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INSTRUCTIONS TO CANDIDATES 

ANSWER QUESTION ONE (COMPULSORY) AND ANY OTHER TWO QUESTIONS 

QUESTION ONE (30 MARKS)  

a) Let A be the following 3×3 matrix; 

A=[
1 1 −1
0 1 2
1 1 𝑎

] 

               Determine the values of a so that the matrix A is nonsingular.   (5 Marks) 

b) Let W be the subset of ℝ3 defined by; 

W=𝑥 = [

𝑥1

𝑥2

𝑥3

] ∈ 𝑅 ∶  𝑥1 = 3𝑥2 𝑎𝑛𝑑 𝑥3 = 0 

Determine whether the subset W is a subspace of ℝ3 or not.    (3 Marks) 

c) Let A be the coefficient matrix of the system of linear equations; 

−𝑥 − 2𝑦 = 1 

2𝑥 + 3𝑦 = −1 
            Solve the system by finding the inverse matrix 𝐴−1.     (4 Marks) 

d) Solve the following system of linear equations using Gaussian elimination; 

         x+2y+3z=4 

          5x+6y+7z=8  

                                                                            9x+10y+11z=12                                            (5 Marks) 

e) Express the vector u=[
2

13
6

] as a linear combination of the vectors 

                                          𝑣1 = [
1
5

−1
] , 𝑣2 = [

1
2
1

] , 𝑣3 = [
1
4
3

]                             (5 Marks) 

f) Let A= [
1 2 1
3 6 4

] and  b=[
−2
1
0

].  Determine whether the vector b  is in the Kernel Ker(A).                                                                                                           

             (3 Marks) 

g) Solve the following system of linear equations using Cramer’s Rule. 

   x + y + z = 2 

2x + y + 3z = 9  

                                                       x -3y + z = 10                                     (5 Marks) 

 

 

 



QUESTION TWO (20 MARKS) 

a) Consider the system of equations;        𝑥 +  𝑦 −  𝑧 =  𝑎 

           𝑥 −  𝑦 +  2𝑧 =  𝑏 
 3𝑥 +  𝑦 =  𝑐  

i) Find the general solution of the homogeneous equation.                              (4 Marks) 

ii) Given  a = 1, b = 2, and c = 4. Find the most general solution of these inhomogeneous 

equations.            (3 Marks) 

iii) If a = 1, b = 2, and c = 3, show these equations have no solution.       (3 Marks) 

b) Find the value(s) of ℎ for which the following set of vectors [
1
0
0

],  [
ℎ
1

−ℎ
] , [

1
2ℎ

3ℎ + 1
] is linearly 

independent.           (5 Marks) 

c) Consider the matrix M=[
1 4
3 12

] 

 

i) Show that M is singular.         (2 Marks) 

ii) Find a non-zero vector v such that 𝑀𝑣 = 0, where 0 is the 2-dimensional zero vector.  

  (3 Marks) 

QUESTION THREE (20 MARKS) 

a) Consider the system of linear equations;  

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

            For what value(s) of k does this have;   

i) a unique solution?          (3 Marks) 

ii) no solution?          (3 Marks) 

iii) infinitely many solutions?       (3 Marks) 

b) Let  𝑣1 = [
1
2
0

], 𝑣2 = [
1
𝑎
5

],  𝑣3 = [
0
4
𝑏

] be vectors in ℝ3. Determine a condition on the scalars 𝑎, 𝑏 so 

that the set of vectors {𝑣1, 𝑣2 , 𝑣3} is linearly dependent.    (5 Marks) 

c) Determine whether the following matrices are nonsingular or not. 

i) A=[
2 1 2
1 0 1
4 1 4

]   

          (3 Marks) 

ii) B=[
1 0 1
2 1 2
1 0 −1

]        (3 Marks)  

QUESTION FOUR (20 MARKS) 

a) Let; A=[
1 1 2
2 2 4
2 3 5

], 

i)  Find a basis for the null space of A.      (3 Marks) 

ii)  Find a basis for the range of A that consists of columns of A.  (3 Marks) 

iii) Exhibit a basis for the row space of A     (3 Marks) 

b) For the following 3×3matrix A, determine whether A  is invertible and find the inverse 𝐴−1 if 

exists by computing the augmented matrix [A|I], where I is the 3×3 identity matrix. 

                                 A= [
1 3 −2
2 3 0
0 1 −1

]            (6 Marks) 

c) For which choice(s) of the constant k is the following matrix invertible? 

[
1 1 1
1 2 𝑘
1 4 𝑘2

]                   (5 Marks) 

 



 

QUESTION FIVE (20 MARKS) 

a) Define the map T: ℝ2→ℝ3 by T([
𝑥1

𝑥2
])=[

𝑥1 − 𝑥2

𝑥1 + 𝑥2

𝑥2

]  

    

i) Find a matrix A such that T(x)=Ax    for each  x∈ℝ2.                                      (6 Marks) 

ii) Describe the null space (kernel) and the range of T.                                         (6 Marks) 

iii) State the rank and the nullity of T.                   (2 Marks) 

b) Find a nonsingular 2×2 matrix A such that  𝐴3=𝐴2𝐵−3𝐴2, where B=[
4 1
2 6

]. Verify that the 

matrix A you obtained is actually a nonsingular matrix.                  (6 Marks) 


