
CSCE 4813 - Computer Graphics  
Midterm Exam – Spring 2011 

 
Instructions:    
 
This is closed book exam.  One 8.5 x 11 page of notes are allowed.  Calculators can be used for 
numerical calculations only (not as electronic notebooks).  Please write your answers neatly in 
the spaces provided.  Raise your hand if you have any questions. 
 
Student Name: ____________________ 
 
 
1) Geometric Objects (30 points) 
 
Assume that you are given three arrays that contain the (x,y,z) coordinates for N rectangles that 
make up a geometric model of an object.  Locations 0,1,2,3 contain the first rectangle; locations 
4,5,6,7 contain the second rectangle, etc.   
 

a) Assume that you are given an OpenGL skeleton program.  What code would you need to 
add to the display function to draw this geometric object? 
 

b) The geometric model described above has hard coded (x,y,z) coordinates.   Describe how 
you would find the center of the object.   How can you use this information to draw the 
object so it is now centered at position (cx, cy, cz)? 
 

c) Assume that each rectangle in the model is planar.  How can you calculate the surface 
normal for each of the N rectangles?  Use diagrams and formulas to explain the process. 

 
 
2) Geometric Transformations (40 points) 
 
We have discussed rotation, translation and scaling transformations in class.  For this question, 
we will be using the following notation:  
R(theta, axis) denotes a rotation by theta degrees around the specified axis (x,y,z). 
T(dx, dy, dz) denotes a translation by (dx, dy, dz) units. 
S(sx, sy, sz) denotes a scaling by (sx, sy, sz) units. 
Assume that your geometric object is 2-by-2 square centered at the origin with a happy face in 
the middle of it.   
 

a) Draw a diagram to show what your object would look like after S(2,2,2) followed by 
T(3,0,0).  Will you get the same result if you reverse the order of these operations?  Do 
you think this is true for all possible S, T parameter values? 
 



b) Draw diagram to show what your object will look like if you perform R(90, z) followed 
by S(3,3,3).   Will you get the same result if you reverse the order of these operations?  
Do you think this is true for all possible R, S parameter values? 

c) Draw diagram to show what your object will look like if you perform T(0,1,0) followed 
by R(-90, z). Will you get the same result if you reverse the order of these operations?  
Do you think this is true for all possible T, R parameter values? 
 

d) Sometimes we want to rotate an object about an arbitrary point (cx,cy,cz) to get different 
visual effects.  Describe the sequence of operations needed accomplish this task.  Use 
diagrams and equations to show how this process works.   

 
 
3) Computer Viewing (30 points) 
 
The goal of perspective projection is to transform three-dimensional object coordinates (x,y,z) 
into two-dimensional coordinates (xp, yp) onto the projection plane z=d.  If we assume that the 
center of projection is at (0,0,0) then the projection formulas are: xp = x * d / z, yp = y * d / z. 
 

a) Draw a side view diagram that illustrates the projection formulas above, showing how 
several 3D points on a tree will be projected onto the z=d plane.    
 

b) Describe/illustrate what happens to the projected image if you translate the tree along the 
z-axis.  Can you explain these results in terms of the projection formula? 

 
c) Describe/illustrate what happens to the projected image if you scale the tree uniformly in 

all three dimensions.  Can you explain these results in terms of the projection formula? 
 
 


