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1 We consider some basic concepts of computer graphics. 

 
a) What is the difference between flat surface rendering and Gouraud surface rendering?  

b) Give a characteristic property of a convex polygon.  

c) What is a viewport in computer graphics terminology?  

d) Describe the simplest version of the depth-sort or painter’s algorithm. 

 

2 We are given two points A = (Ax , Ay) and B = (Bx , By). We want to draw half 
a circle through these points, at the right side of the line from A to B (see the 
figure). Answer the following questions, use sketches to illustrate your 
answers: 

a) The half circle can be modeled as R(t) = C + U cos(πt) + V sin(πt),   
0≤ t ≤ 1. Give the point C and the vectors U and V.  
 

b) Suppose we use two quadratic Bézier segments P and Q given by 
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to approximate the half circle. The resulting curve must be smooth, and perpendicular to the line 
AB at the start and end. Furthermore, the curve must pass through R(1/2) and must be parallel to 
AB, halfway the curve. Draw a control polygon and give the positions of the control points. 

c) Explain why in question b) two segments were needed to meet the requirements.  
 

d) Suppose we use one cubic Bézier segment to approximate the half circle, where a  segment is 
given by 3
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The requirements are furthermore the same as in question b). Draw a control polygon and give 
the positions of the control points. 

 

See the reverse side for question 3 and 4. 
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3  We consider a surface z = axy+ b, with −1 ≤ x,y ≤ 1,  
    see the figure. Answer the following questions. 
 

a) What values should a and b have such that the minimum value of z is 
0 and that the maximum value of z is equal to h? 
 

b) Give a parametric description of the surface: define the surface as 
P(u,v), 0 ≤ u,v ≤ 1. 

 
c) Given a point on the surface (by coordinates or by parameter values, 

choose yourself), give an expression for a normal vector N on the 
surface for that point.  

 
d) We want to apply texture mapping to this surface. We are given an image with width W and height 

H,     W > H. The image is given as a texture in a unit square 0 ≤ s, t ≤ 1. When using isometric 
projection with camera position (0, 0, 10h), center point (0, 0, 0), and view-up vector (0, 1, 0), we 
want to see the image horizontally and centered on the screen, as large as possible, without 
distortion. Give the texture coordinates s(u,v) and t(u, v) to achieve this. 

 

4  Suppose, a stair has N steps, each step has width w and depth a. The total height is h; for a 
straightforward stair, the total depth is d. See the left figure, where a stair with N = 3 is shown.     
Assume that a function DrawStep(M) is available to draw a step, subject to a homogenous 
transformation M. A step in local coordinates is a block −1 ≤ x, y, z ≤ 1, centered around the origin. 
Points X’ in world coordinates are derived from local coordinates X by X’=MX, where M is a 
homogenous transformation matrix.  

Furthermore, suppose that a standard set of functions to define transformation matrices is available:  
- T(dx, dy,  dz) gives a translation matrix over a vector (dx, dy, dz); 
- S(sx, sy, sz) gives a scaling matrix with scale factors sx , sy, and sz for the axes; and 
- Rk(a) gives a counterclockwise rotation over a radians around axis k (= x, y, or z). 

 

a) Define a matrix Mi to draw step i , i = 1, …, N, for the straightforward stair. 
 

b) Suppose that someone is ascending the stair, and that we want to animate what he sees. Assume 
the person is initially standing on the center of step 1, and that the camera is located at a height 
e above the step, and that finally, the person is standing on the center of step N. Assume that the 
motion of the camera is smooth and follows a linear path. Define the position C(t) of the 
camera, with 0 ≤ t ≤ T. 
 

c) We consider a spiral stair (see the right figure), where the total rotation is a . Define the matrix 
Mi to draw step i , i = 1, …, N, for this spiral stair. 
 

d) We want to make a similar animation as in question b) for the spiral stair. The camera follows a 
smooth, spiral curve. What is the position C(t)? 
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