
Midterm Exam: Solutions 
CSE 167, Winter  2003 

Date: 2/14/2003 
 
 
Questions:  
 

1. Given the following code, find the current Modelview matr ix as a set of 
matr ix multiplications. (You don’ t have to actually multiply the matr ices) 
 

glMatr ixMode(GL_MODEL_VIEW); 
glLoadIdentity(); 
glTranslatei( 5, 2, 1 ); 
glRotatef( 1.0f, 0.0, 0.0, 1.0f ); 
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2. Suppose a tr iangle in object coordinates is represented by the following three 

points ( each point has the format: (x,y,z)):  
 

P0: ( 1, 5 , 10 ) 
P1: ( 3, 21, 10 ) 
P2: ( 5, -5, 10 ) 
 
Find a combination of transformations that will represent the tr iangle by the 
following points in wor ld coordinates: 
 
P0’  : ( -1, 6, 13 ) 
P1’ : ( 3, 14, 13 ) 
P2’ : ( 7, 1, 13 ) 
 
Wr ite the transformation as a ser ies of matr ix multiplications in the correct 
order . (You don’ t have to actually do the multiplication) 

 
 Recognize that the problem is asking: 
 Find the matr ix such that the following is true 
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Step 1:The last transformation is a z-translation by 3. Remove z-translation 
by subtracting the constant difference between z-values from P0’ ,P1’ ,P2’  
Now the problem is as follows. 
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or  
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Step 2: Graph out the two tr iangles (after  removing translation), note that 
this is now a 2-D problem because both tr iangles are on the same z-plane. 



 
Note, 
1. I t can now be either  rotation or  non-uniform scaling (or  combination). I f 

you recall, I  mentioned (it' s in the lecture notes) that rotation preserves 
angles, so there has to be a non-uniform scaling. I f you didn' t remember 
this, you could still try scaling since that' s easier  than a rotation. 

2. Since the midpoints of these tr iangles (calculate mean over  each 
coordinate) coincide, rotation/scaling has to be around the midpoint.  

3. Calculate midpoint: [3 7 10] 
4. Translate midpoint to or igin.  The points after  this translation will be:  
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P0: ( 2, -2 , 0 ) 
P1: ( 0, 14, 0 ) 
P2: ( 2, -12, 0 ) 
P0'  : ( -4,-1, 0 ) 
P1' : ( 0, 7, 0 ) 
P2' : ( 4, -6, 0 ) 
 
5. Now you should be able to see that the x values are multiplied by 2 and the 
y-values are multiplied by .5. So the final transformation is a non-uniform 
scaling. 
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3. a. Orthogonal projection of PO:(-1,6,13), P1:(3,14,13), P2(7,1,13): 

 
(-1,6,-3), (3,14,-3), (7,1,-3) 
 

b. Perspective projection w/ COP at (1,1,-4) 
Use diagrams below, but need to first translate such that COP is at (0,0,-4), calculate 
projected coordinates, and then translate back. 
Answers:  
(15/17, 22/17,-3) 
(19/17,30/17,-3) 
(23/17,0,-3)

(x, z) 

z

x 

(xp, zp=-3) 

px
z
x

=
1/ Y

z (yp, zp=-3) 

py
z
y

=
1/

(y, z) 



4.  Relevant equation relating control points to tangents at endpoint of Bezier  curve 
are: 
3(P1-P0)=dP/du at u=0 
3(P3-P2)=dP/du at u=1 
 
Solve for each x,y,& z value: 
 
3(P1_x – 5)=1  => P1_x=16/3 
3(P1_y-2) = 2 => P1_y = 8/3 
3(P1_z-3)=5 => P1_z=14/3 
 
3(6-P2_x)=-1 => P2_x = 19/3 
3(-1-P2_y)=1 => P2_y=-4/3 
3(10-P2_z)=0 =>P2_z = 10 
 
5. Suppose you have a Bezier  sur face defined by the following control points  
 

 
Find the control points in the last column which will be the 2nd column of control 
points on  another  Bezier  sur face C1 continuous to the or iginal one. 
 
Answers: For  C1 continuity, each control point has to be along the line joining 
the last two or iginal control points along each row. The distance to the new 
control point is the same as the distance between the last two control points 
along the respective row of the initial sur face. 
 
The control points from top down are: 
(110,0,75) 
(110,-10,90) 
(100,-30,27) 
(90,0,13) 
 

 


