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o For each question, the maximum earned points are specified in the question.  

o Write clearly! Answers that are not readable are not marked and don’t earn marks!  
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o Show all the calculation steps in the given space.  

o When finished, submit the question paper, together with the answer scripts and the 
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Question 1                                                                        [8 marks] 
a. In a ship engine system, the motion of a piston is described by the equation: 

𝑓(𝑡) = 𝑐𝑜𝑠 2𝑡 − 2 𝑠𝑖𝑛 2𝑡 

      Express the cos 2𝑡 − 2 sin 2𝑡 in the form of 𝐴𝑠𝑖𝑛(𝜔𝑡 + 𝛼),  where 𝛼 ≥ 0.               (5 marks)                     
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b. Show that 

                                        
𝑠𝑖𝑛 3𝑥

𝑠𝑖𝑛 2𝑥
= 2 𝑐𝑜𝑠 𝑥 −

1

2 𝑐𝑜𝑠 𝑥
                                                           (3 marks) 
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Question 2                                                                                                                                                  [6 marks] 

A voltage source 𝑉(𝑡) varies with time t, according to 

𝑉(𝑡) = 75 sin (
𝜋𝑡

2
+ 100) 

State:  

(a) the angular frequency                                                                                                                         (1 mark) 

(b) the phase                                                                                                                                                   (1 mark) 

(c) the amplitude                                                                                                                                          (1 mark) 

(d) the period                                                                                                                                                  (1 mark) 

(e) the time displacement                                                                                                                        (1 mark) 

(f) the frequency of the voltage.                                                                                                             (1 mark) 
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Question 3                                                                                                                                                [6 marks] 

During ship engine performance analysis, the vibrations (𝑋) generated at various 
frequencies (𝑓) are recorded as follows: 

Vibration (X) 1 2 3 4 5 6 7 8 9 10 
Frequency (f) 1 2 1 3 1 1 2 1 2 1 
Using this data, calculate the standard deviation of the vibration intensities to assess the 
engine's performance consistency. 
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Question 4                                                                                                                                                [7 marks] 

In a marine navigation system, a triangular marker arrangement is used to guide ships. The 
triangular arrangement △ 𝑃𝑄𝑅 has a right angle at 𝑅, with an angle at 𝑃 of 62°, and the 
distance 𝑃𝑅 = 11cm 

Sketch the triangular marker system and calculate:                                                            (1 mark) 

a. The distance 𝑃𝑄.                                                                                                                          (2 marks) 

b. The distance 𝑄𝑅.                                                                                                                          (2 marks) 

c. The angle at 𝑄.                                                                                                                              (2 marks) 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



MMATH-I Final Exam Fall 2024 
 

Page 7 of 13 
 

Question 5                                                                                                                                                  [6 marks] 

A.) In a marine logistics study, the average monthly weight of waste paper collected from a 
ship's crew is found to be 28 pounds, with a standard deviation of 2 pounds. Assume the 
waste weight is approximately normally distributed. If a ship is selected at random, 
calculate the probability of: 

i.  Collecting between 27 and 31 pounds of waste paper per month.                          (1.5 marks) 
ii.  Collecting more than 30.2 pounds of waste paper per month.                                  (1.5 marks) 
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B.) In a marine engineering project, the cost of constructing mooring systems for ships is 
normally distributed with an average cost of $246,300 and a standard deviation of 
$15,000. Calculate the minimum and maximum costs that fall within the middle 80% 
range of the market to guide contractors in pricing these systems.                         (3 marks) 
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Question 6                                                                                                                                              [7 marks]   

In designing a ship's hull, the waterline shape of a section is given by: 

𝑦 = 3𝑥4 − 𝑥2, 0 ≤ 𝑥 ≤ 3 

Use the Trapezoidal rule with 6 strips to estimate the total area of this section. Round your 
answer to two decimal places.                                                   
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Trigonometrical identities 

sin(𝐴 + 𝐵) = sin 𝐴 𝑐𝑜𝑠 𝐵 + 𝑠𝑖𝑛 𝐵 cos 𝐴 

cos(𝐴 + 𝐵) = cos 𝐴 𝑐𝑜𝑠 𝐵 − 𝑠𝑖𝑛 𝐴 sin 𝐵 

sin(𝐴 − 𝐵) = sin 𝐴 𝑐𝑜𝑠 𝐵 − 𝑠𝑖𝑛 𝐵 cos 𝐴 

cos(𝐴 − 𝐵) = cos 𝐴 𝑐𝑜𝑠 𝐵 + 𝑠𝑖𝑛 𝐴 sin 𝐵 

𝑐𝑜𝑠2𝐴 + 𝑠𝑖𝑛2𝐴 = 1 

Law of Cosine Rule 

𝑎2 = 𝑏2 + 𝑐2 − 2𝑏𝑐 cos 𝐴 

𝑏2 = 𝑎2 + 𝑐2 − 2𝑎𝑐 cos 𝐵 

𝑐2 = 𝑎2 + 𝑏2 − 2𝑎𝑏 cos 𝐶 

Law of Sine Rule 

𝑎

sin 𝐴
=

𝑏

sin 𝐵
=

𝑐

sin 𝐶
 

Napier’s Rules 

Sine middle part = Product cosines of opposite parts 
Sine middle part = Product of tangents of adjacent parts 

Trapezoidal Rule 

𝐴𝑟𝑒𝑎 =
ℎ

2
[𝑦0 + 2(𝑦1 + 𝑦2 + 𝑦3 + ⋯ + 𝑦𝑛−1) + 𝑦𝑛] 

Simpson Rule 

𝐴𝑟𝑒𝑎 =
ℎ

3
[𝑦0 + 4(𝑦1 + 𝑦3 + ⋯ + 𝑦𝑛−1) + 2(𝑦2 + 𝑦4 + ⋯ + 𝑦𝑛−2) + 𝑦𝑛] 

 

Standard deviation 

√
∑ 𝑓(𝑥 − 𝑥̅)2

∑ 𝑓
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Source: Elementary Statistics- A step by step approach- tenth edition-Allan G. Bluman 
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MLO & Bloom’s Level of Complexity 

 

Q # MLO 
Addressed 

Complexity Level Mark Remark 

4, 5 2,5 Application 13 -- 
6 1 Understanding 7 -- 
2 1 Remembering 6 -- 
1 4 Evaluating  8 -- 
3 3 Analysing 6 -- 

 

 


