


Note: In the following questions vectors are written as (x,y,z) triples where x,y and z are the length of the three orthogonal unit vectors i, j and k respectively.
Approved calculators only may be used. This document includes many past paper questions.  The test itself will be 1.5 hours long and consist of six questions.  All questions must be answered.


Vectors and Matrix Transformations (Linear algebra)  past paper questions:

1)    	Find the dot product of the two vectors (6,8,0) and (12,9,0) and hence  calculate the angle between the two vectors.
									[8 Marks]
2)	Explain how the dot product of two vectors might be used to test whether a polygon face is oriented towards the camera.
										[4 Marks]


3)	 Describe what is meant by the terms “left handed co-ordinate system” and “right handed co-ordinate system” when used in the context of computer graphics.
										[4 Marks]
4)       Find the vector cross product of the two vectors a=(6,8,0) and b=(6,0,5).  What does this vector represent?
												[6 Marks]

5a)	In the polygon shown below the co-ordinates represent the position of each vertex of the polygon.  Represent two edges (sides of the polygon) as vectors and hence use the cross product of these two vectors to find a vector perpendicular to the face of the polygon.  Using the right hand rule, indicate the direction of this perpendicular vector relative the page on which the polygon is drawn.  
(1,2,5)					 [9 Marks]

			(1,1,4)                                 (5,2,1)
5b) 	Calculate the length of this vector and hence determine the normalised vector.
									[8 Marks]

5c)	What does the length of the un-normalised vector represent?													[2 Marks]
5d)    Give one use of this normal in a computer graphics context.
[2 Marks]

6a)      A line passes through two points, P0=(2,3,4) and P1=(1,7,10). Represent this line in parametric form with parameter t, the point P0 and a vector, v. Calculate and write down the x,y and z components of the vector v.
									[4 Marks]

6b)      Calculate the x,y and z co-ordinates of a point on the line when the parameter  t =0.1.

									[6 Marks]

7)  The  rotation transformation about the z axis for a right handed co-ordinate system is given by the equations:
            x’ = xcosA –ysinA
[bookmark: _GoBack]y’ = xsinA +ycosA
	z’ = z
where x’,y’ and z’, are the new, rotated co-ordinates; x,y and z are the original starting co-ordinates and A is the angle of rotation (+ve in the counterclockwise direction).  
Assuming we represent our vectors as column vectors, rewrite the rotation equations above in matrix form.
8a)     The  rotation transformation about the y axis for a right handed co-ordinate system is given by the equations:
            z’ = zcosA –xsinA
	x’ = z sinA +xcosA
	y’ = y

Assuming we represent a point as a column matrix, rewrite the rotation equations above in matrix form.
										[3 Marks]
    
b)  	Assuming x=1, y = 4 and z = 1.73205, determine x’, y’ and z’ for the above transformation when the angle A = 60 degrees.
										[4 Marks]

		 
9a)	Using homogenous co-ordinates, the translation of a point (x,y,z,w) is given by 
the following equations:
	x’ =x + Tx
	y’ = y + Ty
	z’ = z + Tz
	w’ = 1

Assuming we represent a point as a column matrix, represent this translation, T, as a four by four matrix.
										[4 Marks]


10b) 	Assuming a point, P = [2,5,3,1]T   calculate T.P where T is the translation matrix you developed in part a of this question with Tx= -3, Ty = -1 and Tz =3.
[ 3 Marks]

11) 	If A =  		 2  0  2				and B =       2  -4   7
			 0  2  1					      4   5 -4
			3  0   4					      10 3 -5


Find 	i)   	A+ B								[2 Marks]
iii) 	A.B								[3 Marks]
iv) The determinant, the adjoint and hence the inverse of B
 (clearly show each step your method).			 [8 Marks]


 Games Engine Past Paper Questions
1)	Provide an outline of the functions required of a games physics engine.  
12 Marks
2  a) 	List 3 methods of numerical integration. 
3 Marks
    b)     Describe one of these methods in detail, including an algorithm detailing the method. 
										7 Marks
    c)      Discuss the accuracy and operating time of your chosen method, and compare it with the others you listed in part a) of this question. 
									7 Marks
3a)  	A games physics engine can be broken down into several distinct sections. Provide a brief overview of each section indicating the purpose of each. 
										6 Marks
3b)	Indicate how the efficiency and accuracy of a collision detection system might be improved and provide a brief evaluation of your suggested method(s).

									6 Marks

4a) 	Provide a description of Euler’s method of numerical integration and discuss the accuracy and running time of the method.  Identify one other method and compare and contrast your selected method with Euler’s method. 

									7 Marks
5  a)       What do you understand by the term “bounding volume” when used in the context of a game’s physics engine? 
										4 Marks									
b) Give two examples of bounding volumes and discuss their relative advantages and disadvantages.
									6 Marks
   c)	Suggest how the efficiency and accuracy of collision detection might be improved and provide a brief evaluation of your suggested methods(s).

									6 Marks




