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Computational Electromagnetics - Exercise III

Exercise 7 Representation of the basis functions of Nd1(Ω; Th)

Let Ω be a bounded domain in lR2 and let Th be a geometrically conforming simplicial
triangulation of Ω. For K ∈ Th we denote by x(i), 1 ≤ i ≤ 3, the vertices of K, counted
counterclockwise, and by Eij ∈ Eh(K), 1 ≤ i < j ≤ 3, the edge connecting x(i) and x(j).
We further refer to ϕ(i), 1 ≤ i ≤ 3, as the nodal basis functions of S1(Ω; Th) associated with
the nodal points x(i).
Show that the basis function j(Eij) of Nd1(Ω; Th) associated with the edge Eij has the
representation

j(Eij) = ϕ(i) grad ϕ(j) − ϕ(j) grad ϕ(i) .

Exercise 8 Computation of the local stiffness matrix

Referring to the notations in Exercise 6, denote by nij the unit outward normal of Eij and
by tij the unit tangential vector of Eij pointing from x(i) to x(j). Further, denote by αk

the angle formed by Eik and Ejk. Show that

curl j(Eij) = − |Eik||Ejk|
2|K|2

sin αk .

Use this result to compute the local stiffness matrix

∫
K

curl j(Eij) curl j(Ek`) dx , K ∈ Th .

[ Hint: Use the result of Exercise 4.]

Exercise 9 Properties of the tangential components trace mapping

Let Ω be the unit cube Ω := (0, 1)3 and Γi the associated six faces such that Γ = ∪6
i=1Γi

with the unit outward normal vectors ni, 1 ≤ i ≤ 6. Assume that Th(Ω) is a geometrically
conforming simplicial triangulation of Ω and let Th(Γi), 1 ≤ i ≤ 6, be the associated
geometrically conforming simplicial triangulations of Γi induced by Th(Ω).

If
πi : q → πi(q) := ni ∧ (q ∧ ni)|Γi

, q ∈ H(curl;Ω)

is the tangential components trace mapping, show that

πi(Nd1(Ω; Th(Ω)) = Nd1(Γi; Th(Γi)) .


