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Applications of matrix computations Exercise 5 (November 2–5, 2013)

Samuli Siltanen

Note that this exercise has several pages!

1. Geometric illustration of eigenvectors. Run the file circle.m. You should see
something like this:
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Define

B =

[
7/6 −1/3
1/3 1/3

]
.

(a) Determine the eigenvalues and eigenvectors of B using the command eig.

(b) Modify the file circle.m so that the picture shows the image of the unit
disc under the transformation defined by B. Draw the two eigenvectors
to the same image as red and blue lines.

2. Download the image file Fly2.tif and the Matlab routine flyFFT2.m from
the course website.

(a) Modify the file flyFFT2.m so that you can see a piece of the insect’s leg
in the detail picture (Figure 5).

(b) Make the frequency cutoff radius first smaller and then larger as in the
picture below. How do the low-pass and high-pass images change? Why?

Smaller cutoff Original cutoff Larger cutoff



3. Download the image file Fly2.tif and the Matlab routine flyFFT2.m from
the course website. Modify the file flyFFT2.m so that the image is divided into
three components (low-pass, band-pass and high-pass filtered) corresponding
to the frequency-domain filters shown below. How do you interpret the band-
pass filtered image?

Low-pass filter Band-pass filter High-pass filter

4. Study Lp balls in the plane numerically as follows. Let x = [x1, x2]
T ∈ R2 and

recall the definitions

‖x‖pp = (|x1|p + |x2|p), ‖x‖∞ = max{|x1|, |x2|}.

Use the meshgrid command in Matlab to create a fine grid of planar points
in the square defined by −1.1 ≤ x1 ≤ 1.1 and −1.1 ≤ x2 ≤ 1.1.

(a) Draw the usual Euclidean unit circle approximately by plotting as red
dots only those planar points x in the grid whose length ‖x‖2 is close to
1. By “close to 1” we mean, for example, that |‖x‖2 − 1| < 0.02.

(b) Repeat (a) for p = 1.8, 1.6, . . . , 1. Do you see how the “diamond” we
talked about in the lecture appears?

(c) Repeat (a) for p = 2, 4, 8, 16. Furthermore, repeat (a) for the ‖ · ‖∞
norm. What do you observe?

5. Download the Matlab routine compsenstest1.m from the course website.
Download the `1-magic Matlab package from the website
http://users.ece.gatech.edu/∼justin/l1magic/
and install it by extracting the files to your working directory. Check that you
can run compsenstest1.m with no error messages from Matlab.

(a) Run compsenstest1.m with N = 100 and n = 20 for ten times. How
many of the ten runs give the “perfect” result? (By “perfect” we mean,
for example, that the all the components of the reconstruction are closer
to the true values than 0.0001. You should implement a quantitative
error measure like this for detecting “perfection.”)

(b) Run compsenstest1.m with N = 100 and n = 10 for ten times. How
many of the ten runs give the “perfect” result?



6. Create a picture like the one below (taken from [1]) with N = 150.
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