JEE Advanced Physics 10 Years Topicwise Questions with Solutions
ROTATIONAL MOTION

A bar of mas M = 1.00 kg and length L = 0.20 m is lying on a horizontal frictionless surface. One end of
the bar is pivoted at a point about which it is free to rotate. A small mass m = 0.10 kg is moving on the
same horizontal surface with 5.00 m s speed on a path perpendicular to the bar. It hits the bar at a
distance L/2 from the pivoted end and returns back on the same path with speed v. After this elastic

collision, the bar rotates with an angular velocity ®w. Which of the following statement is correct. ?

[JEE(Advanced) 2023]
(A) ®=6.98 rad s'andv=430ms" (B) ®=3.75rad s'andv=430ms"
(C) ®=3.75rad s'andv=100ms" (D) ®=6.80 rad s'andv=4.10ms"

An annular disk of mass M, inner radius a and outer radius b is placed on a horizontal surface with

coefficient of friction p, as shown in the figure. At some time, an impulse Jofc is applied at a height h

above the center of the disk. If h = hy, then the disk rolls without slipping along the x-axis. Which of the
following statement(s) is(are) correct ? [JEE(Advanced) 2023]
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(A) Foru=0anda— 0, hy,=b/2

(B) Forp#0anda— b, h,=b

(C) For h = hy, the initial angular velocity does not depend on the inner radius a.
(D) For p= 0 and h = 0, the wheel always slides without rolling.

A thin circular coin of mass 5 gm and radius 4/3 c¢m is initially in a horizontal xy-plane. The coin is tossed

vertically up (+z direction) by applying an impulse of \/g x 107> N-sat a distance 2/3 cm from its center.

The coin spins about its diameter and moves along the +z direction. By the time the coin reaches back to

its initial position, it completes n rotations. The value of n is .

[Given: The acceleration due to gravity g =10 ms_z] [JEE(Advanced) 2023]
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4.

At time t = 0, a disk of radius 1 m starts to roll without slipping on a horizontal plane with an angular

. 2 - . : . .
acceleration of o = 3 rad s . A small stone is stuck to the disk. At t = 0, it is at the contact point of the

disk and the plane. Later, at time t = Jrs, the stone detaches itself and flies off tangentially from the disk.

The maximum height (in m) reached by the stone measured from the plane isl+%. The value of x is

. [Takeg=10ms°.] [JEE(Advanced) 2022]
A solid sphere of mass 1 kg and radius 1 m rolls without slipping on a fixed inclined plane with an angle
of inclination 6 = 30° from the horizontal. Two forces of magnitude 1 N each, parallel to the incline, act
on the sphere, both at distance r = 0.5 m from the center of the sphere, as shown in the figure. The

acceleration of the sphere down the plane is ms . (Take g=10 ms J) [JEE(Advanced) 2022]

0

A flat surface of a thin uniform disk 4 of radius R is glued to a horizontal table. Another thin uniform disk
B of mass M and with the same radius R rolls without slipping on the circumference of 4, as shown in the
figure. A flat surface of B also lies on the plane of the table. The center of mass of B has fixed angular

speed w about the vertical axis passing through the center of A. The angular momentum of B is nMoR®

with respect to the center of 4. Which of the following is the value of n? [JEE(Advanced) 2022]
AN
7 9
(A)2 (B)5 ©) 5 D) 5

A particle of mass 1 kg is subjected to a force which depends on the position as F = fk(xi + y})kgms‘2

NG

V= [—\/EI + \/53 +£ﬁ)ms“1 . Let vy and vy denote the x and the y components of the particle's velocity,
i

with k = 1 kgs_z. At time t = 0, the particle's position fz(iijtx/ﬁ)m and its velocity

respectively. Ignore gravity. When z = 0.5 m, the value of (x vy —y vy) is m’s .

[JEE(Advanced) 2022]
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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 p. 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 ?
[JEE(Advanced) 2021]

(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 2ug

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

(D) For a thin-walled hollow cylinder, a = 21
m

A particle of mass M = 0.2 kg is initially at rest in the xy-plane at a point (x =1, y = -h), where ] = 10 m

and h = 1 m. The particle is accelerated at time t = 0 with a constant acceleration a = 10 m/s’ along the

positive x-direction. Its angular momentum and torque with respect to the origin, in SI units, are

represented by L and 7, respectively. 1, jand k are unit vectors along the positive x, y and z-directions,

respectively. If k=i Xj then which of the following statement(s) is(are) correct ?

(A) The particle arrives at the point (x =1, y»=—h) at time t = 2s. [JEE(Advanced) 2021]
B) T= 2k when the particle passes through the point (x =1, y = -h)

(C) L= 4k when the particle passes through the point (x =1, y = —h)

D) 1= k when the particle passes through the point (x = 0, y = -h)

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 @/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 (2 and the disc rotating

about its vertical axis with angular velocity 4Q. The total angular momentum of the system about the
2

Ma"Q
point O is ( a Jn . The value of n is . [JEE(Advanced) 2021]
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11.

One end of a horizontal uniform beam of weight W and length L is hinged on a vertical wall at point O
and its other end is supported by a light inextensible rope. The other end of the rope is fixed at point Q, at
a height L above the hinge at point O. A block of weight aW is attached at the point P of the beam, as
shown in the figure (not to scale). The rope can sustain a maximum tension of (2\/5) W. Which of the
following statement(s) is(are) correct ? [JEE(Advanced) 2021]

NN ANANAN AN NN NN

(A) The vertical component of reaction force at O does not depend on o
(B) The horizontal component of reaction force at O is equal'to W for o = 0.5
(C) The tension in the rope is 2W for o = 0.5
(D) The rope breaks if o> 1.5
Question Stem for Question Nos. 12 and 13

Question Stem

12.
13.
14.

A pendulum consists of a bob of mass m = 0.1 kg and a massless inextensible string of length
L = 1.0 m. It is suspended from a fixed point at height H = 0.9 m above a frictionless horizontal floor.
Initially, the bob of the pendulum is lying on the floor at rest vertically below the point of suspension.
A horizontal impulse P = 0.2 kg-m/s is imparted to the bob at some instant. After the bob slides for some
distance, the string becomes taut-and the bob lifts off the floor. The magnitude of the angular momentum
of the pendulum about the point of suspension just before the bob lifts off is J kg—mz/ s. The kinetic energy
of the pendulum just after the lift-off is K Joules.

The value of Jis . [JEE(Advanced) 2021]
The value of K is . [JEE(Advanced) 2021]
A football of radius R is kept on a hole of radius r (r < R) made on a plank kept horizontally. One end of
the plank is now lifted so that it gets tilted making an angle 6 from the horizontal as shown in the figure
below. The maximum value of 8 so that the football does not start rolling down the plank satisfies (figure
is schematic and not drawn to scale) - [JEE(Advanced) 2020]

Plank
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16.

17.
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A small roller of diameter 20 cm has an axle of diameter 10 cm (see figure below on the left). It is on a
horizontal floor and a meter scale is positioned horizontally on its axle with one edge of the scale on top
of the axle (see figure on the right). The scale is now pushed slowly on the axle so that it moves without
slipping on the axle, and the roller starts rolling without slipping. After the roller has moved 50 cm, the
position of the scale will look like (figures are schematic and not drawn to scale)- [JEE(Advanced) 2020]

N B) | LN

(A)

x=0 x=25cm x=0 x = 100 cm

© (D) @

Put a uniform meter scale horizontally on your extended index fingers with the left one at 0.00 cm and the
right one at 90.00 cm. When you attempt to move both the fingers slowly towards the center, initially only
the left finger slips with respect to the scale and the right finger does not. After some distance, the left
finger stops and the right one starts slipping. Then the right finger stops at a distance xr from the center
(50.00 cm) of the scale and the left one starts slipping again. This happens because of the difference in the
frictional forces on the two fingers. If the coefficients of static and dynamic friction between the fingers
and the scale are 0.40 and 0.32, respectively, the value of xz (in cm) is . [JEE(Advanced) 2020]
A rod of mass'm and length L, pivoted at one of its ends, is hanging vertically. A bullet of the same mass
moving at speed v strikes the rod horizontally at a distance x from its pivoted end and gets embedded in it.
The combined system now rotates with angular speed @ about the pivot. The maximum angular speed wym

is.achieved for x = x1. Then [JEE(Advanced) 2020]
X
L
- [ N
-
\')
3vx 12vx L v
A) o= Blo=—— O)xy =— D) o, =—-/3
o= Bro=r e (©x J3 B ow =51




JEE Advanced Physics 10 Years Topicwise Questions with Solutions

18.

19.

20.

21.

22,

A thin and uniform rod of mass M and length L is held vertical on a floor with large friction. The rod is
released from rest so that it falls by rotating about its contact-point with the floor without slipping. Which
of the following statement(s) is/are correct, when the rod makes an angle 60° with vertical ?

[g is the acceleration due to gravity] [JEE(Advanced) 2019]

(A) The radial acceleration of the rod's center of mass will be %Tg

(B) The angular acceleration of the rod will be ZTg

(C) The angular speed of the rod will be , /;—ﬁ

(D) The normal reaction force from the floor on the rod will be %

The potential energy of a particle of mass m at a distance r from a fixed point O is given by
V(r) = kr2/2, where k is a positive constant of appropriate dimensions.. This particle is moving in a
circular orbit of radius R about the point O. If v is the speed of the particle and L is the magnitude of its
angular momentum about O, which of the following statements is (are) true ? [JEE(Advanced) 2018]

(A) v= \/ZR (B)v = \/ER (C)L =+/mkR? (D) L= \/@RZ
2m m 2

Consider a body of mass 1.0 kg at rest at the origin at time t = 0. A force F= (ati+ B}) is applied on the
body, where a = 1.0 Ns' and B = 1.0-N: The torque acting on the body about the origin at time
t=1.0sis T. Which of the following statements is (are) true? [JEE(Advanced) 2018]

A) 7l =§Nm

(B) The torque 7 is in the direction of the unit vector +k

(C) The velocity of the body.att=1sis v = %(i + 23’)ms’1

(D) The magnitude of displacement of the body at t = 1s is %m

A ring and a disc are initially at rest, side by side, at the top of an inclined plane which makes an angle 60°
with the horizontal. They start to roll without slipping at the same instant of time along the shortest path.
If the time difference between their reaching the ground is(2 -3 ) //10s , then the height of the top of
the inclined plane, in meters, is .(Take g=10 ms_z) [JEE(Advanced) 2018]
In the List-I below, four different paths of a particle are given as functions of time. In these functions, o
and P are positive constants of appropriate dimensions and o # B. In each case, the force acting on the

particle is either zero or conservative. In List-II, five physical quantities of the particle are mentioned; p

is the linear momentum L is the angular momentum about the origin, K is the kinetic energy, U is the
potential energy and E is the total energy. Match each path in List-I with those quantities in List—II,
which are conserved for that path. [JEE(Advanced) 2018]
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24.
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List-I List-I1
P. T(t)=ati+pt] . P
Q. T(t)=acosoti+pPsinot ] 2. L
R. T1(t)=o(cosmt i+sinot 3’) 3. K
S f(t):ati+%t2} 4. U
5. E

(A)P—>1,2345Q—>25R—>2345S->5

B)P—>1,2345Q—->35R—>2345,S—>2,5

OP—>234Q->5R—>124 S—>25

D)P—>123,5Q—>25R—>2345S—>25

A rigid uniform bar AB of length L is slipping from its vertical position on a frictionless floor (as shown

in the figure). At some instant of time, the angle made by the bar with the.vertical is 6. Which of the
following statements about its motion is/are correct? [JEE(Advanced) 2017]

(A) When the bar makes an angle 6 with the vertical, the displacement of its midpoint from the initial
position is proportional to (1 — cos0)

(B) The midpoint of the bar will fall vertically downward

(C) Instantaneous torque about the point in contact with the floor is proportional to sinf

(D) The trajectory of the point A is a parabola

A wheel of radius R and mass M is placed at the bottom of a fixed step of height R as shown in the figure.

A constant force is continuously applied on the surface of the wheel so that it just climbs the step without

slipping. Consider the torque t about an axis normal to the plane of the paper passing through the point Q.

Which of the following options is/are correct ? [JEE(Advanced) 2017]
S

Q

(A) If the force is applied normal to the circumference at point X then 1 is constant

(B) If the force is applied tangentially at point S then t # 0 but the wheel never climbs the step
(C) If the force is applied normal to the circumference at point P then t is zero

(D) If the force is applied at point P tangentially then t decreases continuously as the wheel climbs
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25. The position vector 1 of a particle of mass m is given by the following equation “r(t) = at’i + ﬁtzj: where

10 -
o= ?ms ,p=5ms 2andm = 0.1 kg. Att=1 s, which of the following statement(s) is(are) true about

the particle? [JEE(Advanced) 2016]

(A) The velocity v is given by V= (10§ + 103’)ms’1
(B) The angular momentum L with respect to the origin is given by L = —(%)f( Nms
(C) The force F is given by F= (I + 23)N
Lo C _ 20\~
(D) The torque T with respect to the origin is given by T = —(?jk Nm

Paragraph for Question No. 26 and 27

One twirls a circular ring (of mass M and radius R) near the tip of one's finger as shown in Figure 1. In the
process the finger never loses contact with the inner rim of the ring. The finger traces out the surface of a
cone, shown by the dotted line. The radius of the path traced out by the point where the ring and the finger
is in contact is r. The finger rotates with an angular velocity my. The rotating ring rolls without slipping on
the outside of a smaller circle described by the point where the ring and the finger is in contact (Figure 2).

The coefficient of friction between the ring and the finger is p and the acceleration due to gravity is g.

........

[ [
b i
A ) ¥
\) I
1) r
1‘
(
(

Figure 1 Figure 2
26. The total kinetic energy of the ring is :- [JEE(Advanced) 2017]
(A) MR’ (B)Maw? (R—r)’
(C)%Ma)g (R-1) (D) Mo)o (R-r)°
27.  The minimum value of ®y below which the ring will drop down is :- [JEE(Advanced) 2017]

| 3g
) 2u(R—=r) ®) u(R—r)
s
M(R—r) ®) 2u(R 1)

©
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29.

30.
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Two thin circular discs of mass m and 4m, having radii of a and 2a, respectively, are rigidly fixed by a

massless, right rod of length ¢ = 24a throught their center. This assembly is laid on a firm and flat
surface, and set rolling without slipping on the surface so that the angular speed about the axis of the rod
is . The angular momentum of the entire assembly about the point 'O’ is L (see the figure). Which of the
following statement(s) is(are) true ? [JEE(Advanced) 2016]

(A) The magnitude of angular momentum of the assembly about its center of mass is 17ma’w/2
(B) The magnitude of the z-component of L is 55 ma’o
(C) The magnitude of angular momentum of center of mass of the assembly about the point O is 81 ma’e

(D) The center of mass of the assembly rotates about the z-axis with an angular speed of ®/5

A uniform wooden stick of mass 1.6 kg and length / rests in an inclined manner on a smooth, vertical wall

of height h (</) such that a small portion of the stick extends beyond the wall. The reaction force of the

wall on the stick is perpendicular to the stick. The stick makes an angle of 30° with the wall and the
bottom of the stick is on a rough floor. The reaction of the wall on the stick is equal in magnitude to the

reaction of the floor on the stick. The ratio h// and the frictional force f at the bottom of the stick are:

(g=10ms?) [JEE(Advanced) 2016]
(A)Lif_ﬂN @ R_3 p 16V3

16 716 3
© )zzif_iN o h_3V3 o 16V3

16 3 16 3

Two identical uniform discs roll without slipping on two different, surfaces AB and CD (see figure)

starting at A and C with linear speeds v; and v; respectively, and always remain in contact with the

surfaces. If they reach B and D with the same linear speed and v; = 3m/s, then v, in m/s is (g =10 m/sz)
[JEE(Advanced) 2015]
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31.

32.

33.

34.

10

A ring of mass M and radius R is rotating with angular speed ® about a fixed vertical axis passing through
. . . M .

its centre O with two point masses each of mass 3 at rest at O. These masses can move radially
outwards along two massless rods fixed on the ring as shown in the figure. At some instant the angular

8 3
speed of the system is 50) and one of the masses is at a distance of 3 R from O. At this instant the

distance of the other mass from O is : [JEE(Advanced) 2015]
®
b
2 1 3 4
A) —R B) —R C) =R D) —R
(A) 3 (B) 3 © 5 (D) 5

The densities of two solid spheres A and B of the same radii R vary with radial distance r as

5
pa(r)= k(é] and pg (r)= k(éj , respectively, where k is a constant. The moments of inertia of the

indivisual spheres about axes passing through their centres are I and I, respectively. If ;—B :% , the
A
value of n is. [JEE(Advanced) 2015]
A horizontal circular platform of radius 0.5 m and mass 0.45 kg is free to rotate about its axis. Two
massless spring toy-guns, each carrying a steel ball of mass 0.05 kg are attached to the platform at a
distance 0.25 m from the.centre on its either sides along its diameter (see figure). Each gun
simultaneously fires the balls horizontally and perpendicular to the diameter in opposite directions. After
leaving the platform, the balls have horizontal speed of 9 ms ' with respect to the ground. The rotational

speed of the platform in rad s after the balls leave the platform is [JEE(Advanced) 2014]

A uniform circular disc of mass 1.5 kg and radius 0.5 m is initially at rest on a horizontal frictionless
surface. Three forces of equal magnitude F = 0.5 N are applied simultaneously along the three sides of an
equilateral triangle XYZ with its vertices on the perimeter of the disc (see figure). One second after

applying the forces, the angular speed of the disc in rad s is [JEE(Advanced) 2014]
F
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35. In the figure, a ladder of mass m is shown leaning against a wall. It is in static equilibrium making an
angle 0 with the horizontal floor. The coefficient of friction between the wall and the ladder is u; and that
between the floor and the ladder is p,. The normal reaction of the wall on the ladder is N; and that of the

floor is Njy. If the ladder is about to slip, then :- [JEE(Advanced) 2014]
351

A

H2
(A) =0y # 0 and N, tan@z% (B) i # 0 jip = 0 and N tan 0= -2

m,
(© %0 m#0and N, =——2 (D) w1 = 0 po .0 and N, tan 0 = -2
1+, 2

11
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Sol.

Sol.

12

SOLUTIONS
Ans. (A)

M,L o)';_I

P b
3

Applying angular momentum conservation

about hinge

L L ML’
mv—+0=-mv—+
2 2 3

Also from eq. of restitution

(i)

co£+V
e:l:

L
Su=0—+V
2

...(ii)

u
Solving (i) & (ii)

®~6.98 rad/sec & v=4.30 m/s
Hence option (A)

Ans. (A, B, C, D)

Jo
°
Jo=mv (1)
Johp = Lo w(2)
v=mnR (3)
= h_ _1c
mR

m

(A)Ifa=OIc:%mb2&R=b - h :2

(B)Ifa=b Ie=mb*&R=b .. hy=b
J v ]
C©v="L=100=—=—%
m R mR
(D) Force is acting on COM .. No rotation.

Ans. (30)

Sol.

J=mv

Jr=1.0

|
Jc=—mR
€y

_2v
e

0=27N =t
Ans. (0.48 - 0.56)

t

Att=0,0=0

()
(2

(3)

(4

(5) (- N=30)

att:\/%, co=(xt=§ ’E,VZ(DI'Z%\/;

——
~~o
~

ho oF _T®
9x2g 6g

R
Maximum height from plane, H = B +h

1 T
—+
2 6x10

x=Z.x=052
6




5.

Sol.

Sol.
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Ans. (2.80 - 2.92)
Solid sphere 1kg, Im

S5+1-1-f=1a
5-f=a
About COM

f1-2(1(0.5) = %Mrza

:>f—1=%a:>f=1+za
5 5
5—a=1+2a
a2 e ms?
5 7
Ans. (B)
v=0(2R)

v =woR : no slipping

Lo =20

: revolution
,: rotation

Fixed

L=mrxv +I 0,

=M2Rv + %MchoO

=4MR?w + %MRZ (20) =5MR*®»

=
Il
W

7.

8.

Sol.

Sol.

Ans. (3)
Torque about origin is zero. So angular
momentum about origin remains conserved.

; ;oK i j k
— 2 o|=|x y 05
\/5 20 v, V z
2 2 H Y g
T
2] 2 eina
T T
| yx2 X X2
1{ - -0.5 y:|—J|: . —OSVX:|+k[XVy—yVX]
XVy —yvx=13
Ans. (B, D)
o
/‘ :
) act
f
F—-f=ma.
fR=I.a
a.—aR =0
(08
F—ICE—maC
4 = F
o=
I—Cz+m
e I I F
- T p2°cC 2
R R R [ . }
—<+m
f= F

Thin walled hollow cylinder

IC:mR2
L F
¢ 2m

13
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Sol.

14

fR=I.0= Iae
R

I
f=%£umg

2
aSMng
T

C

mR?

for solid cylinder I. =

a.<2ug

(ac) 0 =2mg
Ans. (A, B, O)

¥
A B(10,-1)

A

T, =txF ;5 =10i—j

F=ma=02x10i=2i

v=at=10ix2=20i

L, =(0.2)] (10i-])x20i | =4k
At point A(0, -1)

T, =T, xF = (j)x2i = 2k

10.

Sol.

11.

Sol.

Ans. (49)
2
Va2 3\ M(aj 40
L=—2 Q+M(—aj Qi—H
3 4 2
L=£Ma2§z
48
n=49
Ans. (A, B, D)
R
45°
Ry« P
° 4
A\ aW
R+i:W+aW (1)
T2
sz% (i)

Taking torque about 'O'

W§+aW€:l€

N
T=42 (¥+ awj ....(iii)
T \%
R, =$=(7+OLW)

Taking torque about P

22w = \/5(¥+awj

we get oc—i
g 2




12.
13.

Sol.

14.

Sol.
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Ans. (0.18)
Ans. (0.16)

0.9m
P=0.2
0.1 kg
L=Px0.9=0.18 kgm’/s

Just after string becomes taut; there will be no

velocity along the string.

_Pcos®  0.2x0.9

A = =1.8m/s
m 1x0.1
I, 1 )
w K=—mv| =—x0.1x1.8"=0.162]
2 2
Ans. (A)
N,

For 0, the football is about to roll, then N, = 0
and all the forces (Mg and N;) must pass through

contact point

. 08(90° — Bpnax) = (ij = sin 0 max = (ij
R R

15.
Sol.

16.
Sol.

Ans. (B)

For no slipping at the ground,

Veentre = ®R (R is radius of roller)

.. Velocity of scale = (V¢enter + @)

[r is radius of axle]

Given, Veenter *t =50 cm

.. Distance moved by scale = (Veenter + @)t

3V

— Vcemer + Vcenterr t: center t — 75 cm
R 2

Therefore relative displacement (with respect

to centre of roller) is (75 — 50).cm =25 c¢cm

Ans. (25.60)

N1 l&—XL— N2
A A 'y
50 &— 40 cm —>)
< 3
fl < — f2
[€— 90 cm SIE—>1
v 10cm
Mg
Initially
N,+N,=Mg |N, =4¥
M
(ry =O)N,(50) =N, (40) | N, ==7%
about centre
5N, =4N,
fi, = 1Ny f1, = usNy
f1, =0.32 N; fi, =04
Ny
£, =0.32N; f, =04
N
Suppose xp = distance of left finger from

centre when right finger starts moving
(tn = 0)about centre = N1xL = N2(40)

fi, =fi, = 032N;=040N,
4N = 5N»
4N
Nixp = ?1(40)
XL = 32

Now xr = distance when right finger stops and
left finger starts moving

(T = 0)about centre = N1XL = Na(XR)
fL, =fk = 04N;=032N,
5N =4N,
4N
5

1 2

2(32)=N,x,

XR = %=25.6 cm

15
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17.

Sol.

18.

Sol.

16

Ans. (A, C, D)
o

mQ—»V

by the angular momentum conservation about
the suspension point.

mvx = 3 +mx- |®

mvx 2vX
L= =

m/? o 2 +3x
3

) ®
For maximum o = d_ =0
X

. 4

.. XM—ﬁ
v

So the 60:—\/5
20

Ans. (A, C, D)

We can treat contact point as hinged.
Applying work energy theorem

W, =AK.E.

¢ 1(me*) ,
mg —=— ®
4 2 3

38

20

radial acceleration of
C.M. of rod

() et
2 4

Using 7= I a about contact point

m/?

m_gésin 60°=
2

Net vertical acceleration of C.M. of rod
ay = a, cos 60° + a; cos 30°

zgagypgmmo
:§+ﬂ§@ﬂ¢ﬂ:£+%:w

8 4r \2)| 2

g 16 16°

19.

Sol.

20.

Sol.

Applying Fye = ma in vertical direction on rod

as system
mg—N=maV=m(£gj N
a

- N=18
16

Ans. (B, ©O)
vok
2

F = —kr (towards centre)

mg

kR = mv

g [Centripetal force]
2
V=, / IR = \/ER
m m
L= m\/ERZ
m
Ans. (A, O)
F=(at)i+ [33

a=1,p=1

F=ti+]

[Att=0,v=0, F=0]

A" ]
m—=t1+]
dt

On integrating

t* -
mv=—i+tj [m = 1kg]
i -« -
—=—1i+t r=0att=0
e ]
On integrating
ey t?a
T=—i+—]
6 2
- (= = I: 1x 2 oA
Att=1 sec, t=(FxF)= —1+—] X(1+_])
6 2
1~
T=—=k
3
t2r A
V=—i+t]




21.

Sol.

22,

Sol.

JEE Advanced Physics 10 Years Topicwise Questions with Solutions

aring = 2

_2- J_

16h  [4n
3g
4
vh [T‘} 23
(2 )J_ V33
Ans. (A)
(P) 7(t) =ati +B1)
_di(t)
codt
W
dt

<

=+ B} {constant}

1)
I

P = mv (remain constant)

1 .
k= > mv” {remain constant}

= U — constant

E=K+U
QE:%:?xF:O
dt

L = constant

Qr= acos(mt)i+Bsin(mt)j

— dﬁ . o I
v=d—t=—0st1n(0)t)1+[3wcos(0)t)]
- dV 2 a i 9 ~
a=—=-00 cos(mt)i—Pow’ sin (ot) j
= - [occos(oot)i+[35in(a)t)3:|
i=—-o'T

T=FxF=0- {Tand Fare parallel}

AU = —I F.dr= +j- mo’.r.dr
0

2
AU = me’ {r_}
2

2
Ucor

r= /o cos’ (t) + B sin’ (ot
r is a function of time (t)
U depends on r hence it will change with time

Total energy remain constant because force is

central.

R) 7(t) = oc(cos cot{+sin((x)t)3')

= a[—msin(mt)i - (DCOS((Dt)ﬂ

|¥] = aw (Speed remains constant)

5(t)::di;t)

— o[~ cos(t)i -’ sin (ot) ]

= —ow’ [cos(wt)i+ sin(oot):i]
a(t)=-o(7)

T=Fxt=0

|f| = o (remain constant)

Force is central in nature and distance from
fixed point is constant.

Potential energy remains constant

Kinetic energy is also constant (speed is constant)

17
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23.

Sol.

18

Bz’?

S) T =oati+—t
(S) 5 J

V—g—atiHStA'
dt )

(speed of particle depends on 't")
dv

a=—= B3 {constant}

dt

F = ma {constant}
AU =-[Fdf = —mj Bj. (o + B Jdt
0

_mB2t2
2

U=

k :%mv2 :%m(oc2 +B2t2)

1
E=k+U= Emot2 [remain constant]

Ans. (A, B, O)
When the bar makes an angle 0; the height of

L
its COM (mid point) is ECOS 0

.. displacement =L -%COS 0 :%

Since force on COM is only along the vertical

(1-cos0)

direction, hence COM is falling vertically
downward.

L/2 sin®

Instantaneous torque about point of contact is

M ><£sin9
875

L .
Now; x= — sin 0
2

y = Lcos0

2 2
X y

4+ =
(L/2)* I*
Path of A is an ellipse.

24,

Sol.

25.

Sol.

Ans. (C) or (C, D)
(A) is incorrect.

If force is applied normal to surface at point X
T =Fy R sin0
Thus 1 depends on 0 & itis not constant

(B) is incorrect
F

if force applied tangentially at S
T=FxR #0

but it will climb as mentioned in question.

If force is applied normal to surface at P then
line of action of force will pass from Q & thus
=0

Ans. (A, B, D)

= at’i+pt’]

— dﬁ ~ ~
v :—::3at21+2[3t)

2—
ézd—tzr=6cxti+2[3j
Att=1

(A) \7=3x¥xli+2xB:5x13

=10i+10]




26.
27.
28.

Sol.

JEE Advanced Physics 10 Years Topicwise Questions with Solutions

,.\
=)
ol
I
i
X
ol

I
e
[
(e

x1§+5x13) x 0.1 (101+10})

|
|

wWlw w
>

(©) F=mx(6xl?0xli+2x53j =2i+]

(D) 7

(—1+53j 21+J

+?k+10( f()

_20¢
3

Ans. (Bonus)
Ans. (B)
Ans. (A, D or D)

By no slip condition, here ®' is angular

velocity about z axis

0'X = Or
or ) 0}
0'=—=osinf=—
X

(Jnls]

+m| — [+4m| —

5 5
17

= —ma’ +§mx24a
4 25

85+384
=————ma
20

29.

Sol.

0,

Lem=

o 240
=@——sinh = —
5 25
® ov24
= — Sez
5 25

2
:469ma \/ﬁ(_szz, .

100

17ma’

~9.36 mazco

2

X @4

Lix xx + Iyy‘ Wyy' F L2 @2

25 16

L,=L_ +7xP
9¢

= I:m +—x5m x
5

9mwa

2

#8l mam

z component is Ly cosB # 55 ma’®
Ans. (D)

2
“ma @\/[469 w24 ? 576)

Force equation in x-direction,

Nj cos 30° —

f=0

Force equation in y-direction,
N;sin30°+ N, —mg=0

Torque equation about O,

mgécos 60°—N,

h
cos30°

Also, given N; = N,

[Note taking reaction from floor

reaction only]

solving (i), (i), (iii) & (iv) we have

h_3V3 oo

l

16

1643

3

(D)

...(if)

...(iii)

(iv)

as normal

19
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30.

Sol.

31.

Sol.

32.

Sol.

20

Ans. (7)

Given final kinetic energy for both discs is
same. (suppose K)
so applying conservation of energy

1
EIl,wf +mgx30=K (for first disc)  ...(1)

1
EIPwé +mgx27 =K (for second disc) ...(ii)

from (i) & (ii)

2
1 émR2 3 +mgx30
2\2 R

1(3 v, )
= — —msz —2 | +mgx27
2\ 2 R

on solving

vy =17

Ans. (C) or (D) or (C, D)

Using convervation of angular momentum
about axis of ring

%
MRz(DzMRz§(D+M(2R2)(§mj+M_r(§wj
9 8 \25 9 8 \9
4R
r=—-
5
Ans. (6)

Consider a shell of radius r and thickness dr

di= %(dm)rz

ool
()

—
>
I

33.

Sol.

34.

Sol.

35.

Sol.

Ih= (%)RS (i)

Similarly

8km
B 3RSj
&nk

s Ig=—R’
30
I 6
LB =—son=6
I
Ans. (4)
Since no external torque acts therefore angular
momentum remains conserved.

R
rdr

0

B

...(ii)

Angular momentum of ball
= Angular momentum of plateform

1
0.05><9X0.25><2=5 x045%x05x0.5%m

o =4rad/s

Ans. (2)

Angular impulse = change in angular momentum
TAt=Io

3 x F x Rsin 30 x At= I

1 1
3x0.5%x0.5x > ><1=5><1.5><0.5><0.5><03

o =2 rad/s
Ans. (C,D)

A

b,
(i)  If w =0 equilibrium is not possible for
0<6<90
(i) Ni=mpN; (1)
wNp + Ny =mg -(2)
Torque at A

V4
N1/ sin® + pN1 £ cosd = mggcosG

Nitan + N = % ..(3)

From (3) u=0,up=0 Ans is (D)
From (1) and (2) (u, u,+ )N, = mg Ans is (C)




