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ABST CT 

Self-focusing and filamentation instability of electromagnetic waves are 

important nonlinear processes in laboratory and space plasmas. They are relevant 

to laser driven fusion, rf-heating of tokamak, ionospheric propagation of radio 

waves, wake-field accelerator and numerous other areas. They could significantly 

influence stimulating scattering and absorption processes as well. The present 

thesis is devoted to a theoretical study of self-focusing and filamentation of 

electromagnetic waves and their consequences in plasmas. In contrast to the 

earlier studies on filamentation which consider the conditions for the growth of 

the filar entation for Gaussian beams, the dynamics of growth of a spike on a 

Craussian radio wave in the lower ionosphere has been analyseA The important 

conclusion is that the focusing of the ripple is determined by the parameters of 

the ripple as well as that of the main beam. Self-focusing and filamentatiora of 

laser beams in collisional plasma with finite thermal conduction has been studied; 

it has been concluded that the self-focusing length and minimum width parameter 

f min  decreases as the initial power density of the main beam increases. Thus the 

increased initial power density favours self-focusing of the main beam. A uniform 

intense laser beam propagating through a collisional plasma is unstable to 

transverse perturbations, and breaks up into filaments. An optimum size of the 

perturbation is required for a maximum growth rate. It is noted that the spatial 

growth rate is a monotonically increasing and saturating function of the incident 



intensity of the beam. Besides this, the self-focusing of an electromagnetic wave 

in a collisional plasma with nonlinear absorption has been studied in a paraxial 

ray approximation. Assuming that the attenuation constant is uniform across the 

wavefront we obtain a closed form solution for the intensity of the beam in terms 

of a single dimensionless parameter f. The self-focusing causes enhancement of 

wave intensity, elevation of electron temperature and reduction of local electron 

density, leading to diminished attenuation rate. Thus the nonlinearity in the 

absorption is seen to enhance the possibility of focusing of the beam. Furthrmore 

Ii lamentation of an electromagnetic wave in an expanding inhornogeneous plasma 

has been studied, The characteristic growth length decreases with the size of 

perturbation and the ratio of expansion velocity vb  to sound velocity c.. It 

increases with the angle 0„, the laser wave vector kL  makes with the density 

gradient. Moreover, the growth length does not always increase with 0 it depends 

on V b. .1111 e spatial growth of perturbation of larger size starts occurring deeper 

into the plasma. In the last chapter, we study backward stimulated Raman 

scattering (B-SRS) in a cylindrical filament where nonlinear refraction due to the 

redistribution of the electron density caused by nonuniform Ohmic heating of 

electrons is balanced by diffraction divergence. Since the temperature inside a 

filament is higher and density lower than that outside, the collisional damping 

rates of the decay waves are lowered, hence the threshold power for F3-SRS' is 

reduced. 
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