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ABSTRACT 

This thesis presents the study of the wave-wave interactions at high powers of 

electromagnetic (EM) waves and electron beams in plasmas. When a high power EM 

pump wave such as a laser beam interact with plasma, various linear and nonlinear 

phenomena take place, for example, stimulated Raman scattering (SRS). The first 

chapter presents a study of the forward Raman scattering (FRS) instability in laser 

produced plasmas. Using the kinetic approach, the effect of self generated magnetic 

field on the excitation of the FRS instability and the acceleration of electrons have 

been investigated. 

In tokamaks, fast waves have been used for current drive purposes as an 

alternative candidate to slow waves. The prospects of the slow wave (lower hybrid 

wave) current drive are bleak because of "density limit". But some experiments show 

that even the fast wave also encountered density limit. Hence, there exist some 

possibility for the excitation of the parametric decay by the generation of the slow 

waves, even during fast wave injection. In the second chapter, it has been 

demonstrated that a fast wave can, in fact, excite the slow wave and a low frequency 

ion Bernstein or ion acoustic wave for JIPPT-II-U or PLT parameters. For example, 

for PLT tokamak parameters, the convective threshold for the decay instability of 

the fast wave into lower hybrid and ion acoustic waves comes out to be 180 w/cm2. 

In an ionospheric heating experiment, where an extraordinary EM wave 

(X-mode) was used as a pump wave, a series of narrow spectral peaks induced in the 

upper sideband has been observed, which indicate the possibility of the excitation 

of the ion Bernstein wave (IBW). This is on account of the fact that the peaks seem 

to be separated in frequency by multiples of 0+ cyclotron frequency. It was suggested 

that the structure of the spectra might be due to the excitation of IBW. In the third 



chapter the parametric decay instability of the pump X-mode into an electron 

Bernstein wave (EBW) and IBW has been examined. It is demonstrated that the this 

decay instability is quite important during artificial heating of the ionosphere by 

X-mode as well as during intense electron cyclotron resonance heating in the 

upcoming MTX tokamak. 

In another ionospheric modification experiment, various harmonics and 

subharmonic of the incident pump wave have been observed. The excitation of the 

SRS instability may explain the generation of subharmonics in this experiment.High 

energy electrons have also been observed in the ionosphere by spacecraft during 

ionospheric modification experiments by EM wave, In the fourth chapter the SRS 

instability (forward and backward) has been investigated to explain the origin of 

subharmonic generation as well as the generation of high energy electrons in the 

context of the ionosphere. 

In recent years during several beam plasma experiments in the ionosphere, 

whistler mode radiation has been detected. The last chapter presents a mechanism 

based on the parametric decay instability of electron plasma wave (EPW) into 

another EPW and an electrostatic whistler wave for the generation of whistler mode 

radiation in spacelab 2 experiment. 
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