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1. Linear Algebra (10 Points) 

a) Here is a 3D homogeneous point: (2,3,4,2). What Cartesian point does it correspond to? 
(you get Cartesian points by dehomogenizing) (1 point) 

 

 

 

b) This is a 3D translation matrix: ቎

1 0
0 1

0 2
0 3

0 0
0 0

1 4
0 1

቏. Use it to translate the homogeneous point 

(2,2,2,2). What is the Cartesian equivalent of the result? (2 points) 

 

 

 

c) Give the 4x4 matrix for a uniform scale by a factor of 2 followed by a translation by (0,0,3). 
(2 points) 

 

 

 

d) Construct a 2x2 matrix that reflects (mirrors) any 2D point about the x-axis of a cartesian 
2D coordinate system. (3 points) 

 

 

 

e) Is the 2x2 matrix from part d) a rotation matrix? Why or why not? (2 points) 
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3. Coordinate System Transformation (10 Points) 

 

Given a point p with camera space coordinates p = (2, 1, 1). 

In addition, camera space has its origin at )
2

1
,

2

1
,2(  in world space, and the basis vectors 

of camera space have world coordinates  0,1,0 , 
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What are the world space coordinates of p? 
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5. Depth Buffer (10 Points) 
 
a) Describe the depth buffer (z-buffer) algorithm. What is its purpose? Write down pseudo-
code for the depth test. (4 points) 
 
 
 
 
 
 
 
 
 
b) What happens visually on the screen if the resolution of the depth buffer (i.e., the number 
of bits available to store the depth) is insufficient? (2 points) 
 
 
 
 
 
 
 
 
 
c) In the context of the depth buffer, what is the role of the near and far planes? (2 points) 
 
 
 
 
 
 
 
 
 
d) Name an advantage and a disadvantage the z-buffer algorithm has over the Painter’s 
Algorithm. (2 points) 
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6. Shading (10 Points) 

a) Both Gouraud and Phong Shading interpolate along polygon edges to compute intensities. 
But the two shading models interpolate different things.  

1) What does Gouraud Shading interpolate along edges? (1 point) 

 

 

2) What does Phong Shading interpolate along edges? (1 point) 

 

 

b) What is the difference between Phong Shading and the Phong Illumination Model? (2 
points) 

 

 

 

c) What two parameters does a Bidirectional Reflectance Distribution Function (BRDF) take 
in, and what does it calculate? (3 points) 

 

 

 

 

d) Which three components (types of light, not light sources) does the simplified illumination 
model OpenGL uses consist of? (3 points) 
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8. Lights (8 Points) 

a) Name two differences between directional lights and point lights. (2 points) 

 

 

 

 

 

 

 

b) Which two additional parameters do OpenGL spot lights have compared to point lights? (2 
points) 

 

 

 

 

 

 

 

c) How do the three distance attenuation options for point lights in OpenGL differ from one 
another? Why are there three different options? (4 points) 


