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SUMMARY
The second part of the winter school on numerical methods consists of a two-week
intensive programme of 34 hours of theoretical lectures and 16 hours of computer
laboratory exercises. The focus is on the presentation of some mathematical results that
are at the basis of numerical approximation for partial differential equations, and on the
analysis of some of these numerical procedures (boundary element, finite element and
spectral methods). Theoretical results are described and proved (though not in complete
detail), with the aim of placing the numerical methods on a solid ground and permitting
their stability and convergence analysis. The algebraic structure of the discrete problems is
also presented and analysed. The tutorials are devoted to the effective implementation in
laboratory of these approximation schemes, using MATLAB and the software Freefem.
The course is mainly directed to PhD students and post-doctoral researchers in applied
mathematics, engineering, and other scientific disciplines.

CONTENTS
Theory
•

Partial differential equations (elliptic equations, parabolic equations, hyperbolic
equations, boundary value problems).

•

Separation of variables (solution of heat and wave equations by means of Fourier
expansion, orthonormal bases, Sturm-Liouville problems, Bessel functions, Legendre
and Chebyshev polynomials).

•

Fundamental solutions and Green functions for elliptic equations (Dirac delta
"function", distributions, fundamental solutions, Green functions, integral
representation formula in terms of the Green function).

•

Integral equations and the boundary element method for elliptic problems (Green
formulae, interior and boundary integral representation formulae in terms of the
fundamental solution, integral equation on the boundary, collocation and Galerkin
formulations of the boundary element method, algebraic structure of the
approximating problems).

•

Weak formulation and the finite element method for elliptic problems (minimization
problems, Euler equation of a functional, weak formulation, Lax-Milgram lemma,
existence and uniqueness of the solution, Galerkin approximation, finite element
methods and spectral methods, family of triangulations and basis functions, Céa
lemma and error estimates, mixed formulation and Stokes problem, mixed finite
element methods, Ladyzhenskaya-Babuska-Brezzi condition and error estimates,
compatible choices of finite elements, algebraic structure of the discrete problems,
other applications).

Tutorials
•
•
•
•

The boundary element method: remarks on programming.
The finite element method, 1 (classical formulations) & programming
The finite element method, 2 (mixed formulations) & programming
FreeFEM: an example of finite element software.

ABOUT TRENTO AND THE DOLOMITES
The historical city of Trento is situated in the autonomous Italian region of Trentino - AltoAdige, close to the world-famous mountains called Dolomites. Trento is very easy to reach
by car or train from Austria (150 km south of Innsbruck) and from Verona (90 km north of
Verona). The nearest and most convenient airport is Verona Airport, 15 minutes from the
Verona train station. The region around Trento is of extraordinary beauty, with its unique
mountains and lakes that offer the participants many exciting outdoor activities like skiing,
hiking or climbing.

COST
Students and post-docs: € 700; Senior academics: € 1200; Others: € 1400 (free of “VAT
tax” as art. 10 DPR 633/72). When booked together with Part I of the Winter School
“Hyperbolic Equations and Applications”, a general discount of 33 % applies to the cost
of the second part. Members of IAHR get an additional discount of 20%. The fees cover
lectures, laboratory exercises, lecturing material and demonstration programs in MATLAB
and FreeFEM. Furthermore, the course fee includes the coffee breaks and one social event
(dinner).

REGISTRATION AND ADMINISTRATIVE INFORMATION
Participants must register online at http://events.unitn.it/en/nm2013.
For further information on registration and payment, please e-mail to:
Claudia Fraizingher (dicaphd@ing.unitn.it)
Tel. +39 0461 28 2670
Fax. +39 0461 28 2672
Once accepted for the course you can proceed to make the necessary arrangements for
attending the course, such as travelling arrangements, hotels, etc. Payment of the course
fees to the University of Trento must made by 7th January 2013. Once the payment has
been made please send a copy of the receipt via fax or e-mail to the course secretary (see
above).
Payment must be made either online (by credit card) or by bank transfer to:
Unicredit SpA
Via Galilelo Galilei, 1 – 38122 TRENTO (Italy)
Account holder’s name: Università degli Studi di Trento
c/c 000100841899 - abi 02008 cab 01820
IBAN: IT08X0200801820000100841899
SWIFT/BIC Code: UNCRITM10HV
Bank transfers must be net of all bank charges and must specify the name of the
participant and the subject “in order to NUMPDE course”.

