
PARTIAL DIFFERENTIAL EQUATIONS

SIMULATION TECHNOLOGY MODULE

1. BACKGROUND

• Elastic string - equivalence of mass-spring discretization and wave equation (43-46)
• PDE, FEM and boundary conditions (ch. 149-159)

2. GOALS

2.1. Understanding.

• Wave equation as limit of discrete mass-spring system.
• Basic properties of linear PDEs for waves and diffusion withboundary/initial conditions.
• Basic properties of FEM approximation of linear PDEs.
• General components (data structures and algorithms) of a FEM program.

2.2. Skills.

• Construct simple mass-spring simulator for the wave equation.
• Construct simple FEM program for linear PDE problems.

3. SOFTWARE INTERFACES

You are given a number of prototype FEM solvers in the “game/”directory using the DOLFIN
general FEM system for the following PDE (initial and boundary value problems):

• u̇− ǫu′′ = f (Heat/Diffusion equation, 1D and 2D)
• ü− ǫu′′ = f (Wave equation, 1D and 2D)
• u̇+ βu′

− ǫu′′ = f (Convection-Diffusion equation, 1D and 2D)

See the course home page for references to DOLFIN documentation. Also, use the Python
help() function, it should provide the necessary informaton in most situations.

You are also given a minimal FEM program in just 81 lines of Python code, in “python/myassem-
ble.py”. This can be used to study the components of a FEM program, and the data structures,
methods and algorithms used.
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2 SIMULATION TECHNOLOGY MODULE

3.1. Visualization. The prototype solvers output the solution function as VTK files (.vtu/.pvd).
These files can be visualized with theparaview program which is installed in the Ubuntu com-
puter lab environment. This is a user-friendly graphical visualization environment, with many
powerful featues. The output files can become quite large in 2D/3D, make sure you have enough
space when you run the simulations.

For instructions, seethe ParaView web site. A simple introduction video can beseen on YouTube,
illustrating how to open and view an animation (which the prototype solvers output).

4. EXAMINATION

The examination of this module consists of the questions below, to be answered and evaluated
as part of your project report.

5. QUESTIONS

Answer these questions as part of your project report. When aquestion mentions “your model”,
it means the equation/model you have chosen as your project.

• Derive the 1D wave equation from a particle-spring model (oranother continuum model
from a particle model, see ch. 150.4 for a transition from thewave equation to the
heat/diffusion equation).

• What boundary and initial conditions need to be specified foryour equation/model?
• Derive the FEM formulation for your equation/model.
• Describe the structure of your solver, how do you compute thesolution for one timestep?
• Describe the components (basic data structures and algorithms) of a FEM program.

http://www.paraview.org
http://www.youtube.com/watch?v=N9F2IWOrsv0
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