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ABSTRACT 
 
Plasma turbulence is a phenomenon that is present in various space and astrophysical 

plasmas, for example the solar wind and solar corona as well as in terrestrial plasmas. The 

present thesis is devoted to study the field localization, density cavitation, plasma turbulence 

and associated power spectra through analytical and numerical approaches. These localized 

structures are known to play an important role in the heating and energization of plasma 

particles. Contributing to the effort to understand the unresolved queries of space plasmas, 

this dissertation focuses on several problems within the context of solar wind turbulence; 

coronal heating and auroral density cavitation, making use of spacecraft observations. Alfvén 

waves are the normal modes of the plasma and nonlinear dissipation of Alfvén waves is 

considered to be a possible cause of coronal heating and solar wind acceleration.  Initially, 

nonlinear dissipation of kinetic Alfvén wave has been investigated using 2D model. 

Numerical simulations of the nonlinear KAW dynamics including the ponderomotive 

nonlinearity taking the adiabatic and non-adiabatic response of the background density have 

been performed. But more realistic model of plasma would be 3D model as the structures 

observed in the plasma are not limited to 2D. In literature, most of the nonlinear wave-wave 

interactions are studied using 2D models and assuming the pump waves to be of very low 

frequency in comparison to the ion gyro frequency. But 3D propagation of pump wave along 

with finite frequency effect is more general and realistic; it brings changes in the dispersive 

nature of wave and associated nonlinearity.  Taking three dimensionally propagating 

dispersive Alfvén wave, its nonlinear interaction with ion acoustic wave has been examined 

in the present thesis. The results of simulations are compared to observations and discussed 

including their implications in various astrophysical regions. 
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