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INSTRUCTIONS TO 
CANDIDATES 

This paper has FIVE questions. 
Answer ALL FIVE questions. 
 
The maximum marks possible for each 
question and part question are shown in 
brackets.  
 
Electronic calculators may be used if data 
and program storage memory is cleared 
prior to the examination. 
 
Mobile phones or tablets may not be used 
as calculators. 
 
There is a formula sheet at the back of the 
paper. 
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Question 1  
 

a) Given the vectors 𝒂𝒂 = 2𝒊𝒊 − 3𝒋𝒋 + 5𝒌𝒌 and 𝒃𝒃 = 7𝒊𝒊 + 2𝒋𝒋 − 6𝒌𝒌 find the angle 
between the vectors 𝒂𝒂 and 𝒃𝒃. 

(5 marks) 
 

b) Find the moment of force 𝑭𝑭 about the point O, as depicted in Figure 1. 
 

 
Figure 1 

   (15 marks) 

         Total for Question 1 (20 marks) 

Question 2 

a) If 𝑨𝑨 = �
1 2 3
2 3 1
3 4 0

� and 𝑩𝑩 = �
4 −12 7
−3 9 −5
1 −2 1

�, find 𝑨𝑨𝑩𝑩  and, without  

 
performing further calculations, write down 𝑩𝑩𝑨𝑨 . 

              (10 marks) 

b) Given the following pair of simultaneous linear equations: 

2𝑢𝑢1 +   𝑢𝑢2 = 4 
  𝑢𝑢1 − 3𝑢𝑢2 = −5 

write these in the matrix form  𝑲𝑲𝑲𝑲 = 𝒇𝒇, find 𝑲𝑲−1 and hence find  𝑢𝑢1 and 
  𝑢𝑢2.                       
            (10 marks)  

Total for Question 2 (20 marks) 

PLEASE TURN THE PAGE 
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Question 3 

Given the two complex numbers 𝑧𝑧1 = −2 − 3𝑗𝑗 and 𝑧𝑧2 = 2 − 4𝑗𝑗: 

a) Display 𝑧𝑧1 and 𝑧𝑧1�  on an Argand diagram.      
(2 marks) 

b) Find: 
 
i) 2𝑧𝑧1 − 3𝑧𝑧2. 
ii) 𝑧𝑧1𝑧𝑧2. 
iii) 𝑧𝑧1𝑧𝑧1� . 

          (6 marks) 
 

c) Working to 2 decimal places, convert 𝑧𝑧1 and 𝑧𝑧2 to polar form and hence find: 
 
i) 𝑧𝑧1

𝑧𝑧2
 

ii) 𝑧𝑧12 
(8 marks) 

d) Find the complex roots of the quadratic equation: 
 
      𝑥𝑥2 + 2𝑥𝑥 + 5 = 0 

           (4 marks) 

             Total for Question 3 (20 marks) 

PLEASE TURN THE PAGE 

 

 

 

 

 

 

 

 

PAST
 E

XAM
IN

ATIO
N



 Page 4 of 7 
National Centre of Motorsports Engineering 
BEng (Hons) Automotive Engineering (Motorsport) 
Semester One Exam 2023/24 
Engineering Mathematics  
Module No. MSP4022 
 

Question 4 

a) Differentiate 𝑦𝑦 = 𝑥𝑥3 from first principles: 

                                                                                                                      (6 marks) 

b) Calculate the derivative of the following functions: 
 

i) 𝑦𝑦 = 𝑒𝑒3𝑥𝑥 sin 4𝑥𝑥 
(3 marks) 

ii) 𝑦𝑦 = cos(𝑥𝑥2) 

(3 marks)  

c) Find and classify the stationary points of the following function: 

𝑦𝑦 = 𝑥𝑥3 + 3𝑥𝑥2 − 24𝑥𝑥 + 11 

(8 marks) 

      Total for Question 4 (20 marks) 

Question 5 

Evaluate the following integrals: 

 
i) ∫(3𝑥𝑥2 − 2𝑥𝑥 + 1) 𝑑𝑑𝑥𝑥 

(4 marks) 
 

ii) ∫ (3cos 3𝑥𝑥 − 2 sin 2𝑥𝑥)𝜋𝜋
0 𝑑𝑑𝑥𝑥 

(6 marks) 
 

iii) ∫ 𝑡𝑡𝑒𝑒−3𝑡𝑡3
1 𝑑𝑑𝑡𝑡           giving your answer correct to 3 decimal places. 

         (10 marks) 

      Total for Question 5 (20 marks) 

 

END OF QUESTIONS 

PLEASE TURN PAGE FOR FORMULA SHEET 
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Formula Sheet 

 

 

Vectors Given 𝒂𝒂 = 𝑎𝑎1𝒊𝒊 + 𝑎𝑎2𝒋𝒋 + 𝑎𝑎3𝒌𝒌 and 𝒃𝒃 = 𝑏𝑏1𝒊𝒊 + 𝑏𝑏2𝒋𝒋 + 𝑏𝑏3𝒌𝒌 then: 

|𝒂𝒂| = �𝑎𝑎12 + 𝑎𝑎22 + 𝑎𝑎32 

𝒂𝒂 ∙ 𝒃𝒃 = 𝑎𝑎1𝑏𝑏1 + 𝑎𝑎2𝑏𝑏2 + 𝑎𝑎3𝑏𝑏3 = |𝒂𝒂||𝒃𝒃| cos𝜃𝜃 
 

𝒂𝒂 × 𝒃𝒃 = �
𝒊𝒊 𝒋𝒋 𝒌𝒌
𝑎𝑎1 𝑎𝑎2 𝑎𝑎3
𝑏𝑏1 𝑏𝑏2 𝑏𝑏3

� = 𝒊𝒊 �
𝑎𝑎2 𝑎𝑎3
𝑏𝑏2 𝑏𝑏3� − 𝒋𝒋 �

𝑎𝑎1 𝑎𝑎3
𝑏𝑏1 𝑏𝑏3� + 𝒌𝒌 �

𝑎𝑎1 𝑎𝑎2
𝑏𝑏1 𝑏𝑏2� 

   where �𝑎𝑎 𝑏𝑏
𝑐𝑐 𝑑𝑑� = 𝑎𝑎𝑑𝑑 − 𝑏𝑏𝑐𝑐 

PLEASE TURN THE PAGE 
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Calculus Rules – Differentiation 

Product Rule:  ( )       d dv duuv u v
dx dx dx

= +  

Quotient Rule:   2

1      d u du dvv u
dx v v dx dx

   = −      
 

Chain Rule:  ( )( )     d dy duy u x
dx du dx

=    

 

 

 

END OF FORMULA SHEET 

END OF PAPER 
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