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ABSTRACT 

 
 

This thesis presents the nonlinear evolution of dispersive Alfvén waves 

(DAWs) to investigate the modulational instability, formation of localized 

structures, plasma turbulence, power spectrum, density cavitation, particle 

acceleration and plasma heating as well as its application to various regions of 

solar and magnetospheric plasmas like solar wind, solar corona, auroral regions 

and magnetopause.  

The research is focused on the dispersive properties of KAW (IAW) and 

its effects on magnetic filaments structures (localized structures), the power 

spectrum and cavitations (density fluctuation) through analytical and numerical 

approaches. These localized structures formation, turbulence spectrum and 

density depletion (cavity) are found to play a vital role in the energization and 

heating of plasma particles. Numerical simulations of the nonlinear DAWs 

dynamics when the nonlinearity arises due to ponderomotive effects by taking the 

adiabatic/nonadiabatic response of the background density have been performed 

(using pseudospectral method). The nonlinear dynamical equations satisfy the 

nonlinear Schrödinger equation (NLS) in adiabatic case and  non-adiabatic case 

by coupling the KAW/IAW with different varieties of plasmas waves like ion 

acoustic /magnetosonic waves in high-   plasma (i.e. / 1e im m   , where   is 
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thermal to magnetic pressure ratio) as well as in low-   plasma ( /e im m   as 

applicable to auroral regions). The simulation is performed taking periodic initial 

conditions of the pump KAW/IAW. The spatial and temporal evolutions of 

dynamical equations have been studied at different transverse wave numbers to 

analyze the magnetic field intensity profiles, density and magnetic field 

propagations and power spectrum. The relevance of the present investigation of 

the formation of localized structures and turbulence scaling (density cavity) in the 

solar wind (auroral region) has been shown with the observation of various 

spacecrafts (like Cluster, THEMIS, FAST, HEOS 2, Hawkeye 1 and Dynamics 

Explorer 1). 

The second chapter of the proposed thesis is devoted to the study of the 

nonlinear interaction and propagation of high frequency pump inertial Alfvén 

wave (IAW) with comparatively low frequency inertial Alfvén wave (IAW) with 

emphasis on nonlinear effects and applications within space plasma and 

astrophysics for low  - plasma  /e im m   likes auroral region. It has been 

found that the pump IAW breaks up into filamentary/localized structures with 

high intensity magnetic field inside. The wave shows chaotic behavior as the 

transverse wavenumber changes. The power spectrum has got deviated from the 

observed Kolmogorov k
-5/3

 scaling. 

 In the third chapter, dynamical equation of the pump IAW has been 

developed by considering the finite frequency correction as well as ion 
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temperature correction in the dynamics of IAW. Also, the dynamical equation of 

ion acoustic wave (propagating at an angle to the background magnetic field) in 

the presence of ponderomotive force associated with the finite frequency pump 

IAW has been developed. From the analysis, it has been found that the dispersive 

property of IAW and ponderomotive force associated with IAW has been 

modified due to the finite frequency correction as well as ion temperature 

correction, which manifests in the formation of localized structures and 

turbulence scaling, applicable to the auroral regions. 

The fourth chapter comprises of dynamical equation of the pump KAW 

which has been developed by considering the finite frequency correction as well 

as ion temperature correction in the dynamics of KAW. Also, the dynamical 

equation of ion acoustic wave (propagating at an angle to the background 

magnetic field) in the presence of ponderomotive force associated with the finite 

frequency pump KAW has been developed. From the analysis, it has been found 

that the dispersive property of KAW and ponderomotive force associated with 

KAW has been modified due to the finite frequency correction as well as ion 

temperature correction, which manifest in the formation of localized structures 

and turbulence scaling, applicable to the magnetopause. 

In the fifth chapter, the author has solved numerically the model equations 

for the nonlinear interaction between of 3D-KAW (propagating in x y z   

plane) and low frequency  0 ci   perpendicularly propagating magnetosonic 
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wave (PMSW) (taking adiabatic case) have been investigated in solar wind 

plasmas for intermediate  - plasma  / 1e im m    (thermal to background 

magnetic pressures ratio) in the non-paraxial regime. The nonlinear dynamical 

equations satisfy the NLS by taking the adiabatic response of the background 

density. The localized structures of 3D-KAW and the turbulent spectrum due to 

finite frequency have been presented in intermediate-   plasmas in solar wind at 

1AU . The power spectrum of magnetic field fluctuations indicates that the 

nonlinear interactions may be redistributing energy among higher wave numbers. 

This type of nonlinear interaction may be responsible for heating of solar wind 

particle. 

In the sixth chapter of the thesis, dynamical equations of the three 

dimensionally propagating pump IAW (propagating in x y z   plane) has been 

developed by considering the finite frequency correction in the dynamics of IAW. 

Also, the dynamical equation of magnetosonic wave (propagating in x direction, 

perpendicular to the background magnetic field) considering adiabatic case, in the 

presence of ponderomotive force associated with the finite frequency pump IAW 

has been developed. From the analysis, it has been found that the dispersive 

property of IAW and ponderomotive force associated with IAW has been 

modified due to the finite frequency correction, which manifest in the formation 

of localized structures and turbulence scaling, applicable to the auroral regions. 
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In the seventh chapter presents the mutual nonlinear interplay of 3D-

kinetic Alfvén wave and PMSW (taking non-adiabatic case), for the high-β 

plasma in the magnetopause has been considered in the present study. Numerical 

simulation has been carried out to study the effect of nonlinear interaction 

between these waves which results in the formation of localized structures and 

turbulent spectrum, applicable to the high-β plasma like magnetopause regions.  

In the eighth chapter, dynamical equation of the pump 3D-IAW has been 

developed by considering the finite frequency correction in the dynamics of 3D-

IAW. Also, the dynamical equation of magnetosonic wave (propagating in x 

direction (PMSW)) in the presence of ponderomotive force associated with the 

finite frequency pump 3D-IAW has been developed. From the analysis, it has 

been found that the dispersive property of 3D-IAW and ponderomotive force 

associated with 3D-IAW has been modified due to the finite frequency correction, 

which manifests the formation of localized structures and density cavity. 
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