. Saha, Prof. S. Raychaudhuri, Prof. N. R. Ray and Mr. S. Chowdhury for their
numerous informative discussions with me during my tenure at SINP.

I would like to thank our collaborators Prof. H. Schamel of University of
Beyreuth, Germany and Dr. S. Sengupta of Institute for Plasma Research, India
for invaluable inputs throughout my Ph.D. work.

I am also indebted to Prof. M. Khan and Prof. R. Bhar of Jadavpur University,
Kolkata and Prof. Samita Basu of SINP, without whose assistance this thesis would
not have been submitted in due time.

I wish to thank the other members of our division Mr. S. Basu, Mr. M. Chat-
topadhyay, Mr. P. S. Bhattacharya, Mr. D. Chatterjee, Mr. A. Ram, Mr. D. Das,
Mr. A. Bal, Mr. S. S. Sil and Mr. A. Betal for their efforts to make the division a
better place.

My sincere gratitude goes out to my seniors Debjyoti Da, Anirban Da, Subir Da
and Debarata Da who helped me a lot during the course of this study.

I thank my juniors Sudip, Abhijit, Sourav, Alpha, Abhik, Debajyoti, Pankaj and

Sabuj and friend Anwesa for being extremely cooperative.



I would like to acknowledge the support extended towards the literal improve-
ment of this thesis work by Dr. Sima Chakrabarti of Maharani Kasiswari College,
Kolkata and my friends Sombit, Daipayan, Abhijit and Bikash.

I also thank all the stuffs of SINP library and canteen for their facility and help.

Most of all, I would like to gratefully acknowledge all the members of my family,
especially my ‘sejokaka’ for his immense encouragement and support throughout the
entire period of my education.

Lastly, I would like to express my sincerest apologies for my inability to individ-
ually acknowledge many others, who might have directly or indirectly, helped me in

the completion of this Ph.D. work.



Dedicated to My Parents and Uncles



ABSTRACT

A theoretical study to explore the dynamics of large-amplitude normal modes of
a cold magnetized electron-ion plasma is presented in this thesis by using a La-
grangian fluid technique. A fruitful application of such a technique is shown to be
instrumental in obtaining (exact) explicit space-time dependent solutions, especially
in double species wave dynamics problems. The obtained large-amplitude solutions
are shown to be capable of characterizing two interesting singular wave phenomena
in plasmas, viz., wave-breaking and wave-collapse. These phenomena are singular in
a sense that, at the wave-breaking or wave-collapse event, field variables lose their
initial smoothness leading to the formation of singularities at a finite time. ‘Phase-
mixing’ phenomenon is seen as an underlying physical phenomenon which causes
wave-breaking at arbitrary amplitudes. A number of physical processes which may
induce mixing of phases of different parts of a wave have been discussed in detail.
An inhomogeneity in the equilibrium magnetic field is identified as a novel source
of phase-mixing in the excited ‘electrostatic’ normal modes of a magnetized plasma.
The results of our investigations on wave-breaking in magnetized plasmas will be of
relevance to particle energization and plasma heating in laboratory experiments and
space plasma situations. On the other hand, based on exact nonstationary solutions,
the collapse behavior of magnetosonic waves in a low-beta collisional magnetoplasma
has been predicted. The relevance of our investigation of the magnetosonic wave-

collapse process has been highlighted in the early stage of magnetic star formation.
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