
Numerical Methods in Electrical Engineering SS 2012
Tutorial 8 Wednesday, 16 May, S2 346, 10.15

Programming in C++:
Let the vertices and edges of the reference tet be numbered according to the figure below.
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Recall the barycentric coordinates λα for α = 0, ..., 3, where

λ0(ξ) = 1− ξ1 − ξ2 − ξ3,
λi(ξ) = ξi, i = 1, ..., 3.

Recall the Nédélec shape functions ϕαβ = λα∇λβ − λβ∇λα with

curlϕαβ = 2 (∇λα ×∇λβ).

To model small vectors from Rn and matrices from Rn×m with m,n ∈ {2, 3}, it is rec-
ommended to use vec.hh and mat.hh (downloadable from the website, together with a
demo matvecdemo.cc).

22 23 Complete and implement the following class modelling the affine linear transforma-

tion from the reference tet T̂ to the physical tet T (given by the coordinates of the
four vertices).

class ElTrans{

public:

ElTrans(const Vec<3>& p0, const Vec<3>& p1,

const Vec<3>& p2, const Vec<3>& p3);

void transform (const Vec<3>& xi, Vec<3>& x);

void getJacobian(Mat<3, 3>& F);

void getInvJacobian(Mat<3, 3>& Finv);

double getJacobiDet();

...

};

The method transform should transform reference coordinates xi= ξ to real co-
ordinates x= x0 + F ξ. The method getJacobian should return the Jacobi matrix
F of the transformation, getInvJacobian should return the inverse Jacobi matrix
F−1 and getJacobiDet should return the Jacobi determinant.
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24 Complete and implement the following class modelling the Nédélec element:

class NedelecTet{

public:

NedelecTet(const Vec<4, int>& vnums);

void calcShape (int e, const Vec<3>& xi, Vec<3>& shape);

void calcCurlShape (int e, const Vec<3>& xi, Vec<3>& curlShape);

...

};

Here, vnums contains the global indices of the vertices. The edges should be ori-
ented with respect to vnums. The numbering of the edges (and the corresponding
shape functions) is according to the figure above. In calcShape, shape=ϕe(ξ). In
calcCurlShape, curlShape=curl (ϕe(ξ)).
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