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Topic: Crouzeix-Raviart FEM for right-hand sides in H−1(Ω)

1. Make yourself familiar with the implementation of the CR-FEM for the Poisson problem
in [Bar16, Section 7.2.6].

2. Modify the right-hand side in the code to realize the discrete problem: Find uCR ∈
CR1

0(T ) such that

ˆ
Ω

∇pwuCR · ∇pwvCR dx = G(J1vCR) for all vCR ∈ CR1
0,

where J1 : CR
1
0(T ) → S1

0(T ) denotes the enriching operator defined by

(J1vCR)(z) =
1

#T (z)

∑
T∈T (z)

(vCR|T )(z) for all z ∈ N (Ω)

and G ∈ (H1
0 (Ω))

′ is a right-hand side of the form

G(v) =

ˆ
S

gv ds,

where S ⊆
⋃
{F |F ∈ F(T0)} and T0 denotes the initial coarse triangulation and g ∈

L2(S).

3. Run numerical experiments to test the method.

4. Optional: Compare the method with the standard CR-FEM for some G as above with
S = F ∈ F(T0), where G is replaced by Gε defined by

Gε(v) :=
1

ε

ˆ
Ω

gεv ds with gε(x) :=

{
g(πS(x)) if dist(x− S) < ε,

0 else.

Here, πS denotes the projection onto S.
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