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KMA 103 -   LINEAR ALGEBRA 1 

INSTRUCTIONS TO CANDIDATES 

ANSWER QUESTION ONE (COMPULSORY) AND ANY OTHER TWO QUESTIONS 
   

QUESTION  ONE  (30 MARKS) COMPULSORY 
 

a) Determine the values of ‘h’  so that the following system is consistent 

             𝑥 − 𝑦 = 4 

                                                                −2𝑥 + 3𝑦 = ℎ     

          (4 Marks) 

b)  Let 𝑢 = [
1
0

−2
] , 𝑣 = [

−2
1
7

] , 𝑎𝑛𝑑 𝑏 = [
ℎ

−3
−5

]. 

 

For what value(s) of ℎ is 𝑏 in the plane spanned by 𝑢 & 𝑣?   (4 Marks) 
 

c) Determine if 𝑏 is a linear combination of the vectors 

 

𝑢1 = [
1
0

−2
] , 𝑢2 = [

−4
3
8

] , 𝑢3 = [
2
5

−4
] , 𝑤ℎ𝑒𝑟𝑒 𝑏 = [

3
−7
−3

].     

          (5 Marks) 

d) Solve the following system of linear equations using row reduction method 

𝑥2 − 4𝑥3 = 8 

2𝑥1 − 3𝑥2 + 2𝑥3 = 1 

5𝑥1 − 8𝑥2 + 7𝑥3 = 1  

               (4 Marks) 

e) Find all values of a for which [𝑎2    0 1], [0   𝑎  2],   [1   0   1] is basis for  𝐼𝑅3   

           (5 Marks) 

f) Solve the following system of linear equations using Cramer’s rule  

 

5𝑥1 + 7𝑥2 = 3 

2𝑥1 + 4𝑥2 = 1 

           (4 Marks) 

g) Solve the following system of equation by first computing its inverse 

3𝑥 − 2𝑦 = 7 

−5𝑥 + 6𝑦 = −5 

           (4 Marks) 

 



 

 

QUESTION TWO  (20 MARKS) 

 

a)  Determine the basis and dimension of the solution space of the following homogeneous system 

𝑥1 − 𝑥2 + 2𝑥3 + 3𝑥4 + 4𝑥5 = 0 

−𝑥1 + 2𝑥2 + 3𝑥3 + 4𝑥4 + 5𝑥5 = 0 

𝑥1 − 𝑥2 + 3𝑥3 + 5𝑥4 +  6𝑥5 = 0 

3𝑥1 − 4𝑥2 + 𝑥3 + 2𝑥4 +  3𝑥5 = 0 

           (6 Marks)  

b) Show that 𝑆 = {𝑡2 + 1 ,   𝑡 − 1, 2𝑡 + 2 } is linearly  independent  in  𝑃2.       
  (4 Marks) 

   

                     

c)  Let  𝑣1 = [
1
2
3

] , 𝑣2 = [
4
5
6

] , 𝑣3 = [
2
1
0

]. 

 

i)  Determine if the set {𝑣1, 𝑣2, 𝑣3} is linearly independent.  (6 Marks) 

 

ii) If possible, find a linear dependence relation among  𝑣1,  𝑣2,  𝑣3. (4 Marks) 

 

 

 

QUESTION THREE (20 MARKS) 

 

a) Find the inverse of the following matrix using row reduction method 

[
1 2 3

−2 3 1
4 5 −2

]        (5 Marks) 

b) Determine if the following homogeneous system has a nontrivial solution.  Then describe the 

solution set. 

 

3𝑥1 + 5𝑥2 − 4𝑥3 = 0 

−3𝑥1 − 2𝑥2 + 4𝑥3 = 0 

6𝑥1 + 𝑥2 − 8𝑥3 = 0 

          (5 Marks) 

 

 

c)  Let 𝑓: 𝐼𝑅4 → 𝐼𝑅3 be a linear transformation defined as  

𝐹([𝑢1  𝑢2  𝑢3  𝑢4]) = [𝑢1 + 𝑢2,  𝑢3 + 𝑢4, 𝑢1 + 𝑢3] 

 

 

Find i)  Basis for range of 𝑓.                                                                          (4 Marks) 

        

        ii)   Basis for kernel of 𝑓.      (4 Marks) 

    

       iii)   Rank (𝑓)  and nullity (𝑓).                                                               (2 Marks) 

 

 

 

 



 

 

QUESTION FOUR  (20 MARKS) 

 

 

a) i)   Find the value of ∝ for which the equations  

                  𝑥 − 𝑦 − 5𝑧 = 7 

                    ∝ 𝑥 + 3𝑧 = −4 

                  𝑦 + 𝑧 =  𝛽  may be inconsistent.                (4 marks) 

          ii)  With this value of ∝, find the value of 𝛽 for which the equations 

                 are consistent and give the general solution.                                    (6 marks) 

 

b) A linear transformation    𝑇: ℝ3  →   ℝ3  is defined with respect to the  standard basis by  𝑌 =
𝐴𝑥  where  

        𝐴 = [
1 −1 2
0 −1 1

−1   0 −1
]. 

       Find  

i) Rank A                    (3 marks) 

ii) Nullity of A        (2 marks) 

c) Find the value of t for which the following matrix A is singular. 

d) 𝐀 = [
𝒕 − 𝟏 𝟎 𝟏
−𝟐 𝒕 + 𝟐 −𝟏
𝟎 𝟎 𝒕 + 𝟏

] 

      (5 marks) 

 

 

QUESTION FIVE  (20 MARKS) 

 

a)  Determine a basis and dimension of the solution space to 

 

𝑥1 + 𝑥2 − 𝑥3 = 0 

−2𝑥1 − 𝑥2 + 2𝑥3 = 0 

−𝑥1 + 𝑥3 = 0 

 

Also find the rank of the coefficient matrix.     (7 marks) 

 

b) Given  

 

𝐀 = [
𝟐 𝟏 𝟏
𝟑 𝟐 −𝟐
𝟏 𝟏 𝟐

]   determine, 

i) the determinant of 𝐴        (4 Marks) 

ii) the inverse of  and        (4 Marks) 

iii) hence or otherwise solve the system 

2𝑥 + 𝑦 + 𝑧 = 6 

3𝑥 + 2𝑦 − 2𝑧 = −2 

𝑥 + 𝑦 + 2𝑧 = −4 

 (5 Marks) 

A


