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

signed cover page to the invigilator.   
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Question 1                                                                                                                                              [6 marks]   

A naval architect models the waterline of a ship section by the curve: 

𝑦 = 5𝑥2 − 2𝑥, 0 ≤ 𝑥 ≤ 3 

Use the Simpson’s rule with 6 strips to estimate the total area of this section. Round your 
answer to two decimal places.                                                   
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Question 2                                                                                                                                                  [6 marks] 

A marine training academy records the weekly working hours of its crew members and 
groups the data as follows: 

  

Using this grouped frequency distribution, determine  

a. the estimated median and                                                                                                             (3 marks) 
b. the estimated mode of the crew’s weekly working hours.                                              (3 marks) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Crew Working Hours 
(class boundaries) 

Frequency 
 

39.5 – 44.5 7 
44.5 – 49.5 13 
49.5 – 54.5 5 
54.5 – 59.5 9 
59.5 – 64.5 4 
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Question 3                                                                                                                                                  [5 marks]    

A helicopter leaves base 𝐴 and flies 100 𝑘𝑚 on a bearing of 250° to point 𝐵. From 𝐵, it 
heads directly to point 𝐶. Point 𝐶 lies 140 𝑘𝑚 from 𝐴 on a bearing of 160°. 

(a) Determine the distance 𝐵𝐶.                                                                                                           (3 marks) 

(b) Calculate the bearing of 𝐶 from 𝐵.                                                                                              (2 marks) 
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 Question 4                                                                                                                                                 [7 marks] 

In a marine navigation system, the route between three key positions on the globe forms a 
spherical triangle 𝐴𝐵𝐶. The known measurements are 𝐵𝐶 = 90°,  𝐴𝐵 = 50°,  and the angle 
at 𝐴 = 100°.  

Sketch the spherical triangle and calculate:                                                                                 (1 mark) 

a. The distance 𝐴𝐶.                                                                                                                                    (2 marks) 

b. The angle 𝐵.                                                                                                                                              (2 marks) 

c. The angle 𝐶.                                                                                                                                              (2 marks) 
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Question 5                                                                                                                                                  [8 marks] 

A. As a marine engineering student working on a research project about training and 
workforce development at sea, you are analyzing salary data for educators who support 
technical training on board U.S. maritime vessels. National statistics show that the 
average annual salary of U.S. teachers is $47,750, with a standard deviation of $5,680. 
Salaries are assumed to follow a normal distribution. 

For a randomly selected teacher involved in maritime training, determine: 

i. The probability that the teacher earns between $35,000 and $45,000 per year.  (3 marks) 
ii.  The probability that the teacher earns more than $40,000 per year.                         (2 marks) 
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B. In a ship maintenance facility, engineers monitor the service age of auxiliary engines 
installed on various vessels. The average age of these engines is 19.4 years, and the 
ages are known to follow a normal distribution. Records show that 20% of the engines 
are older than 22.8 years.  
Determine the standard deviation of the ages of the engines.                                      (3 marks) 
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Question 6                                                                         [8 marks] 
a. A wave sensor on a training vessel records the motion of the ship modelled by a 

trigonometric function given below 
3 𝑠𝑖𝑛 2𝑡 − 𝑐𝑜𝑠 2𝑡 

      Express the motion in the standard wave form 𝐴𝑐𝑜𝑠(𝜔𝑡 + 𝛼),  where 𝛼 ≥ 0.         (5 marks)                     
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b. Show that 
                                        sin 3𝐴 = 3 sin 𝐴 𝑐𝑜𝑠2 𝐴 − 𝑠𝑖𝑛3𝐴                                         (3 marks) 
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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 

Simpson Rule 

𝐴𝑟𝑒𝑎 =
ℎ

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

Median 

𝐿𝑚 +
(

𝑛
2

− 𝑐𝑓)

𝑓
𝑤 

Mode  

𝐿𝑚 +
(𝑓𝑚 − 𝑓𝑚−1)

(𝑓𝑚 − 𝑓𝑚−1) + (𝑓𝑚 − 𝑓𝑚+1)
𝑤 
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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 

3, 4 2,5 Application 12 -- 
5 3 Application, Analysis 8 -- 
6 1 Remembering 8 -- 
2 4 Evaluating  6 -- 
1 3 Analysis 6 -- 
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