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For the initial value problem

gt + 99z :07 t>O,IE€R,
q(z,0)  =qo(z), z€R.

the numerical flux of Godunov’s method can be written as F = 5 where
Q* = Q*(Qi,Qj) is defined as follows:

If Qz > Q]' then

o=@ G0 (2)
Qj, else.
If Q; < @j then
Qi i Qi >0,
Q" :=19Q;, ifQ;<0, (3)

0, fQi<0<Q;

Assuming a regular grid in the spacial variable. The CFL condition for this equation
imposes that the step size at the time step t"*! must satisfy

A
Atn—H < 733?1 ( 4)
max; |Q7|
In practice one picks
Ax
A =g —— 5
nmaxi QY| (5)

where 0 < 1 < 1 is a safety parameter.

Programming Exercise 1. (Godunov’s method for Burgers’ equation)

Implement a function Burgers_solver(x_1l, x.r, t_end, eta, p) that approximates
the solution to the Burgers equation using Godunov’s method for = € [x.1,x r| and
t € [0,t_end]. Assume periodic boundary conditions. The size of the time step is deter-
mined by (5) on run time. The output of your program should be an animation of the
approximate solution as in problem sheet 4.

Test your program using the following initial data functions:

1, if <0,
ug(x) = exp(—4(z —1)*),  wo(z) = . (6)
0, if x>0,
05 if <0 1, if =<0,
up(z) = {1' ’ %f v ; 0’ w(x) =9 1—z, if 0<z<1, (7)
) 1 x )

0, if x>1.



(6 points)

Programming Exercise 2. Extend the program coded in the problem sheet 4 such
that additionally to Godunov’s method the user is able to choose among the following
Finite Volume schemes:

e Lax-Friedrichs,

o Lax-Wendroff.

In addition, experiment with other types of boundary conditions, e.g, reflexion waves
and inflow boundary conditions. Test out your program to solve the Riemann problem
given by the data:

2 -1 1 3 1 0
A— -1 3 01 o = 1 G = -1
10 1 2|’ 05| ™ 1
3 1 21 -1 1

for x on the interval [—4, 4] and ¢ € [0, 15].
(4 points)



