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01.            𝑢 

 

  

 

  

 

                    

  

𝐼 = ∆𝑀𝑉   𝑓𝑜𝑟 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚 

0 = 𝑚(𝑣1 − 𝑢) + 𝑚(𝑣2 − 0)  

𝑣1 + 𝑣2 = 𝑢  

 

𝑣1 − 𝑣2 = 𝑒(𝑢 − 0)  

𝑣1 − 𝑣2 = 𝑒𝑢   

⟹ 𝑣2 =
𝑢

2
(1 + 𝑒) 

⟹ 𝑣1 =
𝑢

2
(1 − 𝑒)  

→ 𝑣1 → 𝑣2   ⟶ 𝑣3 ⟶ 𝑣3  

 

 

 

 

For system  𝐴 ∶→ 𝐼 =  ∆𝑚𝑣  

0 = 𝑚(𝑣3 − 𝑣1) + 𝑚(𝑣3 − 𝑣2)  

𝑣3 =
𝑣1+𝑣2

2
  

𝑣3 = 
𝑢

2
.2

2
  

=
𝑢

2
  

For 𝐴   𝐼 =  ∆𝑚𝑣 →  

𝐼 = 𝑚(𝑣3 − 𝑣1)  

I I 

𝑢 

A B 

𝑣1 

1 

2 

1 + 2 

1 - 2 

𝑣2 

𝑣3 𝑢3 

A B 
𝐼 𝐼 

𝑂𝑅 𝑓𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑎𝑙 𝐵 ← 

𝐼 = 𝑚(−𝑣3 − (−𝑣2))  

   =
𝑚𝑢𝑒

2
  

 

05 

05 

05 

05 

05 



= 𝑚 (
𝑢

2
−

𝑢

2
(1 − 𝑒))  

=
𝑚𝑢𝑒

2
  

Q2  

 

 

 

𝐹𝑜𝑟 𝑚𝑜𝑡𝑖𝑜𝑛 𝑢𝑝𝑡𝑜 𝐵 

   𝐴 ↑    𝑣 = 𝑢 + 𝑎𝑡               for B        ↑ 𝑣 = 𝑢 + 𝑎𝑡   

   0 = 𝑢 sin 45° – 𝑔𝑡                 0 = 𝑣 cos 60° – 𝑔𝑡 

                      𝑡 =
𝑢 sin45°

𝑔
                                   𝑡 =

𝑣 cos60°

𝑔
            

                  𝐵𝑦 𝑒𝑞𝑢𝑎𝑡𝑖𝑛𝑔 𝑡 

𝑢 sin 45°

𝑔
=

𝑣 cos 60°

𝑔
 

                   
𝑢

√2
=

√3𝑣

2
      

                    
𝑢

𝑣
  =

√3𝑣

√2
 

  ∴    𝑢: 𝑣  =√3  :√2 

   𝑎1 + 𝑎2  = 𝑎 

 
𝑢 cos45°.𝑢 sin45°

𝑔
  + 

𝑣 cos60°.𝑣 sin60°

𝑔
  =  𝑎 

𝑢2

2𝑔
 +

√3𝑣2

4 𝑔
   = 𝑎 

2𝑢2  + √3𝑣2  =  4𝑎𝑔 

2𝑢2  + √3 
2

3
 𝑢2   = 4𝑎𝑔 

𝒂𝟏 𝒂𝟐 

H 

𝒗 𝒖 

45° 

05 

05 

05 

05 



6𝑢2 +2√3 𝑢2 =12𝑎𝑔 

𝑢2 = 
6 𝑎𝑔

(3+√3) 
  =

2√3  𝑎𝑔

√3  +1
 

𝑢 =√
2 √3    𝑎𝑔

√3+1
 

  

05 



 

  



04. 

 

 

 

𝑃 − 𝑅 =  𝑀 × 𝑂 

𝑃 = 𝑅 

𝑃𝑢 =  3𝐻 ⇒ 𝑅𝑢 =  3𝐻 

𝑅 =  3𝐻  ⇒ 𝑅𝑢 = 3𝐻 

                        𝑅 = 
3𝐻

𝑢
𝑁   

 

 

 

 

 

 

 

sin𝜃 =  
1

30
 

𝑃1 − R + Mgsin𝜃 = 𝑀 × 𝑂 

𝑃1 = R − Mg×
1

30
= 

3𝐻

𝑢
−

𝑀𝑔

30
 

𝑃1V = 3H 

 

(
3𝐻

𝑢
−

𝑀𝑔

30
)V = 3H  

 

𝑉 =
3𝐻 × 30𝑢

90𝐻 − 𝑀𝑔𝑢
 𝑚𝑠−1 

𝑢  𝑚𝑠−1 

𝑀𝑔 

P 𝑅 

10 

𝑀𝑔 𝜃 

5 

5 

5 



 

  𝑂𝐷⃗⃗⃗⃗⃗⃗ =  
2×𝑂𝐴⃗⃗⃗⃗⃗⃗  +1×𝑂𝐵⃗⃗⃗⃗⃗⃗ 

2+1
 06.

 𝑂𝐷⃗⃗⃗⃗⃗⃗ =  
2(𝑖+𝑗) +1(4𝑖+𝑗)

3
 

 𝑂𝐷⃗⃗⃗⃗⃗⃗ =  
6𝑖+3𝑗 

3
 

 𝑂𝐷⃗⃗⃗⃗⃗⃗ =  2𝑖 + 𝑗 

𝑂𝐶⃗⃗⃗⃗  ⃗ =  6𝑖 + 3𝑗 = 3 (2𝑖 + 𝑗) 

𝑂𝐶⃗⃗⃗⃗  ⃗ =  3𝑂𝐷⃗⃗ ⃗⃗  ⃗ 

∴ 𝑂𝐶 ∕∕   𝑂𝐷(∵ 𝑝𝑜𝑖𝑛𝑡 𝑂 𝑖𝑠  𝑐𝑜𝑚𝑚𝑜𝑛) 

∴ 𝑂, 𝐶 𝑎𝑛𝑑 D Collinear. 

𝐴 

𝐵 
𝑂 

1 

2 𝐷 

5 

5 

5 

5 

5 
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05 



8.  

 

 

 

 p 

 

 

 

𝑃 අංශුවට ⟶  μ𝑅 cos 𝜃 + 𝑇 sin 𝜃 − 𝑚𝑔 sin𝜃 = 0 

 

𝑄 ↓ 𝑚𝑔 − 𝑇 = 0  

𝑇 = 𝑚𝑔 

 𝑃 ↑ 𝑅 cos𝜃 + 𝑇 cos𝜃 + 𝜇𝑅 sin 𝜃 − 𝑀𝑔 = 0   

 

Q (9)    ∵      𝑃(𝐴/𝐵)   = 𝑃(𝐵/𝐶)  =  0 

                    𝑃 (𝐴 ∩ 𝐵)  =  ∅   𝑎𝑛𝑑   𝑃 (𝐵 ∩ 𝐶 )   =   ∅ 

∵ 𝐴, 𝐵 𝑚𝑢𝑡𝑢𝑎𝑙𝑙𝑦 𝑒𝑥𝑐𝑙𝑢𝑠𝑖𝑣𝑒 𝑎𝑛𝑑 𝐵, 𝐶 𝑚𝑢𝑡𝑢𝑎𝑙𝑙𝑦 𝑒𝑥𝑐𝑙𝑢𝑠𝑖𝑣𝑒. 

𝐴 ∩ 𝐵 ∩ 𝐶 = (𝐴 ∩ 𝐶) ∩ 𝐵 = ∅ 

𝑃(𝐴 ∩ 𝐵 ∩ 𝐶) = 0 

∵   𝑃 (𝐴/𝐶 )  =  𝑃 (𝐴)  =  𝑃 (𝐴 ∩ 𝐶 )  =  𝑃 (𝐴). 𝑃(𝐶)  =  3𝑘2 

𝑃 (𝐴 ∪ 𝐵 ∪ 𝐶) =    𝑃(𝐴) + 𝑃 (𝐵)  +  𝑃 ( 𝐶 ) –  𝑃 ( 𝐴 ∩ 𝐵 ) –  𝑃 (𝐵 ∩ 𝐶) –  𝑃 (𝐴 ∩  𝐶)  +  𝑃 (𝐴 ∩  𝐵 ∩  𝐶 ) 

                       =  3𝑘 +  2 𝑘 +  𝑘 –  0 –  0 − 3𝑘2  +  0 

11

12
    =  6𝑘 –  3𝑘2  

∴    36𝑘2 –  72 𝑘 +  11  = 0 

                   (6𝑘 –  1)  (6𝑘 –  11 )   =  0 

∵   6𝑘 − 11 ≠  0 ,    𝑘  =  
1

6
          

5 

5 

5 

𝑅 

𝑀𝑔 
𝜃 

𝑚𝑔 10 

A 

𝜇𝑔 

05 

05 
05 

05 

05 



Q (10) 

𝑥                   − 2                     − 1                        0                    1                 2 

𝑓                        4                           1                        3                    1                 1 

𝑓𝑥                 − 8                     − 1                        0                    1                 2 

𝑓𝑥2                  16                          1                        0                    1                 4 

𝑥      =   
∑𝑓𝑥

∑𝑓
     =  − 

6

10
  =   −0. 6 

𝜎2𝑥  =  
∑𝑓𝑥2

∑𝑓
  −  𝑥

2
  =  

22

10
  −  0.36  =  1. 84 

𝐿𝑒𝑡  𝑦  =  2000 − 4𝑥 

 𝑇ℎ𝑒𝑛  𝑦   =  2000  −  4𝑥    =    2000 + 2.4 

           = 2002.4  

𝜎2𝑦 = 42𝜎2𝑥 = 16 × 1.84    

𝜎𝑦 = ≮    √1.84  

05 

05 

05 

05 

05 



Q.11(a) 

 

 

 

 

 

 

 

 

 

 

 

(ii) For the motion of small stone  

𝑡𝑎𝑛𝛼 = 𝜆𝑔 =
𝑣

𝑡1
⇒ 𝑣 = 𝜆𝑔𝑡1 

𝐻 =
1

2
𝑡1𝑣 

𝐻 =
1

2

𝑣

𝜆𝑔
𝑣 ⇒ 𝑣 = √2𝜆𝑔ℎ 

(iii) Height attained by particle small 

𝐻 +
1

2
𝑣𝑡2  𝑤ℎ𝑒𝑟𝑒 𝑔 =

𝑣

𝑡2
⇒ 𝑡2 =

𝑣

𝑔
 

𝐻 +
1

2
. 𝑣.

𝑣

𝑔
 

𝐻 +
𝑣2

2𝑔
 

 

 

 

𝑡1 𝑡2 

𝑡2 𝑡3 

t 

v 

-v 

𝛼 𝛽 

𝛽 
𝛽 

v 

Motion of second stone 

Motion of small stone 

05 05 

05 

05 

05 

05 

𝑡3 

05 

05 

05 

05 



 

(iv) Time taken to collide is equal to t                         

1

2
(2𝑣 + 2𝑣). 𝑡 = ℎ 

𝑡 =
ℎ

2𝑣
 

=
ℎ

2√2𝜆𝑔ℎ
 

= √
ℎ

8𝜆𝑔
 

 

Question 11 (b) 

 

 

 

  𝑣 =  3𝑣              𝑣𝑄,   𝐸 = 𝑣    --------------(5) 

By Relative velocity principle 

𝑣𝑃,𝐸 = 𝑣𝑃,𝐴 + 𝑣𝐴,𝐸 

3𝑣 =  ↘ +  𝑣 ↓       ----------------(5) 

𝑣𝑄,𝐸 = 𝑣𝑄,𝐴 + 𝑣𝐴,𝐸 

𝑣 =↗  +↓ 𝑣        ----------------(5) 

 

𝑂𝐴𝐵 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑚𝑜𝑡𝑖𝑜𝑛𝑠 𝑜𝑓 𝐴 𝑎𝑛𝑑 𝑃  

 

𝑂𝐴𝐶 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑚𝑜𝑡𝑖𝑜𝑛𝑠 𝑜𝑓 𝐴 𝑎𝑛𝑑 𝑄 

 

Let 𝑣𝑃,𝐴 = 𝑣1 

𝑣𝑄,𝐴 = 𝑣2     

 

(𝑣 + 𝑣1𝑐𝑜𝑠𝛼)2 + (𝑣1𝑠𝑖𝑛𝛼)2 = (3𝑣)2 

𝑣1
2 + 2𝑣𝑣1𝑐𝑜𝑠𝛼+𝑣2 = 9𝑣2 ---------------(5) 

𝑣1
2 + 2𝑣𝑣1𝑐𝑜𝑠𝛼+𝑣2𝑐𝑜𝑠2𝛼+𝑣2𝑠𝑖𝑛2𝛼 = 9𝑣2 

(𝑣1 + 𝑣𝑐𝑜𝑠𝛼)2 = 9𝑣2 − 𝑣2𝑠𝑖𝑛2𝛼  

𝑣 

𝑂 

𝐴 

𝐵 

𝐶 

𝑣𝐴,   𝐸 =       𝑣 𝑣𝑃   𝐴 = 𝛼 𝑣𝑄   𝐴 = 

05 

05 

30 



𝑣1 + 𝑣𝑐𝑜𝑠𝛼 = 𝑣√9 − 𝑠𝑖𝑛2𝛼  ---------------(5) 

𝑣1 = 𝑣(√9 − 𝑠𝑖𝑛2𝛼 – 𝑐𝑜𝑠𝛼) 

𝑣𝑃,𝐴 = 𝑣(√9 − 𝑠𝑖𝑛2𝛼 – 𝑐𝑜𝑠𝛼) --------------(5) 

 

(𝑣 − 𝑣2𝑐𝑜𝑠𝛼)2 + 𝑣2𝑠𝑖𝑛
2𝛼 = 𝑣2 

𝑣2 + 𝑣2
2 − 2𝑣𝑣2𝑐𝑜𝑠𝛼 = 𝑣2 

(𝑣2 − 𝑣𝑐𝑜𝑠𝛼)2 + 𝑣2𝑠𝑖𝑛2𝛼 = 𝑣2 

𝑣2 = 𝑣{√1 − 𝑠𝑖𝑛2𝛼 + 𝑐𝑜𝑠𝛼}  

𝑣𝑄,𝐴 = 𝑣{√1 − 𝑠𝑖𝑛2𝛼 + 𝑐𝑜𝑠𝛼} ---------(5) 

𝑣𝑄,𝐴 = 2𝑣𝑐𝑜𝑠𝛼 

 

(ii)  

 

 

 

 

 

 

 

𝑐𝑜𝑠𝛼 =
𝑃𝑃1

24
 

𝑃𝑃1 = 24𝑐𝑜𝑠𝛼   ------------(5) 

Time taken =
Distance travelled by P relatedto A

𝑣𝑃,𝐴
 

                      =
24𝑐𝑜𝑠𝛼

𝑣{√9−𝑠𝑖𝑛2𝛼 –𝑐𝑜𝑠𝛼}
 --------------------(5) 

 

Distance travelled by Q at this time =  𝑣𝑃,𝐴 × 𝑡 

                                                                     = 2𝑣𝑐𝑜𝑠𝛼 ×
24𝑐𝑜𝑠𝛼

𝑣{√9−𝑠𝑖𝑛2𝛼 –𝑐𝑜𝑠𝛼}
 

                                                          =
48𝑐𝑜𝑠2𝛼

√{√9−𝑠𝑖𝑛2𝛼 –𝑐𝑜𝑠𝛼}

 ----------------------------(5) 

 

𝐴 

𝑄 

𝑃 24 𝑘𝑚 

6 𝑘𝑚 

𝑃1 

𝛼 

10 



  



  



 

  



13. 

𝑊ℎ𝑒𝑛 𝑡ℎ𝑒 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑎𝑡 𝐴 

↑ 3𝑚𝑔 − 𝑚𝑔 − 𝑇 = 0 

2𝑚𝑔 =
𝜆𝑙

3𝑙
 

𝜆 = 6𝑚𝑔 

 

𝑊ℎ𝑒𝑛 𝑡ℎ𝑒 𝑝𝑎𝑟𝑡𝑖𝑐𝑎𝑙 𝑙𝑖𝑒𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑎𝑡 𝐵 

↑  −𝑚𝑔 − 𝑇 = 𝑚�̈� 

−𝑚𝑔 −
6𝑚𝑔(𝑥−3𝑙)

3𝑙
= 𝑚�̈� 

�̈� = −
2𝑔

𝑙
(𝑥 −

5𝑙

2
) 

�̈� = −𝜔2𝑋 

𝐴𝑡 𝑐𝑒𝑛𝑡𝑒𝑟 𝑋 = 0  ↔ 𝑥 =
5𝑙

2
 

�̇� = �̇� −
5𝑙

2
 

�̈� = �̈� 
10 

05 

05 

10 

05 

05 

05 

15 

30 

3𝑚𝑔 

𝑇 

𝑚𝑔 

𝑇 

𝑇 

𝑚𝑔 

𝑇 

𝑥 

𝐴 

𝐵 

𝐶1 

𝑇 

2𝑚𝑔 

𝑇 

𝑦 



 

𝐴𝑡 𝐴 𝑥 =
3𝑙

2
, �̇� = 0 

�̇�2 = 𝜔2(𝐶2 − 𝑋2) 

0 = 𝜔2 (𝐶2 − (
3𝑙

2
)
2
)                ∴ 𝐴𝑚𝑝𝑙𝑖𝑡𝑢𝑑𝑒 𝐶 = ±

3𝑙

2
 

𝐴𝑡 𝐵 �̇�𝐵
2
=

2𝑔

𝑙
(
9𝑙2

4
− (

𝑙

2
)
2
)    �̇�𝐵 = 2√𝑔𝑙 

 

𝐴𝑓𝑡𝑒𝑟 𝐶𝑜𝑙𝑙𝑖𝑠𝑖𝑜𝑛 ↓ 𝐼 = ∆𝑚𝑣 

0 = 𝑚(+𝑣 − 2√𝑔𝑙) + 𝑚(𝑣 − 0) 

𝑉𝐵 = √𝑔𝑙 

  

𝑊ℎ𝑒𝑛 𝑡ℎ𝑒 𝑝𝑎𝑟𝑡𝑖𝑐𝑎𝑙 𝑙𝑖𝑒𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝐵&𝐷 

↑  𝑓 = 𝑚𝑎 

𝑇 − 2𝑚𝑔 = 2𝑚�̈� 

 

6𝑚𝑔(3𝑙−𝑦)

3𝑙
− 2𝑚𝑔 = 2𝑚�̈� 

 

�̈� = −
𝑔

𝑙
(𝑦 − 2𝑙) 

 

 

𝐴𝑡 𝑡ℎ𝑒 𝑐𝑒𝑛𝑡𝑒𝑟 �̈� = 0          𝑦 = 2𝑙 

𝐴𝑡 𝐵; 𝑡 = 0, 𝑦 = 3𝑙  , �̇� = √𝑔𝑙 

𝑦 = 2𝑙 + 𝛼 cos𝜔𝑡 + 𝛽 sin𝜔𝑡 

 

3𝑙 = 2𝑙 + 𝛼      ↔            𝛼 = 𝑙 

05 

05 

05 15 

05 

05 

10 

05 

05 
05 

05 

05 

15 



 

�̇� = −𝛼𝜔 sin𝜔𝑡 + 𝛽𝜔 cos𝜔𝑡 

−√𝑔𝑙 = 𝛽𝜔 

 

�̈� = −𝛼𝜔2 cos𝜔𝑡 − 𝜔2𝑠𝑖𝑛𝜔𝑡 

= −𝜔2(𝑦 − 2𝑙) 

∴ 𝜔 = √
𝑔

𝑙
             𝛽 = −𝑙 

 

 

 

𝐴𝑡 𝑡ℎ𝑒 𝑒𝑛𝑑 𝑜𝑓 𝑡ℎ𝑒 𝑎𝑚𝑝𝑙𝑖𝑡𝑢𝑑𝑒 �̇� = 0 

tan𝜔𝑡 = −1                  ↔      𝜔𝑡 =
3𝜋

4
 

𝑦 = 2𝑙 + 𝑙𝑐𝑜𝑠
3𝜋

4
− 𝑙𝑠𝑖𝑛

3𝜋

4
 

= 2𝑙 −
𝑙

√2
−

𝑙

√2
 

= 2𝑙 − √2𝑙    ∴ 𝑎𝑚𝑝𝑙𝑖𝑡𝑢𝑑𝑒 = √2𝑙 

 

 

 

  

05 05 

05 

05 05 

05 

05 

05 05 

05 

05 

40 

25 



05 

05 

05 

05 

05 

10 

14.  14.I                                                                           

 

 

 

𝑂𝐴⃗⃗⃗⃗  ⃗. 𝑂𝐵⃗⃗ ⃗⃗  ⃗ = (√3𝑖 + 𝑗) . (𝛼𝑖 + 𝛽𝑗)   

|𝑂𝐴⃗⃗ ⃗⃗  ⃗||𝑂𝐵⃗⃗ ⃗⃗  ⃗| cos 60° =√3𝛼 + 𝛽 

√3 + 12 × 10 ×
1

2
= √3 + 𝛽 

10 = √3𝛼 + 𝛽 

𝑂𝐵⃗⃗ ⃗⃗  ⃗ = 5√3𝑖 − 5𝑗 

 

 

𝛼2 + 𝛽2 = 102 

𝛼2 + (10 − √3𝛼)
2

= 100 

𝛼2 + 100 + 3𝛼2 − 20√3𝛼 = 100 

4𝛼2 − 20√3𝛼 = 0 

𝛼(𝛼 − 5√3) = 0 

∵ 𝛼 ≠ 0 

𝛼 = 5√3 

𝛽 = −5 

 

 

𝑂𝐶: 𝐶𝐵 = 1: 𝜆 

𝑂𝐶⃗⃗⃗⃗  ⃗ =
1

𝜆+1
    𝑂𝐵⃗⃗ ⃗⃗  ⃗ =

1

𝜆+1
(5√3𝑖 − 5𝑗) 

 

𝐴𝐶⃗⃗⃗⃗  ⃗ = 𝐴𝑂⃗⃗⃗⃗  ⃗ + 𝑂𝐶⃗⃗⃗⃗  ⃗ 

√3𝑖

2
−

5𝑗

2
= −√3𝑖 − 𝑗 +

1

(𝜆 + 1)
(5√3𝑖 − 5𝑗) 

√3𝑖

2
−

5𝑗

2
= −√3𝑖 +

5√3

𝜆+1
𝑖 − 𝑗 −

5

𝜆+1
𝑗  

Comparing Coefficients  of : 𝑖, 𝑗 

O 

B 

A(√3𝑖 + 𝑗) 

60 

D A 

05 

05 
05 

05 

35 



05 

05 

05 

𝑖 →   −√3 +
5√3

𝜆 + 1
=

√3

2
 

−2 +
10

𝜆 + 1
= 1 

10

𝜆 + 1
= 3 

10 = 3𝜆 + 3 

𝜆 =
7

3
 

𝑗 →   −
5

2
= −1 −

5

𝜆 + 1
 

−5 = −2 −
10

𝜆 + 1
 

10

𝜆 + 1
= 3 

10 = 3𝜆 + 3 

𝜆 =
7

3
 

 

 

𝑂𝐶: 𝐶𝐵 = 1:
7

3
 

𝑂𝐶: 𝐶𝐵 = 3: 7 

 

 

 

𝐵𝐷⃗⃗⃗⃗⃗⃗ = 𝐵𝑂⃗⃗ ⃗⃗  ⃗ + 𝑂𝐷⃗⃗⃗⃗⃗⃗  

= −5√3𝑖 + 5𝑗 +
1

2
𝑂𝐴⃗⃗⃗⃗  ⃗ 

= −5√3𝑖 + 5𝑗 +
1

2
(√3𝑖 + 𝑗) 

=
1

2
(−10√3𝑖 + 10𝑗 + √3𝑖 + 𝑗) 

𝐵𝐷⃗⃗⃗⃗⃗⃗ =
−9√3𝑖

2
+

11𝑗

2
 

35 

5 



 

𝐴𝐸⃗⃗⃗⃗  ⃗ =
10

17
𝐴𝐶⃗⃗⃗⃗  ⃗ =

10

17
(𝐴𝑂⃗⃗⃗⃗  ⃗ + 𝑂𝐶⃗⃗⃗⃗  ⃗) 

𝐴𝐸⃗⃗⃗⃗  ⃗ =
10

17
(−√3𝑖 − 𝑗 +

3

10
(5√3𝑖 − 5𝑗)) 

      =
10

17
(−√3𝑖 − 𝑗 +

3

10
(5√3𝑖 − 5𝑗)) 

=
10

17
(−√3𝑖 − 𝑗 +

3

10
(5√3𝑖 − 5𝑗)) 

=
10

17
(−√3𝑖 − 𝑗 + (

3√3𝑖

2
−

3𝑗

2
)) 

14.b 

 

 

 

 

 

 

 

 

 

𝐵↶  =  − 3√3𝑃 × 𝐴𝐵 𝑆𝑖𝑛 30 + 2𝑃 ×  𝐴𝐵 𝑆𝑖𝑛 60      

𝐵↷  =  − 3√3𝑃 ×
1

2
 × 𝐴𝐵 +  2𝑃 ×

√3

2
 × 𝐴𝐵  =   −

√3 𝑃

2
 ×  𝐴𝐵 

𝐵↶    =  
√3 𝑃

2
 ×  𝐴𝐵  ≠  0    

 

∴ the sys from in not  equilibrium   Value of 𝜆, 𝜇 

 

 

C 

300 

𝝁P 

D 

B 

 𝟑√𝟑𝑷 
2P 

300 

A 

 𝝀𝑷 

10 

10 

5 

5 

5 



 𝐴 ↷  =  0  

 𝜆𝑃 ×  𝐴𝛽  =  0 

𝑃 ≠  𝑂   𝐴𝐵 ≠  0    𝜆 = 𝑂 

 

𝐷 ↷  =  𝑂 

- 𝜇P ×DB Sin 60 +3√3   P ×AD Sin 300  = 0 

 

𝜇 × DB ×
√3

2
  =3√3  ×AD × 

1

2
 ; AD ≠ 0 

 

𝜇  = 3 

 

 

 

 

  

 

 

 

 

 

𝐶 ↶ = 3𝑃 × 𝐴𝐶 sin 30 − 2𝑃 × 𝐴𝐶 sin30 = 𝛼𝑃 × 𝐴𝐶 sin 30 

3

2
−

2

2
=

𝛼

2
 

𝛼 = 1 𝑖𝑓 𝑡ℎ𝑒 𝑙𝑖𝑛𝑒 𝑜𝑓 𝑎𝑐𝑡𝑖𝑜𝑛  𝑜𝑓 𝑛𝑒𝑤 𝑟𝑒𝑠𝑢𝑙𝑡𝑎𝑛𝑡 ………………… .. 

 

 

 𝐺 ↺         𝐷 = 0 

 𝐺 = 0 

 

= 

D 

B 

𝜶𝑷 

A 
300 

𝝁P 

D 

B 

 𝟑√𝟑𝑷 

2P 

300 

A 

 𝝀𝑷 

C C 

D 

B 

𝜶𝑷 

A 

10 

10 

10 

10 



 

 

15 a)  

 

  

 

 

 

   

∴   𝐶  

𝑅𝐶 = √𝑋𝐶
2 + 𝑌𝐶

2 

      = √𝑊2 +
25

4
𝑊2 

       = √𝑊2 +
25

4
𝑊2 

 

        =
√29

2
𝑊 

 

BC 

 

 

 

 

 

 

 

 

2W 

T 

T 

A 

B D 

C 2W 3W 

W D 

C 3W 

W 

A 

a 

a 

a 

a 

𝑋𝐶  

𝑌𝐶  

𝐴 ↺ 

4𝑊 . 𝑎𝑐𝑜𝑠
𝜋

4
= 𝑋𝐶 . 4𝑎𝑐𝑜𝑠

𝜋

4
 

𝑋𝑐 = 𝑊 

𝐷𝐶 

𝑌𝐶  .2𝑎𝑐𝑜𝑠
𝜋

4
= 𝑋𝐶 . 2𝑎𝑐𝑜𝑠

𝜋

4
+ 3𝑊. 𝑎𝑐𝑜𝑠

𝜋

4
 

∴ 𝑌𝑐 =
5

2
𝑊 

B 
T 

2W 
𝑋𝐶  

𝑌𝐶  

C 

05 

10 

10 

05 

05 



𝐵 ↶ 

𝑇. 𝑎𝐶𝑜𝑠
𝜋

4
= 2𝑊. 𝑎𝐶𝑜𝑠

𝜋

4
+ 𝑋𝐶 . 2𝑎𝑐𝑜𝑠

𝜋

4
+ 𝑌𝐶 . 2𝑎𝑐𝑜𝑠

𝜋

4
 

∴ 𝑇 = 2𝑊 + 2𝑊 + 5𝑊 

𝑇 = 9𝑊 

BC+CD  

 

 

 

 

 

𝐷 ↶ 

𝑌𝐵. 4𝑎𝐶𝑜𝑠
𝜋

4
+ 2𝑊. 3𝑎𝐶𝑜𝑠

𝜋

4
+ 3𝑊𝑎𝑐𝑜𝑠

𝜋

4
= 𝑇. 3𝑎𝑐𝑜𝑠

𝜋

4
 

4𝑌𝐵 + 6𝑊 + 3𝑊 = 3𝑇 = 3(9𝑊) 

∴ 𝑌𝐵 =
9

2
𝑊 

BC 

𝑋𝐵 = 𝑋𝐶 = 𝑊 

∴ 𝐵 

𝑅𝐵 = √𝑊2 +
81

4
𝑊2 

=
√85

2
𝑊 

 

𝐴 𝑅2. 2𝑎 + (3𝑊 + 𝑊)𝑎𝑐𝑜𝑠
𝜋

3
= 2𝑊. 𝑎 + (𝑊 + 𝑊)(2𝑎 + 𝑎𝑐𝑜𝑠

𝜋

3
) --------------(10) 

𝑅2 =
5

2
𝑊 --------------(5) 

     𝑅1 + 𝑅2 = 8𝑊  

            ∴ 𝑅1 =
11

2
𝑊 -------------(5) 

Only the rod EF, 

𝑋𝐸 

𝜋/3 

𝑎 
𝑅2 

W 

𝑌𝐸 

𝐹2 

𝑎 

2W 

𝑌𝐵 

𝑋𝐵 

T 

B 

C 

D 

3W 

10 

05 

10 

05 

05 

05 



 

 

  

E 𝐹2. 2𝑎𝑐𝑜𝑠
𝜋

6
+ 𝑊. 𝑎𝑐𝑜𝑠

𝜋

3
= 𝑅2. 2𝑎𝑐𝑜𝑠

𝜋

3
 --------------(10) 

𝐹2 =
2

√3
𝑊 ----------------(5) 

𝑅2 = 𝑌𝐸 + 𝑊 

𝑌𝐸 =
3

2
𝑊 -------------------(5) 

𝑋𝐸 = 𝐹2 =
2

√3
𝑊-------------------(5) 

 

Entire system 

 𝐹1 = 𝐹2 =
2

√3
𝑊-------------------(5) 

 

Only the rod DE 

 

    D 𝑇. 𝑎𝑐𝑜𝑠
𝜋

6
+ 𝑊. 𝑎𝑐𝑜𝑠

𝜋

3
= 𝑌𝐸 . 2𝑎𝑐𝑜𝑠

𝜋

3
+ 𝑋𝐸 . 2𝑎𝑐𝑜𝑠

𝜋

6
 -----------

(10) 

     𝑇 = 2√3𝑊 

 

 

For the equilibrium at A 

𝐹1 ≤ 𝜇𝑅1 

2

√3
𝑊 ≤ 𝜇

11

2
𝑊 

     
4

11√3
≤ 𝜇------------------(5) 

For the equilibrium at F 

𝐹2 ≤ 𝜇𝑅2 

𝑋𝐸 

𝜋/3 

𝑎 𝑌𝐸 

𝑊 

𝑇 
𝑎 

𝐸 

𝐷 



2

√3
𝑊 ≤ 𝜇

5

2
𝑊 

     
4

5√3
≤ 𝜇------------------(5) 

∴ 𝐼𝑓 
4

11√3
< 𝜇 <

4

5√3
  then  ------------------(5) 

 

Even though the point A is in equilibrium, the point F is not in equilibrium. 

  



b)  

 

 

 

 

 

 

 

 

 Lets take  𝐴𝐵 = 𝐵𝐶 = 𝐴𝐶 = 𝑎  

𝐶𝐷 = 2𝑎 

By considering the entire system,  

A 𝑃. 𝑎𝑐𝑜𝑠
𝜋

6
= 𝑛𝑊𝑎 + 𝑤 (2𝑎 +

𝑎

2
) ------------------------(10) 

 𝑃 = (
2𝑛+5

√3
)𝑊 

 

 

 

 

 

 

 

 

  

  

𝐶 

600 

600 

600 

𝑌 

300 

2𝑎 

600 

𝑋 

𝑃 
𝐷 

𝑊 

𝑛𝑊 

3 

2 

1 

5 

4 

𝐴 𝐵 

𝑎 

𝑎 

𝑎 

 

𝑊 

𝑛𝑊 

300 600 

5 4 

1 

2 3 



 

 

 

 

 

 

 

 

(1)(3)𝑐𝑜𝑠
𝜋

3
= (1)(2)   (2)(3) = (1)(3)𝑐𝑜𝑠

𝜋

6
  (3)(4)𝑐𝑜𝑠

𝜋

6
= 𝑛𝑊 + 𝑊 

(1)(3) = 2𝑊    = √3𝑊          (3)(4) =
2

√3
(𝑛 + 1)𝑊 

 

(4)(5) = (2)(3) + (3)(4)𝑐𝑜𝑠
𝜋

3
 

(4)(5) = √3𝑊 +
(𝑛 + 1)

√3
𝑊 

If the maximum possible tension for the rod BC is 10√3𝑊, 

Then 
2(𝑛+1)

√3
𝑊 ≤ 10√3𝑊 -----------------(10) 

𝑛 ≤ 14 

  

Rod Tension Thrust 

AB __________________ (
𝑛+4

√3
)𝑊-------(5+5) 

BC 2

√3
(n+1)W-------(5+5) _________________ 

CD √3𝑊-------(5+5) _________________ 

BD __________________ 2𝑊 



16.  

 



 

 



 



 



 

  



Part B (CM2) 

 

17. 

(a) 𝑃(𝐵) = 3,    𝑃(𝐵 ∪ 𝐶) = 0.37 𝑎𝑛𝑑   𝑃(𝐶) = 0.2 

(i) 𝑃(𝐴 ∪ 𝐵) = 𝑃(𝐴) + 𝑃(𝐵) − 𝑃(𝐴)𝑃(𝐵) 

 (∴ 𝐴 𝑎𝑛𝑑 𝐵 𝑎𝑟𝑒 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡) 

 0.37 = 𝑃(𝐴) + 𝑜. 3 − 𝑃(𝐴). 0.3 

 0.07 = 𝑃(𝐴) × 0.7 ⇒ 𝑃(𝐴) = 0.1 

 

(ii) 𝑃(𝐵′\𝐴1) =  
𝑃(𝐵′∩𝐴′)

𝑃(𝐴′)
  

 𝑃(𝐵′ ∩ 𝐴′) = 𝑃(𝐵 ∪ 𝐴)′ = 1 − 𝑃(𝐵 ∪ 𝐴) 

 = 1 − 0.37 = 0.63  

 𝑃(𝐴′) = 1 − 𝑃(𝐴) = 1 − 0.1 = 0.9 

 ∴   𝑃(𝐵′\𝐴′) =
0.63

0.9
= 0.7 

 

(iii) 𝑃(𝐴′ ∩ 𝐵′ ∩ 𝐶) = 𝑃(𝐴′)𝑃(𝐵′)𝑃(𝐶) 

 = 0.9 × 0.7 × 0.2 

 = 0.126 

 

(iv) 𝐿𝑒𝑡 𝑋 =  (𝐴 ∩ 𝐵′ ∩ 𝐶′) ∪ 𝑃(𝐴′ ∩ 𝐵 ∩ 𝐶′) ∪ (𝐴′ ∩ 𝐵′ ∩ 𝐶) 

 ∴ 𝑃(𝑋) = 𝑃(𝐴 ∩ 𝐵′ ∩ 𝐶′) + 𝑃(𝐴′ ∩ 𝐵 ∩ 𝐶′) + 𝑃(𝐴′ ∩ 𝐵′ ∩ 𝐶) 

 = 𝑃(𝐴) 𝑃(𝐵′) 𝑃(𝐶′) + 𝑃(𝐴′) 𝑃(𝐵) ∪ (𝐶′) + 𝑃(𝐴′)𝑃(𝐵′)𝑃(𝐶) 

 = 0.1 × 0.7 × 0.8 + 0.9 × 0.3 × 0.8 + 0.9 × 0.7 × 0.2 

 = 0.398 

 

 ⇒ 𝑃(𝐴/𝑋) =  
𝑃(𝐴∩𝑋)

𝑃(𝑋)
  

 = 
𝑃(𝐴∩𝐵′∩𝐶′)

𝑃(𝑋)
  

 = 
0.1×0.7×0.8

0.398
  

 = 
28

199
  

 

 05 

 05 

 05 

 05 

 05 

 05 

 05 

 05 

 05 

 05 

 05 

 05 

60 



 

(b)  

Distance 𝑥𝑖 𝑦𝑖 =
𝑥𝑖 − 45

10
 

𝑓 𝑓𝑦 𝑓𝑦2 

0 – 10  05 −4 10 −40 160 

10 – 20  15 −3 19 −57 171 

20 – 30  25 −2 43 −86 172 

30 – 40  35 −1 25 −25 25 

40 – 50  45 0 8 0 0 

50 – 60  55 1 6 6 6 

60 – 70  65 2 5 10 20 

70 – 80  75 3 3 9 27 

80 – 90  85 4 1 4 16 

 120 -179   597 

 

          

 

∴  𝑦𝑖 = 
𝑥𝑖−45

10
  

∴  �̅� = 10�̅� + 45  

𝐻𝑒𝑛𝑐 �̅� =
∑𝑓𝑦

∑𝑓
=

−179

120
= −1.49  

∴  �̅� = 10(−1.49) + 45 = 30.08  

𝜎𝑦2 =
∑𝑓𝑦𝑐

2

∑𝑓
− �̅�2  

=
1

120
 (597 − 120 × 2.22)  

=
1

120
 (597 − 266.40) = 2.76  

 

𝜎𝑥2 = 102𝜎𝑦2 = 100 × 2.76 = 276  

 05  05 

 05  05 

 05 

 05 

 05 

 05 

 05 

 05 

 05 

 05 



∴  𝜎𝑥 = 16.61  

 

 

 

11.  𝑁𝑢𝑚𝑏𝑒𝑟 𝑡𝑟𝑎𝑛𝑠𝑓𝑖𝑥𝑒𝑑 =  15  

 ∴ 𝑇ℎ𝑒 𝑛𝑒𝑤 𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 ℎ𝑎𝑠 𝑜𝑛𝑙𝑦 1𝑠𝑡 ……………       ………… . . 𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟  

 120 − 15 = 105 

 1𝑠𝑡 ………………………… . [10,20] 

 ∵ 𝑄1 =
1

4
× 105𝑡ℎ 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 =  26.25𝑡ℎ 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 

              =  10  +    
(26.25−10)

19
× 10   

              =  10  + 8.55 = 18.55 

3𝑟𝑑𝑄𝑢𝑎𝑡𝑒𝑟 𝑄3 =
3

4
(105)𝑡ℎ 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 

   = 78.75𝑡ℎ 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 

𝑇ℎ𝑒 𝑟𝑒𝑞𝑢𝑎𝑟𝑒𝑑 ……………… . 𝑖𝑠 [30,40] 

 

𝑄3 = 30 +
(76.75−72)

25
× 10 

      = 30 + 2.7 = 32.7 

∴ 𝐼𝑄𝑅 = 32.7 − 18.55 = 14.15 

 

 

 

 

 

 

∴ 𝑇ℎ𝑒 𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑖𝑠 𝑎𝑝𝑝𝑟𝑜𝑥𝑖𝑚𝑎𝑡𝑒𝑙𝑦 𝑆𝑦𝑚𝑚𝑒𝑡𝑟𝑖𝑐. 

 

 05 

Q1 Q2 Q3 

18.55 17.3 

 05 

 05 

 05 

 05 

 05 

 05 

30 

65 


