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By
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JEE Adv. 2021 (P-1)
Q1) The smallest division on the main scale of a Vernier calipers is 0.1 cm. Ten 

divisions of the Vernier scale correspond to nine divisions of the main scale. The 
figure below on the left shows the reading of this calipers with no gap between 
its two jaws. The figure on the right shows the reading with a solid sphere held 
between the jaws. The correct diameter of the sphere is 

(A) 3.07 cm

(B) 3.11 cm

(C) 3.15 cm

(D) 3.17 cm

Difficulty Level: Easy



Ans. C



JEE Adv. 2021 (P-1)

Q2) An ideal gas undergoes a four step cycle as shown in the 𝑃 − 𝑉 diagram below. 
During this cycle, heat is absorbed by the gas in

(A) steps 1 and 2 

(B) steps 1 and 3 

(C) steps 1 and 4 

(D) steps 2 and 4 

Difficulty Level: Easy



Ans. C



JEE Adv. 2021 (P-1)

Q3) An extended object is placed at point O, 10 cm in front of a convex lens 𝐿1 and 
a concave lens 𝐿2 is placed 10 cm behind it, as shown in the figure. The radii of 
curvature of all the curved surfaces in both the lenses are 20 cm. The refractive 
index of both the lenses is 1.5. The total magnification of this lens system is

(A) 0.4 

(B) 0.8 

(C) 1.3 

(D) 1.6

Difficulty Level: Easy



Ans. B



JEE Adv. 2021 (P-1)

Q4) A heavy nucleus Q of half-life 20 minutes undergoes alpha-decay with 
probability of 60% and beta-decay with probability of 40%. Initially, the number 
of Q nuclei is 1000. The number of alpha-decays of Q in the first one hour is

(A) 50 

(B) 75 

(C) 350 

(D) 525 

Difficulty Level: Easy



Ans. D



JEE Adv. 2021 (P-1)

A projectile is thrown from a point O on the ground at an angle 45° from the
vertical and with a speed 5√2 m/s. The projectile at the highest point of its
trajectory splits into two equal parts. One part falls vertically down to the ground,
0.5 s after the splitting. The other part, 𝑡 seconds after the splitting, falls to the
ground at a distance 𝑥 meters from the point O. The acceleration due to gravity 𝑔
= 10 m/𝑠2 .

Question Stem for Question Nos. 5 and 6 

Q5) The value of 𝑡 is ___ .

Q6) The value of 𝑥 is ___ . 

Difficulty Level: Moderate



Ans 5: 0.50
Ans 6: 7.50



JEE Adv. 2021 (P-1)

In the circuit shown below, the switch S is connected to position P for a long
time so that the charge on the capacitor becomes 𝑞1 µC. Then S is switched to
position Q. After a long time, the charge on the capacitor is 𝑞2 µC.

Question Stem for Question Nos. 7 and 8 

Q7) The magnitude of 𝑞1 is ___ .

Q8) The magnitude of 𝑞2 is ___ .
Difficulty Level: Easy



Ans 7: 1.33
Ans 8: 0.67



JEE Adv. 2021 (P-1)

Two point charges −𝑄 and +𝑄/√3 are placed in the xy-plane at the origin (0, 0)
and a point (2, 0), respectively, as shown in the figure. This results in an
equipotential circle of radius 𝑅 and potential 𝑉 = 0 in the xy-plane with its center
at (b, 0). All lengths are measured in meters.

Question Stem for Question Nos. 9 and 10 

Q9) The value of 𝑅 is ___ meter. 

Q10) The value of 𝑏 is ___ meter. 

Difficulty Level: Moderate



Ans 9: 1.73
Ans 10: 3.00



JEE Adv. 2021 (P-1)
Q11) A horizontal force 𝐹 is applied at the center of mass of a cylindrical object of 

mass 𝑚 and radius 𝑅, perpendicular to its axis as shown in the figure. The 
coefficient of friction between the object and the ground is 𝜇. The center of mass 
of the object has an acceleration 𝑎. The acceleration due to gravity is 𝑔. Given 
that the object rolls without slipping, which of the following statement(s) is(are) 
correct?

(A) For the same F, the value of 𝑎 does not depend on 
whether the cylinder is solid or hollow 

(B) For a solid cylinder, the maximum possible value 
of 𝑎 is 2𝜇𝑔

(C) The magnitude of the frictional force on the object 
due to the ground is always 𝜇𝑚𝑔

(D) For a thin-walled hollow cylinder, 𝑎 = 
𝐹

2𝑚

Difficulty Level: Moderate



Ans. B, D



JEE Adv. 2021 (P-1)
Q12) A wide slab consisting of two media of refractive indices 𝑛1 and 𝑛2 is placed in 

air as shown in the figure. A ray of light is incident from medium 𝑛1 to 𝑛2 at an 
angle 𝜃, where sin 𝜃 is slightly larger than 1/𝑛1. Take refractive index of air as 1. 
Which of the following statement(s) is(are) correct?

(A) The light ray enters air if 𝑛2 = 𝑛1

(B) The light ray is finally reflected back into the medium of refractive index 
𝑛1 if 𝑛2 < 𝑛1

(C) The light ray is finally reflected back into the medium of refractive index 
𝑛1 if 𝑛2 > 𝑛1

(D) The light ray is reflected back into the medium of refractive index 𝑛1 if 
𝑛2 = 1

Difficulty Level: Moderate

HCV: Chapter – 18

Worked Out Examples

Q. 10



Ans. B, C , D



JEE Adv. 2021 (P-1)
Q13) A particle of mass 𝑀 = 0.2 kg is initially at rest in the xy-plane at a point (𝑥 = 

−𝑙, 𝑦 = −ℎ), where 𝑙 = 10 m and ℎ = 1 m. The particle is accelerated at time 𝑡 = 0 
with a constant acceleration 𝑎 = 10 m/𝑠2 along the positive x-direction. Its 
angular momentum and torque with respect to the origin, in SI units, are 

represented by 𝐿 and Ԧ𝜏 , respectively. Ƹ𝑖, Ƹ𝑗 and ෠𝑘 are unit vectors along the positive 
x, y and z-directions, respectively. If ෠𝑘 = Ƹ𝑖 × Ƹ𝑗 then which of the following 
statement(s) is(are) correct? 

(A) The particle arrives at the point (𝑥 = 𝑙, 𝑦 = −ℎ) at time 𝑡 = 2 s 

(B) Ԧ𝜏 = 2෠𝑘 when the particle passes through the point (𝑥 = 𝑙, 𝑦 = −ℎ) 

(C) Ԧ𝜏 = 4෠𝑘 when the particle passes through the point (𝑥 = 𝑙, 𝑦 = −ℎ)

(D) Ԧ𝜏 = ෠𝑘 when the particle passes through the point (𝑥 = 0, 𝑦 = −ℎ) 

Difficulty Level: Easy



Ans. A, B, C



JEE Adv. 2021 (P-1)

Q14) Which of the following statement(s) is(are) correct about the spectrum of 
hydrogen atom?

(A) The ratio of the longest wavelength to the shortest wavelength in Balmer 
series is 9/5 

(B) There is an overlap between the wavelength ranges of Balmer and 
Paschen series 

(C) The wavelengths of Lyman series are given by 1 +
1

𝑚2 𝜆0, where 𝜆0 is 

the shortest wavelength of Lyman series and 𝑚 is an integer 

(D) The wavelength ranges of Lyman and Balmer series do not overlap 

Difficulty Level: Moderate



Ans. A, D



JEE Adv. 2021 (P-1)
Q15) A long straight wire carries a current, 𝐼 = 2 ampere. A semi-

circular conducting rod is placed beside it on two conducting 
parallel rails of negligible resistance. Both the rails are parallel to 
the wire. The wire, the rod and the rails lie in the same horizontal 
plane, as shown in the figure. Two ends of the semi-circular rod are 
at distances 1 cm and 4 cm from the wire. At time 𝑡 = 0, the rod 
starts moving on the rails with a speed 𝑣 = 3.0 m/s (see the figure). 
A resistor 𝑅 = 1.4 Ω and a capacitor 𝐶0 = 5.0 𝜇F are connected in 
series between the rails. At time 𝑡 = 0, 𝐶0 is uncharged. Which of 
the following statement(s) is(are) correct? [𝜇0 = 4𝜋 × 10−7 SI units. 
Take ln 2 = 0.7] 

(A) Maximum current through 𝑅 is 1.2 × 10−6 ampere 

(B) Maximum current through 𝑅 is 3.8 × 10−6 ampere 

(C) Maximum charge on capacitor 𝐶0 is 8.4 × 10−12 coulomb 

(D) Maximum charge on capacitor 𝐶0 is 2.4 × 10−12 coulomb 

Difficulty Level: Moderate



Ans. A, C



JEE Adv. 2021 (P-1)
Q16) A cylindrical tube, with its base as shown in the figure, is filled with water. It 

is moving down with a constant acceleration 𝑎 along a fixed inclined plane with 
angle 𝜃 = 450 . 𝑃1 and 𝑃2 are pressures at points 1 and 2, respectively, located at 
the base of the tube. Let 𝛽 = (𝑃1 − 𝑃2)/(𝜌𝑔𝑑), where 𝜌 is density of water, 𝑑 is 
the inner diameter of the tube and 𝑔 is the acceleration due to gravity. Which of 
the following statement(s) is(are) correct?

(A) 𝛽 = 0 when 𝑎 = 𝑔/ 2

(B) 𝛽 > 0 when 𝑎 = 𝑔/ 2

(C) 𝛽 = 
2−1

2
when 𝑎 = 𝑔/ 2

(D) 𝛽 = 
1

2
when 𝑎 = 𝑔/ 2

Difficulty Level: Difficult



Ans. A, C



JEE Adv. 2021 (P-1)

Q17) An 𝛼-particle (mass 4 amu) and a singly charged sulfur ion (mass 32 amu) are 
initially at rest. They are accelerated through a potential V and then allowed to 
pass into a region of uniform magnetic field which is normal to the velocities of 
the particles. Within this region, the 𝛼-particle and the sulfur ion move in circular 
orbits of radii 𝑟𝛼 and 𝑟𝑆 , respectively. The ratio (𝑟𝑆/𝑟𝛼 ) is ___.

Difficulty Level: Easy



Ans. 4



JEE Adv. 2021 (P-1)
Q18) A thin rod of mass M and length 𝑎 is free to rotate in horizontal plane about a 

fixed vertical axis passing through point O. A thin circular disc of mass M and of 
radius 𝑎/4 is pivoted on this rod with its center at a distance 𝑎/4 from the free end 
so that it can rotate freely about its vertical axis, as shown in the figure. Assume 
that both the rod and the disc have uniform density and they remain horizontal 
during the motion. An outside stationary observer finds the rod rotating with an 
angular velocity Ω and the disc rotating about its vertical axis with angular 
velocity 4Ω. The total angular momentum of the system about the point O is 
𝑀𝑎2Ω

48
𝑛. 

The value of 𝑛 is ___.

Difficulty Level: Moderate



Ans. 49



JEE Adv. 2021 (P-1)

Q19) A small object is placed at the center of a large evacuated hollow spherical 
container. Assume that the container is maintained at 0 K. At time 𝑡 = 0, the 
temperature of the object is 200 K. The temperature of the object becomes 100 K 
at 𝑡 = 𝑡1 and 50 K at 𝑡 = 𝑡2. Assume the object and the container to be ideal black 
bodies. The heat capacity of the object does not depend on temperature. The ratio 
(𝑡2/𝑡1) is ___.

Difficulty Level: Moderate



Ans. 9
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