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Prerequisites : Basic knowledge of calculus as acquired dur-

ing the first year of mathematics/physics cur-

riculum. For some presentations skills in com-

plex analysis are required. Facts about numer-

ical quadrature as taught in the introductory

numerical mathematics course.
Audience : Students of Mathematics, Physics, CSE, and

Computer Science from the 2nd year
Description:

By oscillatory integrals we mean integrals of the form

Iω(f) :=

b∫

a

f(x) exp(iωg(x)) dx (1)

and their multi-dimensional generalizations. Here, f and g are known functions, maybe even
known as analytic expressions, and ω > 0 is the frequency parameter.

We seek efficient methods for the highly accurate numerical approximation of (1) for large
ω and fairly general f . This task is encountered in many contexts like numerical (Fourier)
transformation, the solution of special ordinary differential equations, and in asymptotic inte-
gral equations methods for computational wave propagation. The challenge is that standard
quadrature schemes become prohibitively expensive as they must capture the oscillations in
the integrand of (1).
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This seminar studies special methods, whose numerical costs do not increase as ω → 0 without
sacrificing accuracy.

Presentations:

The seminar will comprise up to 10 student presentations of a duration between 45 and 65
minutes. They should be partly based on PDF slides prepared using the BEAMER LATEXpackage
(or LATEXbased tools under MacOS). The presentations should be done using a laptop com-
puter (which can be provided). Speakers are advised to elaborate technical manipulations
and proofs on the blackboard. MATLAB demonstration of simple numerical experiments is
expected whenever appropriate.

Available topics:

1. –: Asymptotic expansions for oscillatory integrals (method of stationary phase, Laplace
method): Chapter 2, Sections 3.1–3.5 and 5.1–5.4 from [14]. See also [3, Sect. 1.2.2], [18,
Sect. 2.2, 2.3].

2. 24.11.2008: Collocation methods (Levin-type methods) (Marco Läubli): [11–13]

3. —: Expansion methods: [1, 2]

4. —: Filon-type methods I: [6] (except Sects. 2 & 5) and [7]

5. 1.12.2008: Asymptotic and Filon-type methods (Timon Stucki): [8, 9]

6. —: Moment-free methods: [15, 17]

7. —: Multidimensional Levin-type methods: [16]

8. —: Method of steepest descent: Sections 4.1–4.5 from [14].

9. 8.12.2008: Numerical steepest descent (Benny Löffel): [4]

10. —: Numerical steepest descent: the multidimensional case [5]

Additional introductory material [3, 10, 18, 19].
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