
CM2208: Scientific Computing
Laboratory Worksheet (Week 5)

Prof. D. Marshall

Aims and Objectives

After working through this worksheet you should be familiar with:

• The basic operation of the Fourier Transform in MATLAB.

• How to display and visualise frequency space in MATLAB

• The importance and use of fftshift() to visualise and process
Fourier transformed data.

None of the work here is part of the assessed coursework for this
module.
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MATLAB Fourier Transform

For all the following exercises, please download MATLAB demo code
from: http://users.cs.cf.ac.uk/Dave.Marshall/CM2208//MATLAB/Fourier Transform.zip
and unzip it to your local directory. MATLAB functions that are used will
be given in the questions.

1. Using MATLAB’s Symbolic Toolbox fourier() function — see help/doc
fourier evaluate the Fourier transform of the following functions:

(a) f(x) = xe−|x|

(b) f(x) = e−x
2

2. Create a sawtooth wave of frequency 440Hz and of 1/4 second dura-
tion at sample rate 11.025KHz sample rate and store it in a MATLAB
array, perform the Fourier transform on the array. Plot the a graph
of the Fourier magnitude spectrum. Label the x-axis with suitable fre-
quencies. Check you have the peak of the plot labelled correctly. Plot
a spectrogram of the array.

3. Create a square wave of frequency 440Hz and of 1/4 second dura-
tion at sample rate 11.025KHz sample rate and store it in a MATLAB
array, perform the Fourier transform on the array. Plot the a graph
of the Fourier magnitude spectrum. Label the x-axis with suitable fre-
quencies. Check you have the peak of the plot labelled correctly. Plot
a spectrogram of the array.

4. Using the Daphex.m and im2sound.m code as an example, use any
photograph of your choice and embed it in a spectrogram. Experi-
ment with im2sound’s parameters to note the different spectrogram
and also output audio. Note: please email any suitable good exam-
ples to me — include the original image and the parameters used for
im2sound, or any modified code used to create this result.
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5. fftshift():

• Look up MATLAB help fftshift and also see doc fftshift.

The use of this function is probably one the most confusing as-
pects of understanding Fourier theory and its implementation
in MATLAB (in fact this type of representation arises in almost
all other FFT implementations also).

– Most computations of FFT represent the frequency from 0
– N − 1 samples with corresponding frequencies ordered
accordingly.

– Therefore the 0 frequency is not really the centre. We fre-
quently like to visualise the FFT as the centre of the spec-
trum.

– fftshift() rearranges the outputs of fft, fft2, and fftn
by moving the zero-frequency component to the centre of
the array.
This is possible due the invariant shift property of the Fourier
Transform — See lecture notes also more details here:
http://en.wikipedia.org/wiki/Discrete Fourier transform#The shift theorem.

– Note: in practice for filtering and other similar processing
it is does not matter which method of FFT ordering you use
so long as you can compute the frequency ‘coordinates’ cor-
rectly for each method.
It is often easier to visualise centred FFT.

• What is the difference between fftshift and ifftshift for
input sequences of odd-length? Hint: look at the example code
in doc fftshift

6. Create a cosine wave of frequency 440Hz and of 1/4 second dura-
tion at sample rate 11.025KHz sample rate and store it in a MATLAB
array, perform the Fourier transform on the array.

(a) Plot the a graph of the Fourier magnitude spectrum. Label the x-
axis with suitable frequencies. Check you have the peak of the
plot labelled correctly.
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(b) Plot a spectrogram of the array. (Hint: to force efficient fast Fourier
transform computation round the array size to a power of two
before you call the MATLAB fft() function — always try to
do this)

(c) Change the phase (rotate in Fourier Space) of Fourier transform
by 90◦ anticlockwise (Hint: think Phasors) and compute the in-
verse Fourier Transform and plot the result (Real component
only). What should this wave form be?

7. Create a white square on a black background image (Hint: use ones()
and zeros() computer the FFT of this image. Display the magni-
tude spectrum of the image with and without fftshift() applied.
Note the differences in display.

8. Load in an Image into MATLAB, compute its FFT. Display the mag-
nitude spectrum of the image with and without fftshift() ap-
plied. Note the differences in display.

Fourier Theory — Maths Examples

Note/Hint: See past exam paper questions. These sort of proofs are popular.

1. Prove the 2D rotation property of the Fourier Transform which states:

• if we rotate the real space data, its Fourier transform is rotated
by the same angle, or more exactly

If f(x, y) is a function with Fourier transform F (u, v), on express-
ing these functions in terms of polar coordinates r, θ, ρ, φ where x =
r cos θ, y = r sin θ, u = ρ cosφ, v = ρ sinφ so that f(x, y) and F (u, v)
become f(r, θ) andF (ρ, φ) respectively, the Fourier transform of f(r, θ+
ω) where ω is a constant is given by F (ρ, φ+ ω).

2. Prove the Fourier Transform Shift Operator Theorem which states:

If f(x) is a function with Fourier transform F (u), then the Fourier trans-
form of f(x− x0) is given by e−2πix0uF (u).
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Further Practice

1. Using MATLAB’s Symbolic Toolbox fourier() function — see help/doc
fourier evaluate the Fourier transform of the following functions:

(a) f(x) = ax2, where a is a constant.

(b) f(x) = nx, for some integer, n.

2. Using MATLAB’s Symbolic Toolbox ifourier() function — see
help/doc ifourier evaluate the inverse Fourier transform of the
following functions:

(a) F (u) = e
−u2

2 ,

(b) F (u) = e−|u|

3. Load an audio sample of data into a MATLAB array. Perform the
Fourier transform on the array. Plot the a graph of the Fourier mag-
nitude spectrum. Label the x-axis with suitable frequencies. Check
you have the peak of the plot labelled correctly. Plot a spectrogram of
the array.
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