
HCI/CprE/ComS 575: Computational Perception

Homework 1 (part 1)

Out: Thursday Jan 11, 2018

Due: Thursday Jan 25, 2018

For extra credit submit part 1 (only part 1) by Saturday Jan 13 before 4pm.

(submit a scanned copy, or cellphone pictures of your pages, via e-mail to the instructor)

Note: Not all homeworks are created equal :(

These problems are designed to test your background knowledge in linear algebra and math in general.

Please show the intermediary steps of your calculations (not just the final answers).

1. Calculate the following determinants.

(a)

∣∣∣∣∣ 3 5

−2 4

∣∣∣∣∣ (b)

∣∣∣∣∣ α− 6 8

−2 α− 4

∣∣∣∣∣ (c)

∣∣∣∣∣∣∣∣
3 0 0

2 −1 5

1 9 −4

∣∣∣∣∣∣∣∣ (d)

∣∣∣∣∣∣∣∣
−2 7 6

5 1 −2

3 8 4

∣∣∣∣∣∣∣∣
2. Show that the value of the determinant does not depend on θ.

∣∣∣∣∣∣∣∣
sinθ cosθ 0

−cosθ sinθ 0

sinθ − cosθ sinθ + cosθ 1

∣∣∣∣∣∣∣∣
3. Calculate the inverse of the given matrix.

(a)

[
3 1

5 2

]
(b)


2 6 6

2 7 6

2 7 7

 (c)


3 4 −1

1 0 3

2 5 −4

 (d)


0 0 0 k1

0 0 k2 0

0 k3 0 0

k4 0 0 0


4. Solve the following systems of equations.

(a)
4x1 − 3x2 = −3

2x1 − 5x2 = 9
(b)

5x1 + 3x2 + 2x3 = 4

3x1 + 3x2 + 2x3 = 2

x2 + x3 = 5



5. Let u = (1, 2,−2), v = (3, 0, 1), and w = (1, 5, 4). Compute:

(a) u · v (b)‖u‖ (b) v × w (c) u× (v × w) (d) (u× v)× w

6. Find the orthogonal projection of u on a (i.e., find projau = u·a
‖a‖2a)

(a) u = (−1,−2), a = (−2, 3)

(b) u = (1, 0, 0), a = (4, 3, 8)

7. Find the angle θ between the two vectors u and v.

(a) u = (−6,−2), v = (4, 0)

(b) u = (1, 0, 0), v = (1, 1, 0)

8. Find an equation for the plane passing through the given points.

(a) P (1, 2,−1), Q(2, 3, 1), R(3,−1, 2) (b) P (5, 4, 3), Q(4, 3, 1), R(1, 5, 4)

9. Find all values of λ for which the determinant of the matrix is equal to 0.

(a)

∣∣∣∣∣ λ− 3 0

8 λ+ 1

∣∣∣∣∣ (b)

∣∣∣∣∣ λ 3

4 λ

∣∣∣∣∣ (c)

∣∣∣∣∣∣∣∣
λ− 5 0 1

1 λ− 1 0

−7 1 λ

∣∣∣∣∣∣∣∣
10. Find the eigenvalues of the following matrices.

(a)

[
−1 6

0 5

]
(a)


5 6 2

0 −1 −8

1 0 −2

 (b)


3 0 0

−2 7 0

4 8 1


11. Given the vector v = [x, y]T find a rotation matrix R which rotates the vector by 120◦ counter-

clockwise. Give the values for the vector v′ = [x′, y′]T in terms of x and y, where v′ = Rv.

12. Write down the analytical form of the 3D rotation matrices Rx, Ry, and Rz which rotate a

vector about the X, Y , and Z axis, respectively.

13. By example, show that the 3D rotation matrices are not commutative.

14. Give the formula for the probability density function of the normal distribution. Do this for

the 1D and the 2D case.

15. Prove the Pythagorean theorem in two different ways.

16. Give the formulas for the discrete Fourier transform and its inverse. Explain their meaning

with one paragraph for each.



HCI/CprE/ComS 575: Computational Perception

Homework 1 (part 2)

Out: Thursday Jan 11, 2018

Due: Thursday Jan 25, 2018

The Matlab book, which is a required textbook for this class, shows several plot types on pages 170-174 (old

edition of the book) or pages 184-188 (new edition).

Pick one plot type from each page and try to draw something similar, but it should not be the exact same plot

as in the book. For each problem submit your matlab file and an output image. Name your files: myplot1.m, my-

plot2.m, ... , myplot5.m. Similarly, name your output images myoutput1.jpg, myoutput2.jpg, ... , myoutput5.jpg.

(PNG or GIF file format is also acceptable).

Submit a ZIP file with all of your files to the TA.



HCI/CprE/ComS 575: Computational Perception

Homework 1 (part 3)

Out: Thursday Jan 11, 2018

Due: Thursday Jan 25, 2018

Solve 10 of the following 19 problems (see the following pages). You can pick any 10. Your grade will not

depend on your problem selection. Submit a separate matlab file (and any supporting files if needed) for each

problem. Name your files using the problem and page number. For example, your solution file for exercise 3 on

page 84 should be named e3 page84.m

Submit a ZIP file with all of your files to the TA.
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