
CS 455, Section 1 Exam 1 Winter 2004 NAME: 1

Instructor: Dr. Thomas W. Sederberg, 3318 TMCB
4–6 March 2004
Closed book, no time limit.
Calculator allowed.
Give complete answers and show all work!

1. (5 points) Normalize the vector (−2, 1, 2).

2. (5 points) What is the cosine of the angle between the vectors (6, 2, 3) and (1, 2, 2)?

3. (10 points) The operation of rotating by an angle of 90◦ about an axis that has a direction
vector of (0, .6, .8) and that passes through the point (4, 3, 0) can be performed using a single
4× 4 matrix that is a concatenation of five elementary 4× 4 matrices: M1M2M3M4M5. De-
scribe precisely in words what those five matrices do (such as “translate by (1,2,3)” or “rotate
90◦ about the x-axis. You do not need to show the contents of the matrices. The order in
which the concatenation occurs is M1M2M3M4M5.

M1:

M2:

M3:

M4:

M5 :

4. (5 points) How long is the projection of the vector (1,1,6) onto the vector (-4,7,4)?

5. (5 points) What is the normal vector for a sphere at the point (9, 6, 4), if the sphere has a
radius of 9, and a center at (1, 2, 3)?
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6. A coordinate system (u,v,w) has an origin at (4,5,5), the u-axis has a direction vector of
(1,4,8)/9, the v axis has a direction vector of (4,7,-4)/9, and the w-axis has a direction vector
of (-8.4.-1)/9.
a. (5 points) What are the (u,v,w) coordinates of a point whose (x,y,z) coordinates are
(13,14,23)?

b. (5 points) Write down the 4 × 4 matrix M that transforms a point (x, y, z) into a point
(u, v, w). That is, find M such that
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7. (5 points) Recall that a window is a rectangle that encloses the objects you want to view. It
can be defined in terms of the center of the window (Wcx, Wcy) and its width and height
(Wx, Wy). A viewport is a rectangle in pixel coordinates that indicates where you want the
objects inside the window to be drawn. It, too, is specified in terms of a center (Vcy, Vcy) and
width and height (Vx, Vy). A window-to-viewport mapping is a linear transformation that
transforms each corner of the window to its corresponding corner of the viewport. Find the
3X3 matrix that specifies the window-to-viewport mapping for the window Wcx=4, Wcy=3,
Wx=5, Wy=5 and the viewport Vcx=350, Vcy=400, Vx=250, Vy=250.



CS 455, Section 1 Exam 1 Winter 2004 NAME: 3

8. (6 points) A point light source is located at (10, 20, 20). A flat mirror has a normal vector
(.6, 0, .8) and the point P = (10, 14, 12) lies on the mirror. What is the direction at which the
light reflects off of the mirror at point P?

9. (6 points) What is the unit normal vector for the triangle with vertices (1,2,3), (3,2,1) and
(2,3,-1)?

10. (6 points) What is the 3× 3 transformation matrix for performing a 2D rotation of 90◦ about
the point (3, 3)?
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11. (8 points) What are the Cartesian coordinates at which the ray (16, 4, 3)+(−3, 0, 1)t intersects
the sphere of radius 9, centered at the origin?

12. (10 points) In Figure 1, if E = (4, 14, 7), A = (1, 2, 3), and Up = (0, 1, 0), find the unit vectors
u, v, and w.
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Figure 1: Eye coordinate system
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13. (10 points) A triangle is being rasterized. Its three vertices are located in the center of pixels
(300, 300), (100, 100), and (400, 200). The z-coordinates of those vertices, for the purpose of
z-buffering, are 15, 25, and 40 respectively. What is the z coordinate of the pixel (300, 200)?

14. (9 points)
Recall these equations for a simplified Phong lighting model.

r′ = car + (1− car)cs

g′ = cag + (1− cag)cs

b′ = cab + (1− cab)cs

where
R = 2(L ·N)N − L

ca = a + (1− a)L ·N

cs = (R · V )n

In this figure, N is the surface normal, L is the unit vector to the light, R is the reflection of
L, and V is the unit vector from the point to the camera.
a. What does the quantity a represent?

b. What does cs represent?

c. If n is increased, does the surface look more shiney or less shiney?


