MATH 5520 — Finite Element Methods. January 25, 2011

Assignment 1

1. (Problem 1.4 from the textbook. The Laplace operator in spherical symmetry.)
Introduce spherical coordinates (r, 6, ¢) defined by

x1 = rsinfcos ¢,
Lo = rsinfsin ¢,

T3 = 1rCcosb.

Assume that the function « does not depend on 6 and ¢, i.e. u = u(r). Show that
1d du
Au=——(r?=—].
YT <T d?“)

2. (Problem 1.5 from the textbook. The Laplace operator in cylindrical symmetry.)
Introduce cylindrical coordinates (p, ¢, z) defined by

L1 = PCoOSy,
To = psiny,

Tr3 = Z.

Assume that the function u does not depend on ¢ and z, i.e. u = u(p). Show that
1d du
Au=11 (p) .
pdp \" dp

Q={zcR®: |z| <1},

3. (Problem 1.6 from the textbook.) Let

be the unit open ball. Determine an explicit solution of the boundary value problem

—Au+4cFu=f inQ,
u=g on 09,

assuming spherical symmetry and that ¢, f, g are constants. That is solve

—(r%d () 4 Er?u(r) = r2f  for r € (0,1),
u(l) =g, u(0) finite.

Hint: Set v(r) = ru(r).



