
OCD036 

 

 
UNIVERSITY OF BOLTON 

 
WESTERN INTERNATIONAL COLLEGE FZE 

 
BENG (HONS) MECHANICAL ENGINEERING 

 
SEMESTER ONE EXAMINATION 2018/2019 

 
ENGINEERING MODELLING AND ANALYSIS 

 
MODULE NO:  AME5014 

 
 

Date: Wednesday 9th January 2019               Time: 2:00PM – 4:00PM  
      
        
 
 
INSTRUCTIONS TO CANDIDATES: There are FIVE questions on this 

paper 
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Question 1 
 

i. Determine the Eigen values and  Eigenvectors for the matrix: 
 

     [
5 −2

−9   2
] 

(15 marks) 
      

ii. Obtain a fourier series for the periodic function f(x) defines as 

F(x) = - k, when –π < x < 0 

F(x) = + k, when 0< x < π 

The function is periodic outside of this range with period 2 π 

.      (10 marks) 

 

     Total 25 marks 
 

Question 2 
 
A large marquee is to be made in the form of a rectangular box-like shape with canvas 

covering on the top, back and sides, if the volume of the marquee is to be 250 m3. 

Determine the following  
 

a) Sketch the open rectangular box with proper dimensions. 
          (5 marks) 

b) Find the dimensions of the open rectangular box 
          (10 

marks) 
c) Show that the total surface area is minimum 

(5 marks) 
d) Determine the minimum surface area of canvas 

          (5 marks) 
 

Total 25 marks 
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Question 3. 
 

i. The attitude of employees towards new company policy is tabulated 

below. The employees are grouped according to their job description: 

Mechanical engineer, programmer or systems engineer. 

 

Attitude Mechanical 
engineer 

Programmer System  
Engineer 

 

Like 46 168 196  

Indifferent 100 572 1148  

Dislike 32 248 1076  

   

 Use a Chi Square ( 2  ) test to check the hypothesis that, there are 

variations in attitude depending on job description using a 5% level of 

significance.       

(9 marks) 
                      
       

ii. Two curves y = x2+1 and y = 7-x are such that both the curves intersect 

each other. Determine the following. 

a) The points of intersection of both the curves.     

(4 Marks) 

b) Provide a table for both the curves showing all the points.  

(4 Marks) 

c) Sketch the curves.         

(4 Marks) 

d) Find the area between the curves.     

(4 Marks)   

 
 Total 25 marks 
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Question 4. 
 

i. Find the Laplace transforms of: 
 
                  (a) 4 sin (at + b)        (5 marks) 

 

    
ii. The current flowing in an electrical circuit  is given by differential equation            

               Ri +L
𝑑𝑖

  𝑑𝑡
 = E 

 
Where E, L and R, are constants use Laplace transforms to solve the 
equation for current (i), given that when t=0, i=0.  

             (12 
marks) 

 

iii. Determine the inverse laplace transform of  

4𝑠 − 5

𝑠2 − 𝑠 − 2
 

              (8 marks) 
 

  Total 25 marks 
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Question 5 
 

1) The pressure p, volume V and temperature T of a gas are related by pV = kT, 

where k is a constant.  

Determine the total differentials  

(a) dp and           

(6 marks) 

(b) dT            

(6 marks) 

in terms of p, V and T. 

 

2) Determine the rate of increase of diagonal AC of the rectangular solid, shown 

in 

Figure 1 below, correct to 2 significant figures, if the sides x, y and z increase 

at 6 mm/s, 5 mm/s and 4 mm/s when these three sides are 5 cm, 4 cm and 3 

cm respectively. 

 

    Figure 1: Rectangular Solid.    

 
 (13 marks) 

 
     Total 25 marks  

 
END OF QUESTIONS                           
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FORMULA SHEET 

 
Laplace transforms 
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Inverse laplace. 
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Maxima /Minima 
 
Z= F (x,y) 
 

Stationary Points 0,0 
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Statistics 

 

Chi-square distribution 

 

 
Partial Fractions 
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Eigenvalues 
 

0 A  

 
Eigenvectors 
 
  0 rr xA         
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Total differential, rates of change and small changes 

 
 

 
 

 
 
L{𝑥} = �̅� 
 

L{�̇�} = 𝑠�̅�̇  - 𝑥0 
 

L{𝑥}̈ = 𝑠2𝑥 ̅-s𝑥0 − 𝑥1 
 
Fourier Series 
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