
CMSC 23710/33710
Winter 2017

Scientific Visualization Homework 1
Assigned Jan 3
Due 9:00pm Jan 9

Complete this homework (and all HWs in this class) individually. Identify anyone with whom you discuss approaches
to answering the questions. For this HW you do not need, and must not use, a calculator or software (Matlab, Mathematica,
Python, etc.) to compute the answers; only use a computer to write it up and hand it in. You should answer these questions
in your head, or “by hand”; this is possible with the “knowledge of linear algebra” class prerequisite, as well as knowing
basic calculus and geometry. Some questions also cover math covered in the first week, and in the Foundations of Scientific
Visualization (“FSV”) readings. If doing this assignment takes more than about four hours, or if you need to consult many web
pages or textbooks to learn the material to find the answers, your math background may not be a good fit for this class.

This HW also ensures that you can electronically hand in the work via SVN as described on the SVN for SciVis page
http://people.cs.uchicago.edu/˜glk/class/scivis-2017/svn.html. Commit a single PDF file called hw1.pdf to the hw1 subdi-
rectory of your CNETID-scivis-2017 repository. You may write out work by hand on paper and scan it (gray-scale is fine);
make sure the resulting file is legible, and under 3 MB in size. Questions 1 through 24 are all worth one point, with no partial
credit. We are looking here for the the most concise correct answers, not explanations or derivations. We may deduct points
for overly verbose answers. For two points, after #24 identify your favorite color. Questions 25 and 26 are worth 2 points each
(one for correct answer, one for derivation).

1. Let A, B, and C be invertible matrices. What is (ABC)T , in terms of AT , BT , and CT ?

2. (same A, B, C as previous) What is (ABC)−1, in terms of A−1, B−1, and C−1?

3. Let A =

[
2 1
3 1

]
. What is ATA? (write out the 2× 2 matrix of integers)

4. (same A as previous question) What is AAT ?

5. Let B = R−1

1 0 0
0 3 0
0 0 4

R where R is some invertible 3× 3 matrix. What is B−1?

6. Let u =
[
3 2 1

]T and v =
[
1 −1 −1

]T . What is uT v?

7. (same u and v as previous) What is uvT ?

8. Define an equivalence relation ∼ on points on the 2D Cartesian plane by

(x, y) ∼ (u, v)⇔ x2 + y2 = u2 + v2

In general, what is the geometric shape of the equivalence classes under ∼? (one word answer)

9. Define an equivalence relation ∼ on points on the 2D Cartesian plane by

(x, y) ∼ (u, v)⇔ x/y = u/v

Assuming y 6= 0 and v 6= 0, what is the best single-word description of the shape of the equivalence classes
under ∼? (looking here for basic geometry, overlooking what happens at the origin)

10. The diagram at right indicates relationships between unit-length vectors x̂ and ŷ, vectors
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u and v (parallel to x and y, and respectively), scalar lengths α, β, γ, and angle θ. The
length of v is the entire height of the diagram. u · v = 0. Express θ in terms of α and β.
(Answer should be “θ = ...”)

11. (same set-up as above) Express v in terms of α, γ, and ŷ.

12. (same set-up as above) Express u in terms of α, β, γ, and x̂.

http://people.cs.uchicago.edu/~glk/class/scivis-2017/svn.html


13. The following shows bases B = {b1,b2}, C = {c1, c2} and vectors u, v, drawn to scale on a regular grid.
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The matrix representation of x in basis B, notated [x]B, is the column vector of coordinates
[
x1
x2

]
for which

x = x1b1 + x2b2. What is [b1]B? (we’re looking for a two integers, e.g.
[
3
−1

]
)

14. (same set-up as above) What is [v]B ?

15. (same set-up as above) what is [u+ v]C ?

16. (same set-up as above) What is [u− v]C ?

17. (based on set-up above) Suppose there’s a new basis S = {αb1, βb2}, α 6= 0, β 6= 0; that is, a scaling of the

bi vectors in B. If [x]B =

[
x1
x2

]
, what is [x]S?

18. A function f : R→ R is defined by

f(x) =

{
ax+ b x < 0
(x− 1)2 x ≥ 0

for some a, b ∈ R. Give an example of specific numeric values for a and b that make f discontinuous at 0.
(answer in the form “a = , b = ”)

19. (same f as previous) Give values for a and b so that f is C0 but not C1 continuous.

20. (same f as previous) Give values for a and b so that f is C1 continuous.

21. What is the support of f(x) = max(0, 4− x2)?
22. Suppose the interval [0, 1] is regularly sampled with 10 samples, but the first sample is not at 0.0, and the last

sample is not at 1.0. Was this node-centered or cell-centered sampling?

23. FSV Chapter 4, question 1(a).

24. FSV Chapter 4, question 1(b).

25. Let V [0] = 2, V [1] = 1, V [2] = 3, V [3] = −1, V [4] = 1, and

k(x) =


0 x < −1
x+ 1 −1 ≤ x < 0
1− x 0 ≤ x < 1
0 1 ≤ x

What is (V ~ k)(2.5)? Show your work.

26. Let V [0] = 3, V [1] = 4, V [2] = 5, V [3] = 6, V [4] = 7, and

k(x) =


0 x < −2
x/4 + 1/2 −2 ≤ x < 0
1/2− x/4 0 ≤ x < 2
0 2 ≤ x

What is (V ~ k)(2)? Show your work.


