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1. (d) For solid sphere 

1

2
mv2 +

1

2
⋅
2

5
mR2 ⋅

v2

R2
= mghsph 

For solid cylinder 

1

2
𝑚𝑣2 +

1

2
⋅
1

2
𝑚𝑅2 ⋅

𝑣2

𝑅2
= 𝑚𝑔ℎcyl  

⇒
hsph

hcyl
=

7/5

3/2
=

14

15
 

2. (c) Resistance of wire AB = 400 × 0.01 = 4Ω 

i =
3

6
= 0.5 A 

Now voltmeter reading = i (Resistance of 50 cm length) 

= (0.5 A)(0.01 × 50) = 0.25 volt 

 

3. (b) 

 

Charges at inner plates are 1𝜇C and −1𝜇C. 

∴ Potential difference across capacitor 

=
q

C
=

1𝜇C

1𝜇F
=

1 × 10−6C

1 × 10−6 Farad 
= 1 V 

4. (a) 

 p = ksalbhc 

Where k is dimensionless constant 

𝑀𝐿𝑇−1 = (𝑀𝑇−2)𝑎(𝑀𝐿2)𝑏(𝑀𝐿2𝑇−1)𝑐 

a + b + c = 1 
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2𝑏 + 2𝑐 = 1 

−2𝑎 − 𝑐 = −1 

a =
1

2
  b =

1

2
 c = 0 

S1/2|
1/2

 h0 

5. (b) 

 

 

 is at  

 

Velocity of charge and  are parallel so 

by 

 force on charge particle is 

zero. 

 
6. (d) A = A0e

−𝛾𝑡 

𝐴 =
𝐴0

2
 after 10 oscillations 

∵ After 2 seconds 

A0

2
= A0e

−𝛾(b) ;  2 = e2𝛾 

ℓ n 2 = 2𝛾 ;  𝛾 =
ℓ n2 

2
 

∵ 𝐴 = 𝐴0e
−𝛾𝑡 
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ln 
𝐴0

𝐴
= 𝛾𝑡 ;  ln 1000

ℓ𝑛2

2
𝑡 

2 (
3ln 10

ℓn2
) = t;  

6ln 10

ℓn2
= t 

t = 19.931sec 

t ≈ 20sec 

7. (b) Image formed by lens 

1

𝑣
−

1

𝑢
=

1

𝑓
;
1

𝑣
+

1

30
=

1

20
 

𝑣 = +60 cm 

If image position does not change even when mirror is removed it means image formed by lens is formed at centre of 

curvature of spherical mirror. 

 

Radius of curvature of mirror = 80 − 60 = 20 cm. 

⇒ Focal length of mirror 𝑓 = 10 cm for virtual image, object is to be kept between focus and pole. 

⇒ Maximum distance of object from spherical mirror for which virtual image is formed, is 10 cm. 

8. (d) Current 𝑖 =
𝐸

𝑟+𝑅
 

Power generated in R 

P = i2R 

𝑃 =
𝐸2𝑅

(𝑟 + 𝑅)2
 

For maximum power 
dP

dR
= 0 

𝐸2 [
(𝑟 + 𝑅)2 × 1 − 𝑅 × 2(𝑟 + 𝑅)

(𝑟 + 𝑅)4
] = 0 

 

⇒ r = R 
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9. (c) T =
30sec

20
ΔT =

1

20
sec, 

L = 55 cm ΔL = 1 mm = 0.1 cm 

𝑔 =
4𝜋2𝐿

𝑇2
 

percentage error in g is 

Δ𝑔

𝑔
× 100 = (

Δ𝐿

𝐿
+

2Δ𝑇

𝑇
)100% 

= (
0.1

55
+

2(
1

20
)

30

20

)100% ≃ 6.8%. 

10. (b) 

 𝑣rms = √
3𝑅𝑇

𝑚
 𝑣escape = √2𝑔𝑅𝑒 

vrms = vescape  

3𝑅𝑇

 m
= 2gRe 

3 × 1.38 × 10−23 × 6.02 × 1026

2
× 10 × 103 = 104k 

11. (d) Given initial velocity u = 0 and acceleration 

is constant 

At time t 

𝑣 = 0 + 𝑎𝑡 

⇒ v = at 

Also 𝑥 = 0(𝑡) +
1

2
𝑎𝑡2 

⇒ x =
1

2
at2 
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Graph (a), (b) and (d) are correct. 

12. (d) 

𝐸⃗ = (20𝑥 + 10)𝑖 

𝑉1 − 𝑉2 = −∫−5

1
 (20𝑥 + 10)𝑑𝑥 

𝑉1 − 𝑉2 = −(10𝑥2 + 10𝑥)−5
1  

𝑉1 − 𝑉2 = 10(25 − 5 − 1 − 1) 

V1 − V2 = 180 V 

13. (c) Given: 

YA

YB
=

7

4
  LA = 2 m  AA = 𝜋R2 

L𝐵 = 1.5 m  AB = 𝜋(2 mm))2 

F

A
= Y(

ℓ

L
) 

given 𝐹 and ℓ are same ⇒
𝐴𝑌

𝐿
 is same 

𝐴𝐴𝑌𝐴
𝐿𝐴

=
𝐴𝐵𝑌𝐵

𝐿𝐵
 

⇒
(𝜋𝑅2) (

7
4𝑌𝐵)

2
=

𝜋(2 mm)2 ⋅ 𝑌𝐵

1.5
 

R = 1.74 mm 

14. (c) Applying linear momentum conservation 

𝑚1𝑣1𝑖 + 𝑚2𝑣2𝑖 = 𝑚1𝑣3𝑖 + 𝑚2𝑣4𝑖 

𝑚1𝑣1 + 0.5𝑚1𝑣2 = 𝑚1(0.5𝑣1) + 0.5𝑚1𝑣4 

0.5 m1v1 = 0.5 m1(v4 − v2) 

v1 = v4 − v2 

15. (d) Mass densities of all nuclei are same so their ratio is 1 . 

16. (a) Angular impulse = change in angular momentum. 

𝜏Δt = ΔL 

mg
ℓ

2
× 0.01 =

mℓ2

3
𝜔 

𝜔 =
3 g × 0.01

2ℓ
=

3 × 10 × 0.01

2 × 0.3
=

1

2
= 0.5rad/s 

Time taken by rod to hit the ground 
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t = √
2 h

 g
= √

2×5

10
= 1sec. 

In this time angle rotate by rod 

𝜃 = 𝜔t = 0.5 × 1 = 0.5 radian 

17. (b)  Moment of inertia 

(𝐼) = 𝑚 (
𝑑

2
)
2

× 2 =
𝑚𝑑2

2
 

Now by 𝜏 = 1𝛼 

(𝑞𝐸)(𝑑sin 𝜃) =
𝑚𝑑2

2
⋅ 𝛼 

𝛼 = (
2𝑞𝐸

𝑚𝑑
) sin 𝜃 for small 𝜃 

F = qE−q,m 

⇒ 𝛼 = (
2𝑞𝐸

𝑚𝑑
)𝜃 

⇒ Angular frequency 𝜔 = √
2𝑞𝐸

𝑚𝑑
 

18.  (a) If we use that direction of light propagation will be along 𝐸⃗ × 𝐵⃗ . Then (A) option is correct. 

Magnitude of E = CB 

𝐸 = 3 × 108 × 1.6 × 10−6 × √5 

E = 4.8 × 102√5 

𝐸⃗  and 𝐵⃗  are perpendicular to each other 

⇒ E⃗⃗ ⋅ B⃗⃗ = 0 

⇒ Either direction of 𝐸⃗  is 𝑖 − 2𝑗 or −𝑖 + 2𝑗 from given option 

Also wave propagation direction is parallel to 𝐸⃗ × 𝐵⃗  which is −𝑘̂ 

⇒ 𝐸⃗  is along (−𝑖 + 2𝑗) 

19. (b) At saturation state, VCE becomes zero 

⇒ ic =
10 V

1000Ω
= 10 mA 

Now current gain factor 𝛽 =
𝑖𝑐

𝑖𝐵
 

⇒ iB =
10 mA

250
= 40𝜇A 
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20. (c) 
1

2
𝑚𝑉2 = −𝑞(𝑉𝑓 − 𝑉𝑖) 

𝐸 =
𝜆

2𝜋𝜀0𝑟
 

ΔV =
𝜆

2𝜋𝜀0
ln (

r0
r
)

1

2
𝑚𝑣2 =

−𝑞𝜆

2𝜋𝜀0
ln (

𝑟0
𝑟
)

𝑣 ∝ √ln (
𝑟

𝑟0
)

 

21. (c) |𝐴 1| = 3, |𝐴 2| = 5, and |𝐴 1 + 𝐴 2| = 5. 

|𝐴 1 + 𝐴 2| = |𝐴 1|
2
+ |𝐴 2|

2
+ 2|𝐴 1||𝐴 2|cos 𝜃 

cos 𝜃 = −
3

10
 

(2A⃗⃗ 1 + 3A⃗⃗ 2) ⋅ (3A⃗⃗ 1 − 2A⃗⃗ 2) 

= 6|𝐴 1|
2
+ 9𝐴 1 ⋅ 𝐴 2 − 4𝐴 1 ⋅ 𝐴 2 − 6|𝐴 2|

2
 

= −118.5 

22. (c) 

 

𝑅eq = 15 +
25

3
+ 30 =

45 + 25 + 90

3
=

160

3
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I =
E

Req 
=

15×3

160
=

9

32
amp. 

23. (a)  Range = √2RhT + √2RhR 

50 × 103 = √2 × 6400 × 103 × hT + √2 × 6400 × 103 × 70 

By solving ℎ𝑇 = 32 m. 

24. (b) Minimum energy required (𝐸) = − (Potential energy of object at surface of earth) 

= −(−
GMm

R
) =

GMm

R
 

Now 𝑀earth = 64𝑀moon  

𝜌 ⋅
4

3
𝜋𝑅𝑒

3 = 64 ⋅
4

3
𝜋𝑅𝑚

3  ⇒ 𝑅𝑒 = 4𝑅𝑚 

 

Now 
𝐸moon 

𝐸earth 
=

𝑀moon 

𝑀earth 
⋅

𝑅earth 

𝑅moon 
=

1

64
×

4

1
 

⇒  𝐸moon =
𝐸

16
 

25. Given phase difference =
𝜋

4
 and 𝜔 = 100rad/s 

⇒ Reactance (X) = Resistance (R) Now by checking option. 

Option (A) 

R = 1000Ω and Xc =
1

10−6×100
= 104Ω 

Option (B) 

R = 103Ω and XL = 10 × 10−3 × 100 = 1Ω 

Option (C) 

R = 103Ω and XL = 10−3100 = 10−1Ω 

Option (D) 

𝑅 = 103Ω and 𝑋𝐶 =
1

10×10−6×100
= 103Ω 

26. (d) 
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Let mass of  and  is  each. By momentum conservation 

 

 

 

De-Broglie wavelength  

 

27. (c) Limit of resolution of telescope =
1.22𝜆

𝐷
 

𝜃 =
1.22 × 500 × 10−9

200 × 10−2
= 305 × 10−9 radian  

28. (c) Magnetic field at point 𝑃 

𝐵⃗ net =
𝜇0i

2𝜋d
(−k̂) +

𝜇0i

2𝜋d
(k̂) = 0 

 

29. (d)  isochoric → Process d 

Isobaric → Process a 

Adiabatic slope will be more than isothermal so 

Isothermal → Process b 

Adiabatic → Process c 

Order → dabc 

30. (d) x =
𝑀

𝑎

2
−

𝑀

4
×

3𝑎

4

𝑀−
𝑀

4

 

=

𝑎
2 −

3𝑎
16 ×

3𝑎
4

3
4

=

5𝑎
16
3
4

=
5𝑎

12
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𝑦 =
𝑀

𝑏
2 −

𝑀
4 ×

3𝑏
4

𝑀 −
𝑀
4

=
5𝑏

12
 

 

31. (b) In case of interstial compounds there is presence of small atoms (or impurity) in the lattice of metal. So 

interstial compounds are hard, high melting point and chemically inert. 

32. (b) 

 

33. (d)  

34. (c) 

K. E =
1

2
𝑚𝑢2 =

1

2

m2u2

 m
=

1

2

P2

 m
 

hc

𝜆1
= Wo + (K. E)1 = Wo +

1

2

P2

 m
 

hc

𝜆2
= Wo + (K. E)2 = Wo +

1

2

(1.5P)2

 m
 

On solving 

𝜆2 =
4

9
𝜆1 

Since the K.E is very high is comparison to work function, then we can assume that K. E + Wo = K. E 

35. (b) 
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36. (a) 

 

37. (a) Applying steady state of approximation 

d

dt
[B] = K1[ A] − K2[ B]

O = K1[ A] − K2[ B]
K1

 K2
[ A] = [B]

 

38. (b) 2SO2( g) + O2( g) ⟶ 2SO3( g) 

Keq =
[SO3]

2

[O2][SO2]
2
 

=
K2

 K1
=

10129

10104
= 1025 

39. (d) 

40. (a) 

41. (c) The direct monomer of Nylon-6 is caprolactum which polymerises to give Nylon-6 as follows: 

 

42. (b) The IUPAC name of element having atomic number 119 is "Ununennium". So its symbol is uue. 

43. (c) 

 

Due to presence of active methylene group and stabilization of enol by intramoelcular H bond forming 6 membered 

ring structure. 

44. (d) Mass of fatty acid = 0.027 g 

Radius of plate = 10 cm 

Density of fatty acid = 0.9 g/cm3 
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Volume of fatty acid =
0.027

0.9
= 0.03 cm3 

Area of plate = 𝜋𝑟2 = 3 × 102 = 300 cm2 

Height of fatty acid =
 Volume 

 Area 
=

0.03

300
= 10−4 cm = 10−6 m 

45. (b) 

46. (d) 

47. (b) 

48. (b) 

ΔU = nCv × ΔT 

= 5 × 28 × 100 = 14 kJ 

ΔPV = nRΔT 

= 5 × 8 × 100 = 4 kJ 

49. (d) 

 

 

 

50. (d) 

Barfoed's test  Detecting presence of monosaccharides 

Fehling's test  For aldehdyes 

Benedict's test  For reducing sugars 

Seliwanoff's test  Differentiate between aldose and ketose 

51.  

 

The nitrogen atom marked with * contain high electron density. It is attached to one H atom which can be removed by 

base OH−and the CH3 group gets attached there. 
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52. (a) Polysubstitution is a major drawback of Friedal craft's alkylation. It is so because activating behaviour of 

benzene ring increases with increase in number of alkyl group on benzene ring. 

53. (a) 2H2O2 ⟶ 2H2O + O2
22.4 of O2 (STP) 

↑ 

11.2 L of O2 is given by 34 g of H2O2 present in 1 L of H2O2 solution. 

So % strength of H2O2 ==
34

1000
× 100 = 3.4 g/100 mL = 3.4% 

54. (c) From Henry's law 

 

 

 

Comparing this equation with straight line equation  

55. (b) 

56. The reaction involves carbylamine reaction of  amine with  followed by reduction with . 

 

 

57. (b) Maximum prescribed concentration of copper in drinking water is . Above this concentration water 

becomes toxic. 

58. (b) 

 

59. (d) cis-  is used in chemotherapy to inhibits the growth of tumors 

60. (a) % packing efficiency =
 Vol. occupied by atom 

 Vol. of unit cell 
× 100 =

4

3
𝜋𝑟3

𝑎3 × 100 

Let radius of corner atom is 𝑟 and radius of central atom is 2𝑟 
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So, √3𝑎 = 2(2𝑟) + 2𝑟 = 6𝑟 

𝑎 =
6𝑟

√3
= 2√3𝑟 

Now 

% P.E =

4
3𝜋𝑟3 +

4
3𝜋(2𝑟)3

(2√3𝑟)3
× 100

 =

4
3𝜋(𝑟3 + 8𝑟3)

8 × 3√3𝑟3
× 100

 =
4𝜋 × 9𝑟3

3 × 8 × 3√3𝑟3
× 100 = 90.6% ≈ 90%

 

61. (c) 

𝑆(𝜆) = 2∫0

𝜆
 √𝑥𝑑𝑥 =

4

3
𝜆3/2 

S(𝜆)

S(4)
=

2

5
⇒

𝜆3/2

43/2
=

2

5
 

⇒ 𝜆 = 4(
4

25
)
1/3

 

62. (a) Since  is even with  

 

 is odd function 

 

 

 

Replace  by  

 

 

 

 

63. (b) Equation of 𝐿1 is 𝑥 + 2𝑦 = 5 and equation of 𝐿2 is 2𝑥 − 𝑦 = 5 
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Their point of intersection is (3,1) 

⇒
k

h
=

1

3
 

 

64. (b) f1(x) =
ax+a−x

2
 and f2(x) =

ax−a−x

2
 

f1(x + y) + f1(x − y) 

=
1

2
(𝑎𝑥+𝑦 + 𝑎−𝑥−𝑦 + 𝑎𝑥−𝑦 + 𝑎−𝑥+𝑦) 

=
1

2
(𝑎𝑥(𝑎𝑦 + 𝑎−𝑦) + 𝑎−𝑥(𝑎𝑦 + 𝑎−𝑦)) 

= 2 ⋅ (
𝑎𝑥 + 𝑎−𝑥

2
)(

𝑎𝑦 + 𝑎−𝑦

2
) 

= 2f1(x)f1(y) 

65. (d) 

 

 is discontinuous at  

66. (a) 

z =
√3 + i

2
= e

i
6 

(1 + 𝑖𝑧 + 𝑧5 + 𝑖𝑧8)9 

= (1 + ei𝜋/2ei𝜋/6 + ei5𝜋/6 + ei𝜋/2ei8𝜋/6)
9
 

= (1 + ei2𝜋/6 + ei5𝜋/6 + ei
11𝜋
6 )

9

 

= (
1

2
+ i

√3

2
)

9

= (ei𝜋/3)
9
= ei3𝜋 = −1 

67. (d) 

(A)  
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(B)  

 

 

 

(C)  

 

(D)  

 

 

68. (d)  

 ln  

Passes through  

 

 

 

69. (a) 

𝑓 = 𝑓(𝑓(𝑓(𝑥))) + (𝑓(𝑥))2 

𝑑𝑦

𝑑𝑥
= 𝑓′(𝑓(𝑓(𝑥)))𝑓′(𝑓(𝑥))𝑓′(𝑥) + 2𝑓(𝑥)𝑓′(𝑥) 

Put 𝑥 = 1 

𝑑𝑦

𝑑𝑥
= 27 + 6 = 33 

70. (c) Starting with 5 = 63 = 216 

Starting with 44 = 62 = 36 

Starting with 45 = 62 = 36 

Starting with 43 = 18 (Not using 0,1,2 ) 

Starting with 432 = 4 



 

 

PAPER – 1  2019 

Total = 310 

71. (c) 

Equation of 𝑃𝑄 is 
𝑥−2

6
=

𝑦+3

3
=

𝑧−4

6
 

𝑅(4, 𝑦, 𝑧) lies on this 

⇒
1

3
=

𝑦 + 3

3
=

𝑧 − 4

6
 

⇒ R(4,−2,6) 

QR = √16 + 4 + 36 = 2√14 

72. (b) For infinitly many solution 

 

 

Also consider 

 and  

 

 

 

73. (b) 

AM =
41 + 45 + 54 + 57 + 43 + x

6
= 48 

⇒ x = 48 

𝜎2 + 482 =
1

6
(412 + 452 + 542 + 572 + 432 + 482) 

𝜎2 =
14024

6
− 2304 

=
100

3
 

74. (c) 

 

 

Required plane is  
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which is perpendicular to  

 

 

(i)  

 

75. (a) Given 2𝑏 = 𝑎 + 𝑐 

Let 𝐴 = 𝜃, 𝐵 = 𝜋 − 3𝜃, 𝐶 = 2𝜃 

2sin 𝐵 = sin 𝐴 + sin 𝐶 

2sin 3𝜃 = sin 𝜃 + sin 2𝜃 

2(3 − 4sin2 𝜃) = (1 + 2cos 𝜃) 

⇒ 8cos2 𝜃 − 2cos 𝜃 − 3 = 0 

⇒ cos 𝜃 =
3

4
 

sin 𝐴: sin 𝐵: sin 𝐶 
⇒ 1: 4 − 3sin2 𝜃: 2cos 𝜃 

⇒ 1:
5

4
:
6

4
 

⇒ 4: 5: 6 

76. (b) be = 5√3 

𝑏2𝑒2 = 75 

(𝑏 − 𝑎)(𝑏 + 𝑎) = 75 ⇒ 𝑏 + 𝑎 = 15 

⇒ 𝑏 = 10, 𝑎 = 5 

LR =
2a2

 b
= 5 

77. (c) 

1 −
1

2𝑛
>

9

10
 

⇒
1

10
>

1

2𝑛
 

⇒ 2𝑛 > 10 

⇒ n = 4 

78. (c) Let equation of hyperbola be  
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passes through  

 

Also  

From (i) and (ii) 

 

Equation  

Tangent at  is  

Or 

 

79. (a)  

 

 

 

 Infinitely many values of . 

80. (a) S = ∑k=1
20  

k

2k 

𝑆 =
1

2
+

2

22
+

3

23
+ ⋯ . .+

20

220
 

S
1

2
=

1

22
+

2

23
+ ⋯… .+

20

221
 

1

2
𝑆 =

1

2
+

1

22
+

1

23
+ ⋯…+

1

220
−

20

221
 

=

1
2
(1 −

1
220)

1
2

−
20

221
 

= 1 −
21

221
 

s = 2 −
11

219
 

81. (a) 
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82. (d) Slope of OP =
1

√3
 

Equation of 𝑃𝑄 is 

𝑦 − 1 = −√3(𝑥 − √3)

 ⇒ 𝑦 + √3𝑥 = 4

 ⇒ 𝑄 (
4

√3
, 0)

 Area =
2

√3

 

 

83. (b) 

𝑥2 + 4𝑥 = 5 

 ⇒ 𝑥 = −5, 𝑥 = 1
 ⇒ 𝑃(1,2)

 

Tangent at 𝑃 is 𝑦 = 𝑥 + 1 

(
3

4
,
7

4
) lies on this. 

 

84. (c) 

h = 2(3cos 𝜃) = 6cos 𝜃, 𝑟 = 3sin 𝜃 

V = 𝜋r2 h 

= 𝜋(4sin2 𝜃)(6cos 𝜃) 
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= 54𝜋sin2 𝜃cos 𝜃 

dv

d𝜃
= 0 ⇒ 2sin 𝜃cos 𝜃 − sin3 𝜃 = 0 

⇒ 2sin 𝜃 − 3sin3 𝜃 = 0 

⇒ sin 𝜃 = ±√
2

3
 

cos 𝜃 = √
1

3
 

 

h =
6

√3
 

85. (d) 

|
1 1 1
2 𝑏 𝑐
4 𝑏2 𝑐2

| 

C2 → C2 − C1, C3 → C3 − C1 

⇒ |
1 0 0
2 𝑏 − 2 𝑐 − 2
4 𝑏2 − 4 𝑐2 − 4

| 

= (𝑏 − 2)(𝑐 − 2) |
1 1

𝑏 + 2 𝑐 + 2
| 

|𝐴| = (𝑏 − 2)(𝑐 − 2)(𝑐 − 𝑏) 

2, 𝑏, 𝑐 are in 𝐴𝑃 ⇒ 2,2 + 𝑑, 2 + 2𝑑 

⇒ |𝐴| = (𝑑)(2𝑑)(𝑑) = 2𝑑3 ∈ [2,16] 

⇒ d3 ∈ [1,8] 

 ⇒ 2𝑑 ∈ [2,4]

 ⇒ 2 + 2𝑑 ∈ [4,6]
 

86. (b)  Form 
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87. (b) 

 

 

Put  

 

 

 

88. (c) 

ℎ

𝑦
=

20

𝑥
,

ℎ

𝑥 − 𝑦
=

80

𝑥
 

ℎ

20
=

𝑦

𝑥
,
ℎ

80
=

𝑥 − 𝑦

𝑥
 

h

20
+

h

80
= 1 

ℎ (
100

1600
) = 1 

h = 16 

 

89. All options are incorrect 

 6𝐶3𝑥 −
3

2
(1 + log 𝑥) ⋅ 𝑥1/4 = 200 
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𝑥
1
4
−
3
2
(1+log 𝑥) = 10

 ⇒
1

4
−

3

2
(1 + log10 𝑥) ⋅ log10 𝑥 = 1

 

⇒ 6t2 + 5t + 4 = 0, t = log10 x 

D < 0 

So no real solution 

90. (a)  

Also roots of  are equal 

, common root 

 

 

 dac  

 

Dividing by ac 

 

 

 


