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Math 155B - Spring 2020 - Final exam - June 8, 2020 - Two hours

1. (Yaw-Pitch-Roll.)

a.-c.: Give the rotation matrices for the following Yaw-Pitch-Roll values:

a. Yaw 90○, pitch 0○, and roll −90○.

b. Yaw 90○, pitch 90○, and roll −90○.

c. Yaw 0○, pitch 90○, and roll 180○.

Which of the above three yaw-pitch-roll values are in a “gimbel lock” configuration?

d. Explain what “gimbel lock” means and why it is undesirable.



2. For parts a. through c., let q be the quaternion q = 1
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+
√
3

2
j.

a. Give values θ and u so that q represents the rotation Rθ,u.

b. What 3 × 3 matrix represents this rotation?

c. The quaternion q∗ also represents a rotation. Give values ϕ and v so that q∗ repre-
sents Rϕ,v.

d. We have i2 = j2 = k2 = −1. Give an example of another quaternion q such that q2 = −1.



3. Suppose u is a unit vector, and let q be the quaternion ⟨cos θ; (sin θ)u⟩, so q represents
the rotation R2θ,u. For parts a.-e., state what each item is equal to. For full credit, express
your answer in the simplest form possible.

a. ∣∣q∣∣ = ?

b. q∗ = ?

c. q−1 = ?

d. Slerp(1, q, 1
3
) = ?

e. Slerp(q,1, 1
3
) = ?

Also answer part f.:

f. Is Slerp(1, q, 1
3
) well defined for all values of θ? If not, for what values of θ is it

well defined? Explain why these values for θ make Slerp(1, q, 1
3
) well-defined, and if

appropriate, why other values make it not well-defined.



4. Several kinds of bounding volumes can be used to enclose objects to help prune inter-
section testing, including bounding spheres, AABB’s, OBB’s and k-DOP’s. Explain what
AABB’s and OBB’s and k-DOP’s are, and their important properties.



5. An ellipse E in R2 is defined by E = {⟨x, y⟩ ∶ x2 +4y2 = 4}. Express this ellipse as a single
degree two B-spline curve by giving the knot vector and the control points for the curve.
(You can get partial credit by instead describing it as a piecewise degree 2 Bézier curve.)



6. (Distributed Ray Tracing) For these questions, it is not necessary to anwer with math-
ematical formulas or complete algorithms, but you should describe the important aspects
that should be implemented.

a. Describe how anti-aliaing is implemented in distributed ray tracing.

b. Describe how depth-of-field is implemented in distributed ray tracing.

c. Describe how to implement both anti-aliasing and depth-of-field at the same time.


