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ABSTRACT 

The thesis deals with three and four wave parametric processes in plasmas with 

special reference to laser produced plasmas, magnetically confined plasmas and the 

ionosphere. We generalize the theory of two plasmon decay to magnetized plasmas and 

discuss its implications for in laser produced plasmas. The prominent decay wave pairs 

are i) two lower hybrid waves, ii) two upper hybrid waves, and iii) lower hybrid plus 

upper hybrid waves. However, in a plasma channel created by a pump wave of radial 

profile intensity, only lower hybrid gets localized and parametric decay into two lower 

hybrid waves is relevant. The growth rates for each channel maximize at different values 

of angles between the waves vectors of the decay waves and the static magnetic field. 

We develop a formalism of relativistic stimulated Raman forward scattering 

(SRFS) in pre-formed and self-formed plasma channels. In these processes an intense 

short pulse laser undergoes stimulated Raman forward scattering, producing a plasma 

wave and two radially localized electromagnetic sideband waves. In a self-formed 

channel the growth rate of SRFS increases with the normalized pump amplitude at lower 

values of pump amplitude while, decreases at higher values of pump amplitude. On 

increasing the laser spot size, maximum growth rate is obtained at higher values of pump 

amplitude. In a channel formed by a laser pre pulse, the growth rate of SRFS of the main 

pulse decreases with increase in the wave number of main pulse as well as spot size. 

We investigate Stimulated Brillouin scattering of two collinear lasers in a plasma. 

Longitudinal ponderomotive force on electrons at the beat frequency acts as a driver for 

the parametric excitation of an ion acoustic wave and a non-collinear sideband 

electromagnetic wave. In case of finite spot size Gaussian laser beams, the beat wave has 

a Gaussian profile and excites an ion-acoustic wave and a backscattered TM mode. The 

growth rate scales as the product of amplitudes of the lasers and maximizes at optimum 

values of scattering angles. We also develop an analytical formalism of self focusing and 
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self-phase modulation of an intense short pulse laser in a plasma due to relativistic and 

ponderomotive nonlinearities is developed. In the paraxial ray approximation, the pulse 

retains its Gaussian radial profile, however, its spot size varies with the distance of 

propagation in a periodic manner. It is influenced by self focusing. The frequency of the 

laser undergoes red shift. For a tan-hyperbolic temporal profile of the pulse the frequency 

red shift is maximum at the foot of the pulse and decreases slowly as one goes to portion 

of higher and higher intensity. The effect of ponderomotive nonlinearity is very 

significant in this respect. The maximum downshift occurs at a distance at which the laser 

acquires a minimum spot size. 

We develop a formalism of parametric stabilization/destabilization of drift waves 

by a whistler wave in a magnetized nonuniform plasma cylinder. The nonlinear coupling 

of a large amplitude whistler wave with low frequency drift wave produces whistler wave 

sidebands. The pump and the sidebands exert a ponderomotive force on electrons causing 

a frequency shift in the drift wave, leading to its stabilization/destabilization, depending 

on the relative wave numbers of the interacting waves. The efficiency of the process 

depends on whistler pump power. 

We also study the whistler wave coupling to the Rayleigh-Taylor instability in the 

ionosphere. A large amplitude whistler propagating through the equatorial ionosphere 

significantly influences the Raleigh—Taylor instability. The coupling of whistler pump 

with the R-T mode drives the whistler sidebands. The sidebands and the whistler pump 

cause differential Ohmic-heating of electrons, exerting a pressure gradient force on 

electrons and modifying the electron density. The nonlinear currents arise at sideband 

frequencies, due to the coupling of oscillatory velocity due to pump and modified 
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electron density. The growth of Rayleigh-Taylor instability strongly depends upon the 

frequency of whistler pump and scattering angles of the interacting waves. Growth rate 

decreases with increasing the normalized frequency of whistler pump. 
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