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ABSTRACT  

The physics of nonlinear wave-plasma interaction is central 

to the understanding of the plasma processes related to heating, 

confinement and stability of fusion plasmas. This thesis deals with 

the three essential aspects of this problem : the nonlinear coupling 

force between the wave and the plasma (ponderomotive force), the 

resultant selfconsistent nonlinear wave fields and the particle 

dynamics in these selfconsistent fields including chaotic dynamics 

all of which are interrelated. Particularly the emphasis is on the 

role of plasma selfconsistency effects on the onset of chaos in the 

particle dynamics. The latter limits the validity of the 

ponderomotive theory on which the study of wave plasma interaction 

is based. 

The investigation of this thesis is in three parts each of 

which is devoted to each of the aspects mentioned above. Two wave-

plasma mode.... problems are studied : (1) when the ponderomotive force 

is spatially periodic and (2) when the frequency of the wave 

resonates with the characteristic plasma frequency. Novel results 

in finite implitude wave propagation are obtained. The phenomenon 

of nonlinea-  Bragg reflection is established as a scattering process 

in competition with parametric instabilities like SBS and owes its 

existence to space periodic ponderomotive force which arise in a 

large class of problems particularly relevant to fusion (chap.-3). 

Also ponderomotive effects near cyclotron resonance give rise to 

bistability and jump phenomena in plasma dielectric and magnetisation 

property (clap.-2). 



The selfconsistent particle dynamics in nonlinearly standing 

electrostatic waves is shown to exhibit chaos at thresholds lower 

compared to that in nonselfconsistent fields; the ponderomotive effect 

combined with kinetic effects such as nonlinear frequency shift due 

to the trapping of particles is seen to be crucial. The concept 

of ponderomotive force at relativistic powers may break down (chap.-

4). Near electron cyclotron resonance, the nonlinear gyrofrequency 

shift due to selfgenerated magnetic fields is seen to induce period 

doubling route to chaos in the motion of the electron. In both these 

cases collective effects manifest through a frequency shift (chap.4). 

The study of these two problems leads one to quite general 

conclusions : the mathematical singularity at plasma resonance can 

be taken care of by collective effects such as the ponderomotive 

effects. Period doubling chaos could be generic to plasma resonances 

and establishes KAM surface break up due to collective effects while 

fpr nonresonant regime, femiltonian chaos is tOe manifestation of 

collective effects. In such regimes, the ponderomotive theory needs 

to be reexamined. Ponderomotive effects then resemble diffusion 

and a new formalism for the plasma respose is required possibly in 

terms of a discrete and continuous spectrum of Case-Van Kampen-like 

modes. Such an expansion is particularly good when the motion 

contains both regular and chaotic parts. The formalism of nonlinear 

Bragg reflection also opens up a new way of looking at selfconsistent 

field profiles and densities for saturated parametric instabilities 

ald offers a way of determining fields at resonance. 



PREFACE 

Controlled theromonuclear fusion research has entered 

about the fortieth year with the hope that breakeven may 

possibly occur in a couple of years. It is well known that 

the hot plasma formed in this context interacts 	with the 

background magnetic and other electromagnetic fields showing 

up a number of instabilities most of which have interesting 

nonlinear origins. High power laser interaction with the 

corona of a laser-produced plasma is an example of a situation 

which involves noelinear interactions and is the basis for theE---.  

concept of the laser-driven-implosion frife7t-T:b confinement <-----' 

scheme for achieving thermonuclear fusion.Other situations of 

interest which involve nonlinear electromagnetic wave 

interactions with plasmas are in radio wave confinement,heating 

and cumnt drive with background or self consistent magnetic 

field configurations in the context of magnetic confinement 

approaches to thermonuclear fusion. 

It is the aim ofipresent thesis to study and understand <— 

analytically some of the nonlinear phenomena arisinE in such 

situations. In view of the fact that at the high temperatures 

involved in fusion plasmas'electron ion collisions are scarce, 

a situation of collisionless plasmas is mostly dealt with. The 

nonlinearities arising out of the socalled ponderombtive force 

are, therefore, of interest and are dealt with in the begining. 

The selfconsistedtstructures of the plasma and electromagnetic 

wave in the nonlinear regime are next in importance are, therefore, 

dealt with in that order ending in the generic concept of 

nonlinear Bragg reflection. The recently popularised fact 



that such self-consistent concepts of integrability of the 

nonlinear problems is not always possible is given much 

consideration and as such the effects of chaos are dealt in the 

last part of the thesis. 

Much evolution in the techniques of handling nonlinear 

interactions has taken place elsewhere or brought to light during 

the evolutions of the present thesis. A reflection of these 

trends will be found in the thesis partly accounting for the 
g- 

bulk of the thesis which could not do away with some ptdagogy<— 

At the the same time, possibly much more could have been achfived<----- 

particularly more numerical or simulational support for the 

calculations on aspects of chaos and are left along with 

problems mentioned at the end of the thesis for the future. 

A more comprehensive discussion of nonLinear processes 
.th.t?rta 	trY1 

in electromagnetic wave Intecation with plasmas which places the 

thesis in context is given in the introductory first chapter. 

A flair for applications of the phenomena discussed in the 

thesis is also given there. Specific applications are discussed 

during the course of the development of the thesis. The emphasis, 

however, is on methodology and basic phenomena throughout. 

The thesis would not have been possible without the support 

of many. 	A word of thanks is in order. 
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