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1. Exercise sheet

FV/FD-Methods for the solution of pde’s

Discussion: 5.6.17-9.6.17

1) Exercise

a) Show that the Laplace operator A in the polar coordinate system (r, ¢) is of the form

Appyu = o + Upr + 72 Wep -

b) Find a solution of the problem

—Au = f, €,
g, onl =00,

u

with
Q={(z,y) |z =rcosp,y=rsing, 0<r<p, 0<p<7/a,a>1},

f=0and

0 for0<r<pandp =0, p =7/a,
o(r/a—¢) for0 <y <rm/aandr=p

)

g(r, @) = {

by a separation Ansatz with polar coordinates.
2) Exercise
We consider the Poisson equation
-Au = f, €Q=]0,1[x]0,1],
u = 0, onl'=00,

with
f(z,y) = —sin(27z) sin(27y) .
(a) Verity
u(z,y) = —% sin(27z) sin(27y)
8T

as the exact solution of (3).
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(b) Construct a FD-method to solve the problem (3) numerically. Use an equidistant grid
with the uniform grid space h. Realize the method by a Matlab/Octave-program and de-
monstrate the convergence behavior for h = 1/2, 1/4, 1/8, 1/16, 1/32 with a plot of the

error ey, vs. grid space (maybe with double logarithmic scale of the h- and the ej,-axis).

Solve the linear equation system Ajuy, = f5 with the Matlab/Octave backslash-command.



(c) Plot the exact solution and the numerical solution for h = 1/4, 1/16, 1/32.

3) Exercise
Solve the problem (1) with

Q={(z,y) |z =rcosp, y=rsing, 1 <r <2, 0<¢p <27},

and
flrig)=2-r)(1-r)on,

and homogeneous Dirichlet boundary conditions.



