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       Name __________________

CS445 Final Exam

Fall  2004
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	11.                 (max = 15)

	6.                   (max =  6)
	12.                 (max = 10)

	Final Score _____________(max=138)


1.  (5 pts each, 20 pts total) 2D Transforms in homogeneous coordinates: Write down the 3x3 matrix transform (or sequence of matrix transforms) needed to perform each of the following transformations. If more than one matrix is needed, make sure the order of multiplication is clear. You do not need to multiply the matrices out. You also do not need to numerically evaluate any trig functions. 

a. Translate to the point (-3,15). Is there an inverse? If so, what is it?  






b. Project onto the x-axis. Is there an inverse? If so, what is it?  







c. Reflect through the point (3,4). Is there an inverse? If so, what is it?  






d. Scale by 7 along the direction of 30 degrees. 
2. (8 pts) Suppose you are given the following 2D transformation matrix in homogeneous coordinates and you need to figure out the types of transformations it represents (i.e. some combination of scaling, rotations, translations, reflections, etc).  Use whatever tools you can to determine the composition of transformations making up this matrix. 
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3. (13 pts total) Geometry:
a. (2 pts) What is the dot product of two unit vectors that point in opposite directions?  
Ans = _________

b. (2 pts) What is the dot product of two unit vectors that are perpendicular?   
Ans = _________

c. (2 pts) What is the cross product:  (1,0,0) x (1,0,0) = _________


d. (2 pts) What is the cross product:  (0,1,0) x (1,0,0) = _________


e. (5 pts) Given the points P0, P1, and P2, how do you find the unit normal to the plane that is defined by these points.  Include a picture.


4. (6 pts) Describe what the convolution filter 
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would do to an image. For example, what would the resulting image look like if the convolution were applied to an image that is all white? What about an image that has vertical stripes, horizontal stripes, or a checkerboard pattern? 



















5. (5 pts each, 10 pts total) Phong Reflection Model:  Describe in words, pictures, and equations:

a. Specular light












b. Diffuse light

6. (6 pts) Rendering techniques: Compare and contrast the ray tracing, radiosity, and scan-line rendering? What are the pros and cons of each?














7. (15 pts total) Ray Tracing:

a. (10 pts) Give pseudocode for a simple ray-tracer without shadows, reflection or refraction.


















b. (5 pts) Describe (words and pictures) how shadows are implemented.

8. (5 pts) What is bump mapping vs displacement mapping and what is the advantage/disadvantage of using one over the other?


















9. (10 pts) What is the mathematical equation for a quadratic Bezier curve? Include both the formula for C(t) and the equations for the basis functions.   If the CVs are (0,2,0), (1,0,0), and (3,1,0), what is the value of the curve at t=0.2?  





10.  (20 pts total) Curves:

a. (5 pts) What is the difference between interpolation and approximation? 














b. (2 pts each, 6 pts total) Which (interpolation or approximation) is used by 

i. Bezier curves


ii. Catmull-Rom curves


iii. B-splines?



c. (3 pts each, 9 pts total) For Bezier curves, the user must specify control vertices (CVs). For each of the following, describe the types of inputs that the user must specify

i. Catmull-Rom curves





ii. B-splines





iii. NURBS

11. (5 pts each, 15 pts total) Physically Based Modeling:

a. How many degrees of freedom does a point particle have? What are they?












b. What is the Euler formula for solving 
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x(t + (t) =









c. Assuming there is only the force of gravity acting, what is the update equation for a point particle.

12. (5 pts each, 10 pts total) 2D Texture Mapping: Assume you have a 2D texture with texture coordinates 
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a. How do you place this texture on a rectangle sitting in the xy plane (see picture below).  You want the texture to exactly cover the plane (there will be some distortion of the texture). That is, given a point p=(x,y,z) in world space on the rectangle, what are the functions g and f that relate the point p to the 2D texture coordinates (s,t)?

     [image: image6.png]





s = f(x,y,z) = 


t = g(x,y,z) = 



b. Suppose you want to wrap the same texture around a cylinder so that it exactly fits. Assume the cylinder is aligned with the y-axis, has its base at y=0, height y=h and radius r.  (This is similar to what you had to do in the lab in order to place a texture on your revolve object).
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s = f(x,y,z) = 




t = g(x,y,z) = 
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