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In this course we will discuss several basic models that describe clustering phenomena as
they occur, for example, in polymerization, the formation of liquid drops in oversaturated
gases or the formation of galaxies. We will be interested in a continuum description via
rate equations that leads to either systems of coupled nonlinear ODE or nonlinear integral
equations.

In this course we will mainly consider two classical examples: first, the Becker-Doring system
where it is assumed that clusters can only gain or shed one monomer at a time. Second, we
will consider Smoluchowski’s classical coagulation equation (fragmentation is not taken into
account in this model) that describes the evolution of a density f(x,t) of clusters of size x.
The evolution is determined by the integral equation
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Here, K = K(z,y) is a coagulation kernel that describes the rate at which clusters of size x
and y coagulate to a cluster of size z + y.

Topics that we will discuss are well-posedness of the corresponding initial value problems,
existence and non-existence of equilibria, self-similar solutions, large-time behaviour and the
phenomenon of gelation.
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Prerequisites: Basic knowledge of Nonlinear Differential Equations and Functional Anal-
ysis, in particular weak convergence and weak compactness



