
15-462 Homework 1 – Duck Tales

Due Thursday, September 27, In Class

1. Attack of the Ducks. [10 points] A flock of ducks wants to fly in box formation, but they need an
implicit equation to do so. Find an implicit equation for a box, centered at the origin, with length 2
on each side. (Hint: consider functions like max, min, or abs.)

2. Sitting Ducks. There is a flock of ducks in a fenced area defined by the triangle A = (1, 2, 3),
B = (4, 8, 9), C = (6, 2, 8). The ducks are arranged by color such that the duck with color (255,255,0)
is at A, the duck with color (0,255,0) is at B, and the duck with color (255,255,255) is at C. The
rest of the ducks have arranged themselves to linearly interpolate between these colors. Unfortunately,
there is an ugly duckling at location D = (3, 4, 6) who doesn’t blend in, so we’ll need to spray him
with paint.

(a) [5 points] Show that the ugly duckling is within the fenced area.

(b) [5 points] Determine what color to paint the ugly duckling so that he blends in.

(c) [5 points] For sake of complexity, also calculate the normal of the triangle.

3. Mathematical Duck. [10 points] Donald the duckamatician wants to calculate the parametric equa-
tion of an infinitely long right cylinder with a central axis desribed by a(t) = (1, 1, 1)t + (0, 0, 0) and
with a radius of 2. Help him by giving him two possible parameterizations.

4. Dyslexic Duck. A young duck is trying to learn to fly and his mom tells him how to rotate while
flying. However, he gets the order of rotations wrong and keeps falling out of the air.

(a) [10 points] Help him understand why the order matters by giving two valid 3D rotation matrices,
and showing that rotation composition (i.e. matrix multiplication) is not commutative in general.

(b) [5 points] Rotations in 3D can be represented as a axis passing through the origin and an angle
quantifying how much to rotate about that axis. This is called the axis-angle representation.
With this in mind, under what circumstance do two rotations commute? No proof is required.

5. DuckGL. [20 points] A flock of ducks are trying to render a scene, but they refuse to use OpenGL
(since it is implemented in C and these are fresh-water ducks). Help them do the rendering by hand
by finding the perspective matrix, model matrix, and camera-view matrix for the following scene:

• Camera: Position = (0, 0, 0), Up = (0, 1, 0), LookAt = (3, 0, 0), FOV = 60◦ (both dimensions).

• Model transformation: Translation: = (5, 3, 2), Rotation= (45◦, 20◦, 60◦), Scale = (1, 0.5, 3)

Note: rotate (a, b, c) means rotate a degrees counterclockwise around the x-axis, b degrees counter-
clockwise around y-axis, and c degrees counterclockwise around the z-axis, in that order. Model
transformations should be applies in the order: scale, then rotation, then translation.

6. Marching Ducks. [15 points] The 15462 TAs are using a pinhole video-camera to make a nature
video of some ducks marching into the horizon. Their camera is located at the origin looking towards
location (10, 0, 0) with up vector (0, 1, 0). The image plane is 1 unit in front of the camera. The
ducks are moving along the line d(t) = (0, 0, 5) + (1, 0,−1)t in space. In the resulting video, the line of
ducks appears to converge to a single point on the horizon. Show mathematically why this convergence
occurs, and derive the location of this point on the image plane.
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7. Migrating Ducks. Some ducks are planning to migrate using a flight path desribed by the following
quadratic Bezier curve:

f(t) = (1 − t)2p0 + 2t(1 − t)p1 + t2p2

(a) [5 points] What is the basis matrix for the curve if the parameter vector is [1, t, t2] and control
point vector is [p0, p1, p2]?

(b) [5 points] What are the blend functions for quadratic Bezier curves?

(c) [5 points] Does the curve interpolate any of its control points? If so, which ones? Give evidence
to show that your answer is correct.

2


