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Theory of Nonlinear Hyperbolic PDEs 

is a large subject, which has close connections 
with the other areas of mathematics including

Analysis,  Mechanics,  Mathematical Physics,
Differential Geometry/Topology, … 

Besides its mathematical importance, it has a 
wide range of applications in 

Engineering, Physics, Biology, Economics, …

• An introduction to most facets of the nonlinear theory 
• No previous knowledge of hyperbolic PDEs  is assumed
• However, some familiarity with linear PDE theory, 

analysis,  and algebra is desirable.



Topics:

1. Introduction: Conservation laws,  Euler equations; Connections with

Einstein equations, calculus of variations, differential geometry,  …; 

Hyperbolic systems, prototypes; Basic features and phenomena; ...

2. One-Dimensional Theory:    Riemann problem, Cauchy problem; 

Elementary waves: shock waves, rarefaction waves, contact    

discontinuities; Lax entropy conditions; Glimm scheme, front-tracking,

BV solutions; Compensated compactness, entropy analysis, 

L-p solutions; Vanishing viscosity methods; 

*Uniqueness and continuous dependence; ...

3. Multidimensional Theory: Basic features/phenomena (re-visit);

Important models;  Steady problems; Self-similar problems; 

Discontinuities and free boundary problems; Stability of shock

waves, rarefaction waves, vortex sheets, entropy waves; 

*Divergence-measure fields; ...

4. Further Connections and Applications
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