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In response to the tasks, the candidate is expected to: correctly identify the relevant 

concepts to manipulate in response to the task(s) in the scenario, select and apply 

(a)correct method(s) to correctly manipulate the concepts identified, and correctly 

interpret accurate outputs from correctly identified and manipulated concepts to 

justify/inform decision. 

SECTION A 

ITEM 1 

Task(a) 𝑇𝑟𝑎𝑝𝑒𝑧𝑖𝑢𝑚 𝑅𝑢𝑙𝑒 𝐴𝑝𝑝𝑟𝑜𝑥𝑖𝑚𝑎𝑡𝑖𝑜𝑛 𝑥   

0 0  

5  9 

10  12 

15  9 

20 0  

SUM 0 30 

 

∫ [12 −  0.12(𝑥 − 10)2]{20}
{0} 𝑑𝑥 ≈ 52 [0 +  2(30)] 

≈ 150𝑚2 𝐸𝑥𝑎𝑐𝑡 𝐼𝑛𝑡𝑒𝑔𝑟𝑎𝑡𝑖𝑜𝑛 

∫ (2.4𝑥 −  0.12𝑥2){20}
{0} 𝑑𝑥 =  [1.2𝑥2 −  0.04𝑥3]{0}{20} 

 

=  (1.2(20)2 −  0.04(20)3) −  0  =  160 𝑚2
 

 

Conclusion: The cross-sectional area of the river satisfies the requirement for 

the pump to be installed since both 𝟏𝟓𝟎𝒎𝟐 and 𝟏𝟔𝟎 𝒎𝟐 are greater than the 

required minimum cross-sectional area of 145𝒎𝟐. 
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Task(b)  𝑁𝑒𝑤𝑡𝑜𝑛 − 𝑅𝑎𝑝ℎ𝑠𝑜𝑛 𝑀𝑒𝑡ℎ𝑜𝑑 2.4𝑥 − 0.12𝑥2 =  8 𝑓(𝑥) =  0.12𝑥2 −  2.4𝑥 +  8 𝑓′(𝑥) =  0.24𝑥 −  2.4 

𝑥{𝑛+1} =  𝑥𝑛 −  {0.12𝑥𝑛2 −  2.4𝑥𝑛 +  8}{0.24𝑥𝑛 −  2.4}  

 𝐼𝑡𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑠 𝑤𝑖𝑡ℎ     𝑥0 =  4,   𝑒 = 0.1 

𝑥1 =  4 − {0.12(4)2 −  2.4(4) +  8}{0.24(4) −  2.4} =  4.2222  
 𝑥2 =  4.2222 −  {0.12(4.2222)2 −  2.4(4.2222) +  8}{0.24(4.2222) −  2.4} =  4.2265  

𝑒 =  |4.2265 −  4.2222| =  0.0043 <  0.1  𝐶𝑜𝑛𝑐𝑙𝑢𝑠𝑖𝑜𝑛: 𝑇ℎ𝑒 𝑠𝑢𝑖𝑡𝑎𝑏𝑙𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑡𝑜 𝑖𝑛𝑠𝑡𝑎𝑙𝑙 𝑡ℎ𝑒 𝑝𝑢𝑚𝑝  𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑟𝑖𝑣𝑒𝑟 𝑏𝑎𝑛𝑘 𝑖𝑠 4.2265𝑚. 
SECTION B 

PART I 

ITEM 2 

Task(a)(i) 

C.B x f fx fx2 L fd 

5-30 17.5 17 297.5 5206.25 25 0.68 

30-40 35 21 735 25725 10 2.1 

40-50 45 30 1350 60750 10 3.0 

50-60 55 14 770 42350 10 1.4 

60-80 70 3 210 14700 20 0.15 

  ∑f=85 ∑fx=3362.5 ∑fx2=148731.25   
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 𝑀𝑒𝑎𝑛: 
𝑥̅ =  ∑𝑓𝑥∑𝑓 =  3362.585 =  39.5588 

𝑀𝑜𝑑𝑒: 
𝑀𝑜𝑑𝑒 =  40 +  [ {30 − 21}{(30 − 21) + (30 − 14)}] × 10 =  43.6 𝑻𝒉𝒆 𝒑𝒆𝒓𝒇𝒐𝒓𝒎𝒂𝒏𝒄𝒆 𝒊𝒔 𝒏𝒐𝒕 𝒈𝒐𝒐𝒅 𝒔𝒊𝒏𝒄𝒆 𝒕𝒉𝒆 𝒂𝒗𝒆𝒓𝒂𝒈𝒆 𝒂𝒏𝒅 𝒅𝒐𝒎𝒊𝒏𝒂𝒏𝒕 𝒎𝒂𝒓𝒌 𝒂𝒓𝒆 𝒍𝒆𝒔𝒔 𝒕𝒉𝒂𝒏 𝟒𝟓%. 

Task(a)(ii) 𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛: 
𝜎 =  √{ ( 8585 − 1)( {148731.25}{85} −  ({3362.5}{85} )^2 )}  

=  √{ 8584 (1749.779 −  1565.99)}  
=  13.6777  𝑻𝒉𝒆 𝒆𝒙𝒂𝒎𝒊𝒏𝒂𝒕𝒊𝒐𝒏 𝒊𝒔 𝒏𝒐𝒕 𝒓𝒆𝒍𝒊𝒂𝒃𝒍𝒆 𝒔𝒊𝒏𝒄𝒆 𝝈 =  𝟏𝟑. 𝟔𝟕𝟕𝟕 > 𝟏𝟎% 𝒘𝒉𝒊𝒄𝒉 𝒊𝒔 𝒓𝒆𝒒𝒖𝒊𝒓𝒆𝒅. 

Task (b)   𝑁𝑜𝑟𝑚𝑎𝑙 𝐷𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 & 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝐺𝑖𝑣𝑒𝑛: {𝑥} =  39.5588, 𝜎 =  13.6777, 𝑛 = 500 𝐿𝑒𝑡 𝑋~𝑚𝑎𝑟𝑘𝑠 𝑠𝑐𝑜𝑟𝑒𝑑,   𝐷~𝑑𝑖𝑠𝑡𝑖𝑛𝑐𝑡𝑖𝑜𝑛 𝑚𝑎𝑟𝑘 𝑎𝑛𝑑 𝐹~𝑓𝑎𝑖𝑙 𝑚𝑎𝑟𝑘 𝑃(𝑋 > 𝐷) = 0.15 

𝑃 (𝑍 > 𝐷 − 39.558813.6777 ) = 0.15 𝐷 − 39.558813.6777 = 1.036  𝐷 = 53.7289 

The cut-off for a distinction is 53.7%(1dp)  𝐹𝑎𝑖𝑙 𝑀𝑎𝑟𝑘: 𝑃(𝑋 <  𝐹) =  0.2  
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⇒ 𝑃 (𝑍 < 𝐹 − 39.558813.6777 ) = 0.2 

(𝐹 − 39.558813.6777 ) =  −0.842 𝐹 =  28.0422 

The cut-off for a fail is 28.0%(1dp) 𝑵𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝑺𝒕𝒖𝒅𝒆𝒏𝒕𝒔 𝒕𝒉𝒂𝒕:  𝑷𝒂𝒔𝒔𝒆𝒅: (𝟏 − 𝟎. 𝟐) × 𝟓𝟎𝟎 =  𝟒𝟎𝟎   𝑮𝒐𝒕 𝒂 𝑫𝒊𝒔𝒕𝒊𝒏𝒄𝒕𝒊𝒐𝒏: 𝟎. 𝟏𝟓 × 𝟓𝟎𝟎 =  𝟕𝟓  𝐶𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒 𝐼𝑛𝑡𝑒𝑟𝑣𝑎𝑙 (95%): ∝ 2⁄ = 0.475,   𝑍0.475 = 1.96 

𝜇 =  𝑥̅ ± 𝑍𝛼2 𝜎√𝑛 

=  39.5588 ± 1.96 × 13.6777√500  

 𝜇 =  [38.3599, 40.7577] 

The range within which the average mark of all the students that sat the 

examination lies basing on 95% degree of confidence is 𝟑𝟖. 𝟑𝟓𝟗𝟗 ≤  𝝁 ≤ 𝟒𝟎. 𝟕𝟓𝟕𝟕. 

ITEM 3 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝐷𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝐺𝑖𝑣𝑒𝑛: 𝑃(𝑃) =  0.3, 𝑃(𝑃̅) =  0.7, 𝑃(𝐴 𝑃⁄ ) =  0.65,   𝑃(𝐶) =  0.5, 𝑃(𝐶̅) =  0.5, 𝑃(𝐴 𝐶⁄ ) =  0.85,   𝑃(𝐵) =  0.2,        𝑃(𝐵̅) =  0.8, 𝑃(𝐴 𝐵⁄ ) =  0.5 𝑇𝑜𝑡𝑎𝑙 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝐴: 𝑃(𝐴) =  𝑃(𝑃)𝑃(𝐴 𝑃⁄ ) +  𝑃(𝐶)𝑃(𝐴 𝐶⁄ ) + 𝑃(𝐵)𝑃(𝐴 𝐵⁄ ) =  0.3(0.65) +  0.85(0.5) + 0.2(0.5) =  0.72  𝐵𝑎𝑦𝑒𝑠’ 𝑇ℎ𝑒𝑜𝑟𝑒𝑚: 
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𝑃(𝐴 𝐶⁄ ) =  𝑃(𝐶 ∩ 𝐴)𝑃(𝐴)  

=  {0.5 × 0.85}{0.72}  

=  0.5903 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝐷𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑜𝑓 𝑋: 𝑋~𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑎𝑏𝑜𝑟𝑎𝑡𝑜𝑟𝑖𝑒𝑠 𝑢𝑠𝑒𝑑 𝑃(𝑋 = 0) =  0.7 × 0.5 × 0.8 =  0.28  𝑃(𝑋 = 1) =  (0.3 × 0.5 × 0.8) + (0.5 × 0.7 × 0.8) + (0.2 × 0.7 × 0.5) =  0.47   𝑃(𝑋 = 2) =  (0.3 × 0.5 × 0.8) +  (0.7 × 0.5 × 0.2) + (0.3 × 0.5 × 0.2) =  0.22   𝑃(𝑋 = 3) =  0.3 × 0.5 × 0.2 =  0.03  𝑥 0 1 2 3 𝑃(𝑋 = 𝑥) 0.28 0.47 0.22 0.03 𝑥𝑃(𝑋 = 𝑥) 0 0.47 0.44 0.09 

 𝐸(𝑋) =  0.47 +  0.44 +  0.09 =  1.00 There will be no construction of new laboratories since the two conditions were not met. 
Task(b)  𝐵𝑖𝑛𝑜𝑚𝑖𝑎𝑙 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝐿𝑒𝑡 𝑌 =  𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑡𝑢𝑑𝑒𝑛𝑡𝑠 𝑤ℎ𝑜 𝑢𝑠𝑒𝑑 𝑡ℎ𝑒 𝑐ℎ𝑒𝑚𝑖𝑠𝑡𝑟𝑦 𝑙𝑎𝑏𝑜𝑟𝑎𝑡𝑜𝑟𝑦.   𝑛 = 10, 𝑝 = 0.5, 𝑞 = 0.5 𝑃(𝑌 ≥ 5) =  𝑃(𝑌 = 5) +  𝑃(𝑌 = 6) +  𝑃(𝑌 = 7) +  𝑃(𝑌 = 8) +  𝑃(𝑌 = 9) +  𝑃(𝑌 = 10) = 0.2461 + 0.2051 + 0.1172 + 0.0439 + 0.0098 + 0.0010 =  0.6231 

SECTION B: PART II 

ITEM 4 𝑷𝒖𝒍𝒍𝒆𝒚 𝑺𝒚𝒔𝒕𝒆𝒎 − 𝑴𝒆𝒄𝒉𝒂𝒏𝒊𝒄𝒔 



Page 7 of 10 
 

                                                                       𝑇 −  196 =  20𝑎 − − −  (1) 490 −  2𝑇 =  50(𝑎2) 245 −  𝑇 =  12.5𝑎 − − −  (2) 𝐴𝑑𝑑𝑖𝑛𝑔 (1)𝑎𝑛𝑑 (2)𝑔𝑖𝑣𝑒𝑠: 49 =  32.5𝑎  𝑎 = 1.5077 𝑚/𝑠2
 𝑺𝒊𝒏𝒄𝒆 𝒂 <  𝟐 𝒎/𝒔𝟐, 𝒕𝒉𝒆 𝒔𝒚𝒔𝒕𝒆𝒎 𝒊𝒔 𝒔𝒂𝒇𝒆 𝒂𝒏𝒅 𝒔𝒕𝒂𝒃𝒍𝒆. 𝑇 =  12.5 × 1.5077 +  245  =  226.1538𝑁 𝑻𝒉𝒆 𝒄𝒂𝒃𝒍𝒆 𝒘𝒊𝒍𝒍 𝒃𝒓𝒂𝒌𝒆 𝒔𝒊𝒏𝒄𝒆 𝑻 > 𝟏𝟎𝟎𝑵 

𝑠 =  𝑢𝑡 + 12 𝑎𝑡2
 

=  0 +  12 (1.50772 )(52) =  9.4231𝑚 

The movable pulley will travel 9.4231m in 5s if the system is released from 

rest. 

Task(b) 𝑷𝒓𝒐𝒋𝒆𝒄𝒕𝒊𝒍𝒆 𝑴𝒐𝒕𝒊𝒐𝒏 
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                                                  𝑦 =  12 𝑔𝑡2 

20 =  12 × 9.8𝑡2 

𝑡 =  √{204.9} 

=  2.0203𝑠 𝑥 =  𝑢𝑡  =  2 × 2.0203  =  4.0406𝑚 

The passers-by are safe since the toll box falls in a distance of 4.0406m of the 

service deck which is less than the 5m safe zone set by the engineer. 

ITEM 5 

Task  𝑰𝒏𝒄𝒍𝒊𝒏𝒆𝒅 𝑷𝒍𝒂𝒏𝒆 − 𝑴𝒆𝒄𝒉𝒂𝒏𝒊𝒄𝒔 
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                                            2450 −  𝑇 −  424.3524 =  500𝑎 − − −  (1) 𝑇 −  882 =  300𝑎 − − −  (2) 𝐴𝑑𝑑𝑖𝑛𝑔 (1)𝑎𝑛𝑑 (2): 1143.6476 =  800𝑎  ⇒ 𝑎 =  1.4296 𝑚/𝑠2 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑎𝑓𝑡𝑒𝑟 3𝑠: 𝑉 =  𝑢 +  𝑎𝑡 =  0 +  1.4296 × 3 =  4.2887 𝑚/𝑠 𝑇𝑒𝑛𝑠𝑖𝑜𝑛: 𝑇 =  300(1.4296) +  882 =  1310.88 𝑁 𝑅𝑒𝑠𝑢𝑙𝑡𝑎𝑛𝑡 𝑇𝑒𝑛𝑠𝑖𝑜𝑛 𝑖𝑛 𝑅𝑜𝑝𝑒: 

                                                                       𝑅2 =  𝑇2 +  𝑇2 + 2𝑇2 cos 𝜃 𝑅 =  √{(1310.88)2 × 2 + 2(1310.88) cos 150∘}  
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𝑅 =  678.5614 𝑁 𝑺𝒊𝒏𝒄𝒆 𝑽 <  𝟓𝒎/𝒔 𝒂𝒏𝒅 𝑹 <  𝟕𝟎𝟎𝑵, 𝒕𝒉𝒆 𝒄𝒐𝒏𝒕𝒂𝒊𝒏𝒆𝒓 𝒘𝒊𝒍𝒍 𝒃𝒆 𝒅𝒆𝒍𝒊𝒗𝒆𝒓𝒆𝒅 𝒔𝒂𝒇𝒆𝒍𝒚. 
 

 

 


