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Preface 

The importance of hyperbolic conservation laws for scientific and industrial 
applications has led to a growing amount of research activity in this field. 
A variety of physical phenomena in fluid mechanics, astrophysics, groundwa
ter flow, meteorology, reactive flow and several other areas can be effectively 
modeled by systems of conservation laws. In order to focus recent trends in 
theory and numerics in this research area and to stimulate further research 
in this field, we decided to organize the "International School on Theory and 
Numerics for Conservation Laws", which took place in FreiburgjLittenweiler, 
Germany, from 20 to 24 October 1997. 
The school was sponsored by the DFG-Graduiertenkolleg "Nichtlineare Dif
ferentialgleichungen, Modellierung, Theorie, Numerik, Visualisierung" at the 
University of Freiburg. It was attended by about 60 young international re
searchers. 

This volume contains the contributions of the five main lecturers of the school. 
Each article covers five hours of lectures on a specific new research area in 
the field of theory and numerics for conservation laws. Reviews of recent de
velopments are given, accompanied by new research results of the authors. 

The topics include a kinetic approach to conservation laws by Benoit Perthame, 
which can be used for the construction of approximate Riemann solvers for 
the full system of gas dynamics. Several ideas related to the stability and 
entropy analysis are discussed. 
An introduction to the theory of non-classical shock waves is given by Philippe 
G. LeFloch. Non-classical shocks violate the classical entropy condition intro
duced by Lax and Liu, but they are sensitive to regularization mechanisms 
such as diffusion and dispersion. A theoretical approach to such shocks is 
given and a numerical approximation via finite difference schemes is investi
gated. 
In the contribution of Athanasios E. Tzavaras the approximation of hyper
bolic systems of conservation laws via viscosity and relaxation methods is 
discussed. In the context of zero-viscosity limits recent results on obtaining 
uniform BV estimates are presented. Furthermore the problem of construc
ing entropy weak solutions for hyperbolic conservation laws via relaxation is 
considered. 
A major task for numerical approaches to hyperbolic· problems is the de
velopment of a posteriori estimates and resulting adaptive strategies. Endre 
Stili presents an overview of recent developements in this area for finite el
ement approximations of hyperbolic problems. The. a posteriori analysis is 
based on the systematic use of hyperbolic duality arguments. The question 
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of computational implementation of the a posteriori bounds into adaptive 
finite element algorithms is discussed as well. 
Finally Timothy J. Barth considers discretization and preconditioning algo
rithms for the Euler and Navier-Stokes equations on unstructured meshes. 
Some new results concerning congruence relationships for left or right sym
metrized equations are presented. These results suggest new variants of ex
isting finite volume, discontinuous Galerkin, Galerkin least-squares and fluc
tuation splitting schemes. The resulting schemes are computationally more 
efficient while retaining the pleasant theoretical properties achieved by en
tropy symmetrization. 

The book is intended for students who work in the field of conservation 
laws and researchers who want to open up a new scope of work. Knowledge 
of modern methods in partial differential equations, specifically with basic 
concepts for hyperbolic equations, is a prerequisite. 

Last but not least we thank M. Wesenberg for the support in the organi
zation of the school and R. Axthelm and M. Werner for typesetting this 
book. 

September 1998 Dietmar Kroner 
Mario Ohlberger 
Christian Rohde 
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