SciComp and FEM in WS25

Exercise 6: Adaptivity for PDE in 1D.
Deadline: Jan 13, 2026, 20:00
Status: 10. Dezember 2025, 17:29

Supervisor: Prof.Dr. G. Haase, gundolf .haase@uni-graz.at

The goal of this exercise consists in extending your own code from exercise 4 with respect to
adaptivity.
You should try two out of the three adaptivity opportunities

e h-adaptivity,
e p-adaptivity
o r-adaptivity [HR) §2.1-2.2]
Use the jump of the flux on an edge (1D: vertex) between elements as error criteria, i.e.,

\‘)\(:Uj)aua(;j)J = Az; + O)W — Az — O)W

See [Bral, Chapter III./§8] with an excellent introduction to adaptivity and [LBl §2.5 and
§4.10].
Try your adaptivity schemes with the following examples:

(A) Consider the PDE

203z
—u'(z) = ng)w re(-1,1)=:Q
u(—1) = — arctan(p)
du(1) p
on  prel

for various p € {5, 10, 20, 100}.

— Exact solution: u(x) = arctan(px).

— Use a mesh with a vertex x; = 0, later on also an initial mesh without that property.

(B) Consider the PDE

— (A\x) -'(z)) = ze(0,1)=Q
u(0) =0
u(l) =
) 1 x€(0, %
with A(z) = 0 ac % |
27

— Start with a coarse mesh that doesn’t contain x,, = %
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(C) Solve the Pécletﬂ problem

—u"(x) +pu'(z) =0  x€(0,1)
u(0) =0
u(l)=1

with FEM for a constant p € R, see also [JL, §3.10 (example 2)]

— Solve the system of equations with p = 70 and with p = —70.
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