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Multiple scale problems arise in many real world
problems, typical examples are the flow of oil in a
reservoir, and deformation of a composite materials. The
problems depend on many spatial and time scales which
differ very significantly from each other making them
intractable by any analytical and conventional numerical
methods. When the scales are separated, i.e. their ratios
can be assumed to converge to zero in an asymptotic
limit, the problems can be treated by the homogenization
theory which deduces equivalent problems that
approximate the originals in the limit. This limit problem
only depends on the macro scale and can be treated by a
conventional numerical approximation. | have studied
diffusion in a perforated domain where there is a
competition between the smallness of the diffusivity and
the size and spacing of the holes. When the
heterogeneity is distributed periodically, the problems can
be treated by an analytic method but generally they need

to be treated probabilistically.

The limiting problems describe the average of the
solution in the large scale, but it does not provide the fine
scale information on which the solutions to the original
problems depend. Furthermore, an explicit numerical
establishment of the homogenization equation can be
expensive. In fact, there is a single equation that provides
the solution of the homogenized equation and the fine
scale information. Solving them we get all the desired
information. However, this equation is posed in high

dimension.
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| have also worked on finding bounds for the effective
quantities that represent the macroscopic properties of
the solutions to the multi scale equations. It is not always
possible to find these quantities exactly.

My other research interests are random patrtial
differential equations modelling turbulence and applied

complex analysis.
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