
 
 

   
 

II

2022 

கல்வி அமைச்சு
Ministry of Education



 -  2 - 
 

 
 

1. A B 𝑒 (0 <  𝑒 <  1) 𝑚, 𝑒𝑚 A B

𝑢 𝑒𝑢

B 𝑒
6

25
𝑚𝑢

𝑒

 

 

 

2. 𝑂 𝑢 √3𝑢

𝑂 𝑎 𝐴𝐵

𝐵
1

2

𝑂𝐴 , 

𝑂𝐴 𝐴  

 

 

 

 

 

 

 

 

𝑎 
𝐴 

𝐵 

𝑂 
𝑢 

 √3𝑢 

𝑢 𝑒𝑢 
 𝑒𝑚   𝑚 𝐼 𝐼 

𝑉𝑎 𝑉𝑏 
 𝑒𝑚   𝑚 

I = ∆(mv) − −→  for the system 

0 = (𝑚𝑉𝑎 + 𝑒𝑚𝑉𝑏) − (𝑚𝑢 + 𝑒𝑚𝑒𝑢) 

𝑉𝑎 + 𝑒𝑉𝑏 = 𝑢 + 𝑒2𝑢 − −−→ (1)

Newton’s Experimental Law for the system  

𝑉𝑏 − 𝑉𝑎 = −𝑒(𝑒𝑢 − 𝑢) − −−→ (2)

 

(1) + (2) − −→ (1 + 𝑒)𝑉𝑏 = (1 + 𝑒)𝑢 

                                              𝑉𝑏 = 𝑢

𝑇ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒, 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑜𝑓 𝐵 𝑖𝑠 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑓𝑟𝑜𝑚 𝑒. 

 

5 

5 

5 

I = ∆(mv) −−→ for 𝐵  

𝐼 = 𝑒𝑚𝑉𝑏 − 𝑒𝑚𝑒𝑢 = 
6

25
𝑚𝑢 

𝑒𝑢 − 𝑒2𝑢 =
6𝑢

25
− − − −−→ 25𝑒2 − 25𝑢 + 6 = 0 

(5𝑒 − 3)(5𝑒 − 2) = 0 

𝑒 =
3

5
 𝑜𝑟 𝑒 =

2

5

 

5 

5 

25 

𝑓𝑜𝑟 𝑡ℎ𝑒 𝑚𝑜𝑡𝑖𝑜𝑛  𝑂 − 𝐵   

↑ 𝑣 = 𝑢 + 𝑎𝑡 

0 =  √3 𝑢 − 𝑔𝑡1  − −−→ 𝑡1 =
√3 𝑢

𝑔
  

OR 

−−→  𝑠 = 𝑢𝑡 

𝑎 = 𝑢𝑡1 

𝑡1 =
𝑎

𝑢
 

𝑓𝑜𝑟 𝑡ℎ𝑒 𝑚𝑜𝑡𝑖𝑜𝑛  𝑂 − 𝐵   

↑ 𝑣2 = 𝑢2 + 2𝑎𝑠 

0 = ൫√3 𝑢൯
2
− 2𝑔ℎ 

ℎ =
3𝑢2

2𝑔
 

↓ 𝑠 = 𝑢𝑡 +
1

2
𝑎𝑡2 

3𝑢2

2𝑔
= 0 +

1

2
𝑔𝑡2

2−→ 𝑡2 =
√3𝑢

𝑔
=

𝑎

𝑢
 

𝑇 = 𝑡1 + 𝑡2 =
2√3𝑢

𝑔
𝑜𝑟 

2𝑎

𝑢
 

← 𝑠 = 𝑢𝑡 

𝑠 =
1

2
𝑢𝑡2 

𝑠 =
1

2
𝑢.

𝑎

𝑢
 

𝑠 =
𝑢

2
 

5 

25 

5 

5 

5 

5 

5 

Note: 

Since the same vertical 

distance T=2𝑡1 

   ∴   𝑇 =
2𝑎

𝑢
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3. 𝑚1 𝑚2 𝑚1

𝑀

𝑚2 

𝛼

4. 𝑠𝑖𝑛−1 (
1

10
) 32 𝑘𝑚 ℎ−1

 𝑁

32 𝑘𝑚 ℎ−1

(𝑔 = 10 𝑚 𝑠−2  )

 

 

 

 

 

 

 

 

 

5. 𝑎  𝑂 𝑚

𝑂
𝑎

2

 

   −≫ 𝑎 

 

 𝐻 = 𝐹𝑉 

 
64000

3
= 𝑃 ×

80

9
  

𝑃 = 2400 𝑁 

𝑓 = 𝑚𝑎 − −→ 

2400 − 400 = 2000𝑎 

𝑎 = 1 𝑚𝑠−2 

𝛼 𝛼 

𝑅1 
𝑅2 

𝒎𝟐𝒈 𝒎𝟏𝒈 𝑴𝒈 

𝑻 𝑻 
𝑻 

𝒚 𝒙 

𝒛 

5 𝑥 + 𝑦 + 2𝑧 + 𝑘 = 𝑙 

𝑥ሷ + 𝑦ሷ + 2𝑧ሷ = 0  ----- 

𝑓 = 𝑚𝑎 

𝑓𝑜𝑟 𝑚1        𝑚1𝑔 𝑠𝑖𝑛𝛼 − 𝑇 = 𝑚1𝑥ሷ   ------ 

𝑓𝑜𝑟 𝑚2        𝑚2𝑔 𝑠𝑖𝑛𝛼 − 𝑇 = 𝑚2𝑦ሷ  ------ 

𝑓𝑜𝑟 𝑀        𝑀𝑔 − 2𝑇 = 𝑀𝑧ሷ  -------------- 

5 

5 

5 

5 25 

        32 𝑘𝑚 ℎ−1 =
80

9
 𝑚𝑠

−1  

      𝑓 = 𝑚𝑎 

     𝐹 − 400 − 20000 𝑠𝑖𝑛𝛼 = 0 

                                              𝐹 = 2400 𝑁 

𝐻 = 𝐹𝑉 

𝐻 = 2400 ×
80

9
= 

64

3
 𝑘𝑊 

 

5 

400 𝑁 

25 

5 

𝛼 

𝐹 80

9
 𝑚𝑠−1 

2 × 103𝑔 

5 
5 

5 

𝑃 

𝑐𝑜𝑛𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑒𝑛𝑒𝑟𝑔𝑦  
1

2
𝑚𝑤2 − 𝑚𝑔𝑎 =

1

2
𝑚𝑣2

2 − 𝑚𝑔𝑎𝑐𝑜𝑠𝜃 

5 

5 

5 

5 25 

𝑎 𝑣1 

𝑣2 

𝑎

2
 

𝐽 

𝜃 

𝑤 

𝑚𝑔 
5 

𝐽 

𝑃. 𝐸 = 0 

 𝑠𝑖𝑛𝜃 =
(
𝑎

2
)

𝑎
=

1

2
− −→  𝜃 =

𝜋

6
 

 𝑣2 = 𝑢2 + 2𝑎𝑠 ↓ 

 𝑣1
2 = 0 + 2𝑔𝑎 𝑐𝑜𝑠

𝜋

6
 

𝑣1
2 = √3 𝑔𝑎 

 𝐼 = ∆(𝑚𝑣) 𝑝𝑒𝑟𝑝𝑒𝑛𝑑𝑖𝑐𝑢𝑙𝑎𝑟 𝑡𝑜 𝑡ℎ𝑒 𝑠𝑡𝑟𝑖𝑛𝑔 

𝑚𝑣2 − 𝑚𝑣1𝑠𝑖𝑛
𝜋

6
 = 0 

𝑣2 = 
√√3 𝑔𝑎

2
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6. O A B 𝑥𝐢 + 𝑦𝐣  

−2𝑦𝐢 + 2𝑥𝐣 𝐢  𝐣 𝑂𝑋 𝑂𝑌  𝐴𝐵 𝐴𝐶: 𝐶𝐵 = 1: 2

𝐶 𝑂𝐶 𝑂𝑌 60° 𝑥2 + 𝑦2 + 4𝑥𝑦 = 0

 

 

 

 

 

 

 

 

 

7. 2r 3r

A B 𝑟 𝑚 𝐶

𝐶 𝐴 𝐵

O, O1   O2

 

 

 

 

 

 

 

 

 

8. 𝐴𝐵 2: 1 𝐴 𝐵

𝜃

𝐴 𝜇 𝑡𝑎𝑛𝜃 𝜇

  

 

 

 

 

 

𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝐴𝑂⃗⃗ ⃗⃗  ⃗ + 𝑂𝐵⃗⃗ ⃗⃗  ⃗ =  −𝑥𝐢 − 𝑦𝐣 − 2𝑦𝐢 + 2𝑥𝐣 

𝐴𝐵⃗⃗⃗⃗  ⃗ = −(𝑥 + 2𝑦)𝐢 + (2𝑥 − 𝑦)𝐣 

𝐴𝐶⃗⃗⃗⃗  ⃗ =
1

3
𝐴𝐵⃗⃗⃗⃗  ⃗ =  

1

3
 [−(𝑥 + 2𝑦)𝐢 + (2𝑥 − 𝑦)𝐣] 

𝑂𝐶⃗⃗⃗⃗  ⃗ = 𝑂𝐴⃗⃗ ⃗⃗  ⃗ + 𝐴𝐶⃗⃗⃗⃗  ⃗ = 𝑥𝐢 + 𝑦𝐣 +
1

3
 [−(𝑥 + 2𝑦)𝐢 + (2𝑥 − 𝑦)𝐣]  

 𝑂𝐶⃗⃗⃗⃗  ⃗ =
2

3
{(𝑥 − 𝑦)𝐢 + (𝑥 + 𝑦)𝐣} 

𝑂1 𝑂2 

𝑂 

2𝑟 

𝑟 

3𝑟 𝐴 

𝐶 

𝐵 𝑟 

𝑚𝑔 

𝑅 𝑆 

𝑂𝐶⃗⃗⃗⃗  ⃗. 𝐣 = |𝑂𝐶⃗⃗⃗⃗  ⃗|. |𝐣|. 𝑐𝑜𝑠60° 

2

3
{(𝑥 − 𝑦)𝐢 + (𝑥 + 𝑦)𝐣}. 𝐣 = √(

2𝑥 − 2𝑦

𝟑
)

𝟐

+ (
2𝑥 + 2𝑦

𝟑
)

𝟐

. 𝟏.
𝟏

𝟐
 

2𝑥 + 2𝑦

3
=

2√(𝑥 − 𝑦)2 + (𝑥 + 𝑦)2

6
 

2(𝑥 + 𝑦) = √2(𝑥2 + 𝑦2) 

4(𝑥 + 𝑦)2 = 2(𝑥2 + 𝑦2) 

4𝑥2 + 4𝑦2 + 8𝑥𝑦 = 2𝑥2 + 2𝑦2 

𝑥2 + 𝑦2 + 4𝑥𝑦 = 0 

𝐴 

𝐵 

(𝑥𝐢 + 𝑦𝐣) 
𝐶 

𝑂 

60° 

(−2𝑦𝐢+ 2𝑥𝐣)  

𝛼 

5 

5 

25 

𝑂1𝑂𝑂2 =
𝜋

2
 

𝑠𝑖𝑛𝛼 =
3

5
 𝑎𝑛𝑑 𝑐𝑜𝑠𝛼 =

4

5
  

𝑓𝑜𝑟 𝑡ℎ𝑒 𝑒𝑞𝑢𝑖𝑙𝑖𝑏𝑟𝑖𝑢𝑚 𝑜𝑓 𝐶, 

 𝑆 = 𝑚𝑔 𝑐𝑜𝑠𝛼 

 𝑆 =
4𝑚𝑔

5
. 

 𝑅 = 𝑚𝑔 𝑠𝑖𝑛𝛼 

 𝑅 =  
3𝑚𝑔

5
 . 25 

5 

5 

5 

5 

 

 

 

 

 

𝐴𝑝𝑝𝑙𝑦𝑖𝑛𝑔 cot 𝑡ℎ𝑒𝑜𝑟𝑒𝑚𝑓𝑜𝑟 𝑡ℎ𝑒 𝑡𝑟𝑖𝑎𝑛𝑔𝑙𝑒 𝐴𝐵𝐶, 

(2 + 1) cot(90 − 𝜃) = 2𝑐𝑜𝑡𝜆 − 1𝑐𝑜𝑡90° 

3 𝑡𝑎𝑛𝜃 =  
2

𝑡𝑎𝑛𝜆
 

 𝑡𝑎𝑛𝜃 = 
2

3 𝜇
 

 

5 

25 

𝜃 

𝜆 
2 

1 

𝑤 

𝑅2 

𝑅1 
𝑆 

𝐴 

𝐵 

𝜆 

𝐶 10 

5 
5 

5 

5 

5 

5 
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9.  𝐴 𝐵  

(i)  A 0.2

(ii) B 0.1 

(iii) A B 0.6  

𝑃(𝐴/𝐵) =  
1

2
  .

 

 

 

 

 

 

 

 

10. 9 ∙ 4 𝑘

𝑑𝑖: -5, -2, -1, -1, -1, 0, 1, 1, 2, 6 

  

  

𝑃(𝐴 ∩ 𝐵′) = 0.2 , 𝑃(𝐴′ ∩ 𝐵) = 0.1 , 𝑃(𝐴′ ∩ 𝐵′) = 𝑃(𝐴 ∪ 𝐵)′ = 0.6 

 

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

0.2 + 0.1 = (1 − 0.6) − 𝑃(𝐴 ∩ 𝐵) 

𝑃(𝐴 ∩ 𝐵) = 0.1 

𝑃(𝐴′ ∩ 𝐵) + 𝑃(𝐴 ∩ 𝐵) = 𝑃(𝐵) 

𝑃(𝐵) = 0.1 + 0.1 = 0.2 

𝑃(𝐴/𝐵) =
𝑃(𝐴 ∩ 𝐵)

𝑃(𝐵)
 

 

 

𝑃(𝐴/𝐵) =
0.1

0.2
 

𝑃(𝐴/𝐵) =
1

2
 

 

5 

25 

5 

5 

5 

5 

𝑑𝑖 -5 -2 -1 -1 -1 0 1 1 2 6 

𝑥𝑖 k-5 k-2 k-1 k-1 k-1 k K+1 K+1 K+2 K+6 

𝑤ℎ𝑒𝑟𝑒, 𝑑𝑖 = 𝑥𝑖 − 𝑘 − −−→ 𝑥𝑖 = 𝑑𝑖 + 𝑘  

𝑥 =
∑ 𝑥𝑖

10
= 9.4 (𝑔𝑖𝑣𝑒𝑛) 

10𝑘 − 10 + 10

10
= 9.4 

𝑘 = 9.4 

𝑥𝑖 4.4 7.4 8.4 8.4 8.4 9.4 10.4 10.4 11.4 15.4 

 

𝑀𝑒𝑑𝑖𝑎𝑛 =  
8.4 + 9.4

2
= 8.9 

 

d = x − 𝑘 = 0 

𝜎𝑥
2 = 𝜎𝑑

2 =
∑𝑑𝑖

2

10
− 𝑑 

𝜎𝑥
2 =

74

10
− 0 = 7.4 5 

25 
5 

5 

5 

5 
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11. (𝑎) 𝐴 𝑢 𝑃

𝑓 𝐵

𝑃 𝐵 𝑄 𝐵 𝐴

𝑄 P  

A 𝑃 𝑄

𝑃 𝑄
𝑓

𝑓−𝑢
𝐴

 

1

2
 h 

1 h 1

2
 h 

𝑇 

1

2
 h 

𝑓𝑜 

𝑓 

𝑓𝑜 

𝑣1 

−𝑣 

P 

Q 

 

𝑡𝑎𝑛𝛼 =
𝑣1−𝑢

1

2

= 𝑓
𝑜
− −→ 𝑓

𝑜
= 2(𝑣1 − 𝑢)------[1] 

𝑡𝑎𝑛𝛽 =
𝑣1

1
= 𝑓 − −→ 𝑣1 = 𝑓 

𝑓𝑜 = 2(𝑓 − 𝑢). 

𝑡𝑎𝑛𝛾 =
𝑣

1
2

= 𝑓
𝑜
− −→ 2𝑣 = 𝑓

𝑜
−→ 𝑣 =

𝑓
𝑜

2
= 𝑓 − 𝑢 

𝑆𝑝 = 𝑆𝑄  

(𝑢 + 𝑣1)

2
×

1

2
+ (

1

2
× 1 × 𝑣1) = (

𝑇 + 𝑇 −
1
2

2
)𝑣 

(
𝑢 + 𝑓

4
) +

𝑓

2
= 

(4𝑇 − 1)

4
(𝑓 − 𝑢)  

𝑢 + 𝑓 + 2𝑓 = (4𝑇 − 1)(𝑓 − 𝑢) 

𝑢 + 3𝑓

𝑓 − 𝑢
= 4𝑇 − 1 

4𝑇 =
4𝑓

𝑓 − 𝑢
 

𝑇 =
𝑓

𝑓 − 𝑢
 

 35 

5 

5 

5 

5 

20 10 

5 

5 

20 

10 

5 

5 

5 

5 

5 
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(𝑏) 𝑆 𝑢 𝑘𝑚 ℎ−1 𝑆

𝑑 𝑘𝑚 𝐴 2𝑑 𝑘𝑚 𝐵 𝐴
3𝑢

2
 𝑘𝑚 ℎ−1 𝑆 

𝐵 2𝑢 𝑘𝑚 ℎ−1 𝑆

𝐴 𝐵

 𝑉𝑆𝐸 = 𝑢 ↑     𝑉𝐴𝐸 =
3𝑢

2
      𝑉𝐵𝐸 = 2𝑢 

 

 

 

𝐹𝑜𝑟 𝐴 

𝑉𝐴𝑆 =→           

𝑉𝐴𝑆 = 𝑉𝐴𝐸 + 𝑉𝐸𝑆 

→ 𝑥    =  
3𝑢

2
+ 𝑢 ↓  

 

 

A B 
𝑑 𝑘𝑚 2𝑑 𝑘𝑚 S 

𝑢 3𝑢

2
 

𝑥 

𝛼 

𝐹𝑜𝑟 𝐵 

𝑉𝐵𝑆 =← 

𝑉𝐵𝑆 = 𝑉𝐵𝐸 + 𝑉𝐸𝑆 

← 𝑦    =  2𝑢 + 𝑢 ↓  

 
𝑢 

 
𝛽 2𝑢 

 

𝑥2 = (
3𝑢

2
)
2

−  𝑢2 = 
5𝑢2

4
 

𝑥 =
√5 𝑢

2
 

𝑡𝐴 = 
𝑑

(
√5 𝑢

2 )

=
2𝑑

√5 𝑢
 

 

𝑦2 = (2𝑢)2 −  𝑢2 = 3𝑢2 

𝑦 = √3𝑢 

𝑡𝐵 = 
2𝑑

√3𝑢
 

 

𝑦 

Since, 𝑡𝐴 < 𝑡𝐵   boat 𝐴 will catch the ship before B  

5 

10 

5 

5 

5 

10 

5 
5 

5 

10 

10 

75 
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12. (𝑎) 𝑀 

𝐴𝐵 𝐵𝐶 𝐷 

𝑎 𝐴  𝐶 𝐶 

 2𝑚 

𝐷 𝑚 𝐴𝐵 

𝐵

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

30° 60° 

𝐴 

𝐵 

𝐶 𝐷 

𝒂 

𝑇 

𝑇 

𝑇 𝑇 

𝑅 

𝑀𝑔 

2𝑚𝑔 𝑚𝑔 

𝑅1 𝑅2 

𝑅2 𝑅1 

𝑥 

𝑥 + 𝑦 = 𝑘 

𝑥ሷ + 𝑦ሷ = 0 → 𝑥ሷ = −𝑦ሷ  

𝑎𝑊𝐸=→𝐹      𝑎𝑄𝑊= 𝑓           𝑎𝑃𝑊=𝐹       

𝑎𝑃𝐸=                𝐹                         𝑎𝑄𝐸=           𝐹       

 

𝐹 = 𝑚𝑎 

𝑓𝑜𝑟 𝑄           𝑚𝑔cos 60 = 𝑚 (𝑓 + 𝐹 cos 30) − −→ (1) 

 

𝑓𝑜𝑟 𝑃           2𝑚𝑔 cos 30 − 𝑇 = 2𝑚 (𝐹 − 𝐹 cos 60)−→ (2) 

𝑓𝑜𝑟 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚 →          

  

 𝑇 = 𝑀𝐹 + 2𝑚(𝐹 − 𝐹 cos 60) + 𝑚(𝐹 + 𝑓𝑐𝑜𝑠30) − −→ (3) 

 

𝑓𝑜𝑟 𝑤𝑒𝑑𝑔𝑒 − −→ 

𝑠 = 𝑢𝑡 +
1

2
𝑎𝑡2 

𝑎 = 0 +
1

2
𝐹𝑡2 − −→ (4) 

𝐹 
𝑓 

5 

5 5 

5 5 

5 

(𝐹𝑜𝑟𝑐𝑒𝑠) (𝐴𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑠) 

(𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛) 

Note: 

when equation has 

not written, provide 

marks for the forces 

marked in the 

diagram.  
5 (𝐹𝑜𝑟𝑐𝑒𝑠) 5 (𝐴𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑠) 

5    (𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛) 

5 (𝐹𝑜𝑟𝑐𝑒𝑠) 

5 (𝐴𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑠) 5 5 

5 (𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛) 

5 75 
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(𝑏) 𝐴𝐵𝐶𝐷𝐸 𝐴𝐵 𝑂 𝑎

 𝐴Ô𝐵 =
𝜋

2
𝐵𝐶 𝑎 𝐶𝐷𝐸  𝑎

𝑚 𝑃 𝐴

(i)𝐴 𝐵 𝑃 හි 𝑂𝐴 𝜃 (0 ≤ 𝜃 ≤
𝜋

2
) 𝑂𝑃 , 𝑣

𝑣2 = 2𝑔𝑎(1 − 𝑐𝑜𝑠𝜃) 

𝑃 𝑅 𝑅  𝜃 cos−1 ( 
2

3
 )  

(ii)𝐸 8𝑚𝑔

 

𝒂 

𝑶 

𝑶′ 

𝒂 

𝒂 

𝑬 

𝒎𝒈 

𝑪 

𝑩 

𝑨 

𝑫 

𝟎 

𝒗 𝑹 

𝜽 

𝒗𝟐

𝒂
 

𝑃𝐸 = 0 

(𝑖) 𝐿𝑎𝑤 𝑜𝑓 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛  

𝑚𝑔𝑎 =
1

2
𝑚𝑣2 + 𝑚𝑔𝑎𝑐𝑜𝑠𝜃 

𝑣2 = 2𝑔𝑎(1 − 𝑐𝑜𝑠𝜃) 
 

  (𝑖𝑖)    𝐹 = 𝑚𝑎 

𝑚𝑔 𝑐𝑜𝑠𝜃 − 𝑅 = 𝑚
𝑣2

𝑎
 

𝑅 = 𝑚𝑔 𝑐𝑜𝑠𝜃 − 2𝑚𝑔(1 − 𝑐𝑜𝑠𝜃) 

𝑅 = 𝑚𝑔(3𝑐𝑜𝑠𝜃 − 2) 

𝑙𝑒𝑡 𝛼 = cos−1 ( 
2

3
 )  

𝑤ℎ𝑒𝑛 0 < 𝜃 < 𝛼 − −→ 𝑅 > 0 

            𝛼 < 𝜃 <
𝜋

2
− −→ 𝑅 < 0 

𝑇ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒,

𝑅 𝑡𝑎𝑘𝑖𝑛𝑔 𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑝𝑎𝑠𝑖𝑛𝑔 𝑡ℎ𝑒 𝑝𝑜𝑠𝑖𝑠𝑡𝑖𝑜𝑛  

𝜃 = cos−1 ( 
2

3
 ) .    

(𝑖𝑖𝑖) 𝑤ℎ𝑒𝑛 𝜃 =
𝜋

2
− −→  𝑣2 = 2𝑔𝑎 − −→ 𝑣 = √2𝑔𝑎 

from B to C  

𝑙𝑎𝑤 𝑜𝑓 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛 
1

2
m(2𝑔𝑎) =

1

2
m𝑣𝐶

2 − 𝑚𝑔𝑎 

𝑣𝐶 = 2√𝑔𝑎 

𝑣𝐶 = 𝑣𝐸 = 2√𝑔𝑎 

 

𝐴𝑡 𝑡ℎ𝑒 𝑝𝑜𝑖𝑛𝑡 𝐸, 𝐹 = 𝑚𝑎 − −→ 

𝑅𝐸 = 𝑚(
𝑣𝐸

2

𝑎/2
) = 8𝑚𝑔 

   

10 

5 

25 

15 

5 

5 

10 

5 

5 

25 

25 

5 

5 

5 



 -  10 - 
 

 
 

13. 𝐴, 𝐵, 𝐶, 𝐷, 𝐸  𝐹 𝐴𝐵 = 𝐵𝐶 = 𝐶𝐷 = 𝐷𝐸 = 𝑙    𝐸𝐹 = 2𝑙

𝑙 𝐴 𝐹

𝑚 𝑃 𝐷 𝐵 t 

A E 𝑥,  (𝑙 ≤ 𝑥 ≤ 2𝑙) 

𝑥ሷ +
𝜆

2𝑚𝑙
(𝑥 − 4𝑙) = 0  λ

(i) X = x − 4𝑙 𝑋ሷ +
𝜆

2𝑚𝑙
𝑋 = 0 

𝑋 = 𝛼 cos 𝜔𝑡 +  𝛽 sin  𝜔𝑡 𝛼, 𝛽  𝜔

√
2𝑙𝑚

𝜆
 cos−1 (

2

3
) √

5𝜆𝑙

2𝑚
 𝐶 

(ii) 2𝑙 ≤ 𝑥 ≤ 4𝑙 𝑌 𝑌ሷ +
𝜆

𝑚𝑙
𝑌 = 0

𝑌 = 𝛼′cos (𝜔′(𝑡 − 𝑡0)) +  𝛽′sin (𝜔′(𝑡 − 𝑡0))

𝛼′, 𝛽′  𝜔′ 𝑡0 = √
2𝑙𝑚

𝜆
 cos−1 (

2

3
)

(iii) 𝑃 𝐸

2√
𝑙

𝑚
  {

𝜋

2
− cos−1 (

2

7
) +

1

√2
cos−1 (

2

3
)}

  

𝑨 𝑩 𝑪 𝑫 𝑬 𝑭 

𝒍 𝒍 𝒍 𝒍 𝟐𝒍 

𝑨 𝑩 𝑪 𝑫 𝑬 𝑭 

𝒍 𝒍 𝒍 𝒍 𝟐𝒍 𝑻 𝑻 

𝒙 (𝟔𝒍 − 𝒙) 

(𝒊) 𝑤ℎ𝑒𝑛 𝑙 ≤ 𝑥 ≤ 2𝑙 

𝑇 =
𝜆

2𝑙
(6𝑙 − 𝑥 − 2𝑙) 

𝑇 =
𝜆

2𝑙
(4𝑙 − 𝑥) 

𝐴𝑝𝑝𝑙𝑦𝑖𝑛𝑔, 𝐹 = 𝑚𝑎 

𝑚 − −→   𝑇 = 𝑚𝑥ሷ  
𝜆

2𝑙
(4𝑙 − 𝑥) = 𝑚𝑥ሷ  

𝑥ሷ +
𝜆

2𝑚𝑙
(𝑥 − 4𝑙) = 0 

𝑝𝑢𝑡, 𝑥 − 4𝑙 = 𝑋 − −→ 𝑥ሷ = 𝑋ሷ  

 𝑋ሷ +
𝜆

2𝑚𝑙
𝑋 = 0   

𝑋 =  𝑥 − 4𝑙 = 𝛼 𝑐𝑜𝑠𝜔𝑡 + 𝛽 𝑠𝑖𝑛𝜔𝑡 

𝑡 = 0, 𝑥 = 𝑙 , −3𝑙 = 𝛼 

�̇� = �̇� = − 𝛼𝜔 𝑠𝑖𝑛𝜔𝑡 + 𝛽𝜔 𝑐𝑜𝑠𝜔𝑡 

𝑡 = 0, 𝑥 = 𝑙, �̇� = 0 

0 = 𝛽𝜔 − −→ 𝛽 = 0   

𝑋ሷ = 𝑥ሷ =  −𝛼 𝜔2𝑐𝑜𝑠𝜔𝑡 − 𝛽  𝜔2𝑠𝑖𝑛𝜔𝑡 

𝑋ሷ = − 𝜔2(𝛼 𝑐𝑜𝑠𝜔𝑡 + 𝛽 𝑠𝑖𝑛𝜔𝑡) 

𝑋ሷ = − 𝜔2𝑋 − −→ 𝑋ሷ +  𝜔2𝑋 = 0 

𝜔 = √
𝜆

2𝑚𝑙
 

𝑥 = 4𝑙 − 3𝑙 𝑐𝑜𝑠𝜔𝑡 

𝑥 = 2𝑙, 𝑡? 

2𝑙 = 4𝑙 − 3𝑙 𝑐𝑜𝑠𝜔𝑡 

𝑐𝑜𝑠𝜔𝑡 =
2

3
− −→ 𝑡 =

1

𝜔
 cos−1 (

2

3
)  

𝑡 = √
2𝑚𝑙

𝜆
 cos−1 (

2

3
) 

ℎ𝑒𝑟𝑒,   �̇� = 3𝑙𝜔 𝑠𝑖𝑛𝜔𝑡 

�̇� = 3𝑙𝜔 √1 − cos2 𝜔𝑡 − −→  3𝑙𝜔 √1 −
4

9
 

�̇� = 3𝑙𝜔 
√5

3
= √5𝑙𝜔 = √

5𝜆𝑙

2𝑚
 

∴ 𝑡ℎ𝑒 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑎𝑡 𝐶 𝑖𝑠 √
5𝜆𝑙

2𝑚
 

 

(𝒊𝒊) 𝑤ℎ𝑒𝑛 2𝑙 ≤ 𝑥 ≤ 4𝑙 

 

𝑇1 =
𝜆

2𝑙
(6𝑙 − 𝑥 − 2𝑙) =

𝜆

2𝑙
(4𝑙 − 𝑥) 

𝑇2 =
𝜆

2𝑙
(𝑥 − 2𝑙) 

 

5 

5 

5 

5 

5 

5 
5 

5 

5 

5 

60 

5 

5 

5 
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14. (𝑎)

𝑂 𝑃 𝑄 𝒑 𝐪 𝐿

𝑂𝐿: 𝐿𝑃 =  3: 4 𝑂𝑃 𝑁 𝑂𝑁:𝑁𝑄 = 5: 2 𝑂𝑄

𝑃𝑁 𝑄𝐿 𝑀 𝑂𝑀⃗⃗⃗⃗ ⃗⃗ =  𝒒 + 𝜆 (3𝒑 − 7𝒒) 𝜆

𝑂𝑀⃗⃗ ⃗⃗ ⃗⃗  𝑀 𝒑 𝐪

 

𝑚 − −→  𝑇1 − 𝑇2 = 𝑚𝑥ሷ  

𝑇1 − 𝑇2 =
𝜆

2𝑙
(4𝑙 − 𝑥 + 2𝑙 − 𝑥) = 𝑚𝑥ሷ  

𝜆

2𝑙
2(3𝑙 − 𝑥) = 𝑚𝑥ሷ  

𝑥ሷ =
𝜆

𝑚𝑙
(3𝑙 − 𝑥)−→ 𝑥ሷ +

𝜆

𝑚𝑙
(𝑥 − 3𝑙) 

𝑠𝑖𝑚𝑖𝑙𝑎𝑟𝑙𝑦 𝑡𝑎𝑘𝑒 (𝑥 − 3𝑙) = 𝑌 

𝑌ሷ +
𝜆

𝑚𝑙
𝑌 = 0 

𝑁𝑜𝑤, 𝑌 = 𝛼′ 𝑐𝑜𝑠𝜔′(𝑡 − 𝑡0) + 𝛽′𝑠𝑖𝑛𝜔′(𝑡 − 𝑡0) 

𝑤ℎ𝑒𝑛 𝑡 = 𝑡0, 𝑥 = 2𝑙 𝑎𝑛𝑑 �̇� = �̇� = √
5𝜆𝑙

2𝑚
 

2𝑙 − 3𝑙 = 𝛼′ − −→ 𝛼′ = −𝑙 

 �̇� = �̇� =  −𝛼′ 𝜔′𝑠𝑖𝑛𝜔′(𝑡 − 𝑡0) + 𝛽′𝜔′ 𝑐𝑜𝑠𝜔′(𝑡 − 𝑡0) 

𝛽′𝜔′ = √
5𝜆𝑙

2𝑚
 

𝑠𝑖𝑚𝑖𝑙𝑎𝑟𝑙𝑦, 𝜔′ = √
𝜆

𝑚𝑙
− −→ 𝛽′ = 𝑙√

5

2
 

 

5 

5 

5 

5 
5 

5 

5 

5 

5 

50 

(𝒊𝒊𝒊) 𝑥 − 3𝑙 = −𝑙𝑐𝑜𝑠𝜔′(𝑡 − 𝑡0) + 𝑙√
5

2
𝑠𝑖𝑛𝜔′(𝑡 − 𝑡0) 

𝑤ℎ𝑒𝑛 𝑥 = 4𝑙, 𝑡? 

𝑙 = −𝑙 𝑐𝑜𝑠𝜔′(𝑡 − 𝑡0) − 𝑙√
5

2
𝑠𝑖𝑛𝜔′(𝑡 − 𝑡0) 

  
−√2

√7
=

√2

√7
𝑐𝑜𝑠𝜔′(𝑡 − 𝑡0) − √

5

7
𝑠𝑖𝑛𝜔′(𝑡 − 𝑡0) 

           = 𝑐𝑜𝑠𝛽 𝑐𝑜𝑠𝜔′(𝑡 − 𝑡0) − 𝑠𝑖𝑛𝛽 𝑠𝑖𝑛𝜔′(𝑡 − 𝑡0) 

𝑤ℎ𝑒𝑟𝑒, 𝑐𝑜𝑠𝛽 =  √
2

7
  𝑎𝑛𝑑 𝑠𝑖𝑛𝛽 = √

5

7
 

−√2

√7
= cos{𝛽 + 𝜔′(𝑡 − 𝑡0)} 

𝛽 + 𝜔′(𝑡 − 𝑡0) = cos−1 (
−√2

√7
)  

𝜔′(𝑡 − 𝑡0) = 𝜋 − cos−1 (
√2

√7
) − cos−1 (

√2

√7
)  

𝑡 =
1

𝜔′
ቊ𝜋 − 2cos−1 (

√2

√7
) ቋ + 𝑡0 

𝑡 = √
𝑚𝑙

𝜆
ቊ𝜋 − 2cos−1 (

√2

√7
) ቋ + √

2𝑚𝑙

𝜆
 cos−1 (

2

3
) 

𝑡 = √
𝑚𝑙

𝜆
ቊ𝜋 − 2cos−1 (

√2

√7
) + √2 cos−1 (

2

3
)ቋ 

5 

5 

5 

5 

5 

5 

40 

5 

5 

4 

𝑂 

𝐿 

𝑃(𝒑) 

𝑀 

𝑁 𝑄(𝒒) 

3 

5 2 

𝑂𝑀⃗⃗ ⃗⃗ ⃗⃗  = 𝑂𝑃⃗⃗⃗⃗  ⃗ + 𝑃𝑀⃗⃗⃗⃗⃗⃗   

        = 𝒑 + 𝛽𝑃𝑁⃗⃗⃗⃗⃗⃗  

        = 𝒑 + 𝛽൫𝑃𝑂⃗⃗⃗⃗  ⃗ + 𝑂𝑁⃗⃗⃗⃗⃗⃗ ൯ 

        = 𝒑 + 𝛽 (−𝒑 +
5

7
𝒒) 

        = 𝒑 + 𝜇(5𝒒 − 7𝒑)   𝑤ℎ𝑒𝑟𝑒  𝜇 =
𝛽

7
 

𝑁𝑜𝑤, 𝒒 + 𝜆(3𝒑 − 7𝒒) = 𝒑 + 𝜇(5𝒒 − 7𝒑) 

1 − 7𝜆 = 5𝜇  𝑎𝑛𝑑   1 − 7𝜇 = 3𝜆   (𝒑 // 𝒒) 

𝜆 =
1

17
− −→ 𝑂𝑀⃗⃗ ⃗⃗ ⃗⃗  =

1

17
(3𝒑 + 10𝒒) 

 

𝑂𝑀⃗⃗ ⃗⃗ ⃗⃗  = 𝑂𝑄⃗⃗⃗⃗⃗⃗ + 𝑄𝑀⃗⃗ ⃗⃗ ⃗⃗   

        = 𝑂𝑄⃗⃗⃗⃗⃗⃗ + 𝛼𝑄𝐿⃗⃗⃗⃗  ⃗ 

        = 𝑂𝑄⃗⃗⃗⃗⃗⃗ + 𝛼൫𝑄𝑂⃗⃗⃗⃗⃗⃗ + 𝑂𝐿⃗⃗⃗⃗  ⃗൯ 

        = 𝒒 +
𝛼

7
(3𝒑 − 7𝒒) 

        = 𝒒 + 𝜆(3𝒑 − 7𝒒)    𝑤ℎ𝑒𝑟𝑒 𝜆 = 𝛼/7 

 

 

5 

5 

5 
5 

5 

5 

5 

5 

5 

5 

5 5 

5 

5 

70 



 -  12 - 
 

 
 

(𝑏) 𝑋𝑌 𝑂

𝐴 3𝑎 𝒊 + 2𝑎 𝒋 4𝑃 𝒊 + 3𝑃 𝒋

𝐵 −𝑎 𝒊 −𝑃 𝒊 + 4𝑃 𝒋

𝐶 −𝑎 𝒋 5𝑃 𝒊 − 𝑃 𝒋

𝒊  𝒋 𝑂𝑋 𝑂𝑌 𝑃 𝑎 

10𝑃 𝑁

4𝑦 = 3𝑥 + 6𝑎

 

𝒑 

 

 

 

 

 

 

 

 

 

 

 

 

 

→ 𝑋 = 4𝑝 + 5𝑝 − 𝑝 = 8𝑝 

↑ 𝑌 = 3𝑝 − 4𝑝 − 𝑝 = 6𝑝 

 

𝑅 = √(8𝑝)2 + (6𝑝)2 = 10 𝑝 

𝑡𝑎𝑛𝜃 = 
3

4
 

𝑅 ≠ 0, 𝑇ℎ𝑢𝑠 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚 𝑐𝑛 𝑏𝑒 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑎𝑛𝑡 𝑡𝑜  

 𝑎 𝑠𝑖𝑛𝑔𝑙𝑒 𝑓𝑜𝑟𝑐𝑒 𝑅 = 10𝑝 

 

𝑇𝑎𝑘𝑖𝑛𝑔 𝑚𝑜𝑚𝑒𝑛𝑡𝑠 𝑎𝑏𝑜𝑢𝑡 𝑂 

  𝐺 = (4𝑝 × 3𝑎 − 4𝑝 × 2𝑎) + (−4𝑝 × 𝑎) + 5𝑝𝑎 = 2𝑝𝑎 − −→ 6𝑝 × 𝑥 = 2𝑝𝑎 

 

𝑥 =
1

3
𝑎 

Equation of line of the action  

𝑦 − 0 =
3

4
(𝑥 −

1

3
𝑎) − −→ 4𝑦 = 3𝑥 − 𝑎 

𝑦 

𝑂 𝑥 

(0, −𝑎) 

(−𝑎, 0) 

(3𝑎, 2𝑎) 
4𝒑 

3𝒑 

5𝒑 

4 

𝒑 

𝑦 

𝑂 𝑥 

6𝒑 

8𝒑 𝑄(𝑥, 0) 

𝜃 

𝑅 

5 

5 

5 

5 

10 

5 

5 

5 

5 

5 

5 
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𝐿𝑒𝑡 𝐺′𝑏𝑒 𝑡ℎ𝑒 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑚𝑜𝑚𝑒𝑛𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑜𝑢𝑝𝑙𝑒, 

𝑡𝑎𝑘𝑖𝑛𝑔 𝑚𝑜𝑚𝑒𝑛𝑡 𝑎𝑏𝑜𝑢𝑡 𝑂 

𝐺′ + 6𝑝.
𝑎

3
=  −8𝑝.

3𝑎

2

𝐺′ = 14𝑝𝑎

15. (𝑎) 𝐴𝐵, 𝐵𝐶 𝐴𝐶 𝐴𝐵𝐶

𝐴𝐵 𝐵𝐶 𝑊 𝐴𝐶 𝑊 𝐴 𝐴𝐶

𝜃 .  𝑡𝑎𝑛𝜃 =
√3

4

𝜃 𝐵 𝐴𝐵

 

𝐺′ 𝑅 = 10𝑝 

8𝑝 

6𝑝 

𝑅 = 10𝑝 6𝑝 

8𝑝 

𝑂 𝑂 

(0,−
𝑎

2
)  

80 

5 

(0,
3𝑎

2
)  

5 

10 

𝐵 

𝐴 

𝐶 
30° 

𝑊 

2𝑊 

𝑊1 

𝑋 

𝑌 

𝑌 

𝑋 

𝑇0 𝐿𝑒𝑡 𝐴𝐵 = 2𝑎  

𝑓𝑜𝑟 𝑡ℎ𝑒 𝑒𝑞𝑢𝑖𝑙𝑖𝑏𝑟𝑖𝑢𝑚 𝑜𝑓 𝐴𝐵𝐶 𝑡𝑎𝑘𝑖𝑛𝑓 𝑚𝑜𝑚𝑒𝑛𝑡 𝑎𝑏𝑜𝑢𝑡  𝐴 

𝑊.𝑎 sin(60 − 𝜃) +𝑊. 2𝑎𝑐𝑜𝑠30° cos(60 + 𝜃) = 𝑎. 2𝑊 𝑠𝑖𝑛𝜃  

 

sin(60 − 𝜃) + √3 cos(60 +  𝜃) =2𝑠𝑖𝑛𝜃  

𝑠𝑖𝑛60𝑐𝑜𝑠𝜃 − 𝑐𝑜𝑠60 𝑠𝑖𝑛𝜃 + √3(𝑐𝑜𝑠60𝑐𝑜𝑠𝜃 − 𝑠𝑖𝑛60𝑠𝑖𝑛𝜃 = 2𝑠𝑖𝑛𝜃 

√3

2
. 𝑐𝑜𝑠𝜃 −

1

2
𝑠𝑖𝑛𝜃 + √3(

1

2
𝑐𝑜𝑠𝜃 −

√3

2
𝑠𝑖𝑛𝜃 = 2𝑠𝑖𝑛𝜃 

𝑡𝑎𝑛𝜃 =
√3

4
− −→ 𝜃 = tan−1 (

√3

4
) 

𝑓𝑜𝑟 𝑡ℎ𝑒 𝑒𝑞𝑢𝑖𝑙𝑖𝑏𝑖𝑢𝑚 𝑜𝑓 𝐴𝐵 𝑡𝑎𝑘𝑖𝑛𝑔 𝑚𝑜𝑚𝑒𝑛𝑡 𝑎𝑏𝑜𝑢𝑡 𝐴  

𝑌. 𝑎 sin(60 − 𝜃) − 𝑥. 2 acos(60 − 𝜃) + 𝑊. 𝑎 sin(60 − 𝜃) = 0 

𝑓𝑜𝑟 𝐶𝐵 𝑡𝑎𝑘𝑖𝑛𝑔 𝑚𝑜𝑚𝑒𝑛𝑡 𝑎𝑏𝑜𝑢𝑡 𝐶  

−2𝑋. 𝑎 sin(30 − 𝜃) − 𝑌. 2𝑎  𝑐𝑜𝑠(30 − 𝜃) + 𝑊. 𝑎 𝑐𝑜𝑠(30 − 𝜃) = 0 

 

 
55 

5 
15 

10 

5 

10 

10 
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(𝑏) 𝐴𝐵,𝐵𝐶, 𝐶𝐷,𝐷𝐴 හා 𝐵𝐷

𝐴𝐵 = 𝐵𝐶, 𝐴𝐷 = 𝐶𝐷, 𝐴�̂�𝐵 = 𝐶�̂�𝐵 = 30°    𝐴𝐵𝐷 = 𝐶𝐵𝐷 = 60°

𝐴 𝐶 𝑊 𝐷 𝑃

𝐴𝐵 𝐴𝐷

𝐶, 𝐵  𝐷

(i) 

(ii) 𝑃 𝐴

 

30° 

60° 
60° 

30° 

𝐴 𝐵 

𝐶 

𝐷 

𝑊 

𝑅 

𝑃 

a

b

c d

e

𝑎 

𝑏 𝑑 

𝑐 

𝑒 

𝜃 60° 

60° 

Rod Tension Thrust 

AB √3

2
𝑊 - 

BC √3

2
𝑊 - 

CD - 
𝑊

2
 

DA 𝑊 - 

DB - √3

2
𝑊 

 

Hence, 𝑃 =
√3

2
𝑊         𝑅 =

√3

2
𝑊     𝑡𝑎𝑛𝜃 =

2

√3
    

 

95 

30 

50 

5 5 5 
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16. 

(i) 𝑎
3𝑎

8

(ii) ℎ
1

4
ℎ

𝑅
𝑅

2
2𝑅

𝑅 𝑅

𝑅

𝜎

𝑂
7𝑅

6

α

α < tan−1 (
6

7
) μ ≥  tan𝛼 μ
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𝐵𝑦 𝑠𝑦𝑚𝑚𝑒𝑡𝑟𝑦, 𝑡ℎ𝑒 𝑐𝑒𝑛𝑡𝑒𝑟 𝑜𝑓 𝑚𝑎𝑠𝑠 𝑙𝑖𝑒𝑠 𝑜𝑛 𝑂𝑋  

 

Object Mass (
1

3
𝜋𝑅3𝜌 = 𝑀)  Distance from O 

 
4

3
𝜋𝑅3𝜌 = 4𝑀 𝑅 

 
1

6
𝜋𝑅3𝜌 =

𝑀

2
 

5𝑅

2
 

 
2

3
𝜋𝑅3𝜌 = 2𝑀 

21𝑅

8
 

 
1

3
𝜋𝑅3𝜌 = 𝑀 

11𝑅

4
 

 
9

2
𝜋𝑅3𝜌 =

9𝑀

2
 𝑋 

 

𝑋 

𝑌 

R
 

𝑹𝟐
 

𝟐𝑹 𝟐𝑹 

2𝑅 

R
 

𝑹𝟐  

R
 

O
 

5 

5 5 

5 5 

5 5 

5 5 

5 
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17. (a) A, B හා C 

1: 2: 2

A B C

(i) 

(ii) B

 

9𝑀

2
. 𝑋 = (4𝑀. 𝑅) − (

𝑀

2
.
5𝑅

2
) + (2𝑀.

21𝑅

8
) − (𝑀.

11𝑅

4
) 

𝑋 =
7𝑅

6
 

 

 

𝛼 𝑊 

𝑮 

𝑿 

𝑵 

65 

10 

5 

𝑶 
𝑴 

𝛼 

𝑹 

𝑭 

         𝐹 = 𝑤 𝑠𝑖𝑛𝛼 

        𝑅 = 𝑤 𝑐𝑜𝑠𝛼 

𝑻𝒐 𝒑𝒓𝒆𝒗𝒆𝒏𝒕 𝒔𝒍𝒊𝒅𝒊𝒏𝒈 

|
𝐹

𝑅
| ≤ 𝜇  

𝑤 𝑠𝑖𝑛𝛼

𝑤 𝑐𝑜𝑠𝛼
≤ 𝜇 − −→  𝜇 ≥ 𝑡𝑎𝑛𝛼 

𝑻𝒐 𝒑𝒓𝒆𝒗𝒆𝒏𝒕 𝒓𝒐𝒍𝒍𝒊𝒏𝒈 

𝑂𝑀 ≤ 𝑂𝑁 − −→
𝑂𝑀

𝑂𝐺
≤

𝑂𝑁

𝑂𝐺
 

𝑡𝑎𝑛𝛼 ≤
𝑅

(
7𝑅
6

)
− −→  𝑡𝑎𝑛𝛼 ≤

6

7
 

∴ 𝛼 ≤ tan−1 (
6

7
) 

5 

5 

5 

5 

5 
25 

𝐴: 𝑇ℎ𝑒 𝑏𝑜𝑥 𝑐ℎ𝑜𝑠𝑒𝑛 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑖𝑛𝑔 𝑏𝑢𝑙𝑏 𝑜𝑓 𝐺𝑟𝑎𝑑𝑒 𝐴 

𝐵: 𝑇ℎ𝑒 𝑏𝑜𝑥 𝑐ℎ𝑜𝑠𝑒𝑛 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑖𝑛𝑔 𝑏𝑢𝑙𝑏 𝑜𝑓 𝐺𝑟𝑎𝑑𝑒 𝐵 

𝐶: 𝑇ℎ𝑒 𝑏𝑜𝑥 𝑐ℎ𝑜𝑠𝑒𝑛 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑖𝑛𝑔 𝑏𝑢𝑙𝑏 𝑜𝑓 𝐺𝑟𝑎𝑑𝑒 𝐶 

𝑋:𝑇ℎ𝑒 𝑡𝑤𝑜 𝑏𝑢𝑙𝑏𝑠 𝑡𝑒𝑠𝑡𝑒𝑑 𝑎𝑟𝑒 𝑓𝑜𝑢𝑛𝑑 𝑡𝑜 𝑏𝑒 𝑠𝑎𝑡𝑖𝑠𝑓𝑎𝑐𝑡𝑜𝑟𝑦   

𝑃(𝐴) = 0.2     𝑃(𝐵) = 0.4      𝑃(𝐶) = 0.4 

𝑃(𝑋/𝐴) = 1.0    𝑃(𝑋/𝐵) = (1.0 − 0.1) 2 = 0.81    

𝑃(𝑋/𝐶) = (1.0 − 0.2) 2 = 0.64    

𝑃(𝑋) = 𝑃(𝐴). 𝑃(𝑋/𝐴)  +  𝑃(𝐴). 𝑃(𝑋/𝑨)  + P(C). 𝑃(𝑋/𝑪) 

𝑃(𝑋) = 0.2 × 1 + 0.4 × 0.81 + 0.4 × 0.64 

𝑃(𝑋) = 0.78 

𝑃(𝐵/𝑋)  =  
𝑃(𝑋/𝐵) . 𝑃(𝐵)

𝑃(𝑋)
 =  

0.81 × 0.4

0.78
 

𝑃(𝐵/𝑋)  = 0.415 

 

5 

5 

10 

10 

5 

5 

10 5 

5 
60 
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(𝑏)

 

 

 

𝑦𝑖 = 
1

10
(𝑥𝑖 − 55)

𝟒𝟖 𝟐𝟏. 𝟓

 

𝑥𝑖  𝑓𝑖  𝑦𝑖 = (
𝑥𝑖 − 55

10
) 𝑓𝑖𝑦𝑖 𝑓𝑖𝑦𝑖

2 

35 05 -2 -10 20 

45 10 -1 -10 10 

55 15 0 0 15 

65 30 1 30 30 

75 05 2 10 20 

85 05 3 15 45 

 70  35 140 

 

 

 

𝑋 = 10𝑌 + 55 

𝑌 =
∑𝑓𝑖𝑦𝑖

∑𝑓𝑖
= 

35

70
=

1

2
 

𝑋 = 10 ×
1

2
+ 55 = 60 

𝜎𝑥
2 = 𝑐2 [

∑𝑓𝑦2

∑𝑓
− 𝑦

2
] 

𝜎𝑥
2 = 102 [

140

70
− (

1

2
)
2

] 

𝜎𝑥
2 = 102 [2 −

1

4
] 

𝜎𝑥
2 = 13.2 

𝑙𝑒𝑡 𝜇2 𝑖𝑠 𝑡ℎ𝑒 𝑚𝑒𝑎𝑛 𝑜𝑓 𝑡ℎ𝑒 30 𝑠𝑡𝑢𝑑𝑒𝑛𝑡𝑠  

𝜇 =  𝑚𝑒𝑎𝑛 𝑜𝑓 𝑡ℎ𝑒 100 𝑠𝑡𝑢𝑑𝑒𝑛𝑡𝑠  

𝜇 =
𝑛𝜇1+𝑚𝜇2

𝑛 + 𝑚
  𝑛 = 70,𝑚 = 30 

4.8 =
70 × 60 + 30 × 𝜇2

100
   

𝜇2 = 20 

 

 

𝑙𝑒𝑡 𝜎 𝑖𝑠 𝑡ℎ𝑒 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 100 𝑠𝑡𝑢𝑑𝑒𝑛𝑡𝑠  

𝜎2 =
(𝑛𝜎1

2 + 𝑚𝜎2
2) + (𝑛𝑑1

2 + 𝑚𝑑2
2)

𝑛 + 𝑚
 

𝜎1
2 = 175    𝜎2 = (21.5)2    𝜎2 

2  ?  

𝑑1 = 48 − 60       𝑑2 = 48 − 20       

 21.52 =
(70 × 175 + 30 × 𝜎2

2) + (70 × 144 + 30 × 282)

100
 

 

3𝜎2
2 = 137.5 

𝜎2
2 = 45.83 

𝜎2 = 6.73 

10 

5 

40 

5 5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

50 


