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The mathematical concept of ‘nonlinear 
hyperbolic waves’ encompasses a broad 
spectrum of propagation phenomena 
arising in compressible fluid dynamics, 
nonlinear material science, astrophysics, 
cosmology, combustion theory, etc. One 
typical problem of great interest is to 
determine the time-dependent flow of the 
ambient gas around an airplane. This 
requires to express in mathematical terms 
the fundamental conservation laws of 
Physics: e.g. the global mass and energy 
of a moving fluid do not change in time. 
These conservation laws provide a system 
of mathematical equations (called partial 
differential equations) for the unknown 
flow quantities. Importantly, conser-
vation laws modeling propagation 
phenomena are nonlinear in nature and, 
as a direct consequence, all kinds of 
sharp propagating fronts are observed: 
shock waves, fluid interfaces, 
propagating phase boundaries, etc. 
 
The mathematical analysis of nonlinear 
conservation laws addresses stability 
issues, such as whether the solutions 
depend continuously upon prescribed 
data of the problem. For instance, in 
fluid dynamics it is desirable that an 
arbitrary small change in the data, for 
instance the shape of the airplane, 
induces only a small change in the fluid 
flow. Nonlinear hyperbolic equations are 
much too complex to be solved exactly, 
except in a few instances of limited 
interest (interactions of two shock waves, 
for example). To make practical 
prediction with the mathematical theory, 
it is necessary to rely on computer 
simulation and to design robust and 
accurate numerical methods for shock 
waves and other nonlinear waves. 
 

Our programme brings together scientists 
with very different but complementary 
backgrounds and perpectives. In recent 
years there has been dramatic progress in 
this field, while many challenging 
questions still remain to be answered by 
mathematicians, using both mathematical 
tools and numerical computations, in 
close connection with physicists. 
 
The programme deals with many 
hyperbolic conservation laws of 
fundamental interest, including the Euler 
equations of compressible fluids, the 
Maxwell equations of electromagnetism, 
the Einstein equations of general 
relativity, the Yang-Mills equations, and 
the Dirac equation.   
 
 

 
 

Shock wave on wedge: numerical results 
 

 
 

Shock wave on wedge: experimental results 


