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ABSTRACT 

 
Plasma is a ubiquitous form of matter in the universe and so is the ubiquity of turbulence in 

space and astrophysical plasmas. Plasma turbulence plays a decisive role in conveying the 

energy from the larger scales at which the turbulence is driven down to the small scales in all 

the diverse environments ranging from galaxies, accretion disks and solar corona, to the solar 

wind permeating the heliosphere. This turbulent cascade of energy influences the evolution of 

astrophysical environments. Solar wind provides a unique opportunity to study turbulence in 

magnetized plasmas through insitu satellite measurements. This dissertation focuses on the 

topics within the context of solar wind turbulence. Kinetic Alfvén wave (KAW) being a 

strong candidate responsible for powering the solar wind turbulence, the present work is 

devoted to the nonlinear evolution of KAWs to investigate the field localization, plasma 

turbulence and associated power spectra through analytical and numerical approaches. The 

research work tries to approach this problem from  different directions to understand the solar 

wind turbulence. Numerical simulations of the nonlinear KAW dynamics are performed in 

the presence of ponderomotive nonlinearity. Taking into account the Landau damping of 

KAW, the nonlinear dynamical equation of Landau damped kinetic Alfvén wave (KAW) is 

studied in presence of a free parameter g which governs the coupling between the amplitude 

of the pump KAW and the density perturbation to investigate the nonlinear evolution of 

KAW and the resulting turbulent spectra in solar wind plasmas. The more generalized model 

comprising of the coupled dynamics of Landau damped KAW and ion acoustic wave is 

presented through Modified Zakharov System of Equations (MZSE) to investigate the 

nonlinear evolution of KAW. Role of different initial conditions is highlighted through 

simulations with periodic, Gaussian and random form of perturbations. A simplified model 
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for this nonlinear interaction between pump KAW and ion acoustic wave is also developed to 

have a physical insight of the localization process in solar wind regime. A more realistic 3D 

model of plasma is considered to study the nonlinear evolution of 3D-kinetic Alfvén wave 

(KAW). A wave based model comprising of 3D KAW and whistler wave is proposed to 

study their nonlinear dynamics in understanding the turbulent fluctuations and the evolution 

of these waves in the solar wind regime semi analytically as well as by numerical simulation. 

The nonlinear dynamics of relatively high frequency pump KAW in the presence of low 

frequency KAW perturbation is investigated whereby the ponderomotive force of (relatively 

high frequency, high power) pump KAW is used to excite the low frequency KAW. The 

coupled system of nonlinear dynamical equations has been analyzed to study the nonlinear 

effects associated with  pump KAW and the resulting turbulent spectra at 1 AU. The results 

obtained are discussed with relevance to the observations including their implications in solar 

wind regime. 
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