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Q1 Solution:
(2)

1
26! ( 26!

25!1!
+ 26!

3!23!
+ 26!

5!21!
+ ⋯ + 13 terms )

= 1
26! ( 26𝐶1 + 26𝐶3 + 26𝐶5 + ⋯ + 13 terms )

= 1
26! ( 26𝐶1 + 26𝐶3 + 26𝐶5 + ⋯ + 26𝐶25 )

⇒ 𝑆 = 1
26!

× 225

⇒ 13𝑆 = 224

25!

so 𝑛 + 𝑘 = 25 + 24 = 49

Q2 Solution:
(3)

→𝑐 = |
^𝑖 ^𝑗 ^𝑘
2 1 -2
1 1 0

|

→𝑐 = 2^𝑖 + 2^𝑘 + ^𝑘,    | →𝑐 | = 3

|→𝑐 × →𝑑 | = 3

|→𝑐 ||→𝑑 |sin𝜋
4

= 3 ⇒ |→𝑑 | = √2

|→𝑑 - →𝑎 | = √11

⇒ | →𝑎 |2 + | →𝑑 |2 - 2→𝑎 · →𝑑 = 11

9 + 2 - 2→𝑎 · →𝑑 = 11

→𝑎 · →𝑑 = 0

Q3 Solution:
(2)

𝐴𝐵 = 8

3𝑎2 + 2𝑏2 = 64

Centroid 𝐺 ( ℎ, 𝑘 )

ℎ = - √3𝑎
3

,   𝑘 = - √2𝑏
3



𝑎 = - √3  ℎ,   𝑏 = - 3

√2
 𝑘

9ℎ2 + 9𝑘2 = 64

𝑥2 + 𝑦2 = 64
9

𝑟 = 8
3

Q4 Solution:
(2)

Solving |𝑧 - 6𝑖
𝑧 - 2𝑖

| = 1 ⇒ 𝑦 = 4   ⋯ ( 1 )

(where   𝑧 = 𝑥 + 𝑖𝑦)

Now solving |𝑧 - 8 + 2𝑖
𝑧 + 2𝑖

| = 3
5

⇒ 𝑥2 + 𝑦2 - 25𝑥 + 4𝑦 + 104 = 0   ⋯ ( 2 )

Solving (1) & (2)  ⇒ 𝑧 = 17 + 4𝑖 & 8 + 4𝑖

⇒ ∑ | 𝑧|2 = ( 17 ) 2 + ( 4 ) 2 + ( 8 ) 2 + ( 4 ) 2 = 385

Q5 Solution:
(1)

cot𝑥 = 5
12

⇒ cos𝑥 = - 5
13

= 2cos2 𝑥
2

- 1

cos ( 𝑥
2

) = - 2

√13
  or   2

√13
  ( rejected )

{ ∵𝑥
2

∈ ( 𝜋
2

, 3𝜋
4

) }

( sin7𝑥 · sin13𝑥
2

+ cos7𝑥 · cos13𝑥
2

) + ( sin7𝑥 · cos13𝑥
2

- cos7𝑥 · sin13𝑥
2

)

= cos ( 7𝑥 - 13𝑥
2

) + sin ( 7𝑥 - 13𝑥
2

)

= cos𝑥
2

+ sin𝑥
2

= - 2

√13
+ 3

√13
= 1

√13

Q6 Solution:
(4)

(a, b)      (c, d)

(1, 1)         x
(1, 2)         x
(1, 3)      (1, 2)
(1, 4)      (2, 2)
(2, 1)      (1, 1)
(2, 2)      (2, 1)
(2, 3)      (3, 1)
(2, 4)      (4, 1)
(3, 1)         x
(3, 2)         x
(3, 3)      (1, 3)
(3, 4)      (2, 3)



(4, 1)      (1, 2)
(4, 2)      (2, 2)
(4, 3)      (3, 2)
(4, 4)      (4, 2)

Q7 Solution:
(3)

For POI

2𝜆 + 1 = 5𝜇 + 4;   3𝜆 + 2 = 2𝜇 + 1;   4𝜆 + 3 = 𝜇

⇒ 𝜆 = 𝜇 = - 1

𝑅 ( - 1, - 1, - 1 ) ,   𝑃 ( 2𝜆 + 1, 3𝜆 + 2, 4𝜆 + 3 )

𝑃𝑅2 = 29 ⇒ ( 2𝜆 + 2 ) 2 + ( 3𝜆 + 3 ) 2 + ( 4𝜆 + 4 ) 2 = 29

⇒ 𝜆 = 0 or 𝜆 = - 2  ( Reject )

⇒ 𝑃 ( 1, 2, 3 )

𝑄 ( 5𝜇 + 4, 2𝜇 + 1, 𝜇 )

|𝑃𝑄| = √
47
3

⇒ 𝑃𝑄2 = 47
3

⇒ ( 5𝜇 + 3 )
2

+ ( 2𝜇 - 1 )
2

+ ( 𝜇 - 3 )
2

= 47
3

⇒ 𝜇 = - 1
3

𝑄 = ( 7
3

, 1
3

, - 1
3 )

( 𝑄𝑅 )
2

= ( 7
3

+ 1 )
2

+ ( 1
3

+ 1 )
2

+ ( - 1
3

+ 1 )
2

= 100 + 16 + 4
9

= 120
9

⇒ 27 × ( 𝑄𝑅 ) 2 = 27 × 120
9

= 360

Q8 Solution:
(4)

𝑓 ( 𝑥 ) = {
2𝛼𝑥2 + 2𝛽𝑥 - 4𝛼, 𝑥 < 1
( 𝛼 + 3 ) 𝑥 + 𝛼 - 𝛽, 𝑥 ≥ 1

𝑓 ( 1+ ) = 2𝛼 - 𝛽 + 3,   𝑓 ( 1- ) = - 2𝛼 + 2𝛽

2𝛼 - 𝛽 + 3 = 2𝛽 - 2𝛼 ⇒ 4𝛼 - 3𝛽 + 3 = 0   . . . ( 1 )

𝑓' ( 1+ ) = 4𝛼 + 2𝛽,   𝑓' ( 1- ) = 𝛼 + 3

4𝛼 + 2𝛽 = 𝛼 + 3 ⇒ 3𝛼 + 2𝛽 - 3 = 0   . . . ( 2 )

Solving (1) & (2)

We get  𝛼 = 3
17

,   𝛽 = 21
17

⇒ 34 ( 𝛼 + 𝛽 ) = 34 × 27
17

= 48



Q9 Solution:
(1)

18𝑥2 - 11𝑥 + 1 > 0

( 2𝑥 - 1 ) ( 9𝑥 - 1 ) > 0

𝑥 < 1
9

 or 1
2

< 𝑥

Also 10𝑥2 - 17𝑥 + 7 > 0

( 𝑥 - 1 ) ( 10𝑥 - 7 ) > 0

𝑥 < 7
10

 or 1 < 𝑥

and 10𝑥2 - 17𝑥 + 7 ≠ 1

𝑥 ∈ ( - ∞ , 1
9 ) ∪ ( 1

2
, 7

10 ) ∪ ( 1, ∞ ) - { 6
5

}

90 ( 𝑎 + 𝑏 + 𝑐 + 𝑑 + 𝑒 ) = 90 ( 1
9

+ 1
2

+ 7
10

+ 1 + 6
5 )

= 10 + 45 + 63 + 90 + 108 = 316

Q10 Solution:
(1)

𝐵𝐷
𝐷𝐶

= 𝐴𝐵
𝐴𝐶

= √2 × 3
5√2

= 3
5

𝐷 = ( 12
8

, 4
8

) = ( 3
2

, 1
2

)

Slope of 𝐴𝐷 = -3 / 2
1 / 2

= - 3

3𝑥 + 𝑦 = 5

𝛼 = 3,  𝛽 = 1;   𝛼2 + 𝛽2 = 10

Q11 Solution:
(1)

(I)   

𝑥2 + 3𝑥 + 𝑥 - 1 - 2 = 0

𝑥2 + 4𝑥 - 3 = 0

𝑥 = - 2 + √7   ( rejected ) ,    - 2 - √7   ( rejected )

(II)   

𝑥2 + 3𝑥 + 1 - 𝑥 - 2 = 0

𝑥2 + 2𝑥 - 1 = 0



𝑥 = - 1 + √2 ,    - 1 - √2

(III)   

-𝑥2 - 3𝑥 + 1 - 𝑥 - 2 = 0

𝑥2 + 4𝑥 + 1 = 0

𝑥 = - 2 - √3 ,    - 2 + √3   ( rejected )

Q12 Solution:
(1)

10 defective & 90 non-defective

Req. probability = ( 7 defective & 1 fair )  or  ( 8 defective )

Req. probability =
( 107 × 90 ) × 8 + 108

1008

= 72 × 108 + 108

1008 = 73
108

Q13 Solution:
(4)

Let first 10 numbers are 𝑥1, 𝑥2, … , 𝑥9, 𝛼

⇒ 𝛼 + ∑𝑖 = 1
9 𝑥𝑖 = 100 ⇒ ∑𝑖 = 1

9 𝑥𝑖 = 100 - 𝛼

Variance = ( ∑ 𝑥𝑖
2

𝑛
) - ( ∑ 𝑥𝑖

𝑛 )
2

⇒ ∑ 𝑥𝑖
2

𝑛
= 98

⇒ 𝑥1
2 + 𝑥2

2 + ⋯ + 𝑥9
2 + 𝛼2 = 1020  ⇒ ∑ 𝑥𝑖

2 = 1020 - 𝛼2

In second case, let numbers are 𝑥1, 𝑥2, … , 𝑥9, 𝛽

100 - 𝛼 + 𝛽 = 101 ⇒ 𝛼 - 𝛽 + 1 = 0

∑ 𝑥𝑖
2 + 𝛽2

10
- ( 10 . 1 ) 2 = 1 . 99

⇒ 𝛽2 - 𝛼2 = 20

𝛼 = 19
2

,   𝛽 = 21
2

𝛼 + 𝛽 = 19 + 21
2

= 20

Q14 Solution:
(1)

𝐸 =
√3

sin20° - 1
cos20°

1
2

· 1
4

· cos60°

= √3 cos20° - sin20°
cos20° . sin20°

· 16

=
( √3

2 cos20° - 1
2sin20° ) 32 × 2

2cos20° . sin20°

= sin40°
sin40°

× 64 = 64



Q15 Solution:
(4)

𝑆𝑛 = 𝑛
2

( 𝑎1 + 𝑎𝑛 ) = 525
2

,   𝑑 = -3
4

𝑛
2

[𝑎1 + 𝑎1
4

] = 525
2

5𝑎1𝑛
4

= 525

𝑎1𝑛 = 420

𝑎𝑛 = 𝑎1 + ( 𝑛 - 1 ) ( -3
4

)

⇒ -3
4

𝑎1 = ( -3
4

) ( 𝑛 - 1 ) ⇒ 𝑎1 = 𝑛 - 1

𝑛 ( 𝑛 - 1 ) = 420

𝑛2 - 𝑛 - 420 = 0

( 𝑛 - 21 ) ( 𝑛 + 20 )   =   0

𝑛 = 21,   𝑎1 = 20

∑𝑖 = 1
17 𝑎𝑖 = 17

2
[2𝑎1 + 16𝑑]

= 17
2

[40 + 16 ( -3
4

) ]

= 17
2

[40 - 12]

= 17 × 14 = 238

Q16 Solution:
(4)

𝑃𝑛 = 729 · 81 · 9   …   ( n terms )

= 36 · 34 · 32   …   3-2𝑛 + 8

𝑃𝑛 = 36 + 4 + 2 + ⋯ + ( - 2𝑛 + 8 ) = 3𝑛 ( 7 - 𝑛 )

𝑃𝑛
1 / 𝑛 = 37 - 𝑛

⇒ ∑𝑛 = 1
40 ( 𝑃𝑛 ) 1 / 𝑛 = 36 + 35 + ⋯   ( 40 terms )

= 36[
1 - ( 1

3 )
40

1 - 1
3

]

= 36 [340 - 1] × 31

340 × 2

∑ ( 𝑃𝑛 ) 1 / 𝑛 =
( 340 - 1 )

2 × 333 ,

𝛼 = 40,   𝛽 = 33

𝛼 + 𝛽 = 73

Q17 Solution:
(4)



𝐴1 = ∫0
2 ( ( 8 - 𝑥 ) - ( 𝑥2 + 2 ) ) 𝑑𝑥

       = ∫0
2 ( 6 - 𝑥 - 𝑥2 ) 𝑑𝑥

𝐴1 ( 6𝑥 - 𝑥2

2
- 𝑥3

3
)

0

2
= 12 - 2 - 8

3
= 10 - 8

3
= 22

3

𝐴2 = ∫0
2

( 𝑥2 + 2 ) 𝑑𝑥 - 2
3

( 2√2 )

𝐴2 = ( 𝑥3

3
+ 2𝑥 )

0

2
- 4√2

3

𝐴2 = 8
3

+ 4 - 4√2
3

= 20
3

- 4√2
3

𝐴1 - 𝐴2 = 2
3

+ 4√2
3

Q18 Solution:
(2)

𝑓(0) = lim
𝑥 → 0

𝑒tan𝑥 - 𝑒𝑥 + 𝑙𝑛 ( sec𝑥 + tan𝑥 ) - 𝑥

tan𝑥 - 𝑥

Applying L'Hospital rule

⇒ 𝑓(0) = lim
𝑥 → 0

𝑒tan𝑥 . sec2𝑥 - 𝑒𝑥 + sec𝑥 - 1
sec2𝑥 - 1

⇒ 𝑓(0) = lim
𝑥 → 0

𝑒tan𝑥 ( sec2𝑥 - 1 ) + ( 𝑒tan𝑥 - 𝑒𝑥 ) + sec𝑥 - 1

tan2𝑥

⇒ 𝑓(0) = lim
𝑥 → 0

(𝑒tan𝑥 +
𝑒𝑥 ( 𝑒tan𝑥 - 𝑥 - 1 )

tan2𝑥
+ 1

sec𝑥 + 1
)

⇒ 𝑓 ( 0 ) = 1 + 0 + 1
2

= 3
2

Q19 Solution:
(1)

𝑓 ( 𝑡 ) = ∫ 1 - sin ( ln𝑡 )
1 - cos ( ln𝑡 )

𝑑𝑡

Let ln𝑡 = 𝑥 ⇒ 𝑡 = 𝑒𝑥 ⇒ 𝑑𝑡 = 𝑒𝑥𝑑𝑥

= 1
2

∫ ( cos𝑒𝑐2 𝑥
2

- 2cot𝑥
2

) 𝑒𝑥𝑑𝑥 - 𝑡cot ( ln𝑡
2

) + 𝐶



( ∴ ∫ ( 𝑓 ( 𝑥 ) + 𝑓' ( 𝑥 ) ) 𝑒𝑥𝑑𝑥 = 𝑓 ( 𝑥 ) . 𝑒𝑥 + 𝐶 )

Now 𝑓 ( 𝑒𝜋 / 2 ) = - 𝑒𝜋 / 2cot ( 𝜋
4

) + 𝐶 = - 𝑒𝜋 / 2  ( given )

⇒ 𝐶 = 0

Now 𝑓 ( 𝑒𝜋 / 4 ) = - 𝑒𝜋 / 4cot ( 𝜋
8

) + 𝐶 = - 𝑒𝜋 / 4 ( √2 + 1 )

Q20 Solution:
(4)

2𝑎𝑒 = 8 ⇒ 𝑎 = 5

𝑏2 = 𝑎2 ( 1 - 𝑒2 )

𝑏2 = 𝑎2 × 9
25

⇒ 𝑏2 = 9

𝐸1:  𝑥2

25
+ 𝑦2

9
= 1

ℓ1:  2𝑏2

𝑎
= 2 × 9

5
= 18

5

𝐴2 = 𝐵2 ( 1 - 𝑒2 ) ⇒ 𝐴2 = 9
25

𝐵2 ⇒ 𝐴 = 3
5

𝐵

2ℓ2 = 9ℓ2 ⇒ 2 ( 18
5

)
2

= 9ℓ2  ⇒ ℓ2 = 4 × 18
25

2𝐴2

𝐵
= 72

25 ⇒ 𝐴2 = 36
25

𝐵

9
25

𝐵2 = 36
25

𝐵 ⇒ 𝐵 = 4

Distance between foci  = 2𝐵𝑒 = 2 × 4
5

× 4 = 32
5

Q21 Solution:
(64)

∫0
36 𝑓 ( 𝑡𝑥

36
) 𝑑𝑡 = 4𝛼𝑓 ( 𝑥 ) ,    Put  𝑡𝑥

36
= 𝑦

                                                      𝑑𝑦
𝑑𝑡

= 𝑥
36

∫0
𝑥 𝑓 ( 𝑦 ) 36𝑑𝑦

𝑥
= 4𝛼𝑓(𝑥)

∫0
𝑥

𝑓 ( 𝑦 ) 𝑑𝑦 = 𝛼𝑓 ( 𝑥 ) 𝑥
9

𝑓 ( 𝑥 ) = 𝛼
9 ( 𝑓 ( 𝑥 ) + 𝑥𝑓' ( 𝑥 ) )

( 1 - 𝛼
9 ) 𝑓 ( 𝑥 ) = 𝛼𝑥

9
𝑓' ( 𝑥 ) ⇒ ( 9 - 𝛼 ) 𝑓 ( 𝑥 ) = 𝛼𝑥𝑓' ( 𝑥 )

𝑓' ( 𝑥 )
𝑓 ( 𝑥 )

= ( 9
𝛼

- 1 ) 1
𝑥

log𝑒𝑓 ( 𝑥 ) = ( 9
𝛼

- 1 ) log𝑒𝑥 + log𝑒𝑐

𝑓(𝑥) = 𝑐𝑥 ( 9
𝛼

- 1 )  For standard parabola,

9
𝛼

- 1 = 2

𝛼 = 3

𝑓 ( 𝑥 ) = 𝑐𝑥2



Passing through  ( 2, 1 )

1 = 4𝑐 ⇒ 𝑐 = 1
4

𝑦 = 𝑥2

4
  passing through  ( - 4, 𝛽 )

𝛽 = 4

𝛽𝑥 = 43 = 64

Q22 Solution:
(312)

(
𝑎1 𝑏1
𝑎2 𝑏2
𝑎3 𝑏3

)

3 × 2

𝐴𝑇𝐴 = (
𝑎1 𝑎2 𝑎3
𝑏1 𝑏2 𝑏3

)
2 × 3

(
𝑎1 𝑏1
𝑎2 𝑏2
𝑎3 𝑏3

)

3 × 2

= (
𝑎1

2 + 𝑎2
2 + 𝑎3

2 ⋯

⋯ 𝑏1
2 + 𝑏2

2 + 𝑏3
2 )

Tr ( 𝐴𝑇𝐴 ) = 𝑎1
2 + 𝑎2

2 + 𝑎3
2 + 𝑏1

2 + 𝑏2
2 + 𝑏3

2 = 5

{ 2, 1, 0, 0, 0, 0 }

{ 2, - 1, 0, 0, 0, 0 }

{ - 2, 1, 0, 0, 0, 0 }

{ - 2, - 1, 0, 0, 0, 0 }

{ 1, 1, 1, 1, 1, 0 }

No. of ways = 6!
4!

× 4 + 2 × 6!
5!

+ 2 × 6!
4!

+ 2 × 6!
3!2!

= 6!
3!

+ 2 × 6 × 2 + 2 × 15 × 2 × 6!
3!

= 120 + 120 + 12 + 60 = 312

Q23 Solution:
(42)

( 1 )  all different

   5, 0, 1, 9 ⇒ 4𝐶3 = 6 ways

( 2 )  2 alike, 2 different

   5, 0, 0, 1 ⇒ 3 ways

   5, 1, 1, 2 ⇒ 3 ways

   5, 2, 2, 0 ⇒ 3 ways

   5, 2, 2, 9 ⇒ 3 ways

   5, 5, 0, 2 ⇒ 6 ways



   5, 5, 2, 9 ⇒ 6 ways

   5, 1, 9, 9 ⇒ 3 ways

( 3 )  3 alike, 1 different

   5, 5, 5, 0 ⇒ 3 ways

   5, 5, 5, 9 ⇒ 3 ways

( 4 )  2 alike, 2 other alike

   5, 5, 1, 1 ⇒ 3 ways

Total ways = 42

Q24 Solution:
(6)

𝑑1 = ⟨4, 1, 1⟩ and 𝑑2 = ⟨1, 1, 0⟩

𝑑𝐿 = 𝑑1 × 𝑑2 = |
𝑖 𝑗 𝑘
4 1 1
1 1 0

| = ⟨ - 1, 1, 3⟩

Line 𝐿 passes through 𝑃⟨1, 1, 1⟩ with direction 𝑑𝐿 = ⟨ - 1, 1, 3⟩

𝑟 ( 𝑡 ) = ⟨1, 1, 1⟩ + 𝑡⟨ - 1, 1, 3⟩ = ⟨1 - 𝑡, 1 + 𝑡, 1 + 3𝑡⟩

For point 𝑄,   𝑥 = 0 ⇒ 𝑡 = 1

𝑄 = ⟨0, 2, 4⟩

Another line parallel to 𝐿 passes through 𝑆⟨1, 0, - 1⟩

𝑟' ( 𝜇 ) = ⟨1, 0, - 1⟩ + 𝜇⟨ - 1, 1, 3⟩ = ⟨1 - 𝜇, 𝜇, - 1 + 3𝜇⟩

For point 𝑅,  𝑥 = 0 ⇒ 𝜇 = 1

𝑅 = ⟨0, 1, 2⟩

Area of parallelogram with adjacent vectors 
→
𝑃𝑄 and 

→
𝑃𝑆

→
𝑃𝑄 = ⟨ - 1, 1, 3⟩

→
𝑃𝑆 = ⟨0, - 1, - 2⟩

Area of parallelogram

→
𝑃𝑄 ×

→
𝑃𝑆 = |

𝑖 𝑗 𝑘
-1 1 3
0 -1 -2

| = ⟨1, - 2, 1⟩

Area = √12 + ( - 2 ) 2 + 12 = √6

Q25 Solution:
(4)

Drawing graph of 𝑓 ( 𝑡 )  for 𝑡 < 0



𝑔 ( 𝑥 ) = log𝑒 ( 𝑥 - 2 ) - 𝑥2 + 4𝑥 + 1,   𝑥 > 2

𝑔' ( 𝑥 ) = 2
𝑥 - 2

- 2 ( 𝑥 - 2 ) ,   𝑥 > 2

𝑔'(𝑥) = 1 - ( 𝑥 - 2 ) 2

𝑥 - 2
= - ( 𝑥 - 3 ) ( 𝑥 - 1 )

𝑥 - 2

  as 𝑥 > 2

maxima occur at 𝑥 = 3

𝑔 ( 3 ) = 2log𝑒1 - 9 + 12 + 1 = 4
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Q26 Solution:
(1)

Brewster's law

tan𝜃 = 𝜇rel = √3

𝜃 = 60°

Q27 Solution:
(2)

→𝑝 = 𝑞1
→𝑟 1 + 𝑞2

→𝑟 2 + 𝑞3
→𝑟 3

→𝑝 = ( 2𝑞 ) ( - 3𝑎 ) ^𝑗 + ( 3𝑞 ) ( 2𝑎 ) ^𝑖 + ( - 4𝑞 ) ( - 2𝑎 ) ^𝑖

→𝑝 = 2𝑞𝑎 ( 7^𝑖 - 3^𝑗 )

Q28 Solution:
(2)

𝐾ℓ = constant

𝐾ℓ = 𝐾' ( ℓ
4 )

𝐾' = 4𝐾



𝐾' = 60 N/m

Q29 Solution:
(4)

Magnetic induction

F = qvB

[𝐵] = [ 𝐹
𝑞𝑣

]

[𝐵] = [𝑀𝑇-2𝐴-1]

Magnetic Flux  ( 𝜙 )

𝜙 = ( 𝐵 ) · ( Area )

[𝜙] = [𝑀𝐿2𝑇-2𝐴-1]

Magnetic Permeability

[𝜇] = [𝑀𝐿𝑇-2𝐴-2]

Self inductance

Using 𝑈 = 1
2

𝐿𝐼2

[Self inductance] = [𝑀𝐿2𝑇-2𝐴-1]

𝐴 - III,  𝐵 - IV,  𝐶 - I,  𝐷 - II

Q30 Solution:
(4)

At equilibrium

𝜌𝐴ℎ𝑔 = 𝑀𝑔

After displacing by 𝑥,

𝑀𝑎 = - 𝜌𝐴 ( ℎ + 𝑥 ) 𝑔 + 𝑀𝑔

𝑀𝑎 = - 𝜌𝐴ℎ𝑔 - 𝜌𝐴𝑥𝑔 + 𝑀𝑔

𝑀𝑎 = - 𝜌𝐴𝑥𝑔

𝑎 = ( -𝜌𝐴𝑔
𝑀

) 𝑥

on comparing with,

𝑎 = - 𝜔2𝑥

𝜔 = √
𝜌𝐴𝑔

𝑀

𝑇 = 2𝜋
𝜔

= 2𝜋√
𝑀

𝜌𝐴𝑔



Q31 Solution:
(4)

𝑓𝑜 = 2 cm,  𝑓𝑒 = 5 cm

ℓ = 10 cm,  𝐷 = 25 cm

𝑀 = ℓ
𝑓𝑜

· 𝐷
𝑓𝑒

= 25

Q32 Solution:
(4)

Initially, 2
3

= 𝑥
100 - 𝑥

⇒ 𝑥 = 40 cm

Now when 𝑅 connected in parallel

2
3𝑅

3 + 𝑅

= 40 + 22 . 5
60 - 22 . 5

= 62 . 5
37 . 5

∴ 𝑅 = 2𝛺

Q33 Solution:
(3)

𝑖 = 𝑒 & 𝑟 = 𝐴
2

 for minimum deviation

sin𝑟 = sin𝜃𝑐

sin𝑟 = 𝑛 / 2
𝑛

sin𝑟 = 1
2

sin𝐴
2

= sin30°

𝐴
2

= 30°

𝐴 = 60°

Q34 Solution:
(2)



Work done by external agent:

𝑊ext = 𝛥𝑈

𝑈𝑖 = - 𝐺𝑚1𝑚2
𝑟𝑖

- 𝐺𝑚2𝑚3
𝑟𝑖

- 𝐺𝑚1𝑚3
𝑟𝑖

 :  𝑟𝑖 = 20 m

𝑈𝑓 = - 𝐺𝑚1𝑚2
𝑟𝑓

- 𝐺𝑚2𝑚3
𝑟𝑓

- 𝐺𝑚1𝑚3
𝑟𝑓

 :  𝑟𝑓 = 25 m

𝑈𝑖 = -6 . 67 × 10-11

20
[200 × 300 + 300 × 400 + 200 × 400]

    = -6 . 67 × 10-11

20
× 26 × 104 = - 86 . 71 × 10-8  J

𝑈𝑓 = -6 . 67 × 10-11

25
[200 × 300 + 300 × 400 + 200 × 400]

= -6 . 67 × 10-11

25
× 26 × 104 = - 693 . 68 × 10-9

= - 69 . 36 × 10-8  J

𝛥𝑈 = 𝑈𝑓 - 𝑈𝑖 = 1 . 74 × 10-7  J

Q35 Solution:
(2)

𝑇 =
2𝑢𝑦

𝑔
= 4

⇒ 𝑢𝑦 = 40
2

= 20 m/s

𝑦 = 𝑢𝑦𝛥𝑡 - 1
2

𝑔 ( 𝛥𝑡 ) 2

⇒ 𝐻 = 20 × 3 - 5 × 9

= 60 - 45

= 15 m

Q36 Solution:
(3)

Radio wave ⇒ Produced by rapid acceleration of electrons
Microwave ⇒ By magnetron valve
Infrared wave ⇒ Change in vibrational modes
X ray ⇒ Transition of inner shell electrons from high energy level to low energy level.

A – IV, B – I, C – II, D – III



Q37 Solution:
(4)

Power factor = 𝑅
𝑍

𝑍 = √𝑅2 + ( 𝑋𝐿 - 𝑋𝐶 )
2

= √602 + ( 150 - 70 ) 2 = 100 𝛺

∴ Power factor = 60
100

= 6
10

Then 𝑎 = 6

Q38 Solution:
(3)

𝑆 = 𝑢𝑡 + 1
2

𝑎𝑡2

𝑎 = 2𝑠
𝑡2 = 2 × 0 . 81

81
= 0 . 02 m/s2

𝑚1𝑔 - 𝑇1 = 𝑚1𝑎

𝑇2 - 𝑚2𝑔 = 𝑚2𝑎

( 𝑇1 - 𝑇2 ) 𝑅 = 𝐼 · 𝑎
𝑅

∴ 𝑎 = ( 𝑚1 - 𝑚2 ) 𝑔

𝑚1 + 𝑚2 + 𝐼
𝑅2

0 . 02 =
( 400 - 350 ) ( 10-3 ) 𝑔

( 400 + 350 ) ( 10-3 ) + 𝐼
𝑅2

𝐼
𝑅2 = 50 × 10-3𝑔

0 . 02
- 750 × 10-3 = 23 . 75

𝐼 = 23 . 75 × 4 × 10-4 = 9 . 5 × 10-3  kg m2

Q39 Solution:
(2)

𝑉𝐴 = 𝐾𝑞1
𝑎

+ 𝐾𝑞2
𝑏

+ 𝐾𝑞3
𝑐

= 1
4𝜋𝜀0

( 𝑞1
𝑎

+ 𝑞2
𝑏

+ 𝑞3
𝑐

)

𝑉𝐵 = 𝐾𝑞1
𝑏

+ 𝐾𝑞2
𝑏

+ 𝐾𝑞3
𝑐

= 1
4𝜋𝜀0

( 𝑞1 + 𝑞2
𝑏

+ 𝑞3
𝑐

)

𝑉𝐶 = 𝐾𝑞1
𝑐

+ 𝐾𝑞2
𝑐

+ 𝐾𝑞3
𝑐

= 1
4𝜋𝜀0

( 𝑞1 + 𝑞2 + 𝑞3
𝑐

)



Q40 Solution:
(3)

𝑇 = 𝛼𝑌𝐴 ( 27 - ( - 43 ) )            . ..(i)

1 . 4 𝑇 = 𝛼𝑌𝐴 ( 27 - 𝜃 )              ...(ii)

Using (ii)/(i):

1 . 4 = 27 - 𝜃
70

27 - 𝜃 = 98  ∴  𝜃 = - 71°C

Q41 Solution:
(1)

Current in circuit

𝐼 = 𝐸
𝑅eq

𝑅eq = 100 + 400 × 100
400 + 100

= 180 𝛺

∴ 𝐼 = 9
180

= 1
20

 A

Reading of voltmeter = 𝑉 = 𝐼 × 80 = 1
20

× 80 = 4 V

Q42 Solution:
(2)

𝑉 ∝ 𝑍
𝑛

𝑟 ∝ 𝑛2

𝑍

Thus, 𝑟 ∝ 𝑛
𝑉

Radii are same then

𝑛1
𝑉1

= 𝑛2
𝑉2

𝑛1
𝑛2

= 3 × 105

2 . 5 × 105 = 6
5

Possible order is 6 and 5

Q43 Solution:
(1)

𝑉 = 𝑎𝑟3 + 𝑏

𝐸 = - 𝑑𝑉
𝑑𝑟

= - 3𝑎𝑟2



𝜙closed = 𝑞enc
𝜀0

𝑞enc = 𝜀0 · 𝐸 · 𝐴

= 𝜀0 ( - 3𝑎 · ( 1 ) 2 )   4𝜋 ( 1 ) 2

= - 12𝜋𝑎𝜀0

∴ 𝑥 = - 12

Q44 Solution:
(3)

Theoretical

Q45 Solution:
(4)

𝑄 = 𝑚𝑠𝛥𝑇 = 4 × 4200 × 16 J = 268800 J

𝑊 = 𝑃𝛥𝑉

𝛥𝑉 = ( 𝑚
𝜌𝑓

- 𝑚
𝜌𝑖

) = 4[ 1
998

- 1
1000

]

𝑃 = 105  Pa

∴ 𝑊 = 105 × 4[ 1
998

- 1
1000

] = 8 × 105

103 × 998
≈ 0 . 8 J

𝛥𝑈 = 𝑄 - 𝑊 = 268799 . 2 J

Q46 Solution:
(125)

𝑃𝐷 = 0 . 4 W = 10𝑖

𝑖 = 0 . 04 A

𝑅 = 15 - 10
0 . 04

= 5
0 . 04

= 125 𝛺

Q47 Solution:
(3730)

As per NTA

𝑉 = constant

so 𝑃 ∝ 𝑇

𝑇𝑖 = 50°C = 323 K

𝑇𝑓 = 100°C = 373 K

⇒ 𝑃𝑓
𝑃𝑖

= 𝑇𝑓
𝑇𝑖



⇒ 𝑃𝑓
3 . 23 kPa

= 373
323

⇒ 𝑃𝑓 = 3730 Pa

Other Solution:

As volume is constant

∴ 𝑃 ∝ 𝑇

Since T is doubled (must be in Kelvin),so pressure must be doubled

∴ 𝑃𝑓 = 2𝑃𝑖

𝑃𝑓 = 2 × 3 . 23 = 6 . 46 kPa

𝑃𝑓 = 6460 Pa

Q48 Solution:
(210)

For 8 kg to move with constant velocity, 𝐹net = 0

∴ 𝐹 = 90 + 𝑇 + 50   ( for 8 kg block )

𝑇 = 20 + 50   ( for 6 kg block )

∴ 𝐹 = 210 N

Q49 Solution:
(64)

𝜏 = 𝜇𝐵sin𝜃   ⇒   0 . 016 = 𝜇 × 𝐵 × 1
2

                          ⇒ 𝜇 = 0 . 032
𝐵

𝑊ext = 𝑈𝑓 - 𝑈𝑖 = 𝜇𝐵 - ( - 𝜇𝐵 ) = 2𝜇𝐵

= 2 × 0 . 032
𝐵

× 𝐵

= 0 . 064 J

Q50 Solution:
(160)

𝑉𝑇 = 2𝑟2𝑔
9𝜂

( 𝜎 - 𝜌 )

𝑉𝑇 ∝ 𝑟2

64 drops

64 ( 4
3

𝜋𝑅1
3 ) = 4

3
𝜋𝑅2

3



𝑅2 = 4𝑅1

( 𝑉𝑇 ) 1
( 𝑉𝑇 ) 2

= ( 𝑅1
𝑅2

)
2

= ( 1
4

)
2

10
( 𝑉𝑇 ) 2

= 1
16

( 𝑉𝑇 ) 2 = 160 cm/sec
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Q51 Solution:
(3)

MgCl2,  AlCl3,  CuCl2 are water soluble at room temperature.

AgCl,  Hg2Cl2 are sparingly soluble in water.

PbCl2 is soluble in hot water.

Q52 Solution:
(4)

No. of OH groups = 290 - 122
42

= 4

Q53 Solution:
(2)

Q54 Solution:
(3)



Q55 Solution:
(3)

Common Name (Theory based)

Q56 Solution:
(1)

Correct order of stability

A > C > D > B
+M −M −M

EDG increase stability

EWG decreases stability

Q57 Solution:
(2)

(A) Dipole moment : NF3 < NH3

(B) BeH2 is 'sp' hybridized, linear molecule with zero dipole moment.

(C) O2
2 - ⇒  bond order = 1

      F2 ⇒  bond order  = 1

(D) Formal charge on central oxygen atom in O3 is +1

(E) In NO2, nitrogen does not follow octet rule.

Q58 Solution:
(2)

Given:

𝐴 → 𝐷;  𝛥𝑟𝐻 = ( + ) ve = 𝐸𝐷 - 𝐸𝐴 ∴ 𝐸𝐷 > 𝐸𝐴

Mechanism

𝐴 → 𝐵;  𝛥𝑟𝐻 = ( + ) ve ⇒ 𝐸𝐵 > 𝐸𝐴

𝐵 → 𝐶;  𝛥𝑟𝐻 = ( - ) ve ⇒ 𝐸𝐶 < 𝐸𝐵

𝐶 → 𝐷;  𝛥𝑟𝐻 = ( - ) ve ⇒ 𝐸𝐷 < 𝐸𝐶



Q59 Solution:
(3)

𝐾catalyst

𝐾uncatalyst
= 𝑒

𝛥𝐸𝑎
𝑅𝑇

ln(
𝐾catalyst

𝐾uncatalyst
) = 𝛥𝐸𝑎

𝑅𝑇

log(
𝐾catalyst

𝐾uncatalyst
) = 𝛥𝐸𝑎

2 . 303𝑅𝑇

= 10 × 1000
2 . 303 × 8 . 314 × 300

log(
𝐾catalyst

𝐾uncatalyst
) = 1 . 741

Q60 Solution:
(2)

Paramagnetic species:  

[CoF6]
3 - ,  [TiF6]

3 - ,  [Fe ( CN ) 6]
3 -

Diamagnetic species: V2O5

In K4[Fe ( CN ) 6] ⇒ No. of unpaired electron = 0

K3[Fe ( CN ) 6] ⇒ No. of unpaired electron = 1

[Fe ( H2O ) 6
]SO4 · H2O ⇒ No. of unpaired electron = 4

[Fe ( H2O ) 6
]Cl3 ⇒ No. of unpaired electron = 5

Q61 Solution:
(3)

 

Q62 Solution:
(4)

𝑥 = H2  ( gas ) ,   𝑦 = CO2  ( gas )

Sum of molar mass = 2 + 44 = 46



Q63 Solution:
(1)

In K3[Co ( CO3 ) 3
] ⇒ 𝑠𝑝3𝑑2 hybridized, octahedral

                                ⇒ 4 unpaired electron
                                ⇒ 4 . 9 B.M.

[Ni ( CN ) 4]
2 -

⇒ 𝑑𝑠𝑝2 hybridized, square planar
                       ⇒ 0 unpaired electron
                       ⇒ 0 B.M.

[MnBr4]2 - ⇒ 𝑠𝑝3 hybridized, tetrahedral
                     ⇒ 5 unpaired electron
                     ⇒ 5 . 9 B.M.

[CoF6]3 - ⇒ 𝑠𝑝3𝑑2 hybridized, octahedral
                  ⇒ 4 unpaired electron
                  ⇒ 4 . 9 B.M.

Q64 Solution:
(3)

(A)  𝑊rev. = - ∫ 𝑃gas  𝑑𝑉

        𝑊rev. iso. exp. = - 𝑛𝑅𝑇ln ( 𝑉𝑓
𝑉𝑖

)

        ( 𝐴 ) → ( 𝐼𝐼 )

( B )  Free expansion

       𝑊irrev. = - 𝑃ext  𝛥𝑉

       𝑃ext = 0 ⇒ 𝑊 = 0

        ( 𝐵 ) → ( 𝐼 )

( C )  Irreversible expansion

        𝑊irrev. = - 𝑃ext  𝛥𝑉

                     = - 𝑃ext ( 𝑉𝑓 - 𝑉𝑖 )

         ( 𝐶 ) → ( 𝐼𝐼𝐼 )

( D )  Irreversible compression

        𝑊irrev. = - 𝑃ext  𝛥𝑉

                      = - 𝑃ext ( 𝑉𝑖 - 𝑉𝑓 )

          ( 𝐷 ) → ( 𝐼𝑉 )

Q65 Solution:
(3)



 

Q66 Solution:
(2)

Metallic character of s-block elements is greater than p-block elements.

Anionic radius is greater than atomic radius but cationic radius is always less than atomic radius
for any element.

Q67 Solution:
(3)

Mass of solute 'A' = 0 . 3 g

Moles of solute 'A' = 0 . 3 g
60 g mol-1 = 1

200
 mol

Mass of solute 'B' = 0 . 9 g

Moles of solute 'B' = 0 . 9 g
180 g mol-1 = 1

200
 mol

Total molarity of all solutes = 2 / 200
100

× 1000 = 1
10

 M

∴    𝜋 = 1
10

× 0 . 082 × 300

𝜋 = 2 . 46 atm

Q68 Solution:
(1)

Electron withdrawing groups increases stability of carbanion and electron donating groups
decreases stability of carbanion.

Q69 Solution:
(4)

0 . 4 mol [Co ( NH3 ) 5
SO4]Br + 0 . 4 mol [Co ( NH3 ) 5

Br]SO4 are present in 4 lit. solution.

2 lit. of mixture will contain 0.2 mol of each complex.

2 lit. mixture on reaction with excess AgNO3,  0 . 2 mol AgBr will be formed (Y).

2 lit. mixture on reaction with excess BaCl2,  0 . 2 mol BaSO4 will be formed (Z).



Q70 Solution:
(4)

𝑃° = 640 mm Hg
𝑃𝑠 = 600 mm Hg
𝛥𝑃 = 40 mm Hg

moles of solute = 𝑊
𝑀

𝛥𝑃
𝑃°

= 𝑖 · 𝑋solute

Again:

𝛥𝑇𝑏 = 𝑖 · 𝐾𝑏 · 𝑚

2 = 𝑖 × 0 . 52 × W / M
100

× 1000

𝑖 = 2
5 . 2

× 𝑀
𝑊

𝑋solute = 40
640

× 1
𝑖

= 1
16

× 5 . 2
2

× 𝑊
𝑀

𝑋solute = 1 . 3
8

× 𝑊
𝑀

Q71 Solution:
(15)

𝑃𝑁2 = ( 715 - 15 )  mm = 700
760

 atm

𝑉𝑁2 = 70 ml = 70
1000

 L

𝑛𝑁2 = 𝑃𝑉
𝑅𝑇

=
(

700
760 ) (

70
1000 )

0 . 0821 × 300

𝑊𝑁2 = 700
760

× 70
1000

× 1
0 . 0821 × 300

× 28

%   𝑁 = 𝑊𝑁2

0 . 5
× 100 = 700

760
× 70

1000
× 1

0 . 0821 × 300
× 28

0 . 5
× 100

= 14 . 65 % ≈ 15

Q72 Solution:
(111)

Eq of Cu = Eq of 𝑂2

300 × 10-3 × 2
63 . 54

= 𝑛𝑂2
× 4

2 . 36 × 10-3 = 𝑛𝑂2

When current is further passed

𝑛𝑂2 × 4 = 600 × 28 × 60
96500 × 1000

𝑛𝑂2 = 2 . 611 × 10-3

Total 𝑂2 released

= [10-3 × ( 2 . 36 + 2 . 611 ) ] × 22400 ml

= 111 . 35 ml



Q73 Solution:
(12)

Cr2O7
2 - + 14H+ + 6I- → 2Cr3 + + 3I2 + 7H2O

no. of moles 𝑒- involved = 𝑥 = 6

Cr2O7
2 - + 3S2 - + 14H+ → S + 2Cr3 + + 7H2O

No. of moles 𝑒- involved = 𝑦 = 6

Sum of 𝑥 + 𝑦 = 6 + 6 = 12

Q74 Solution:
(4)

XS ( s ) ⇌ X2 + ( aq ) + S2 - ( aq )

For precipitation of XS(s)

[X2 + ][S2 - ] ≥ 𝐾𝑠𝑝 ( XS )

[S2 - ] ≥ 1 × 10-22

0 . 01
= 10-20

YS ( s ) ⇌ Y2 + ( aq ) + S2 - ( aq )

For precipitation of YS(s)

[Y2 + ][S2 - ] ≥ 𝐾𝑠𝑝 ( YS )

[S2 - ] ≥ 4 × 10-16

10-2 = 4 × 10-14

Now, H2S ( aq ) ⇌ 2H+ ( aq ) + S2 - ( aq )

[S2 - ][H+]
2

[H2S] = 𝐾𝑎1 × 𝐾𝑎2 = 1 × 10-21

[S2 - ] =
1 × 10-21 × [H2S]

[H+]
2 ≥ 4 × 10-14

[H+]2 ≤ 1
4

× 10-7 × 10-1

[H+] ≤ 1
2

× 10-4 ⇒ pH ≥ 4 . 3

Q75 Solution:
(54)

𝛥𝐸 ( 𝐿1 ) = 13 . 6   𝑍2 ( 1
12 - 1

22 ) = 13 . 6   𝑍2 × 3
4

𝛥𝐸 ( 𝐵1 ) = 13 . 6   𝑍2 ( 1
22 - 1

32 ) = 13 . 6   𝑍2 × 5
4 × 9

𝛥𝐸 ( 𝐿1 )
𝛥𝐸 ( 𝐵1 )

= 3
5

× 9 = 27
5

= 𝑥

𝑥 = ( 27
5

× 10 ) × 10-1 = 54 × 10-1


