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1. (c) Numerical aperature of the microscope is given as 

𝑁𝐴 =
0.61𝜆

𝑑
 

Where 𝑑 = minimum sparaton between two points to be seen as distinct 

d =
0.61𝜆

NA
=

(0.61) × (5000 × 10 m−10)

1.25
= 2.4 × 10−7 m 

= 0.24𝜇m 

2. (a) 

 

𝑃 =
162̂

8𝑅
= 4 

∴  R = 8Ω 

3. (b) Since it is a balanced wheatstone bridge, its equivalent resistance =
4

3
Ω 

𝜀 = Bℓv = 5 × 10−4 V 

So total resistance 

R =
4

3
+ 1.7 ≈ 3Ω 

∴  i =
𝜀

R
≈ 166𝜇A ≈ 170𝜇A 

4. (b) dl = (dm)r2 

 = (𝜎𝑑𝐴)𝑟2

 = (
𝜎0

𝑟
2𝜋𝑑𝑟) 𝑟2 = (𝜎02𝜋0𝑟2𝑑𝑟

 

𝐼 = ∫ 𝐷𝐼 = ∫𝑎

𝑏
 𝜎02𝜋𝑟2𝑑𝑟 
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= 𝜎02𝜋 (
b3 − a3

3
) 

𝑚 = ∫ 𝑑𝑚 = ∫ 𝜎𝑑𝐴 

= 𝜎02𝜋∫𝑎

𝑏
 𝑑𝑟 

5. (d) 

 
 and  

 
6. (b) 
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Now, 

 

7. (a) fmix =
n1f1+n2f2

n1+n2
=

2×3+3×5

5
=

21

5
 

𝐶𝑣 =
𝑓𝑅

5
=

21

5
×

𝑅

2
= 17.4 J/molK 

8. (b) hv = 𝜙 + ev𝑣0 

v0 =
h𝜈

e
−

𝜙

e
 

𝑣0 is zero for 𝑣 = 4 × 1014 Hz 

0 =
ℎ𝑣

e
 −

𝜙

e
⇒ 𝜙 = hv

 =
6.63 × 10−34 × 4 × 1014

1.6 × 10−19
= 1.66eV

 

9. (BONUS) 

 

 

It is closest to 9. 

10. (d) 

 

 

11. (c) 
1

𝜆
= 𝑅 (

1

𝑚2 −
1

𝑛2) 𝑧2 

1

1085
= 𝑅 (

1

𝑚2
−

1

𝑛2
)22 
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∴ m = 2 

∴ n = 5 

12. (a) Heat lost = Heat gain 

⇒  𝑀2 × 1 × 50 = 𝑀1 × 0.5 × 10 + 𝑀1 ⋅ 𝐿𝑓 

⇒  𝐿f =
50𝑀2 − 5𝑀1

𝑀1
 

=
50𝑀2

𝑀1
− 5 

13. (a) Range will be same for time 𝑡1 and 𝑡2, so angles of projection will be ' 𝜃 ' & ' 90∘ − 𝜃′ 

 

t1 =
2usin 𝜃

g
t2 =

2usin (90∘−𝜃)

g
 and R =

u2sin 2𝜃

g
 

t1t2 =
4u2sin 𝜃cos 𝜃

g2
=

2

 g
[
2u2sin 𝜃cos 𝜃

g
] 

=
2𝑅

𝑔
 

14. (a)  

 

 

 

 

15. (b) Total charge of dipole , so charge induced on outside surface . 

But due to non-uniform electric field of dipole, the charge induced on inner surface is non zero and non-uniform. 

So, for any observer outside the shell, the resultant electric field is due to  uniformly distributed on outer surface 

only and it is equal to. 

 



 

 

PAPER – 14  2019 

 

16. (d)  

 

 

 

17. (c) . 

 

 

 

 

 

18. (b) 

 

Δx = (𝜇 − 1)t = 1𝜆 

for one maximum shift 

𝑡 =
𝜆

𝜇 − 1
 

19. (a) 
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at  and slope is negative 

 

20. (c) 

 

 

21. (d)  V = 0 

𝐸 = −
𝐾𝑃⃗ 

𝑟3
 

= −
𝑝 

4𝜋𝜀0𝑑
3
 

 

22.  (a)  

where  and  

 

direction of propagation  
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23. (b) 

 

f0 = 500 Hz frequency received by B again = 

⟵ 1500 

(B) 

(A) & ⇒ 

7.5 m/s ⟶ 

⟶ 5 m/sec 

𝑓2 = (
1500 + 7.5

1500 + 5
) × (

1500 − 5

1500 − 7.5
) 𝑓0 = 502 Hz 

24. (a) Equation of trajectory is given as 

 

Comparing with equation: 

 

We get,  

 

Also,  

 

 

25. (d)  𝐵 =
𝜇0i

2𝑅
=

𝜇0𝑞𝜔

2𝑅2𝜋
 

⇒ 𝑞 = 3 × 10−5C 

26. (c) 

27. (d) 

28. (b) Light incident from particle P will be reflected at mirror. 

𝑢 = −5 cm, f = m −
R

2
= −20 cm 
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1

v
+

1

u
=

1

f
;  v1 = +

20

3
 cm 

This image will act as object for light getting refracted at water surface. 

So, object distance d = 5 +
20

3
=

35

3
 cm 

 

Below water surface. 

After refraction, final image is at 

d′ = d(
𝜇2

𝜇1
) = (

35

3
) (

1

4/3
)

 =
35

4
= 8.75 cm

 ≈ 8.8 cm

 

29. (c) 

 

 

When  

 

When I  

 

30. (a) Angular momentum conservation 

𝑀𝑉0𝐿 = 𝑀𝑉1(𝐿 − ℓ) 
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V1 = V0 (
L

L − ℓ
) 

wg + wp = ΔKE 

−mgℓ + wp =
1

2
 m( V1

2 − V0
2) 

wp = mgℓ +
1

2
mV0

2 ((
L

L − ℓ
)
2

− 1) 

= mgℓ +
1

2
mV0

2 ((1 −
L

L − ℓ
)
−2

− 1) 

Now, ℓ ≪ 𝐿 

By, Binomial approximation 

= mgℓ +
1

2
mV0

2 ((1 +
L

L − ℓ
)
−2

− 1) 

= mgℓ +
1

2
mV0

2 (
2ℓ

L
) 

WP = mgℓ + mV0
2
ℓ

L
 

Here, 𝑉0 = maximum velocity = 𝜔 × 𝐴 = (√
𝑔

𝐿
) (𝜃0𝐿) 

So, 𝑤𝑝 = 𝑚𝑔ℓ + 𝑚(𝜃0√𝑔𝐿)
2 ℓ

𝐿
 

== mg ℓ(1 + 𝜃0
2) 

31. (c)  

 

Wt of solvent  

Molality  

32. (c) 
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33. (a) 

34. (d) When  oxidizes to  

 

35. (a) Smog photochemical is . 

36. (c) 

37. (c) 

 
38. (c) Smaller the size of cation, more polarisability high thermal decomposition of carbonates. 

39. (a)  Period- III, Group-V 

40. (b) Peptization is process to form collidal solution by adding peptizing agent. 

41. (c) 

42. (b)  
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At a & c, probability of finding electron is maximum 

43. (c) 2Cu⊕ → Cu+2 + Cu 

44. (c) Mol. wt is of  

 

 

45. (d) Basic unit is silicate (SiO4)
4− 

46. (d)  ΔCp =
ΔH2−ΔH1

 T2−T1
 

47. (b) Thermosetting are cross-linked polymer. 

48. (a) 

49. (a) Canary yellow ppt comes in test of PO4
3− ion. 

50. (a) Concentration (on dressing), i.e. washing of ore. 

51. (d)  

 

 
52. (a) 

 

53. (a) Not always double stranded -helix. 

54. (d) 
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55. (b) 

56. (c) Lower the standard reduction potential, more the ability to get reduced higher the oxidizing power. 

57. (c) 

58. (c) 

59. (b) Ligand filed exert mass repulsion along  axis as compared to -axis so  and  will have increase 

in energy y 

60. (b) 𝑊 = −𝑃ext (𝑉2 − 𝑉1) 

61. (c) Tangents 𝑦2 = 12𝑥 ⇒ 𝑦 = 2𝑥 +
3

𝑚
 

𝑥2

1
−

𝑦2

8
= 1 ⇒ 𝑦 = 𝑚𝑥 ± √𝑚2 − 8 

Common tangent gives 

∴
3

 m = ±√m2 − 8
 

𝑥2

1
−

𝑦2

8
= 1 

𝑚4 − 8𝑚2 − 9 = 0 

e = 3 

𝑚 = ±3 

ae = 3 

∴ 𝑦 = 3𝑥 + 1 𝑃 (−
1

3
, 0) 

𝑆 = (3,0) 

𝑆′ = (−3,0) 

𝑦 = −3𝑥 − 1 

𝑃 divides 𝑆′ ' in 5: 4. 

62. (c) Only two equilateral triangle are possible  and   
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63. (b) lim𝑥→2  
∫6

𝑓(𝑥)
 4𝑡3𝑑𝑡

𝑥−2
 

= lim𝑥→2  
4 ⋅ 𝑓3(𝑥) ⋅ 𝑓′(𝑥)

1
 

= 4f3(2)f ′(2) = 18 

64. (c) 

65. (a)

 (1 + 𝑥)(1 − 𝑥)10(1 + 𝑥 + 𝑥2)9

(1 − 𝑥2)(1 − 𝑥3)9

 9C6 = 84

 

66. (a) Since  21C0 + ⋯ . .+ 21C10 +  21C11 + ⋯… .+ 21C21 = 221 

⇒ but we have to select 10 objects and  21C0 + ⋯ . . + 21C10 =  21C11 + ⋯… .+ 21C21 

( 21C0 + ⋯ . .+ 21C10) = 220 

67. (b) np = 8 

𝑛𝑝𝑞 = 4 

𝑞 =
1

2
⇒ 𝑝 =

1

2
 

n = 16 

p(x = r) =  16Cr (
1

2
)
16

 

p(x ≤ 2) =
 16C0 +  16C1 +  16C2

216
 

=
137

216
 

68. (d) 

69. (d) 𝑓(𝑥) = 𝑥√𝑘𝑥 − 𝑥2 

𝑓′(𝑥) =
3𝑘𝑥 − 4𝑥2

2√𝑘𝑥 − 𝑥2
 

For increasing 𝑓(𝑥) ≥ 0 

3kx − 4x2 ≥ 0 

𝑘𝑥 − 𝑥2 ≥ 0 

4𝑥2 − 3𝑘𝑥 ≤ 0 

x2 − kx ≤ 0 

𝑥(𝑥 − 𝑘) ≤ 0 so 𝑥 ∈ [0,3) 

4𝑥 (𝑥 −
3𝑘

4
) ≤ 0 

+ve x ≥ 3 
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3 −
3𝑘

4
≤ 0 

𝑘 ≥ 4 

minimum value of 𝑘 is 𝑚 = 4 

𝑓(𝑥) = 𝑥√𝑘𝑥 − 𝑥2 

= 3√4 × 3 − 32 = 3√3,𝑀 = 3√3 

70. (b)  

 

 

Variance  

Standard deviation  

71. (b)  

A  

 

 

 

 

 

72. (c)  
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 when  

73. (a) 375𝑥2 − 25𝑥 − 2 = 0 

𝛼 + 𝛽 =
25

375
, 𝛼𝛽 =

−2

375
 

⇒ (𝛼 + 𝛼2 + ⋯ upto inf inite terms ) + (𝛽 + 𝛽2 + ⋯…… .. upto inf inite terms ) 

=
𝛼

1 − 𝛼
+

𝛽

1 − 𝛽
=

1

12
 

74. (d) 

 

 

 

 

 
75. (c) 1 + sin4 𝑥 = cos2 3𝑥 

sin 𝑥 = 0 and cos 3𝑥 = 1 

0,2𝜋,−2𝜋,−𝜋, 𝜋 

76. (c) ey = xy = e differentiate w.r.t. x 

𝑒𝑦
𝑑𝑦

𝑑𝑥
+ 𝑥

𝑑𝑦

𝑑𝑥
+ 𝑦 = 0 

𝑒𝑦
𝑑𝑦

𝑑𝑥
+ 𝑥

𝑑𝑦

𝑑𝑥
+ 𝑦 = 0 

𝑑𝑦

𝑑𝑥
(𝑥 + 𝑒𝑦) = −𝑦,

𝑑𝑦

𝑑𝑥
|
(0,1)

= −
1

𝑒
 again differentiate w.r.t.x 
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𝑒𝑦 ⋅
𝑑2𝑦

𝑑𝑥2
+

𝑑𝑦

𝑑𝑥
⋅ 𝑒𝑦 ⋅

𝑑𝑦

𝑑𝑥
+ 𝑥 ⋅

𝑑2𝑦

𝑑𝑥2
+

𝑑𝑦

𝑑𝑥
+

𝑑𝑦

𝑑𝑥
= 0 

(𝑥 + 𝑒𝑦)
𝑑2𝑦

𝑑𝑥2
+ (

𝑑𝑦

𝑑𝑥
)
2

⋅ 𝑒𝑦 + 2
𝑑𝑦

𝑑𝑥
= 0 

𝑒
𝑑2𝑦

𝑑𝑥2
+

1

𝑒1
𝑒 + 2 (−

1

𝑒
) = 0 

∴
d2y

dx2
=

1

e2
 

77. (d) 

78. (b) 3𝑥2 + 4𝑦2 = 12 

𝑥2

4
+

𝑦2

3
= 1 

𝑥 = 2cos 𝜃, 𝑦 = √3sin 𝜃 

Equation of normal is 
𝑎2𝑥

𝑥1
−

𝑏2𝑦

𝑦1
= 𝑎2 − 𝑏2 

2𝑥sin 𝜃 − √3cos 𝜃𝑦 = sin 𝜃cos 𝜃 

Slope 
2

√3
tan 𝜃 = −2 ∴ tan 𝜃 = −√3 

Equation of tangent is it passes through (4,4) 

3𝑥cos 𝜃 + 2√3sin 𝜃𝑦 = 6 

12cos 𝜃 + 8√3sin 𝜃 = 6 

cos 𝜃 = −
1

2
, sin 𝜃 =

√3

2
∴ 𝜃 = 120∘ 

Hence point 𝑃 is (2cos 120∘, √3sin 120∘) 

P (−1,
2

2
) , Q(4,4) 

 

PQ =
5√5

2
 

79. (a) 



 

 

PAPER – 14  2019 

(𝑎 + 𝑏⃗ ) × (𝑎 − 𝑏⃗ ) 

 = 2 |
𝑖 𝑗 𝑘̂
1 2 −2
3 2 2

|

 = 2(8𝑖 − 8𝑗 + 4𝑘̂)

 

Required vector = ±12
(2𝑖̂−2𝑗̂−𝑘̂)

3
 

= ±4(2𝑖 − 2𝑗 − 𝑘̂) 

80. (c) 

 

 

 

 

 

81. (a) 𝑓(𝑥) = √𝑥, 𝑔(𝑥) = tan 𝑥, ℎ(𝑥) =
1−𝑥2

1+𝑥2 

fog (x) = √tan x 

hofog (𝑥) = ℎ(√tan 𝑥) =
1 − tan 𝑥

1 + tan 𝑥
 

= −tan (
𝜋

4
− 𝑥) 

𝜙(x) = tan (
𝜋

4
− x) 

𝜙 (
𝜋

3
) = tan (

𝜋

4
−

𝜋

3
) = tan (−

𝜋

12
) = −tan 

𝜋

12
 

= tan (𝜋 −
𝜋

12
) = tan 

11𝜋

12
 

82. (b) 

Let length of common chord  

 

After solving  
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83. (d) 

∫0

𝜋/2
 

cot 𝑥𝑑𝑥

cot 𝑥 + cosec 𝑥
 

∫0

𝜋/2
 

cos 𝑥

cos 𝑥 + 1
= ∫

2cos2 
𝑥
2
−1

2cos2 
𝑥
2   

∫0

𝜋/2
  (1 −

1

2
sec2 

𝑥

2
)𝑑𝑥 

[𝑥 − tan 
𝑥

2
]
0

𝜋
2
 

1

2
[𝜋 − 2] 𝑚 =

1

2
, 𝑛 = −2 

84. (c) 

2{2𝑎 + 3𝑑} = 16 

3(2𝑎 + 5𝑑) = −48 

2𝑎 + 3𝑑 = 8
2𝑎 + 5𝑑 = −16
𝑑 = −12
𝑆10 = 5{44 − 9 × 12}

 = −320

 

85. (c)  

 

 

 

Sum  

86. (a) 
𝑥−2

3
=

𝑦+1

2
=

𝑧−1

−1
= 𝜆 

𝑥 = 3𝜆 + 2, 𝑦 = 2𝜆 − 1, 𝑧 = −𝜆 + 1 

Intersection with plane 2𝑥 + 3𝑦 − 𝑧 + 13 = 0 

2(3𝜆 + 2) + 3(2𝜆 − 1) − (−𝜆 + 1) + 13 = 0 

13𝜆 + 13 = 0 

𝜆 = −1 
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∴ P(−1,−3,2) 

Intersection with plane 

3x + y + 4z = 16 

3(3𝜆 + 2) + (2𝜆 − 1) + 4(−𝜆 + 1) = 16 

𝜆 = 1 

Q(5,1,0) 

𝑃𝑄 = √62 + 42 + 22 = √56 = 2√14 

87. (BONUS)(b) 

Volume of paralleopiped =
∥
∥
∥
∥1 𝜆 1
0 1 𝜆
𝜆 0 1∥

∥
∥
∥
 

𝑓(𝜆) = |𝜆3 − 𝜆 + 1| 

Its graphs as follows 

 

where 𝜆 ≈ −1.32 

For minimum value of volume of paralelopiped and corresponding value of 𝜆; the minimum value is zero, ∵ cubic 

always has at least one real root. 

Hence answer to the question must be root of cubic 𝜆3 − 𝜆 + 1 = 0. None of the options satisfies the cubic. 

88. (b)  A = A′, B = −B′ 

𝐴 + 𝐵 = [
2 3
5 −1

] 

𝐴′ − 𝐵′ = [
2 5
3 −1

] 

𝐴 − 𝐵 = [
2 5
3 −1

] 

After adding equation (1) and (2) 

𝐴 = [
2 4
4 −1

] , 𝐵 = [
0 −1
1 0

] 

𝐴𝐵 = [
4 −2

−1 −4
] 
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89. (a)  

 

 

 

 

90. (c)  

 


