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Abstract 
 
 

 
Plasma being a nonlinear and dispersive medium is found to support the 

occurrence of nonlinear solitary structures. The earlier studies conducted in 
magnetized plasmas have shown the existence of two types of ion acoustic waves, 
which evolve into solitary structures / solitons. The propagation characteristics of 
solitary waves and the solitons have been investigated by many researchers and the 
propagation of these structures is found to be influenced by the plasma density, ion 
temperature, magnetic field, etc. Interestingly these structures are reflected from a 
reflector or the density gradient present in the plasma. Hence, the soliton reflection 
has also been extensively investigated by researchers all over the world. In order to 
generate the solitary structure in the plasma, the ion acoustic wave needs to be excited 
with sufficiently large amplitude. On the other hand, large amplitudes waves become 
susceptible to the instabilities in the plasmas. Moreover, investigations show that 
certain conditions are required to be satisfied in order to get the propagating waves 
and hence, the solitary structures; otherwise growing waves or the instabilities are 
encountered in the magnetized plasmas. Therefore, the instabilities also need to be 
investigated together with the propagation of nonlinear solitary waves / solitons in 
the plasmas. 

Considering a realistic situation where ionization takes place in the plasma, we 
study the propagation of ion acoustic waves, their evolution into solitary structures, 
the reflection of these structures and the possible instabilities under the effect of 
magnetic field, drift velocity of plasma species, density gradient, ionization rate, ion 
temperature, ion charge, etc. Two types of the ion acoustic waves, namely fast wave 
and slow wave, are found to propagate in the said plasma and to evolve into 
compressive solitary structures (solitons associated with which are the tailing 
structure).  However, only the structure corresponding to the fast ion acoustic wave is 
found to reflect and shift due to from the density gradient present in the plasma. The 
density gradient is shown to have dependence on the angle between the wave 
propagation and direction of magnetic field, ion temperature, ion drift velocity, and 
ionization rate. The higher ionization rate creates stronger density gradient that leads 
to stronger reflection of the solitary waves. Interestingly there exist critical rates of 
ionization and recombination at which the tailing structure of the solitons is found to 
disappear.  

The above solitary structures can propagate and reflect in the plasma only 
when certain condition on the wave propagation angle are satisfied. In the situation of 
departure from these conditions, the plasma is found to support two types of the two 
stream instabilities corresponding to longer and smaller wavelength oscillations, 
which are found to have higher growth rate at the lower rate of ionization. Then the 
growth rate is found to fall suddenly and acquire a much lower value for the higher 
ionization rate. The mechanism of attaining the lower growth rate after a sudden fall 
is uncovered based on the wave particle interaction. The cause of sudden fall in the 
growth rate is found to be the Landau damping of the wave. At stronger magnetic 
field, the conversion of smaller wavelength instability to longer wavelength instability 
and vice−versa is realized. The growth rate is found to attain a dip at a particular value 
of wave propagation. With respect to the ion temperature effect, these instabilities are 
explored in the space plasma also in addition to the laboratory plasma. These 
instabilities, however, are found to disappear in the space plasma during the sudden 
fall of their growth rate contrary to the observation in the laboratory plasma.         
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