269B, Winter 2005, Vese
HW #7, due on Friday, March 4

[1] Consider the one-way wave equation
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Analyze the stability and the order of accuracy of the following angled

derivative method

0.

Wt = (1—2\)(uf™ —ult]) +uly, n>0,
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with A = Ae:

[2] Consider the system
Up = AUy
{ Vg = AUy
(a) Give a single PDE equivalent with this system.
(b) Apply the Lax-Friedrichs scheme to the system. Is the obtained sys-
tem of finite differences consistent with the system of PDE’s ?
(c) Apply von Neumann stability analysis to the vector scheme, in the

case when A\ = £ = constant, substituting
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in the difference vector equation, where < ZO > is a constant vector both in

space and in time.

[3] Consider the nonlinear equation u;+u, = cos® u, approximated by the
Lax-Wendroff scheme with Ry, f" = f" treating the cos® u term as f(z,t).
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Show that the obtained scheme is first order accurate (use A = 5°).

[4] Computational assignment. Consider the one-way wave equation

()U, du
4= =0, t 2
5 T35 0, t>0, 0<z<2,

u(z,0) = e 10012 gin(20mz),

u(0,t) = u(2,t) =0, t>0.
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Find approximations of the exact solution at ¢ = 1, using Ax = % and

A= 2—; = 2, by three methods: the leapfrog method (C-T, C-S), the Lax-
Wendroff method, and the angled derivative method.

Comment and compare the obtained approximations. You can initialize
the leapfrog scheme at level u} by the exact solution, or by an approximation
obtained using a one-step method.

Give and plot the exact solution at ¢t = 1.



