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Discussion on 28.11.2016

Exercise 1 (Barycentric coordinates)

Consider a triangle T = conv{P;, P», P3} and the barycentric coordinates A1, A,,13 € P1(T)
defined via A;(Py) =6 ji for j,k=1,2,3.

a) Prove that any a, 8,y € Ny satisfy

f ASAPAY dx =27 — P

T C+a+p+7)!

b) For the points Pj,3:= (P; + Pj+1)/2, j = 1,2 and Pg := (P3 + P1)/2, find the nodal basis
functions p; € Po(T) with u;(Py) =6 i for j,k=1,...,6.

c¢) Compute the local mass matrices for P;(T) and P»(T), i.e. My = ((A;,A)12(q))i,j=1,..3 €
R**3 and M, = (i, 1)) 120, j=1,...6 € RE*C.

Exercise 2 (P, is no C! element)
Consider a regular triangulation 9 and the P, finite element (7, P»(T), £7) forany T € 9.
Prove that this finite element is not a C! finite element in general.

Exercise 3 (Transformation of finite elements)
Let (Tyef, Pret, £ref) be a finite element and @7 : Tyef — T an affine diffeomorphism.
a) Show that (T, 22, %) is a finite element, where

T=®r(Trt), 2= {Qrefoq)}l | Gret € Prett, A = {Xrefoq)}l | Xref € Areft.

b) Show that the corresponding interpolants It and Iz, ; and any vief € WP (Tef) and v :=
Vrefo @71 € WP (T) satisfy
(I7v) o @7 = I, Vref.

Exercise 4 (Minimum angle condition)
For any triangle T and node z € A (T), denote by £ (T, z) the interior angle of T at z. Prove
that any family (9%) xen Of regular triangulations with

0<wo<minmin min «£(T,z) (D
keN TeT . ze N (T)

is shape regular. Furthermore, find an example of a family of triangulations that does not
satisfy (1) and is not shape regular.



