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General objectives of the subject
To provide a solid theoretical and practical basis for the finite element method applied to solving PDE¿s. Emphasis is
placed on tackling the most common second-order problems in engineering and in physics.
In addition to analyzing the concepts of the method, practical calculus is are also performed. Academic studies are
developed for consolidating the concepts acquired, and calculus of applications to engineering enabling the power of the
method to be evaluated. Attention is also paid to the techniques of adaptive remeshing based on error estimation and the
application to practical calculus by finite elements.
Learn the basis of the Finite Element method, its analysis and implementation.
Experience in the use of prototype and commercial codes.
Skills to be acquired
* Familiarization with the finite element method and its applications.
* Foundations for method analysis .
* Familiarization with the use of finite element codes. Capacity for interpreting results.
* Knowledge of trends for solving PDE¿s.

Content
Introduction
Engineering and applied science problems commonly solved with the Finite Element
Method.

Foundations.
Strong form, weighted residue method and weak form. Treatment of boundary conditions.
Interpolation in finite elements: mesh and splines. Numerical integration. Reference
element and isoparametric transformation. Types of elements most commonly employed.
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Galerkin¿s orthogonality
Review of Sobolev spaces. The Lax-Milgram theorem. Cea¿s lemma. Galerkin¿s
orthogonality. A priori boundary error.

Basic algorithmics.
Efficient implementation of a finite element code.

Transitory problems.
Temprary integration techniques, modal analysis, a priori error estimators in modal
decomposition.

Problems with convection.
First order hyperbolic equations. The convection-diffusion equation. Péclet¿s number.
Consistent stabalization techniques.

Error estimation and adaptability.
Classification of estimators. remeshing strategies. Result-oriented estimate.

Trends in PDE numerical resolution.
Introduction to methods without mesh. Discontinuous Galerkin for first-order hyperbolic
equations.

Qualification system
Based on the results from the exam, practical assignments and exercises.
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Prior skills
Basic knowledge of numerical methods, differential equations and calculus.
Teaching methodology
Theory classes on the basis of the method and practical classes for acquiring expertise with the numerical tool.
* Theoretical sessions: Theoretical explanations about the basis of the method.
* Problem-solving sessions:
* Practicals: Modifications to a code prototype on MATLAB.
* Realistic cases with a professional code.
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