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There are two main notions of Laplacian operators associated with infinite graphs:
in the first setting, graphs are treated as discrete objects and discrete Laplacians
are defined by difference expressions. In the second setting, one turns the graph into
a continuous geometric object by replacing edges with intervals and glueing them
together at vertices. This geometric object is called a metric graph and allows to
consider Laplacian differential operators on graphs (often called quantum graphs).

In this project, we will study the relationship between these two settings. A sys-
tematic connection has been established recently in [3, 4]. To each Laplacian on a
metric graph, one can associate a discrete Laplacian which has similar spectral and
parabolic properties. Moreover, all discrete Laplacians on locally finite graphs arise
in this way. This leads to a systematic way of connecting the settings and several
applications.

We first introduce metric graphs and their Laplacians [1, 3]. Following [4], we then
study connections between Laplacians on discrete and metric graphs on different
levels. Here the participants can choose topics which are interesting to them, e.g.,

• Intrinsic metrics and quasi-isometric spaces
• Spectral estimates, isoperimetric constants and Cheeger’s inequality
• Stochastic completeness and recurrence/transience
• Ultracontractivity estimates for the heat semigroup

For finding out whether this project is interesting to them, the participants can
also consult [5, Section 5], which contains a short overview of these thematics.

This project is suited for 3 to 4 students.
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