
MATH 504 — HOMEWORK # 1 Due : Monday, January 30, 2012.

0. Give a brief description of your academic background and research interests. If you work in a
lab or research group, give your supervisor’s name and describe briefly the topic you’re working
on. (1 paragraph is fine)

1. Explain line-by-line what the code does that is posted at

http : //www.math.unm.edu/ ∼ nitsche/courses/162/web/sectan.m

Why is the dot in line 3 needed?

2. (a) Write Taylor expansions for f(x + h), f(x − h) about x. Find a, b, c such that the Taylor
series of af(x + h) + bf(x) + cf(x − h) equals f ′′(x)+ terms involving higher derivatives
only. (You’ll need to solve a linear system for a,b,c.)

(b) Use (a) to derive the formula f ′′(x) =
f(x + h)− 2f(x) + f(x− h)

h2
− h2

12
f (4)(x) + O(h4)

(c) In Matlab, plot the error ∣∣∣∣f ′′(a)− f(a + h)− 2f(a) + f(a− h)
h2

∣∣∣∣
for f(x) = ex, a = 1. Explain each of the different regimes you observe. For what h is the
error smallest?

3. Consider the 2-point BVP, −y′′ + (4x2 + 2)y = 2x(1 + 2x2), y(0) = 1, y(1) = 1 + e. Check that
y(x) = x + exp(x2) is the exact solution. Write a Matlab program to solve the problem using
the 2nd order finite-difference scheme derived in class. Use meshsize h = 1/2p for p = 1, . . . , 12.
For each meshsize: first set up the matrix and right hand side of the linear system Au = b,
then solve the linear system using Matlab’s backslash command. Turn in the program listing.
For the case p = 12, plot the exact solution (y(x) vs x) and the numerical solution (ui vs xi,
including the boundary points). Present a table with the following data (use the format long
command in Matlab). column 1: h; column 2: ||uh− yh||∞; column 3: ||uh− yh||∞/h2; Discuss
and explain the trends in each column.
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