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1. (125) Let the stone take time t in reaching the ground 

Initial velocity of stone 𝑢 = +10 m/s 

Acceleration = −𝑔 = −10 m/s2 

Height h = −75 m 

−75 = 10𝑡 −
1

2
× 10 × 𝑡2 

⇒ −15 = 2𝑡 − 𝑡2 

⇒ 𝑡2 − 5𝑡 + 3𝑡 − 15 = 0 

⇒ 𝑡 = 5sec 

In this time balloon will move up by 10 × 5 = 50 m 

Height of balloon from ground 75 + 50 = 125 m 

2. (b) 𝐹 = 𝐴cos⁡(𝐵𝑥) + 𝐶sin⁡(𝐷𝑡) 

𝐵𝑥 and 𝐷𝑡 will be dimensionless 

So, [𝐵] =
1

[𝑥]
= [𝑀0𝐿−1𝑇0] and [𝐷] =

1

[𝑡]
= [𝑀0𝐿0𝑇−1] 

As cos and sin function is dimensionless, so A and C will have dimensions of force 

[𝐴] = [𝐶] = [𝑀𝐿𝑇−2]

[
𝐴𝐷

𝐵
] =

[𝑀𝐿𝑇−2][𝑀0𝐿0𝑇−1]

[𝑀0𝐿−1𝑇0]

⁡= [𝑀𝐿2𝑇−3]

 

3. (b) Given, 𝑎 = 𝛼𝑡 + 𝛽𝑡2 

⇒
𝑑𝑣

𝑑𝑡
= 𝛼𝑡 + 𝛽𝑡2 

⇒ ∫ 𝑑𝑣 = ∫ 𝛼𝑡𝑑𝑡 + ∫ 𝛽𝑡2𝑑𝑡 

⇒ 𝑣 =
𝛼𝑡2

2
+

𝛽𝑡3

3
+ 𝑐 

At 𝑡 = 0, 𝑣 = 0 

⇒ 0 = 0 + 0 + 𝑐 

⇒ 𝑐 = 0 

𝑣 =
𝑑𝑥

𝑑𝑡
=

𝛼𝑡2

2
+

𝛽𝑡3

3
 

∫𝑥1

𝑥2  𝑑𝑥 = ∫1

2
 
𝛼𝑡2

2
𝑑𝑡 + ∫1

2
 
𝛽𝑡3

3
𝑑𝑡 
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𝑥2 − 𝑥1 = [
𝛼𝑡3

6
]
1

2

+ [
𝛽𝑡4

12
]
1

2

 

Δ𝑥 =
8𝛼

6
−

𝛼

6
+

16𝛽

12
−

𝛽

12
 

Δ𝑥 =
7𝛼

6
+

15𝛽

12
 

Δ𝑥 =
7𝛼

6
+

5𝛽

4
 

4. (c) Given, 𝜆𝑃ℎ = 𝜆𝑒 

𝜆𝑒 =
ℎ

𝑚𝑣
 

Kinetic energy of photon =
ℎ𝐶

𝜆𝑃ℎ
=

ℎ𝐶

𝜆𝑒
…( ii ) 

Kinetic energy of electron =
(𝑚𝑣)2

2𝑚
=

ℎ2

𝜆𝑒
2(2𝑚)

…( iii ) 

(𝐾. 𝐸. )𝑃ℎ

(𝐾. 𝐸. )𝑒
=

ℎ𝐶

𝜆𝑒
×

𝜆𝑒
2(2𝑚)

ℎ2
 

=
𝜆𝑒(2𝑚)𝐶

ℎ
 

From eq. (i) 

=
2𝑚𝐶

𝑚𝑣
=

2𝐶

𝑣
 

⇒
(𝐾. 𝐸. )𝐸
(𝐾. 𝐸. )𝑃ℎ

=
𝑣

2𝐶
 

5. (d) Radius of first soap bubble is R1 

Radius of first soap bubble is R2 

Let, 𝑃1 =
4𝑇

𝑅1
, 𝑉1 =

4

3
𝜋𝑅1

3, be the excess pressure inside first soap bubble and volume of first soap bubble respectively. 

𝑃2 =
4𝑇

𝑅2
, 𝑉2 =

4

3
𝜋𝑅2

3 be the excess pressure inside second soap bubble and volume of second soap bubble respectively. 

𝑃 =
4𝑇

𝑅
, 𝑉 =

4

3
𝜋𝑅3 be the excess pressure inside new soap bubble, volume and radius of new soap bubble 

respectively. 

The two bubbles combine isothermally, hence 
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𝑃𝑉 = 𝑃1𝑉1 + 𝑃2𝑉2

4𝑇

𝑅
(
4

3
𝜋𝑅3) =

4𝑇

𝑅1
(
4

3
𝜋𝑅1

3) +
4𝑇

𝑅2
(
4

3
𝜋𝑅2

3)

𝑅2 = 𝑅1
2 + 𝑅2

2

𝑅 = √𝑅1
2 + 𝑅2

2

 

6. (a) 

 

Torque = 𝑃⃗ × 𝐸⃗ = 𝑃𝐸sin⁡𝜃 

Torque on dipole one 𝜏1 = 𝑃1 × 𝐸 

= 𝑃1𝐸sin⁡37∘ 

= 𝑃1𝐸 ×
3

5
 

Similarly, 𝜏2 = 𝑃2 × 𝐸 

= 𝑃2𝐸sin⁡(90 + 37∘) 

= 𝑃2𝐸cos⁡37∘ 

= 𝑃2𝐸 (
4

5
) 

𝜏1 = 𝜏2 

𝑃1𝐸 ×
3

5
= 𝑃2𝐸

4

5
 

𝑃1

𝑃2
=

4

3
 

7. (b)  |𝑋 | = |𝑌⃗ | = 𝐴 

|𝑋 − 𝑌⃗ | = 10|𝑋 + 𝑌⃗ | 

𝑋2 + 𝑌2 − 2𝑋𝑌cos⁡𝜃 = 100(𝑋2 + 𝑌2 + 2𝑋𝑌cos⁡𝜃) 

𝐴2 + 𝐴2 − 2𝐴2cos⁡𝜃 = 100(𝐴2 + 𝐴2 + 2𝐴2cos⁡𝜃) 

2𝐴2 − 2𝐴2cos⁡𝜃 = 200𝐴2 + 200𝐴2cos⁡𝜃 

198𝐴2 = −202𝐴2cos⁡𝜃 
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cos⁡𝜃 =
−99

101
 

𝜃 = cos−1⁡(
−99

101
) 

8. (a) R = 2 m, ⁡ mass = M 

𝑤0 = 200rpm = 200 ×
𝜋

30
=

20𝜋

3
rad/sec 

𝑤 = 0 

𝑡 = 10sec 

𝑤 = 𝑤0 + 𝛼𝑡 

0 =
20𝜋

3
+ 𝛼(10) 

𝛼 =
2𝜋

3
 

Torque⁡(𝜏) = 𝐼𝛼; 𝐼 =
𝑀𝑅2

2
= 2𝑀 

=
4𝜋𝑀

3
 units 

9. (c) 𝑅 = 16Ω 

 

𝑅1 = 𝑅2 = 𝑅3 = 𝑅4 = 4Ω 

𝑅𝑒𝑞 = 3Ω + 1Ω = 4Ω 

𝑅𝑒𝑞 = 4Ω 

Using ohm's law, V = IR 

9 = 𝐼 × 4 

𝐼 =
9

4
 A 

I is the total current flowing across circuit voltage across internal resistance = 𝐼𝑅′ 
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=
9

4
× 1 =

9

4
 V 

Voltage across square diagram = 9 −
9

4
 

= 6.75 V 

10. (b) Formula for refractive index of prism. 

𝜇 =
sin⁡(

𝐴 + 𝛿min
2

)

sin⁡(
𝐴
2
)

 

11. (b) 
1𝑡ℎ

8
 of the initial samples is active after 30 days. 

So, 
1

8
= (

1

2
)
3
 

i.e., it required 3 half-life for this. 

3 half life = 30 days. 

So, 1 half life = 10 days 

12. (d) Modulation index =
 Peak value of modulating signal 

 Peak value of carrier signal 
 

=
20

20
= 1 

% Modulation = 1 × 100 = 100% 

13. (b) 𝑅 =
𝑚𝑣

𝑞𝐵
 (charges are equal) 

𝑅1 =
𝑚1𝑣1

𝑞𝐵
 

𝑅2 =
𝑚2𝑣2

𝑞𝐵
 

𝑅1

𝑅2
=

𝑚1

𝑚2
×

𝑣1

𝑣2
 

𝑅1

𝑅2
=

1

2
×

3

2
⁡ [∵

𝑚1

𝑚2
=

1

2
 and 

𝑣1

𝑣2
=

3

2
] 

𝑅1

𝑅2
=

3

4
 

14. (b) 𝐾𝐸max =
ℎ𝑐

𝜆
− 𝜙 

𝐾𝐸max1 = 4.8ev =
ℎ𝑐

𝜆
− 𝜙.. 

𝐾𝐸max2 = 1.6ev =
ℎ𝑐

2𝜆
− 𝜙.. 

Multiply equation (2) by 2 
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1.6 × 2𝑒𝑣 =
ℎ𝑐

𝜆
− 2𝜙… (3) 

eq (1) - eq (3) we get 

1.6𝑒𝑣 = 𝜙 

So, 

𝜙 =
ℎ𝑐

𝜆0
= 1.6 

𝜆0 =
1240

1.6
 nm = 775 nm 

15. (𝑻𝟏 = 𝟑𝟕𝟐 𝐊) 

Given, 

1

6
= 1 −

𝑇sink 

𝑇source 

 

⇒
𝑇sink 

𝑇source 

=
5

6
 

Also, 

2

6
= 1 −

𝑇sink − 62

𝑇source 

 

⇒
62

𝑇source 

=
1

6
 

∴ 𝑇source = 372 K 

16. (c) 
𝑚𝑉2

𝑅
= 𝑞𝑉𝐵 

⇒ 𝑅 =
𝑚𝑉

𝑞𝐵
 

⇒
𝑅1

𝑅2
=

𝑄

2𝑄
×

𝑉

2𝑉
=

1

4
 

17. (b) 𝑤 ⋅ 𝑑 = ∫0

2
 𝐹𝑦 ⋅ 𝑑𝑦 

= ∫0

2
 (5𝑦 + 4)𝑑𝑦 

= [
5𝑦2

2
+ 4𝑦]

0

2

 

= 18 J 

18. (a) 𝑉𝑟𝑚𝑠 =
𝑉𝑝𝑒𝑎𝑘

√2
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𝑉 = 𝑉peak sin⁡(𝜔𝑡 +
𝜋

2
) 

[∵ at 𝑡 = 0⁡𝑉 = 𝑉peak ] 

For 𝑉𝑟𝑚𝑠, 

⇒
𝑉peak 

√2
= 𝑉peak cos⁡𝜔𝑡 

⇒ cos⁡𝜔𝑡 =
1

√2
 

𝜔𝑡 =
𝜋

4
 

⇒ (2𝜋𝑓)𝑡 =
𝜋

4
 

⇒ 𝑡 =
1

8𝑓
= 2.5 ms. 

19. (b) For left circuit, 

𝑃 = 20 ×
20

5
= 80𝑤, 

For right circuit, 

𝑃 = 20 ×
20

𝑍
×

𝑅

𝑍
 

𝑧 = √𝑅2 + (𝑋𝐿 − 𝑋𝐶)
2 

Equating 

80 =
400𝑅

𝑧2
 

𝑧2 =
400 × 5

80
 

⇒ 𝑍 = 5 

𝑅 = 𝑍 (Resonance) 

⇒ 𝑤 =
1

√𝐿𝐶
 

=
1

√0.1 × 40 × 10−6
 

= 500rad/s 

20.  
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21. (a) These are formed by many d-block and f-block elements. 

However, the metals of group 7, 8 and 9 do not form hydride. 

Even from group 6, only chromium forms CrH. 

22. (a) Bond order 

𝑂2
+ 𝑂2 𝑂2

− 𝑂2
2− 

No. of electron 15 16 17 18 

2.5 2 1.5 1 

Bond order O2
+ > O2 > O2

− > O2
2− 

23. (b) W = −200 J 

q = +150 J 

ΔU = q + w 

ΔU = 150 − 200 = −50 J 

24. (a) HO = 4f11⁡6 s2 

HO3+ = 4f10 

25. (a) 

 

26. (d) 𝑆1⁡CFC + 𝑈𝑉 → Cl∘ 

S2⁡O3 + NO → NO2 + O2 

𝑆1 wrong 

S2 wrong 

27. (a) Nylon 2-nylon 6 

It is an alternating polyamide copolymer of glycine (H2 N − CH2⁡
−COOH) and amino caproic acid 

[H2 N(CH2)5COOH] and is biodegradable 

28.  (c) 

Column I Column II 

(i) Clouds (Q) Aerosols 

(ii) Pumice stone (R) Solid foam 

(iii) Cheese (P) Gel 

(iv) Shaving cream (S) Emulsion 
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29. (d) 

 

30. (0.4) Rate =
Δ𝐶

Δ𝑡
=

0.2

0.5
 

Δ𝑡 =
30

60
= 0.5 

= 0.4 mol/lit−1, H𝑟−1 

31. (a) [𝑂𝐻−] = 2 × 5 × 10−3 

[OH−] = 10−2M 

[H+][OH−] = 10−14 

[𝐻+] =
10−14

10−2
 

[𝐻+] = 10−12 

32. (b) MnO4
−

+7
→ Mn+2

+2
 

Change by 5 

33. (c) 𝑆𝑐3+ ⇒ 𝑑∘, 𝜇 = 0𝐵.𝑀 

𝑉2+ ⇒ 𝑑3, 𝜇 ≈ 3.9𝐵.𝑀 
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𝑇𝑖2+ ⇒ 𝑑2, 𝜇 = 2.8𝐵.𝑀 

34. (a) 

 

35. (b) %𝑁 =
1.4×𝑁×𝑉

𝑤
 

46 =
1.4 × 2 × 𝑉

0.8
 

𝑉 = 13.14𝑚𝐿 

36. (d) Density ∝ mass 

Benzene < chlorobenzene < 1,3 dichlorobenzene < 1 Bromo 3 chlorobenzene 

37. (c) [Co(en)3]Cl2 chelation Ligands form more stable complexes.  

38. (c) 

 

39. (d) 

 

40. (c) 
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41. (b) 

 

42.  (b) 

 

43. (b) (|𝑥| − 4)(|𝑥| + 3) = 0 ⇒ |𝑥| = 4 ⇒ 𝑥 = ±4 

Number of real solution is 2 

44. (b) ⁡𝑛𝑃𝑟 = ⁡𝑛𝑃𝑟+1 ⇒
𝑛!

(𝑛−𝑟)!
=

𝑛!

(𝑛−𝑟−1)!
⇒ 𝑛 − 𝑟 = 1 

⁡𝑛𝐶𝑟 = ⁡𝑛𝐶𝑟−1 ⇒
𝑛!

𝑟! ⋅ (𝑛 − 𝑟)!
=

𝑛!

(𝑟 − 1)! ⋅ (𝑛 − 𝑟 + 1)!
 

𝑟 = 𝑛 − 𝑟 + 1 ⇒ 2𝑟 = 1 + 1 + 𝑟 ⇒ 𝑟 = 2 
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45. (𝒙𝟐 + 𝟑𝒙𝒚 − 𝒚𝟐 = 𝟎) 

Equation of angle bisector is 
𝑥2−𝑦2

𝑥𝑦
=

𝑎−𝑏

ℎ
 

⁡⇒
𝑥2 − 𝑦2

𝑥𝑦
=

6

−2
= −3

⁡⇒ 𝑥2 + 3𝑥𝑦 − 𝑦2 = 0

 

46. (b) 

𝑓(𝑥) = {
5𝑥 + 1, 𝑥 < 2

∫0

𝑛
 (5 + |1 − 𝑡|)𝑑𝑡, 𝑥 ≥ 2

 

𝑓(2+) = ∫0

1
 (6 − 𝑡)𝑑𝑡 + ∫1

𝑥
 (𝑡 + 4)𝑑𝑡 

𝑓(2+) =
11

2
+ (

𝑡2

2
+ 4𝑡)

1

𝑥

=
11

2
+

𝑥2

2
+ 4𝑥 −

1

2
− 4 

𝑓(2+) =
𝑥2

2
+ 4𝑥 + 1 

𝑓(2−) = 𝑓(2+) = 11 (continuous) 

𝑓′(2−) = 5, 𝑓′(2+) = 6( not differentiable) 

47. (0.00) 

𝐼 = ∫  
1

−1

 log⁡(𝑥 + √𝑥2 + 1)𝑑𝑥 = ∫  
1

−1

 log⁡(−𝑥 + √𝑥2 + 1)𝑑𝑥

2𝐼 = ∫  
1

−1

 log⁡1𝑑𝑥

⁡⇒ 𝐼 = 0

 

48. [
𝟏 𝟎
𝟐𝟓 𝟏

] 

𝑃 = [
1 0
1

2
1
] 

𝑃2 = [
1 0
1

2
1
] [

1 0
1

2
1
] = [

1 0
1 1

] 

𝑃3 = [
1 0
1 1

] [
1 0
1

2
1
] = [

1 0
3

2
1
] 

∴ 𝑃𝑛 = [
1 0
𝑛

2
1] ⇒ 𝑃50 = [

1 0
25 1

] 

49. (6.00) 
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|𝑎‾ × 𝑏‾| = |𝑎‾||𝑏‾|sin⁡𝜃 

⇒ sin⁡𝜃 =
4

5
⇒ cos⁡𝜃 =

3

5
 

∴ |𝑎‾ ⋅ 𝑏‾| = |𝑎‾||𝑏‾|cos⁡𝜃 = 6 

50. (1.00) 

|
sin⁡𝑥 cos⁡𝑥 cos⁡𝑥
cos⁡𝑥 sin⁡𝑥 cos⁡𝑥
cos⁡𝑥 cos⁡𝑥 sin⁡𝑥

| = 0 

𝑅1 → 𝑅1 + 𝑅2 + 𝑅3 

(sin⁡𝑥 + 2cos⁡𝑥) |
1 1 1

cos⁡𝑥 sin⁡𝑥 cos⁡𝑥
cos⁡𝑥 cos⁡𝑥 sin⁡𝑥

| = 0 

𝐶2 → 𝐶2 − 𝐶1; 𝐶3 → 𝐶3 − 𝐶1 

⁡(sin⁡𝑥 + 2cos⁡𝑥) |
1 0 0

cos⁡𝑥 sin⁡𝑥 − cos⁡𝑥 0
cos⁡𝑥 0 sin⁡𝑥 − cos⁡𝑥

| = 0

⁡⇒ (sin⁡𝑥 + 2cos⁡𝑥)(sin⁡𝑥 − cos⁡𝑥) = 0

⁡⇒ tan⁡𝑥 = 1 ⇒ 1 solution 

⁡⇒ tan⁡𝑥 = −2 ⇒ 0 solution 

 Total 1 solution 

 

51. (7.59) 

cot⁡(
𝜋

24
) = cot⁡(7.5) = cot⁡(

15

2
)

1 + cos⁡(15) = 1 + cos⁡(45 − 30) = 1 + (
1

√2
)(

√3

2
) + (

1

√2
) (

1

2
) =

√3 + 1 + 2√2

2√2

sin2⁡15 = sin2⁡(45 − 30) = (
√3 − 1

2√2
)

2

=
4 − 2√3

8
=

2 − √3

4

cot2⁡(
15

2
) =

1 + cos⁡15

1 − cos⁡15
=

(1 + cos⁡15)2

sin2⁡15
=

(2√2 + √3 + 1)2

8(
2 − √3

4 )

=
(2√2 + √3 + 1)2

4 − 2√3

cot⁡(
15

2
) =

(2√2 + √3 + 1)

√4 − 2√3
=

(2√2 + √3 + 1)

√3 − 1
=

(2√2 + √3 + 1)(√3 + 1)

2
= √6 + √2 + √3 + √4

 

52. (-1) Equation of circle is 𝑥2 − 𝑦2 + 2𝑦2 + 2𝑥 = 0 

⇒ 𝑥2 + 𝑦2 + 2𝑥 = 0 

⇒ centre (−1,0) 

Also, (𝑥 − 3)2 = −𝑦 − 13 + 9 = −(𝑦 + 4) ⇒ vertex⁡(3,−4) 

∴ Equation of line passing through (−1,0)&(3,−4) is 

𝑦 =
−4

4
(𝑥 + 1) ⇒ 𝑥 + 𝑦 = −1 
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∴ y-intercept of line = −1 

53. (39.00) 

𝑓(𝑥) =
𝑃(𝑥)

sin⁡(𝑥 − 2)
 

𝑃′′(𝑥) = 𝑐 ⇒ 𝑃(𝑥) = 𝑎𝑥2 + 𝑏𝑥 + 𝑐 

𝑃(2) = 0 ⇒ 4𝑎 + 2𝑏 + 𝑐 = 0 

𝑃′(2) = 7 ⇒ 4𝑎 + 𝑏 = 7 

𝑃(3) = 9 ⇒ 9𝑎 + 3𝑏 + 𝑐 = 9 

𝑎 = 2, 𝑏 = −1, 𝑐 = −6 

∴ 𝑃(𝑥) = 2𝑥2 − 𝑥 − 6 

⇒ 𝑃(5) = 39 

54. (55.00) 

⁡𝑛𝐶7(2)𝑛−7 (
1

3
)
7

= ⁡𝑛𝐶8(2)𝑛−8 (
1

3
)
8

 

⁡𝑛𝐶8

⁡𝑛𝐶7
= 3 ⋅ 2 = 6 =

𝑛 − 7

8
⇒ 𝑛 = 55 

55. (4.00) 

𝑆 = 4 − 5 + 5 − 6 + 6…− 50 + 50 = 4 

56. (√𝒂𝒃) 

|
𝑎 𝑎 𝑐
1 0 1
𝑐 𝑐 𝑏

| = 0

⁡⇒ −𝑎𝑐 − 𝑎(𝑏 − 𝑐) + 𝑐2 = 0

𝑐2 = 𝑎𝑏

𝑥 = √𝑎𝑏

 

57. (11.00) 

𝑇𝑟+1 = ⁡12𝐶𝑟 ⋅ (2)
𝑟
3 ⋅ (3)

12−𝑟
4 = ⁡12𝐶𝑟 ⋅ (3)3 ⋅ (2)

𝑟
3 ⋅ (3)

−𝑟
4  

∴ Number of rational terms = 2(𝑟 = 0,1,2) 

∴ Number of irrational term = 13 − 2 = 11 

 


