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We address the problem of characterizing and efficiently computing approximate eigenvalues of the negative Laplacian −∆

on a general domain Ω ⊂ R
n with piecewise smooth boundary. We consider homogeneous Dirichlet, Neumann or Robin

boundary conditions. The basic idea is to view an eigenfunction as a superposition of generalized eigenfunctions of the

corresponding free space operator, or the operator defined on an unbounded wedge in the case of, e.g., an L-shaped domain.

Our approach has a number of advantages over the well-known Method of Particular Solutions (MPS) of Fox, Henrici

and Moler, or its recent modification due to Betcke and Trefethen. Eigenvalues can be located by computing singular

values of much smaller matrices than with the MPS; furthermore, they can be located without exhaustive scanning of

the real number line, and without including interior points of Ω in the discretization. In addition to the forward spectral

problem, we discuss how this approach can be used to solve inverse spectral problems for Laplace’s equation, as well as

the weighted Helmholtz equation. (Received September 28, 2005)
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