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PREFACE 

 

     

There are a number of nonlinear evolution equations governing the propagation 

of waves in plasmas under a variety of physical conditions. For a weakly nonlinear and 

dispersive plasma, a time-dependent perturbation leads to the well known Korteweg-

deVries (K-dV) equation which describes the one-dimensional solitary waves propagating 

in the long wavelength region. When plasma includes effects along a co-ordinate 

transverse to the direction of propagation of the waves, Kadomtsev-Petviashvili (KP) 

equation can describe the propagation of the two-dimensional solitons. 

The ion acoustic solitons described by both the K-dV and KP equations are 

possible in relativistic as well as in nonrelativistic plasmas. The plasmas having 

relativistically drifting ions are found, for example, in the earth's magnetosphere and Van 

Allen radiation belts. In a homogeneous and weakly relativistic plasma, one-dimensional 

propagation of the solitons is considerably influenced by the relativistic effect and the 

temperature of the ions. The effect of electron inertia has been found to be dominant over 

the relativistic effect. For the two-dimensional ion acoustic solitons, studies have already 

been made for the cold ion and the finite temperature ion plasmas with weak relativistic 

effect. 

In the present thesis analytical investigations are carried out for the propagation 

of the ion acoustic soliton in relativistic plasmas, and in nonrelativistic plasma containing 

negative ion species. The present analysis for the homogeneous, one-dimensional 

relativistic plasma shows that the combined effect of the electron inertia and finite ion 

temperature yields a limiting condition for the existence of ion acoustic soliton. Realising 

that there can be variation transverse to the direction of propagation of the wave, the 

two-dimensional ion acoustic solitons governed by the KP equation are studied in the 



relativistic plasma. Like the one-dimensional case there arises a limit on the ion drift 

velocity because of the finite contribution of the electron inertia. Since density 

inhomogeneity is a sort of inherent feature of bounded plasmas, the effect of density 

inhomogeneity on the soliton properties is important. Hence, the two-dimensional ion 

acoustic solitons propagating in inhomogeneous relativistic plasma are analysed while 

proceeding in the decreasing density region. The amplitude, velocity, width and energy 

of these solitons (KP solitons) are evaluated as a function of the plasma density. The 

amplitude of the soliton increases in the region of decreasing plasma density due to the 

modification of the Debye length. 

When negative ions are added to a plasma, they modify its characteristics. In the 

plasma having positive and negative ions, rarefactive solitons can be launched together 

with the compressive solitons. In this present thesis, the ion acoustic soliton propagation 

is investigated in an inhomogeneous nonrelativistic plasma containing negative ion 

species. The K-dV equation with some additional terms describes the propagation of these 

solitons. Critical values of negative-to-positive ion density ratio, at which the nonlinearity 

coefficient of this equation vanishes, are given by a cubic equation, but only one value 

is found to be physically acceptable. 
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