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The Institute of Mathematics at TUHH wants to show and discuss our fields of
research and gather some of our friends and collaborators. Here is the schedule for
our meeting:

Tuesday, 17th July
10:30 Coffee
11:00 Opening
11:15 Marc Van Barel
12:15 Lunch Break
13:30 Marco Marletta
14:30 Lyonell Boulton
15:30 Coffee
16:00 Timo Betcke
17:00 Stephen Langdon

Wednesday, 18th July
9:00 Coffee
9:15 Gilbert Strang

10:15 Coffee
10:30 Markus Seidel
11:30 Marko Lindner
12:30 Lunch Break
13:30 Christian Seifert
14:30 Jens Zemke
15:30 Closing, More Coffee

Remember:
A mathematician is a machine for turning coffee into theorems.
P. Erdős



Numerical linear algebra and some applications
Marc Van Barel, KU Leuven
marc.vanbarel@cs.kuleuven.be

This talk gives an overview of some results derived by our group over the last
couple of years.

Back

http://people.cs.kuleuven.be/~marc.vanbarel/drupal/
mailto:marc.vanbarel@cs.kuleuven.be


Approximating the spectra of self-adjoint and dissipative operators
Marco Marletta, Cardiff University

marlettam@cf.ac.uk

This talk will consider the problem of approximating the spectra of partial
differential operators which are in some sense singular. We shall extend results of
Amrein and Pearson on convergence of nesting families of Neumann to Dirichlet

maps to obtain results on the location of spectral pollution due to domain
truncation. We propose a method to circumvent (not eliminate) pollution for
PDEs on exterior domains and describe an abstract version of this method for

operators in Hilbert spaces.

Parts of this talk are joint work with Rob Scheichl (Bath); others are ongoing
work with Michael Strauss (Cardiff).

Back

http://www.cardiff.ac.uk/maths/subsites/marlettam/
mailto:marlettam@cf.ac.uk


Some numerical results on the Maxwell eigenvalue problem
Lyonell Boulton, Heriot-Watt University

lyonell@ma.hw.ac.uk

The problem of electromagnetic oscillations in a resonator described by the
Maxwell operator plays a prominent role in the theory of electromagnetism. It is
well established that the numerical computation of the angular frequencies and
electromagnetic field phasors cannot be carried out in a straightforward fashion

by means of the Galerkin method, if it is to be implemented on trial spaces
generated by the finite element method. This impossibility is due to the fact that
standard finite element trial functions do not generally obey Gauss’s law. In this
talk we will discuss various different ways to overcome this difficulty for the case
of a bounded resonator filled with a possibly anisotropic medium subject to ideal

conductivity conditions on the boundary.

Back

http://www.ma.hw.ac.uk/~lyonell/
mailto:lyonell@ma.hw.ac.uk


Nonnormality of boundary integral operators in acoustic scattering
Timo Betcke, UCL
t.betcke@ucl.ac.uk

Nonnormality is a well studied subject in the context of partial differential
operators. Yet, only little is known for boundary integral operators. The only
well studied case is the unit ball, where the standard single layer, double layer

and conjugate double layer potential operators in acoustic scattering diagonalise
in a unitary basis. In this talk we present recent results for the analysis of

spectral decompositions and nonnormality of boundary integral operators on
more general domains. One particular application is the analysis of stability

constants for boundary element discretisations. We demonstrate how these are
affected by nonnormality and give several numerical examples, illustrating these

issues on various domains.

Back

http://www.ucl.ac.uk/maths/staff/TB.html
mailto:t.betcke@ucl.ac.uk


Numerical-asymptotic boundary integral methods in high frequency
acoustic scattering

Stephen Langdon, University of Reading
s.langdon@reading.ac.uk

Standard numerical schemes for acoustic scattering problems suffer from the
restriction that the number of degrees of freedom required to achieve a prescribed
level of accuracy must grow at least linearly with respect to frequency in order to
maintain accuracy as frequency increases. In this talk, we review recent progress

on the development and analysis of hybrid numerical-asymptotic boundary
integral equation methods for these problems. The key idea of this approach is to

form an ansatz for the solution based on knowledge of the high frequency
asymptotics, allowing one to achieve any required accuracy via the

approximation of only (in many cases provably) non-oscillatory functions.

Back

http://www.personal.rdg.ac.uk/~sms03sl/
mailto:s.langdon@reading.ac.uk


Exponentials of Difference Matrices are T + H
Gilbert Strang, MIT
gilstrang@gmail.com

The second difference matrix K is tridiagonal and Toeplitz, with entries 1, -2, 1.
We can approximate the heat equation on an interval by ut = Ku/h2. The
solution involves E = exp(K) and we take a closer look at this matrix (and

related matrices).

The eigenvectors of K are sine vectors. So Eij becomes a combination of sines
times sines, weighted by eigenvalues of E. Rewriting in terms of sin((i− j)kh)

and sin((i + j)kh), this matrix E is T + H (Toeplitz plus Hankel). The Toeplitz
part reflects shift-invariance: shift the initial function and the solution shifts.

The Hankel part shifts the other way! We hope to explain this.

A second step is to find a close approximation to these sums – by integrals. With
smooth periodic functions the accuracy is superexponential. The integrals

produce Bessel functions and we can study also the exact solution – to the heat
equation and the wave equation.

I will also speak briefly about factorizations of infinite matrices (and open
questions).

This is joint work with Shev Macnamara.

Back

http://www-math.mit.edu/~gs/
mailto:gilstrang@gmail.com


Approximate identities and projection methods for operators on
Banach spaces

Markus Seidel, TU Chemnitz
markus.seidel@mathematik.tu-chemnitz.de

The notions of compact operators, Fredholm operators and strong convergence
have played a crucial role and have been intensively exploited in the theory of
projection methods for bounded linear operators. More precisely, for a given

equation Ax = b and a sequence of compact projections P = (Pn) which
converges strongly to the identity one studies the sequence of (truncated)

equations PnAPnxn = Pnb, n ∈ N, in order to find approximate solutions for the
initial problem. The theory behind that approach is heavily based on the
interactions between compactness, Fredholmness and strong convergence.

In this talk we now turn the table in a sense, and we take the sequence P = (Pn)
(referred to as approximate identity) as a starting point for the definition of
appropriate substitutes called P-compactness, P-Fredholmness and P-strong

convergence. On the one hand, this approach permits to cover a wider range of
operators and methods since it matches the tool to the problem. On the other
hand, the arising theory mimics the classical one amazingly well and provides

very similar results on the applicability of the projection methods, their stability,
or on the asymptotics of norms and condition numbers.

We demonstrate the approach for the finite section method applied to
quasi-diagonal and band-dominated operators acting on Banach spaces such as

lp(Z) or Lp(R) with 1 ≤ p ≤ ∞.

Back

http://www-user.tu-chemnitz.de/~seidm/
mailto:markus.seidel@mathematik.tu-chemnitz.de


Spectra of finite and infinite random Jacobi matrices
Marko Lindner, TUHH

lindner@tuhh.de

My talk is about the spectral theory of random Schrödinger and related
operators. Physical models lead to tridiagonal matrices with one or more random

diagonals. We discuss new results on finite and (one- or two-sided) infinite
configurations in 1D and relate their spectra to each other. Moreover, we discuss

a projection method for the numerical solution of such equations Ax = b in
infinitely many variables. Interestingly, the theory of random one-sided and
two-sided infinite tridiagonal matrices shows great similarities to the cases of

constant diagonals (i.e. Toeplitz and Laurent operators).

This is joint work with Simon Chandler-Wilde (Reading) and Steffen Roch
(Darmstadt).

Back

http://www.tu-harburg.de/mat/homepages/lindner/index_en.html
mailto:lindner@tuhh.de


A continuum model for quasicrystals
Christian Seifert, TU Chemnitz

christian.seifert@mathematik.tu-chemnitz.de

Quasicrystals are on the the borderline between order and disorder. They are
close to periodic structures but are globally aperiodic. That is why one speaks of

aperiodic order. From the mathematical point of view quantum mechanical
models exhibit unusual phenomena. The Hamiltonians are likely to have purely
singular continuous spectrum and Cantor spectra, which results in anomalous

transport properties.

In contrast to the discrete case, there are only a few results on continuum models
(also in one dimension). We will present a model for one-dimensional continuum
quasicrystals. After defining the corresponding Schrödinger operator with very
singular potentials we construct a deterministic example having purely singular
continuous spectrum. If time permits we then show how ”randomization” forces

Cantor spectra for such models.

This is joint work with Daniel Lenz and Peter Stollmann.

Back

http://www-user.tu-chemnitz.de/~seifch/
mailto:christian.seifert@mathematik.tu-chemnitz.de


Applied Krylov subspace methods
Jens Zemke, TUHH
zemke@tu-harburg.de

We give an algorithmic oriented approach to Krylov subspace methods. In our
approach these are divided into only three classes: Arnoldi-, Lanczos-, and

Sonneveld-based methods. The connections between Krylov subspace methods,
(generalized) Hessenberg decompositions, polynomials, and interpolation &

approximation are established. As an example we consider a deep link between
Rayleigh Quotient Iteration (RQI) and the Opitz-Larkin Method (OLM). We
briefly sketch some recent developments in two fascinating areas: augmented

backward error analysis of Lanczos methods, and the progress in methods based
on the principle of Induced Dimension Reduction (IDR).

This is joint work with Martin Gutknecht (IDREig); Martin van Gijzen &
Gerard Sleijpen (QMRIDR); Olaf Rendel & Anisa Rizvanolli (classification of

IDR); Chris Paige & Ivo Panayotov (augmented backward error analysis).

Back

http://www.tu-harburg.de/~matjz/
mailto:zemke@tu-harburg.de

