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In my research T am mainly interested in PDEs of parabolic type, in particular in the
Navier-Stokes equations. One way to examine this problem in the setting of Lebesgue
spaces L7 is to use the semigroup method. This approach starts with the investigation of
the linearized Stokes equations and the associated Stokes operator Aq. Here the notions
of a holomorphic semigroup and maximal regularity play a fundamental role.

In my work together with André Noll (see [NS03]) we were able to prove that the
Stokes operator belongs to H*(L1(Q2)), the class of all operators that admit a bounded
H®°-calculus on the space L1(Q) for a large class of domains @ C R”. Among other useful
properties this class implies in particular the important maximal regularity.

The content of our article also represents one part of my Ph.D Thesis [Saa03] which I
finished in July 2003.

Moreover, in my thesis I proved resolvent estimates for the Stokes operator with Robin
boundary conditions in LI(R’) not only for 1 < ¢ < oo, but also in L*(R’), which lead
to the fact that the Stokes operator generates a bounded holomorphic semigroup on the
spaces L°(R%), Co»(R%) and BUC,(R7). This seems to be rather surprising, since I also
proved that a similar result for the Stokes operator with Robin boundary conditions in
L'(R%) is not valid, except for the case of Neumann boundary conditions. Up to now
there was no literature available, which tackles this problem in L'(R%}) and L™(R?%) for
this type of mixed boundary conditions. T am only aware of the article [DHP01], where the
problem merely is considered for the case of Dirichlet boundary conditions. If 1 < ¢ < oo
then it is even proved that the Stokes operator with Robin boundary conditions admits a
bounded H*-calculus on LZ(R’%). The just mentioned results are also the content of the
forthcoming articles [Saa04], [Saab)].

Since my arrival here in Sapporo on October 1, 2003, I was working on the Stokes
equations on noncylindrical space-time domains @) := Ute[o,oo) Q(t) x {t}. In this case also
the domain Q = Q(¢) depends on time ¢ € (0,00). For this problem I could also prove
maximal regularity on LP(0,7; L(€(t))) under suitable assumptions on the evolution of
Q(t). The regularity results in this direction seem to be rather new, since in the present
literature only existence results in the Hilbert space case L?(Q)) are available. The work
also includes an improved abstract maximal regularity result for nonautonomous Cauchy
problems obtained in [GGS91]. Tt will be the content of [Saaa].

Moreover, 1 startet a project together with Y. Giga, K. Inui, A. Mahalov, and S.
Matsui on the so-called Ekman boundary layer problem. This concerns the Navier-Stokes
equations on the half-space R? with initial values consisting of the famous Ekman spiral
solution added to some function nondecaying in the tangential components. The purpose
here is to prove a local existence result for strong solutions of the Navier-Stokes equations.
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