
Homework #4, Due Thursday, March 2

Exercise 5: Matrix Assembly
Draw a proper triangulation containing at least 10 triangles and at least 2 vertices not on the

boundary. Number the triangles and the vertices (put the numbers on your triangulation).
Construct the array T such that T(1,K), T(2,K), T(3,K) are the numbers of the vertices of triangle

K. Remember these are in counterclockwise order.
Setup: Assume we have computed on each triangle K the nine values corresponding to the non-zero

values of a(ψi, ψj) on the triangle for the various combinations of the basis functions. Call the values
M(K, i, j) where K is the triangle number, and i and j are now the local numbers of the vertices
corresponding to a reference element. This means, 1 ≤ i, j ≤ 3 and i and j correspond to the basis
functions associated with vertices T(i,K) and T(j,K), respectively.

Here’s the work: Pick one of the interior vertices (one not on the boundary), let it be vertex m.
Assume we are assembling the matrix A for our problem. Express A(m,m) in terms of the values
M(K, i, j) to contribute to it.

Exercise 6: Reference Element Calculations
Let T̂ be the reference triangle with vertices ẑ1 = (0, 0), ẑ2 = (1, 0) and ẑ3 = (0, 1). Let T be

another triangle with vertices z1 = (0.2, 0.3), z2 = (0.1, 0.4) and z3 = (0.0, 0.2).
The basis function on T̂ associated with ẑ1 is ψ̂(x̂, ŷ) = 1− x̂− ŷ. Construct the basis function on T

associated with z1 by constructing the map φT from T̂ to T and forming the composition ψ = ψ̂ ◦ φ−1

T .
Compute ∇ψ = D−T∇ψ̂.

Repeat the construction of ψ, but this time assume ψ(x, y) = a + bx + cy and use the conditions
that ψ(z1) = 1 and ψ(z2) = ψ(z3) = 0 to determine a, b and c. Compute ∇ψ.

Compare your results.
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