2017—2018 Research content

I established a methodology to show the maximal regularity theorem for the initial value problem
with non-homogeneous boundary condition of the system of parabolic equations by constructing R
bounded solution operator of the corresponding generalized resolvent problems. This theory is an
unprecedented new method based on the theory of harmonic analysis on functions taking valued in
infinite dimensional space established in the early 21 century. The maximal regularity theorem for
the initial value problem with homogeneous boundary conditions has been established based on the
semigroup theory, but the non-homogeneous boundary condition case could not be

handled. One can deal with the case of non-homogeneous boundary conditions by the method using
R bounded solution operator, and its application enable us to build with the theory of the local in
time unique existence of solutions for quasi-linear systems of parabolic equations in the function
space with different exponents of time Lp and space Lq. As a result, the unique solvability theory of
the free boundary value problem of the Navier-Stokes equation is developed dramatically. I also
constructed a unique solvability theory in the maximal regularity space, which is the time Lp and
space Lq, for the system of parabolic equations such as the viscoelastic model and the Q-tensor

model for liquid crystals.

2019 research project

1) It turns out that the R bounded solution operator can be applied to the maximal regularity theory
of the high frequency part of the periodic solution of the system of parabolic equations with
inhomogeneous boundary conditions, and so I will construct this detailed theory and it will be
applied to show the existence of periodic solutions of the quasi-linear system of parabolic
equations. This will be a joint research with Mads Kyed and Thomas Eiter in Germany.

2) Perform mathematical analysis of droplet drop problem due to external force such as gravity.
This is also a joint research with Mads Kyed and Thomas Eiter.

3) To investigate the unique existence of local in time and global in time solutions of the system of
MHD equations with transmission conditions.

4) Two-phase problems of compressible viscous fluid and compressible—incompressible viscous

fluids are studied separately with and without surface tension.
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