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Stability of finite difference schemes
for hyperbolic initial boundary value problems II

JEAN-FRANÇOIS COULOMBEL

Abstract. We study the stability of finite difference schemes for hyperbolic
initial boundary value problems in one space dimension. Assuming �2-stability
for the discretization of the hyperbolic operator as well as a geometric regularity
condition, we show that the uniform Kreiss-Lopatinskii condition yields strong
stability for the discretized initial boundary value problem. The present work
extends the results of [4,7] to the widest possible class of finite difference schemes
by dropping the technical assumptions of our former work [4]. We give some new
examples of numerical schemes for which our results apply.
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1. Introduction

The aim of this article is to study the stability of finite difference approximations
for hyperbolic initial boundary value problems. This problem was addressed in
the fundamental contributions [7, 8] for one-dimensional problems, and in [12] for
multidimensional problems. The main results of these articles characterize stability
in terms of a spectral condition, the so-called uniform Kreiss-Lopatinskii condition.
It is not so hard to see that the latter is a necessary condition for stability of the finite
difference approximation. The difficult part of the theory is to show that it is also a
sufficient condition. The approach of [7, 8, 12] is similar to the works [9, 15] which
were devoted to the analogous characterization for hyperbolic partial differential
equations. We also refer to [2, 3] for a detailed description of the theory.

In the works [7,12] some dissipation assumptions are made on the finite differ-
ence schemes, which restricts the class of numerical schemes to which the theory
applies. Moreover the underlying partial differential equation that we approximate
is not dissipative. Therefore the result we aim at is to prove that the uniform Kreiss-
Lopatinskii condition is sufficient for stability while considering the widest possible
class of numerical schemes. In particular we wish the theory to cover the case of
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