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Abstract

The presence of wave motion is the defining feature in many fields
of application,such as electro-magnetics, seismics, acoustics,
aerodynamics,oceanography and optics. In these fields, accurate numerical
simulation of wave phenomena is important for the enhanced understanding of
basic phenomenon, but also in design and development of various engineering
applications.

In general, numerical simulations must be confined to truncated domains,
much smaller than the physical space were the wave phenomena takes place.
To truncate the physical space, artificial boundaries, and corresponding
boundary conditions, are introduced. There are four main classes of methods
that can be used to truncate problems on unbounded or large domains:
boundary integral methods, infinite element methods, non-reflecting boundary
condition methods and absorbing layer methods.

In this thesis, we consider different aspects of non-reflecting boundary
conditions and absorbing layers. In paper I, we construct discretely non-
reflecting boundary conditions for a high order centered finite difference
scheme. This is done by separating the numerical solution into spurious and
physical waves, using the discrete dispersion relation.

In paper II-IV, we focus on the perfectly matched layer method, which is a
particular absorbing layer method. An open issue is whether stable perfectly
matched layers can be constructed for a general hyperbolic system.

In paper II, we present a stable perfectly matched layer formulation for 2
x 2 symmetric hyperbolic systems in (2 + 1) dimensions. We also show how
to choose the layer parameters as functions of the coefficient matrices to
guarantee stability.

In paper III, we construct a new perfectly matched layer for the simulation
of elastic waves in an anisotropic media. We present theoretical and numerical
results, showing that the stability properties of the present layer are better than
previously suggested layers.

In paper IV, we develop general tools for constructing PMLs for first order
hyperbolic systems. We present a model with many parameters which is
applicable to all hyperbolic systems, and which we prove is well-posed and
perfectly matched. We also use an automatic method, derived in paper V,
for analyzing the stability of the model and establishing energy inequalities.
We illustrate our techniques with applications to Maxwell s equations,
the linearized Euler equations, as well as arbitrary 2 x 2 systems in (2 + 1)
dimensions.

In paper V, we use the method of Sturm sequences for bounding the real
parts of roots of polynomials, to construct an automatic method for checking
Petrowsky well-posedness of a general Cauchy problem. We prove that this
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method can be adapted to automatically symmetrize any well-posed problem,
producing an energy estimate involving only local quantities.
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