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We consider the prescribed mean curvature problem, which is a problem to find a
surface with the mean curvature equal to a given function. The prescribed mean
curvature problem has been studied by numerous researchers in the case that a
given function depends on the position of the space and surface. On the other hand,
If a given function depends on the first derivative of a surface, the problem has
been little studied. In the present thesis, we consider the existence of a surface
whose mean curvature vector coincides with the normal component of a given
vector field. We obtained three major results under these conditions. o

In Chapter 2, we consider the problem under the Dirichlet boundary condition in a
Euclidean space, and we proved the following. If the prescribed function and
boundary value are sufficiently small in a dimensionally sharp Sobolev norm, there
exists a solution near a graphical minimal surface. _

In Chapter 3, we consider the problem on the N-dimensional torus. We proved the
existence of solutions under the conditions that the Sobolev norm of a given vector
field is sufficiently small, N+1-th component is monotonous, and the integrated
value is zero. The assumptions of Sobolev norm and mo_notonlsng guarantee the
existence and uniqueness of solutions to the linearized problem, and the
assumption of the integrated value is necessary for the existence of solutions to
elliptic equations on the torus. _ _

In Chapter 4, we consider the Allen-Cahn equation, which represents the phase
separation and has been intensively studied in recent years. By defining the diffuse
interface of the corresponding energy, Modica proved that the diffuse interface
converges to a minimal surface as a parameter tends to zero. We consider the
Allen-Cahn equation with the advection term instead. Under the conditions that the
Sobolev norm of the vector field and energy are uniformly bounded, we proved that
the diffuse interface converges to a surface whose mean curvature vector coincides
with the normal component of the limit of a given vector field.
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