QUANTITATIVE HOMOGENISATION THEORY
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In ISem23 Lecture 14, amongst other things, homogenisation for the wave equation
was studied; in particular the solution u,, € La, (R; L*(Y)) to

af’yun —divga(nm)gradyu, = f € Lo, (R; LA(Y)),

was shown to converge strongly in L? to the solution uy of the homogenised equa-
tion:
8zuu —divgapemgrad yu = f € Lo, (R; LQ(Y)).

Much more can be said; for example the L?-norm of the difference r,, := u, — u
is known to be bounded from above by CL|f||1, ,®;z2(v)), where the constant C
depends only on a and Y. Such quantitative statements are called error estimates
in homogenisation. Additionally, so-called corrector estimates exist: here one seeks
to determine corrections to u that allow for improvements to the error estimate.
For example one can aim to control the difference in a stronger norm (for example
the La , (R; H%E (Y))-norm). Or, seek corrections to improve the above rate of con-

vergence in L?-norm from * to (%)2 Such types of quantitative homogenisation
results began to appear in the literature as early as 2003/4, in [2], for L? type
estimates, and 2005/6 in [3], for H! corrector-type estimates.

Error estimates in homogenisation have since been proved, by various means, in var-
ious contexts. However, even now it is still an important research activity to revisit
these results and develop further our understanding on the underlying fundamental
concepts of their proof.

In [4] a novel approach to proving error estimates by combining quantitative ho-
mogenisation theory with evolutionary equations appeared. In this project we will
study and learn this approach in the context of the wave equation. If time permits,
we shall see how this approach allows one to determine corrector-type estimates
such as those mentioned above.

This project is suited for 3 to 4 students.
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