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Introduction

The 7-point stencil V% to approximate the Laplacian —Aw(x) on a regular grid with spacing h is
well known,

—Vu(x) = % 6u(x) — u(x £ hej) | + O(h?) = —V2u(x) + O(h?).
j=123

This stencil is used almost always if the Laplacian is approximated by finite differences for solving,
e.g., the Poisson equation, the Navier—Stokes equations, or other equations [2].

The purpose of this thesis is to investigate so-called compact formulations for the Laplacian [4].
One of them is the 19-point stencil

—Vigu(x) = 2 24u(x) — 2 Z u(x + hej) — Z u(x + he; £ hey,)
7=1,2,3 j,k;lf,?,
J

Provided f(x) is sufficiently smooth, a forth order finite difference approximation for the Poisson
equation —Au(x) = f(x) is obtained by

2
Vhgu(x) = () + 13 (x) + O(t).

Scope of work

If the work is to become a bachelor thesis the compact formulation is to be incorporated into a
(MPI-parallelized) Poisson solver that employs the 7-point stencil so far. If the work is to become
a master thesis then additionally the solver is to be integrated into a full-fledged particle solver
where a sequence of Poisson problems has to be solved.

Since the compact finite difference formulation is much more accurate than the 7-point stencil, a
coarser grid suffices to get the same accuracy in the solution of the Poisson equation. The question
is thus: how much coarser can we choose the grid without losing accuracy in the overall solver.
If time permits the compact finite difference formulation is to be incorporated into a solver for
non-square domains [1].



Requirements

e Student in computational science or related fields.
e Very good knowledge in numerical mathematics.
e Fluent in C++.

e For the master thesis, attendance in the lecture on “Particle Accereration Methods” by
Dr. Adelmann is advantageous.

Deliverables

e The work is to be documented in a short and concise thesis (IXIEX, PDF). It must be written
such that it is intelligible to a fellow-student.

e The code should be written as clean as possible. It must be properly documented.

o At the end of the thesis, the work is to be presented in a 30 minutes’ talk.

Contact

e Prof. Dr. Peter Arbenz, Computer Science Department, ETH Zurich, arbenz @inf.ethz.ch

e Dr. Andreas Adelmann, Paul Scherrer Institute (PSI), andreas.adelmann@psi.ch
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