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This thesis entitled “A study of some plasma instabilities in multi-ion and anti-loss 

cone plasmas” is devoted to a study of some low frequency instabilities in multi-ion 

(hydrogen and oxygen) and anti-loss cone plasmas. Multi-ion plasmas are of 

relevance not only in the laboratory, but also in other regions of space like the 

Ionosphere and Magnetosphere and even in other astrophysical contexts, especially 

Comets. The thesis is composed of six chapters. 

Chapter I is an introductory chapter. It consists of a short review of both fluid 

and kinetic plasma theory relevant to the study of wave propagation in plasmas. It 

also describes, in some detail, the waves that have been studied in the subsequent 

chapters. 

Hydromagnetic wave activity has been observed in various space 

environments such as the earth’s magnetosphere, other planets’ bow shocks and 

upstream of interplanetary shocks, especially near comets. We have therefore studied, 

in Chapter II, the stability of the kinetic Alfven wave (KAW) in a plasma of hydrogen, 

oxygen and electrons. Each species has been modelled by a drifting Maxwellian in the 

direction parallel to the magnetic field. In the perpendicular direction, the distribution 

is simulated by a loss-cone type obtained by the subtraction of two Maxwellians with 

different temperatures. We find that for frequencies H*   ( *  and H  are, 

respectively, the Doppler shifted and hydrogen ion gyro-frequencies) the growth rate 



of the KAW increases with increasing propagation angles and oxygen ion densities. 

On the other hand for frequencies O*  ( O is the oxygen ion gyro-frequency) the 

growth rate is independent of the oxygen ion densities. 

  In Chapter II, the main source that drove the KAW unstable was the particle 

drifts parallel to the magnetic field. However, there are a number of situations both in 

the laboratory as well as the magnetosphere; where the particle drifts occur 

perpendicular to the background magnetic field. Hence, in the next two Chapters, we 

study the stability of a couple of waves in plasmas where the ions drift perpendicular 

to the magnetic field.   

In Chapter III we investigate the stability of the electrostatic ion cyclotron wave 

in a collisional, magnetized plasma of hydrogen and oxygen ions and electrons. We 

assume that both ions drift with velocities 0HV  and 0OV  perpendicular to the magnetic 

field. The electron temperature is not assumed a constant and hence we consider heat 

conduction due to a temperature gradient perpendicular to the magnetic field. The 

dispersion relation, derived using fluid theory, is shown to reduce to simpler ones for 

various limiting conditions. In particular, we can recover the classical relation of 

Motley and D’Angelo. The magnitude of the growth rate is dependent on the 

electron–ion collision frequency. We find that the wavelength range of the growth 

decreases with increasing oxygen and hydrogen drift velocities, while its magnitude 

decreases with increasing oxygen ion densities. The results are used to explain, 

qualitatively, a few experimental observations in the laboratory.      



While in Chapter III, we considered a low frequency instability, in Chapter IV 

we study the stability of higher frequency waves. Using kinetic theory we have 

studied the stability of electron cyclotron waves in a plasma of hydrogen, oxygen and 

electrons; again both the ions drift perpendicular to the magnetic field. Such drifts 

have been observed in the low latitude boundary layer (LLBL) of the earth’s 

magnetosphere. We have analytically proved that these drifts drive electron cyclotron 

waves, just above the electron cyclotron frequency, unstable. This conclusion thus 

complements the well known result that electron cyclotron waves are driven unstable 

by electron drifts parallel to the magnetic field. 

In Chapter V, we study the stability of magnetosonic waves in an anti-loss cone 

plasma. Observations by the CRRES spacecraft showed that these magnetosonic 

waves had a frequency between LHR 15.0 f  ( LHRf  is the lower hybrid frequency) and 

the emissions were most intense just outside of the plasmasphere.  Our studies 

indicate that the magnetosonic waves produced by ions and electrons modelled by 

anti-loss cone distributions do indeed have the correct frequency range. They are 

weakly damped and hence can travel long distances as required by Meredith et. al. if 

they are to play an important role in the acceleration of radiation belt electrons. 

Chapter VI is the concluding chapter where scope for further extension of the 

work carried out in this thesis is discussed. 

 




