
MATH 3511 – Numerical Analysis 2 Due April 12, 2012

Assignment 9

1. (20 points) For the problem
u′(t) = −au(t), a > 0, u(0) = 1,

the Crank-Nicolson scheme at is defined by

Un+1 − Un

∆t
= −aU

n+1 + Un

2
, n = 0, 1, 2, ...

U0 = 1.

Show that the Crank-Nicolson scheme is locally of third order i.e.

u(tn)− Un = O(∆t)3,

where tn = n∆t.

2. (10 points) Write a Matlab function that approximates the solution to the problem

u′(t) = −au(t), a > 0, u(0) = 1,

at time t = 0.1 with Crank-Nicolson scheme using M points, i.e. ∆t = 0.1
M . Your function should take

a and M as inputs, and output the solution vector {Ui}Mi=0.

3. (20 points) Solve the problem

∂u

∂t
− ∂2u

∂x2
= 0, 0 < x < 1, t > 0

u(0, t) = u(1, t) = 0, t > 0,
u(x, 0) = sin (πx).

by using Crank-Nicolson scheme. Use T = 0.1, N = 100, M = 10 (i.e. ∆x = ∆t = 1/100). Compare
your result to the exact solution u(x, t) = e−π

2t sin (πx) at the final time T at node points by using
infinity vector norm. Plot the approximate solution at the final time T .


