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Port-Hamiltonian systems (pHS) theory is gaining more and more attention in the
last three decades. They are a powerful tool to model and analyze a broad class
of energy based physical systems, including multi-body systems, electrical circuits
and electromechanical systems. In a simple, finite-dimensional case pHS are of the
form

ẋ(t) = (J −R)
∂H

∂x
(x(t)) +Bu(t),

y(t) = BT ∂H

∂x
(x(t)) +Du(t),

where the Hamiltonian H : Rn → R represents the energy of the system, J =
−JT ∈ Rn×n the internal interconnection, 0 ≤ R ∈ Rn×n describes dissipation of
energy and 0 ≤ D ∈ Rm×m is a feedthrough. The input and collocated output
functions u, y, taking values in Rm, are called the ports that connect the system
to the environment or other pHS via a matrix B ∈ Rn×m. One characteristic of
such a system is its modular structure – it can be seperated into the three building
blocks of energy storage, dissipation and the geometrical interconnection which is
contained in the so called Dirac structure.
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Given a (finite) directed graph with a set of boundary vertices, we investigate
different Dirac structures respecting the graph’s geometry. Following [1], we derive
corresponding pHS. The abstract theory is illustrated my means of mass-spring-
damper systems. Necessary basics on pHS are given in [2].
Depending on the students background we investigate further analytic properties.

This project is suited for 3 to 4 students.
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