
Numerical Techniques for Diffusion Equations

“Furious activity is no substitute for understanding,” H.H. Williams



Finite Difference Methods for the Diffusion Equation

Diffusion Equation:

Forward Difference in Time:

Central Difference in Space: (see the IVP and BVP notes)



Finite Difference Methods for the Diffusion Equation

Iteration:

Matrix System:

Initial Condition:

Boundary Conditions:



Finite Difference Methods for the Diffusion Equation

Stability Analysis:

Note: This can be very prohibitive!



Finite Difference Methods for the Diffusion Equation

Backward Difference in Time:

Matrix System:

Note: System symmetric and positive definite

• Use Crout algorithm for tridiagonal systems or SOR



Finite Element Methods for the Diffusion Equation

Note: See numerical methods for IVP and BVP

Weak Formulation: Consider

Approximation Framework: Take



Finite Element Methods for the Diffusion Equation

Approximate System:

Matrix System:



Finite Element Methods for the Diffusion Equation

Semi-discrete System:

Temporal Discretization:

• Forward Difference

• Backward Difference


