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1. (BONUS)  

Maximum % error in  will be given by 

 

This is not applicable as error is big. 

 

&  

 

2. (a)  

 

 

 and  constant 

Self inductance  

3. Correct option should be (Bonus) 

Path difference at central maxima , whole pattern will shift by same amount which will be given by 

, according to eh question  

No option is matching, therefore question should be award bonus. 

4. (a) 

 

 

 

 

5. (b)  
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6. (d) Height of liquid rise in capillary tube ℎ =
2𝑇cos⁡𝜃𝐶

𝜌𝑟𝑔
 

⇒ h ∝
1

r
 

When radius becomes double height become half 

∴ h′ =
h

2
 

Now, 𝑀 = 𝜋𝑟2ℎ × 𝜌 and 𝑀′ = 𝜋(2𝑟)2(ℎ/2) × 𝜌 = 2𝑀. 

7. (a) Input current = 15 × 10−6 

Output current = 3 × 10−3 

Resistance out put = 1000 

𝑉input = 10 × 10−3 

Now 𝑉input = 𝑟input × 𝑖input  

10 × 10−3 = 𝑟input × 15 × 10−6 

𝑟input =
2000

3
= 0.67 KΩ. 

Voltage gain =
𝑉output 

𝑉input 
=

1000×3×10−3

10×10−3
= 300 

8. (a) According to equipartion energy theorem 

 

9. (a) 𝜔 = 6 × 1014 × 2𝜋 

f = 6 × 1014 

C = f𝜆 

𝜆 =
𝐶

𝑓
=

3 × 108

6 × 1014
= 5000Å 

Energy of photon ⇒
12375

5000
= 2.475eV 

From Einstein's equation 
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KEmax = E − 𝜙 

eVVs = E − 𝜙 

eVs = 2.475 − 2 

eVo = 0.475eV 

Vo = 0.48 V 

10. (d) Initial and final states for both the processes are same, 

 

Work done during process  is greater than in process . Because area is more 

By First law of thermodynamics 

 

 

 

11. (b) Mass of the hanging part =
𝑀

𝑛
 

hCOM =
L

2n
 

Work done 𝑊 = mghCom = (
𝑀

𝑛
)𝑔 (

𝐿

2𝑛
) =

𝑀𝑔𝐿

2𝑛2
 

12. (b)  

If radius of gyration is , then 

 

 

 

Therefore most appropriate option is (B) 

Although which is not in correct sequence. 
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13. (b) 

 

14. (d)  

 

15. (a) Different potential is shown at different points. 

 

𝑞 = 𝑒𝑉 

𝑞 = 10𝜇𝐹 × 20 = 200𝜇𝐶 

16. (c) t⃗| = |M̅ × B̅| 

𝜏 = NI × A × B × sin⁡45∘ 

𝜏 = 0.27Nm 

17. (d) Kinetic energy 𝐾𝐸 =
1

2
∣ 𝜔2 = 𝑘𝜃2 

⇒ 𝜔2 =
2k𝜃2

l
⇒ 𝜔 = √

2k

l
𝜃 

Differentiate (A) wrt time → 

d𝜔

dt
= 𝛼 = √

2k

l
(
d𝜃

dt
) 

⇒ 𝛼 = √
2k

l
⋅ √

2k

l
𝜃{ by (1) } 

⇒ 𝛼 =
2k

l
𝜃 

18. (c) For a simple pendulum  

Situation 1: when pendulum is in air  

Situation 2:when pendulum is in liquid 



 

 

PAPER – 4  2019 

 

So,  

 

19. (d) Vrms = √
3𝑅𝑇

Mw
 

⇒ vrms ∝ √T 

Now, 
𝑣

200
= √

500

400
⇒

𝑣

200
=

√5

2
 

⇒ 𝑣 = 100√5 m/s 

20. (b) Maximum electric field 𝐸 = (𝐵)(𝐶) 

E⃗⃗⃗0 = (3 × 10−5)c(−ĵ) 

E⃗⃗⃗1 = (2 × 10−6)c(−î) 

Maximum force 

F⃗⃗net = 10−4 × 3 × 108√(3 × 10−5)2 + (2 × 10−6)2 = 0.9 N 

Frms =
F0

√2
= 0.6 N (approx) 

21. (c) For swimmer to cross the river straight 

⇒ 4sin⁡𝜃 = 2 

⇒ sin⁡𝜃 =
1

2
⇒ 𝜃 = 30∘ 

 

So, angle with direction of river flow = 90∘ + 𝜃 = 120∘. 

22. (d)  cancel each other. 

Force on  will be  
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Force on RS will be  a 

 

 

Net force  repulsion 

23. (c) 
1

660
= R(

1

22
−

1

32
) =

5R

36
 

1

𝜆
= R(

1

22
−

1

42
) =

3R

16
 

Divide equation (1) with (B) 

𝜆

660
=
5 × 16

36 × 3
 

𝜆 =
4400

9
= 488.88 = 488.9 nm 

24. (d) We use Gauss's Law for gravitation g. 4𝜋𝑟2 = (Mass enclosed) 4𝜋𝐺 

𝑔 =
3𝑀4𝜋𝐺

4𝜋(3𝑎)2
=
𝐺𝑀

3𝑎2
 

 

25. (a) 4th  harmonic 
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4
𝜆

2
= ℓ; 2𝜆 = ℓ 

From equation 
2𝜋

𝜆
= 0.157 

𝜆 = 40; ⁡ℓ = 2𝜆 = 80 m 

 

26. (c) Momentum  

and for motion under gravity  

 

27. (a) Work done = ΔU 

⁡= 𝑈𝑓 − 𝑈𝑖

⁡=
𝑞2

2𝐶𝑟
−

𝑞2

2𝐶𝑖

⁡=
(5 × 10−6)2

2
(

1

2 × 10−6
−

1

5 × 10−6
)

⁡=
15

4
× 10−6

⁡= 3.75 × 10−6 J

 

28. (b) By conservation of linear momentum: 

2𝑣0 = 2(
𝑣0
4
) +𝑚𝑣 ⇒ 2𝑣0 =

𝑣0
2
+𝑚𝑣2

⁡⇒ ⁡
3𝑣0
2

= 𝑚𝑣⁡… (1)
 

Since collision is elastic → 

Vseparation = Vapproch  

⇒ ⁡v −
v0
4
= v0 ⇒ m =

6

5
= 1.2 kg 

29. (d) Speed of wave from wave equation 

 

 

Since speed of wave  

So  
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336 

 

 

30. (b) 

 

1

Req 

=
8

7R
+
8

R
 

1

Req 

=
8 + 56

7R
; Reql =

7R

64
 

31. (c) 

32. (a) [Cu(H2O)4]SO4 ⋅ H2O 

33. (a) 

 
No plane of symmetry 

34. (c)  

35. (b)  configuration 

 

configuration 

 

36. (a) PM
∘ = 450 

PN
∘ = 700 

PM = xM450 

𝑃𝑁 = 𝑥𝑁700 

𝑌𝑀𝑃𝑇 = 𝑃𝑀 

𝑌𝑁𝑃𝑇 = 𝑃𝑁 

𝑌𝑀𝑃𝑇
𝑌𝑁𝑃𝑇

=
𝑥𝑀
𝑥𝑁

450

700
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𝑌𝑀
𝑌𝑁

=
𝑥𝑀
𝑥𝑁

(0: 64) 

𝑥𝑀
𝑥𝑁

>
𝑌𝑀
𝑌𝑁

 

37. (a)  

 

38. (a) Degenerate orbitals of  

 
39. (a) 

40. (d) For first order reaction 

 

For zero order reaction 

 

Where '  ' is reactant. 

41. (c) 

 

42. (b) 

43. (c) 

 

44. (c) 

45. (d) Cryolite is Na3[AlF6] 
46. (d) 

47. (b)  does not reduce double bond it reduces ester in alcohol. 
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48. (b) After losing one electron '  ' acquires noble gas configuration. 

49. (c)  of  means 2 mole 

2 mole of  requires 6 mole of  for complete reaction but available  is  i.e. 5 mole hence  is limiting 

reagent. 

50. (b) 

51. (b)  

 

 

 

 

 

52. (c)  

 

 

Formula 

 

53. (c) 

 
54. (c) 
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55. (a) 

56. (a)  

57. (b) ΔG = −2 × 96000 × 2 

ΔG = −nFE⁡∘ 

ΔG = −2 × 96000 × 2 J 

ΔG = −384 kJ mol−1 

58. (b) 

 

59. (a)  of -glucose and  of -fructose 

60. (d) 

61. (a)  

Range of  for surjective function,  must be same as above range. 

62. (b) In given question 𝑝, 𝑞 ∈ 𝑅. If we take other root as any real number 𝛼, then quadratic equation will be 𝑥2 −

(𝛼 + 2 − √3)𝑥 + 𝛼 ⋅ (2 − √3) = 0 

Now, we can have none or any of the options can be correct depending upon ' 𝛼 '. 

Instead of 𝑝, 𝑞 ∈ 𝑅 it should be 𝑝, 𝑞 ∈ 𝑄 then other root will be 2 + √3 

⇒ p = −(2 + √3 − 2 − √3) − −4 and q = (2 + √3)(2 − √3) = 1 

⇒ p2 − 4q − 12 = (−4)2 − 4 − 12 

= 16 − 16 = 0 

63. (a) ⁡𝛼⃗ = 3𝑖 + 𝑗 

𝛽 = 2𝑖 − 𝑗 + 3𝑘̂ 
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𝛽 = 𝛽1⃗⃗⃗⃗⃗ − 𝛽2⃗⃗⃗⃗⃗ 

𝛽1⃗⃗⃗⃗⃗ = 𝜆(3𝑖 + 𝑗), 𝛽2⃗⃗⃗⃗⃗ = 𝜆(3𝑖 + 𝑗) − 2𝑖 + 𝑗 − 3𝑘̂ 

𝛽2 ⋅ 𝛼⃗ = 0 

(3𝜆 − 2) ⋅ 3 + (𝜆 + 1) = 0 

9𝜆 − 6 + 𝜆 + 1 = 0 

𝜆 =
1

2
 

⇒ 𝛽1 =
3

2
𝑖 +

1

2
𝑗 

⇒ 𝛽2 = −
1

2
𝑖 +

3

2
𝑗 − 3𝑘̂ 

Now, 𝛽1 × 𝛽2 = ||

𝑖 𝑗 𝑘̂
3

2

1

2
0

−
1

2

3

2
−3

|| 

= î (−
3

2
− 0) − ĵ (−

9

2
− 0) + k̂ (

9

4
+
1

4
) 

=
3

2
î +

9

2
ĵ +

5

2
k̂ 

=
1

2
(−3𝐢̂ + 9𝐣̂ + 5𝐤̂) 

64. (d) 

 

 

 

put  

 

 

65. (a) 

Let  be the equation of the plane 
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Now for - sign 

 

66. (a)  

 lies on the curve 

 

Also,  

 (slope of tangent) 

 this tangent is  to  

 

 

By (i) and (ii):  

 lies on this curve 

67. (c) S.D. = √
∑(x−x̅)2

n
 

𝑥‾ =
∑𝑥

4
=
−1 + 0 + 1 + 𝑘

4
=
𝑘

4
 

Now √5 = √(−1−
𝑘

4
)
2
+(0−

𝑘

4
)
2
+(1−

𝑘

4
)
2
+(𝑘−

𝑘

4
)
2

4
 

⇒ 5 × 4 = 2(1 +
𝑘

16
)
2

+
5𝑘2

8
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⇒ 18 =
3k2

4
 

⇒ k2 = 24 

⇒ k = 2√6 

68. (a) 𝑓(𝑥) = 15 − |𝑥 − 10|, 𝑥 ∈ 𝑅 

𝑓(𝑓(𝑥)) = 15 − |𝑓(𝑥) − 10| 

= 15 − |15 − |𝑥 − 10| − 10| 

= 15 − |5 − |𝑥 − 10|| 

𝑥 = 5,10,15 are point of non 

differentiability 

 

69. (d) 𝑇4 = 𝑇3+1 = (
6
3
) (

2

𝑥
)
3
⋅ (𝑥log8⁡𝑥)

3
 

20 × 87 =
160

𝑥3
⋅ 𝑥3log8⁡𝑥 

86 = 𝑥log2⁡𝑥 − 3 

218 = 𝑥log2⁡𝑥−3 

⇒ 18 = (log2⁡𝑥 − 3)(log2⁡𝑥) 

Let log2⁡x = t 

⇒ t2 − 3t − 18 = 0 

⇒ (t − 6)(t + 3) = 0 

⇒ t = 6,−3 

log2⁡𝑥 = 6 ⇒ 𝑥 = 26 = 82 

log2⁡𝑥 = −3 ⇒ 𝑥 = 2−3 = 8−1 

70. (c) f ′(x) = 𝜆(x + 1)(x − 0)(x − 1) = 𝜆(x3 − x) 

⇒ 𝑓(𝑥) = 𝜆 (
𝑥4

4
−
𝑥2

2
) + 𝜇 

Now 𝑓(𝑥) = 𝑓(0) 
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⇒ 𝜆(
𝑥4

4
−
𝑥2

2
) + 𝜇 = 𝜇 

⇒ 𝑥 = 0,0,±√2 

Two irrational and one rational number 

71. (c)  

 

 

 

 

 

72. (c) Since there are 8 males and 5 females. Out of these 13 , if we select 11 persons, then there will be at least 6 

males and at least 3 females in the selection. 

 

73. (c) Any point on the given line can be 

(1 + 2𝜆,−1 + 3𝜆, 2 + 4𝜆); 𝜆 ∈ R 

Put in plane 

1 + 2𝜆 + (−2 + 6𝜆) + (6 + 12𝜆) = 15 

20𝜆 + 5 = 15 

20𝜆 = 10 

𝜆 =
1

2
 

∴ Point (2,
1

2
, 4) 

Distance from origin = √4+
1

4
+ 16 =

√16+1+64

2
=

√81

2
 

=
9

2
 

74. (b) 
1

2
(2cos2⁡10∘ − 2cos⁡10∘cos⁡50∘ + 2cos2⁡50∘) 

⇒
1

2
(1 + cos⁡20∘ − (cos⁡60∘ + cos⁡40∘) + 1 + cos⁡100∘) 

⇒
1

2
(
3

2
+ cos⁡20∘ + 2sin⁡70∘sin⁡(−30∘)) 
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⇒
1

2
(
3

2
+ cos⁡20∘ − sin⁡70∘) 

⇒
3

4
 

75. (d) 

[
1 1
0 1

] [
1 2
0 1

] [
1 2
0 1

] [
1 3
0 1

]⋯⋯ ⋅ [
1 𝑛 − 1
0 1

] = [
1 78
0 1

] 

⇒ [
1 1 + 2 + 3 +⋯…+ 𝑛 − 1
0 1

] = [
1 78
0 1

] 

⇒
n(n−1)

2
= 78 ⇒ n = 13,−12 (reject) 

∴ we have to find inverse of [
1 13
0 1

] 

∴ [
1 −13
0 1

] 

76. (d) Let  

 

 

 circle of radius 1 

77. (a) 𝑆𝑛 = 50𝑛 +
𝑛(𝑛−7)

2
𝐴 

Tn = Sn − Sn−1 

= 50𝑛 +
𝑛(𝑛 − 7)

2
𝐴 − 50(𝑛 − 1) −

(𝑛 − 1)(𝑛 − 8)

2
𝐴 

= 50 +
𝐴

2
[𝑛2 − 7𝑛 − 𝑛2 + 9𝑛 − 8] 

= 50 + 𝐴(𝑛 − 4) 

𝑑 = 𝑇𝑛 − 𝑇𝑛−1 

= 50 + 𝐴(𝑛 − 4) − 50 − 𝐴(𝑛 − 5) 

= A 

T50 = 50 + 46 A 

(𝑑, 𝐴50) = (𝐴, 50 + 46𝐴) 

78. (c) 
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79. (a)  

Parametric normal: 

 

At  (from given equation) 

 

slope of parametric normal  

 or  

80. (b) 𝑥
𝑑𝑦

𝑑𝑥
+ 2𝑦 = 𝑥2: 𝑦(1) = 1 

𝑑𝑦

𝑑𝑥
+ (

2

𝑥
)𝑦 = 𝑥( LDE in 𝑦) 

IF = e∫
2
x
dx = e2ln⁡𝑥 = x2 

𝑦 ⋅ (𝑥2) = ∫ 𝑥 ⋅ 𝑥2𝑑𝑥 =
𝑥4

4
+ 𝐶 

𝑦(1) = 1 

1 =
1

4
+ 𝐶 ⇒ 𝐶 = 1 −

1

4
=
3

4
 

𝑦𝑥2 =
𝑥4

4
+
3

4
 

𝑦 =
𝑥2

4
+

3

4𝑥2
 

81. (a) 𝑦2 = 4𝑎𝑥 = 16𝑥 ⇒ 𝑎 = 4 

𝐴(1,4) ⇒ 2 ⋅ 4 ⋅ 𝑡1 = 4 ⇒ 𝑡1 =
1

2
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∴ length of focal chord = 𝑎 (𝑡 +
1

𝑡
)
2
 

= 4(
1

2
+ 2)

2

= 4 ⋅
25

4
= 25 

 

82. (d) 

 

 

 

 

 

 

 

 

83. (d)  
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84. (d) From the given functional equation: 

𝑓(𝑥) = 2𝑥∀𝑥 ∈ 𝑁

2𝑎+1 + 2𝑎+2 +⋯ .+2𝑎+10 = 16(210 − 1)

2𝑎(2 + 22 +⋯ . .+210) = 16(210 − 1)

2𝑎 ⋅
2 ⋅ (210 − 1)

1
= 16(210 − 1)

2𝑎+1 = 16 = 24

𝑎 = 3

 

85. (b) 2(1 − sin2⁡𝜃) + 3sin⁡𝜃 = 0 

⇒ 2sin2⁡𝜃 − 3sin⁡𝜃 − 2 = 0 

⇒ (2sin⁡𝜃 + 1)(sin⁡𝜃 − 2) = 0 

⇒ sin⁡𝜃 = −
1

2
; sin⁡𝜃 = 2 (reject) 

roots : 𝜋 +
𝜋

6
, 2𝜋 −

𝜋

6
, −

𝜋

6
, −𝜋 +

𝜋

6
 

⇒ sum of values = 2𝜋 

86. (c) Let the mid -point be 𝑆(ℎ, 𝑘) 

∴ P(2 h, 0) and Q(0,2k) equation of 

𝑃𝑄:
𝑥

2ℎ
+

𝑦

2𝑘
= 1 

∵ PQ is tangent to circle at R (say) 

∴ OR = 1 ⇒ ||
−1

√(
1
2 h

)
2

+ (
1
2k
)
2
|| = 1 

⇒
1

4 h2
+

1

4k2
= 1 



 

 

PAPER – 4  2019 

 

⇒ x2 + y2 − 4x2y2 = 0 

87. (a) Let persons be 𝐴, 𝐵, 𝐶, 𝐷 

𝑃 (Hit) = 1 − 𝑃 (none of them hits) 

= 1 − 𝑃(𝐴‾ ∩ 𝐵‾ ∩ 𝐶‾ ∩ 𝐷‾ ) 

= 1 − 𝑃(𝐴‾) ⋅ 𝑃(𝐵‾) ⋅ 𝑃(𝐶‾) ⋅ 𝑃(𝐷‾ ) 

= 1 −
1

2
⋅
2

3
⋅
3

4
⋅
7

8
 

=
25

32
 

88. (c) 

x2 ≤ y ≤ x + 2 

𝑥2 = 𝑦; 𝑦 = 𝑥 + 2 

𝑥2 = 𝑥 + 2 

𝑥2 − 𝑥 − 2 = 0 

(𝑥 − 2)(𝑥 − 1) = 0 

𝑥 = 2,−1 

Area = ∫−1
2
 (𝑥 + 2) − 𝑥2𝑑𝑥 =

9

2
 

 

89. (c) Roots of the equation 𝑥2 + 𝑥 + 1 = 0 are 𝛼 = 𝜔 and 𝛽 = 𝜔2 where 𝜔,𝜔2 are complex cube roots of unity 

∴ Δ = |

𝑦 + 1 𝜔 𝜔2

𝜔 𝑦 + 𝜔2 1

𝜔2 1 𝑦 + 𝜔

| 
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R1 → R1 + R2 + R3 

⇒ Δ = 𝑦 |

1 1 1
𝜔 𝑦 + 𝜔2 1

𝜔2 1 𝑦 + 𝜔
| 

Expanding along R1, we get 

Δ = y ⋅ y2 ⇒ D = y3 

Or 

If 𝛼 = 𝜔2, 𝛽 = 𝜔 we get same value or on expansion using 𝛼 + 𝛽 = −1, 𝛼𝛽 = 1 we get value y3. 

90. (c) function should be continuous at x =
𝜋

4
 

∴ lim
𝑥→

𝜋
4
 𝑓(𝑥) = 𝑓 (

𝜋

4
) 

⇒ lim
𝑥→

𝜋
4
 
√2cos⁡𝑥 − 1

cot⁡𝑥 − 1
= 𝑘 

⇒ lim𝑥→
𝜋

4
 
−√2sin⁡𝑥

−cosec2⁡𝑥
= 𝑘 (Using L Hospital Rule) 

lim𝑥→𝜋  √2sin
3⁡𝑥 = 𝑘 

⇒ k = √2 (
1

√2
)
3

=
1

2
 

 


