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Granular gases, consisting of macroscopic particles agitated by some external forcing, have a 
characteristic feature that distinguishes them from any ordinary gas: They tend to form 
clusters, i.e., to separate spontaneously in dense and dilute regions. The same is true for 
vehicles on the highway, which tend to form traffic jams. These are two prime examples of 
pattern formation in multi-particle systems. In both cases the cluster formation can be traced 
back to the fact that the interaction between the particles is dissipative. 
 
In these lectures we focus on the mathematical modeling of the clustering phenomenon. The 
attached papers provide a useful background: 
 

Paper 1 is a review paper on cluster formation in compartmentalized granular gases and a 
tailor-made introduction to the lectures. The compartmentalization not only allows for a 
particularly clear-cut view of the clustering process but also mimics the typical machinery used 
in industrial applications to sort or transport granular materials. Towards the end of the paper 
the analogy with the formation of traffic jams is discussed. 
 

Paper 2 gives a detailed account of the transition from smooth flow to cluster formation (and 
the associated obstruction of the flow) in a model transport system. The main point of the paper 
is that the clustering is announced in advance – subcritically – by the appearance of distinct 
density variations. 
 

Papers 3 & 4: The model system of paper 2 takes the form of K coupled ordinary differential 
equations, where K is the number of compartments. The same system can also be cast in the 
form of one single partial differential equation. The method to do this, and the extra insight it 
gives into the physical problem at hand, is discussed in papers 3 and 4. 
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