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Abstract

Tokamak is the most advanced magnetic confinement device, in which an axisymmetric plasma is
confined by a strong magnetic field. In general, if the electric fields are set up in the plasma by charge
separation, both positive and negative particles obtain drift velocities. The spatial gradients in plasma lead
to the drift waves, whose turbulence is a natural cause of anomalous transport from which the dramatic
reduction in confinement results. Moreover, a vast variety of plasma wave phenomena are found in the
Earth's magnetosphere, where the anomalous transport occurs. Thereby the analysis of such a drift wave
turbulence is important from various point of view.

In the present thesis we analyze mathematically the model equations of the drift wave turbulence and
three dimensional Hasegawa-Wakatani equations, which describe the resistive drift wave turbulence in
Tokamak. They consist of two nonlinear partial differential equations for the perturbations of plasma
density and electrostatic potential in the homogeneous strong magnetic field and the inhomogeneous
plasma equilibrium density.

In Chapter 1 physical background of the model equations of drift wave turbulence is explained and reviwed
mathematical results briefly.

In Chapter 2 we consider the initial boundary value problem (IBVP) in the bounded cylindrical domain
under the periodic boundary condition along the cylindrical axis and the uniform external magnetic field
subjected to the cylinder axis and the inhomogeneous equilibrium density to the cylinder radial direction.
We first establish the existence and uniqueness of a strong global solution to the IBVP for the model
equations of the resistive drift wave turbulence in Sobolev-Slobodetski spaces. Second by passing to the
limit of zero diffusion coefficient, we establish the existence and uniqueness of a strong solution to the IBVP
for Hasegawa-Wakatani equations.

In Chapter 3 we obtain uniform estimates to the solutions for Hasegawa-Wakatani equations with
respect to the resistivity. Then we prove the existence and uniqueness of a strong solution to the IBVP for
the model equations of drift wave turbulence with zero resistivity. Finally we prove that the solution of
Hasegawa-Wakatani equations converges strongly to that of the model equations of drift wave turbulence

with zero resistivity as the resistivity tends to zero.




