
Strongly damped systems

supervised by

Dr Petr Siegl

The behaviour of solutions of the damped wave equation

utt(t, x) + 2a(x)ut(t, x) = (∆x − q(x))u(t, x), t > 0, x ∈ Rd, (0.1)

is often studied via spectral analysis of the generator

G =

(
0 I

∆− q −2a

)
acting in suitably selected Hilbert spaces. While there is a vast literature on a damping a that
is sufficiently regular, bounded and/or decaying at infinity, little is known if a is allowed to be
singular or unbounded at infinity. In recent works [FST18, IT18, AS18], several interesting
features of such systems were revealed. For example, the unboundedness of the damping a
at infinity often results is non-empty real essential spectrum, strong spectral instabilities (see
Figure 1) and non-exponential decay of solutions as t→ +∞.
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Figure 1. Numerical computation of the spectrum (in black) and the pseu-
dospectra (log10 scale, approximation by an 800 × 800 matrix) of G with
a(x) = x2 and q(x) = 0, x ∈ R, cf. [AS18].

The goal of the project is to study strongly damped systems (not limited to (0.1)) in more
detail, in particular obtain more precise estimates on the resolvent norm of G and decay rates
of solutions as t→ +∞.

A sound background in analysis and a strong motivation and commitment to study new
methods, in particular at the start of the project, are vital. No previous knowledge of physics
is needed. The interested student may consult mentioned papers above as well as [KS15]
offering an introduction to some aspects of the non-self-adjoint spectral theory.
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