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1. a)  Solve each of the following systems, or show that the system has no solution.             [8 marks] 

        I)
x − 2y + z = 0

2y − 8z = 8
−4x + 5y + 9z = −9
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    II) 
3x2 + 6x3 + 4x4 = −5

3x1 − 7x2 − 5x3 + 8x4 = 9
3x1 − 9x2 − 9x3 + 6x4 = 15
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b)  For each of the systems in part (a), give the row rank of the coefficient matrix and the row 
           rank of the augmented matrix.              

 

2.      Given the system

x + y + kz = 1
x + ky + z = 1
kx + ky + z = 1

!
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[6 marks] 

          Find all values of k for which the system  
          a) is inconsistent     b) has a unique solution     c) has infinitely many solutions.                                   

 
3.     Tom sells basketballs for $24, volleyballs for $45 and soccer balls for $36.  If he sold 12 balls    

     yesterday and collected $390 in revenue, how many of each ball did he sell?  
a) Define all the necessary variables x, y, and z, and set up the system of equations required to solve the 

problem. 
b) Find a general solution for the problem. 
c) Find the only reasonable solution, given the context of this problem.             [6 marks] 

 
4. a) Given the points A(-1, 6, -1), B(1, 3, 2) and C(2, -9, 0), find an equation of the plane    
                 containing these points.       
             b) Find the x, y and z intercepts for this plane.            [5 marks] 
 
5.         Given the following matrices, perform the matrix operations or write “undefined” when the  
            calculation is not possible.    

A =
1 1 −5
−1 0 7
1 2 −4
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,B =

3 2
0 −1
1 2
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,C = 4 −4 0

2 1 2
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'     [6 marks] 

a) CB2    b)   3 BT −C( )   c) AA−1 + A   

6.        Solve for the matrix X in the following equation:     [3 marks] 

2 5
1 3
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&X − 1 0 4

−1 2 0
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3 2 −1
−2 3 1
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7.     A simple economy has two industries: vegetables and fertilizer.  In order to produce $1 of  
        vegetables, it takes 10¢ of vegetables and 80¢ of fertilizer.  In order to produce $1 of fertilizer, it  
        takes 70¢ of vegetables and 20¢ of fertilizer. 

a)  Which industries, if  any, are profitable?  Justify your answer. 
b)  Determine the production schedule associated with an external demand for $36,000 of vegetables and $11,000 

of fertilizer. 
c)  Is the economy productive?  Justify your answer.   	 			[5 marks]                                                                                                    
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8.       Calculate the determinant of the matrix A below:     			[4 marks]                                                                                                    

A =

10 20 30 30 20
1 2 3 4 2
−2 −4 2 1 0
1 3 −1 4 0
3 2 2 2 0
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9.       Given  A =
2 3 −4
4 10 −3
−2 −7 −2
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X ,  and B =
10
3
−5
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,    find:     [7 marks] 

         a) )(Aadj   b) )det(A                             c) 1-A  using )(Aadj  
        d) Use Cramer’s Rule to determine the value of y in the solution to BAX = . 
 
10.   Let A and B  be 44´ matrices such that det(A) = 4 and det(B) = −5 . Find    [3 marks] 
              

a) det[(AB)T ]                  b) )3det( 1-B   c)  det(ABTA-1)  
 
11.     Given two points )2,3,1,1( --P  and )0,2,2,3( --S                 [5 marks] 

          a) Find the vector PS                                                                                                               

         b) Find the magnitude of PS                                                                                                  
         c) Find a vector equation of a line L1 through the points P and S . 
 

12.     Let the set S = x
y
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 (where t is any real number)      [6 marks] 

         a) Are 0
!

 & −4
2
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'  in S? Justify.     b) Is S closed under scalar multiplication? Justify.  

        c) Is S closed under addition? Justify.                d) Is S a subspace of ℜ2 ? 
 

 
13.      Let 

u1,  
u2,  
u3,
u4  and 

u5  be vectors in ℜ4 .       [8 marks] 

           If  A = u1,
u2,
u3,
u4,
u5[ ]  which reduces to
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          a) Select a basis for the span of the vectors 4321 ,,, uuuu !!!!
 and 5u

!
.                                          

          b) Write 4u
!

 as a linear combination of 
u2 and 

u3 .                                          
          c) Find a basis for Nul(A).  
          d) Find the value of k such that the vector ),0,1,3,5,(kb =

!
 is in the Nul(A)               

          e) Is the set of vectors },,{ 543 uuu !!!
linearly dependent or independent?  Justify.    
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14.      Suppose A is a 5x5 matrix and that the nullity of A is 0.      [4 marks]          
           Label each statement below as either True (T) or False (F). 
 

a) A is invertible.  b)  AX = 0 has infinitely many solutions. 

c) det(A) = 0.  d)   Col(A) = ℜ5 . 

 
15.      Let A have a nullity 1. Given that ),1,3,1(0 -=v!  is a particular solution of the homogeneous  

          system 0
!!

=xA  and ),1,0,3(0 -=x!  is a particular solution of bxA
!!

= give all solutions of the 

          system .bxA
!!

=          [2 marks] 
 
16.     Smith & Sons Furniture Company produces sofas and chairs. Each sofa requires 20 yards of  
          fabric and 8 hours of production time. Each parson chair requires 4 yards of fabric and 4 hours  
          of production time. Each week, the company has a supply of 480 yards of fabric and allows 336  
          hours of production time. The company has a weekly quota of at least 15 furniture pieces. Each  
          sofa produced gives a profit of $200 and each parson chair produced gives a profit of $50. How  
          many sofas and parson chairs must be produced to maximize profit? What is the maximum  
          profit?          [8 marks] 

a) Define the variables (using the phrase “the number of”). 
b) State the objective and the objective function. 
c) Set up the constraints (in terms of the variables).  
d) Solve the problem using the graphical method.     

 
17.  Show that the following program has no solution because P is unbounded.  Also, find (x,y,z) for which P = 10 

008        [7 marks] 
Maximize P = −x −3y+ 4z
Subject to  − x + 9y+3z ≤ 5

− x + 4y+ 2z ≤ 2
  x +   y− 4z ≤ 3

   x ≥ 0, y ≥ 0, z ≥ 0

	

 
18.          Solve the linear program:       [7 marks]

 0,0,0
32313
44911
2232

432

³³³
£--
£-+-
£+-

-+=

zyx
zyx
zyx
zyxtoSubject
zyxCMinimize

 
State the minimum value of C and the corresponding basic feasible solution.  
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ANSWERS: 
 
1.  a)   I)  (29, 16, 3) II)  (-24-3t, -7-2t, t, 4)   b)  I) both ranks = 3   II)  both ranks = 3 
 
2.  a)  k = -1 b)  k ≠ ±1 c)  k = 1 
 
3.  a)   x = number of basketballs Tom sold yesterday 
 y = number of volleyballs Tom sold yesterday 
 z = number of soccer balls Tom sold yesterday 
 	

    b)	 50 7−
3
7 t,
34
7−
4
7 t, t( ) 	 c)  When t = 5:  (5, 2, 5)  4.  a)  6x + y – 3z = 3  

  b)  (½, 0, 0), (0, 3, 0), (0, 0, -1) 

5.  a)  Undefined   b)  −3 12 3
0 −6 0
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2 1 −5
−1 1 7
1 2 −3
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        6.  X = 27 −19 4

−10 8 −1
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7.  a)   Vegetables and Fertilizer are both profitable since    8.  200 

each industry spends less than $1 to produce $1 of output. 
     b)    $228,125 in vegetables, $241,875 in fertilizer 
     c)    Yes, as both columns of C sum to less than 1. 
 

9.  a)  
−41 34 31
14 −12 −10
−8 8 8
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 b)  det(A) = -8 c)  −
1
8

−41 34 31
14 −12 −10
−8 8 8
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 d)  y = − 77
4

 

 

10.  a)  -20   b)  −
81
5

 c)  -5   11.  a)  (2, -1, 1, -2) b)  √10    c)  x = (1, -1, -3, 2) + t(2, -1, 1, -2) 

12.  a) (0, 0) is not in S, (4, -2) is in S (t = -2)  
b)  No.  Use the scalar 0 on any vector in S for a counterexample. 
c)  No.  Use any two vectors in S and add them together as a counterexample.  d)  No. 
 
13.  a)  {u1,

u2,
u5} 		b)  c)  {(3, 0, 1, 0, 0), (-4, 5, 0, 1, 0)}   d)  5   e)  LI (3 pivots) 

        
14.  a)  True b)  False      c)  False d)  True  15.  x = (3, 0, -1) + t(1, 3, -1) 
 
16.  a)  x = number of sofas produced, y = number of parson chairs produced 
       b)  Maximize z = 200x + 50y 
       c)  20x + 4y  ≤ 480    d)  Maximum profit of $5400 at (12, 60) 
              8x + 4y  ≤ 336 
                x +  y   ≥  15 
                x ≥ 0, y ≥ 0 
			
17.  P = 10008 at (30004, 0, 10003)  18.  C = -33 at (21, 155/3, 115/2, 0, 0, 0)		

24x + 45y + 36z = 390
x + y + z = 12
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u4 = −
4
3
u3 − 5

u2


