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o Write clearly! Answers that are not readable are not marked and don’t earn marks!  

o All answers should be written in English using blue or black pens only. 

o Use the pencil only for diagrams and graphs. 
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Question 1                                                                         [8 marks] 
a. A wave sensor on a training vessel records the motion of the ship as: 

5 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 
                                        cos 3𝐴 = 4 𝑐𝑜𝑠3 𝐴 − 3 cos 𝐴                                               (3 marks) 
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Question 2                                                                                                                                                  [5 marks] 

A ship starts from point 𝑋 and sails 12 𝑘𝑚 on a bearing of 40° to reach point 𝑌. From 𝑋, 
point 𝑍 lies on a bearing of 90° (due east of 𝑋) and is 20 𝑘𝑚 away. Calculate the bearing the 
ship must take from point 𝑌 to travel directly to point 𝑍. 
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Question 3                                                                                                                                                  [6 marks] 

A deck officer records the weekly working hours of crew members on a vessel and presents 
the data in the grouped form below: 

 

 

 

 

 
Using this grouped frequency distribution, determine the standard deviation and the 
variance of the crew’s weekly working hours. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Crew Working Hours 
(class boundaries) 

Frequency 
 

39.5 – 44.5 9 
44.5 – 49.5 5 
49.5 – 54.5 4 
54.5 – 59.5 12 
59.5 – 64.5 6 
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Question 4                                                                                                                                                  [8 marks] 

A. A deck officer responsible for fleet coordination analyzes daily crew and passenger 
capacity data for a group of large offshore support vessels. Historical records indicate 
that the average number of persons on board across the fleet on any given day is 
706,242, and this number follows a normal distribution with a standard deviation of 
52,145. Based on this information, determine the probability that on a randomly 
selected day the total number of persons on board is: 

i. More than 750,000                                                                                                                    (2 marks) 
ii. Between 600,000 and 700,000                                                                                           (3 marks) 
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B. To qualify for deck officer training, cadets are required to pass a physical fitness 
assessment conducted at a maritime academy. The test scores are normally 
distributed with a mean score of 62 and a standard deviation of 8. Due to limited 
training positions, only the top 20% of the cadets are selected. Determine the cutoff 
score required to qualify for the deck officer training.                                                    (3 marks) 
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Question 5                                                                                                                                                  [6 marks]   

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

𝑦 = 6𝑥3 − 2𝑥2, 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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Question 6                                                                                                                                                  [7 marks] 

A deck officer trainee is studying great-circle routes on the globe. In one spherical triangle 
𝑋𝑌𝑍 traced on Earth’s surface, the measured angles are: 𝑋 = 90°, 𝑌 = 100° and 𝑍 = 87°. 
Sketch the spherical triangle and calculate:                                                                                 (1 mark) 

a. side 𝑌𝑍                                                                                                                                                   (2 marks)                                                                                                                                           
b. side 𝑋𝑍                                                                                                                                                  (2 marks) 
c. side 𝑋𝑌                                                                                                                                                  (2 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 

Trapezoidal Rule 

𝐴𝑟𝑒𝑎 =
ℎ

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

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