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Simulation of Non-Local Electrostatic Effects

Prerequisites. Knowledge about the finite element method for the numerical solution
of elliptic boundary value problems [, cf. course of numerical solution of elliptic and
parabolic partial differential equations.

Problem description. Given a domain 2 C R® and a charge distribution p € L*(Q),
the electrostatic energy in the presence of a polar solution, e.g., ions in water, can be
modelled by

E(u) :%/|gradu|2dx+ %//k(x, y) grad u(x) - grad v(x) d(x,y)
—/qudx, u € Hy (). Y

Here, the asymptotically smooth and exponentially decaying kernel is

e_a‘x_Y|

k(x,y) = , a>0.
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In a 2D model, a similar kernel would involve certain special functions. The actual po-
tential is obtained by solving the minimization problem for the quadratic functional E.

We aim at a direct Galerkin discretization of the minimization problem (Il) on a hier-
archy of nested triangular meshes using prewavelet basis functions [3, 4] and clustering
techniques [2] for the evaluation of the non-local part of the energy functional.

Task. The focus of this project is on efficient implementation of the wavelet Galerkin
scheme in MATLAB. Conditioning of the resulting discrete linear system and the conver-
gence of the discretization should be studied experimentally.
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