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Abstract

This dissertation is concerned with the mathematical analysis on the motion of a
vortex filament immersed in an incompressible and inviscid fluid in the three
dimensional half space. A vortex filament is a space curve on which the vorticity of
the fluid 1s concentrated. The existence and uniqueness of solutions to
initial-boundary value problems describing the motion of a vortex filament in the
three-dimensional half space is proved.

In Chapter 1, the background and the aim of the study are presented. Two model
equations, the Localized Induction Equation (LIE) and the generalized LIE are
introduced, and their related works are explained.

In Chapter 2, the initial-boundary value problem for the LIE is studied. The
existence and uniqueness of the solution is proved. The proof is carried out first, by
carefully analyzing the compatibility conditions for the initial-boundary value
problem and second, by extending the initial datum to the whole space, and thus
reducing the problem to an initial value problem. The solution to the initial value
problem can then be used to construct the solution to the initial-boundary value
problem.

In Chapter 3, we consider initial-boundary value problems for a second order
parabolic system with a third order dispersive term. The system arises when we
consider the linearized problem of the generalized LIE, and the existence and
uniqueness of the solution for such linear system has not been studied. This
motivated the author to consider a general linear parabolic-dispersive system and to
prove the existence and uniqueness of the solution for the corresponding
initial-boundary value problems. The crucial idea in the proof is to apply a new
parabolic regularization, which made it possible to construct the solution in such a
way that the existence theorem is applicable to the analysis of the generalized LIE.

In Chapter 4, we prove the solvability of initial-boundary value problems for the
generalized LIE by utilizing the results of Chapter 3. Based on the existence
theorems of the linear problems, we succeeded in constructing the solutions to the

nonlinear problems in Sobolev spaces.
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