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Exercise 1 — Math Basics I — Mar. 31. 2016

Matlab:

• Matlab installation instructions using your ORU-account: https://www.oru.se/globalassets/oru-
sv/student/it/installation-av-matlab-r2015b-studenter.pdf

• Cheat-sheet: http://userpage.chemie.fu-berlin.de/∼naundorf/PCF/MATLAB Reference Sheet-
1.pdf

Exercise report:

Start with a separate cover page including:

• Course name (e.g. Robot Control)

• Exercise number and title (e.g. Exercise 1 – Math Basics I)

• Student name, personal number and email address

• Date when the exercise was performed and date when the report was submitted

The report itself can be very short, e. g. only a figure and/or some brief written explanation
per sub-task. Only include data which is necessary to show that the lab was successful and try
to answer the posed questions succinctly. Submit both, the report and your generated Matlab
files, via email until the deadline on Apr. 5. 2016 (before the next exercise session). Grading
will be based on the points indicated after each question. A total of 22 points (excluding bonus
points as indicated) can be achieved.

Main points covered:

• Matrix manipulation

• Projections

• Eigenvectors and eigenvalues

• Linear equations

• Taylor Polynomial Approximation

Part of the material below was adapted from: Dimitar Dimitrov, Manipulation and Control,
2011: http://www.aass.oru.se/Research/Learning/drdv dir/course mc 2011.html.

1 Matrix Manipulation

Define an arbitrary matrix A ∈ R4×4. Find another matrix M (different for each of the
sub-tasks below), so that AM (or possibly MA) lead to:

1. Column 1 of A is doubled [0.5 pts]

2. Row 2 of A is halved [0.5 pts]

3. Columns 2 and 4 of A are interchanged [0.5 pts]
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4. Rows 2 and 3 of A are interchanged [0.5 pts]

5. Overwrite column 1 of A with column 4 [0.5 pts]

6. Reduce the columns of A by one (remove column 2) [0.5 pts]

2 Projection

A symmetric matrix P is called a projection matrix if PP = P (see Dimitar Dimitrov, Ma-
nipulation and Control, Handout 3: http://www.aass.oru.se/Research/mro/drdv dir/mc2011/

Lecture 3.pdf from the 2nd lecture’s reading list).

1. What is the interpretation of I − P ? [2 pts]

2. Draw a plane (in Matlab) passing through the origin with normal A =
[
1 2 3

]T
(you

can use the function “plotPlane” provided on the course website). Project x =
[
9 9 6

]T
on the plane. Visualize both x and its projection. [2 pts]

3. Project x from above on the line perpendicular to the plane. [2 pts]

3 Eigenvalues and Eigenvectors

Review the section on eigenvalues and eigenvectors in: Dimitar Dimitrov, Manipulation and
Control, Handout 3: http://www.aass.oru.se/Research/mro/drdv dir/mc2011/Lecture 3.pdf.

1. Without using a computer find the eigenvalues and eigenvectors of the matrix

A =

[
2 1
2 3

]
.

Verify your result by using the properties [2 pts]∑
i

λi = tr(A);
∏
i

λi = det(A).

2. Generate m points on a circle and store them in S ∈ R2m. Multiply each point by a 2×2
symmetric and positive definite matrix A. Step-wise plot the multiplication result as well
as the corresponding element from S. Afterwards, plot the eigenvectors of A. Analyze
the action of A on S with respect to the eigenvector directions. [2 pts]

4 Linear Equations

1. Let Ax = y 1 2
3 4
5 6

[x1
x2

]
=

−1.3
0.9
3.1

 .
Is the vector y in the column space of A and, if yes, find the solution. Is the solution
unique? [2 pts]
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2. Bonus question: Let Ax = y

[
1 2 3 4
5 6 7 8

]
x1
x2
x3
x4

 =

[
1
2

]
.

Find an orthonormal basis for R(A) and N (A). Find the least-norm solution xln. (see
Dimitar Dimitrov, Manipulation and Control, Handout 4: http://www.aass.oru.se/Research/
Learning/drdv dir/mc2010/Lecture 4 plus review.pdf ) [2 bonus pts]

5 Taylor Polynomial Approximation

Recall that a real scalar function f(x) can be represented at point u by the Taylor series

∞∑
n=0

f (n)(u)

n!
(x− u)n.

(for n = 0 the above expression reduces to f(u))

1. Successively approximate the function f(x) = ex at u = 0 with the polynomials formed
by the initial n = 1, . . . , 5 terms of the series and plot the results. [2 pts]

2. Correspondingly (as discussed, e. g., in: Nathan Ratliff, Mathematics for Intelligent Sys-
tems, Multivariate Calculus I: Derivatives and local geometry http://www.nathanratliff.com

/pedagogy/mathematics-for-intelligent-systems from the 2nd lecture’s reading list), the
first-order Taylor approximation of a multivariate scalar function around a point u is
given by

f(x) ≈ f(u) +∇f(u)T (x− u).

Form the first-order Taylor approximation of f(x) = 2x21 + 3x22 at u =
[
−1/4 −1/4

]T
at

plot both, the original function and the approximation (you can use Matlab’s “meshgrid”
function for plotting). [2 pts]
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