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PRACTICE EXERCISES

SINGLE CORRECT CHOICE TYPE QUESTIONS

This section contains Single Correct Choice Type Questions. Each question has four choices (A), (B), (C) and (D), out of
which ONLY ONE is correct.

1.

Three identical rods, each of length /, are joined to form
arigid equilateral triangle. Its radius of gyration about
an axis passing through a corner and perpendicular to
the plane of the triangle is

I 3
(A) 5 (B) \/;
!

7 ® %
One quarter sector is cut from a uniform disc of radius
R. This sector has mass M. It is made to rotate about
a line perpendicular to its plane and passing through
the center of the original disc. Its moment of inertia
about the axis of rotation is

<
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Two particles of equal mass 1 at A and B are connected
by a rigid light rod AB, lying on a smooth horizontal
table. An impulse | is applied at A in the plane of the
table and perpendicular at AB. Then the velocity of
particle at A is

(A) zErO (B) J
2m

© L o) 2
m m

Two point masses of 0.3 kg and 0.7 kg are fixed at the
ends of a rod of length 1.4 m and of negligible mass.
The rod is set rotating about an axis perpendicular to
its length with a uniform angular speed. The point
on the rod through which the axis should pass in
order that the work required for rotation of the rod is
minimum, is located at a distance of

(A) 0.42 m from mass of 0.3 kg
(B) 0.70 m from mass of 0.7 kg
(C) 0.98 m from mass of 0.3 kg
(D) 0.98 m from mass of 0.7 kg

A spherical body of radius R is allowed to roll without
slipping down an incline to reach the bottom with a
speed 7. The incline is then made smooth by waxing
and the body is allowed to slide without rolling now

to reach the bottom with a speed %vﬂ. The radius of

gyration of the body about an axis passing through its
centre is

2 3

(A) =R B) R
4 5

© IR (D) R

A uniform disc of radius R lies in x-y plane with its
centre at origin. Its moment of inertia about the axis
x=2R and y=0 is equal to the moment of inertia
about the axis y = d and z =0, then d equals

4R RV17
(A) 3 (B) —
© RVI3 (D) @

An impulse | is applied on a ring of mass m along a
line passing through its centre O. The ring is placed
on a rough horizontal surface. The linear velocity of
centre of ring once it starts rolling without slipping is

J
I I
A ® .,
/ I
© . ©) 3,

A wheel is rolling without sliding on a horizontal
surface. The centre of the wheel moves with a constant
speed ©,. Consider a point P on the rim which is at
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the top at time t = 0. The square of speed of point P is
plotted against time ¢. The correct plot is (R is radius
of the wheel)
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A thin uniform rod of mass m moves translationally
with acceleration 2 due to two antiparallel forces of
lever arm [. One force is of magnitude F and acts at
one extreme end. The length of the rod is

(A) ![1+LJ (B) 21(1+i]
ma ma

! F mal

© 2(1+ma) (D) ma+F

A ladder of length | and mass m is placed against a
smooth vertical wall, but the ground is not smooth.
Coefficient of friction between the ground and the

11.

12.
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ladder is . The angle 6 at which the ladder will stay
in equilibrium is
(B) 6=tan"'(2u)

(A) 6=tan™ (u)
- —an L
(C) f=tan (2] (D) #=tan [2#)

A horizontal turn table in the form of a disc of radius
r carries a gun at G and rotates with angular velocity
@y about a vertical axis passing through the centre O.
The increase in angular velocity of the system if the
gun fires a bullet of mass m with a tangential velocity
v with respect to the gun is (moment of inertia of gun
+ table about O is I;))

Q
v mor
A) — B) —
@ ® 3
2mor mor
©) (D) B
I, Iy +mr

Arod of mass m and length [ is hinged at one of its end
A as shown in figure. A force F is applied at a distance
x from A. The acceleration of centre of mass (#) varies
with x as

A
X
NN
(A) (B) a
4 3F Slope = %
Slope = o
— X
©€) a D) a
A _SF
Slope = 7
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13.

14.

15.

16.

A disc of mass M and radius R is rolling with angular
speed @ on a horizontal plane as shown in figure. The
magnitude of angular momentum of the disc about the

origin O is

y

—‘—--* )
M

0 » X

(A) (%]MRZ(;J (B) MR*w
3 2 2

(©) (E)MR 0] (D) 2MR*w

Atable fan, rotating at a speed of 2400 rpm is switched
off and the resulting variation of the rpm with time is
shown in the figure. The total number of revolutions of
the fan before it comes to rest is

Rev/min
2400
600
I{
8 16 24 ()
(A) 420 (B) 280
(€ 190 (D) 380

A stick of length L and mass M lies on a frictionless
horizontal surface on which it is free to move in any
way. A ball of mass m moving with speed v collides
elastically with the stick as shown in Figure. If after
the collision ball comes to rest, then what should be
the mass of the ball?

L2 L2
M 0 ]

5

(A) m=2M B) m=M
© m=% (D) nz:%

Let I be the moment of inertia of a uniform square
plate about an axis AB that passes through its centre
and is parallel to two of its sides. CD is a line in the
plane of the plate that passes through the centre of the
plate and makes an angle 6 with AB. The moment of
inertia of the plate about the axis CD is then equal to

17.

18.

19.

(]
(B) Isin’6
2 B
(D) Icos (E)

Two uniform rods of equal length but different masses
are rigidly joined to form an L-shaped body, which is
then pivoted as shown. If in equilibrium the body is in

(A) I

(C) Icos*6

M
the shown configuration, ratio — will be
m

(A) V2
€ 3

The minimum value of  so that truck can avoid hitting
the dead end, without toppling the block kept on it is
b

—

(B) 2
D) 3

Sufficiently
rough h
surface \ ,

=

Power brake

2 2

) 2 ®
bg 2hg

2 2

© 2 o "
hg 2bg

A disc of radius R, having angular velocity @ rolls
without slipping along positive x-axis. The velocity of
point P at the instant shown in figure is

<

e e e

i =o[ (rsing)i +(rcosd)] |

(rsin6)i-(rcos6)] |

|
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[

B) tp=0w

(©) 5 =0[ (R+7sin8)i-(rcosd)] |

~

Tp=0 (R+rsin9)f+(rc059)]]
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20.

21.

22,

23.

AB and CD are two identical rods each of length / and
mass 1 joined to form a cross. The moment of inertia
of these two rods about a bisector of the angle between
the rods is

C
Al - 18
0| [
D
mi* ml?
(A) va (B) —
mil® 2ml?
C) — D) —
©) o (D) 3

A rod of length [ slides down along the inclined wall
as shown in figure. At the instant shown in figure the
speed of end A is v, then the speed of B will be

vsina vsinf}
A B) ——
*) sinf8 ®) sino
vCos e vcosfB
C D) ——
© cos 3 ®) cos ot

Asolid sphere and a hollow sphere of equal mass and
radius are placed over a rough horizontal surface after
rotating them about their respective centre of mass
with same angular velocity @,. Once the pure rolling
starts let v; and v, be the linear speeds of their centres
of mass. Then

(A) n=1,
B) v>0v,
€ v<v,
(D) data is insufficient

A uniform ring of mass M and radius R is in uniform
pure rolling motion on a horizontal surface. The veloc-
ity of the centre of ring is 7. The kinetic energy of the
segment ACB is

24.

25.

Chapter 3: Rotational Dynamics 3.129

D
A B
Cc
2 2 2 2
(A) 1’\42?)(, ~ Muy ®) MZUD N My,
T
MU{% 2
© N (D) My,

A thin uniform rod, pivoted at O, is rotating in the
horizontal plane with constant angular speed , as
shown in the figure.

4

0]

At time t =0, a small insect starts from O and moves
with constant speed v with respect to the rod towards
the other end. It reaches the end of the rod at =T
and stops. The angular speed of the system remains
 throughout. The magnitude of the torque (|7[) on
the system about O, as a function of time is best repre-
sented by which plot?

(A) 4 B) 4
H 4
i
0] —_'r—bf 0 "T t
< # D) &
H 7|
0 t 5
T o T t

An equilateral triangle ABC formed from a uniform
wire has two small identical beads initially located at
A. The triangle is set rotating about the vertical axis
AQ. Then the beads are released from rest simultane-
ously and allowed to slide down, one along AB and
the other along AC as shown. Neglecting frictional
effects, the quantities that are conserved as beads slide
down are
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26.

27.

28.

29.

(A) angular velocity and total energy (kinetic and
potential).

(B) total angular momentum and total energy.

(C) angular velocity and moment of inertia about the
axis of rotation.

(D) total angular momentum and moment of inertia
about the axis of rotation.

A uniform rod of length 2a and mass m lies at rest on
a smooth horizontal table. A perfectly elastic particle
having same mass as the rod moving with speed u on
the table in a direction perpendicular to the rod, strikes
one end of the rod. The final kinetic energy of the rod is

4 5 1 5
A) —mn B) —mu
(A) 13mu (B) 1

4 2 8 2
C) —mu D) —mu
© = (D) =

A uniform horizontal circular platform of mass 200
kg is rotating at 10 rpm about a vertical axis passing
through its centre. A boy of mass 50 kg is standing on
its edge. If the boy moves to the centre of the platform,
the frequency of rotation would be

(A) 7.5rpm (B) 125rpm
(C©) 15rpm (D) 20rpm

Aplank P is placed on a hollow cylinder C, which rolls
on a horizontal surface as shown. No slippage is there
at any of the surfaces in contact. Both have equal mass
say M (each) and if v is the velocity of centre of mass
of the cylinder C, then the ratio of the kinetic energy of

plank P to the cylinder C is
P
c
(A) 1:1 (B) 2:1
(€ 3:8 (D) 8:11

Four holes of radius R are cut from a thin square plate
of side 4R and mass M. The moment of inertia of the
remaining portion about z-axis is

30.

31.

32.

(A) %MRZ (B) (%—%)MRZ
ot ot

A flat rail road car is accelerating along the positive

x-axis with an acceleration . A sphere is placed over

the car. The friction between car and sphere is not

sufficient to support pure rolling of sphere. The correct

statement is

(A) The sphere will slip and force of friction on sphere
is along —x direction

(B) The sphere will slip and force of friction on sphere
is along +x direction

(C) Acceleration of sphere is along —x direction

(D) None of the above

A hollow straight tube of length 2/ and mass m can
turn freely about its centre on a smooth horizontal
table. Another smooth uniform rod of same length
and mass is fitted into the tube so that their centres
coincide. The system is set in motion with an initial
angular velocity @;. The angular velocity of the tube
at the instant when the rod slips out of the tube

@ )
® ®
0y %
© & o 2

A cubical block of side a is moving with velocity v
on a horizontal smooth plane as shown in figure. It
hits a ridge at point O. If the moment of inertia of the
block about an axis passing through centre of gravity

is % ma’, then the angular speed of the block after it hits
Ois

—a—»

PE

— |/

i 4
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33.

34.

35.

36.

3v 3v
- B) =
4a ®) 2a

3v
0

In a simple pendulum, the breaking strength of the
string is double the weight of the bob. The bob is
released from rest when the string is horizontal.
The string breaks when it makes an angle 6 with the
vertical

—eoc [ L
(A) B=cos (3)

(A)

(D) zErO

T )
(B) 8=cos (3)

Two men each of mass m stand on the rim of a hori-
zontal circular disc, diametrically opposite to each
other. The disc has a mass M and is free to rotate about
a vertical axis passing through its centre of mass. Each
man starts simultaneously along the rim clockwise
and reaches its original starting position on the disc.
The angle turned through by the disc with respect to
the ground (in radian) is

mm 2mm
(A) (B)
M+m dm+ M
dmm 8rm
(©) (D)
2M+m dm+ M

A cubical block of side L rests on a rough horizontal
surface with coefficient of friction y. A horizontal force
F is applied on the block as shown. If the coefficient of
friction is sufficiently high so that the block does not
slide before toppling, the minimum force required to
topple the block is

—L —»

F

A

i

(A) infinitesimal (B) %
(@) % (D) mg(1-u)

Three identical cylinders of radius R are in contact.
Each cylinder is rotating with angular velocity .
A thin belt is moving without sliding on the cylinders.
If P and Q are two points of belt which are in contact
with the cylinder, then the magnitude of velocity of
point P with respect to Q.

37.

38.

39.

40.
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Y.ON

AN

(B) Rw

(A) 2Ro

(C) R2—” (D) V3Rw

A balance is made of a rigid rod free to rotate about a
point not at the centre of the rod. When an unknown
mass 1 is placed in the left hand pan, it is balanced by
a mass m placed in the right hand pan, and similarly
when the mass m is placed in the right pan, it is
balanced by a mass 1, in the left hand pan. Neglecting
the masses of the pans, m is

(A) %(mﬁmz} (B) Jmym,

2 2
© %\/m% il (D) J@

A uniform sphere of radius R is placed on a rough
horizontal surface and given a linear velocity v, and
angular velocity @, as shown. For the sphere to come
to rest after moving some distance to the right, we
have

(A) vy =Ry
(C) 2v,=5Ray,

(B) 5v;=2Rw,

A stone of mass 16 kg is attached to a string 144 m long
and is whirled in a horizontal circle. The maximum
tension the string can stand is 16 N. The maximum
velocity of revolution that can be given to the stone
without breaking the string is

(A) 20ms ' (B) 16 ms '
(C) 14 ms™ (D) 12 ms™

At some instant, a particle is moving along a straight
line 2x -3y =2 and its co-ordinates on that line are
(4, 2). Now at another instant the same particle is
moving along a straight line 3x+4y =7 and its co-
ordinate are (1, 1). The co-ordinates of the axis about
which it is in pure rotation are
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41.

42,

43,

44.

8 16
*) (a' 3)

o (7 7)

® (5 3)

50 61
o (2.9

1717
A disc is rotating with an angular velocity o,.
A constant retarding torque is applied on it to stop

the disc. The angular velocity becomes % after n

rotations. How many more rotations will it make
before coming to rest?
n
2
(C) n

n
(A) ® 3

(D) 2n

A wire of mass m and length [ is bent in the form of a
quarter circle. The moment of inertia of this wire about
an axis passing through the centre of the quarter circle
and perpendicular to the plane of the quarter circle is

(Take = 10)

(A) 3”;[2 (B) ml*
mi? 2ml?
©) 5 (D) =

A small disc of radius g is removed from a circular

disc of radius R and mass 9M. The moment of inertia
of the remaining disc about an axis perpendicular to
the plane of the disc and passing through O is

R/3
0
R
(A) 4MR® (B) D \r
(C) 10MR? (D) %MRT*

A force F is applied on the top of a cube as shown in
figure. The coefficient of friction between the cube and
the ground is . If F is gradually increased, the cube
will topple before sliding if

F

—_—

L 1=

45.

4e.

47.

48.

ae
1
(A) pu>1 (B) ues
© u<t ) >

A disc of mass mj rotates freely about a fixed horizon-
tal axis through its centre. A thin cotton pad is fixed
to its rim, which can absorb water. The mass of water
dripping onto the pad is it per second. The time after
which the angular velocity of the disc gets reduced to
half of its initial value is

(A) 2my ) i
" 2
©) ny D) 3
u M

Three point masses each of mass m, are placed at the
corners of an equilateral triangle of side /. The moment
of inertia of this system about an axis along one side of
the triangle is

(A) mi* (B) zmﬂ
(C) 3ml* (D) %m!z

A uniform rod PQ of length L is hinged at one end P.
The rod is kept in the horizontal position by a mass-
less string tied to point Q as shown in the figure. If the
string is cut, the initial angular acceleration of the rod
will be

String

P Q

e L >

g 2g

A) & B) =
(A) 7 (B) 7
28 3g

Q) == D) =<
© 3L D) 2L

A ball of mass m=0.5 kg is attached to the end of a
string having length L=0.5m. The ball is rotated
on a horizontal circular path about vertical axis. The
maximum tension that the string can bear is 324 N.
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49,

50.

51.

The maximum possible value of angular velocity of

ball, in rads ' is

(A) 9
) 27

(D) 36

A uniform ladder of length 5 m is placed against the
wall as shown in the Figure.

5m 4m

If coefficient of friction y is the same for both the walls,
the minimum value of y for the ladder not to slip is

(B) u=

D) u=

Gl— L=

A thin circular ring of mass M is rotating about its axis
with a constant angular velocity @. The two objects,
each of mass m, are attached gently to the opposite
ends of a diameter of the ring. The ring now rotates
with an angular velocity

(A) wM B) (M —2m)
M+m M+2m
oM (M +2m)
© M+2m ©) M

Abar of mass m, length [ is in pure translatory motion
with its centre of mass velocity v. It collides with and
sticks to another identical bar at rest as shown in
figure. Assuming that after collision it becomes one
composite bar of length 2/, the angular velocity of the
composite bar will be

52.

53.

54.
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(A) 37, anticlockwise
11

(B) %? anticlockwise

<) 2?, clockwise

4
(D) 5% clockwise

A uniform circular disc of radius r placed on a rough
horizontal plane has initial velocity v, and an angular
velocity @, as shown. The disc comes to rest after
moving some distance in the direction of motion. Then

Y/

0] Vo

(A) the friction force acts in the forward direction
(B) the point of contact of disc with ground has zero
velocity

(C) v, must be equal to % in magnitude
(D) ©v, must be equal to 2r®, in magnitude

A solid sphere of radius r rolls without slipping from
rest from a height / of an inclined track at the bottom
of which there is a loop of radius R much larger than
the radius of sphere, as shown in figure. The minimum
value of /1 for the sphere to complete the loop is

R
(A) 2.1R (B) 23R
(€) 25R (D) 27R

A solid sphere of radius R is resting on a smooth hori-
zontal surface. A constant force F is applied at a height
h from the bottom. Choose the correct alternative

F

[— T —|
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55.

56.

57.

58.

59.

(A) Sphere will always slide whatever be the value of
(B) Sphere will roll without slipping when /1 > 1.4R
(C) Sphere will roll without slipping if /= 1.4R

(D) None of the above

A wire of length [ and mass 1 is first bent in a circle,
then in a square and then in an equilateral triangle.
The moment of inertia in these three cases about an
axis perpendicular to their planes and passing through
their centres of mass are I;, I, and I; respectively. Then
maximum of them is
(A) 1,

© L

(B) I
(D) data insufficient

A thin wire of length L and uniform linear mass
density p is bent into a circular loop with centre at O
as shown. The moment of inertia of the loop about the
axis XX’ is

X X

pL’ pL’

A) B)
@) 8’ ®) 167?
5pL° 3pL°

Q) = D) 2
© 1672 ©) 8’

Aplayground merry-go-round is at rest, pivoted about
a frictionless axis. A child of mass m runs along the
path tangential to the rim with speed v and jumps on
to merry-go-round. If R be the radius of merry-go-
round and I is the moment of inertia, then the angular
velocity of the merry-go-round and the child is

muR muR

A) ——— B) —
(&) mR2+1 ®) I
mR2+1 I

D) —

muR moR

A tube of length L is filled completely with an incom-
pressible liquid of mass M and closed at both the ends.
The tube is then rotated in a horizontal plane about
one of its ends with a uniform angular velocity . The
force exerted by the liquid at the other end is

ML

(A) ; (B) ML
Mae’L M
(©) 1 (D) 5

A solid sphere, a ring and a disc all having same mass
and radius are placed at the top of an incline and
released. The coefficient of friction between the objects
and the incline is same but not sufficient to allow pure

60.

61.

62.

63.

64.

65.

rolling. The least time will be taken in reaching the
bottom by

(A) the solid sphere

(B) thering

(C) thedisc

(D) All will take the same time

In PROBLEM 39, the least value of kinetic energy at
the bottom of the incline will be achieved by

(A) thering

(B) thedisc

(C) the solid sphere

(D) All will achieve the same kinetic energy

The string of a pendulum, having bob of mass m,
is displaced through 90° from the vertical and then
released. The minimum strength of the string in order
to withstand the tension as the pendulum passes
through the mean position is

(A) mg (B) 3mg

(©) Smg D) 6mg

Two men A and B are carrying a uniform bar of length
L on their shoulders. The bar is held horizontally such

that A gets ( % ]th load. If A is at one end of the bar, the

distance of B from that end is

L L
(A) 3 (B) 2
2L 3L
© 3 D) Y

A body having moment of inertia about its axis of
rotation equal to 3 kgm’ is rotating with angular
velocity equal to 3 rads™. The kinetic energy of this
body is the same as that of a body of mass 27 kg
moving with a speed of
(A) 1ms™

(C) 15ms™

(B) 05ms™
(D) 2.0 ms™
A particle is moved in a circle with a constant angular
velocity. Its angular momentum is L. If the radius of
the circle is halved keeping the angular velocity same,
the angular momentum of the particle will become

L
B —
® 3

(D) 2L

L
® ;
© L

In the figure shown, the spherical body and block each
have a mass m. The moment of inertia of the spherical
body about centre of mass is 2mR”. The spherical body
rolls without slipping on the horizontal surface. The
ratio of kinetic energy of the spherical body to that of
block is
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1 1
A) — B) —
(A) 3 (B) 5

2 3
C - D) —
© 3 D)

66. Astone of mass m, tied to the end of a string, is whirled

67.

68.

around in a horizontal circle (Neglect the force due to
gravity). The length of the string is reduced gradually,
keeping the angular momentum of the stone about the
centre of the circle constant. Then, the tension in the
string is given by T = Ar”, where A is a constant, r is
the instantaneous radius of the circle, then # is

(A) 1 (B) -1

€ -2 (D) -3

Average torque on a projectile of mass m, initial speed
u and angle of projection 8 is launched between initial
and final positions P and Q as shown in figure. The
average torque on the projectile about the point of pro-
jection is

(A) mu’cos6 (B) mu’sing

© mu’sin(20) D) mu* cos@

2 2
A spool of mass M and radius 2R lies on an inclined
plane as shown in figure. A light thread is wound
around the connecting tube of the spool and its free
end carries a weight of mass . The value of m so that
system is in equilibrium is

M

2R

(A) 2Msina
(C) 2Mtanw

(B) Msina
(D) Mcosa

69.

70.

71.

72.
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Two discs have same mass and thickness. Their
materials are of densities d; and d,. The ratio of their
moments of inertia about and axis passing through the
centre and perpendicular to the plane

(A) d,:d, B) d,:d,
C) 1:d4d, (D) dd,:1
A cube of mass m and side 2 is moving along a plane
with constant speed v, as shown in figure. The

magnitude of angular momentum of the cube about
z-axis would be

¥
'y

Ole— p —»i

mugb \/Emvob
- B) ——
2 2

o (14

Two masses n and M are connected by a light string
that passes through a smooth hole O at the centre of a
table. Mass 1 lies on the table and M hangs vertically.
m is moved round in a horizontal circle with O as the
centre. If I is the length of the string from O to m then
the frequency with which m should revolve so that M
remains stationary is

(A)

(D) None of these

i
i

|

M
1 M 1 M
(A) =2 ®) — =%
2\ ml m\ ml
1 Ml 1 M
e ©) — |
2m\\mg w\'mg

A cord is wound round the circumference of wheel
of radius r. The axis of the wheel is horizontal and
moment of inertia about its axis is I. A weight mg is
attached to the end of the cord and is allowed to fall
from rest. The angular velocity of the wheel, when the
weight has fallen through a distance #, is
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73.

74.

75.

76.

2¢h
) | g
+ mr

f 2mgh
© I+2mr? (®) @

A hoop rolls without slipping on a horizontal ground
having centre of mass speed v,. The speed of a particle
P on the circumference of the hoop at angle 6 is

2mgh
B —_—
®) I+mr?

(A) vysin® (B) ©ycos®

Q) 2y, sin(g) (D) 29, cos(g)

Two rings each of mass m and radius r are placed
such that their centres are at a common point and their
planes are normal to each other. The moment of inertia
of the system about an axis passing through the centre
and perpendicular to plane of one of the ring is

(A) 2mr? (B) mr?

(@] %mr2 (D) %mr2

Aparticle of mass 2 kg located at the position (.!A + } ) m
has a velocity 2(5 - } + fc) ms ™. Its angular momentum
about z-axis in kgm”s™" is
(A) zErO

€ 4

(B) +8
(D) -8

A uniform cylinder of mass M and radius R, rolls
without slipping down an incline making an angle 6
with horizontal. The cylinder is connected to a spring
of force constant k at the centre, the other side of which
is connected to a fixed support at A. The cylinder is
released when the spring is unstretched. The force of
friction ( f )is

A

77.

78.

79.

80.

81.

A) always down the incline.

B) always up the incline.

C) initially up the incline and then becomes zero.

D) initially up the incline and then becomes down
the incline.

— — — —

In the figure shown, the plank is being pulled to the
right with a constant speed v. If the cylinder does not
slip then

(A) the speed of the centre of mass of the cylinder is 2v
(B) the speed of the centre of mass of the cylinder is v

(C) the angular velocity of the cylinder is %
(D) the angular velocity of the cylinder is zero

A cylinder is released from rest from the top of an
incline plane of inclination 60° where friction coef-
2-3x

ficient varies with distance x as u= T Find the
distance travelled by the cylinder on incline before it
starts slipping

1 1
A) —m B) —=m
(A) 3 (B) NG
(C) 3m (D) Y3 m

A smooth sphere A is moving on a frictionless hori-
zontal plane with angular speed @ and centre of mass
velocity v. It collides elastically and head on with an
identical sphere B at rest. Neglect friction everywhere.
After the collision, their angular speeds are @, and w;.
Then

(A) @, <og
€ w4=0

(B) w,=ap
(D) o=wy

Massesof1g,2g,3g,...... 100 g are suspended from
the 1cm, 2¢m, 3am, ...... 100 cm marks of a light
metre scale. The system will be supported in equilib-
rium at

(A) 60cm
(€) 55cm

(B) 67 cm
(D) 72 cm

Two cylinders having radii 2R and R and moment of
inertias 41 and I about their central axes are supported
by axles perpendicular to their planes. The large
cylinder is initially rotating clockwise with angular
velocity @,. The small cylinder is moved to the right
until it touches the large cylinder and is made to rotate
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82.

83.

84.

85.

by the frictional force between the two. Eventually
slipping ceases and the two cylinders rotate at constant
rates in opposite directions. During this process

41&

(A) angular momentum of system is conserved

(B) kinetic energy is conserved

(C) neither the angular momentum nor the kinetic
energy is conserved

(D) both the angular momentum and kinetic energy
are conserved

Auniform rod AB of mass m and length [ is at rest on a

smooth horizontal surface. An impulse | is applied to
the end B perpendicular to the rod in horizontal direc-

tion. The speed of particle P at a distance é from the

mml
centre towards A of the rod after time t = E is

(A) L (B) Y
m m
N2 e

© % ® T

A circular platform of radius 2 m and moment of iner-
tia 200 kgm” is mounted on a vertical frictionless axle.
It is initially at rest. A 70 kg man stands on the edge
of the platform and begins to walk along the edge at
speed O relative to the ground. The angular velocity of
the platform is

(A) 0.4rads™ (B) CD

(C) 2ma* (D) O

In PROBLEM 83, when the man has walked once
around the platform, so that he is at his original posi-
tion on it, then his angular displacement relative to

ground is
6m 5t
(A) 5 (B) 5
dn 5w
(©) 5 (D) y

A ring of radius R is first rotated with an angular
velocity @, and then carefully placed on a rough
horizontal surface. The coefficient of friction between

86.

87.

88.

89.
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the surface and the ring is . The time after which its
angular speed is reduced to half is

Wy UR 0,
A) 0 B) o
(A) % (B) 2R
© 2% o) &
ug 2ug

A uniform thin bar of mass % and length i—v is bent
a

to make a regular hexagon. Its moment of inertia about
an axis passing through the centre of mass and normal
to the plane of hexagon is

(A) %mLZ B) 6mi>
(C) 20mI* (D) 30mL*

A uniform disc of radius R lies in x-y plane with its
centre at the origin. Its moment of inertia about z-axis
is equal to its moment of inertia about line y=x+c.
Then c equals

R R
(A) N (B) )
R
© +5 (D) -R

Four spheres each of mass M and diameter 2r, are
placed with their centres on four corners of a square of
side a(> 2r). The moment of inertia of the system about
one side of square

(A) %M(5r2+4az) (B) %M(5r2+2c12)

©) %M(2r2+5a2) (D) %M(4r2+5a2)

A sphere is rotating between two rough inclined plane

as shown in figure. The coefficient of friction between

each plane and the sphere is % If f; and f; be the fric-
f

tion forces at P and Q. Then =L is

2

1 1
(A) EJ”E (B) 2+ﬁ
Q) 1+ % (D) 1+243

V3
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90.

91.

92.

93.

Aplank of mass M is placed on a smooth inclined, plane
and a sphere of mass m is then placed on the plank.
Assuming sufficient friction to be present between the
sphere and plank the frictional force on sphere when
the plank and sphere are released from rest is

(B) horizontal
(D) down the incline

(A) zErRO
(C) up the incline

A thin rod of mass m and length 2/ is made to rotate
about an axis passing through its centre and perpen-
dicular to it. If its angular velocity changes from 0 to @
in time ¢, the torque acting on it is

ml*w ml’w
A B
(A) 12¢ ®) 3t
ml*w dml*w
C D
© t (D) %

A ring of mass m and radius R has three particles
attached to the ring as shown in the figure. The cen-
tre of the ring has a speed v,. Assume slipping to be
absent, the kinetic energy of the system is

m

2m m

(A) 4mv}
(@) 8mv§

(B) 6muvp
(D) 12nw§

Two cones A and B are made of two different materials,

the density of Abeing greater than that of B. The height

of B is greater than that of A but their base areas and

masses are the same. The correct statement about the

moment of inertia of the two cones about their axis is

(A) Awill have larger moment of inertia than B

(B) B will have larger moment of inertia than A

(C) in such a situation, it is dependent up on the
height of the cone, the mass of the cone and radius
of the base

(D) the moment of inertia of the two will be the same
as it is not dependent on height of the cone but
depends only upon the mass and the base area

94.

95.

96.

97.

A child is standing with folded hands at the centre of
a platform rotating about its central axis. The kinetic
energy of the system is K. The child now stretches
his arms so that the moment of inertia of the system
doubles. The kinetic energy of the system now is

(4) 2K ® 5

K
<) — (D) 4K

1
A uniform thin rod is bent in the form of closed loop
ABCDEFA as shown in Figure. The ratio of moment of
inertia of the loop about x-axis to that about y-axis is

Y
*
1
i
C:1_Semicircle
A B DE
- —» X
Semicircle
(A) >1 (B) <1
1
C =1 D = —
©) (D) 5

A homogeneous rod AB of length . and mass M is
pivoted at the centre O in such a way that it can rotate
freely in a vertical plane. The rod AB is initially in
horizontal position. An insect S of same mass falls
vertically with a speed V' at the point C, midway
between points O and B. Immediately after the insect
falls, the angular velocity of the system is

Sy

Iy

O H
Al . [} B

C
7V 12V
A) —— B) ——
()12L ®) 7 L
3V 2V
- D) ==
©) 71 (D) 31

A circular loop of wire of mass m and radius r is
making n revolutions per second about a point on its
rim. Its rotational kinetic energy is

(A) mimrin?
(B) 27’mr*n*
(C) 4m*mr*n®
(

D) 8r’mrin®



98.

99.
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One end of a uniform rod of length I and mass m is
hinged at A. It is released from rest from horizontal
position AB as shown in figure. The force exerted by
the rod on the hinge when it becomes vertical is

A
T o /—s8

-

5
(B) 2"

(D) 5mg

&) 3 mg
(C) 3myg

The acceleration a of the plank P required to keep the
centre C of a cylinder which rolls without slipping on
the plank in a fixed position during the motion is

(A) %ma (B) gsin®
(C) 2gsind (D) 2gsin®

100. A uniform circular disc of mass 2m and radius R

is placed freely on a horizontal smooth surface.
A particle of mass m is connected to the circumfer-
ence of the disc with a massless string. Now an
impulse | is applied on the particle in the direction
as shown in Figure.

C J
m

If =10 Ns, m= J10 kg and R =25 cm, then accel-
eration of centre of mass of the disc just after applica-
tion of impulse is

(B) 2ms™
(D) 4ms™

(A) 1ms™
(C) 3ms™

101.

102.

103.

104.

105.

106.
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Asolid sphere of mass 2 kg rolls up a 30° incline with
an initial speed of 10 ms . The maximum height
reached by the sphere is (g = 10 ms )

(A) 35m (B) 70m
(C) 105m (D) 140m

A small ball of mass m, radius r is released from rest
from a point A to roll inside a hemispherical shell of
radius R as shown in figure. The angular velocity of
centre of the ball in position B about the centre of the
shell is

g 10g
@B 25k ® =7

28 58
© \5R= O \aRon

In PROBLEM 102, the normal force between the ball

and the shell in position % is

(8 g ® g
© > mg ) 7 mg

An inclined plane makes an angle of 60° with
horizontal. A disc rolling down this inclined plane
without slipping has a linear acceleration equal to

8 3g
(A) 3 (B) s
8 g
© NG (D) 5

Locus of all the points in a plane on which the
moment of inertia of a rigid body is same throughout
is

(A) astraight line
(C) aparabola

(B) acircle
(D) anellipse

A rigid spherical body is spinning around an axis
without any external torque. Due to temperature its
volume increases by 3%. Then percentage change in
its angular speed is
(A) -2%
€ 3%

(B) -1%
(D) 1%
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107.

108.

109.

110.

A uniform rod AB of mass m and length 2a is falling
with velocity o without rotation in gravity free space
with AB horizontal. Suddenly the end A gets hit by
an obstacle when the speed of the rod is v. Assume
the end A to hinge about the obstacle, the angular
speed with which the rod begins to rotate is

v 4p
(A) e (B) r
v 3v
(©) 3 (D) r”

A ring of mass m is rolling without slipping with
linear velocity v as shown in figure. A rod of identi-
cal mass is fixed along one of its diameter. The total
kinetic energy of the system is

N
v
7 2.
(A) va (B) 3mv
4 2 I
©) 3™ (D) 3o

A uniform rod of mass m and length [ is suspended
by means of two light inextensible strings as shown
in figure. Tension in one string immediately after the
other string is cut is

A B
(A) % (B) %
(C) mg (D) 2mg

ABC is a right angled triangular plate of uniform
thickness. [}, I, and I5 are moments of inertia about

AB, BC and AC respectively. Given that sin(37°) = E,
then which of the following relation is correct?

A

37°

111.

112.

113.

114.

A solid sphere and a solid cylinder of same mass are
rolled down on two inclined planes of heights /; and
h, respectively. At the bottom of the plane the two
objects have same linear velocities, then h, : I1, is

(A) 2:3 (B) 7:5
(C) 14:15 (D) 15:14
A time varying force F =2t is applied on a spool as

shown in figure. The angular momentum of the spool
at time ¢ about bottommost point is

F=2t
2
A) ﬁ ) (R+7r) 2
R r
2,2
€ (R+7)f (D) RTt

The moment of inertia of a uniform rod of length 2/
and mass m about an axis passing through its centre
and inclined at an angle o is

A0
A i’,\ 0B
/’JC
2 2
(A) ﬂsinzofr (B) ﬂsinza
3 12
K
© 5 ) o,

A rod of length [ is given two velocities v; and v, in
opposite directions at its two ends at right angles to
the length. The distance of the instantaneous axis of
rotation from v, is

(A) ZERO (B)

(C)[ 4 ]1
v+ 0,

L
2

(D)( 2 J[
U+ 7,
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115.

116.

117.

118.

119.

If the radius of the earth suddenly contracts to % of
n

its present radius without any change in its mass, the
duration of the day will approximately become
(A) # hour (B) % hour

7 n

(C) 24n hour (D) 24n* hour

A solid sphere of mass 5 kg and radius 1 m after
rotating with angular speed @, = 40 rads™ is placed
between two smooth walls on a rough ground.
Distance between the walls is slightly greater than
the diameter of the sphere. If the coefficient of friction
between the sphere and the ground is y=0.1, then
the sphere will stop rotating after time

‘)

(A) 8s
(C) 165

(B) 12s
(D) 20s
A wheel rotates with constant acceleration of

2.0 rads 2. If the wheel starts from rest, the number
of revolutions it makes in the first ten second will be

approximately
(A) 8 (B) 16
(€) 24 (D) 32

Two loops P and Q are made from a uniform wire.
The radii of P and Q are R; and R, respectively, and
their moments of inertia are I; and I, respectively. If

1_2:4, then&is

1 Rl

(a) 4% (B) 4"
(C) 47%° (D) 477

In the arrangement shown, a smooth inclined plane
of inclination 6 is fixed in a car and a sphere is set in
pure rolling on the incline. The value of a (the accel-
eration of car in horizontal direction) for which the
sphere will continue pure rolling is

-
a
\/ \J
(A) gcosf (B) gsin@
(C) gcotd (D) gtanf

120.

121.

122.

123.
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A homogeneous cylinder of mass M and radius
R is pulled on a horizontal plane by a horizontal
force F acting through its centre of mass. Assuming
the cylinder to roll without slipping, the angular
acceleration of the cylinder is

3F 2F
(A) IMR (B) MR
F 3F
© MR (D) MR

Moment of inertia I of a solid sphere about an axis
parallel to a diameter and at a distance x from it
varies as

@) o ®) ol
r 3 A
(o]} wo\/
— L——————»
©) o D) ol
W wo/\
t L

A circular platform is free to rotate in a horizontal
plane about a vertical axis passing through its centre.
A tortoise is sitting at the edge of the platform. Now
the platform is given an angular velocity ®,. When
the tortoise move along a chord of the platform with
a constant velocity (with respect to the platform). The
angular velocity of the platform o () will vary with
time t as

(A) o (B) o

F 3 r 3
T mo\/
Lt e
© o () o
NN NN
e Y L

A particle of mass 5 g is moving with a uniform speed
of 342 cms™ in the xy-plane along the line y = x + 4.
Magnitude of its angular momentum about origin in
gcms"2 is
(A) ZERO
(©) 302

(B) 30
(D) 60
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124,

125.

126.

127.

128.

When a mass is rotated in a plane about a fixed point,
its angular momentum is directed along the

(A) radius

(B) tangent to orbit

(C) axis of rotation

(D) line at an angle of 45° to plane of rotation

A uniform thin wire of length w= 51 and mass m
a

is bent to form of a rectangular frame ABCD with

AB
B—: 2. The moment of inertia of this wire frame

about the smaller side is

6 o 6
A) —ml B) —ml
(&) 81 ®) 217

7 7
Q) —ml* D) —ml*
© 81 ©) 162

Consider a body, shown in figure, consisting of two

identical balls, each of mass M connected by a light

rigid rod. If an impulse |= Mo is imparted to the

body at one of its end, the its angular velocity is
— | ——>

J=Mv

v 20

(A) I (B) T
v v

€ 3L (D) i

A cylinder rolls up an inclined plane, reaches some

height and then rolls down (without slipping through-

out these motions). The directions of the frictional

force acting on the cylinder are

(A) up the incline while ascending and down the
incline while descending

(B) up the incline while ascending as well as
descending

(C) down the incline while ascending and up the
incline while descending

(D) down the incline while ascending as well as
descending

A thin uniform circular disc of mass M and radius R
is rotating in a horizontal plane about an axis passing
through its centre and perpendicular to its plane with
an angular velocity @. Another disc of same dimen-

1
sions but of mass ZM is placed gently on the first

disc co-axially. The angular velocity of the system is

(A) V20 (B) %m
3 1
©) 7¢ (D) 3@

129.

130.

131.

132.

A uniform ring of mass m and radius R is released
from top of an inclined plane. The plane makes an
angle 6 with horizontal. The coefficient of friction
between the ring and the plane is 4. Initially, the point
of contact of ring and plane is P. Angular momentum
of the ring about point P as a function of time ¢ is

(A) mgRtsin® - umgRtcosf
(B) mgRtsin6
(C) mgRtsin®+ umgRtcos6

(D) mgRt(1- 2 )sing

A disc of radius 0.1 m rolls without sliding on a
horizontal surface with a velocity of 6 ms™. It then
ascends a smooth continuous track as shown in
figure. Taking ¢ =10 ms™, the height upto which it
will ascend is

6 ms™

(A) 09m
(C) 24m

(B) 1.8m
(D) 27m

Two equal and opposite forces act on a rigid body at

a certain distance. Then

(A) the body is in equilibrium

(B) the body will rotate about its centre of mass

(C) the body may rotate about any point other than
its centre of mass

(D) the body cannot rotate about its centre of mass

A disc is rolling (without slipping) on a horizontal
surface. C is its centre and Q and P are two points
equidistant from C. Let vp, v and v be the magni-

tude of velocities of points P, Q and C respectively,
then

(A) vg>vc>0p
(B) vy<vc<vp

1
Q) vy=0vp,vc= EUP

(D) vy<ve>vp
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133.

134.

135.

136.

Two particles A and B are moving with constant
velocities 7 =1 ms_lj and 7, =2 ms™'i respectively
in XY plane. At time t =0, the particle A is at co-
ordinates (0, 0)m and B is at (0, —=4) m. The

angular velocity of B with respect to A att=2s1is

(A) % rads™ (B) 1rads™

(C) 2rads’ (D) 4rads’

A force F is applied at the top of a ring of mass M
and radius R placed on a rough horizontal surface as
shown in figure. Friction is sufficient to prevent slip-
ping. The friction force acting on the ring is

F

(A) gtowards right (B) gtowards left

©) %towards right (D) zErO

Two rods OA and OB of equal length and mass are
lying in xy plane as shown in figure. Let I, I, and I,
be the moment of inertias of both the rods about x, y
and z-axis respectively. Then

y

A

45° 45°

(A) L=1,>1, (B)
©) L>I,>1I, D) L>1,>1,

I=1,<I,

A carpet of mass M made of inextensible material
is rolled along its length in the form of a cylinder
of radius R and is kept on a rough floor. The carpet
starts unrolling without sliding on the floor when a
negligibly small push is given to it. The horizontal
velocity of the axis of cylindrical part of the carpet

when its radius reduces to — is

(A) |5k ® e
© [sR O 3R

137.

138.

139.

140.

141.

142.

143.
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A long horizontal rod has a bead which can slide
along its length and is initially placed at a distance
L from one end A of the rod. The rod is set in angular
motion about A with a constant angular acceleration
o. If the coefficient of friction between the rod and the
bead is 4, and gravity is neglected, then the time after
which the bead starts slipping is

A) Vg (B) N7

Jie

A solid sphere rolls down two different inclined

planes of same height but of different inclinations. In

both cases

(A) the speed and time of descend will be same

(B) the speed will be same but time of descend will
be different

(C) the speed will be different but time of descend
will be same

(D) speed and time of descend both are different

(D) infinitesimal

The linear velocity of a particle moving with angular

velocity @ = 2k at position vector 7 = 2+ 2} is

~ ~

@A) 4(i-j) B) 4(j-i)
Q) 4i D) -4i

A particle undergoes uniform circular motion. About
which point on the plane of the circle, will the angular
momentum of the particle remain conserved?

(A) Centre of circle

(B) On the circumference of the circle

(C) Inside the circle

(D) Qutside the circle

A force F=uai+3j+6k is acting at a point
r= 2%6}'42]2. The value of a for which angular
momentum is conserved is

(A) 0 (B) 1

© -1 (D) 2

Assolid cylinder of mass 50 kg and radius (.5 mis free
to rotate about its axis which is horizontal. A string
is wound around the cylinder with one end attached
to it and other hanging freely. The tension in the
string required to produce an angular acceleration of
2 revs ™ in the cylinder is
(A) 785N

(C) 314N

~

(B) 157N
(D) 628N

A uniform cylindrical disc of radius R and mass
M is pulled over a horizontal frictionless surface
by a constant force. The force is applied by means
of a string wound around the disc as shown in the
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144.

145.

146.

figure. If it starts from rest at =0, the linear and
angular displacements respectively at time  are

F 2 F 2 F F . 2
(&) (MJ* '(M)‘ ®) (ﬁ]“(ﬁ]f

F\,( F )\, 2F ), ( 2F ),
€ (MJ* '(m} ©) (M} '[m]f

A cube is placed on a rough inclined plane of inclina-
tion @ as shown in figure. The coefficient of friction
between the cube and the plane is 4. If the angle 6 is
gradually increased, the cube slides before toppling
when

2]
1
(A) u<1 (B) ey
© u>1 (D) p>%

Assuming the centre of mass of a hemisphere to lie

at a height % from the base, the radius of gyration
of a solid hemisphere of mass M and radius R about

. . ) 3
an axis parallel to the diameter at a distance Z R from

this plane is given by

3R 5R
N o ®

5R 2
O% CRE

A particle moves in a circular path with decreasing

speed. Choose the correct statement

(A) Angular momentum remains constant

(B) Acceleration (i) is towards the centre

(C) Particle moves in a spiral path with decreasing
radius

(D) The direction of angular momentum remains
constant

147. A sphere of mass M and radius R moves on a hori-

zontal surface with a velocity V' and then climbs up
an inclined plane up to a height # where it stops. The
height upto which it rises will be

Or—v 0

(A) directly proportional to the square of the veloc-
ity and inversely proportional to the angle of the
inclination

(B) directly proportional to the velocity and
inversely proportional to its mass

(C) directly proportional to the square of and the
angle of the velocity and independent of mass
the inclination

(D) directly proportional to its velocity and inversely
proportional to the angle of the inclination

. The moment of inertia of the body about an axis

is 1.2 kgm®. Initially the body is at rest. In order
to produce a rotational kinetic energy of 1500], an
angular acceleration of 25 rads“must be applied
about the axis for the duration of

(A) 2s (B) 4s

Q) 8s (D) 10s

. A uniform rod of length [ is pivoted at point A. It is

struck by a horizontal force which delivers an impulse
| at a distance x from point A as shown in figure. The
impulse delivered by pivot is zero when x equals

A

lc_.
—— X

(B)

(D)

e |92 W~

. A particle of mass m is fixed to one end of a light

spring of force constant k and unstretched length 1.
The system is rotated about the other end of the
spring with an angular velocity @, in gravity free
space. The increase in length of the spring will be

w



ee

mle’ mle’”

A B

() = ®

l 2

©) e 5 (D) None of these

k+me
151. A uniform cube of side 2 and mass 1 rests on a rough

152.

153.

154.

horizontal surface. A horizontal force F is applied
normal to one face at a point that lies directly above

. a
the centre of the face at a height 1 above the centre.

The minimum value of F for which the cube begins
to topple above an edge without sliding is

1 1
(A) ng (B) Emg
© %mg (D) 2mg

The ratio of moment of inertia of the ring about an
axis passing through its rim and perpendicular to its
plane and that about its diameter is

(A) 1:4 (B) 4:1

) 1:2 (D) 2:1

A plank with a uniform sphere placed on it resting
on a smooth horizontal plane. Plank is pulled to right
by a constant force F. If sphere does not slip over the
plank. Which of the following is incorrect?

@

(A) Acceleration of the centre of sphere is less than
that of the plank

(B) Work done by friction acting on the sphere is
equal to its total kinetic energy

(C) Total kinetic energy of the system is equal to
work done by the force F

(D) None of the above

The uniform bar of length  and mass m is suspended
from a very thin axle that passes through a hole near
the top end A of the bar as shown. An impulsive blow
having magnitude P is applied at right angles to the
bar in order to start the bar rotating about A without
breaking the axle. For this

A

0
(9]
o~

155.

156.

157.
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(B) d=

(D) d=

W W~

A railway track is banked for a speed v, by making
the height of the outer rail /i higher than that of the
inner rail. The distance between the rails is d. The
radius of curvature of the track is r.

Of a wedge shown in figure the portion AB is rough
and BC is smooth. A solid cylinder rolls without slip-
ping from A to B. If AB=BC, then ratio of transla-
tional kinetic energy to rotational kinetic energy,
when the cylinder reaches the point C is

A

(A)

IR

(B)

© D) 5

w|ce L] w

A disc of radius R rolls on a horizontal ground with
linear acceleration # and angular acceleration o as
shown in figure. The magnitude of acceleration of
point P shown in figure at an instant when its linear
velocity is v and angular velocity is @ will be

ha), o

v,a

-

(A) ) B %

Q) Jrie? +1w! (D) ra

(a+r0:)2+

—_—
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158.

159.

160.

In both the cases, B is mid-point of A and C, while
all other factors are same, except that in Case (i) AB
is rough and BC is smooth while in Case (i) AB is
smooth and BC is rough. The kinetic energy of the
ball on reaching the bottom

Case (i) Case (i)

(A) is same in both the cases
(B) is greater in Case (i)

(C) is greater in Case (ii)

(D) None of these

A wheel of radius R rolls on the ground with a uni-
form velocity v. The relative acceleration of topmost
point of the wheel with respect to the bottommost
point is

v 2?
(A) i (B) =
v? 40?
© =R (D) =z

Two cylinders having radii 2R and R and moment
of inertias 4] and I about their central axes are sup-
ported by axles perpendicular to their planes. The
large cylinder is initially rotating clockwise with
angular velocity @,. The small cylinder is moved
to the right until it touches the large cylinder and
is made to rotate by the frictional force between the
two. Eventually slipping ceases and the two cylin-
ders rotate at constant rates in opposite directions.
The final angular velocity of the small cylinder is

41%1

(A) % B) o
) % D) 2

161.

162.

163.

164.

165.

A sphere S of mass M is given a finite angular veloc-
ity about a horizontal axis through its centre. Now it
is gently placed on a plank P of same mass. The coef-
ficient of friction between the two is  and the plank
rests on a smooth horizontal surface as shown. The
initial acceleration of the sphere relative to the plank
will be

(A) g ®) 2ug
© Zug (D) ZERO

Asolid cylinder R is free to rotate about its axis which
is horizontal. A string is wound around it and a mass
m is attached to its free end. When m falls through a
distance /1, its speed at that instant is proportional to

1
(A) R (B) R
(@] % (D) None of these

A wheel of mass 40 kg and radius of gyration 0.5 m
comes to rest from a speed of 1800 rpm in 30 s.
Assuming that the retardation is uniform, the value
of the retarding torque, in Nm, is

(A) 107 (B) 20m

(©) 307 (D) 407

A solid cylinder of mass M and radius R rolls down
the inclined plane from height i without slipping.
The speed of its centre of mass when it reaches the
bottom is

(&) 2gh

3 8
© \/E D)

A uniform rod AB of length L having mass m are
lying on a smooth table. A small particle of mass m
strikes the rod with a velocity v, at point C, a dis-
tance x from the centre O. The particle comes to rest
after collision. The value of x, so that point A of the
rod remains stationary just after collision is
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e
B
m
O—>Vy Cle i
X
o ¥
A
L L
A) — B) —
(A) 3 ®) -
L L
C - D) —
© 5 O
166. A wheel of radius r rolls without slipping with a

speed v on a horizontal road. When it is at a point A
on the road, a small blob of mud separates from the
wheel at its highest point and lands at point B on the

road
(B) AB=20 \F
8

(A) AB::')\[E

8

© AB:ilv‘jE (D) AB=SU\/E
g g

Amass M is moving with a constant velocity parallel
to the x-axis. Its angular momentum with respect to
the origin

(A) is zero
(C) increases

167.

(B) remains constant
(D) decreases

168. Abilliard ball of mass m and radius r, hit by a cue at
a height 1 above the centre, acquires a linear velocity

vp. The angular velocity @, acquired by the ball is

2u.h 5u,h
A) /0 B =
) 5 ®) 2r?

20,1 50,
)y =2 D) —/
© 5h ©) 2h

MULTIPLE CORRECT CHOICE TYPE QUESTIONS

169.

170.

171.
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A disc of radius r rolls without slipping on a rough
horizontal floor. If velocity of its centrerof mass is
0y, then velocity of point P at distance — such that
ZPOQ = 60° as shown in the figure is

Q

P
(A) 7, ® 2
© ”“f (D) v“f

A particle is projected with velocity v at an angle of
¢ with horizontal. The average angular velocity of
the particle from the point of projection to impact
equals

gcoso g
(&) do ®) vsing

g 8¢
© v ©) vsin g

A uniform stick of length F; and mass m lies on a
smooth table. It rotates with angular velocity @ about
an axis perpendicular to the table and passes through
one end of the stick. The angular momentum of the
stick about the end is

(A) mli*w (B) F,

© L+l

This section contains Multiple Correct Choice Type Questions. Each question has four choices (A), (B), (C) and (D), out of

which ONE OR MORE is/are correct.

1. The moment of inertia of a solid cylinder of massM,
length 2R and radius R about an axis passing through
the centre of mass and perpendicular to the axis of the
cylinder is I; and about an axis passing through one
end of the cylinder and perpendicular to the axis of
cylinder is I,

(A) I, -1, = MR* B) I,>1
I, 19 )
Q) *=— D) I,-1,=MR
L 12

The torque 7 on a body about a given point is found to
be Ax L where A is a constant vector and L is angular
momentum of the body about that point. From this it
follows that
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(A)
(B)

©)
(D)

dL :
Eis perpendicular to L at all instants of time.

the component of L in the direction of A does not
change with time.

the magnitude of L does not change with time.
Ldoes not change with time.

e e 0

Y
v

A triangular wedge ABC of mass m and sides 2a lies
on a smooth horizontal plane as shown. Three point
masses of mass m each strike the wedge at A, B and
C with speeds v as shown. After the collision, the
particles come to rest. Select the correct alternative(s).

B #
vi
m

(A) The centre of mass of ABC remains stationary
after collision
(B) The centre of mass of ABC moves with a velocity
v along x-axis after collision
(C) The triangular wedge rotates with an angular
2\/3mva

velocity @ = about its centre of mass

(here, I is the moment of inertia of triangular
wedge about its centroid axis perpendicular to its
plane)

(D) Apointlying at a distance of ( 2\/§Ima} from G on

perpendicular bisector of BC (below G) is at rest
just after collision

Figure shows a horizontal rod AB which is free to
rotate about two smooth bearing system. Two identi-
cal uniform rods each of mass m are attached to rod
AB. All the dimensions are given in the Figure. The
system is rotating with constant angular velocity  in
such a way that the upper rod is coming outward from
the plane of the paper in the position shown. Gravity
can be assumed to be absent in the experiment, then
choose the correct option(s).

(A) The hinge

reaction at A on the rod AB is

downward
(B) The hinge reaction at B on the rod AB is upward
(C) Thehingereactionat B on therod ABisdownward
(D) The angular momentum of the system about
point O is not along the rod AB.

A uniform bar of length 62 and mass 8m lies on a
smooth horizontal table. Two point masses m and
2m moving in the same horizontal plane with speeds
2v and v, respectively, strike the bar as shown in the
figure and stick to it after collision. Denoting angular
velocity (about the centre of mass), total energy and
the centre of mass velocity by o, E and V, respectively,
we have after collision

QmI !
a |
v I

¢ 0
|
I 2a 2v
¢ 6a m >
(A) V, =0 ®) 0=
5a
v 3mv’
C =— D) E=
© o=g (D) E==2

A particle of mass m is travelling with a constant
velocity 5:@0? along the line y=b, z=0. If dA be
the area swept out by the position vector from origin
to the particle in time dt and L be the magnitude of
angular momentum of particle about origin at any
time ¢. Then

(A) L +# constant

(B) L=constant

dA 2L
€ ==
dt m
dA L
0) ==
dt  2m

A sphere is rolling without slipping on a fixed horizon-
tal plane surface. In the figure, A is the point of contact,
B is the centre of the sphere and C is its topmost point.
Then,
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c
N\

Be —

A

A rod of length [ is balanced in a vertical plane by
applying a horizontal force F to its end lying on the
surface as shown in Figure.

The linear mass density of the rod varies with distance
r from the end lying on the surface as A(r) =(?—20]r,

where 1 is a positive constant. If the applied force

equals 4/3 times the weight of the rod and the rod only
translates, then select the correct option(s).
(A) 6=37°
(B) Acceleration of rod is &
A

(C) normal force is Y

(D) normal force is 1yg

Each of the three balls has a mass m and is welded
to the rigid equiangular from of negligible mass. The
assembly rests on a smooth horizontal surface. A force
F is suddenly applied to one bar as shown.

y
3
I
I

10.

11.

12.
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- 1F-
(A) Acceleration of point O is a = E—:.
mn

(B) Acceleration of point O is a= Ez
m

(C) The magnitude of angular acceleration of the

Fb

. 1
frameis o= ——
mr

(D) The magnitude of angular acceleration of the

. Fb
frameis ot = —-
mr

A body of mass m, radius R rolls on a horizontal sur-
face with linear velocity v as shown in Figure.

Y

P

If L, and L, be the magnitudes of the respective angu-
lar momenta of the body about centre of mass and the
point of contact P. Then

(A) L,=2L, for all cases

(B) L,=2L,, if radius of gyration K=R
(C) L;>2L,, if radius of gyration K < R
(D) L, >2L,, if radius of gyration K > R

A and B are two solid spheres of equal masses. A rolls
down an incline plane without slipping from a height
of 3 m. B falls vertically from the same height. Then on
reaching the ground

(A) A can do more work than B

(B) B can do more work than A

(C) both perform equal work

(D) both will have different linear speeds

A solid body rotates about a stationary axis so that its
angular velocity depends upon the rotation angle ¢
as = wy — a¢, where a and @, are positive constants.
Initially thatisat =0, ¢=0.

(A) ¢=2(1-¢)
a

(B) ¢="2(1+c")
a

C) o=ae™

D) o=w"
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13. Astring is wrapped over a uniform cylinder, as shown

14.

15.

16.

in Figure (side view). When cylinder is released, string
unwraps without any slipping and cylinder comes
down. Select the correct statements(s).

(A) Work done by tension force on the cylinder is
Zero.

(B) Work done by tension is negative

(C) Ratio of rotational kinetic energy and translational

N 1
kinetic energy is >

(D) Ratio of rotational kinetic energy to translational
kinetic energy is 2

The density of a rod AB increases linearly from A to B.
Its midpoint is O and its centre of mass is at C. Four
axes pass through A, B, O and C, all perpendicular to
the length of the rod. The moments of inertia of the rod
about these axes are I 4, I, I;; and I~ respectively

(A) 1,51,
© Io>Ic

(B) [y<Iy
D) Ip<Ic

A thin uniform rod of mass m and length [ is free to
rotate about its upper end. When it is at rest, it receives
an impulse | at its lowest point, normal to its length.
Immediately after impact

(A) the angular momentum of the rod is JI

(B) the angular velocity of the rod is 3—1[

m

2
(C) the kinetic energy of the rod is :;’L
m
(D) the linear velocity of the midpoint of the rod is
3]
2m

A disc of radius R rolls on a horizontal surface with
linear velocity v and angular velocity @. A point P on
the circumference of the disc at angle & shown has a
vertical velocity. Then,

17.

18.

(A) Hzﬂ"'sm_l[%) (B) Bzg—sin"l(iJ

Rw

©) 9=?T—C051[Ri] (D) 9=E+cosl(Ri)

CD @

Acylinder C of mass 8m is rolling without sliding over
two horizontal planks A and B having masses 2im and
m, moving with uniform velocities —vi and 2vi respec-
tively. Select the correct option(s).

(A) The instantaneous axis of rotation is located at a

distance of % below the topmost contact point.

(B) Angular velocity of the cylinder is ;—;

(C) Translational kinetic energy of the system is dmov’

(D) Kinetic energy of the system is %mv2

Auniform disc is rotating at a constant speed in a verti-

cal plane about a fixed horizontal axis passing through

the centre of the disc. A piece of the disc from its rim

detaches itself from the disc at the instant when it is at

horizontal level with the centre of the disc and moving

upward. Then about the fixed axis, the angular speed

of the

(A) remaining disc decreases

(B) remaining disc increases

(C) remaining disc stays constant

(D) broken away piece decreases initially and later
increases
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19.

20.

21.

22,

23.

A constant force F is applied at the top of a ring of mass
M and radius is R as shown. The angular momentum
of particle about point of contact at time ¢

F

24.

is constant

increases linearly with time
is 2FRt

decreases linearly with time

—_
—

—_

CIREEE

—

A particle moves in a circle of radius r with angular
velocity @. At some instant its velocity is ¥ and radius
vector with respect to centre of the circle is 7. At this
particular instant centripetal acceleration d. of the
particle is

(A) 1xa

(C) ox(Fx®) (D) @x(@x7)

A disc rolls without slipping in the absence any exter-
nal force on a

(A) rough inclined plane

(B) smooth inclined plane

(C) rough horizontal surface

(D) smooth horizontal surface

A pan containing a layer of uniform thickness of ice is
placed on a circular turntable with its centre coinciding
with the centre of the turntable. The turntable is now
rotated at a constant angular velocity about a vertical
axis passing through its centre and the driving torque
is withdrawn. There is no friction between the table and
the pivot. The pan rotates with the table. As the ice melts
(A) the angular velocity of system increases

(B) the angular velocity of system decreases

(C) the angular velocity remains unchanged

(D) the moment of inertia of system increases

Asolid cylinder of mass M and radius R is rolled hor-
izontally on a rough surface as shown in the figure.
Choose the correct alternative(s)

Rough

(A) The acceleration of the centre of mass is %

(B) The acceleration of the centre of mass is %ﬁ

25.

26.
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(C) The friction force on the cylinder acts backward
(D) The magnitude of the friction force is g

A spool of wire rests on a horizontal surface as shown
in figure. As the wire is pulled, the spool does not slip
at contact point P. On separate trials, each one of the

forces Fy, F,, F; and F; is applied to the spool. For each
one of these forces the spool

Fs F,

),

P

1

(A) will rotate anticlockwise if F, is applied
(B) will rotate anticlockwise if F; is applied
(C) will rotate clockwise if F, is applied
(D) will not rotate if F, is applied

Arod of length [ is standing vertically on a frictionless
surface. It is disturbed slightly from this position. Let
@ and « be the angular speed and angular acceleration
of the rod when the rod turns through an angle 6 with
the vertical. If the speed of the centre of mass is v and
the value of acceleration of centre of mass of the rod is
a, then

2
(A) a= [Esin9+ Iicosﬂ
2 2

2

(B) a= !isinﬁ'ﬂ- lEcosQ
2 2

C) v= lr?wcost’:?

(D) v= lr?wsint?

In the figure the blocks have unequal masses n7; and
my (1 >my, ). m; has a downward acceleration a. The
pulley P has a radius R, and some mass. The string
does not slip on the pulley

P

=]
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27.

28.

29.

(A) thetwosections of the string have unequal tensions

(B) the two blocks have accelerations of equal
magnitude .

(C) the angular acceleration of P is —

(D) a<[ujg

my + 1y

A solid sphere of radius R is rolled by a force F acting
at the top of the sphere as shown in the figure. There is
no slipping and initially sphere is in the rest position
then

Rough

(A) work done by force F when the centre of mass
moves a distance S is 2FS

(B) speed of centre of mass (CM) when CM moves a

distance S is 4(@
7M

(C) work done by the force F when CM moves a dis-
tance S is FS

(D) speed of the CM when CM moves a distance S is
faFs
M

If a circular concentric hole is made in a disc, then
about an axis passing through the centre of the disc
and perpendicular to its plane the

(A) radius of gyration increases

(B) radius of gyration decreases

(C) moment of inertia increases

(D) moment of inertia decreases

The moment of inertia of a thin square plate ABCD of
uniform thickness about an axis passing through the
centre O and perpendicular to the plate is

4 1
A D
o |3
B C
2
(A) L+]1, (B) I;+1,
Q) L+, D) L+L+1;+],

30.

31.

32.

Adisc of mass M and radius R moves in the x-y plane
as shown in the figure. The angular momentum of the
disc at the instant shown is

y
A
v=0R
e
31?
0 B "X
le—— 4R —»
MR? 7MR?
) MRO b outo (B) 9 about O
2
©) MR ot 4 (D) 4MR*w about A

A horizontal force F acts on one side of a hexagonal
body that lies on a horizontal rough surface as shown
in Figure. Select the correct statement(s).

F
a

(A) For toppling, the minimum value of coefficient of
1
friction is —=.
23

(B) For toppling, the minimum value of coefficient of

L. 2
friction is —.

V3
, mg
C) If u=2u,,, and applied force F=—=,
©) If u=2u PP 5

angular acceleration of the body is 16?8

a

then

(D) If u=2u,;, and applied force F=%, then

angular acceleration of the body is 2_3’
a

The end B of the rod AB which makes angle 8 with
the floor is being pulled with a constant velocity v, as
shown. The length of the rod is I. At the instant when
0=237°, the

X

o] B



33.

34.

35.

36.
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(A) velocity of end A is constant

4
(B) velocity of end A is gf’o downwards
(C) angular velocity of rod is constant

(D) angular velocity of rod is gvT“

Four particles each of mass m are placed at four corners
of a square ABCD of side a. If the point O happens to
be the centre of the square, then the moment of inertia
of all four particles about an axis passing through

(A) A and Bis 2ma’

(B) A and C is ma”
(C) O and perpendicular to plane of square is 21ma’
D)

(D) O and parallel to CD is ma

In pure rolling, the fraction of total energy associated
with rotation is ¢ for a ring and f for a solid sphere.
Then

(B) a=

D) p=

NN | =

A spool of wire rests on a horizontal surface as shown
in Figure.

As the wire is pulled, the spool does not slip at contact

point P. On separate trials, each one of the forces F,

E, F; and Fj is applied to the spool. The direction of

friction force is

(A) towards left if F, is applied

(B) towards left if F, is applied

(C) towards right if F; is applied

(D) may be right or left or friction may be zero if F, is
applied

A student holds the axle of a spinning bicycle wheel
while seated on a pivoted stool. The student and the
stool are initially at rest while the wheel is spinning
in a horizontal plane with an angular momentum

37.

38.

39.
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Lo pointing upward. The wheel is inverted about its

centre by180°.

(A) The angular momentum of the system is
conserved.

(B) The angular momentum of the system is not
conserved.

(C) The final angular momentum of student plus
stool will be2Lo.

(D) The final angular momentum of student plus
stool will be zero.

Which of the following statement(s) is/are correct for

a spherical body rolling without slipping on a rough

horizontal surface at rest?

(A) The speed of some of the point(s) is (are) zero

(B) The acceleration of a point in contact with ground
is zero

(C) Work done by friction may or may not be zero

(D) Friction force may or may not be zero

A ring rolls without slipping on a horizontal surface.
At any instant, its position is as shown in the figure

m/'B

-— -y

D

(A) section ABC has greater kinetic energy than
section ADC

(B) section BC has greater kinetic energy than section
CD

(C) section BC has the same kinetic energy as section
DA

(D) the section AB, BC, CD and DA have the same
kinetic energy

A particle of mass m is projected with velocity v making
an angle of 45° with the horizontal. The magnitude of
angular momentum of the projectile about point of
projection when the particle is at maximum height /1 is

(A) ZERO

ﬂ103

(B) @

3

mo
© T

(D) m\ﬂ2gh3
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40.

41.

42,

Two forces F; and F; are acting on a rod abc as shown
in figure. Select the correct statement(s).

F;
A

A) If F#F, thent, #1, #7.
B) If FF#F, thent,=17.#1,
C) If F, =, then 7, = 7, = 7_ (for both the forces)

(
(
(
(D) If F=F,thent, =1 #71,

A horizontal disc rotates freely about a vertical axis

through its centre. A ring, having the same mass

and radius as the disc, is now gently placed on the

disc. After some time, the two rotate with a common

angular velocity

(A) some friction exists between the disc and the ring.

(B) the angular momentum of the ‘disc plus ring’ is
conserved. )

(C) the final common angular velocity is — times
initial angular velocity of the disc.

(D) % times the initial kinetic energy changes to heat.

A uniform rod of mass M and length L is held
vertically on a smooth horizontal surface. When the
rod is released, choose the correct alternative(s).

M

(A) The centre of mass of the rod accelerates in the
vertical direction

(B) Initially, the magnitude of the normal reaction is
Mg

(C) When the rod becomes just horizontal, the magni-

M

tude of the normal reaction becomes Tg

(D) When the rod becomes just horizontal, the magni-

M
tude of the normal reaction becomes Tg

43.

44,

A force F is applied on the plank such that the hollow
hemispherical shell of mass 1 =5 kg is in equilibrium
as shown in Figure.

0=237°

M m_—F

The coefficient of friction u between hemispherical
shell and plank is same as between plank and ground.
Friction is just sufficient to prevent the slipping. Taking
¢=10 ms 2, select the correct statement(s).

(A) Minimum coefficient of friction to prevent

S 1
slipping is dmin =

(B) Minimum coefficient of friction to prevent

o 1
slipping is tf;, = 2

(C) Acceleration of plank is 10 ms
(D) Magnitude of applied force is 100 N
A particle of mass 2 kg is attached to a string of length

1m, moves in a horizontal circle just like a conical
pendulum. The string makes an angle 6 = 30" with the

vertical. Select the correct alternative(s) ( g=10 ms > ]

P

———
-

—_———
-

O o o = -

~
T

(A) The vertical component of angular momentum
of mass about the point of support P is approxi-
mately 1.7 kgm?s ™.

(B) The horizontal component of angular momentum
of mass about the point of support P is approxi-

mately 2.9 kgm®s™" .

(C) Magnitude of i—i, where L is the angular momen-

tum of mass about point of support P, is approxi-
mately 10 kgm’s .

D) 7= i—f will not hold good in this case.
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This section contains Reasoning type questions, each having four choices (A), (B), (C) and (D) out of which ONLY ONE is
correct. Each question contains STATEMENT 1 and STATEMENT 2. You have to mark your answer as

Bubble (A) If both statements are TRUE and STATEMENT 2 is the correct explanation of STATEMENT 1.
Bubble (B) If both statements are TRUE but STATEMENT 2 is not the correct explanation of STATEMENT 1.
Bubble (C) If STATEMENT 1 is TRUE and STATEMENT 2 is FALSE.

Bubble (D) If STATEMENT 1 is FALSE but STATEMENT 2 is TRUE.

1.

Statement-1: If earth shrink (without change in mass)
to half it’s present size. Length of the day would
become 6 hours.
Statement-2: As size of earth changes its moment of
inertia changes.

Statement-1: A ring moving down on a smooth
inclined plane will be in slipping motion.
Statement-2: Work done by friction in pure rolling
motion is zero.

Statement-1: A non-uniform sphere is placed such
that its centre is at the origin of coordinate system. If
[, and I, be moment of inertia about x-axis and y-axis
respectively then moment of inertia about z-axis is
L +1,

Statement-2: According to perpendicular axis theory
I, =1, +1I, when object is lying in x-y plane.

Statement-1: A sphere is performing pure rolling
on a rough horizontal surface with constant angular
velocity. Frictional force acting on the sphere is zero.
Statement-2: Velocity of contact point is zero.

Statement-1: If momentum of system is zero than
kinetic energy must be zero.

Statement-2: If kinetic energy of system is zero than
momentum must be zero.

Statement-1: A ladders is more likely to slip when a
person is near the top than when he is near the bottom.
Statement-2: The friction between the ladder and floor
decreases as he climbs up.

Statement-1: If rod is thrown upward with initial
angular velocity and velocity of centre of mass then its
momentum changes but angular velocity remains same.
Statement-2: Torque on rod about centre of mass due
to gravitational force is zero.

Statement-1: The mass of a body cannot be considered
to be concentrated at the centre of mass of the body for
the purpose of computing its moment of inertia.
Statement-2: For then the moment of inertia of every-
body about an axis passing through its centre of mass
would be zero.

9.

10.

11.

12.

13.

14.

Statement-1: A disc is rolling on a rough horizontal
surface. The instantaneous speed of the point of contact
during perfect rolling is zero with respect to ground.
Statement-2: The force of friction can help in achieving
pure rolling condition.

Statement-1: A solid sphere rolling on a rough hori-
zontal surface. Acceleration of contact point is zero.
Statement-2: A solid sphere can roll on the smooth
surface.

Statement-1: A disc is rolling on an inclined plane
without slipping. The velocity of centre of mass is V.
These other points on the disc lie on a circular arc
having same speed as centre of mass.

Statement-2: When a disc is rolling on an inclined plane.
The magnitude of velocities of all the point from the
contact point is same, having distance equal to radius r.

Statement-1: The velocity of a body at the bottom of an
inclined place of given height, is more when it slides
down the plane, compared to, when it rolling down
the same plane.

Statement-2: In rolling down, a body acquires both,
kinetic energy of translation and rotation.

Statement-1: The force of friction in the case of a disc
rolling without slipping down on inclined plane is

! sing
— 1] .
38

Statement-2: When the disc rolls without slipping,
friction is required because for rolling condition
velocity of point of contact is zero.

Statement-1: A horizontal force F is applied such that
the block remains stationary because N will produce
torque.

Statement-2: The torque produced by friction force is
equal and opposite the torque produce due to normal
reaction (N).

t,
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15. Statement-1: When a diver dives, the rotational kinetic
energy of diver increases, during several somersaults.

of inertia decreases and on account of conservation of
angular momentum his angular speed increases.

Statement-2: When diver pulls his limbs, the moment

LINKED COMPREHENSION TYPE QUESTIONS

This section contains Linked Comprehension Type Questions or Paragraph based Questions. Each set consists of a Paragraph
followed by questions. Each question has four choices (A), (B), (C) and (D), out of which only one is correct. (For the sake of

competitiveness there may be a few questions that may have more than one correct options)

Comprehension |

A uniform rod AB of mass 3m and length 4/, which is free
to turn in a vertical plane about a smooth horizontal axis
through A, is released from rest from the horizontal posi-
tion. When the rod first becomes vertical, a point C of the
rod, where AC = 3, strikes a fixed peg. In Situation-I, for
an impulse |, exerted by the peg on the rod, the rod is
brought to rest by the peg. However, in Situation- II, for an
impulse |, exerted by the peg on the rod, the rod rebounds
and next comes to instantaneous rest when inclined to the

1
downward vertical at an angle of — radian. Based on above

information, answer the following questions.

1. The value of J; in Situation-I is
m
(&) my3gl ®) <3l

18! gl
C) 8m, | D) 3m,|>
(©) 8my (D) 3m, 2
2. The value of ], in Situation-II is

(A) m %’ () 4m(ﬁ+1)\@

©) 2m(\/§+])\]§ (D) 4m\/§

Comprehension 2

When a body is hinged at a point and a force is acting on
the body, in such a way that the line of action of force is at
some distance from the hinged point, the body will start
rotating about the hinged point. The angular acceleration
of the body can be calculated by finding the torque of that
force about the hinged point. A disc of mass m and radius R
is hinged at point A atits bottom and is free to rotate in the
vertical plane. A force of magnitude F is acting on the ring
at the top most point. Based on above information, answer
the following questions.

F

A

3. Tangential acceleration of centre of mass is

) ® —
4m m
2F AF

© 3m (©) 3m

4. The component of reaction at hinge in vertical direction
is

(A) %mg (B) mg
mg 2
© = @) 3mg

5. Component of reaction at hinge in horizontal direction
is

(A) (B) F

WM =™

© D)

b |

Comprehension 3

A uniform rod AB of mass 3m and length 21 is lying at rest
on a smooth horizontal table with a smooth vertical axis
through the end A. A particle of mass 2m moves with
speed 2u across the table and strikes the rod at its midpoint
C. In Situation-I, the particle strikes the rod normally, the
impact is perfectly elastic such that the speed of the particle
after impact is v;. In Situation-II, the particle strikes the rod
such that its path before impact is inclined at 60° to AC,
the impact is still perfectly elastic such that the speed of
the particle after impact is v,. Based on above information,
answer the following questions.
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6. The value of v, in Situation-I is

(A) u (B) 5
2u u
(©) 3 (D) 1
7.  The value of v, in Situation-IT is
u 2u
(A) 5 (B) 5
u 3u
(©) ;i (D) ;1

Comprehension 4

A long horizontal plank of mass m is lying on a smooth
horizontal surface. A sphere of same mass m and radius
r is spinned about its own axis with angular velocity o,
and gently placed on the plank. The coefficient of friction
between the plank and the sphere is 1. After some time,
the pure rolling of the sphere on the plank starts. Based on
above information, answer the following questions.

8. The time f at which the pure rolling begins is

(A) 1@, B 2ray
oug oug
©) ray D) 2ray
3ug HE

9. The velocity of the sphere, after the pure rolling begins
is

() %rwo ® o
SR ) o,

10. The displacement of the plank, till the sphere starts
pure rolling is

() L B (o
8lug 27\ ug
81{ kg 81 ug

Comprehension 5

A thin uniform bar lies on a frictionless horizontal surface
and is free to move in any way on the surface. Its mass is

0.16 kg and length is 3 m. Two particles, each of mass
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0.08 kg are moving on the same surface and towards the bar
in a direction perpendicular to the bar one with a velocity
of 10 ms™, and the other with 6 ms™, as shown in figure.
The first particle strikes the bar at points A and the other
point B. Points A and B are at a distance of 0.5 m from the
centre of the bar. The particles strike the bar at the same
instant of time and stick to the bar on collision. Based on
above information, answer the following questions.

10 ms™ [
O A
6 ms!
————————— B

11.  The velocity of the centre of mass of system, just after

impact is
(A) 1ms™ (B) 2ms™
(C) 3ms™ (D) 4 ms™
12. The angular velocity of the system, just after impact is
(A) 8rads™ (B) 4 rads™
(C) 2rads’ (D) lrads’

13. The loss of kinetic energy of the system in the above
collision process is
(A) 1.72]
(C) 3.36]

(B) 2.72]
(D) 4.36]

Comprehension 6

A uniform disk of mass M and radius R is pivoted so that
it can rotate freely about a horizontal axis through its centre
and perpendicular to the plane of the disk. A small particle
of mass m, the half of the mass of the disc, is attached to
the rim of the disk at the top directly above the pivot. The
system is given a gentle start and the disk begins to rotate
about O. Based on above information, answer the follow-
ing questions.

14. The angular velocity of the disk when the particle is at

its lowest point is
38
B
®) R

g
(A) VR

% IS
© 3 ®) g

15. At the lowest point, the force that must be exerted by
the disc on the particle to keep it on the disk is

Mg 20
® 5 ® =
© M ) M

3 2
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Comprehension 7

Auniformrod of mass 2 kg and length /is suspended by two
smooth hinges A and B as shown in figure. A force F =4 N

is applied downwards at a distance 1 from hinge B. Due to

the application of this force F, the hinge B breaks. At this
instant, applied force F is also removed. The rod starts to
rotate downward about hinge A. Take ¢ =10 ms ”. Based
on above information, answer the following questions.

D)} [) (e
A l B
F=4N

16. The reaction at hinge A, before hinge B breaks, is

(A) 10N (B) 1IN
(C) 12N (D) 24N
17. The reaction at hinge A, just after hinge B breaks is
(A) 35N (B) 25N
(C) 15N (D) 5N

18. The acceleration of the end point of rod having small
mass dm when the rod becomes vertical is
(A) 100 ms™ (B) 20ms™
(C) 30 ms™ (D) 40ms™

Comprehension 8

A vertically oriented uniform heavy rod of mass M and
length L can rotate about its upper end hinged to a rigid
support. A fast moving light ball of mass m strikes the
lower end of the rod with velocity u and sticks to it, as a
result of which the rod swings through an angle 6. Based
on above information, answer the following questions.

19. The angular velocity of the system just after impact is

mu Mu
A) —— B) —
&) 3ML ®) 3mL
3mi 3Mu
i D) ==
(©) ML (D) mL

20. The velocity, u of the ball is

MlgL,(e] m [2 _(9)

e e = B) — [ZoL el

(A) " 3sm2 (B) 3g sm2
M |2 m

(@] . ggLsin(gJ (D) M gLsin[g]

21. The momentum change in the ball-rod system during

the impact
(A) m %sin(g) (B) nz@sin(%}

(D) MJgE sin(g)

(C) mygL cos(i)

22. Thedistance x from the upper end of the rod where the
ball must strike the rod such that the momentum of the
ball + rod system remains constant during the impact is

L L
A 3 ® -

2L L
© @) 2

Comprehension 9

Moment of inertia of a straight wire about an axis perpen-
dicular to the wire and passing through one of its end is I.
This wire is now framed into a circle (a ring) of single turn.
The moment of inertia of this ring about an axis passing
through centre and normal to its plane is I;. Now the same
wire is bent into a ring of two turns and the moment of
inertia about an axis passing through the ring normal to
its plane is I,. Based on above information, answer the
following questions.

23. The value of I, is
.
A) | = |I
® ()

o ()

24, Thevalue of I, is

2
w (5}
ol o)

Comprehension 10

A fixed wedge has two semi-circular tracks of radius R, and
R,, such that R; = 2R,. The track of radius R, is frictionless.
A small block of mass m is held on the top of the larger
track. A spherical ball of radius r(< R, ) is held on the top
of the other track. Both the block and the ball are released
simultaneously. Friction in the track containing the ball is
large enough to avoid slipping of the ball. Based on above
information, answer the following questions.

25. Out of the block and the ball,
(A) the block reaches the bottom of the track first.
(B) the ball reaches the bottom of the track first.
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(C) bothreach the bottom of the track simultaneously.

(D) it is difficult to arrive at a conclusion, because
some vital information is not provided in the
paragraph.

26. Assuming the block and the ball to reach the bottom of
their respective tracks simultaneously, then the ratio

&is

RZ

(A) % (B) ;
7 9

(@) 5 (D) 5

Comprehension ||

The angular momentum of a flywheel having a moment of
inertia of 0.4 kgm® decreases from 3 kgm’s ' to 2 kgm’s '
ina period of 2 second. Based on above information, answer
the following questions.

27. The average torque acting on the flywheel during this

period is
(A) 10 Nm (B) 2.5Nm
(C) 0.5Nm (D) 5Nm

28. If the angular acceleration is uniform, the number of
revolutions the flywheel would have turned in that
interval is
(A) 2 (B) 4
(€ 12 (D) 6

29. The work done is
(A) 3.125Nm
(B) 125Nm
(C) 62.5Nm
(D) 6.25 Nm

Comprehension 12

A rod of mass m and length | in placed on a smooth hori-
zontal table. A particle of same mass m strikes the rod with
velocity v in a direction perpendicular to the rod at distance

i
x(< E) from its centre and sticks to the rod. Let @ be the

angular speed of system just after collision, then based on
above information, answer the following questions.

30. When x is increased from 0 to é, the angular speed @

will first decrease and then increase
will first increase and then decrease
will continuously increase
will continuously decrease

S0=>
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31. Assume that the particle is still sticking to the rod, the
maximum possible value of impulse obtained by varying
x, that can be imparted to the particle during collision is

mo 2my
A) —L B 0
() = ®) =
3my dmv
C 0 D 0
©) 1 (D) 5

Comprehension 13

A solid sphere is kept over a smooth surface as shown in
figure. It is hit by a cue at height /1 above the centre C. In

R
case 1, h =§ and in case 2, h = 5 Suppose in case 1 the
sphere acquires a total kinetic energy K; and in case 2 total

kinetic energy is K.

e

[

Assuming that in both the cases the sphere is hit by the
same impulse, answer the following questions.

32. The appropriate comparison relation between K, and

K;is
(A) Ki=K; (B) Ki>K,
€) K, <K, (D) data insufficient

33. If the surface is rough, then after hitting the sphere, in
which case the force of friction is in forward direction.
(A) Incasel (B) Incase?
(C) Inboth the cases (D) Innone of the cases

Comprehension 14

An L shaped frame is free to rotate in a vertical plane about
a horizontal axis passing through a smooth hinge O. Each
side of the frame has a length L and mass m. The frame is let
to fall with one side horizontal and the other vertical. Based
on above information, answer the following questions.

Br
A (C.) T
L2
'
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34. The angular acceleration of the frame just after it is
allowed to fall is

dg 9_g
@) 3 ® o
£ 38
(©) o (D) "

35. The speed of the end A with which it strikes the

ground is
(B) 2,/sL

(A) 11/gL
(C) 32,/sL (D) 3L

Comprehension 15

Three particles A, B and C, each of mass 1, are connected
to each other by three massless rigid rods to form a rigid,
equilateral triangular body of side /. This body is placed on
a horizontal frictionless table (x-y plane ) and is hinged to it
at the point A so that it can move without friction about the
vertical axis through A (see figure). The body is set into rota-
tional motion on the table about A with a constant angular
velocity w. At time T, when the side BC is parallel to the
x-axis, a force F is applied on B along BC (as shown). Based
on above information, answer the following questions.

36. The magnitude of the horizontal force exerted by the
hinge on the body is

(A) mla (B) ”’j‘gz
12
Q) 3mla? (D) ’”I;’

37. The x-component of force exerted by the hinge on the
body immediately after time T is

(A) —,along x-axis
(B) —, along negative x-axis
©

, along x-axis

(D) —, along negative x-axis

e e T B B C N e o B A R |

38. The y-component of the force exerted by the hinge on
the body immediately after time T is

(A) mlo? (B) "”‘\7_;2
2
©) Bmla? o "2

Comprehension 16

In the arrangement shown, F =10 N,R=1m, M =2 kg and
moment of inertia of the body about an axis passing through
O and perpendicular to plane of body is I = 4 kgm”. O is
the centre of mass of the body. If the ground is smooth, the
kinetic energy of the body at f =2 s is K;. However, when
the ground is sufficiently rough the kinetic energy of the
body at t =6 s is K,. Based on above information, answer

the following questions.
| B F

F

39. The value K, equals

(A) 25] (B) 50]

©) 75] (D) 100]
40. The value K, equals

(A) 10.33] (B) 250]

(C) 16.67] (D) 150]

Comprehension 17

A solid sphere of mass m, radius R is rolling without
slipping on rough horizontal surface as shown in figure.
It collides elastically with another identical sphere at rest.
There is no friction between the two spheres.

Based on above information, answer the following
questions.

41. Linear velocity of first sphere after it again starts roll-

ing without slipping is
2 2
A) =R B) -R
(4) ZRe (B) ZRo
7 7
C) —Rw D) —Rw
© % ) <
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42. The net angular impulse imparted to the second
sphere by the external forces is

(A) %va (B) gva
2 7

C) =mouR D) —mouR

(@) e (D) T

Comprehension 18

On an inclined planeAB of length 5 m, a body is released
from the point A. Assuming friction to be sufficient enough
for pure rolling to take place, answer the following questions.

A

0=30"~8

43. The maximum time which a body (that is capable of
rolling) can take to reach the bottom is
(A) 8s (B) 6s
(€) 4s (D) 2s

44. If four bodies like ring, disc, solid sphere and hollow
sphere (all having identical mass, radius and coef-
ficient of friction) are taken and the angle 6 is now
gradually increased, then the body that will be the first
to start slipping is
(A) Ring
(C) Solid sphere

(B) Disc
(D) Hollow sphere

Comprehension 19

A thin rod AB of mass M, length a has a variable mass per

unit length pola+x)
a

, where x is the distance measured from

the endA of the rod and p; is a constant. The rod is freely
pivoted at A and is hanging in equilibrium when it is struck
by a horizontal impulse of magnitude | at the point B. Based
on above information, answer the following questions.

45. The total mass M of the rod is

(A) 2ap, (B) apy
apy 3ap
© = D) =

46. The centre of mass of the rod is at the point at distance
from the end A given by

a a
(A) 5 (B) 3

5a 2a
© . (D) .
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47. The moment of inertia of the rod about an axis passing
through A and perpendicular to AB is

7Ma® 5Ma’
A B
(A) T (B) T
1Ma? 1Ma*
C D
(@) 5 (D) T

48. If on the application of impulse, the end B passes
through a point vertically above A, then the minimum
value of | is

(A) %,f%ag (B) %,W(Jag
(@) %,{30@ (D) %JSOHg

Comprehension 20

In the diagram shown, a plank of mass 1 is lying at rest on
a smooth horizontal surface. A disc of same mass m and
radius r is rotated to an angular speed @, and then gently
placed on the plank. It is found that finally slipping ceases
and 50% of the total kinetic energy of the system is lost.
Assume that the plank is long enough and the coefficient
of friction between disc and plank is . Based on above
information, answer the following questions.

m,r

49. The final velocity of the plank is

o Ty
(A) = (B) 710
ray ray
© ) D) 210

50. Time when slipping ceases is

1@, ra),
A 0 B 0
W ® o
Ta, ro,
C) —~ D :
© )

51. Magnitude of the change in angular momentum of the
disc about center of mass of the disc is
3 5 3
A) —mreo, B) —mr<w
(A) 4 o (B) 3 o

(C) zErO (D) %mrzmo
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52. Distance moved by the plank from the placing of disc
on the plank till the slipping ceases between disc and
plank is

(A) rzwoz (B) ?‘20) 2
l6ug Bug

€ Lo o) Lo
32ug 200ug

Comprehension 21

A rod AB of length 2 m and mass 2 kg is lying on smooth
horizontal x-y plane with its centre at origin O as shown
figure. An impulse | of magnitude 10 Ns is applied perpen-
dicular to AB at A. Based on above information, answer the
following questions.

Fom——

53. The distance of point P from centre of the rod which is
at rest just after the impact is

1 1
1 2
(©) 3 m (D) 3 m

54. Co-ordinates of point A of the rod after time f = Zs
will be ®

o 1o
o [0
o (2)e 2

o521

9 2 2

Comprehension 22

Onaroughinclined plane of inclination 45°, a block of mass
n and a cylinder of mass 2m are released. The coefficient of
friction between all the surfaces of contact is 0.5. Based on
above information, answer the following questions.

45°

55. The acceleration of the block and the cylinder when
both move separately is

s 8 8 &
SR IEN N ® 7%
()J_g g D) LL

322 232

56. The acceleration of the block and the cylinder when
both move together is

58 3¢
(A) ;1 (B) 52
() 58 (D) 38
V2 V2

Comprehension 23

A uniform disc of mass M =2.5 kg and radius R=0.2 m is
mounted onanaxle supported on fixed frictionless bearings.
Alight cord wrapped around the rim is pulled with a force
5 N. On the same system of pulley and string instead of
pulling it down, a body of weight 5 N is suspended. If the
first process is termed A and the second B.

5N (Pull

mg:SN

(Al [B]
Based on above information, answer the following questions.

57. The tangential acceleration will be
(A) equal in the processes A and B
(B) greater in process A than in B
(C) greater in process B than in A
(D) independent of the two processes

58. The mechanical energy is conserved
(A) inboth A and B
(B) in Bonly
(C) in A only
(D) neither in A nor in B
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Comprehension 24

Aplank of length 40 m and mass 2 kg is kept on a horizon-
tal frictionless surface. A cylinder of mass 2 kg is placed
on the plank. The coefficient of friction between the two
surfaces is p=0.1. Plank is suddenly given a velocity
p=10ms™ towards left. Based on above information,
answer the following questions.

2 kg

[ 12 kg
/=40 m

59. Initially the acceleration of point of contact with

respect to the plank is

(A) 2ms™ (B) 1ms™

(C) 4ms™ (D) 6ms™
60. The time after which pure rolling starts is

(A) 2s (B) 2.5s

(C) 35s (D) 45s

61. The time after which the plank and cylinder separates
(A) 6755 (B) 4s
(C) 3.25s (D) 5255

Comprehension 25

A disc of mass 10 kg and radius 1 m is set into pure rolling
on a rough horizontal surface as shown in the figure. At a
particular instant, point P (figure) which is at a distance

% from the centre O is found to have a speed of 2 ms™

and acceleration of 10 ms™. Based on above information,
answer the following questions.

62. Acceleration of the centre of mass of the disc is
(A) 4ms? (B) 8ms”

(C) 12ms™ (D) 20 ms™

63. If a horizontal force F, applied at g from the centre (as

shown in the figure) causes this motion, the value of
Fis

(A) zErO
(C) 120N

(B) 60N
(D) 200N

Chapter 3: Rotational Dynamics 3.163

Comprehension 26

Asolid sphere of radius 1 m and mass 2 kg has linear velocity
vp=4ms ' and angular velocity @, =9 rads ' as shown.
The ground on which it is moving, is smooth. It collides elas-
tically with a rough wall of coefficient of friction x. Based on
above information, answer the following questions.

Wy

)

64. If the sphere after colliding with the wall rolls without
slipping in opposite direction, then

1 1
A =— B = —
(A) u 1 (B) u 3
1 2
C) u=- D) u==
Q) u 5 D) u 3
65. The net linear impulse imparted by the wall on the
sphere during impact is
(A) V32 Ns (B) 45 Ns
(C) 4417 Ns (D) 15v2 Ns

Comprehension 27

The radius of a wheel is R and its radius of gyration about
its axis passing through its center and perpendicular to its
plane is K. If the wheel is rolling without slipping. Based on
above information, answer the following questions.

66. The ratio of its rotational kinetic energy to its transla-
tional kinetic energy is

K2 R?

(A) z (B) &

R? K?
C) —— D) ——
© R2+K? ©) R?+K?

67. Theratio of the rotational kinetic energy to total kinetic

energy is

K? R?
A) —— B) ———
*) RP+K2 ) R*+K?

1
C) —— D) None of these
©) i (D)

68. The ratio of the translational kinetic energy to the total
kinetic energy is

K? R?
A) —— B) ——
() R*>+K? ®) R>+K?
(@) ! (D) None of these

RZ+ K2
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Comprehension 28

A wedge of mass 4m is placed at rest on a smooth horizon-
tal surface. A uniform solid sphere of mass m and radius r
is placed at rest on the flat portion of the wedge at the point
Q as shown in the figure. A sharp horizontal impulse P is
given to the sphere at a point below /i = 0.4r from the center
of the sphere. The radius of curvature of the curved portion
of the wedge is R. Coefficient of friction to the left side of
point Q is u and to the right side of point Q is zero. Based
on above information, answer the following questions.

ey

Q 4m

69. The maximum height to which the center of mass of the
sphere will climb on the curved portion of the wedge is

2 2
(A) 2P2 B P;_
Smg 5m°g
2
© P (D) None of these
2
2m°g

70. Kinetic energy of the system when sphere is at the
highest point is

P? p?
A) — B) —
(&) 10m ®) 5m
3p? 3p?
- D) ——
© 10m ) 5m

Comprehension 29

A rod of mass 4 kg, length 2 m is kept vertically inside a
smooth spherical shell of radius 2 m. The rod starts slip-
ping inside the shell. Based on above information, answer
the following questions.

71. Angular speed of the rod (in rads™) in the position
when it becomes horizontal is

(A) 32
€) 68

(B) 46
(D) 7.2

72. Velocity of centre of mass of the rod (in ms™) at this
instant is approximately
(A) 47
(©) 62

(B) 55
(D) 102

Comprehension 30

A disc of mass m and radius R is placed over a plank of
same mass 1. There is sufficient friction between disc and
plank to prevent slipping. A force F is applied at the centre
of the disc. Based on above information, answer the follow-
ing questions.

smooth

73. Acceleration of the plank is

F 3F
A) — B) —
B) 1 ® 4.
F 3F
0 — D) —
© 2m ©) 2m
74. Acceleration of the disc is
F F
A) — B) —
B o ® -
3F
© — D) F
4m
75. The angular acceleration of the disc is
F F
A) — B) —
A) mR (B) 2mR
3F 3F
) — D) —
© 2mR ©) mR
76. Force of friction between the disc and the plank is
F F
A) — B) —
® 5 ® 3
F 2F
C - D) —
© 0) 5

Comprehension 31

A uniform rod AB of mass 3m and length 2/ is free to turn
in a vertical plane about a smooth horizontal axis through
A. A particle of mass m is attached to the rod at B. When
the rod is hanging in equilibrium, it is set moving with

k
an angular velocity @, = \/? , where k is a positive real

number. Based on above information, answer the following
questions.

77. For k = 2, the height of B above the level of A when the
rod first comes to instantaneous rest is

3l 4]
(A) 5 (B) 5
6l 8l
© B (D) 5



ICON

78. The minimum value of k for which the particle
describes complete circle about A is

(A) (B)

© D)

eI RS IR R
R RC-EN AN

Comprehension 32

A uniform disc of radius 1 m and mass 2 kg is mounted on
an axle supported on fixed frictionless bearings. A light cord
is wrapped around the rim of the disc and a mass of 1 kg
is tied to the free end. If it is released from rest, the tension
in the cord is T. If the applied torque acts for 4 second, the
total angular displacement in this interval of time is 6. The
work done by the applied torque is W and the increase in
rotational kinetic energy is AK. Based on above informa-
tion, answer the following questions.

79. The value of T is

(A) 10N (B) 5N

(C) 40N (D) 15N
80. 0 equals

(A) 40rad (B) 80rad

(C) 20rad (D) 10rad
81. W has a value given by

(A) 400] (B) 50]

(C) 100] (D) 200]
82. AK equals

(A) 400] (B) 100]

(C) 200] (D) 80]

Comprehension 33

Four identical rods of mass M = 6 kg each are welded at their
ends to form a square and then welded to a massive ring
having mass m = 4 kg having radius R = 1 m. If the system is
allowed to roll down the incline of inclination 8 = 30°. Based
on above information, answer the following questions.

0

83. The moment of inertia of the system about the centre
of ring will be

(A) 10 kgm®
(B) 20 kgm®
(C) 40 kgm®
(D) 60 kgm®
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84. The acceleration of the system will be

g b
A) = B) <
(A) ¢ ®) %
© % o) £

24 2

85. The minimum value of friction coefficient to prevent

slipping is

5 7
A) — B) —
® ® 7

53 5
0 — D) —
© 7 SUNTNG

Comprehension 34

A disc of mass M and radius R is given a velocity v, and
an angular velocity @, as shown in the figure. Then it is
kept over a rough horizontal surface where coefficient of
friction is y. After some time slipping ceases, based on
above information, answer the following questions.
o
/ Positive

Vo x-direction
—

86. If vy = Ray, then time after which pure rolling starts is
Y

HE

30y

HE

2y

3ug

(D) pure rolling will never start

(A)

(B)

©

87. Velocity of centre of disc at the moment when angular
velocity of disc becomes zero is

A) ® %
(A) T >
[ U,
o = D)
© 3 ®) 5
88. Velocity of centre of mass of disc when pure rolling
begins is
(A) © ®) 2
’ 2
[ U,
(o D) %
© 3 ®) 5
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Comprehension 35 89.

A particle P with a mass 2 kg has position vector r =3 m
and velocity V = 4 ms™ shown. It is accelerated by the force
F=2N. All three vectors lie in the common plane. Based
on above information, answer the following questions.

90.

The angular momentum vector is
(A) 12 kgm?‘s*l, out of the plane of the figure

(B) 12 kgm’s™, into the plane of the figure
(C) zErO

(D) 24 kgm?s™, out of the plane of the figure
The torque is

(A) 6 Nm, out of the page (B) 3 Nm, out of the page
(C) 6 Nm, into the page (D) 3 Nm, into the page

MATRIX MATCH/COLUMN MATCH TYPE QUESTIONS

Each question in this section contains statements given in two columns, which have to be matched. The statements in
COLUMNG-I are labelled A, B, C and D, while the statements in COLUMN-II are labelled p, q, r, s (and t). Any given
statement in COLUMN-I can have correct matching with ONE OR MORE statement(s) in COLUMN-II. The appropriate
bubbles corresponding to the answers to these questions have to be darkened as illustrated in the following examples:

If the correct matches are A - p,sand t; B — qand r; C = p and g; and D — s and t; then the correct darkening of

bubbles will look like the following:

p g r s t

NICAORONORO

HICAORONORO

CPEOOOEO

PPOOEO®

1. Asmooth ball of mass m moving with a uniform veloc-

ity v, strikes a smooth uniform rod AB of equal mass COLUMN- COLUMN-L
m, lying on a frictionless horizontal table. The ball (A) K; v) 2
strikes the rod at one end A, perpendicular to the rod, ?, P 5
as shown in Figure. The collision is perfectly elastic. If
Ky, K;, Kz, ], Pis Lo, L; denote the initial kinetic energy, (B) ] @ 3
final kinetic energy, final kinetic energy of translation pi 5
of rod, impulse delivered to rod, initial momentum
of ball, angular momentum of centre of mass and ini- © Lom (r) 9
tial angular momentum of ball about CM of rod, then L; e
match the physical quantities pertaining to this situa- K
tion given in COLUMN-I with their values given in (D) K_f (s) 3
COLUMN-IL i

m

Oo—Vy A 2.
ol M
B

A uniform disc of mass 10 kg, radius 1 m is placed on
a rough horizontal surface. The coefficient of friction
between the disc and the surface is 0.2. A horizontal
time varying force is applied at the centre of the disc
whose variation with time is shown in graph. Match
the contents of COLUMN-I with their respective time
values in COLUMN-IL
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80
»1(s)
COLUMN-I COLUMN-II
(A) Disc rolls without slipping (p) att=7s
(B) Disc rolls with slipping (q) att=3s
(C) Disc starts slipping at (r) att=4s
(D) Friction force is 10 N at (s) att=6s

Match the following quantities of COLUMN-I to their
respective match(es) in COLUMN-IL
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COLUMN-I COLUMN-II
(Axis of rotation) (Moment of Inertia
about axis of rotation)
o <P @) Zmp
3
£ 8
(D) s (s) gmfz

COLUMN-I COLUMN-II

(A) Axial vector (p) Rotational K.E.

(B) Scalar (q) Translational K.E.
(C) Turning ability of force | (r) Angular momentum

(D) Arolling body can
have

(s) Torque

A square frame is made by using four uniform rods
each of mass m, length [. Match the moment of iner-
tia for the frame about axis specified in COLUMN-I to
their respective values given in COLUMN-IL

COLUMN-I
(Axis of rotation)

COLUMN-II
(Moment of Inertia
about axis of rotation)

2
Zml?
(p) 3™

(Continued)

A disc rolls without slipping on the ground such that
velocity of centre of mass of the disc is v,. A point P on
circumference of disc at angle 6 with the vertical have
a speed v,. Assuming that initially the point P is in
contact with the ground, match the following.

COLUMN-I COLUMN-II
(A) If = 60° (p) vp =20
(B) If 6=90° (q) vp=v
(C) If6=120° (r) vp=2v
(D) If 6 = 180° (s) vp =30

Match the moment of inertia of bodies about specified
axis with their respective values.

COLUMN-I

COLUMN-II

(A) Moment of inertia of a circular | (p) 1 MR?
disc of mass M and radius 2
R about a tangent parallel to
plane of disc

(B) Moment of inertia of a solid (q) zMR2
sphere of mass M and radius 5
R about a tangent.

(Continued)
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COLUMN-I COLUMN-II
A . 5 p2
(C) Moment of inertia of a circular | (r) ZMR
disc of mass M and radius R
about a tangent perpendicular
to plane of disc
(D) Moment of inertia of a (s) 1MR2
cylinder of mass M and 4
radius R about its axis
3\ 1p?
—MR
® 5

The diagram shows a uniform smooth solid cylinder
A of radius 4 m rolling without slipping on the 8 kg
plank, which in turn is supported by a fixed smooth
surface. The blocks B and C both accelerate down with
6 ms ™ and 2 ms™ respectively.

The angular acceleration of the cylinder A is ¢, the
acceleration of centre of mass of cylinder is 4, the ratio
of mass of cylinder A to the mass of block Bis "4 The
My
length of the unwrapped thread between the cylinder
and the block at t=0is [;=20m and at f=2sis [
(assume the system to be released from rest), match
the following

COLUMN-| COLUMN-II
(A) alinrads™?) (p) 8
(B) 2alin ms™2) ( 2
(€ Ma (r) 4
g
(D) (I-l) (s) 1

The inclined surfaces shown in COLUMN-I are suf-
ficiently rough and COLUMN-II gives direction of
frictional forces for situations in COLUMN-I. Match
the two columns.

COLUMN-I COLUMN-II

(A) P i i (p) up the incline
Rolling upwards

(B) P (q) down the incline

-

Kept in rotating position

©

(r) maximum
friction will act

h

Kept in translational
position
(D) (s) required value of
%)_/ friction will act
Kept in translational
position

Four thin uniform rods of equal length / and mass m
each form a square as shown in Figure. Moment of
inertia about axes 1,2, 3 and 4 are say I, I,, [; and I,.
Then, match the following

4 ’/'3
—
________ - 7‘2’________.1
— R N 2
COLUMN-I COLUMN-II
) L (P) 2l
3
2
®) L (@ 3’

(Continued)
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e
COLUMN-I COLUMN-II COLUMN-I COLUMN-II
10 » 21
Q) I (r) gmf (A) I, (p) EMR2
D) I 6) P2 I
' . ®) L, @

10. Auniform disc is acted upon by some forces and it rolls ©) (I, +1,) (1) 15 MR2
on a horizontal plank without slipping from north to 32
south. The plank, in turn lies on a smooth horizontal
surface. Match the following regarding this situation. D) (IL,-1,) (s) ol MR?

22
COLUMN-I COLUMN-II
12.  Asolid sphere is placed on a rough horizontal ground

(A) Frictional force (p) May be directed as shown in Figure.

on the disc by the towards north

surface
(B) Velocity of the (q) May be directed

lowermost point of towards south

the disc

(C) Acceleration of centre | (r) May be zero
of mass of the disc

If E is the centre of sphere such that DE>EF and a
linear impulse can be applied either at point A, B or C
then match the following two columns.

(D) Vertical component | (s) Must be zero
of the acceleration of
centre of mass

11. From a uniform disc of mass M and radius R, a con- b, Dehoinl
centric disc of half the radius is cut out. For the remain- (A) Sphere will acquire maximum | (p) A
ing annular disc the moment of inertia about axis 1is I, angular speed if impulse is
about 2 is I, about 3 is I; and about 4is [,. The axes 1, applied at

2 are perpendicular to the disc and axes 3, 4 are in the
plane of the disc. Axes 2, 3 and 4 intersect at a common
point. Match the contents of COLUMN-I with those in
COLUMN-IL

(B) Sphere will acquire maximum | (q) B
linear speed if impulse is
applied at

(C) Sphere can roll without slipping | (r) C
if impulse is applied at

(D) Sphere can roll with forward (s) atany
————— slipping if impulse is applied at point A,
BorC
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13. A solid sphere is rotating about an axis as shown
in Figure. An insect follows the dotted path on the
circumference of sphere as shown. Match the following

COLUMN-I

COLUMN-II

(A) Moment of inertia

(B) Angular velocity

(C) Angular
momentum

(D) Rotational kinetic
energy

(p) will remain constant

(q) will first increase
then decrease

(r) will first decrease
then increase

(s) will continuously
decrease

(t) will continuously
increase

14. A thin walled cylindrical shell of mass m and radius
R is placed on a rough inclined plane so that it rolls

without slipping. Match the following table

30°

COLUMN-I

COLUMN-II

(A) Linear acceleration
of centre of mass

(B) Angular acceleration

(C) Rotational kinetic
energy at any instant

(D) Translational kinetic
energy at any instant

(p) is directly
proportional to m

(q) is inversely
proportional to m

(r) is directly
proportional to R*

(s) is inversely
proportional to R

(t) constant

15.

16.

A solid sphere, a hollow sphere, a cylinder all of same
mass and radius are released from a rough inclined
plane on which all of them roll down without slipping.
On reaching the bottom of the plane, match the
contents of COLUMN-I with those of COLUMN-IIL.

COLUMN-I

COLUMN-II

(A) Time taken to reach
the bottom

(B) Total kinetic energy

(C) Rotational kinetic
energy

(D) Translational kinetic
energy

(p) Maximum for solid
sphere

(@) Maximum for
hollow sphere

(r) Maximum for
cylinder

(s) Same for all

In each case, there is sufficient friction for regular
rigid uniform disc to undergo pure rolling on a rigid
horizontal surface. Match the situations in COLUMN-I
to the quantities in COLUMN-IL

COLUMN-I

COLUMN-II

(A)
hI F

(B)

(p) The direction of
static friction may
be forward or may
be backward or
static friction may
be zero

(q) The direction of
static friction is
towards backward

(r) The angular
acceleration will
be clockwise

(s) Acceleration of the
centre mass will be
along direction F
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17. A small solid ball rolls down along sufficiently rough
surface from point 1 to point 3 as shown in Figure.

1
3,77
h P
2 N4
Ih/2 \0

From point 3 onwards it moves under the influence of
gravity. Match the following two columns.

COLUMN-I COLUMN-II

(A) Rotational kinetic energy of (P 1mgh
ball at point 2 7

(B) Translational kinetic energy of | (q) gmgh
ball at point 3 7

(C) Rotational kinetic energy of ball | (r) Emgh
at point 4 7

(D) Translational kinetic energy of | (s) imgh
ball at point 4 12

18. A particle moving on the smooth horizontal table
strikes the rod AB at an end A perpendicularly and
then stops. Match the following.

COLUMN-I COLUMN-II

(A) Angular momentum of
system (particle + rod)
about any point is

(p) Conserved for
elastic collision

(B) Linear momentum of
system (particle + rod) is

(q) Not conserved
for elastic
collision

(r) Conserved for
inelastic collision

(C) Angular momentum of
rod about its centre of
mass is
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COLUMN-I COLUMN-II

(A) When a sphere is in
pure-rolling on a fixed
horizontal surface.

(p) Upward direction

(B) When a cylinder is in
pure rolling on a fixed
inclined plane in upward
direction then friction
force acts in

(qQ) Ve >R

(C) When a cylinder is
in pure rolling down
a fixed incline plane,
friction force acts is

(1) vy <Ro

(D) When a sphere of radius
R is rolling with slipping
on a fixed horizontal
surface, the relation
between v, and o is

(s) No frictional force
acts.

20. A disc of radius R is rolling without slipping with an
angular acceleration @ on a horizontal plane. Four
points are marked at the end of horizontal and vertical
diameter of a circle of radius r(<R) on the disc. Let
horizontal and vertical directions be chosen as x and y
axis as shown in Figure. When angular velocity of the
disc is @, then acceleration of points 1, 2, 3 and 4 are
dy, iy, 45 and i, respectively. Match the accelerations
given in COLUMN-I with their respective vectors
given in COLUMN-IL

y N
L.

(D) Kinetic energy of system
(particle + rod), except
during collision is

(s) Not conserved
for inelastic
collision

19. For the following statements, except the gravity and
contact force between the contact surfaces, no other force
isacting on the body. Match the quantitiesin COLUMN-I
to their respective match(es) in COLUMN-IL

COLUMN-I COLUMN-II

(A) G (p) (R—r)ai +(rw?)]
(B) 4, (@ (R+r)ai-(ro?)]
(©) i, (1) (Ra-re? )i -(rar)]
(D) i, (s) (Ra+rw?)i+(ra)j
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21. A rectangular slab ABCD has dimensions 2x2a as

INTEGER/NUMERICAL ANSWER TYPE QUESTIONS

shown in Figure.

1 p)
1 1
| | 2a
A i B
1
P I a.
|
aeee ! .
D ! c
1

Match the radius of gyration about the axis specified
in COLUMN-I with their respective values in
COLUMN-IL

(]
COLUMN-I COLUMN-II
a
A) Ab is 1 -
(A) About axis (p) 2

(B) About axis 2

(C) About axis 3

(D) About axis 4

In this section, the answer to each question is a numerical value obtained after doing series of calculations based on the data
given in the question(s).

1.

A small ball of mass 1kg is attached to one end of a
1m long light string and the other end of the string
is hung from a point. When the resulting pendulum
is 30° from the vertical, calculate the magnitude of
torque, in Nm, about the point of suspension. Take
g=10ms™.

A uniform rod is falling without rotation on a smooth
horizontal plane. Assuming the collision to be
perfectly elastic, the angular velocity of the rod after
striking the table is maximum when the rod makes an

angle cos™ [ %) with the horizontal just before strik-

ing where * is not readable. Find *.

Consider a uniform cubical box of side @ on a rough
floor that is to be moved by applying minimum pos-
sible force F at a point b above its center of mass (see
figure). If the coefficient of friction is u = 0.4, the maxi-

mum possible value of 100 x b for a box not to topple
before moving is ......
T
[P -
l
1

"f.__ ______
-
.

A uniform sphere of radius = % starts rolling down

without slipping from the top of another sphere of
radius R =1 m. Find the angular velocity of the sphere,
in rads ', after it leaves the surface of the larger sphere.

Four solid spheres each of diameter /5 cm and mass
05kg are placed with their centers at the corners
of a square of side 4 cm. The moment of inertia
of the system about the diagonal of the square is
N x107* kgm?, find N.

A uniform disc of mass 40 kg and radius 0.5 m
can turn about a smooth axis through its centre
and perpendicular to the disc. A constant torque is
applied to the disc for 2 s from rest and the angular

. .. 240 .
velocity at the end of that time is — revolutions per
T

minute. Find the magnitude of the torque, in Nm. If
the torque is then removed and the disc is brought to
rest in f second by a constant force of 10 N applied
tangentially at a point on the rim of the disc, find ¢, in
seconds.

One end of a straight uniform 1 m long bar is pivoted
on horizontal surface. It is released from rest when it
makes an angle 30° from the horizontal (see figure). Its
angular speed when it hits the table is given as 7 s,
where 1 is an integer. The value of nis ......
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10.

30°

A cylinder of mass m is kept on the edge of a plank of
mass 2m and length 12 metre, which in turn is kept
on smooth ground. Coefficient of friction between the
plank and the cylinder is 0.1. The cylinder is given an
impulse, which imparts it a velocity 7 ms™ but no
angular velocity. Find the time, in second, after which
the cylinder falls off the plank. ( g=10ms™ )

m ®_. 7ms
| 2m |

—12 m—»

A uniform circular disc has radius R and mass m,
A particle, also of mass m, is fixed at a point A on
the edge of the disc as shown in Figure. The disc can
rotate freely about a fixed horizontal chord PQ that is

at a distance % from the centre C of the disc. The line
AC is perpendicular to PQ. Initially the disc is held

vertical with the point A at its highest position. It is
then allowed to fall so that it starts rotating about PQ.
The linear speed of the particle as it reaches its lowest
position is /xgR . Find x.

\ i

A thin uniform rod AB of mass m=1kg moves
translationally with acceleration 2 =2 ms  due to two
anti-parallel forces F; and F,. The distance between
the points at which these forces are applied is equal to
[=20 cm. Besides, it is known that F, =5 N. Find the
length of the rod, in metre.

F1= * A
14
21

11.

12.

13.

14.
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A thin rod of mass 0.9 kg and length 1 m is suspended,
at rest, from one end so that it can freely oscillate in
the vertical plane. A particle of mass 0.1 kg moving
in a straight line with velocity 80 ms™ hits the rod at
its bottom most point and sticks to it (see figure). The
angular speed (in rads™) of the rod immediately after
the collision will be ......

oY

A flywheel whose moment of inertia about its axis of
rotation is 16 kgm? is rotating freely in its own plane
about a smooth axis through its centre. Its angular
velocity is 9 rads ' when a torque is applied to bring it
to rest in £, second. Find ¢, in seconds, if

(a) the torque is constant and of magnitude of 4 Nm
(b) the magnitude of the torque after t second is

given by 8t

A block of mass m height 2h=24m and width
2b=1.2 m rests on a flat truck which moves horizon-
tally with constant acceleration # as shown in figure.
Determine

i+ 2b >

(a) the value of the acceleration, in ms >, at which
slipping of the block on the truck starts if the coef-
ficient of friction is u=0.4.

(b) the value of the acceleration g, in ms2, at which
block topples about A, assuming sufficient friction
to prevent slipping.

(c) the shortest distance, in metre, in which the truck
can be stopped from a speed of 72 kmhr™ with
constant deceleration so that the block is not

disturbed.
Given that g =10 ms™

> frax

A person of 80 kg mass is standing on the rim of a cir-
cular platform of mass 200 kg rotating about its axis as
5 revolutions per minute (rpm). The person now starts
moving towards the center of the platform. The rota-
tional speed (in rpm) of the platform when the person
reaches its centre s ......
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15.

16.

17.

18.

For the system shown in figure a hoop of mass
M=1kg radius r=0.2m is attached to a block of
mass m = (.5 kg. Calculate.

M

Hoop

&7

(a) the linear acceleration of hoop, in ms 2.

(b) the angular acceleration of the hoop in rads™,

(c) the tension in the rope, in newton.

Neglect the mass of small pulley and the friction
between the hoop and the horizontal surface. Masses
of the pulley and string and friction between the hoop
and the horizontal surface are negligible.

A ball rolls without sliding over a rough horizontal
floor with velocity vy =7 ms™ towards a smooth
vertical wall. If coefficient of restitution between the
wall and the ball is ¢ = 0.7, calculate velocity v of the
ball, in ms™, along after the collision.

A 100 N circular plate of radius 0.6 m is suspended
from a pin at A. If the pin is connected to a truck
which is given an acceleration a = 0.9 ms™, determine
the horizontal and vertical components of reaction,
in newton, at A and the acceleration of the centre of
mass (C) of the plate in cms . Assume, the plate to be
originally at rest. Also find the angular acceleration in
rads  of the plate.

The system in figure is released from rest. The 30 kg
body is 2 m above the floor and is connected through
an ideal string passing over the pulley (a uniform disk
with a radius of 10 cm and mass 20 kg) to another
body of mass 10 kg. Find

19.

20.

21.

30 kg

y. |_ me

L

(@) the speed of the 30 kg body, in ms™, just before it
hits the floor and the angular speed of the pulley,
in rads ', at that time

(b) the tension, in newton, in the strings and

(c) the time, in second, it takes for the 30 kg body to
reach the floor.

A circular disc of mass M and radius R is rotating
about its axis with angular speed ;. If another station-

ary disc having radius R and same mass M is dropped

co-axially on to the rotating disc. Gradually both discs
attain constant angular speed @, . The energy lost in the
process is p% of the initial energy. Value of p is ......

A sphere starts from rest at the upper end of the track
shown in the accompanying figure. It rolls until it
leaves the track at the right end, where the track is hor-
izontal. Calculate the distance 4 to the right, in metre,
of this point at which the sphere strikes the ground.
Take ¢ =10 ms °.

48 m

20m \
A 4
—g—»

A lamina is made by removing a small disc of diam-
eter 2R from a bigger disc of uniform mass density
and radius 2R, as shown in the figure. The moment
of inertia of this lamina about axes passing through O
and P is I and I, respectively. Both these axes are
perpendicular to the plane of the lamina. Find the ratio

I .
L to the nearest integer.

SOAY
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23.

24,

25.
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ABC is a plane lamina of the shape of an equilat-
eral triangle. D, E are mid points of AV and G is the
centroid of the lamina. Moment of inertia of the lamina
about an axis passing through G and perpendicular
to the plane ABC is I. If part ADE is removed, the
moment of inertia of the remaining part about the same

axis is 1\1}—20 where N is an integer. Value of N is ......
A

B c

One fourth length of a uniform rod of mass m and
length [ is placed on a rough horizontal surface and it
is held stationary in horizontal position by means of a
light thread as shown in the figure. The thread is then
burnt and the rod starts rotating about the edge. The
angle between the rod and the horizontal when it is
about to slide on the edge is tand = %, where * is not
readable and 4 is the coefficient of friction between the
rod and the surface. Find *.

/4

A bowling ball is thrown straight down the rough
alley. The coefficient of friction between the ball and
the alley is 0.75. When the ball starts, its centre of mass
has a speed 12 ms ™ and it is sliding without rotating.
Calculate the distance moved by the ball (in metre)
down the alley before it starts rolling without slipping.

A block of mass m =1kg slides down the surface of
a smooth incline as shown in figure. The block is tied
to a string which is wrapped around a disk capable of
rotating about a horizontal axis. The disk has a mass
M =3 kg and a radius R = 0.2 m. Initially the string is
taut. If the mass is released, calculate its acceleration,
inms, if ¢ =10 ms™.

30°

26.

27.

28.

29.
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Amassless equilateral triangle EFG of side # (as shown
in Figure) has three particles of mass m situated at its
vertices. The moment of inertia of the system about
the line EX perpendicular to EG in the plane of EFG

N
is Enmz where N is aninteger. The valueof N is ......
X

E a G

Auniform disk of mass M = 40 g and radius R = 0.5 cm

is pivoted so that it can rotate freely about a horizontal

axis through its centre and normal to the plane of the

disk. A small particle of mass m =5 g is attached to the

rim of the disk at the top directly above the pivot. The

system is given a gentle start and the disk begins to

rotate.

(@) Whatis the angular velocity of the disk, in rads™,
when the particle is at its lowest point?

(b) At this point, what force, in newton, must be
exerted on the particle by the disk to keep it on
the disk? Take ¢ =10 ms™

Two identical uniform discs A and B each of mass 2 kg
and radius 0.5 m are held, as shown in figure with the
help of a long massless string which is wrapped around
the discs in opposite directions. Disc A is attached to
the ceiling in such a way that it can rotate freely about
its axis. The disc, B, initially held at same height as A,
is then released to fall so that string unwinds from
both the discs. Find the angular acceleration, in rads™
linear acceleration of falling disc in ms* and tension
in the string, in newton. Assume that string does not
slip and motion is confined in the same vertical plane
and take g =10 ms™.

A grindstone in the form of a solid cylinder has a

radius of 0.2 m and a mass of 30 kg.

(a) What constant torque, in newton metre, will bring
it from rest to an angular velocity of 250 revmin ™
in10s?
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30.

31.

32.

(b) Through what angle, in radian, has it turned
during that time?
(c) Calculate the work done, in joule, by the torque.

Auniform rod AB of mass m =2 kg and length / =1m
is placed on a sharp support O such that 2= 0.4 m and
b=0.6 m. A spring of force constant k=600 Nm™ is
attached to end B as shown in Figure.

a b

0

0

To keep the rod horizontal, its end A is tied with
a thread such that the spring is elongated by 1cm.
Calculate reaction of support O, in newton, at the
instant thread is burnt.

A solid fly wheel of 20 kg mass and 120 mm radius
revolves at 600 rpm. Calculate the force (in newton)
with which the brake lining should be pressed against
the flywheel to stop the flywheel in 3 s, if the coefficient
of friction is 0.1.

The polar ice caps contain about 3x10" kg of ice.
This contributes essentially nothing to the moment of
inertia of the earth because it is located at the poles,
close to the axis of rotation. Estimate the expected
change in the length of the day (in second) if the polar
ice caps melt, distributing the water uniformly over
the entire surface of the earth if mass and radius of
earth are 6 x 10 kg and 6.4 x10° m.

ARCHIVE: JEE MAIN

33.

34.

35.

Aforce F = (zA + 2}+3l§) Nactsatapoint(ﬂﬁ- 3} fk) m
. Then the magnitude of torque about the point
(i +2j+k) m will be vx Nm. The value of x is ......

A man stands at the centre of a circular platform

holding his arms extended horizontally with 4 kg

block in each hand. He is set rotating about a vertical

axis at 0.5 revs ™. The moment of inertia of the man

plus platform is 1.6 kgm®, assumed constant. The

blocks are 90 cm from the axis of rotation. He now

pulls the blocks inwards towards his body until they

are 15 cm from the axis of rotation. Calculate

(a) his new angular velocity, in rads™.

(b) the initial and final kinetic energy of the man and
platform (in joule).

(c) the work done by the man (in joule) to pull in the
blocks.

A cylinder of mass r=0.Im and mass M=2kg is
placed such that it is in contact simultaneously with
a vertical and a horizontal surface as shown in Figure.
1

The coefficient of static friction u= (5] for both the
surfaces. Find the distance d, in cm, from the centre
of the cylinder at which a force F =40 N should be
applied so that the cylinder just starts rotating in the
anticlockwise direction. Take g = 10 ms™.

F=40N

[Online September 2020]

Shown in Figure is rigid and uniform one meter long
rod AB held in horizontal position by two strings tied to
its ends and attached to the ceiling. The rod is of mass m
and has another weight of mass 2 m hung at a distance
of 75 cm from A. The tension in the string at A is

0 25 50 75 100

A B
(A) 2mg (B) 0.5mg

[Online September 2020]

A uniform cylinder of mass M and radius R is to be
pulled over a step of height a(a>R) by applying
a force F at its center O perpendicular to the plane
through the axes of the cylinder on the edge of the step
(see figure). The minimum value of F required is

/
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az

R 2

a R-aY
(©) MgE (D) Mg 1(7)

[Online September 2020]

Two uniform circular discs are rotating independently
in the same direction around their common axis
passing through their centers. The moment of inertia
and angular velocity of the first disc are 0.1 kgm” and
10 rads™ respectively while those for the second one

are 0.2 kgm’ and 5 rads ™" respectively. At some instant
they get stuck together and start rotating as a single
system about their common axis with some angular
speed. The kinetic energy of the combined system is

10 2
(A) i (B) 3]

5 20
© 3) D) 3]

[Online September 2020]

Ablock of mass 7 = 1 kg slides with velocity v = 6 ms ™
on a frictionless horizontal surface and collides with
a uniform vertical rod and sticks to it as shown. The
rod is pivoted about O and swings as a result of the
collision making angle 6 before momentarily coming
to rest. If the rod has mass M = 2 kg, and length [ =1 m,

the value of 6 is approximately (Take g =10 ms™)

(A) 69° (B) 63°
(C) 55° (D) 49°

[Online September 2020]

A uniform rod of mass m, length [ is pivoted at one of
its ends on a vertical shaft of negligible radius. When
the shaft rotates at angular speed @ the rod makes
an angle 6 it (see figure). To find 8, equate the rate of
change of angular momentum (direction going into

12
the paper) ”;_zwz sinfcosf about the center of mass

(CM) to the torque provided by the horizontal and
vertical forces F; and F; about the CM. The value of 6
is then such that

Chapter 3: Rotational Dynamics 3.177

g 38
A 9 =5 B 9 = —
(A) cos Sl (B) cos -

28 8
(C) cosO= 07 (D) cosf= ol

[Online September 2020]

Consider two uniform discs of the same thickness and
different radii R; = R and R, = @R made of the same
material. If the ratio of their moments of inertia [; and
I,, respectively, about their axes is I, :1, =1:16 then
the value of « is

(A) V2 (B) 2

(C) 4 (D) 2V2

[Online September 2020]

For a uniform rectangular sheet shown in Figure,
the ratio of moments of inertia about the axes
perpendicular to the sheet and passing through O (the
center of mass) and O’ (corner point) is

y
A
0
A
O 80cm
L X
60 cm
1 2
A) - B) -
*) 5 ®) 3
1 1
C) - D) —
€ 5 ®) ;

[Online September 2020]

A wheel is rotating freely with an angular speed
on a shaft. The moment of inertia of the wheel is I
and the moment of inertia of the shaft is negligible.
Another wheel of moment of inertia 3] initially at rest
is suddenly coupled to the same shaft. The resultant
fractional loss in the kinetic energy of the system is
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10.

11.

(A) 0 (B)

D)

(=2, T Sy

[Online September 2020]

Shown in Figure is a hollow ice cream cone (it is open
at the top). If its mass is M, radius of its top, R and
height, H, then its moment of inertia about its axis is

D
- ——
H
MR? MH?
(A) 5 (B) 3
MR? M(R*+H?)
©) = (D) n

[Online September 2020]

Four point masses, each of mass mm, are fixed at the
corners of a square of side /. The square is rotating
with angular frequency @, about an axis passing
through one of the corners of the square and parallel to
its diagonal, as shown in Figure. The angular momen-
tum of the square about this axis is

(A) 2ml*w
(€ ml’o

(B) 3mlw
(D) 4ml*w

[Online September 2020]
The linear mass density of a thin rod AB of length L

varies from A to Bas A(x) = 10(1+E), where x is the

distance from A. If M is the mass of the rod then its
moment of inertia about an axis passing through A
and perpendicular to the rod is

5 2 3 2
A) —ML B) —ML
()12 ()7

2,2 7 2
C) -ML D) —ML
()5 ()18

12.

13.

14.

15.

16.

[Online January 2020]

As shown in Figure, a bob of mass m is tied by a
massless string whose other end portion is wound on a
fly wheel (disc) of radius r and mass m. When released
from rest the bob starts falling vertically. When it has
covered a distance of /, the angular speed of the wheel
will be

1 [ogh B
A rv 3 ®) 7 dgh
1 [ign
© rv 3

3
D o
D) 1 2¢h
[Online January 2020]

The radius of gyration of a uniform rod of length /,
about an axis passing through a point 2 way from

the center of the rod, and perpendicular to it, is
! 7
A) - B) I|—
A) 8 ) \/;
3 !
O L= D) —
© \/; @)

[Online January 2020]

Mass per unit area of a circular disc of radius # depends
on the distance r from its center as o(r)=A+Br.
The moment of inertia of the disc about the axis,
perpendicular to the plane and passing through its
center is

2 A aB
(A) 2ma (Z‘l'?)
(@) 2xa4[ﬂ+g]
4 5

[Online January 2020]

A uniform sphere of mass 500g rolls without slipping
on a plane horizontal surface with its center moving at
a speed of 5.00 cms™. Its kinetic energy is

(A) 875x107*] (B) 875x107°]

(C) 625x107] (D) 1.13x107 ]

o <(2:9)

(D) 2;ra4(é+§)
4 5

[Online January 2020]

Three solid spheres each of mass m and diameter d
are stuck together such that the lines connecting the
centers from an equilateral triangle of side of length

. -
d. The ratio I—D of moment of inertia I; of the system
A
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17.

18.

about an axis passing the centroid and about center of
any of the spheres I, and perpendicular to the plane
of the triangle is

13 15
A) — B) —
(A) 23 ®) 13

23 13

= D) =
©) T (D) T
[Online January 2020]

A uniformly thick wheel with moment of inertia I and
radius R is free to rotate about its center of mass (see
figure). A massless string is wrapped over its rim and
two blocks of masses 711, and 11, (111, > 1, ) are attached
to the ends of the string. The system is released from
rest. The angular speed of the wheel 11, descents by a
distance / is

r a9—

ty +m 2
A | ——2 "ok
(A) _(m1+m2)R2+IJ 8
_ 1
®) 2(my—m,)gh |2
_(m1+m2)R2+IJ
) 1
© 2(my+my)gh |2
g(m1+m2)R2+IJ
_ 1
(D) M zgh
_(m1+m2)R2+IJ
[Online April 2019]

A thin circular plate of mass M and radius R has its
density varying as p(r) = pyr with p, as constant and
r is the distance from its centre. The moment of inertia
of the circular plate about an axis perpendicular to the
plate and passing through its edge is I = a( MR?). The
value of the coefficient a is

19.

20.

21.
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3 1
(A) 3 (B) 2

3 8
Q) - D) -
© : (D) E
[Online April 2019]

A rectangular solid box of length 0.3m is held
horizontally, with one of its sides on the edge of a
platform of height 5 m. When released, it slips off the
tableina very short time 7 = 0.01 s, remaining essentially
horizontal. The angle by which it would rotate when it
hits the ground will be (in radians) close to

!

h
(A) 0.3 (B) 0.02
(C) 028 (D) 05
[Online April 2019]

A solid sphere and solid cylinder of identical radii
approach an incline with the same linear velocity (see
figure). Both roll without slipping all throughout.
The two climb maximum heights h;, and h, on the

sph
hq h
incline. The ratio —— is given by
1
cyl
4 2
A) — B) —
(A) : (B) NG
14
O 1 D) —
© (D) T
[Online April 2019]

A stationary horizontal disc is free to rotate about its
axis. When a torque is applied on it, its kinetic energy
as a function of 6, where 0 is the angle by which it has
rotated, is given as k6. If its moment of inertia is I,
then the angular acceleration of the disc is

2k k

(a) 6 ®) 76
k k

© ;6 D) -6
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22. [Online April 2019]
The following bodies are made to roll up (without
slipping) the same inclined plane from a horizontal
plane
(1) aring of radius R,

R
(2) asolid cylinder of radius ) and

(3) asolid sphere of radius %

It, in each case, the speed of the centre of mass at the
bottom of the incline is same, the ratio of the maximum

heights they climb is
(A) 14:15:20 (B) 10:15:7
(C) 4:3:2 (D) 2:3:4

23. [Online April 2019]

A thin smooth rod of length L and mass M is
rotating freely with angular speed @, about an axis
perpendicular to the rod and passing through its
center. Two beads of mass m and negligible size are at
the center of the rod initially. The beads are free to slide
along the rod. The angular speed of the system, when
the beads reach the opposite ends of the rod, will be

(A) Ma, (B) May,
M+3m M+m

©) Ma, D) May,
M+6m M+2m

24. [Online April 2019]
Moment of inertia of a body about a given axis is
1.5kgm®. Initially the body is at rest. In order to
produce a rotational kinetic energy of 1200 ], the
angular acceleration of 20 rads™ must be applied
about the axis for a duration of
(A) 255 (B) 2s
(C) 5s (D) 3s

25. [Online April 2019]
Two coaxial discs, having moments of inertia I; and

I . . . .

L are rotating with respective angular velocities ,
o . . .

and 71 about their common axis. They are brought in

contact with each other and thereafter they rotate with
a common angular velocity. If E; and E; are the final

and initial total energies, then (E; —E; ) is

I,w? 3
(A) —11—“2’1 B) <hof

6 24

26.

27.

28.

29.

30.

[Online April 2019]

A particle of mass m is moving along a trajectory given
by x = x; +acos;t and y =y, + bsinw,t.

The torque, acting on the particle about the origin, at
t=0is

(A) —m(xubm§ - Y 10" )!2 (B) m(-x,b+ yua)wfa'e

(@) +mynaw1212 (D) zErO

[Online April 2019]

A thin disc of mass M and radius R has mass per unit
area o(r) = kr* where 7 is the distance from its centre.
Its moment of inertia about an axis going through its
centre of mass and perpendicular to its plane is

MR? MR?
A) —— B) ——
(A) 3 (B) .
MR? 2MR?
Q) —— D
(@) 5 D) 3
[Online April 2019]

The time dependence of the position of a particle of
mass m=2 is given by 7(t)=2ti —3t*]. Its angular
momentum, with respect to the origin, at time t = 2 is

a) -34(k-7) ®) 48(i-])

(C) 36k (D) 48k

[Online April 2019]

A metal coin of mass 5 g and radius 1 cm is fixed to a
thin stick AB of negligible mass as shown in Figure.
The system is initially at rest. The constant torque, that
will make the system rotate about AB at 25 rotations
per second in 5 s, is closed to

A

%

<
B

(B) 7.9x10° Nm
(D) 1.6x10™ Nm

(A) 40x10° Nm
(C) 2.0x10™° Nm

[Online April 2019]
Asolid sphere of mass M and radius R is divided into

two unequal parts. The first part has a mass of %

and is converted into a uniform disc of radius 2R. The
second part is converted into a uniform solid sphere.
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32.

33.

Let I; be the moment of inertia of the disc about its
axis and I, be the moment of inertia of the new sphere

I
about its axis. The ratio 1—1 is given by
2

(A) 140 (B) 185
(C) 285 (D) 65
[Online April 2019]

A circular disc of radius b has a hole of radius # at its
centre (see figure). If the mass per unit area of the disc

. o . . .
varies as | —_ |, then the radius of gyration of the disc
r

about its axis passing through the centre is

(5

(a) b B) [|7+V+ab
2 2
© a+b D) la® +b” +ab
3
[Online January 2019]

Arod of length 50 cm is pivoted at one end. It is raised
such that it makes an angle of 30° from the horizontal
as shown and released from rest. Its angular speed
when it passes through the horizontal (in rads™) will
be(g=10 ms"z]

[Online January 2019]

To mop-clean a floor, a cleaning machine presses a
circular mop of radius R vertically down with a total
force F and rotates it with a constant angular speed
about its axis. If the force F is distributed uniformly
over the mop and if coefficient of friction between
the mop and the floor is 1, the torque, applied by the
machine on the mop is

KPR uER
W ®
© L= ) 3urR

34.

35.

36.

37.
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[Online January 2019]

A homogeneous solid cylindrical roller of radius R
and mass M is pulled on a cricket pitch by a horizontal
force. Assuming rolling without slipping, angular
acceleration of the cylinder is

F 2F

A) — B) —

(A) 2MR ®) 3MR

F 3F

_ D)y —

© 3MR (D) 2MR
[Online January 2019]

A rigid massless rod of length 3/ has two masses
attached at each end as shown in Figure. The rod is
pivoted at point P on the horizontal axis (see figure).
When released from initial horizontal position, its
instantaneous angular acceleration will be

I+ F e 2! al
Q s Q
5M, P 2M,
8 8
A) = B) =
(A) o (B) 3l
8 78
- D) =
© 131 ©) 3l
[Online January 2019]

Two identical spherical balls of mass M and radius
R each are stuck on two ends of a rod of length 2R
and mass M (see figure). The moment of inertia of
the system about the axis passing perpendicularly
through the centre of the rod is

2R

O—=0O

[Online January 2019]

An equilateral triangle ABC is cut from a thin solid
sheet of wood (see figure). D, E and F are the mid-
points of its sides as shown and G is the centre of the
triangle. The moment of inertia of the triangle about
an axis passing through G and perpendicular to the
plane of the triangle is I;. If the smaller triangle DEF
is removed from ABC, the moment of inertia of the
remaining figure about the same axis is I. Then
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38.

39.

40.

A
D E
B C
F
15
A) I="] B) I=—I
(A) 0 (B) 160
I 9
C) 1= D) I=—I
© (D) 60
[Online January 2019]

A slab is subjected to two forces F, and I, of same
magnitude F as shown in Figure. Force F, is in xy plane
while force F acts along z-axis at the point (2? +3f )
The moment of these forces about point O will be

(A) (3i-2j+3k)F (B) (3i+2]-3k)F

(©) (3i+2]+3k)F (D) (3i-2j-3k)F

[Online January 2019]

A string is wound around a hollow cylinder of mass
5 kgand radius 0.5 m. If the string is now pulled with
a horizontal force of 40 N and the cylinder is rolling
without slipping on a horizontal surface (see figure),
then the angular acceleration of the cylinder will be
(Neglect the mass and thickness of the string)

Z%N

(B) 20 rads™
(D) 10 rads™

(A) 16 rads™
(C) 12rads™

[Online January 2019]

The magnitude of torque on a particle of mass 1kg is
2.5 Nm about the origin. If the force acting on itis 1 N
and the distance of the particle from the origin is 5 m,
the angle between the force and the position vector is
(in radians)

(A) (B)

(©) D)

w|y ooy
=y ola

41.

42,

43.

44,

[Online January 2019]

A circular disc D; of mass M and radius R has two
identical discs D, and D; of the same mass M and
radius R attached rigidly at its opposite ends (see
figure). The moment of inertia of the system about the
axis O0’, passing through the centre of D, as shown in
Figure, will be

0!

a>
D, 2 D,

D1
(A) 3MR? (B) %MRZ
(C) MR? (D) %MRZ

[Online January 2019]

Let the moment of inertia of a hollow cylinder of length
30 ecm (inner radius 10 cm and outer radius 20 cm),
about its axis be I. The radius of a thin cylinder of the
same mass such that its moment of inertia about its
axisis also I, is

(A) 14 em (B) 12 cm
(C) 16 cm (D) 18 cm
[Online January 2019]

The moment of inertia of a solid sphere, about an axis
parallel to its diameter and at a distance of x from it, is
I(x). Which one of the graphs represents the variation
of I(x) with x correctly?

(A) Ix) (B) 1)
0 X (0] X
(C) 1) (D) I(x)
O——*X ) X
[Online January 2019]

A particle of mass 20 g is released with an initial
velocity 5ms™ along the curve from the point A,
as shown in Figure. The point A is a height & from
point B. The particle slides along the frictionless
surface. When the particle reaches point B, its angular
momentum about O will be (Take g =10 ms %)
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46.

lh:10m

(B) 3 kgm?‘s_1

(A) 2kgm?™

(C) 8 kgmzs_1 (D) 6 kgmzs"]

[2018]

Seven identical circular planar disks, each of mass M
and radius R are welded symmetrically as shown.
The moment of inertia of the arrangement about the
axis normal to the plane and passing through the
point P is

(A) D pr2 (B) MR
2 2

(©) 3 MR? (D) 181 1R
2 2

[2018]

From a uniform circular disc of radius R and mass
, . R, .
9M, a small disc of radius — is removed as shown in

Figure. The moment of inertia of the remaining disc
about an axis perpendicular to the plane of the disc
and passing through centre of disc is

2R/3
R
(A) 4MR? (B) %MRZ
(C) 10MR? (D) %MR2

47.

48.

49,

50.
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[Online 2018]

A force of 40 N acts on a point B at the end of an
L-shaped object, as shown in Figure. The angle 0 that
will produce maximum moment of the force about
point A is given by

1
1
1
1
|
1
am| | |
i
1
1

(A) tanf=

[ N T

(C) tanf=

[Online 2018]

A uniform rod AB is suspended from a point X, at a
variable distance x from A, as shown. To make the
rod horizontal, a mass m is suspended from its end
A. Aset of (m, x) values is recorded. The appropriate
variables that give a straight line, when plotted are

A X B
[i]
[—
X
O
m
1 2
(A) mr? (B) m,x
1
(©€) m,x (D) m,—
x
[Online 2018]

Adiscrotates about its axis of symmetry in a horizontal
plane at a steady rate of 3.5 revolutions per second. A
coin placed at a distance of 1.25 cm from the axis of
rotation remains at rest on the disc. The coefficient of
friction between the coin and the disc is ( ¢=10ms™ )

(A) 07 (B) 05
©) 03 (D) 0.6
[Online 2018]

Athinrod MN, free to rotate in the vertical plane about
the fixed end N, is held horizontal. When the end M
is released the speed of this end, when the rod makes
an angle o with the horizontal, will be proportional to
(see figure)
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51.

52.

53.

M N
ka/
(A) cosa (B) sina
(C) Veosa (D) Vsino
[Online 2018]

A thin uniform bar of length L and mass 8m lies on a
smooth horizontal table. Two point masses m and 2m
are moving in the same horizontal plane from oppo-
site sides of the bar with speeds 2v and v respectively.
The masses stick to the bar after collision at a distance

% and % respectively from the centre of the bar. If the

bar starts rotating about its center of mass as a result of
collision, the angular speed of the bar will be

l2v
L6 L/3
H——»
[ . . e |
(0]
A
6v v
A) — B) —
(&) 5L ®) 6L
© 2 o) 2
5L 5L
[Online 2018]

A thin circular disk is in the xy plane as shown in
Figure. The ratio of its moment of inertia about z and
z" axes will be

zZ
3 Z'
Y y
X
(A) 1:4 (B) 1:3
@ 1.2 (D) 1:5
[2017]

The moment of inertia of a uniform cylinder of length
[ 'and radius R about its perpendicular bisector is I.

. L . .
What is the ratio — such that the moment of inertia is
minimum?

3 V3

(A) 2 (B) 5
3

€ 1 (D) 7

54.

55.

56.

[2017]

A slender uniform rod of mass M and length [ is
pivoted at one end so that it can rotate in a vertical
plane (shown in Figure). There is negligible friction
at the pivot. The free end is held vertically above the
pivot and then released. The angular acceleration of
the rod when it makes an angle 6 with the vertical is

z
A
0
J > X
2
(A) z—fsine (B) 3—§Sin9
38 28
—>cosf D) —=cos6
(@) ol cos D) 3l cos
[Online 2017]

Auniform disc of radius R and mass M is free to rotate
only about its axis. A string is wrapped over its rim
and a body of mass m is tied to the free end of the
string as shown in Figure. The body is released from
rest. Then the acceleration of the body is

v Wall

)

d
&7

2m 2M
®) 58 (B) o
m+M 2m+ M
2M 2m
() ZM—g (D) _mg
+1m 2M+m
[Online 2017]

In a physical balance working on the principle of

moments, when 5 mg weight is placed on the left pan,

the beam becomes horizontal. Both the empty pans of

the balance are of equal mass. Which of the following

statements is correct?

(A) Leftarm is shorter than the right arm

(B) Left arm is longer than the right arm

(C) Every object that is weighed using this balance
appears lighter than its actual weight

(D) Both the arms are of same length
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58.

59.

[Online 2017]
A circular hole of radius % is made in a thin uniform

disc having mass M and radius R, as shown in Figure.
The moment of inertia of the remaining portion of the
disc about an axis passing through the point O and
perpendicular to the plane of the disc is

R/4

219MR? 197 MR?
(A) (B)
256 256
19MR? 237 MR?
©) (D)
512 512
[2016]

A particle of mass m is moving along the side of a
square of side a, with a uniform speed v in the x-y
plane as shown in Figure.

y
A
a
D—<e—C
%
awtha
A—»—IB
a
R
45°
0 P X

Which of the following statements is false for the
angular momentum L about the origin?

(A) L= m—an':: when the particle is moving from D

2
to A

(B) i:"\’/f”z_Ré when the particle is moving from

AtoB

(@) E:mv(%—a]ﬁ when the particle is moving

fromCtoD

(D) E:mv(£+a]§ when the particle is moving

7

from Bto C

[2016]
Aroller is made by joining together two cones at their
vertices O. It is kept on two rails AB and CD which

60.

6l.

62.

Chapter 3: Rotational Dynamics 3.185

are placed asymmetrically (see figure), with its axis
perpendicular to CD and its centre O at the centre of
line joining AB and CD (see figure). It is given a light
push so that it starts rolling with its centre O moving
parallel to CD in the direction shown. As it moves, the
roller will tend to

B D

- H><‘ __

A c

(A) turn left and right alternately
(B) turn left

(C) turnright

(D) go straight

[Online 2016]

A cubical block of side 30 cm is moving with velocity
2ms ' onasmooth horizontal surface. The surface has
a bump at a point O as shown in Figure. The angular
velocity (in rads™) of the block immediately after it
hits the bump, is

a=30cm
] .- Ko -
(A) 13.3 (B) 5.0
(C) 94 (D) 6.7
[Online 2016]

Concrete mixture is made by mixing cement, stone and
sand in a rotating cylindrical drum. If the drum rotates
too fast, the ingredients remain stuck to the wall of the
drum and proper mixing of ingredients does not take
place. The maximum rotational speed of the drum in
revolutions per minute (rpm) to ensure proper mixing
is close to (Take the radius of the drum to be 1.25 m
and its axle to be horizontal)

(A) 27.0 (B) 04
(€) 1.3 (D) 8.0
[2015]

From a solid sphere of mass M and radius R a cube of
maximum possible volume is cut. Moment of inertia
of cube about an axis passing through its center and
perpendicular to one of its faces is

MR? MR?
&) 3242 ®) 1627
4MR? 4MR?
© S © S
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63.

64.

65.

66.

67.

[Online 2015]

A uniform solid cylindrical roller of mass 1 is being
pulled on a horizontal surface with force F parallel to
the surface and applied at its centre. If the acceleration
of the cylinder is 2 and it is rolling without slipping
then the value of F is

(A) ma (B) 2ma
(@) %nm (D) gma
[Online 2015]

Consider a thin uniform square sheet made of a rigid
material. If its side is 2, mass m and moment of inertia
I about one of its diagonals, then

o2 2 2
A) bma (B) ma <I<ma
12 24 12
2 2
ma ma
C) I=— D) [=—
(©) T (D) 1
[Online 2015]

A particle of mass 2 kg is on a smooth horizontal
table and moves in a circular path of radius 0.6 m
. The height of the table from the ground is 0.8 m
. If the angular speed of the particle is 12 rads™, the
magnitude of its angular momentum about a point on
the ground right under the centre of the circle is

(A) 8.64 kgm’s™
(B) 11.52 kgm’s™
(C) 14.4 kgm?s™
(D) 20.16 kgm?s ™!

[2014]

A bob of mass m attached to an inextensible string of

length [ is suspended from a vertical support. The bob

rotates in a horizontal circle with an angular speed

 rads " about the vertical. About the point of suspension

(A) angular momentum is conserved.

(B) angular momentum changes in magnitude but
not in direction.

(C) angular momentum changes in direction but not
in magnitude

(D) angular momentum changes both in direction
and magnitude

[2014]

A mass m is supported by a massless string wound
around a uniform hollow cylinder of mass m and
radius R. If the string does not slip on the cylinder,
with what acceleration will the mass fall on release?

68.

69.

70.

71.

2 8
® 3 (B)
5¢
© 6 D) ¢
[2013]

A hoop of radius r and mass m rotating with an
angular velocity @, is placed on a rough horizontal
surface. The initial velocity of the centre of the hoop is
zero. What will be the velocity of the centre of the hoop
when it ceases to slip?

ray ray
® = ® =
©) % (D) ray
[2011]

A pulley of radius 2 m is rotated about its axis by a
force F=(20¢-5t*) newton (where t is measured in
seconds) applied tangentially. If the moment of inertia
of the pulley about its axis of rotation is 10 kgm®, the
number of rotations made by the pulley before its
direction of motion if reversed, is

(A) less than 3

(B) more than 3 but less than 6

(C) more than 6 but less than 9

(D) more than 9

[2011]

A mass m hangs with the help of a string wrapped
around a pulley on a frictionless bearing. The pulley
has mass m and radius R. Assuming pulley to be a
perfect uniform circular disc, the acceleration of the
mass 1, if the string does not slip on the pulley, is

3
(A) 8 B) g

2 8
© 38 (D) 3
[2011]

A thin horizontal circular disc is rotating about a verti-
cal axis passing through its centre. An insect is at rest at
a point near the rim of the disc. The insect now moves
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along a diameter of the disc to reach its other end. During
the journey of the insect, the angular speed of the disc
(A) remains unchanged
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Its maximum angular speed is @. Its centre of mass
rises to a maximum height of

11’0’ 11
(B) continuously decreases (A) gi (B) gﬂ
(C) continuously increases 2g ) § ,
(D) firstincreases and then decreases ©) 1l D) 1Fw”
72. [2009] 28 638
A thin uniform rod of length / and mass m is swinging
freely about a horizontal axis passing through its end.
ARCHIVE: JEE ADVANCED
Single Correct Choice Type Problems
®
In this section each question has four choices (A), (B), (C) P>
and (D), out of which ONLY ONE is correct.
1. [JEE (Advanced) 2020] o}
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 Figure. ) 1
(A) =R (B) -R
Plank 3 3
3 4
C) =R D) =R
© 3 ®) 2
[ITT-JEE 2012]
, A small mass m is attached to a massless string whose
The max1mu1‘n value of 6 so that th? footbe'\ll dogs other end is fixed at P as shown in Figure. The mass
not start rolling down the plank satisfies (figure is is undergoing circular motion in the x-y plane with
schematic and not drawn to scale) centre at O and constant angular speed . If the
(A) sinf= r (B) tanf= r angular momentum of_the system, calculated about O
R R and P are denoted by L, and L, respectively, then
(C) sinf= - (D) cosf= L
2R 2R z
2. [JEE (Advanced) 2015] Pl
Aring of mass M and radius R is rotating with angular Y
speed o about a fixed vertical axis passing through its /'—‘C; h ™ m
centre O with two point masses each of mass M at el -/’; 0]

rest at O. These masses can move radially outwards
along two massless rods fixed on the ring as shown
in Figure. At some instant, the angular speed of the

.8 . .
system is —w and one of the masses is at a distance of
3 - .
ER from O. At this instant, the distance of the other

mass from O is

A) L, and L, do not vary with time

(

(B) Ly, varies with time while L, remains constant
(C) L, remains constant while L, varies with time
(

D) L, and L, both vary with time
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[ITT-JEE 2012]

Two solid cylinders P and Q of same mass and same

radius start rolling down a fixed inclined plane from

the same height at the same time. Cylinder P has most

of its mass concentrated near its surface, while Q has

most of its mass concentrated near the axis. Which

statement(s) is(are) correct?

(A) Both cylinders P and Q reach the ground at the
same time

(B) Cylinder P has larger linear acceleration than
cylinder Q

(C) Both cylinders reach the ground with same
translational kinetic energy

(D) Cylinder Q reaches the ground with larger
angular speed

[ITT-JEE 2012]

Two identical discs of same radius R are rotating
about their axes in opposite directions with the same
constant angular speed ®. The disc are in the same
horizontal plane. At time t = 0, the points P and Q are
facing each other as shown in Figure. The magnitude
of the relative speed between the two points P and Q
is v, which, as a function of time is best represented by

[IIT-JEE 2012]

A thin uniform rod, pivoted at O, is rotating in the
horizontal plane with constant angular speed ®, as
shown in Figure.

At time =0, a small insect starts from O and moves
with constant speed v with respect to the rod towards
the other end. It reaches the end of the rod at t=T
and stops. The angular speed of the system remains
® throughout. The magnitude of the torque (|7)
on the system about O, as a function of time is best
represented by which plot?

( A) A (B) A
7
0 —Tn_—bt
(C) A
7
(0] 7 t
[IIT-JEE 2009]

A block of base 10 cm x10 cm and height 15 cm is

kept on an inclined plane. The coefficient of friction

between them is +/3. The inclination 6 of this inclined

plane from the horizontal plane is gradually increased

from 0°. Then,

(A) at 8=30°, the block will start sliding down the
plane

(B) the block will remain at rest on the plane up to
certain 6 and then it will topple

(C) at 8=60°, the block will start sliding down the
plane and continue to do so at higher angles

(D) at 8=60°, the block will start sliding down the
plane and on further increasing 6, it will topple at
certain ¢

[IIT-JEE 2007]
A small object of uniform density rolls up a curved

surface with an initial velocity v. It reaches up to a
2

. ) 3t L
maximum height of — with respect to the initial
position. The object is

(A) ring (B) solid sphere
(C) hollow sphere (D) disc
[IIT-JEE 2006]

A solid sphere of radius R has moment of inertia [
about its geometrical axis. It is melted into a disc of
radius r and thickness f. If it's moment of inertia about
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10.

11.

12,

the tangential axis (which is perpendicular to plane of
the disc), is also equal to I, then the value of r is equal to

I

W)
2 2
(A) ER (B) ER
3 J3
(@) ER (D) 75
[ITT-JEE 2006)

A ball moves over a fixed track as shown in Figure.
From A to B the ball rolls without slipping. If surface
BC is frictionless and K,, Kz and K. are kinetic
energies of the ball at A, B and C respectively, then

A c
hAK Jhc
Q
B

(A) hy>he; Kg>Ke
(@) hy=he Ky=K¢
[ITT-JEE 2005]

R
A small disc of radius 5 is removed from a circular

(B) hy>h; K->K,
(D) hy <hg; Kg>Ke

disc of radius R and mass 9M. The moment of inertia
of the remaining disc about an axis perpendicular to
the plane of the disc and passing through O is

RI3
0
R
(A) 4MR? (B) %MRZ
(C) 10MR? (D) %MRZ
[IIT-JEE 2005]

A particle moves in a circular path with decreasing
speed. Choose the correct statement

(A) Angular momentum remains constant

(B) Acceleration (i) is towards the centre

13.

14.

15.

16.
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(C) Particle moves in a spiral path with decreasing
radius

(D) The direction of angular momentum remains
constant

[IIT-JEE 2004]

A child is standing with folded hands at the centre of
a platform rotating about its central axis. The kinetic
energy of the system is K. The child now stretches
his arms so that the moment of inertia of the system
doubles. The kinetic energy of the system now is

(A) 2K ® X

X 2
© 5 D) 4K
[TIT-JEE 2004]

A disc is rolling (without slipping) on a horizontal
surface. C is its centre and Q and P are two points
equidistant from C. Let vp, vy and v, be the magnitude
of velocities of points P, Q and C respectively, then

(A) vu>v:>0p

(B) vg<vc<vp

1
(€) vg=vp, 0= ET)P
(D) vy <vc>vp

[IIT-]EE 2003]

A particle undergoes uniform circular motion. About
which point on the plane of the circle, will the angular
momentum of the particle remain conserved?

(A) Centre of circle

(B) On the circumference of the circle

(C) Inside the circle

(D) Outside the circle

[IIT-JEE 2003]

Consider a body, shown in Figure, consisting of two
identical balls, each of mass M connected by a light
rigid rod. If an impulse | = Mo is imparted to the body
at one of its end, then its angular velocity is

[ »l
* Ll
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17.

18.

19.

v 20
(A) I (B) T

v v
©) 3L (D) i
[IIT-JEE 2002]

A circular platform is free to rotate in a horizontal plane
about a vertical axis passing through its centre. A tortoise
is sitting at the edge of the platform. Now the platform is
given an angular velocity @,. When the tortoise moves
along a chord of the platform with a constant velocity
(with respect to the platform). The angular velocity of
the platform @(#) will vary with time ¢ as

(A)  off (B) lt)
A A
gp———— o \-/
e —t
Q) ol D) ol
A
w, N N
t —t
[IIT-]EE 2002]

A cylinder rolls up an inclined plane, reaches some

height and then rolls down (without slipping through-

out these motions). The directions of the frictional

force acting on the cylinder are

(A) up the incline while ascending and down the
incline while descending

(B) up the incline while ascending as well as
descending

(C) down the incline while ascending and up the
incline while descending

(D) down the incline while ascending as well as
descending

[ITT-JEE 2001]

One quarter sector is cut from a uniform disc of radius
R. This sector has massM. It is made to rotate about
a line perpendicular to its plane and passing through
the center of the original disc. Its moment of inertia
about the axis of rotation is

20.

21.

22.

s
MR? MR?
W ®
2
©) % (D) V2MR?
[I'T-JEE 2000]

A thin wire of length L and uniform linear mass
density p is bent into a circular loop with centre at O
as shown. The moment of inertia of the loop about the
axis XX is

X X

pL’ pL’
A) B)
(A) 8> ) 1677

5pL° 3pl°
Q = D) =
© 167° @) 81
[IIT-JEE 2000]

A cubical block of side L rests on a rough horizontal
surface with coefficient of friction . A horizontal force
F is applied on the block as shown. If the coefficient of
friction is sufficiently high so that the block does not
slide before toppling, the minimum force required to
topple the block is

— | —pi
F
/ 4 /
(A) infinitesimal (B) %
© % (D) mg(1-p)
[IIT-JEE 2000]

An equilateral triangle ABC formed from a uniform
wire has two small identical beads initially located at A.
The triangle is set rotating about the vertical axis AO.
Then the beads are released from rest simultaneously
and allowed to slide down, one along AB and the other
along AC as shown. Neglecting frictional effects, the
quantities that are conserved as beads slide down are




23.

24,

25.

ICON

(A) angular velocity and total energy (kinetic and
potential).

(B) total angular momentum and total energy.

(C) angular velocity and moment of inertia about the
axis of rotation.

(D) total angular momentum and moment of inertia
about the axis of rotation.

[ITT-JEE 1999]

A disc of mass M and radius R is rolling with angular
speed won a horizontal plane as shown in Figure. The
magnitude of angular momentum of the disc about the
origin O is

y
e )
M
o » X
(A) (%)Mﬁzw (B) MR’w
(©) (%)MRZ(H (D) 2MR*w

[IIT-JEE 1999]

Asmoothsphere Aismovingona frictionlesshorizontal
plane with angular speed wand centre of mass velocity
v. It collides elastically and head on with an identical
sphere B at rest. Neglect friction everywhere. After
the collision, their angular speeds are w, and w;.
Then

(A) w4 <oy (B) w,=0g
€ w=0 (D) o=wy
[ITT-JEE 1999]

A cubical block of side a is moving with velocity v
on a horizontal smooth plane as shown in Figure. It
hits a ridge at point O. If the moment of inertia of the
block about an axis passing through centre of gravity

is %mal, then the angular speed of the block after it hits

Ois
— g —»i
—_—
o
/ 0
v 3v
(A) o (B) o
© \E ‘ (D) ZERO
2a

26.

27.

28.

29.

30.

Chapter 3: Rotational Dynamics 3.191

[IIT-JEE 1998]

Let I be the moment of inertia of a uniform square
plate about an axis AB that passes through its centre
and is parallel to two of its sides. CD is a line in the
plane of the plate that passes through the centre of the
plate and makes an angle 6 with AB. The moment of
inertia of the plate about the axis CD is then equal to

(A) I (B) Isin’6
(C) Icos’8 (D) I cosz( g)
[IIT-JEE 1997]

A mass M is moving with a constant velocity parallel
to the x-axis. Its angular momentum with respect to
the origin

(A) is zero

(B) remains constant

(C) increases

(D) decreases

[IIT-JEE 1995]

Two point masses of 0.3 kg and 0.7 kg are fixed at the
ends of a rod of length 1.4 m and of negligible mass.
The rod is set rotating about an axis perpendicular to
its length with a uniform angular speed. The point
on the rod through which the axis should pass in
order that the work required for rotation of the rod is
minimum, is located at a distance of

(A) 0.42 m from mass of 0.3 kg

(B) 0.70 m from mass of 0.7 kg

(C) 0.98 m from mass of 0.3 kg

(D) 0.98 m from mass of 0.7 kg

[IIT-JEE 1992]
A tube of length L is filled completely with an
incompressible liquid of mass M and closed at both
the ends. The tube is then rotated in a horizontal plane
about one of its ends with a uniform angular velocity
. The force exerted by the liquid at the other end is
Mo’L

(A) 5 (B) ML

Ma*L Ma*1?
(@) 1 D) 5
[IIT-JEE 1983]

A thin circular ring of mass M is rotating about its axis
with a constant angular velocity @. The two objects,
each of mass m, are attached gently to the opposite
ends of a diameter of the ring. The ring now rotates
with an angular velocity

oM (M —2m)
(&) M+m ®) M+2m
©) oM D) (M + 2m)

M+2m M
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Multiple Correct Choice Type Problems

In this section each question has four choices (A), (B), (C)
and (D), out of which ONE OR MORE is/are correct.

1.

[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
@, is achieved for x = x,;. Then

X
- L
V Ll
|4
3vx 12vx
A w=—— B o=—""_
@) 2 +3x? ®) [2+1247
L v
Q) xy=— D) @, =—+3
© ni= (D) oy =
[JEE (Advanced) 2019]

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 accel-
eration due to gravity)

(A) The angular acceleration of the rod will be %g

(B) The radial acceleration of the rod’s centre of mass
will be 38

(C) The angular speed of the rod will be \/%

(D) The normal reaction force from the floor on the
rod will be Mg
16

[JEE (Advanced) 2017]

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

~
—— ——————— ——
s

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

(B) The trajectory of the point A is parabola

(C) The mid-point of the bar will fall vertically
downward

(D) When the bar makes an angle 6 with the vertical,
the displacement of its mid-point from the initial
position is proportional to (1-cos6)

[JEE (Advanced) 2016]

Two thin circular discs of mass m and 4m, having radii
of a and 2a, respectively, are rigidly fixed by a mass-
less, rigid rod of length [ = y24a through their centers.
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?

(A) The center of mass of the assembly rotates about
L @
the z-axis with an angular speed of 5
(B) The magnitude of angular momentum of center
of mass of the assembly about the point O is
81ma*w.
(C) The magnitude of angular momentum of the

(0]
assembly about its center of mass is 17 ma” 5

(D) The magnitude of the z-component of L is 55ma”@.
[JEE (Advanced) 2012]

The figure shows a system consisting of (i) a ring of
outer radius 3R rolling clockwise without slipping on
a horizontal surface with angular speed w and (ii) an
inner disc of radius 2R rotating anti-clockwise with
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angular speed “. The ring and disc are separated by
2

frictionless ball bearings. The system is in the x-z plane.
The point P on the inner disc is at a distance R from the
origin, where OP makes an angle of 30° with the hori-
zontal. Then with respect to the horizontal surface,

I\
|
|

(A) the point O has a linear velocity 3R

(B) the point P has a linear velocity %Rw;‘ + \waIE
13 .
(C) the point P has a linear velocity ISRwi - ngk
(D) the point P has a linear velocity
(3— E)Rmh lRmie
4 4
[IIT-JEE 2011]

A thin ring of mass 2 kg and radius 0.5 m is rolling
without slipping on a horizontal plane with velocity
1ms™. A small ball of mass 0.1kg, moving with
velocity 20 ms™ in the opposite direction, hits the
ring at a height of 0.75 m and goes vertically up with
velocity 10 ms™. Immediately after the collision,

10 ms™!
20ms™

0.75m

=

the ring has pure rotation about its stationary CM
the ring comes to a complete stop

friction between the ring and the ground is to the
left

(D) there is no friction between the ring and the
ground

—_

G

[IIT-JEE 2009]

A sphere is rolling without slipping on a fixed hori-
zontal plane surface. In the figure, A is the point of
contact, B is the centre of the sphere and C is its top-
most point. Then,

10.
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\

Be —

A
(A) vC_I?A=2(‘73_T&C) (B) Tl7(3—15/-7.3:‘75—17/&

Q) |Ve-V,|=2\Vs-Vc| D)

ARARTA

[IIT-JEE 2006]
A solid sphere is in pure rolling motion on an inclined
surface having inclination @

0

(A) frictional force acting on sphere is f = umgcos@

(B) f is dissipative force

(C) friction will increase its angular velocity and
decrease its linear velocity

(D) If 6 decreases, friction will decrease

[IIT-JEE 1998]

The torque 7 on a body about a given point is found to
be A x L where A is a constant vector and L is angular
momentum of the body about that point. From this it
follows that

(A) %is perpendicular to L at all instants of time.

(B) the component of L in the direction of A does not
change with time.

(C) the magnitude of L does not change with time.

(D) Ldoes not change with time.

(IIT-JEE 1992]

The moment of inertia of a thin square plate ABCD of
uniform thickness about an axis passing through the
centre O and perpendicular to the plate is

4 1
A D
° | 3
B C
2
(A) Li+I; (B) I3+14
Q) L+14 D) L+L+L+]1,
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11. [IIT-JEE 1991]
A uniform bar of length 64 and mass 8m lies on a
smooth horizontal table. Two point masses m and 2m
moving in the same horizontal plane with speeds 20
and v, respectively, strike the bar as shown in Figure
and stick to it after collision. Denoting angular velocity
(about the centre of mass), total energy and the centre
of mass velocity by o, E and V. respectively, we have

after collision
2m I I
a |
v I

20
|
I 2a 2v
I« 6a m »i
(A) V,=0 B) 0=
5a
v 3mo*
C = D) E=
© o= D) E=

12. [IIT-JEE 1990]
A particle of mass m is projected with velocity v mak-
ing an angle of 45° with the horizontal. The magnitude
of angular momentum of the projectile about point of

projection when the particle is at maximum height h is
3

mo

(A) ZERO (B) g
3

© j——;g (D) my2gh°

Reasoning Based Questions

This section contains Reasoning type questions, each hav-
ing four choices (A), (B), (C) and (D) out of which ONLY
ONE is correct. Each question contains STATEMENT 1 and
STATEMENT 2. You have to mark your answer as

Bubble (A) If both statements are TRUE and STATEMENT
2 is the correct explanation of STATEMENT 1.

Bubble (B) If both statements are TRUE but STATEMENT
2 is not the correct explanation of
STATEMENT 1.

the same height. The hollow cylinder will reach the
bottom of the inclined plane first.

Statement-2: By the principle of conservation of
energy, the total kinetic energies of both the cylin-
ders are identical when they reach the bottom of the
incline.

Linked Comprehension Type Questions

This section contains Linked Comprehension Type
Questions or Paragraph based Questions. Each set consists
of a Paragraph followed by questions. Each question has
four choices (A), (B), (C) and (D), out of which only one is
correct. (For the sake of competitiveness there may be a few
questions that may have more than one correct options)

Comprehension |

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 pro-
cess 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 ®,. The rotating
rings rolls without slipping on the outside of a smaller cir-
cle 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 i and the acceleration due to gravity

is g.

)
1

I
. V)

Figure 1 Figure 2

1. [JEE (Advanced) 2017]

The total kinetic energy of the ring is
(A) Ma?(R-r) (B) %ng(R—r)z

3

(C) MwiR?

wé(Rfr?‘)

Bubble (C)

Bubble (D)

If STATEMENT 1 is TRUE and STATEMENT 2
is FALSE.
If STATEMENT 1 is FALSE but STATEMENT 2

is TRUE.

1. [IIT-JEE 2008]
Statement-1: Two cylinders, one hollow (metal)
and the other solid (wood) with the same mass and
identical dimensions are simultaneously allowed to
roll without slipping down an inclined plane from

D) EM

2. [JEE (Advanced) 2017]
The minimum value of @, below which the ring will
drop down is

I E
A \2r=n ® \2u®on
g 2
© u(R-r) ©) u(R-r)



ICON

Comprehension 2

A frame of the reference that is accelerated with respect to
an inertial frame of reference is called a non-inertial frame
of reference. A coordinate system fixed on a circular disc
rotating about a fixed axis with a constant angular velocity
® is an example of a non-inertial frame of reference.
The relationship between the force F, experienced by
a particle of mass m moving on the rotating disc and the
force I, experienced by the particle in an inertial frame

of reference is, FE =F, +2m(yxa)+m(@x7)xa,
where, 7., is the velocity of the particle in the rotating frame
of reference and 7 is the position vector of the particle with

respect to the centre of the disc

Now, consider a smooth slot along a diameter of a disc of
radius R rotating counter-clockwise with a constant angular
speed @ about its vertical axis through its centre. We assign
a coordinate system with the origin at the centre of the
disc, the X-axis along the slot, the Y-axis perpendicular to

the slot and the z-axis along the rotation axis (0=wk).
A small block of mass m is gently placed in the slot at

P= ( 1;)1 att =0 and is constrained to move only along the
slot.

3. [JEE (Advanced) 2016]
The distance r of the block at time ¢ is

R R
(A) Ecos 2wt (B) Ecos ot

(D) E(ezw + efzwf )

©) R(eotye)
4 4

4, [JEE (Advanced) 2016]
The net reaction of the disc on the block is

(A) mo’Rsin wt} - mglz
(B) %msz(é’“" — )] + mgk

©) %msz(ez‘”t —e2) ] + mgk

(D) -mw’Rcos wt} - mgfe
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Comprehension 3

The general motion of a rigid body can be considered to
be a combination of (i) a motion of its centre of mass about
an axis and (ii) its motion about an instantaneous axis
passing through the centre of mass. These axes need not
be stationary. Consider, for example, a thin uniform disc
welded (rigidly fixed) horizontally at its rim to a massless
stick, as shown in Figure.

When the disc-stick system is rotated about the origin on
a horizontal frictionless plane with angular speed ®, the
motion at any instant can be taken as a combination of
(i) a rotation of the centre of mass of the disc about the
z-axis and (ii) a rotation of the disc through an instantane-
ous vertical axis passing through its centre of mass (as is
seen from the changed orientation of points P and Q). Both
these motions have the same angular speed  in this case.
Now, consider two similar systems as shown in Figure :
Case (a) the disc with its face vertical and parallel to x-z
plane; Case (b) the disc with its face making an angle of
45° with x-y plane and its horizontal diameter parallel
to x-axis. In both the cases, the disc is welded at point P
and the systems are rotated with constant angular speed ©
about the z-axis.

z

P

X

Case (a) X Case (b)

5. [IIT-JEE 2012]
Which of the following statements regarding the
angular speed about the instantaneous axis (passing
through the centre of mass) is correct?

(A) Itis V2 for both the cases

(B) Ttis w for case (a) and 2 for case (b)

V2

(C) Itis o for case (a) and V2 for case (b)
(D) ltis w for both the cases
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6. [IIT-JEE 2012]

Which of the following statements about the instan-

taneous axis (passing through the centre of mass) is

correct?

(A) Itis vertical for both the cases (a) and (b)

(B) It is vertical for case (a) and is at 45° to the x-z
plane and lies in the plane of the disc for case (b)

(C) Itis horizontal for case (a) and is at 45° to the x-z
plane and is normal to the plane of the disc for
case (b)

(D) It is vertical for case (a) and is at 45° to the x-z
plane and is normal to the plane of the disc for

case (b)

Comprehension 4

Two discs A and B are mounted coaxially on a vertical axle.
The discs have moments of inertia I and 2I respectively
about the common axis. Disc A is imparted an initial angu-
lar velocity 2@ using the entire potential energy of a spring
compressed by a distance x;. Disc B is imparted an angular
velocity @ by a spring having the same spring constant and
compressed by a distance x,. Both the discs rotate in the
clockwise direction.

7. [ITT-JEE 2007]

., Xy,
The ratio =L is

8. [IIT-JEE 2007]
When disc B is brought in contact with disc A, they
acquire a common angular velocity in time t. The
average frictional torque on one disc by the other

during this period is
2lw 9w
A) — B) —
(A) 3t ® =
9w 3lw
C) — D) —
©) m (D) 5

9. [IIT-JEE 2007]
The loss of kinetic energy during the above process is

I’ Tw?
W5 O
2 2

4 6

Integer/Numerical Answer Type Questions

In this section, the answer to each question is a numerical
value obtained after series of calculations based on the data
provided in the question(s).

1. [JEE (Advanced) 2020]

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 centre, initially
only the left finger slips with respect to the scale and
the right finger dos not. After some distance, the left
finger stops and the right one starts slipping. Then
the right finger stops at a distance x; from the centre
(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 x;
(incm)is ......

2. [JEE (Advanced) 2015]
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
_ -1 P P -2
v, =3ms", then v, in ms 1s(g-10ms )

ly,=3ms’
A

i

1

[}

]

|

C Voo :

i 27mi
! D

[} ]

1 ]

[} I

3. [IIT-JEE 2014]
Auniform 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 rads™ is
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[JEE (Advanced) 2014]

A horizontal circular platform of radius 0.5m and
mass (.45 kg is free to rotate about its axis. Two mass-
less spring toy-guns, each carrying a steel ball of mass
0.05 kg are attached to the platform ata 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
rads " after the balls leave the platform is

[JEE (Advanced) 2013]

A uniform circular disc of mass 50 kg and radius
0.4 m is rotating with an angular velocity of 10 rads ™'
about its own axis, which is vertical. Two uniform
circular rings, each of mass 6.25 kg and radius 0.2 m,
are gently placed symmetrically on the disc in such
a manner that they are touching each other along the
axis of the disc and are horizontal. Assume that the
friction is large enough such that the rings are at rest
relative to the disc and the system rotates about the
original axis. The new angular velocity (in rads™) of
the system is

[IIT-JEE 2012]

A lamina is made by removing a small disc of diame-
ter 2R from a bigger disc of uniform mass density and
radius 2R, as shown in Figure. The moment of inertia
of this lamina about axes passing through O and P is
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I and Ip, respectively. Both these axes are perpendic-

I
ular to the plane of the lamina. Find the ratio I_P to the
nearest integer. 0

[IIT-JEE 2011]

Four solid spheres each of diameter /5 cm and mass
0.5 kg are placed with their centers at the corners of a
square of side 4 cm. The moment of inertia of the sys-
tem about the diagonal of the square is N x 10~ kgm?,
find N.

[JEE (Advanced) 2011]
Aboy is pushing a ring of mass 2 kg and radius 0.5 m
with a stick as shown in Figure.

Stick

Ground

The stick applies a force of 2N on the ring and rolls
it without slipping with an acceleration of 0.3 ms ™.
The coefficient of friction between the ground and the
ring is large enough that rolling always occurs and the
coefficient of friction between the stick and the ring is

(EJ The value of P is
10
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ANSWER KEYS-TEST YOUR CONCEPTS AND PRACTICE EXERCISES

Test Your Concepts-| . 4. (a) 4r rads™, (b) 87 rad, (c) 4
(Based on Moment of Inertia ol
and Applications) 5. < cosd
1. 23 kgm?, 45 kgm?, 27 kgm?, 0 6. (a) 202 ms™, (b) 0.3 rev
2. 346 kgmz, 23 1<gm2 7. 4 cms‘l, 1.6 cms"z, towards centre C
ml* g
3 R+r
9. vyt —Rsi t), R-R t
4. (a) 2ML, (b) %MLZ f - Rsin(@yt), R-Reos(axf)
10. v

2

5. % 11 2i+3i-4j=(5-4j) ms!
6. m(a®-b?) Test Your Concepts-lll
7. (a) 8md?, (b) 4me> (Based on Instantaneous Axis of Rotation,
8. o7k’ (24 R) Pure Rolling and Conservation of Energy)
9. 14mR2 1. 27R, 25R
5
5 15 2. =
10. EM(%] 7
5 \a’-b 17
2
1 (RY-g*—20%° gm
11 —M( > ]
2 R*-a A 10¢(R+7)
Vo
12. MRZ(%—;—éz) - ’
2 " 5. ,[—gR
a 3
13. —(my+m;)
4 \/@
6. ,|—
u £ 2
2 . dmg
15, 2MR? " V(@m+M)R
-3
n 8. 3_0’ E, lm 2
16. —ml? P22
12 9. 2.50
2
17 m;fjg 10. 0.6 m
11. Ra, %
Test Your Conce.pts-ll ‘ ' . 12 0745 ms™!
(Based on Rotational Kinematics, Combined
Effect of Rotation and Translation Motion) Test Your Concepts-1V
1. (a)4 rads ', 28 rads ' (b)12 rads %(c) 6 rads % 18 rads > (Based on Torque and Applications)
2. i =(a+Re?)i+(Ra)j, 4, =(a+Ra)i -(Re?)], 1. 92dm
3, =(a-Re?)i —(Ra)], @, = (a-Ra)} + (Re?)] 2 “-‘ﬂﬁw
me

3. (121 -44] ) ms™ 3. 273ms™, 273 rads™, 2335 N, 2382 N, 147 s
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[ ] ]
3 3 8. 4F cos@ ) 3MFcosb .4 MFcosb
4, %(1—3«)59)2, Emgsine(acose—l)xes 3M+8m 3M+8m  3M+8m
. 14ms?
5 2(my—my)g  my(m+4m,) ? e
©(2my +2my+m)R " my (m+4my) 10. F
3m+M

6. (a) Mgtan@, (b)0 5

5 1. Zmgsing, 8 (17c0s6-10) + %0
7 4|28 7 7 (R-7)
a
2m,gsinG  myi,gsind 2¢h Test Your Concepts-VI
8. , , mgh, mgh,
2my+my 2my+my 14 (Based on Angular Momentum and
2im, its Conservation)
9 3gsind
" 8—3c0s8 1. 2g/sech
38 1) 38 (o™ 2 1
10 a T T c) — 2 - -
@ =5 ®) -5 @ o ® g
e .
33 I+mR?
12 2% g @
a : 2
13. (a) 8.16 rads ', (b) 8 rads ™' \/g
5. 2,|=, 2m./gr
6. (a) (1+2—m)m0,(b) lmmﬁRz(Hz—m)
15 l6g\3 3g M 2 M
1r - 11r 7. |J2grsec,
16, L, &3 smlw
23" 8. 5
Test Your Concepts-V g, Yt @
(Based on Uniform and Accelerated 6 6
i 2
Pure Rolling) 10. ( iy ]9
iy + 2y
. M k8 s R\ M k8 1 (A
sinf R 1+L
2 &5 MR?
1+W Imo?
2. =2
4 dgt 2t
3. ITLEETE 13. Linear momentum, angular momentum and kinetic
M
F F energy, ——5 5
Y oM’ 3 &Y od?+ 2
5. 0.79Mg 14 73_]’ [>2m 7ga
6. (a) 5.3 ms™, 5.1 ms™, 443 ms™! "
(b) 42N, 49N, 74N 15, @’
(c) 155,165,185 1+m_r2
3uMgR I

R+2b
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Test Your Concepts-VII
(Based on Rolling with Slipping)

2wpr”
8lug
20
R
wLR, . mayR?
3ug
1207
P8
R

61—
8

R
Do
§

Single Correct Choice Type Questions

1.
11.
21.
3L
41.
51.
61.
71
81.
91.

101.
111.
121.
131.
141.
151.
161.
171.

C 2. A 3.C 4. C
D 12. B 13. C 14. B
D 22, C 23. A 24. B
C 32. A 33. B 34.D
B 42. D 43. A 4. D
A 52. C 53. D 54. C
B 62. A 63. A 64. A
A 72. B 73. C 74. D
C 82. C 83. B 84. B
B 92. B 93. D 94. B
B 102. B 103. D 104. C
C 112. C 113. A 114. C
B 122. C 123. D 124. C
B 132. A 133. B 134. D
C 142. B 143. C 144. A
C 152. B 153. D 154. D
B 162. D 163. B 164. B
B

ICON

15.
25.
35.
45.
55.
65.
75.
85.
95.
105.
115.
125.
135.
145.
155.
165.

Multiple Correct Choice Type Questions

1.

6.
11.
16.
21.
26.
31

A,B 2. A,B,C
B,D 7. B,C
C,D 12. A,C
C,D 17. A,B,C,D
A,CD 22. B,D
A,B,C,D 27. A,B
A,C 32. B,D

3.

8.
13.
18.
23.
28.
aki

10.

16.

36.

56.

76.

96.

116.

136.

156.

W m g w g wW R ® OO N> ® 0RO W

A B, C
AC
CD
B,C,D
A D

A B, CD

26.

46.

66.

86.

106.

126.

146.

166.

5oy % U
2R" pug’ 2ug
1203
Yug
3F F F

AM+m’ 3M+m’ R(BM+m

2
7
rlmé

vy + Ray
Hg

), %(500 +2Ray )

2.2

(ucosa-sine)  rw

)

(ucosa-sina)

2¢(3ucosa—sinar)’ 4gsina(3ucose—sine)

B 7. B 8. B
A 17. C 18. D
D 27. C 28. B
D 37. B 38. B
B 47. D 48. D
D 57. A 58. A
D 67. C 68. A
D 77. C 78. A
C 87. A 88. D
B 97. C 98. B
A 107.D 108. D
C 17.B 118. B
A 127D 128. B
D 137.A  138. B
D 147.C  148. A
D 157. A  158. B
C 167.B  168. B

4. A,B,D

9. A C

14. A, C

19. B,C

24. B,D

29. A, B,C

34. A,D

9. B 10.
19. C 20.
29. C 30.
39. D 40.
49. B 50.
59. D 60.
69. B 70.
79. C 80.
89. C 90.
99. C 100

109. A 110.

119.D  120.

129. B 130.

139. B 140.

149. C 150

159. B 160.

169. C  170.
5.A,C,D

10. B,D

15. A,B,C,D
20. B,D

25. A,D

30. A, C

35. A, B,D

O ® @ » @ @ N Jd e ® I nNnOw= NO



36. A, C
41. A,B,D

37. A,D
4. A,B,D

Reasoning Based Questions

1. A
11. A

2.B
12. A

3.D
13. B

4. B
14. A

ICON

38. A, B
43. B,D

5.D
15. A

Linked Comprehension Type Questions

1. C 28
11. D 12.
21. D 22,
31. A 32.
41. B 42,
51. B 52.
61. A 62.
71. A 72.
81. D 82.

N = 0 0= 000w

3.D
13. B
23. B
33. B
43. D
53. C
63. C
73. A
83. B

4,
14.
24,
34.
44,
54.
64.
74.
84.

N N >» U » ® O N0

5.
15.
25.
35.
45.
55.
65.
75.
85.

O =@ N O d e = Od0O

Matrix Match/Column Match Type Questions

1. A= (1)

2. A-(qr)

3. A= (1, s)

4. A—(s

5. A-=(q)

6. A—(r)

7. A= (s)

8. A= (p,s)

9. A—>(q)
10. A—(p,q, 1)
1. A— (1)
12. A= (p)
13. A—(q)
14. A= ()
15. A= (q)
16. A—(p,1,5)
17. A (q)
18. A—>(p, 1)
19. A—(s)
20. A—=(q)
21. A—(q)

6. C

16.
26.
36.
4e.
56.
66.
76.
86.

N = = W 0O N 0O %W N

39.
44,

17.
27.
37.
47.
57.
67.
77.
87.
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B,D
A, B, C

RN B~ S RN Bl w

18.
28.
38.
48.
58.
68.
78.
88.

N = W &= @ M = O ™

3.201

40. A, C

9. B 10. D

10.
20.
30.
40.
50.
60.
70.
80.
90.

=
=

> W o> N o W g N o

W N W Ng w0 g
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ae
Integer/Numerical Answer Type Questions
1. 5 2396 3.75 4. 40 5.9
6. 20,8 7. 15 8. 225 9.5 10. 1
11. 20 12. (2)36,(b)6  13. ()4, (b)5, (c) 50 14. 9 15. ()1, (b) 5, (0 1
16. 1.5 17. 100,3,30,1  18. (a)4,40(b)500,180(c)1  19. 20 20. 40
21. 3 22. 11 23. 4 24. 4,8 25. 2
26. 25 27. (@)4,(b)90  28. 8,8,4 29. (a) 1.37, (b) 131, () 206 30. 20
31. 251.43 32. 0.7 33. 195 34. (a) 143, (b) 40,181 (c) 141  35. 6
ARCHIVE: JEE MAIN
1. D 2.D 3.D 4, B 5. B 6. B 7. B 8. C 9. A 10. B
11. D 12. C 13. B 14. A 15. A 16. A 17. B 18. D 19. D 20. D
21. A 22. Bonus 23. C 24, B 25. D 26. C 27. B 28. D 29. C 30. A
31. D 32. B 33. D 34. B 35. C 36. D 37. B 38. A 39. A 40. B
41. A 42. C 43. C 4. D 45. D 46. A 47. A 48. D 49. D 50. D
51. A 52. B 53. A 54, A 55. A 56. A 57. D 58. A,C 59. B 60. B
6l. A 62. C 63. C 64. C 65. C 66. C 67. B 68. C 69. B 70. C
71. D 72. D
ARCHIVE: JEE ADVANCED
Single Correct Choice Type Problems
1. A 2.D 3.C 4. D 5. A 6. B 7.B 8. 9. A 10. D
11. A 12. D 13. B 14. A 15. A 16. A 17. C 18. B 19. A 20. D
21. C 22. B 23. C 24, B 25. A 26. A 27. B 28. C 29. A 30. C
Multiple Correct Choice Type Problems
1. A CB 2. B,C,D 3. ACD 4. A, C 5. A, B
6. A, C 7. B,C 8.CD 9. A,B,C 10. A,B,C
1. A,C,D 12. B,D
Reasoning Based Questions
1. D
Linked Comprehension Type Questions
1. A 2.C 3.C 4. B 5.D 6. A 7. C 8. A 9. B

Integer/Numerical Answer Type Questions

1. 25,6 2.7 3.2 4. 4 5.8 6. 3 7.9 8. 4



