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Abstract
This seminar focusses on periodic and stochastic homogenization of PDEs solved in domains having many
small holes. The main interesting feature of these problems is that in the homogenization limit the holes
in the domain become negligible, but new terms may appear in the limit equation.

A simple example which exhibits this feature is the following [1]: For a given bounded domain Ω ⊆ R3

and f ∈ L2(Ω), we consider for ε > 0 the solution to the Poisson problem{
−∆uε = f in Ωε

uε = 0 on ∂Ωε,

where the perforated domain Ωε is defined as

Ωε = Ω\
( ⋃

z∈εZ3

Bε3(z)
)
. (0.1)

Then uε ⇀ u in H1
0 (Ω) for ε ↓ 0+, with u solving{

−∆u+ 4πu = f in Ω
u = 0 on ∂Ω.

(0.2)

On the one hand, the holes in Ωε, which decrease in size and increase in number for smaller ε, disappear
in the limit and (0.2) for u is solved in the whole domain Ω. On the other hand, and this is the interesting
phenomenon, a new term arises in the equation (0.2), the zero-order term 4πu, which encodes some
geometric properties of the holes. In this example, the constant 4π is related to the density of the
harmonic capacity of the holes

⋃
z∈εZ3 Bε3(z).

The aim of the seminar is to study phenomena such as the one above also for other PDEs, for example for
Stokes or Navier-Stokes equations in porous media [2], and to further investigate the settings in which the
perforated domains Ωε have a more complicated structure. In this latter case, we will focus in particular
on problems where Ωε is not anymore deterministic, but is for instance obtained by removing from Ω a
random number of random small compact sets [3, 4].

Prerequisites: Basic knowledge of Functional Analysis and PDEs. Some parts may also require basic
notions of Probability Theory.

There will be a preliminary meeting on 31st January 2018 at 4pm in room N0.003.
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