Math 269B, Hw #4
Due date: Monday, February 7, 2005

[1] (computational assignment) For x € [—1,3] and ¢ € [0, 2.4], solve the
one-way wave equation
u + uy =0,

with the initial data

2 . 1
_J cosPmx if |z <5
u(0,7) = { 0 otherwise ,

and the boundary data u(t, —1) = 0.

Use the Lax-Friedrichs scheme with A = 0.8 and A = 1.6 and h = 1/10,
h = 1/20, where A = %. At the right boundary use the condition v}t =
Vit where xp = 3.

The Lax-Friedrichs scheme for u; + au, = 0 is

U?—H 1( Uit + u] 1) + a“?%-l — U’?—l = 0.
At 2h

Graph or plot solutions at the last time they were computed. What can
you say about the behavior of the numerical solutions as a function of h or
A7

You should turn in the code in the language of your choice, the plots and
your interpretation of the tests performed.

[2] Show that schemes of the form

n+1l __
u;t = auiy + Bul_y

are stable if |a| 4 |8| < 1. Conclude that the Lax-Friedrichs scheme is stable
if l[aA| < 1.
[3] Show that schemes of the form

n+1 n+1
auily + Puily = uf

are stable if ||a| -5 |‘ > 1. Conclude that the reverse Lax-Friedrichs scheme,

n+1 n n
s (Ui +uit) — +a uit —uit] —0
Ak 2h

is stable if |aA| > 1.



[4] Show that the following scheme is consistent with the equation
Up + ClUyy + aty = f

ntl _ nAl g ntl gy n noo— oy
(% (o n CUj+1 Uy — Ujhq T U n CLUJ_H Uj1 _ fn
At 2Ath 2h J



