MVE515: Computational Mathematics (2018/2019) — Bonus Point Problem Set 4

Problem set 4.

Problem 4.1. Let X = (z,y,2) and F = |X|?X. Show that divF = 5/X|? and then use the
Divergence theorem to evaluate the surface integral f f ¢ F -dS, where S is the sphere with radius
R and center the origin.

Hint: Find divF either component wise or use div(¢G) = V¢ - G + ¢ divG.

Note: If you cannot prove divF = 5|X|?, you can use it to evaluate [[;F -dS.

Problem 4.2. Write the weak formulation for the BVP in 3D, on the solid region 2 enclosed in
the cylinder 22 4+ y? = 1 and the planes z = 0 and z = 1.

—V-(emyZVu)zx—l—Qy—i—?»z in

u=5 onl; (2=0)
e"Vu-n=2 only (z2=1)
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Problem 4.3. (a) Write the finite element basis functions ¢, ¢2, ¢3 for a triangulation that
consists of a single triangle T'= Q with nodes P, = (1,0), P, = (2,0), P; = (2,1).

(b) Compute the elements of the stiffness matrix

A5 = Qj5 = // qu&z . VQZSJ dA+ /Cbzqu ds.
r
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(c¢) Compute the elements of the mass matrix

mij = mj; = // Pip; dA.
o



