
EXAM FOR MEK4250 2019

Introduction

Six problems/topics are given for this exam. For each problem, the can-
didate must prepare a 20 minutes oral presentation. Try to communicate a
good overview and understanding of the topic, but compose the talk so that
you can demonstrate knowledge about details too. The student is expected
to be able to stick to one subject for the 30 minutes for top grades. There
are no aids besides a whiteboard and this document with the exam prob-
lems (experience with this type of exam and various aids tells that learning
the content by heart gives by far the best delivery that demonstrates solid
understanding). We will throw a die and the number of eyes determines
the topic to be presented. After your presentation, you will be given some
questions, either about parts of your presentation or facts from the other
topics. After each presentation, the next candidate can throw the die and
thereby get about 10 minutes to collect the thoughts before presenting the
assigned topic.

1. Weak formulation and finite element error estimation

Formulate a finite element method for the Poisson problem with a variable
coefficient κ : Ω → Rd×d. Show that Lax-Milgram’s theorem is satisifed.
Consider extensions to e.g. convection-diffusion equation and the elasticity
equation. Derive a priori error estimates for the finite element method in the
energy norm. Describe how to perform a estimation of convergence rates.

2. Discretization of convection–diffusion

Derive a proper variational formulation of the convection–diffusion prob-
lem. Derive sufficient conditions that make the problem well-posed. Discuss
why oscillations appear for standard Galerkin methods and show how SUPG
methods resolve these problems. Discuss also approximation properties in
light of Cea’s lemma.

3. Discretization of Stokes

Derive a proper variational formulation of the Stokes problem. Discuss
the four Brezzi conditions that are need for a well-posed continuous problem.
Explain why oscillations might appear in the pressure for some discretiza-
tion techniques. Present expected approximation properties for mixed el-
ements that satisfy the inf-sup condition, and discuss a few examples like
e.g. Taylor–Hood, Mini, and Crouzeix–Raviart. Discuss also how one might
circumvent the inf-sup condition by stabilization.
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4. Discretization of Navier–Stokes

Explain the difference between operator splitting and algebraic splitting
in the context of the incompressible Navier–Stokes equations. We remark
that algebraic splitting is a term usually used for discretizations where the
PDEs are discretized in space prior to time. Show disadvantages for op-
erator splitting schemes associated with boundary conditions. Explain the
advantage with operator splitting schemes.

5. Biot’s equation

Describe the Biot’s equation. Explain in light of saddle-point theory, i.e.,
in terms of the the Schur complement what conditions that may lead to
a non-singular system. Explain further why introducing a solid pressure
(which is a standard trick in linear elasticity) does not help and how instead
the total pressure formulation can help. Finally, describe how oscillations
may occur also in simple parabolic problems which resembles the Schur
complement.

6. Linear Elasticity

Describe a variational formulation of the linear elasticity equation. Dis-
cuss appropriate boundary conditions, problems associated with rigid mo-
tions and Korn’s lemma. Discuss the locking phenomena and mixed formu-
lations that avoid locking.


