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Variational problems

For many PDE problems, the solution is characterized as a

stationary point of and appropriate energy functional L over

an appropriate function space S.

Poisson’s equation:

minimize L(u) =
1
2

∫
Ω

|∇u|2 dx−
∫

Ω

fu dx over H̊1(Ω)

Stokes equations: (u, p) is a saddle-point of:

L(u, p) =
1
2

∫
Ω

|∇u|2 dx+
∫

Ω

pdivu dx−
∫

Ω

f · u dx

over H̊1(Ω,Rn)× L2(Ω).
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Finite element methods

Given a subspace Sh of S we obtain an approximation to the

solution u by seeking a critical point uh of L over Sh.

When the space Sh is constructed piecewise with respect to

some triangulation of the domain Ω, this is a finite element

method .
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Finite element meshes in 2D

In 2D meshes are usually made of triangles and/or

quadrilaterals (sometimes allowing curvilinear elements along

boundaries and interfaces).
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Finite element meshes in 3D

In 3D, tetrahedra, bricks, and prisms are most common.




