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PART A 

01.                         

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

02.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

03.  

                                                                                                                 
 

 

 

A 

 

B 

𝑚 𝑘𝑚 

𝑢  
2𝑢

3
 

𝑢

4
 

𝑢

4
 

By conservation of linear momentum 

𝑚𝑢 −
2𝑘𝑚𝑢

3
= −

𝑚𝑢

4
+

𝑘𝑚𝑢

4
 

3 − 2𝑘

3
=

−1 + 𝑘

4
 

12 − 8𝑘 = −3 + 3𝑘 

𝑘 =
15

11
 

By newton’s law of restitution 

𝑒 =
𝑢

2
5𝑢

3

                                ∴ 𝑒 =
3

10
 

 

10

5 

05 

05 05 

25 

 

𝑣 

A 

B 

𝛼 𝛽 
𝑥 

𝑦 

Applying 𝑠 = 𝑢𝑡  

𝑥 = 𝑣𝑐𝑜𝑠𝛼𝑇 ………….. (1) 

Applying 𝑠 = 𝑢𝑡 +
1

2
𝑎𝑡2  

𝑦 = 𝑣𝑠𝑖𝑛𝛼𝑇 −
1

2
𝑔𝑇2 …………. (2) 

Since  𝑡𝑎𝑛𝛽 =
𝑦

𝑥
 ,     𝑡𝑎𝑛𝛽 =

𝑣𝑠𝑖𝑛𝛼𝑇−
1

2
𝑔𝑇2

𝑣𝑐𝑜𝑠𝛼𝑇
 

𝑡𝑎𝑛𝛽 = 𝑡𝑎𝑛𝛼 −
𝑔𝑇

2𝑣𝑐𝑜𝑠𝛼
 

𝑔𝑇

2𝑣𝑐𝑜𝑠𝛼
=

𝑠𝑖𝑛(𝛼 − 𝛽)

𝑐𝑜𝑠𝛼𝑐𝑜𝑠𝛽
 

𝑣 =
𝑔𝑇𝑐𝑜𝑠𝛽

2𝑠𝑖𝑛(𝛼 − 𝛽)
 

05 

05 

05 

05 

05 25 

2𝑚𝑔 

𝑚𝑔 

T T 
𝑥 𝑦 

Considering the length of the string 

3𝑥 + 𝑦 = 𝑙 

3𝑥̈ + 𝑦̈ = 0 …………. (1) 

Applying 𝐹 = 𝑚𝑎 for pulley C  

𝑚𝑔 − 3𝑇 = 𝑚𝑥̈ …………. (2) 

Applying  𝐹 = 𝑚𝑎 for the particle 

2𝑚𝑔 − 𝑇 = 2𝑚𝑦̈ ……….. (3)  

 T 

05 

05 

10 

05 

25 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

04.  

 

 

 

 

 

 

 

 

 

 

 

 

05. 𝑚2 + 𝑛2 = 5 ………… (1) 

       (2𝑖 + 𝑗  ) . 𝑖 = √5 𝑐𝑜𝑠𝜃                         ∴ 𝑐𝑜𝑠𝜃 =
2

√5
  

      (2𝑖 + 𝑗 ) . (𝑚𝑖 + 𝑛𝑗) = √5√5 𝑐𝑜𝑠2𝜃 

     2𝑚 + 𝑛 = 5(2 ×
4

5
− 1)                  ∴ 2𝑚 + 𝑛 = 3 …….. (2) 

        𝑚2 + (3 − 2𝑚)2 = 5               ∴ 5𝑚2 − 12𝑚 + 4 = 0    

         ∴ 𝑚 =
2

5
    𝑜𝑟  𝑚 = 2 

        ∴ 𝑛 =
11

5
      𝑜𝑟 𝑛 = −1 

         𝑠𝑖𝑛𝑐𝑒 𝑛 < 0,   𝑚 = 2 𝑎𝑛𝑑 𝑛 = −1 

                                                                                                                                        

 

 

 

 

 

 

𝑀𝑔 2𝑀𝑔 

T T 𝐹1 

𝑣 

𝑅 

Applying 𝑃 = 𝐹𝑣 for 1st case 

2𝐻

3
= 𝐹1𝑣 ……….. (1)  ∴  𝐹1 =

2𝐻

3𝑣
 

Applying 𝐹 = 𝑚𝑎 for the system for 1st case 

2𝐻

3𝑣
− 𝑅 = (3𝑀)

𝑎

2
 ……… (2) 

∴ 𝑅 =
2𝐻

3𝑣
− 3𝑀

𝑎

2
 …………. (a) 

Applying 𝑃 = 𝐹𝑣 for 2st case 

𝐻 = 𝐹2𝑣 ………… (3) 

Applying 𝐹 = 𝑚𝑎 for the system for 2st case 

𝐻

𝑣
− 𝑅 = 3𝑀𝑎 ……. (4) 

∴ 𝑅 = 
𝐻

𝑣
− 3𝑀𝑎 …….. (b)  

 

 

 

Since (a) = (b) 

2𝐻

3𝑣
− 3𝑀

𝑎

2
=

𝐻

𝑣
− 3𝑀𝑎  

4𝐻 − 9𝑀𝑎𝑣 = 6𝐻 − 18𝑀𝑎𝑣 

9𝑀𝑎𝑣 = 2𝐻 

𝑎 =
2𝐻

9𝑀𝑣
 

05 

05 

05 

05 

05 

05 

10 

10 

25 

25 

06. Taking moments for the rod about A clockwise 

      𝑆 × 4𝑎 − 𝑊𝑐𝑜𝑠𝜃 × 3𝑎 = 0 

       𝑆 =
√5𝑊

4
 

Resolving for the rod along the rod upward 

𝑅𝑠𝑖𝑛𝜃 +
𝑊

2
− 𝑊𝑠𝑖𝑛𝜃 = 0 

𝑅 ×
2

3
+

𝑊

2
= 𝑊 ×

2

3
 

∴ 𝑅 =
𝑊

4
 

 

𝜃 

𝑆 

𝑊 

R 

05 

10 

10 

25 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                                                                

 
𝑆 

𝑅 

𝐹 

07. Taking moments for the rod about A clockwise 

       𝑆𝑠𝑖𝑛
𝜋

4
× 2𝑎 − 𝑃𝑠𝑖𝑛

𝜋

4
× 𝑎 − 𝑊𝑠𝑖𝑛

𝜋

4
× 𝑎 = 0 

       ∴ 𝑆 =
𝑊+𝑃

2
 

      Resolving horizontally for the rod 

      𝑆 − 𝑃 − 𝐹 = 0              ∴ 𝐹 =
𝑊−𝑃

2
 

      Resolving vertically for the rod 

      𝑅 = 𝑊 

     For static equllibrium    |
𝐹

𝑆
| ≤ 𝜇  

         −
1

4
≤ (

𝑊−𝑃

2

𝑊
) ≤

1

4
                 

−𝑊

2
≤ 𝑊 − 𝑃 ≤

𝑊

2
 

              When −
𝑊

2
≤ 𝑊 − 𝑃  →   𝑃 ≤

3𝑊

2
  

              When 𝑊 − 𝑃 ≤
𝑊

2
      →     𝑃 ≥

𝑊

2
  

               
𝑊

2
≤ 𝑃 ≤

3𝑊

2
   

 

A 

05 

05 

05 

10 

25 

                                                                                                                                         

 

B 

𝑇1 

𝑇2 

𝜃 

08. 𝑠𝑖𝑛𝜃 =
𝑎

(
3𝑎

2
)
=

2

3
 

     Resolving vertically upward for the particle 

     𝑇1𝑠𝑖𝑛𝜃 − 𝑇2𝑠𝑖𝑛𝜃 − 𝑚𝑔 = 0 

     ∴  𝑇1 − 𝑇2 =
3𝑚𝑔

2
 …….. (1) 

 

    Applying 𝐹 = 𝑚𝑎 for the particle towards the centre 

    𝑇1𝑐𝑜𝑠𝜃 + 𝑇2𝑐𝑜𝑠𝜃 = 𝑚 ×
3𝑎

2
 𝑐𝑜𝑠𝜃 × 𝜔2 

    ∴   𝑇1 + 𝑇2 = 6𝑚𝑔 ……… (2) 

 

   (1) + (2)  2𝑇1 =
15𝑚𝑔

 2
      →      ∴  𝑇1 =

15𝑚𝑔

4
 

 

   (2) − (1)    2𝑇2 =
9𝑚𝑔

2
      →     ∴  𝑇2 =

9𝑚𝑔

4
  

𝑚𝑔 

05 

05 

05 

05 

25 

05 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

09. 𝑠𝑖𝑛𝑐𝑒  𝑃(𝐴) = 1 − 𝑃(𝐴/) 

                 𝑃(𝐴) = 0.3 

     𝑠𝑖𝑛𝑐𝑒 𝑃(𝐴 ∩ 𝐵) = 𝑃(𝐴) − 𝑃(𝐵/ ∩ 𝐴) 

               𝑃(𝐴 ∩ 𝐵) = 0.3 − 0.2 = 0.1 

     Since 𝑃(𝐴 ∪ 𝐵) = 𝑃(𝐴) + 𝑃(𝐵) − 𝑃(𝐴 ∩ 𝐵) 

               𝑃(𝐴 ∪ 𝐵) = 0.3 + 0.4 − 0.1 = 0.6 

 

 

10.  Since   𝑥 =
∑𝑥𝑖

𝑛
 

       ∑𝑥𝑖 = 𝑛𝑥 

       ∴ 𝑠𝑢𝑚 𝑜𝑓 𝑖𝑛𝑐𝑜𝑟𝑟𝑒𝑐𝑡 𝑑𝑎𝑡𝑎 = 10 × 40 = 400 

            𝑠𝑢𝑚 𝑜𝑓 𝑐𝑜𝑟𝑟𝑒𝑐𝑡 𝑑𝑎𝑡𝑎 = 400 − 85 + 65 = 380 

       ∴ 𝑐𝑜𝑟𝑟𝑒𝑐𝑡 𝑚𝑒𝑎𝑛 =  
380

10
= 38 

       𝑆𝑖𝑛𝑐𝑒 , 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒  𝑆2 = 
∑𝑥𝑖

2

𝑛
− 𝑥

2
 

                      ∑𝑥𝑖
2 = 𝑛(𝑆2 + 𝑥

2
) 

         𝑠𝑢𝑚 𝑜𝑓 𝑠𝑞𝑢𝑎𝑟𝑒𝑠 𝑜𝑓 𝑖𝑛𝑐𝑜𝑟𝑟𝑒𝑐𝑡 𝑑𝑎𝑡𝑎 = 10(144 + 1600) = 17440 

         𝑠𝑢𝑚 𝑜𝑓 𝑠𝑞𝑢𝑎𝑟𝑒𝑠 𝑜𝑓 𝑐𝑜𝑟𝑟𝑒𝑐𝑡 𝑑𝑎𝑡𝑎 = 17440 − 852 + 652 = 14440 

         𝑐𝑜𝑟𝑟𝑒𝑐𝑡 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒 =  
14440

10
− 382 = 0 

          𝑐𝑜𝑟𝑟𝑟𝑒𝑐𝑡 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 = 0 

𝑃(𝐵/𝐴 ∪ 𝐵) =
𝑃(𝐵 ∩ (𝐴 ∪ 𝐵))

𝑃(𝐴 ∪ 𝐵)
 

𝑃(𝐵/𝐴 ∪ 𝐵) =
𝑃((𝐵 ∩ 𝐴) ∪ (𝐵 ∩ 𝐵))

𝑃(𝐴 ∪ 𝐵)
 

𝑃(𝐵/𝐴 ∪ 𝐵) =
𝑃(𝐵)

𝑃(𝐴 ∪ 𝐵)
=

0.4

0.6
=

2

3
 

05 

05 

05 

10 

25 

10 

15 

25 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PART B 

(11) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                                                                             

 

 

 

 

 

 

 

 

 

 

 

𝑡1 
𝜃 

−𝑢 

2𝑢 

−4𝑢 

𝛽 

P 

Q 

𝑡𝑎𝑛𝜃 = 𝑎 

(𝑖)𝑡𝑎𝑛𝜃 =
2𝑢

𝑡1
= 𝑎 

     ∴  𝑡1 =
2𝑢

𝑎
 

𝑡2 

10 

10 

10 

(𝑖𝑖) 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑟𝑎𝑣𝑒𝑙𝑙𝑒𝑑 𝑏𝑦 𝑃 + 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑎𝑣𝑒𝑙𝑙𝑒𝑑 𝑏𝑦 𝑄 = 𝑘 

      
1

2
×

2𝑢

𝑎
× 2𝑢 + 2𝑢 × 𝑡2 + (

4𝑢+𝑢

2
) 𝑡2 = 𝑘     →     4𝑢2 + 4𝑎𝑢𝑡2 + 5𝑎𝑢𝑡2 = 2𝑎𝑘     

      𝑡2 =
2𝑘

9𝑢
−

4𝑢

9𝑎
 30 

(𝑖𝑖𝑖)𝑡𝑎𝑛𝛽 =
3𝑢

(
2𝑘
9𝑢 −

4𝑢
9𝑎)

=  
27𝑎𝑢2

2𝑘𝑎 − 4𝑢2
 10 

𝑉𝑊,𝐸 = 𝑢  

𝑉𝑃,𝑊 = 𝑣      ,     𝑉𝑄,𝑊 = 2𝑣 ,        𝑉𝑃,𝐸 =                     , 𝑉𝑄,𝐸 = 

𝑉𝑃,𝐸 = 𝑉𝑃,𝑊 + 𝑉𝑊,𝐸 

𝑃𝑅1
⃗⃗ ⃗⃗ ⃗⃗  ⃗ =  𝑃𝑄⃗⃗ ⃗⃗  ⃗  +   𝑄𝑅1

⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  

𝑉𝑄,𝐸 = 𝑉𝑄,𝑊 + 𝑉𝑊,𝐸 

𝑃𝑅2
⃗⃗ ⃗⃗ ⃗⃗  ⃗ =  𝑃𝑄⃗⃗ ⃗⃗  ⃗  +   𝑄𝑅2

⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  

 

 

𝑃 

𝑅1 

𝑢 

𝑣 

𝑅2 

2𝑣 

𝜃 
(900 − 𝜃) 

20 

10 

10 

70 

40 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑢 = 𝑣𝑐𝑜𝑠𝜃   →   𝑐𝑜𝑠𝜃 =
𝑢

𝑣
                                        

𝑢 = 2𝑣𝑐𝑜𝑠(900 − 𝜃)      →   𝑠𝑖𝑛𝜃 =
𝑢

2𝑣
 

𝑠𝑖𝑛𝑐𝑒  (
𝑢

𝑣
)
2

+ (
𝑢

2𝑣
)
2

= 1 

5𝑢2 = 4𝑣2 

𝑣 =
√5𝑢

2
 

 

                                                                                                                                                                            

 

20 

𝑃𝑅1
⃗⃗ ⃗⃗ ⃗⃗  ⃗ =

𝑢

2
        𝑃𝑅2

⃗⃗ ⃗⃗ ⃗⃗  ⃗ =  2𝑢 

𝑆1 =
𝑢

2
𝑡         𝑆2 = 2𝑢𝑡 

Since 𝑆1 + 𝑆2 = 𝑎 

 𝑡 =
2𝑎

5𝑢
  

20 

40 150 

(12) Apply 𝐹 = 𝑚𝑎 

For the system  

𝑇1 = 𝑀𝑎3 + 𝑚(𝑎3 + 𝑎1𝑐𝑜𝑠𝛼) ………… (1) 

For P  

𝑇1 − 𝑚𝑔𝑠𝑖𝑛𝛼 = 𝑚(𝑎1 + 𝑎3𝑐𝑜𝑠𝛼) ………….. (2) 

For R  

𝑚𝑔 + 2𝑇2 − 𝑇1 = 𝑚𝑎4………. (3) 

For S  

2𝑚𝑔 − 𝑇2 = 2𝑚(𝑎3 + 𝑎4) ………….. (4) 

For T  

𝑇2 − 𝑚𝑔 = 𝑚(𝑎3 − 𝑎4) ………… (5) 

Considering the length of the string 

𝑥̈ + 𝑦̈ + 𝑍̈ = 0 

−𝑎1 − 𝑎3 + 𝑎4 = 0 

𝑎4 = 𝑎1 + 𝑎3 …………. (6) 

𝑀𝑔 

𝑚𝑔 𝑚𝑔 

2𝑚𝑔 

𝑚𝑔 

𝑅 

𝐾 

𝑇1 

𝑇2 

𝑎1 

𝑎2 

𝑎3 

𝑎4 

T 

25 

15 

10 

10 

10 

10 

10 

Forces and accelerations 

 

𝛼

(b) By conservation of energy 

      −2𝑚𝑔𝑎 = −2𝑚𝑔𝑎𝑐𝑜𝑠𝜃 +
1

2
2𝑚𝑣2 

−3𝑚𝑔𝑎𝜃𝑠𝑖𝑛𝛼 +
1

2
3𝑚𝑣2 

5𝑣2 = 4𝑎𝑔𝑐𝑜𝑠𝜃 − 4𝑎𝑔 + 6𝑎𝑔𝜃𝑠𝑖𝑛𝛼 

𝑎𝜃̇2 =
2𝑔

5
(2𝑐𝑜𝑠𝜃 + 3𝜃𝑠𝑖𝑛𝛼 − 2) 

𝜃 
𝑅 

𝑆 

2𝑚𝑔 

3𝑚𝑔 

𝑇 

𝑃. 𝐸.= 0 

90 

25 

10 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(13) 

Applying 𝐹 = 𝑚𝑎 towards the centre for P 

𝑅 − 2𝑚𝑔𝑐𝑜𝑠𝜃 = 2𝑚 ×
2𝑔

5
(2𝑐𝑜𝑠𝜃 + 3𝜃𝑠𝑖𝑛𝛼 − 2) 

𝑅 =
2𝑚𝑔

5
(9𝑐𝑜𝑠𝜃 + 6𝜃𝑠𝑖𝑛𝛼 − 4) 

20 

05 
60 

150 

𝑉0 

O 

𝑎 

Applying 𝑣2 = 𝑢2 + 2𝑎𝑠 

𝑣0
2 = 2𝑎𝑔 + 2𝑎𝑔 

𝑣0 = 2√𝑎𝑔 

10 

Applying 𝐹 = 𝑚𝑎  

𝑚𝑔 − 𝑇 = 𝑚𝑥̈ 

𝑚𝑔 −
𝑘𝑚𝑔(𝑥 − 𝑎)

𝑎
= 𝑚𝑥̈ 

𝑥̈ +
𝑘𝑔

𝑎
(𝑥 − 𝑎 −

𝑎

𝑘
= 0) , where 𝜔 = √

𝑘𝑔

𝑎
 

𝑚𝑔 

𝑥 

𝑥̈ 

𝑇 

When 𝑥̈ = 0 

𝑥 = 𝑎 +
𝑎

𝑘
  , So center lies at a distance 𝑎 +

𝑎

𝑘
  from O. 

15 

10 
05 

05 

Since 𝑦 = 𝑥 − (𝑎 +
𝑎

𝑘
) 

𝑦̈ = 𝑥̈           ∴ 𝑦̈ = 𝜔2𝑦 
10 

55 

Since 𝑦 = −
𝑎

𝑘
  , 𝑦̈ = 2√𝑎𝑔 and 𝑦̇2 = 𝜔2(𝐴2 − 𝑦2) 

4𝑎𝑔 =
𝑘𝑔

𝑎
(𝐴2 −

𝑎2

𝑘2)                      𝐴 =
𝑎

𝑘
√4𝑘 + 1 

 

20 

maximum downward displacement = 𝑎 +
𝑎

𝑘
+

𝑎

𝑘
√4𝑘 + 1   

05 

maximum tension in the string = 
𝑘𝑚𝑔

𝑎
(
𝑎

𝑘
+

𝑎

𝑘
√4𝑘 + 1  ) 

tension in the string when the particle is at the centre = 
𝑘𝑚𝑔

𝑎
(
𝑎

𝑘
)  

Ratio = (1 + √1 + 4𝑘) ∶ 1 

15 

40 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(14)  

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑎

𝑘
√4𝑘 + 1 

𝑎

𝑘
 𝜃 

𝛼 

𝑐𝑜𝑠𝜃 =

𝑎
𝑘

𝑎
𝑘 √4𝑘 + 1

=
1

√4𝑘 + 1
 

𝜃 = 𝑐𝑜𝑠−1 (
1

√4𝑘 + 1
) 

𝛼 = 𝜋 − 𝑐𝑜𝑠−1 (
1

√4𝑘 + 1
) 

Time taken for the SHM = √
𝑎

𝑘𝑔
 (𝜋 − 𝑐𝑜𝑠−1 (

1

√4𝑘+1
)) 

 Time for the motion under gravity 

𝑣 = 𝑢 + 𝑎𝑡            

2√𝑎𝑔 = √2𝑎𝑔 + 𝑔𝑡                 𝑡 = √
𝑎

𝑔
 (2 − √2) 

∴ 𝑇𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 =  {2√𝑘 − √2𝑘 + 𝜋 − 𝑐𝑜𝑠−1
1

√1 + 4𝑘
}√

𝑎

𝑘𝑔
 

15 

10 
05 

10 
40 

time taken to come to instantaneous rest from centre = 

𝜋

2

√
𝑘𝑔

𝑎

=
𝜋

2
√

𝑎

𝑘𝑔
 

since 
𝜋

2
√

𝑎

𝑘𝑔
=

𝜋

2
√

𝑎

𝑔
              ∴ 𝑘 = 1 

maximum speed of the motion = 𝜔𝐴 = √
𝑘𝑔

𝑎
 ×

𝑎

𝑘
√4𝑘 + 1 =  √

𝑔

𝑎
× √5𝑎 = √5𝑎𝑔 

15 

15 
150 

𝑂𝐴⃗⃗⃗⃗  ⃗ = 𝑎  , 𝑂𝐵⃗⃗ ⃗⃗  ⃗ = 𝑏  , 𝑂𝐶⃗⃗⃗⃗  ⃗ =  𝑎 +
1

3
𝑏 , 𝑂𝐷⃗⃗⃗⃗⃗⃗ = 3𝑎 +

2

3
𝑏  , 𝑂𝐸⃗⃗ ⃗⃗  ⃗ = −(7𝑎 + 𝑏) 

𝐶𝐷⃗⃗⃗⃗  ⃗ = 3𝑎 +
2

3
𝑏 − 𝑎 −

1

3
𝑏 = 2𝑎 +

1

3
𝑏 

𝐶𝐸⃗⃗⃗⃗  ⃗ =  −7𝑎 − 𝑏 − 𝑎 −
1

3
𝑏 = −8𝑎 −

4

3
𝑏 

∴  𝐸𝐶⃗⃗⃗⃗  ⃗ = 4𝐶𝐷⃗⃗⃗⃗  ⃗  ∴  𝐶, 𝐷, 𝐸 are collinear        ∴ 𝐸𝐶: 𝐶𝐷 = 4 ∶ 1 

Since 𝐴𝐺⃗⃗⃗⃗  ⃗ =  λ𝐴𝐵⃗⃗⃗⃗  ⃗ 

         𝐴𝐺⃗⃗⃗⃗  ⃗ = λ(𝑏 − 𝑎) 

 

Since 𝐸𝐺⃗⃗⃗⃗  ⃗ = 𝜇𝐸𝐷⃗⃗ ⃗⃗  ⃗ 

𝐸𝐺⃗⃗⃗⃗  ⃗ = 𝜇 (3𝑎 +
2

3
𝑏 + 7𝑎 + 𝑏) 

𝐸𝐺⃗⃗⃗⃗  ⃗ = 𝜇 (10𝑎 +
5

3
𝑏) 

15 

10 

10 35 

05 
05 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(𝑏)  

 

 

 

 

 

 

 

 

𝑋 = 3𝑃 + 𝛽𝑃𝑐𝑜𝑠𝛾 − 5𝑃𝑐𝑜𝑠λ 

𝑋 = 3𝑃 + 4√13 ×
3

√13
− 5𝑃 ×

3

5
= 12𝑃𝑁 

𝑌 = 4𝑃 + 8𝑃 − 5𝑃𝑠𝑖𝑛λ + βPsinγ 

𝑌 = 4𝑃 + 8𝑃 − 5𝑃 ×
4

5
+ 4√16 ×

2

√13
 = 16𝑃𝑁 

𝑅 = √(12𝑃)2 + (16𝑃)2 = 20𝑃𝑁 

Since 𝐴𝐺⃗⃗⃗⃗  ⃗ + 𝐺𝐸⃗⃗⃗⃗  ⃗ = 𝐴𝐸⃗⃗⃗⃗  ⃗ 

         λ(𝑏 − 𝑎) − 𝜇 (10𝑎 +
5

3
𝑏) = −7𝑎 − 𝑏 − 𝑎 

𝑎(−λ − 10μ + 8) + 𝑏 (λ −
5

3
𝜇 + 1) = 0   , 𝑠𝑖𝑛𝑐𝑒 𝑎 𝑎𝑛𝑑 𝑏 𝑎𝑟𝑒 𝑛𝑜𝑛 𝑝𝑎𝑟𝑎𝑙𝑙𝑒𝑙 

∴ λ + 10μ = 8  and 
5

3
𝜇 − λ = 1                        ∴ λ =

2

7
  𝑎𝑛𝑑  𝜇 =

27

35
 

10 

10 10 40 

𝐵 

𝐴 
𝐶 𝐸 

𝐷 

𝐹 

4𝑃 

3𝑃 

5𝑃 

𝛼𝑃 

𝛽𝑃 

𝛾 

𝑡𝑎𝑛𝛾 =
2

3
 , 𝑡𝑎𝑛λ =

4

3
  

Taking moments about E anticlockwise 

𝛽𝑃𝑠𝑖𝑛𝛾 ×
3

2
− 5𝑃𝑠𝑖𝑛λ ×

3

2
− 4𝑃 ×

3

2
= 0 

𝛽 = 4√13 

Taking moments about F anticlockwise 

𝛼𝑃 ×
3

2
− 3𝑃 × 2 − 5𝑃𝑐𝑜𝑠λ × 2 = 0 

𝛼 = 8 

 

 

 

λ 

05 

10 

05 

05 

05 30 

A A 

B B 

C 

C 

20𝑃 
F 

𝑌 

𝑋 

𝑀 F 

Taking moments about C for both systems 

𝑀 = 16𝑃 ×
3

2
= 24𝑃𝑁𝑚 

Taking moments about E for both systems 

anticlockwise 

𝑌𝑠𝑖𝑛𝛾 ×
3

2
− 24𝑃 = 0 

𝑌 = 8√13𝑃 𝑁 

 

E 

Resolving horizontally for both systems 

12𝑃 = 𝑌𝑐𝑜𝑠𝛾 − 𝑋 

𝑋 = 8√13𝑃 ×
3

√13
− 12𝑃 

𝑋 = 12𝑃𝑁 

05 

05 
05 

15 

15 

10 

05 
30 

150 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(15)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                                                 

 

 

 

 

𝑎𝑤 𝑏𝑤 

𝑅2 𝑅1 

𝜃 

𝑋 

𝑌 

𝑋 

𝑌 

𝜋

2
− 𝜃 

𝐴 𝐶 

𝐵 𝑡𝑎𝑛𝜃 =
𝑏

𝑎
 

Taking moments about A for the whole system 

about A anticlockwise 

𝑅1(𝑎𝑐𝑜𝑠𝜃 + 𝑏𝑠𝑖𝑛𝜃) = 𝑎𝑤 ×
𝑎

2
𝑐𝑜𝑠𝜃 

+𝑏𝑤 × (𝑎𝑐𝑜𝑠𝜃 +
𝑏

2
𝑠𝑖𝑛𝜃) …………. (2) 

By (2) 𝑅1 =

𝑎2𝑤

2
×

𝑎

√𝑎2+𝑏2
 +𝑏𝑎𝑤×

𝑎

√𝑎2+𝑏2
 + 

𝑏2𝑤

2
×

𝑏

√𝑎2+𝑏2

𝑎×
𝑎

√𝑎2+𝑏2
+𝑏×

𝑏

√𝑎2+𝑏2

    

           𝑅1 = 
𝑎3𝑤+2𝑎2𝑏𝑤+𝑏3𝑤

2(𝑎2+𝑏2)
=

𝑊(𝑎3+2𝑎2𝑏+𝑏3)

2(𝑎2+𝑏2)
 

Taking moments for the rod BC about B 

𝑇𝑐𝑜𝑠𝜃 ×
𝑏

2
+ 𝑏𝑤𝑠𝑖𝑛𝜃 ×

𝑏

2
− 𝑅1𝑠𝑖𝑛𝜃 × 𝑏 = 0 

𝑇 = 𝑡𝑎𝑛𝜃 (
𝑊(𝑎3 + 2𝑎2𝑏 + 𝑏3)

(𝑎2 + 𝑏2)
− 𝑏𝑤) =

𝑤𝑎𝑏(𝑎 + 𝑏)

𝑎2 + 𝑏2
 

 

𝑇 

Resolving horizontally for the rod BC 

𝑋 =
𝑤𝑎𝑏(𝑎 + 𝑏)

𝑎2 + 𝑏2
 

Resolving vertically for the rod BC 

𝑌 = 𝑏𝑤 − 𝑅1 =
−𝑤𝑎3

2(𝑎2 + 𝑏2)
 

15 

10 

10 

05 

05 

05 

05 

30 

15 

10 

𝑅 
600 

300 

Taking moments about A anticlockwise for the framework 

𝑃 × 2𝑎 = 120 × 2√3𝑎 

𝑃 = 120√3𝑁 

 10 

𝑎 

𝑏 

𝑐 
𝑑 

𝑒 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(16) (i) Theory of proof of centre of mass of a thin uniform semi-circular wire of radius 𝑎 

       (ii) Theory of proof of a thin uniform hollow cone of height ℎ 

 

                                

           

 

 

 

 

 

 

𝑎 

𝑏 

𝑑 

300 

120𝑁 

𝑐 

𝑒 

300 

300 

300 

600 

30 

Rod Magnitude(N) Tension/Thrust 

AB 40√3 Thrust 

BC 80√3 Tension 

AC 160√3 Thrust 

AD 120 Tension 

DC 240 Tension 

 

50 

𝑅 = 240𝑁 
05 95 150 

30 

30 

𝑥 

𝑦 

2𝑎 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

object mass 𝒙 𝒚 

 

 

 

 

 

 

 

 

𝜋(3𝑎)(5𝑎)𝜎 

= 15𝜋𝑎2𝜎 
(𝟏𝟓𝝅𝒌) 

0 
−

1

3
(4𝑎) 

= −
4𝑎

3
 

 

 

 

 

 

 

2√2𝑎 × √2𝑎𝜎 

= 4𝑎2𝜎 
(𝟒𝒌) 

√2𝑎𝑐𝑜𝑠
𝜋

4
+ 3𝑎 

= 4𝑎 

√2𝑎𝑠𝑖𝑛
𝜋

4
 

= 𝑎 

 

 

 

 

 

 

√2𝜋𝑎 × √2𝑎𝜎 

= 2𝜋𝑎2𝜎 
(2𝜋𝑘) 

3𝑎 + 2𝑎 + √2𝑎𝑠𝑖𝑛
𝜋 

4
 

+
2√2𝑎

𝜋
𝑐𝑜𝑠

𝜋

4
  

= 6𝑎 +
2𝑎

𝜋
 

2𝑎 − √2𝑎𝑐𝑜𝑠
𝜋

4

+
2√2𝑎

𝜋
𝑐𝑜𝑠

𝜋

4
 

= 𝑎 +
2𝑎

𝜋
 

 

Solid 

 
𝑘(17𝜋 + 4) 𝑥 𝑦 

 

 

 

 

 

 

 

 

                                                               

 

𝟑𝒂 

𝟒𝒂 𝟓𝒂 

2√2𝑎 

√2𝑎 

𝑘(17𝜋 + 4)𝑥 = 𝟒𝒌(4𝑎) + 2𝜋𝑘 (6𝑎 +
2𝑎

𝜋
) 

𝑥 =
20𝑎+12𝜋𝑎

17𝜋+4
= [

4(5+3𝜋)

(17𝜋+4)
]𝑎  

𝑘(17𝜋 + 4)𝑦 = 𝟏𝟓𝝅𝒌(−
4𝑎

3
) + 𝟒𝒌(𝑎) + 2𝜋𝑘 (𝑎 +

2𝑎

𝜋
) 

𝑦 =
−18𝜋𝑎 + 8𝑎

17𝜋 + 4
= −

2𝑎(9𝜋 − 4)

17𝜋 + 4
 

 

𝑡𝑎𝑛𝜃 =
𝑥

(4𝑎 − 𝑦)
 

𝑡𝑎𝑛𝜃 =
[
4(5+ 3𝜋)
(17𝜋+ 4)

]𝑎

4𝑎 − (
2𝑎(9𝜋 − 4)
17𝜋 + 4 )

 

𝜃 = 𝑡𝑎𝑛−1 (
2(5 + 3𝜋)

25𝜋 + 12
) 

𝜃 

W 

50 

15 

15 

10 

150 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

17. (𝑖) If the event of second ball being white is A 

          𝑃(𝐴) = 𝑃(𝑊)𝑃(𝑊/𝑊) + 𝑃(𝐵)𝑃(𝑊/𝐵) 

          
11

15
= 

7

10
×

𝑛+7

𝑛+11
+

3

10
×

7

9
  

          66(𝑛 + 11) = 63(𝑛 + 7) + 21(𝑛 + 11) 

          45(𝑛 + 11) = 63𝑛 + 441 

          18𝑛 = 495 − 441 

          𝑛 = 3 

(𝑖𝑖) If the event of third ball being black is B 

         𝑃(𝐵/𝐴) =
𝑃(𝐵∩𝐴)

𝑃(𝐴)
        

   𝑃(𝐵 ∩ 𝐴) = 𝑃(𝑊)𝑃(𝑊/𝑊)𝑃(𝐵/𝑊 ∩ 𝑊) + 𝑃(𝐵)𝑃(𝑊/𝐵)𝑃(𝐵/𝑊 ∩ 𝐵) 

   𝑃(𝐵 ∩ 𝐴) =  
7

10
×

10

14
×

4

13
+

3

10
×

7

9
×

2

8
=

331

1560
    

    𝑃(𝐵/𝐴) =
331

1560
×

15

11
=

331

1144
 

(b)  

Class interval 𝑥𝑖 𝑑𝑖 𝑢𝑖 𝑢𝑖
2 𝑓𝑖 𝑓𝑖𝑢𝑖 𝑓𝑖𝑢𝑖

2 

60-64 62 -10 -2 4 21 -42 84 

65-69 67 -5 -1 1 27 -27 27 

70–74 72(𝐴) 0 0 0 28 0 0 

75-79 77 5 1 1 14 14 14 

80-84 82 10 2 4 06 12 24 

85-89 87 15 3 9 04 12 36 

     ∑𝑓𝑖 =100 ∑𝑓𝑖𝑢𝑖 =

− 31 

∑𝑓𝑖𝑢𝑖
2 = 

185 

 

 

White – 07 

Black - 03 

White – 𝑛 + 7 

Black  - 04 

20 

10 

20 

05 

55 

(𝑖) Modal class = 69.5-74.5 

      𝑀0 = 𝐿1 + 𝑐 (
∆1

∆1+∆2
)       𝑀0 = 69.5 + 5 (

1

1+14
) = 69.83 

(ii) Median class = 69.5-74.5 

       𝑀𝑒 = 𝐿1 +
𝑐

𝑓
(
𝑛

2
− 𝐹𝑚−1)        𝑀𝑒 = 69.5 +

5

28
(50 − 48) = 69.85 

(iii) Mean = 𝐴 + 𝑐 (
∑𝑓𝑖𝑢𝑖

∑𝑓𝑖
) = 72 + 5 (

−31

100
) = 70.45 

(𝑖𝑣) standard deviation = √𝑐2 [
∑𝑓𝑖𝑢𝑖

2

∑𝑓𝑖
− (

∑𝑓𝑖𝑢𝑖

∑𝑓
)
2

]  = √25 [
185

100
− (

−31

100
)
2

] = 6.62 

(𝑣) Coefficient of skewness = 
𝑀𝑒𝑎𝑛−𝑀𝑜𝑑𝑒

𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑠 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 
 =  

70.45−69.83

6.62
= 0.092 

30 

15 

15 

10 

15 

10 

95 

150 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


