
Applied Mathematics 415 Assignment #3
due date: April 03, 2009

1. Let f(x) be defined on the interval [−π, π] by f(x) = x/π. Extend f
to be defined on the whole real line by declaring f to be 2π periodic,
so that f is a sawtooth wave. Find the Fourier series for f .

2. (a) Find the Fourier series expansion of the function

f(x) =
{

0, −π < x ≤ 0,
x, 0 ≤ x < π,

and sketch a graph of the series obtained.
(b) Use this series to show that

π2

8
= 1 +

1
32

+
1
52

+
1
72

+ · · · .

3. Given the unsorted list {4, 8, 12, 16, 13, 9, 5, 1, 3, 7, 11, 15, 14, 10, 6, 2},
count how many pairwise comparisons you must make to sort the list
with

(a) A bubble sort.
(b) A merge sort.
(c) The top-down divide and conquer sort.

4. Show that a cyclic permutation of the sequence x = {x0, x1, . . . , xN−1}
does not affect the amplitudes of the components of the DFT of x.

5. Consider the sequence x = {x0, . . . , x15}, and let X = Fx be the
DFT of x. Count how many additions and multiplications it takes to
compute this by

(a) Computing the matrix in the normal manner.
(b) By recursively applying the decimation in time FFT algorithm

for radix 2 by noticing that 16 = 24.

6. Download the file input-data from the course website. It consists of
1024 samples of a real function of the form

f(x) =
3∑

k=1

Ak sin(ωkt + φk) + noise .
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Estimate as precisely as you can the numbers Ak, ωk, φk. Note that
there are many ways to solve this problem, but you will probably
want to use a DFT to do it. There are many ways to compute a
DFT on a computer, just use whatever tool you are happiest with.
For example, you can use the freely available Octave, or a proprietary
product such as Maple, Mathematica, Matlab, or even a spreadsheet.
It is straightforward to write your own program to do this in a high
level language such as Python, especially if you are not obsessed with
doing things with the greatest posssible efficiency. As a case in point,
consider the following Python script:

#! /usr/bin/python

from numpy.fft import *
from numpy import conjugate

data = open(’cegtest’,’r’)
list = []

for line in data:
list.append( float(line) )

transform=fft(list)

ceg_powerspectrum=abs(transform*conjugate(transform))/len(list)**2

for k in range(0,len(list)):
print ceg_powerspectrum[k]

It is also very simple in Octave, just a matter of typing:

octave:1> x = load(’input-data’)

octave:2> plot(abs(fft(x)));

7. (Extra for experts) Compute the matrix F 2, where F is the matrix of
the DFT.

8. (Extra for experts) Write a C program that computes a 1024 point
FFT by calling the fftw3 libraries (see, for example http://www.fftw.org
or the debian package lists. Your program should input data from a
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file, call it input-data, write the output to a file output-data, and com-
pile with the gcc compiler.
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