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Stating the problem

We have been investigating the equation{
−div(a(u)∇u) = f ; u : Ω → R,
u
∣∣
∂Ω

= 0,

or in weak form, ∫
Ω

a(u)∇u · ∇v =

∫
Ω

fv ∀ v ∈ H1
0 (Ω).

We treat this nonlinear equation with a numerical iteration∫
Ω

a(un)∇un+1 · ∇v =

∫
Ω

fv ∀ v ∈ H1
0 (Ω),

which converges linearly, globally.
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The numerical framework

Solving the above equation is done using regular FEM techniques. However, we
have to be careful when assembling the stiffness matrix:∫

Ω

a(un)∇φj · ∇φi

elements can be formally calculated as∫
T

a(un)∇φj · ∇φi = |det(Z)|
∫
R

a(un ◦ ξ) (∇φj) ◦ ξ · (∇φi ) ◦ ξ

= |det(Z)|Z−1∇φ̂j · Z−1∇φ̂i

∫
R

a(un ◦ ξ),

so only this expression has to be evaluated:∫
R

a(un ◦ ξ).
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The test problems

We have conducted experiments on two problems, both with the nonlinearizing
function

a(u) = δu2 + 1.

We measured the ratio of successive errors in the Sobolev-norm and got the
following results:
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First Comparison
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Second comparison
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