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Abstract. We discuss the ideas of the boundary element method in the simplest possible
setting. Let Ω ⊆ R

3 be some bounded Lipschitz domain and consider the Poisson equation

−∆u = f in Ω.

With Γ = ∂Ω and n the normal vector on Γ, the solution u ∈ H1(Ω) is determined by its
Cauchy data (u|Γ, ∂nu) ∈ H1/2(Γ)×H−1/2(Γ) through the representation formula

u(x) =

∫
Ω

G(x− y)f(y) dy +

∫
Γ

G(x − y)∂n(y)u(y) dsy −

∫
Γ

∂n(y)G(x− y)u(y) dsy, x ∈ Ω.

Here, G(z) = 1
4π|z| denotes the fundamental solution associated with the Laplace operator in

3D. We motivate this formula by deriving it for smooth functions u ∈ C2(Ω) with f ∈ C(Ω)
from Green’s second identity.

Next, we recall some facts on the weak form of the Poisson equation. In particular we
recall the definition of the normal derivative γ1 : H1(Ω) → H−1/2(Γ) of Sobolev functions.
Then, we give some ideas how to analyze the integral operators involved. We define the
Newtonian, the simple-layer, and the double-layer potential operators and state their crucial
mapping properties. This leads to an equivalent reformulation of the Poisson problem in
terms of the Calderón system, which is a set of boundary integral equations.

Finally, we recall in short the ideas of the Galerkin method for the discretization of the
Calderón system. We summarize the main results such as a priori error estimates and discuss
the boundary element method and its possible applications in comparison with the more
well-known finite element approach.
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und Mechanik, Teubner, Stuttgart, 1989.

[2] S. Sauter, C. Schwab: Randelementmethoden: Analysis, Numerik und Implementierung schneller

Algorithmen, Teubner, Wiesbaden, 2004.
[3] O. Steinbach: Numerical Approximation Methods for Elliptic Boundary Value Problems: Finite and

Boundary Elements, Springer, New York, 2008.

Max-Planck-Institute for Mathematics in the Sciences, Inselstraße 22, D-04103 Leipzig,

Germany

E-mail address : samuel.ferraz-leite@mis.mpg.de

Date: March 31, 2011.
1


