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6.
A Fill inthe Blanks

A uniform cube of side @ and mass m rests on a rough
horizontal table. A horizontal force F is applied normal to
one of the faces at a point that is directly above the centre
of the face, at a height 3a/4 above the base. The minimum
value of F for which the cube begins to tip about the edge is
.... (Assume that the cube does not slide). (1984 - 2 Marks)

A smooth uniform rod of length L and mass M has two
identical beads of negligible size, each of mass m, which can
slide freely along the rod. Initially the two beads are at the
centre of the rod and the system is rotating with an angular

velocity ®( about an axis perpenducular to the rod and
passing through the midpoint of the rod (see figure). There
are no external forces. When the beads reach the ends of

the rod, the angular velocity of the system is .........
(1988 - 2 Marks)
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A cylinder of mass M and radius R is resting on a horizontal
platform (which is parallel to the x—y plane) with its axis
fixed along the y-axis and free to rotate about its axis. The
platform is given a motion in the x-direction given byx = A4
cos (w?). There is no slipping between the cylinder and
platform. The maximum torque acting on the cylinder during
itsmotion is.................. (1988 - 2 Marks)

A stone of mass m, tied to the end of a string, is whirled
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 7= Ar" where A4 is a constant, 7 is the instantaneous
radius of the circleand n=..... (1993 - 1 Mark)

A rod of weight wis supported by two parallel knife edges
A and B and is in equilibrium in a horizontal position. The
knives are at a distance d from each other. The centre of
mass of the rod is at distance x from 4 . The normal reaction
onAis..andon Bis..... (1997 - 2 Marks)
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A symmetric lamina of 4 B
mass M consists of a
square shape with a
semicircular section over
of the edge of the square 2
as shown in Fig. P-10. The .
side of the square is 2a.
The moment of inertia of
the lamina about an axis
through its centre of mass
and perpendicular to the
planeis 1.6 Ma?. The moment of inertia of the lamina about
the tangent AB in the plane of the lamina is....

(1997 - 2 Marks)

B True / False

A triangular plate of uniform

thickness and density is made to

rotate about an axis perpendicular

to the plane of the paper and (a)

passing through 4, (b) passing 4 ¢ B
through B, by the application of

the same force, F, at C (midpoint F

of AB) as shown in the figure. The angular acceleration in
both the cases will be the same. (1985 - 3 Marks)
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 the same dimensions but of mass M/4 is
placed gently on the first disc coaxially. The angular velocity

of the system now is 2@ /+/5 . (1986 - 3 Marks)
A ring of mass 0.3 kg and radius 0.1 m and a solid cylinder
of mass 0.4 kg and of the same radius are given the same
kinetic energy and released simultaneously on a flat
horizontal surface such that they begin to roll as soon as
released towards a wall which is at the same distance from
the ring and the cylinder. The rolling friction in both cases is
negligible. The cylinder will reach the wall first.

(1989 - 2 Marks)
Two particles of mass 1 kg and 3 kg move towards each
other under their mutual force of attraction. No other force
acts on them. When the relative velocity of approach of the
two particles is 2 m/s, their centre of mass has a velocity of
0.5 m/s. When the relative velocity of approach becomes
3 m/s, the velocity of the centre of mass is 0.75 m/s.

(1989 - 2 Marks)
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MCQs with One Correct Answer

A thin circular ring of mass ‘M and radius risrotating about
its axis with a constant angular velocity ®, Two objects,
each of mass m, are attached gently to the opposite ends of
a diameter of the ring. The wheel now rotates with an angular

velocity (1983 - 1 Mark)
oM o (M —2m)

@ r+m) (M +2m)
o M o (M +2m)

© @ream @ =

Two point masses of 0.3 kg and 0.7 kg are fixed at the ends
of arod 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
(1995S)
(@) 0.42 m from mass 0of 0.3 kg
(b) 0.70 m from mass of 0.7 kg
(c) 0.98 m from mass 0of 0.3 kg
(d) 0.98 m from mass of 0.7 kg
A smooth sphere A is moving on a frictionless horizontal
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 @, respectively. Then
(19998 - 2 Marks)
(@) o< b) o=a
© o=o0 @ oF~o0
A disc of mass M and radius R is rolling with angular speed
o on a horizontal plane as shown in Figure. The magnitude
of angular momentum of the disc about the origin O is
(1999S - 2 Marks)

@ (12)MR% v

(b) MR’» —o

© (32) MR MO

d 2MR% ¥

A cubical block of side a is mgving with velocity ¥ on a
horizontal smooth plane as shown in Figure. It hits a ridge
at point O. The angular speed of the block after it hits O'is

(19998 - 2 Marks)

@) 3Vi4a) -t LA

(b) 3VI(2a) W ,

(C) \/3_V / (\/Z) ANANNARRNNNNRNNRRNNNNNRNY \;\\\\\\ W\
(d) zero %

A long horizontal rod has a bead

o
which can slide along its length A ] IE)
and initially placed at a D S
distance L from one end A of the rod. The rod is set in
angular motion about 4 with constant angular acceleration
o . If the coefficient of friction between the rod and the
bead is K, and gravity is neglected, then the time after which
the bead starts slipping is (2000S)

1
@ Ju/o () p/do (© E (d) infinitesimal

10.

11.

A cubical block of side L rests on a rough horizontal surface
with coefficient of friction M. 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

P (2000S)

(@) infinitesimal F
(b) mgA
© mg?

(d mgl-p)
A thin wire oflength Land X
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

\

Xl

axis XX'is (2000S)
3 3 3 3
pL pL SpL 3pL
a) — b) — ) —> (d —
@ 8n? ®) 1672 © 1672 @ 8n?

An equilateral triangle 4BC formed from a uniform wire has
two small identical beads initially located at A. The triangle
is set rotating about the vertical axis 40. Then the beads are
released from rest simultaneously and allowed to slide down,
one along 4B and the other along AC as shown. Neglecting
frictional effects, the quantities that are conserved as the
beads slide down, are (2000S8)

(a) angular velocity and total energy 1
(kinetic and potential) N 4

(b) Total angular momentum and total 7\
energy

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

(d) total angular momentum and C

moment of inertia about the axis of 0

rotation
W

One quarter sector is cut from a
uniform circular 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 (2001S)
1 1
~MR? —~MR?
@ - ® -
1
(© gMR2 (d +2 MR?

A cylinder rolls up an inclined plane, reaches some height,

and then rolls down (without slipping throughout these

motions). The directions of the frictional force acting on the

cylinder are (2002S)

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

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

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

(d) down the incline while ascending as well as descending.
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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 c(¢) will

vary with time ¢ as (2002S)
o(t)
o(t)
o /\
@ o (b
t
t
oft) o(t)
) . /\
© T™c~r——"  @"

t t
Consider a body, shown in figure, consisting of two identical
balls, each of mass M connected by a light rigid rod. If an
impulse J=MV is imparted to the body at one of its ends,

what would be its angular velocity? (2003S)
(@ VL < L >

(b) 2VIL Me oM

() V3L X

d) VAL I=Mv

A particle undergoes uniform circular motion. About which
point on the plane of the circle, will the angular momentum
ofthe particle remain conserved? (2003S)
(@) centre of the circle

(b) on the circumference of the circle.

(c) insidethe circle

(d) outside the circle.

A horizontal circular plate is rotating about a vertical axis
passing through its centre with an angular velocity o . 4
man sitting at the centre having two blocks in his hands
stretches out his hands so that the moment of inertia of the
system doubles. If the kinetic energy of the system is K
initially, its final kinetic energy will be (2004S)
(@ 2K (b) K/2 () K (d K/4

A disc is rolling without slipping with angular velocity ®. P
and Q are two points equidistant from the centre C. The
order of magnitude of velocity is (2004S)
(@) Vo> Vo> Vp

®) vp>v.> Vo

© vp=vg, Vo= vd2

d vp<v.> Vo

A block of mass m is at rest under the action of force F
against a wall as shown in figure. Which of the following

statement is incorrect? a_, (2005S)
(@) f=mg[ffriction force] ;

(b) F=N[Nnormal force] ) L

(©) Fwillnot produce torque | -. ------- g

(d) N will not produce torque :

18.

19.

20.

21.

22.

23.

From a circular disc of radius R and mass 9, a small disc of
radius R/3 isremoved from the disc. The m oment of inertia
of the remaining disc about an axis perpendicular to the

plane of the disc and passing through O is (2005S)
(a) 4MR?

(b) 49—0MR2 3 Tzze/s
(c) 10 MR? R

() 3?7MR2

A particle is confined to rotate in a circular path decreasing
linear speed, then which of the following is correct? (2005S)

(@) L (angular momentum) is conserved about the centre

(b) onlydirection of angular momentum 7, is conserved
(c) It spirals towards the centre

(d) itsacceleration is towards the centre.

A solid sphere of mass M and radius R having moment of
inertia I about its diameter is recast into a solid disc of radius
rand thickness . The moment of inertia of the disc about an
axis passing the edge and perpendicular to the plane remains
1. Then R and r are related as (2006 - 3M, -1)

2 2z

(a) "= ER (b) r_\/BR
_2 _N2

© V—ISR d r= 15R

A small object of uniform
density rolls up a curved
surface with an initial
velocity v. It reaches up to

2 4
amaximum height ofiL >
g

with respect to the initial position. The object is
(a) ring (b) solid sphere
(c) hollow sphere (d) disc

A bob of mass M is suspended by a massless string of
length L. The horizontal velocity v at position A4 is just
sufficient to make it reach the point B. The angle 6 at which
the speed of the bob is half of that at A, satisfies— (2008)

(2007)

@ 0=7 7
() %<6<§

© g<e<%" e
(d) 3iTﬂ:<6<11: A VY

Look at the drawing given in the figure which has been
drawn with ink of uniform line-thickness. The mass of ink
used to draw each of the two inner circles, and each of the
two line segments is m. The mass of the ink used to draw the
outer circleis 6 m.
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The coordinates of the centres of the different parts are:
outer circle (0, 0), left inner circle (- g, @), right inner circle
(a, a), vertical line (0, 0) and horizontal line (0, — a). The
y-coordinate of the centre of mass of the ink in this drawing
is (2009)

1y
|

—
2

—_
N3

(d

A small mass m is attached to a
massless string whose other end is
fixed at P as shown in the figure. The
mass is undergoing circular motion in
the x-y plane with centre at O and
constant angular speed . If the -
angular momentum of the system,
calculated about O and P are denoted

S
wlt Sls w|a S=

by L, and Lp respectively, then

@ L, and Lp donot vary with time
(b) L, varies with time while I, remains constant
(¢ ZO remains constant while ZP varies with time

()] ZO and ZP both vary with time
A thin uniform rod, pivoted z

at O, is rotating in the
horizontal plane with
constant angular speed o,
as shown in the figure. At
time ¢ = 0, a small insect 2=

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 ®

()
N—17

throughout. The magnitude of the torque (|7]) about O, as a
function of time is best represented by which plot? (2012)

i i

A i

@ NURSNVES t
T

© @ j )
T T

A uniform wooden stick of mass 1.6 kg and length /restsin
an inclined manner on a smooth, vertical wall of height h(<
/) such that a small portion of the stick extends beyond the
wall. The reaction force of the wall on the stick is
perpendicular to the stick. The stick makes an angle of 30°
with the wall and the bottom of the stick is on a rough floor.

1.

Thereaction of the wall on the stick is equal in magnitude to
the reaction of the floor on the stick. The ratio h// and the
frictional force fat the bottom of the stick are
(g=10ms2) (JEE Adv. 2016)

h 3. 163 h 3 . 1683

—=—’f=—N —=—’f=—N
®@ 7576 3 ® 7= 3

h 33 . 83 h 1

I 16 3 I 16 3

1) I MCQ with One or More than One Correct

Two particles 4 and B initially at rest, move towards each
other under mutual force of attraction. At the instant when
the speed of 4 is Vand the speed of B is 2V, the speed of the
centre of mass of the system is (1982 - 3 Marks)
(@ 3V b)) V
© 15V (d) zero
A mass M moving with a constant velocity parallel to the
X-axis. Its angular momentum with respect to the origin
(1985 - 2 Marks)
(@) 1iszero (b) remains constant
(c) goes on increasing (d) goes on decreasing
When a bicycle is in motion, the force of friction exerted by
the ground on the two wheels is such that it acts
(1990 - 2 Marks)
(a) inthe backward direction on the front wheel and in the
forward direction on the rear wheel.
(b) in the forward direction on the front wheel and in the
backward direction on the rear wheel.
(c) in the backward direction on both the front and the
rear wheels.
(d) inthe forward direction on both the front the rear wheels.
A particle of mass m is projected with a velocity v making an
angle of 45° with the horizontal. The magnitude of the angular
momentum of the projectile about the point of projection
when the particle is at its maximum height /4 is

(1990 - 2 Marks)
3

my
o

3
© mevg d) my2gh

A uniform bar of length 6a and mass 8m lies on a smooth
horizontal table. Two point masses m and 2m moving in the
same horizontal plane with speed 2v and v, respectively,
strike the bar [as shown in the fig.] and stick to the bar after
collision. Denoting angular velocity (about the centre of
mass), total energy and centre of mass velocity by o, £ and
v, respectively, we have after collision (1991 - 2 Mark)

@ v =0

(a) zero

2m
(b) - C<—3a—>
v
c =— -
© o >

= (| —) G—) (| —

2 v
@ E=2 ” (T3
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The moment of inertia of a thin square plate ABCD, Fig., of
uniform thickness about an axis passing through the centre
O and perpendicular to the plane of the plate is

(1992 - 2 Marks)

(a) 11+12 A 4 Bl
(b) L+l

3 3
© L+
(d) Il+12+l3+l4 D, C

: 2
where I;,1,,Iyand I, are respectively the moments of

intertial about axis 1, 2, 3 and 4 which are in the plane of the
plate.

A tube of length L is filled completely with an incomressible
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 (1992 - 2 Marks)

M 0)2L

@ 5 b) Mo’L
2 2.2
© M(Z L ) Mw°L

A car is moving in a circular horizontal track of radius 10 m
with a constant speed of 10 m/s. A pendulum bob is
suspended from the roof of the car by a light rigid rod of
length 1.00 m. The angle made by the rod with track is

(1992 - 2 Mark)
(@) zero ®) 30°

(c) 45° (d) e0°

Let 7 be the moment of inertia of a uniform square plate
about an axis 4B 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 4B. The moment of inertia of the plate about the axis

CD is then equal to (1998S - 2 Marks)
@@ I () Isin’0
() Icos’® (d) Icos?(6/2)

The torque T on a body about a given point is found to be
equal to A x L where A is a constant vector, and L is the
angular momentum of the body about that point. From this
it follows that (1998S - 2 Marks)

dL
@ I 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) L does not change with time

A solid cylinder is rolling down a rough inclined plane of

inclination 6. Then (2006 - 5M, -1)

(@) The friction force is dissipative

(b) The friction force is necessarily changing

(c) The friction force will aid rotation but hinder translation

(d) The friction force is reduced if © is reduced

Ifthe resultant of all the external forces acting on a system

of particles is zero, then from an inertial frame, one can surely

say that (2009)
(@) linear momentum of the system does not change in
time

(b) kinetic energy of the system does not change in time

13.

14.

15.

16.

(c) angular momentum of the system does not change in
time
(d) potential energy of the system does not change in time
A sphere is rolling without slipping on a fixed horizontal
plane surface. In the figure, A is the point of contact, Bis the
centre of the sphere and C is its topmost point. Then,
(2009)

-\

@ Ve-Va4=2(Vg-Vc)
(b) Ve-Vg=Vz-Vy
(©) |‘7C—VA|=2|VB—‘7C|

@ |V -Va|=4|V3| A

Two solid spheres A and B of equal volumes but of different
densities d, and d,are connected by a string. They are fully
immersed in a fluid of density d;.. They get arranged into an
equilibrium state as shown in the figure with a tension in the

string. The arrangement is possible only if (2011)
(@ d,<d; =

() dy>d;

© d,>d; -~

(d d,+d;=2d;

A thin ring of mass 2 kg and radius 0.5 mis rolling \;vithout
on a horizontal plane with

velocity 1 m/s. A small 10 m/s
ball of mass 0.1 kg, 20 m/s
moving with velocity 20 7

0.75m ?m/s

m/s in the opposite
direction hits the ring at z =
aheight of 0.75 m and goes vertically up with velocity 10 m/
s. Immediately after the collision (2011)
(@) the ring has pure rotation about its stationary CM.
(b) the ring comes to a complete stop.

(c) friction between the ring and the ground is to the left.
(d) there is no friction between the ring and the ground.
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 ® and (ii) an
inner disc of radius 2R
rotating anti-clockwise with
angular speed @/2. The ring
and disc are separated by
frictionless ball bearings. The
point P on the inner disc is at
a distance R from the origin,
where OP makes an angle of 30° with the horizontal. Then

IR

with respect to the horizontal surface, (2012)

(@) thepoint O has linear velocity 3 Ro i

(b) the point P has linear velocity %wa + ?Rwl% .
V3

(c) the point P has linear velocity %wa - TRO)IE
(d) the point P has linear velocity

(3 _ﬁ) Roi +%Rwl€

A
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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 O has most of its mass
concentrated near the axis. Which statement(s) is(are)
correct? (2012)

(@) Both cylinders P and Q reach the ground at the same
time.

Cylinders Phas larger linear acceleration than cylinder

0.

(b)

(c) Both cylinders reach the ground with same translational
kinetic energy.
(d) Cylinder Q reaches the ground with larger angular
speed.
In the figure, a ladder of mass m is
shown leaning against a wall. It is Hy

in static equilibrium making an

angle 6 with the horizontal floor.

The coefficient of friction between

the wall and the ladder is p; and

that between the floor and the

ladder is p,. The normal reaction of

the wall on the ladder is Ny and that ~ p,

of the floor is N,. If the ladder is about to slip, then

(JEE Adv. 2014)

m

@ =0, #0 and N, tand = Tg

(b) HliO,H2=0and Nltan():%

mg
N, =

() wm=0,uy #0and V2 1+ gty

m

(d) =0, 20 and N tanf = "2

2
A ring of mass M and radius R is rotating with angular speed
o about a fixed vertical axis passing through its centre O

M
? atrest at O. These

masses can move radially outwards along two massless rods
fixed on the ring as shown in the figure. At some instant the

with two point masses each of mass

8 .
angular speed of the system is 90 and one of the masses is

3
at a distance of g R from O. At this instant the distance of

the other mass from O is

Q2

(JEE Adv. 2015)

20.

21.

2 1
@ 3R (b) 3R

3 4

© 3R @ 3R

Two thin circular discs of mass m and 4m, having radii of a
and 2a, respectively, are rigidly fixed by a massless, rigid
rod of length /= /24, through their centres. 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 T (see the figure). Which
of the following statement(s) is (are) true? (JEE Adv. 2016)

0 E’///////////////////////////////////////////////////////////
@
(b)
©

The centre of mass of the assembly rotates about the
z-axis with an angular speed of /5

The magnitude of angular momentum of center of mass
of the assembly about the point O is §1 ma’w

The magnitude of angular momentum of the assembly
about its center of mass is 17 ma’w/2.

(d
The position vector 7 ofa particle of mass m is given by the
following equation

i®= at’i+pt?,
where a=10/3ms3,p=5ms2andm=0.1kg. Att=1s,
which of the following statement(s) is(are) true about the

The magnitude of the z-component of T is 55 ma’w.

particle? (JEE Adv. 2016)

(@@ The velocity v is given by v = (10i+10]) ms™!

(b) Theangular momentum [, with respect to the origin is
givenby L =-5/3) k Nms

(c) The force Fisgivenby f = (1+2)) N

(d) The torque 7 with respect to the origin is given by

7 =-(203) k Nm

E Subjective Problems

A 40 kg mass, hanging at the end of a rope of length /,
oscillates in a vertical plane with an angular amplitude 6,,.
What is the tension in the rope when it makes an engle 6
with the vertical? If the breaking strength of the rope is
80 kg, what is the maximum amplitude with which the mass
can oscillate without the rope breaking? (1978)

GP_3481
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at two ends of a string that passes over
a smooth tube as shown in the figure.
The mass m moves around a circular
path which lies in a horizontal plane.
The length of string from the mass mto
the top of the tube is / and 0 is the ‘angle’
this length makes with the vertical. What I_M_I
should be the frequency of rotation of
mass m, so that the mass M remains stationary?
A circular plate of uniform
thickness has a diameter of 56 cm.
A circular portion of diameter 42
cm is removed from one edge of
the plate as shown in figure.
Find the position of the centre of
mass of the remaining portion. 42cm
( 19 80) 56cm
A block of mass M with a
semicircular of radius R,
rests on a horizontal
frictionless surface. A
uniform cylinder of radius ¥ \\\ SIS\
and mass m is released from rest at the top point 4 (see Fig).
The cylinder slips on the semicircular frictionless track.
How far has the block moved when the cylinder reaches
the bottom (point B) ofthe track ? How fast is the block
moving when the cylinder reaches the bottom of the track ?
(1983 - 7 Marks)
A particle is projected at time = 0 from a point P on the
ground with a speed v, atan angle of 45° to the horizontal.
Find the magnitude and direction of the angular momentum
of the particle about P attimet=v /g  (1984- 6 Marks)
A small sphere rolls
down without slipping
from the top of a track
in a vertical plane. The c
track has an elevated =
section and a horizontal 1L.0m
part, The horizontal B
part is 1.0 metre above the ground level and the top of the
track is 2.4 metres above the ground. Find the distance on
the ground with respect to the point B (which is vertically
below the end of the track as shown in fig.) where the sphere
lands. During its flight as a projectile, does the sphere continue
to rotate about its centre of mass? Explain. (1987 - 7 Marks)

A large mass M and a small mass m hang E

B

(1978)

A thin uniform bar lies on a frictionless
horizontal surface and is free tomovein  10m/s Al
any way on the surface. Its mass is 0.16
kg and length 3 meters. Two particles, AR
each of mass 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
m/s, and other with 6 m/s as shown in fig. The first particle
strikes the bar at point 4 and the other at point B. Points 4
and B are at a distance of 0.5m from the centre of the bar.
The particles strike the bar at the same instant of time and

10.

11.

12.

stick to the bar on collision. Calculate the loss of the kinetic
energy of the system in the above collision process.
(1989 - 8 Marks)

A homogeneous rod 4B of length L = 1.8 m and mass M is

pivoted at the centre O in such a way that it can rotate freely

in the vertical plane (Fig). The rod isinitially in the horizontal
position. An insect S of the same mass M falls vertically

with speed V on the point C, midway between the points O

and B. Immediately after falling, the insect moves towards

the end B such that the rod rotates with a constant angular
velocity o . (1992 - 8 Marks)

(@) Determine the
angular velocity o
in terms of Vand L. v

(b) Ifthe insectreaches
the end B when the o c B
rod has turned L —L_,
through an angle of 4
90°, determine V.

A uniform thin rod of mass M and length L is standing

vertically along the y-axis on a smooth horizontal surface,

with its lower end at the origin (0, 0). A slight disturbance at

t = 0 causes the lower end to slip on the smooth surface

along the positive x-axis, and the rod starts falling.

(1993-1+5 Marks)

(1) What is the path followed by the centre of mass of the
rod during its fall?

(i) Find the equation to the trajectory of a point on the rod
located at a distance r from the lower end. What is the
shape of the path of this point?

A block X of mass 0.5 kg is held by a long massless string

Qo

la~]

on a frictionless inclined plane of inclination 30° to the
horizontal. The string is wound on a uniform solid cylindrical
drum Y of mass 2 kg and of radius 0.2 m as shown in Figure.
The drumis given an initial angular velocity such that the
block X starts moving up the plane. (1994 - 6 Marks)
(1 Find the tension in the string Y

during the motion. O
(i) At a certain instant of time the

magnitude of the angular velocity

of Yis 10 rad s7! calculate the ‘

distance travelled by X from that <

instant of time until it comes to rest
Twouniform thin rods 4 and B oflength 0.6 m
each and of masses 0.01 kg and 0.02 kg
respectively are rigidly joined end to end. The A
combination is pivoted at the lighter end, P as
shown in fig. Such that it can freely rotate
about point Pin a vertical plane. A small object B
ofmass 0.05 kg, moving horizontally, hits the
lower end of the combination and sticks to it. *>
What should be the velocity of the object so that the system
could just be raised to the horizontal position.

(1994 - 6 Marks)

A rectangular rigid fixed block
has a long horizontal edge. A
solid homogeneous cylinder of
radius R is placed horizontally

at rest its length parallel to the
edge such that the axis of the
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cylinder and the edge of the block are in the same vertical
plane as shown in the figure below. There is sufficient friction
present at the edge so that a very small displacement causes
the cylinder to roll off the edge without slipping. Determine:
(1995 - 10 Marks)
(@) theangle 6_through which the cylinder rotates before
it leaves contact with the edge,
(b) the speed of the centre of mass of the cylinder before
leaving contact with the edge, and
(c) the ratio of the translational to rotational kinetic
energies of the cylinder when its centre of mass is in
horizontal line with the edge.
A small sphere of radius Y
R isheld against the inner
surface of a larger sphere
of radius 6R (Fig. P-3).
The masses of large and
small spheres are 4M and ©
M, respectively, This R
arrangement is placed on
ahorizontal table. There is no friction between any surfaces
of contact. The small sphere is now released. Find the
coordinates of the centre of the larger sphere when the smaller
sphere reaches the other extreme position. (1996 - 3 Marks)
Two thin circular
disks of mass 2 kg
and radius 10 cm
each are joined by
a rigid massless
rod of length 20
cm. The axis of
the rod is along the perpendicular to the planes of the disk
through their centres. This object is kept on a truck in such
a way that the axis of the object is horizontal and
perpendicular to the direction of the motion of the truck. Its
friction with the floor of the truck is large enough so that the
object can roll on the truck without slipping. Take x axis as
the direction of motion of the truck and z axis as the vertically
upwards direction. Ifthe truck has an acceleration of 9 m/s?.
Calculate: (1997 - 5 Marks)
(i) The force of friction on each disk,
(i) Themagnitude and the direction of the frictional torque
acting on each disk about the centre of mass O of the
object. Express the torque in the vector form in terms

ofunit vectors ;, j and k in thex, y, and z directions.
A wedge of mass m and triangular cross-section (4B =BC=

CA = 2R) is moving with a constant velocity —vi towards a
sphere of radius R fixed on a smooth horizontal table as
shown in Figure. The wedge makes an elastic collision with
the fixed sphere and returns along the same path without
anyrotation. Neglect all friction and suppose that the wedge
remains in contact with the sphere for a very short time. A,
during which the sphere exerts a constant force F on the
wedge. (1998 - 8 Marks)
A

z v
/7’ v
—
/
e
s
/
s
B C

16.

17.

18.

(a) Find the force Fand also the normal force N exerted by
the table on the wedge during the time At.

(b) Let 4 denote the perpendicular distance between the
centre of mass of the wedge and the line of action of
F. Find the magnitude of the torque due to the normal
force N about the centre of the wedge, during the
interval Az,

A uniform circular disc
has radius R and mass
m. A particle also of
mass m, is fixed at a
point 4 on the edge of
the disc as shown in
Figure. The disc can P \\/Q I
rotate freely about a

fixed horizontal chord

PQ that is at a distance R/4 from the centre C of the disc.
Theline AC is perpendicular to PQ.

Initially, the disc s held vertical with the point 4 atits highest
position. It is then allowed to fall so that it starts rotating
about PQ. Find the linear speed of the particle as it reaches
its lowest position. (1998 - 8 Marks)
A man pushesa cylinder of mass m, with the help of a plank
of mass m, as shown in Figure. There in no slipping at any
contact. ﬁle horizontal component of the force applied by

R/4

the man is F. (1999 - 10 Marks)
Find
(a) the accelerations of the F—> 1 1m,

plank and the center of
mass ofthe cylinder, and
the magnitudes and
directions of frictional
forces at contact points.
Two heavy metallic
plates are joined together
at 90° to each other. A
laminar sheet of mass 30
kgis hinged at the line AB
joining the two heavy
metallic plates. The hinges
are frictionless. The
moment of inertia of the
laminar sheet about an axis
parallel to AB and passing through its center of massis 1.2 kg-
m?. Two rubber obstacles P and Q are fixed, one on each
metallic plate at a distance 0.5 m from the line 4B. This distance
is chosen so that the reaction due to the hinges on the laminar
sheet is zero during the impact. (2001-10 Marks)
Initially the laminar sheet hits one of the obstacles with an
angular velocity 1 rad/s and turns back. If the impulse on
the sheet due to each obstacle is 6 N-s,
(a) Find the location of the center of mass of the laminar
sheet from 4B.
(b) At what angular velocity does the laminar sheet come
back after the first impact?
(c) After how many impacts, does the laminar sheet come
to rest?

(b)

GP_3481
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19. Three particles 4, B and C, each of mass m, are connectedto ~ 20. A wooden log of mass M and length Lis O
each other by three massless rigid rods to form a rigid, hinged by a frictionless nail at O. A bullet

. h . . . of mass m strikes with velocity v and sticks L
equllgteral tn@gulm body of side ¢ . This b<.>dy .1s place§ on to it. Find angular velocity of the system l
a horizontal frictioness table (x-y plane) and is hinged to it at immediately after the collision about O. Ve -

the point A4 so that it can move without friction about the v
vertical axis through A (see figure). The body is set into (2005 - 2 Marks)

. . . 21. A cylinder of mass m and radius R rolls down an inclined
rotational motion on the table about 4 with a constant angular plane of inclination 6. Calculate the linear acceleration of

velocity . (2002 - 5 Marks ) the axis of cylinder. (2005 - 4 Marks)
Va 22. Two identical ladders, each of p
! mass M and length L are resting
on the rough horizontal surface
as shown in the figure. A block
of mass m hangs from P. If the
system is in equilibrium, find the
magnitude and the direction of frictional force at 4 and B.
(2005 - 4 Marks)
23. A rectangular plate of b
mass M and dimension a

F_, x b is held in horizontal
B< ! > C position by striking n small a
. . . balls (each of mass m) per
(@) Find the magnitude of the horizontal force exerted by unit area per second. The e
the hinge on the body. balls are striking in the v
(b) At time T, when the side BC is parallel to the x-axis, a shaded half region of the plate. The collision of the balls
force F'is applied on B along BC (as shown). Obtain the with the plate is elastic. What is v? (2006 - 6M)
x-component and the y-component of the force exerted (Given n > 100, M =3kg, m=0.01kg; b=2m;a=1m;
by the hinge on the body, immediately after time 7. g=10m/s’).
F Match the Following
DIRECTIONS (Q. No. 1) : Each question contains statements given in two columns, which have to be P qQr s t

matched. The statements in Column-I are labelled A, B, C and D, while the statements in Column-1I are

labelled p, q, r and s. Any given statement in Column-I can have correct matching with ONE OR MORE 00000
statement(s) in Column-II. The appropriate bubbles corresponding to the answers to these questions ®06® @
have to be darkened as illustrated in the following example : g%%g%

o= >

If the correct matches are A-p, s and t; B-q and r; C-p and q; and D-s then the correct darkening of
bubbles will look like the given.

1.  Column-II shows five systems in which two objects are labelled as X and Y. Also in each case a point P is shown. Column-I gives

some statements about X and/or Y. Match these statements to the appropriate system(s) from Column II. (2009)
Column-1 ColumnI1
(A) The force exerted by X on Y has a magnitude Mg. ®) Y
X
A
P

Block Y of mass M left on a fixed inclined plane X, slides on
it with a constant velocity.

(B) The gravitational potential energy of X is @

continuously increasing. 3

Get More Learning Materials Here : & m @) www.studentbro.in



® Topic-wise Solved Papers - PHYSICS

GP_3481

Two ring magnets Y and Z, each of mass M, are kept in
frictionless vertical plastic stand so that they repel each other.
Y rests on the base X and Z hangs in air in equilibrium. P is
the topmost point of the stand on the common axis of the
tworings. The whole system is in a lift that is going up with
a constant velocity.

(©) Mechanical energy of the system X +Y is @®
continuously decreasing.

Apulley Y of mass m,is fixed to a table through a clamp X. A
block of mass M hangs from a string that goes over the
pulley and is fixed at point P of the table. The whole system
is kept in a lift that is going down with a constant velocity.

(D) The torque of the weight of Y about point P is zero. (s)

-X--

P

A sphere Y of mass M is put in a non-viscous liquid X kept in
a container at rest. The sphere is released and it moves down
in the liquid.

A

-X--

P

A sphere Y of mass M is falling with its terminal velocity in a
viscous liquid X kept in a container.

. . 2. Whendisc B is brought in contact with disc 4, they acquire
G Comprehension Based Questions acommon angular velocity in time ¢ . The average frictional
torque on one disc by the other during this periodis (2007)
- 2] o 91w 9 ® RV [0}
PASSAGE -1 @ () © @ =-

Two discs 4 and B are mounted coaxially on a vertical axle. The 3t 2t 4¢

discs have moments of inertia / and 2 / respectively about the 3. The loss of kinetic energy in the above process is (2007)
common axis. Disc 4 is imparted an initial angular velocity 2 ®

using the entire potential energy of a spring compressed by a @) M (b) i
distance x, Disc B is imparted an angular velocity o by a spring 2
having the same spring constant and compressed by a distance ’ ’
x,.Both the discs rotate in the clockwise direction. (©) To” (d) ITo”
1.  Theratiox /x, is (2007) 4 6
@ 2 b) % PASSAGE -2
A uniform thin cylindrical disk of mass M and radius R is attached
(c) V2 (d) 1 to two identical massless springs of spring constant k which are
NG fixed to the wall as shown in the figure. The springs are attached
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to the axle of the disk symmetrically vy

on either side at a distance d from its

centre. The axle is massless and both

the springs and the axle are in

horizontal plane.

The unstretched length of each

spring is L. The disk is initially at its

equilibrium position with its centre of

mass (CM) at a distance L from the d

wall. The disk rolls without slipping iy

with velocity V,=Vyi. The

coefficient of friction isp.  (2008)

4.  The net external force acting on the disk when its centre of
mass is at displacement x with respect to its equilibrium
position is
(@ -kx ) -2kx (¢) -2kx/3 (d) —4kx/3

5. The centre of mass of the disk undergoes simple harmonic
motion with angular frequency w equal to—

k 2k 2k 4k
R GE R R e

6. The maximum value of Vo for which the disk will roll without
slipping is —

(@ ug M (b) ug oK (c) Mg T (d) ng K

PASSAGE-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 the figure. When the disc-stick system
isrotated about the origin on a horizontal frictionless plane with
angular speed o, 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
instantaneous vertical axis passing through its centre of mass (as
is seen from the changed orientation of points P and (). Both
these motions have the same angular speed win this case (2012)

z

X
Now consider two similar systems as shown in the 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.

0 T4
S

Case (a) x Case (b)

Which of the following statements about the instantaneous

axis (passing through the centre of mass) is correct?

(a) Itis vertical for both the cases (a) and (b)

(b) Itis 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) Itishorizontal 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) Itisvertical for case (a); and is 45° to the x-z plane and
is normal to the plane of the disc for case (b).

Which of the following statements regarding the angular

speed about the instantaneous axis (passing through the

centre of mass) is correct?

(@ Itis V20 for both the cases
(b) Itis o for case (a); and w/~/2 for case (b)

(¢) Itis o for case (a); and /2¢ for case (b)
(d) Itis o for both the cases.

H Assertion & Reason Type Questions

STATEMENT-1: Ifthere is no external torque on a body about

its center of mass, then the velocity of the center of mass

remains constant.

STATEMENT-2: The linear momentum of an isolated system

remains constant. (2007)

(a) Statement-1 is True, Statement-2 is True; Statement-2
isa correct explanation for Statement-1

(b) Statement-1 is True, Statement-2 is True; Statement-2
is NOT a correct explanation for Statement-1

(c) Statement-1is True, Statement-2 is False

(d) Statement-1isFalse, Statement-2 is True

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 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 cylinders are

identical when they reach the bottom of the incline. (2008)

(a) Statement-1 is True, Statement-2 is True; Statement-2
is a correct explanation for Statement- 1

(b) Statement-1 is True, Statement-2 is True; Statement-2
is NOT a correct explanation for Statement-1

(¢c) Statement-1 is True, Statement-2 is False

(d) Statement -1 is False, Statement-2 is True

i | Integer Value Correct Type

A binary star consists of two stars A (mass 2.2M,) and B
(mass 11M), where M_ is the mass of the sun. They are
separated by distance d and are rotating about their centre
of mass, which is stationary. The ratio of the total angular
momentum of the binary star to the angular momentum of
star B about the centre of mass is (2010)
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A boy is pushing a ring of mass
2 kg and radius 0.5 m with a stick
as shown in the figure. The stick
applies a force of 2N on thering
and rolls it without slipping with
an acceleration of 0.3 m/s?. 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 (P/10). The value of

Stick

Ground

Pis (2011)
Four solid spheres each of diameter /5 cm and mass 0.5kg
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 x 10~#kg—m?, then N is.(2011)

A lamina is made by removing a small

disc of diameter 2R from a bigger disc

of uniform mass density and radius

2R, as shown in the figure. The moment p
of inertia of this lamina about axes

passing though O and Pis I, and Ip

respectively. Both these axes are

perpendicular to the plane of the lamina. The ratio I/ 1, to
the nearest integer is (2012)
A uniform circular disc of mass 50 kg and radius 0.4 m is
rotating with an angular velocity of 10 rad s~' 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 rad s™!) of the
system is (JEE Adv. 2013)
A horizontal circular platform of

radius 0.5 m and mass @
0.45 kg is free to rotate about its

axis. Two massless spring toy-

guns, each carrying a steel ball of

mass 0.05 kg are attached to the platform at a distance 0.25 m
from the centre on its either sides along its diameter (see
figure). Each gun simultaneously fires the balls horizontally
and perpendicular to the diameter in opposite directions.
After leaving the platform, the balls have horizontal speed of

Initial angular velocity of a circular disc of mass Mis .
Then two small spheres of mass m are attached gently to
diametrically opposite points on the edge of the disc. What
is the final angular velocity of the disc? 12002]

@ [MA-;m)wl ®) (M+m)m1

o (s
O Graam)®™ @ (5550

JEE Main / GIEEE

9 ms~! with respect to the ground. The rotational speed of
the platform in rad s~! after the balls leave the platform is
(JEE Adv. 2014)
A uniform circular disc of mass 1.5 kg F
and radius 0.5 m is initially at rest on a X
horizontal frictionless surface. Three
forces of equal magnitude F=0.5 N are
applied simultaneously along the three
sides of an equilateral triangle XYZwith
its vertices on the perimeter of the disc
(see figure). One second after applying
the forces, the angular speed of the disc
inrads!is (JEE Adv. 2014)
Two identical uniform discs roll without slipping on two
different surfaces 4B and CD (see figure) starting at 4 and C
with linear speeds v, and v,, respectively, and always remain
in contact with the surfaces. If they reach B and D with the
same linear speed and v; =3 m/sthen v, inm/s s (g= 10 m/s?)

(JEE Ady. 2015)

F

N 7

g~

=3m/s

>

o
b

TCECECEETITITITITITI Y

\
\\

v,

rrrrrrrn'n'n'?')'
I

==
The densities of two solid spheres 4 and B of the same radii

R vary with radial distance r as p,(7) = k(%) and pg(r) =

5
k [%) , respectively, where £ is a constant. The moments

of inertia of the individual spheres about axes passing
i : Ip_n
through their centres are I, and I, respectively. If, 7, 10

the value of  is (JEE Adv. 2015)

The minimum velocity (in ms™") with which a car driver must
traverse a flat curve of radius 150 m and coefficient of friction
0.6 to avoid skidding is [2002]
@ 60 (b) 30 © 15 d 25

A cylinder of height 20 m is completely filled with water. The
velocity of efflux of water (in ms™!) through a small hole on
the side wall of the cylinder near its bottom is 12002]
@ 10 (b) 20 (c) 255 d 5

Two identical particles move towards each other with
velocity 2v and v respectively. The velocity of centre of
mass is 12002]

(b) v/3

@ v () v2 (d) zero.

GP_3481
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A solid sphere, a hollow sphere and a ring are released from
top of an inclined plane (frictionless) so that they slide down
the plane. Then maximum acceleration down the plane is for
(norolling) 12002

(@) solid sphere (b) hollow sphere

(c) ring (d) allsame.

Moment of inertia of a circular wire of mass M and radius R
about its diameter is 12002]
(@) MR*2 (b) MR? () 2MR? (d) MR*/A.

A particle of mass m moves along line PC with velocity v as
shown. What is the angular momentum of the particle
about P? [2002]

(a) mvL
(b) mvl

(© mvr

(d) zero. e
A circular disc X of radius R is made from an iron plate of
thickness ¢, and another disc Y of radius 4R is made from an

t
iron plate of thickness —. Then the relation between the

4
moment of inertia /y and Iy is [2003]
(a) ]Y =32]X a)) IY=16IX
© Iy=Ix d) Iy=641y

A particle performing uniform circular motion has angular

frequency is doubled & its kinetic energy halved, then the

new angular momentum is 12003

@ L (®2L
4

L
(© 4L (d 5

Let F be the force acting on a particle having position

vector 7, and T be the torque of this force about the origin.
Then 12003

(@ FT=0and FT#20 (b) F.T#0and F.T=0

(© 7.T#0and F.T#0 () 7.T=0and F.T=0
A solid sphere is rotating in free space. If the radius of the
sphere is increased keeping mass same which one of the
following will not be affected ? 12004]
(@) Angular velocity (b) Angular momentum

(¢) Momentofinertia (d) Rotational kinetic energy
One solid sphere 4 and another hollow sphere B are of same
mass and same outer radii. Their moment of inertia about

their diameters are respectively / 4 and [/ Such that

[2004]
(a) ]A<]B (b) ]A>IB

Ta_da
© Ly=1p @ 77

where d 4 and dp are their densities.
A body 4 of mass M while falling vertically downwards

. . 1
under gravity breaks into two parts; a body B of mass 3

M and a body C of mass 2 M. The centre of mass of

bodies B and C taken together shifts compared to that of
body 4 towards 12005]

14.

15.

16.

17.

18.

19.

20.

21.

(a) does not shift

(b) depends on height of breaking
(¢) body B

(d) body C

The moment of inertia of a uniform semicircular disc of mass
M and radius r about a line perpendicular to the plane of the
disc through the centre is [2005]
(@) %Mrz (b) %Mr © %Mrz d Mr?

A ‘T shaped object with
dimensions shown in the figure,is 4

—] —>
B

lying on asmooth floor. A force * F ° 2 T

is applied at the point P parallel to 7= ’ 2

AB, such that the object has only l

the translational motion without

rotation. Find the location of P with

respect to C. [2005] ¢

3 2 4
@ 3¢ ®3° © ¢ @ 3¢
Consider a two particle system with particles having masses
m, and m,. If the first particle is pushed towards the centre

of mass through a distance d, by what distance should the
second particle is moved, so as to keep the centre of mass at

the same position? [2006]
my m m
@ 57 O LT ©,7 @d

Four point masses, each of value m, are placed at the corners
of a square ABCD of side £. The moment of inertia of this
system about an axis passing through 4 and parallel to BD
is [2006]

@ 2m2 ) Bm2 © 3me2 (D) 2

A force of —Fk acts on O, the origin of the coordinate
system. The torque about the point (1, —1) is 12006]

@ F@-J) 1
(b) -F@+))
A A (6]
© F@+)) b

) -F@-j) X

A thin circular ring of mass m and radius R is rotating about
its axis with a constant angular velocity w. 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 o' = 12006]
o(m+2M) o(m-2M)
@) m (m+2M)
om om
© o+ ) @ e

A circular disc of radius R is removed from a bigger circular
disc of radius 2R such that the circumferences of the discs
coincide. The centre of mass of the new disc is o / R form
the centre of the bigger disc. The value of o is 12007]
@ 14 (b) 1/3 () 12 d) 1/6

A round uniform body of radius R, mass M and moment of
inertia / rolls down (without slipping) an inclined plane
making an angle 0 with the horizontal. Then its acceleration
is [2007]
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™
gsin6 gsin6
a) ——— ) —=——
@ 1-MR?*/1 ® 1+1/MR?
gsin6 gsin6
) ———— ) ———
© 1+ MR?/1 @ 1-1/MR?

Angular momentum of the particle rotating with a central
force is constant due to 12007]
(a) constant torque

(b) constant force

(c) constant linear momentum

(d) =zero torque

For the given uniform square lamina ABCD, whose centre
is O, [2007]

(@ 1 AC = \/5 Igp D B C
© Iyp=3lgr

(d) Tyc=1gF A B
A thin rod of length ‘L’ is lying along the x-axis with its ends
atx=0and x = L. Its linear density (mass/length) varies with

n
xas k (%) , where n can be zero or any positive number. If

the position x,, of the centre of mass of the rod is plotted
against ‘n’, which of the following graphs best approximates

the dependence of x,, on n? 12008]|
Xem Xem
L
2
6 n
XCM
L
L
2
0] n

Consider a uniform square plate of side ‘@’ and mass ‘m’.
The moment of inertia of this plate about an axis
perpendicular to its plane and passing through one of its

corners is 12008]|
@ tma ) smd @ Lma @ sma?

A thin uniform rod of length / and mass m is swinging freely
about a horizontal axis passing through its end. Its maximum
angular speed is ®. Its centre of mass rises to a maximum
height of : [2009]
lio 1 Pe? 1 Pe? 1 Pe?
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 m, if the string
does not slip on the pulley, is: 12011

2 g 3
@ g b 38 © 3 @ g
A thin horizontal circular disc is rotating about a vertical
axis passing through its centre. An insect is at rest at a
point near the rim of the disc. The insect now moves along

29.

30.

31.

32.

33.

34.

a diameter of the disc to reach its other end. During the
journey of the insect, the angular speed of the disc.

(a) continuously decreases [2011]
(b) continuously increases

(c) first increases and then decreases

(d) remainsunchanged

A pulley of radius 2 m is rotated about its axis by a force
F = (20t — 5¢%) newton (where ¢ is measured in seconds)
applied tangentially. If the moment of inertia of the pulley
about its axis of rotation is 10 kg-m? the number of rotations
made by the pulley before its direction of motion is
reversed, is: [2011]
(a) more than 3 but less than 6

(b) more than 6 but less than 9

(¢) morethan9

(d) lessthan 3

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 ? [JEE main 2013]
g 10

@ = 3 2
A bob of mass m attached to an inextensible string of length
I is suspended from a vertical support. The bob rotates in a
horizontal circle with an angular speed wrad/s about the vertical.
About the point of suspension: |JEE Main 2014|
(a) angular momentum is conserved.

(d) o,

(b) angular momentum changes in magnitude but not in
direction.

(¢) angular momentum changes in direction but not in
magnitude.

(d) angular momentum changes both in direction and
magnitude.

Distance of the centre of mass of a solid uniform cone from

its vertex is z,. If the radius of its base is R and its height ish

then z; is equal to : |JEE Main 2015]
5h 3h2 h? 3h
@ ® — (© Ty (@ 4

Froma 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 : |JEE Main 2015]
4MR? . 4MR? MR ? . MR ?
@ 55 © 35 © 5 @ e
A roller is made by joining B p
together two cones at their
vertices O. It is kept on two rails
AB and CD, which are placed
asymmetrically (see figure), with ---- ,’. 4‘ -
its axis perpendicular to CD and 0
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 :

(a) go straight. |JEE Main 2016]
(b) turn left and right alternately.

(c) turnleft.

(d) turnright.

GP_3481

@g www.studentbro.in



>

(@] -

[~

|e=t

=1k

Get More Learning Materials Here : I

>n

.
.

2

Rotational Motion

Section-A : JEE Advanced/ IIT-JEE

M(’)O

1

— MRA®?

- \D e e \O ke
DR

Emg m 3. 3 4, 3
d-
[ dx)W % 6. 4.8 Ma?
F 2. F 3. F 4, F
© 2. (o) 3. (© 4. (o) 5 (a 6. (a 7. (© 8. (@
(b) 10. (@) 11. (b) 12. (b) 13. (@) 14. (a) 15. (b) 16. (b)
. (@) 19. (b) 20. (b) 21. (d) 22. (d) 23. (a) 24. (o) 25. (b)
d 2. () 3. (a0 4. (b,d) S. (a,c,d) 6. (a,b,c) 7. (a) 8 (o
@ 10. (a,b,c) 11. (c,d) 12. (a) 13. (be) 14. (a,b,c) 15. (¢ 16. (a,b)
. (c,d) 19. (@) 20. (a,c) 21. (a,b)
T =mg[3cos0—2cos0y],0,=30° 2. v=L %
. mR-r)  [2g®=r)
9 cm from the origin towards left 4. Mam "\ Mm+ M)
3
Zr:z/;)g , perpendicular to the plane of motion and is directed away from the reader. 6. 2m, yes
12v
2.72] 8. (@ L (b) 3.5ms™!

2 2
} +(%] =1Ellipse  10. () 1.63N (ii) 1.22m 11. 63m/s

(i) Straight line, (i) [ =

12. (a)e=cos-l4 (b),/ © 6 13. (L+2R.0)
14. (i) 61 (ii) 0.6(k—J), 0.6(—]—k)
4

15. (@) 77— J‘ = (3 - ), (J‘ +mg) a;)%xh 16. \[5gR

8F 4F 3FM, FM,
17. (a) 3M1+SM2 3M1+SM2 ( ) 3M1+SM2 3M1+SM2
18. (a) 0.1 m (b) 1 radian/sec. (c) infinite 19. (@) \3mep? ) Fre)x = F (Fret)y = Bmlw?
2 m—L 21 _Z sin @
0 ©=r+3mzr 2 9738
22. [(M +m)2]cot9 along AB. 23. 10m/s
1. (A)>p,t;(B)>q,s,t(C)>p,1,t;(D)>q,p
. © 2 (@ 3. (b 4. () 5. (d 6. (0 7. () 8. (b
. @ 2 @
1. 6 2. 4 3.9 4. 3 5. 8 6. 4 7. 2 8. 7

17. (d)
26. (d)

17. (d)
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Rotational Motion

® P-S-45

Section-B : JEE Main/ AIEEE
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1. (¢ 2. (b) 3. (b 4. (¢ 5 (d 6. (a 7. (d) 8. (d 9. (a
10. (d) 11. (b) 12. (a) 13. (a) 14. (¢ 15. (d) 16. (¢) 17. (¢) 18. (¢)
19. (d) 20. (b) 21. (b) 22. (d) 23. (d) 24. (a) 25. (d) 26. (¢) 27. (b)
28. (c) 29. (a) 30. (¢) 31. (¢ 32. (@ 33. (a) 34. (o)
Section-A 13\ I VA py]S3
A. Fill in the Blanks , 3 | Mido?
KEY CONCEPT N o, do” = S5 on f=
When the cube begins to tip A ) 3
about the edge the normal B c Thus, maximum torque,
reaction will pass through the £ MA®2R 1
edge about which rotation 5, Toax = JXR= ® - ZMARe?
3 3
takes place. The torque due to ) ) : )
Nand fwill be zero. = * fﬁ = Let at any instant of time ¢, the radius of the horizontal
Taking moment of force about D mg surface be 7. )
T= mro? .. ()
Fx 3_a=mgxﬁ . F= ng Where m is the mass of stone
4 2 7 3

Note : Since no external force and hence no torque is applied,
the angular momentum remains constant

Lo, = 5o,
L2
(})=Ilml— 12 X®g _ MC!)O
2 ]2 B ML2 L 2 M +6m
—+2mx (—)
12 2

Considering the motion of the platform

x=A4 cos ot

2
= ax =—Aosinot = ax = —Aw? cos ot
dt dt2

The magnitude of the maximum acceleration of the platform
is

| Max acceleration | = 4w?
When platform moves a torque acts on the cylinder and the
cylinder rotates about its axis.

Acceleration of cylinder, a; = i
m

Torque 7z =fR .. Ia = fR
a = ﬁ= R
I MR?/2
_
or, a = MR or Ro= i,
. Equivalent linear acceleration ( Ro. = az)
_
a, Iv;
.. Total linear acceleration,
_ _ S 2 3f
Qrax = @tay = 7T =0

and o is the angular velocity
at that instant of time 7.

Also, L=Io ... (1)
From (i) and (ii)

12 12 2
T= mrz = mzzxr’Tz(L_]r_3
1 (mr©) m

3¢

[voere 2 )
— Ar73 where — = 4 is constant
Thus, n=-3 "

R, +Ry=W

S R=W-Ry

Assuming symmetric lamina to be in xy plane, we will have
L=1I, (Since the mass distribution is same about x-axis and
y-axis)

I+ Iy = I (perpendicular-axis theorem)

Itis given that [, = 1.6 Ma?. )
Hence 4 B

1 2
1x=1y= 72= 0.8 Ma

Now, according to parallel-axis X
theorem, we get
Lg =1+ M(Q2a)?
=0.8 Ma?+4Ma?
=4.8 Ma?

B. True/False

t=Ilo .. o= 7

T ="Force x perpendicular distance. Torque is same in both
the cases. But since, / will be different due to different mass
distribution about the axis,

.. aowill be different.
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L J% o % o
2 %:d—f Since, 7=0 1 2
B %o
L = constant M 4
Lo =1 ‘
ome (oo
1 2
I= EMRZ I=MF 12=M1”2+mr2
® =0 e, Lo, =10,
1 1M , (4+1 5 M x o =(MP+2mP) 0, (o) = 0)
L=~MR*+=—R? =[—] MR? = 2 MR? M
2 2 4 8 8 .= o
=7 2 M +2m
2 (¢) The moment of inertia of the system about axis of
1 rotation O is ® 03k
Loy MExe g =1+ 1,= 032 +07 (1 4-xp ®
w,= =+ =—o0=-0 =0.3x2+0.7 (1.96 +x2—2.8%) x
I SyR?  2x5 S =x2+1372-1.96x
8 The work done in rotating the O¢
3. Total energy of the ring rod is converted into its
— rotational kinetic energy.
=(KE )Rotation +(K.E. )Ttans]ational 1 14-x
2
W=—=Iw
PR 2 |
2 2 1 4 v 0.7kg
=—[x* +1.372-1.96x]w?
=lxmr20)2+lm(r0))2 (- I=mP?, v =ro) 2 .
2 2 ) > e For work done to be minimum
aw
=mr20)2 E=O = 2x-1.96=0
Total kinetic energy of the cylinder
=(KE ')Rotation +(KE ‘)Ttans]ational = x= % =098m
= %I o+ %Mv '2 (c) Asthe spheres are smooth there will be no friction (no
torque) and therefore there will be no transfer of angular
1 ( 1 2) 5 1 ) momentum. Thus 4, after collision will remain with its
T2 EMr e EM(”D') initial angular momentum. i.e., ® 4 = ®
3 (¢) KEYCONCEPT
= > Mr*o"” () The disc has two types of motion namely translational
4 .
L .. and rotational. Therefore there are two types of angular
Equating (i) and (i1)

= 0=o
Both will reach at the same time.
4.  Since no external force is acting on the two particle system
ac.m = 0
= V., = Constant.

C. MCQs with ONE Correct Answer

Since the objects are placed gently, therefore no
external torque is acting on the system. Hence angular
momentum is constant.

1. (o)

Get More Learning Materials Here : I

momentum and the total angular momentum is the
vector sum of these two.

In this case both the 4
angular momentum have
the same direction
(perpendicular to the
plane of paper and away -7----
from the reader).

L=L7+LR

L= angular momentum due to translational motion.
Ly = angular momentum due to rotational motion
about C. M.

L=MV*xR+I o

I, = M.I about centre of mass C.
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8. @
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® P-S-47

1
=M[Ro)R+ EMRZ(D
(v=Ro in case of rolling motion and surface at rest)

3

=—MR2(o
2
a
al — c M
M V\O,)
5‘ ~0

2
r=V22 o p=L
2 2

Net torque about O is zero.
Therefore, angular momentum (L) about O will be
conserved, or L; = Lf

MV(%) = Iyo = (I, + Mr*)o

Ma? (az\ 2 9 3v
=" 4+ M|= == M =
0] { 5 + LzJ ® =3 Ao yp

Note : When we are giving an angular acceleration to
the rod, the bead is also having an instantaneous
acceleration a = La.. This will happen when a force is
exerted on the bead by the rod. The bead has a tendency
to move away from the centre. But due to the friction
between the bead and the rod, this does not happen to
the extent to which frictional force is capable of holding
the bead.

The frictional force here provides the necessary
centripetal force. If instantaneous angular velocity is
o then

mLo? = p(ma) => mLo? = pmLa = o?=pa

By applying !

= o=0,ta, “i) a
We get o= ot I

1
Loll=po == \/g —L—H

The applied force shifts the normal reaction to one
corner as shown. At this situation, the cubical block
starts topping about O. Taking torque about O

»

F

AN

FxLemgx £ p=T8
mE* 5 2

Moment of inertia about the diameter of the circular

1
loop (ring) = EMRZ

Using parallel axis theorem

9.

10. (a)

1. ®)

12. ()

13. (@)

The moment of inertia of the loop about XX axis is

MR? » 3. 5
IXX'= T'l'MR =5MR

Where M =mass of the loop and R =radius of the loop

L
HereM—LpandR—E,
3 LY 38
-Sun() 22
Ly 2( P) o .

The M.1I. about the axis of rotation is not constant as
the perpendicular distance of the bead with the axis of
rotation increases.
Also since no external torque is acting.

dL

et g = L =constant = Iw = constant

Since, I increases, o decreases.

The mass distribution of this sector is same about the
axis of rotation as that of the complete disc about the
axis. Therefore the formula remains the same as that of
the disc.

Imagine the cylinder to
be moving on a
frictionless surface. In
both the cases the
acceleration of the
centre of mass of the
cylinder is g sin 0. This
is also the acceleration
of the point of contact
of the cylinder with the inclined surface. Also no torque
(about the centre of cylinder) is acting on the cylinder
since we assumed the surface to be frictionless and
the forces acting on the cylinder is mg and N which
pass through the centre of cylinder. Therefore the net
movement of the point of contact in both the cases is
in the downward direction as shown. Therefore the
frictional force will act in the upward direction in both
the cases.

Note : In general we find the acceleration of the point
of contact due to translational and rotational motion
and then find the net acceleration of the point of contact.
The frictional force acts in the opposite direction to
that of net acceleration of point of contact.

Since there is no external

torque, angular momentum C
remains conserved. As

moment of inertia initially

decreases and  then

increases, so ® will increase

initially and then decreases.

A
Note : The M.I. of the system decreases when the
tortoise move from A4 to B and then increases from B
toA.
So the variation of ® is nonlinear.
Change in angular momentum of the system = angular
impulse given to the system about the centre of mass
(Angular momentum)f— (Angular momentum),

@ www.studentbro.in
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14.

15.

16.

17.
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L .
= Mv x 3 ..()

Let the system starts rotating with the angular
velocity .

Moment of Inertia of the system about its axis of rotation
[centre of mass of the system]

2 2 2 2
2 2 4 2

L
2

M L My L v
=TT Y w2 2 1
The net force acting on a particle undergoing uniform
circular motion is centripetal force which always passes
through the centre of the circle. The torque due to this

force about the centre is zero, therefore, L is conserved
about O.

From (i) Io—0=Mv

Mv L

2
L
KEY CONCPET : (K.E) . i0n= EYE
Here , L = constant
(K.E.), otational < I = constant.

\X’hen Iis doubled, K.E. ; becomes half.

Note : In pure rolling, the point of contact is the
instantaneous centre of rotation of all the particles of
the disc. On applying v=ro

rotationa

We find o is same for all the particles then v oc 7.
Farther the particles from O, higher is its velocity.
The cubical block is in equilibrium.

For translational equilibrium

(@ Z2XF,=0= F=N

(b) ZFy= 0= f=mg

s yL
L—Za—' X

=

&\\\\\\\\\A\\
>
I
L e
a
o

AR WA WA WA WA\
<«

For Rotational Equilibrium

21,.=0

Where 1, = torque about c.m.

Torque created by frictional force (f) about C=fx ain
clockwise direction.

There should be another torque which should counter
this torque. The normal reaction N on the block acts as
shown. This will create a torque N x b in the
anticlockwise direction.

Such that fxa=Nxb

Note : The normal force does not act through the centre
of the body always. The point of application of normal
force denends on all the forces acting on the hodv.

18. @

19. ()

Let o be the mass per unit area.

The total mass of the disc
=oxnR2=9M
The mass of the circular disc cut

~oxnE) _oxiR
- 3) 9

Let us consider the above system as a complete disc of
mass 9M and a negative mass M super imposed on it.
Moment of inertia (/) of the complete disc =

=M

1
59MR2 about an axis passing through O and

perpendicular to the plane of the disc.
M. I ofthe cut out portion about an axis passing through
0" and perpendicular to the plane of disc

2
= l><Mx[£)
2 3

M 1. (1,) of the cut out portion about an axis passing
through O and perpendicular to the plane of disc

2 2
= l><M><(£) +Mx(£)
2 3 3
[Using perpendicular axis theorem]
.. The total M.1. of the system about an axis passing

through O and perpendicular to the plane of the disc is
I=1+1,

2 2
=l9MR2— l><M><(£) +Mx(§)
2 2 3 3

9MR? 9MR* (9-1)MR?

2 18
Since v is changing (decreasing), L is not conserved in
magnitude. Since it is given that a particle is confined
to rotate in a circular path, it cannot have spiral path.
Since the particle has two accelerations a, and q,
therefore the net acceleration is not towards the centre.

L

= 4MR?

The direction of L remains same even when the speed
decreases.

GP_3481
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20. ()
A’ y
v g | e
r '.M
A
B’ Y
For solid sphere
2. 52 : .
IAB=§MR =1 (given) .. ()
For solid disc
1. 2 2_ 3.2
IA,B,=IYY+Mr2=EMr +Mr” =S Mr
Lp=1,p (given)  ...(i0)
From (i) and (i1),
ZMR* == M =—R
5 2 T s
21. () By the concept of energy conservation
(3y2)
lmvz+llct)2=mg Els
2 2 4g
2
2 1.v 2
—mv A=l —=—mv" [ y=
2 2 %2 a [**v=Ro]
2
l1v—= émv2 —lmv2 = lmv2
2 R? 4 2 4
1 2
I= —mR
= ;"

This is the formula of the moment of inertia of the disc.
22. () This is the case of vertical motion when the body just
completes the circle. Here

Applying energy conservation,
Total energy at A = Total energy at P

2 2 2
v
8g """"
“Reference A
= i x 5gL= E m(ii)Level for PE.
8 8
15L
In AOPM, cosd = =" = s 7
n , COS L L 3

3
Therefore, the value of 0 lies in the range%t <0<m

23. (a) Thesystem ismade up of five bodies (three circles and
two straight lines) of uniform mass distribution.

Therefore we assume the system to be made up of five

Get More Learning Materials Here : I

24. (o)

25. ()

point masses where the mass of each body is
considered at its geometrical centre.

Y4 Y,

(a,a)
h

6m t0.0)
m
LJ
0,-9)
The y-coordinate of the centre of mass is

_my1tmyy, tm3ys +may, +msys
com m1+m2+m3+m4+m5

6mx0+mx0+mxa+mxa+m(—a)
Yem =

bm+m+m+m+m

ma a

10m 10 i
The angular Lp
momentum of the mass LI
m about O is mr?® and P
is directed toward +z
direction for all
locations of m.
The angular [
momentum of mass m
about P is mvl and is I,
directed for the given .
location of mas shown ¢ »
in the figure. ) g

The direction of ip remains changing for different
locations of m.

We know that | T |= |—Z€ where L=Io
d dl
=2 (Io) = - .
T dt( ) o )

From the situation it is clear that the moment of inertia
for (rod + insect) system is increasing.

O
X—>

Let at any instant of time '?', the insect is at a distance x
from O. At this instant, the moment of inertia of the
system is

1
I= EMLZ + mx? ...(ii)

From (i) & (ii)

T = (Ddit[%ML2 +mx2} =m mdit(xz)

dx
= 20)mx7 = 20mxv

@g www.studentbro.in
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=20mv?t

Toct

[ x=vf]
(tins=1)
When the insect stops moving, L does not change
and therefore T becomes constant.
26. (d) Consideringthe normal reaction ofthe floor and wall
to be N and with reference to the figure.

Nsin 30°,
A
Ny 30°
Ncos 30°«

.x/ h
03/ 1.6¢

N :

A J B

By vertical equilibrium.

. 32g .
N+Nsin30°=1.6g=>N= N ... (1)
By horizontal equilibrium

B 1643

f=Ncos 30° = T N= T From (1)

Taking torque about A we get

1.6g x AB=Nxx
L 32g 3
—c0s60°=—"—"xx .. —=x i
1.6 g 2 3 3 ... (1)
B 30°= u LX=
ut cos 30° = . S ©0330° ... (1)
. h 3 h 3B
From (ii) and (iii) c0s30° 8 T 716

D. MCQs with ONE or MORE THAN ONE Correct

1. (@ WeknowthatF, = Ma, (1)

We consider the two particles in a system. Mutual force
of attraction is a internal force. There are no external
forces acting on the system. From (i)
a.m =0 =v ., =constant.
Since, initially the Vo =0

Finallyv, =0

2. () Angular momentum

L=rxp

L=Momentum x
perpendicular distance of line M v
of action of momentum w.r.t
point of rotation

L=Mvxy. X

“«=>

Get More Learning Materials Here : I

The quantities on the right side of the equation are not
changing.
The magnitude is constant. The direction is also constant.
3. (a,c) When the cycle is not pedalled but the cycle is in
motion (due to previous effort) the wheels move in the
direction such that the centre of mass of the wheel move
forward. Rolling friction will act in the opposite direction to
the relative motion of the centre of mass of the body with
respect to ground. Therefore the rolling friction will act in
backward direction in both the wheels. The sliding friction
will act in the forward direction of rear wheel during pedalling.
4. (b, d) Angular momentum = (momentum) x (perpendicular
distance of the line of action of momentum from the axis of

rotation)
Angular momentum about O
mv
L=—=xh .
NG (o)
202 2
visin“0 v
= =— [-06=45° ii
Now, & 28 12 [ | ()
From (i) and (ii)
= L 2Jgh) h=my2gh
2
Also, from (i) and (ii)
mv v:  m’
[=—F—=X—=——
2 4g a2 g
5. (acd)

Applying conservation of linear momentum
2m(=v)+m2v)+8mx 0=2m+m+8m)v,

= v,=0
+f 2m
\4 !4‘—>
| |
e e— 2a —» o

Applying conservation of angular momentum about centre
of mass
2mv*xa+m(2v) x2a=Io (1)

1
Where /= 2 (8m) x (6a)* +2m x a® + m x 4a?

I=30ma? (i)
From (i) and (ii)
2mv(a)+m(2v) x 2a = 30ma® x =m= e
Sa
.. | )
Energy after collision, E= 51 0]
2 2
=l><30ma2>< d =3mv
2 254> 5
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(a, b, ¢) To find the moment of inertia of ABCD about an axis perpendicular axes, "
passing through the centre O and perpendicular to the plane 54 D
of the plate, we use perpendicular axis theorem. If we L=l gt Lp=1pn*1-p
consider ABCD to be in the X-Y plane then we know that
L,=L.,+1, 1 = 20,5=2g, 4 0 5
L=L+1, 44 =1
Also, [_=I,+I, 4 B AB-ep
Adding (i) and (ii), - dL
_ 10. b,¢) KEY CONCEPT t=—2¢C D’
2Ap=h+L L+, > @By e) a B
But /,=Landl;=1, 0 3 Given that
(By symmetry) -~ = dL - -
— =AxL > —=AxL
Uy =h+tL+L+L D C T dt
=21, +2I, 2 T

Get More Learning Materials Here : I

= Izz' = Il + 13
(@) The force acting on the mass of liquid dm oflength dx
at a distance x from the axis of rotation O.

dF = (dm)x o
. dF= de X x>
L
M . T
where T is mass of liquid in unit length.

The force acting at the other end is for the whole liquid
in tube.

(c) When the car is moving in a circular horizontal track of
radius 10 m with a constant speed, then the bob is also
undergoing a circular motion. The bob is under the influence
of two forces.

(i) T (tension in therod)
(i) mg (weight of the bob)
Resolving tension, we get

Tcosg=mg ... (1)

. mv2 ..
AndTsing= - - (1)

(Here T'sin @ is producing the necessary centripetal
force for circular motion)

Dividing (ii) by (i), we get
v2 10x10

e = T Tox10

1 = g=45°

@ AB LABandC D'l CD
From symmetry I, =1 .p and I, =1~y

From theorem of

11.

dL . .
From cross-product rule, o is always perpendicular to the

plane containing 4 and L.
By the dot product definition

LL=1?
Differentiating with respect to time
R SNy L Y Y

dt dt dt - dt dt

. dL . . . -
Since, 7 i.e. 7 isperpendicular to L

L - dL_
dt dt
= L = constant
Thus, the magnitude of L always remains constant.

0

As A is a constant vector and it is always perpendicular
to T,

Also, [ is perpendicular to 4

wLLA . L[LA=0

Thus, it can be concluded that component of 7, along 4 is
zeroi.e., always constant.

(c, d) As shown in the figure, the component of weight
mg sin @ tends to slide the point of contact (of the cylinder
with inclined plane) along its direction. The sliding friction
acts in the opposite direction to oppose this relative motion.

Because of frictional force the cylinder rolls.
N

Thus frictional force adds rotation but hinders translational

motion.

Applying F, ., = ma along the direction of inclined plane,

we get mgsin@ —f=ma,,

where a, = acceleration of centre of mass of the cylinder
S=mgsin® —ma, ...()
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sin® in® 2 .
Buta, = g‘I =0 _—Zesing (i)
1+ c mR* /2 3
2 I+
mR mR
mgsin®

From (i) and (ii), f= 3

If 0 isreduced, frictional force is reduced.
2. @ Y7, _‘mﬂ

Given z wt =0 = Dsystem = Constant

Due to internal forces acting in the system, the kinetic
and potential energy may change with time.

Also zero external force may create a torque if the line
of action of forces are along different direction. Thus
the torque will change the angular momentum of the
system.

13. (b,¢)

I—/.C = 21—/.()

Va=0

If 170 is the velocity of centre of the sphere, then
Vc =2170, Vg =V, and 17,4 =0

I7C —VB = 2170 —Vo = Vo

Vg-V4=Vo-0=V,

Vc VB VB VA
Go) is the correct option.
Now, [V c =V 4 1=2V9-0|=| 2V |=2| V0|
and [Vo-V4l=2Vs-Vc|
(c) is the correct option.

14. (abd)

Let V be the volume of spheres. vd

For equilibrium of A : P8
T+Vd,g=Vdg NEPALN:
T=V,(d—d,) (1) |

For T>0,d;>d, ord, <d; T

(a) is the correct option T4

For equilibrium of B : A Vd,. g

T+Vdg=Vdgg B()

- T=Vg(dg—dy -(2)

For T>0,dy>d; /Vds g

(b) is the correct option
From (1) & (2) Vg (d;—d,) = Vg (dg—dp
o dp—dy=dg—d;

s 2dy=d, +dg

(d) is the correct option.

Get More Learning Materials Here : I m

15. (c) The frictional force between [rat

the ring and the ball is J72N-s
impulsive. The angular
impulse created by this force
tends to decrease the angular
speed of the ring about O. c

After the collision the angular speed decreases but the
ring remains rotating in the anticlock wise direction.
Therefore the friction between the ring and the ground
(at the point of contact) is towards left.

16. (a,b) Forrollingmotion, the velocity of the point of contact

17. @

with respect to the surface should be zero. For this

3Re(—1)+7, =0 .. T,=3R0i
_liw £oacos}O”’le
2
gwsin30° (1) 3Rwi
P
/7
/7
/7
V4
7 30°

A shown in the figure, the point P will have two
velocities

i 3Rw i (due to translational motion)

(i) gm making an angle of 30° with the vertical due

to rotation
o [31{ i —R—f}+&é
4

11, » 3, -
=—R,i+—R, k

s Roi+ " Ro
The acceleration of the center of mass of cylinder rolling
down an inclined plane is

gsin®

Ip
MR?
Here I, > 1, because in
case of P the mass is
concentrated away from
the axis.

aP<aQ = Vvp< YQ > wp< O)Q

1+

ac

18. (c,d)Whenp,;#0and p,#0

GP_3481
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N, =u,N [-.- horizontal equilibrium] )
1~ M2
mg=N,+pN, [. vertical equilibrium] L,= M cos0—I,wsin0
Solving the above equation we get
N, = mg — 81moma’ / / 17ma ) 11(3)4 mea?
1+
R 21, (ab)
. (¢) is the correct option. ~ 3n - gn
When p; =0 r=at’i +pt7j
Taking torque about P we get 0 2~
/ F=—1%+5t2jm
mngCOSO =N x/sin@
" \7=£—10tz+10tjmsl
Nl tan0 = —g dt
2 i
-, (d) is correct a= 7 = 20ti +10 jms ™
19. d Applying conservation of angular mumentum about
the axis Att=1s
10~ _»
8o M 9R? 8o M oy =—i+5m
2 % o= MR2 x — + = 9,229 t=1 Jm
MR* x o= MR* x 9 3 x s X 9 8 x 9 3
4 Vo =10i +10] ms™"
- 5 Diel = i+j kgms'1
D is the correct option X X )
20. (2,0 InAOAM, OM =12 +a2 =+2ha? +2% = 5a Gy = 200410 ms
The circumference of a circle of radius OM will be 27t(5a) PGk
= 10ma. - 110 ' 10 5
S , L=rxp= 3 50 =k[?—5}=—§k kgms ™!
mVell A
I 1 10
' G
o A F=ma=Qi+ )N
] Ao-=" a ¢ A A A
-38 i j ok
M
- - = |10 ~ 10 -20 ~
For completing this circle once, the smaller disc will =rxF= 3 5 0=k [?_10} ——kN-m
10ma 2 1 0
have to take ———— =5 rounds.
2ma
Therefore the C.M. of the assembly rotates about z- E. Subjective Problems
axis with an angular speed of w/5. 5
The angular momentum about the C.M. of the system v
1. T-mgcos = T o
1
L =Iw= [5 ma’ ]‘9 2

17ma2m

+ [%x4mx(2a)2}<m=T

Now V _mxwa+4mx2wa _9wa
oW Ye 5m 5
gp miamx2l ol
and L 5m 5
Smx9ma 9l
LofCM= m>; ®a S =8l Zx@

Get More Learning Materials Here : I

my
T= 7+ mg cos0 (1)

In AOPM, cos 6, = OTM

_________ L
Reference mg sin 0
level for P.E.

mg mgcos

= OM= Lcos6,

In AOPM', cos§ = %
= OM'= (cos9O

OM'— OM = {(cosO—cos8)
Loss in potential energy = Gain in kinetic energy
(ActivityP to P")
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= mgl(cos®—cosBy) = %mv2

= 2= 2gl(cos®—cosB)
From (i) and (ii)

..(i)

T= %x2gl’(cos6—cos60)+mgcos6

T'=3mgcos® —2mgcosb,

= T=mg(3cos@ —2cosb)
From equation (i) it is clear that the tension is maximum
when cosg =1i.e, 0=0°

ST = mg
mv?
Hence, T, . = A +mg .. (1)
From eqn. (ii)
v2=2gl(1-cos8) . (iv)

From (iii) and (iv)

T = %[2gl’(1—c0590)]+mg

max_
T ax = 3mg —2mg cos 0
80 =3 x40-2 x40 cos8

1
= 80 cosfy=40 = cos@0=5 = 0y =30°

Suppose mass m moves around a circular path of radius r.
Let the string makes an angle 0 with the vertical. Resolving
tension 7, we get

and, Tsin® =mre? ... (i)

Tcoso=mg .. (i1)
ro?
tanQ=——
g

p
From diagram, sin @ = 7

= r=/(sinB

2
tan@ = l?sinem—
4

co=1/ g
L£cosO

1| s

" 21\ LcosO

From (ii), T'cos = mg.

For M toremain stationary, 7= Mg
Mg cos@=mg

ol = tanQ.g
{sin6

=>V

.. (i)

m
= cos= —

Iv; ... (1v)

o1
From (iii) and (iv), v= 2\ m

Let o be the mass per unit area.
Then the mass of the whole disc = 6 x ©t R?
Mass of the portion removed = ¢ x 72
R=28cm;r=21cm; OP=7cm
Taking O as the origin

The position of c.m.

_ X —myx,
my—nmy

_ GXRRZ(O)—O‘X‘IU‘Z x7

onR?-onr?
2
_ (221) ><72=_21><21><7=_9cm
(28)° —(21) 7% 49

This means that the c.m. lies at a distance of 9 cm from the
origin towards left.

C.M. of the system of two bodies in situation (i) in
x-coordinate

M x 0+ mx mx;
x = =
¢ M+m M+m

+Y
Xi—>A
=(R-r)

R—r

@)

A

v
v

I

i
= )
i O+y Situation (1)
1

Situation (2)
1

C.M. of the system in situation (ii) in x-coordinate is
Mxxy+mxxy, 5

x' .= (1
c M+m (ir)
Since no external force is in x-direction

Xo= x' c

v = mx;  m(R-r)
2 M+m M+m
Applying conservation of linear momentum,
Initial Momentum = Final Momentum

0=MV-mv
_ My
V= ... (1)

Applying the concept of conservation of energy, we get
Loss in P.E. of mass m = Gain in K.E. of mass M and Gain in
K.E. of mass m

1 1
= mgR-r)= EMVZ +5mv2

= 2mgR-n=MV2+ m MV from (i)
m
= 2mg(R—r)=MV2+M
m
Sty
’ _ 20(R-
%ﬂ’z > V=m Mg(r(n—ﬂ‘?)

GP_3481
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The angular momentum is given by L= Xpy, =Py
=mxv,—yv ]

. . . V
(x, y) are the coordinates of the particle after time ¢ = 0 and

g
v, v, are the components of velocities at that time.
y

Forv_andv oA Ay,

y 2

450 =20
y = Vg COS =

<=0 2 4 N

(The horizontal velocity does not change with time)
Applying v=u + at in the vertical direction to find v,

o v

vy=(v051n45 )—g(—0]=v_0_ xv—=v—°—v0
g 2 g

For xand y

In horizontal direction x = v, xt

2
J_ g 2g
1
In vertical direction applying S=ut+ Eat2

1 vg_vg vg

\/_g 2g

Putting the values in the above equation

_v2 YV, (v v\v
L=m_ﬁx[0 ]L\/O_g 2@0}

N Y

s RS v3 ve
=m| - ==
| 2g g 28 2\/_g
_ m_vg{L_L} Lo =
g l2v2 V2 2\2g
NOW,Z:;X;

Note : The direction of L is perpendicular to the plane of
motion and is directed away from the reader.

-
7%’

KEY CONCEPT : Appiying iaw of conservation of energy

at point D and point 4

PE.atD=PE. atQ+(KE)+(K.E), where
(K.E.);=Translational K.E. and (K.E.) , = Rotational K.E.

1 2 1.9 .
= mgR4)=mg(l)+ > +5160 )

Since the case is of rolling without slipping

V=ro

v . .
o= where r is the radius of the sphere

D
2 5
Also, I= gmr 24m 0443 m/s
Im :
Putting in equation (i) A B C

2
mg(24-1)= lmv2 +l(£mr2) Y
2 2\5 72

v
or, gx1.4=W = v=443m/s

After point Q, the body takes a parabolic path.
The vertical motion parameters of parabolic motion will be

u, =0 Sy=1m

a, —98m/s2 ty=?
_ 1 _ 2

S= ut+5at = 1—4.9ty

t = L =0.45sec

v~ J49

Applying this time in horizontal motion of parabolic path,
BC=443x045=2m

Note : During its flight as a projectile, the sphere continues
to rotate because of conservation of angular momentum.
Initial Kinetic Energy

1 2 1 o 1,.2
=—myVi +-mv) +-MV
) 1M1 ) 2V2 )

= %o.os x 107 +%0.08 x62+0=544] (i)

M

™ Ix=0.5m
Ix=0.5m

Applying law of conservation of linear momentum during
collision
my X v, +tmyxv,=(M+m +m,)V,
where V_ is the velocity of centre of mass of the bar and
particles sticked on it after collision
0.08x10+0.08x6=(0.16+0.08+0.08) V',
= V.=4m/s

Translational kinetic energy after collision

1
= (M +m +my)V2 =2.56] ...(i)

Applying conservation of angular momentum of the bar
and two particle system about the centre of the bar.
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Since external torque is zero, the initial angular momentum
1s equal to final angular momentum.
Initial angular momentum
= mlvl XX —m2v
=0.08%x10%0.5-0.08x6x0.5
=0.4-0.24=0.16kgm?s™' (In clockwise direction)
Final angular momentum = Jo

[ g2
=|—-=-++ m1x2 + m2x2 (O]
12

[ (0.16)(+3)?
12

+0.08x(0.5) +(0.08)(0.5)* ]0)

=0.08 ®
0.08 ®=0.16 = ®w=2rad/s
The rotational kinetic energy

1 1
= Elcoz =5><0.08><22 =0.16] .. (iv)

.. (i)

The final kinetic energy
=Translational K.E. + Rotational K.E.
=256+0.16=2.72]
The change in K.E. = Initial K.E. — Final K. E.
=544-272=272]
(@) Let us consider the system of homogeneous rod and
insect and apply conservation of angular momentum during
collision about the point O.

My

v

. |
4 0 B

L4

—L2—>

Angular momentum of the system before collision = angular
momentum of the system after collision.

L
—=Jo
My x 4

Where [ is the moment of inertia of the system just after
collision and w is the angular velocity just after collision.

2
= Mv%={M(£) +iML2]co

4) 12
L M1 1 MI*[3+4
= Myx—=——|—-+-|0o=—-|—
4 4 |4 3 4 | 12
M2 7 _l2v
2 12°° T

(b) Note : Initially the torque due to mass OB of the rod
(acting in clockwise direction) was balanced by the torque
duetomass OA of therod (acting in anticlockwise direction).
But after collision there is an extra mass M of the insect
which creates a torque in the clockwise direction, which
tends to create angular acceleration in the rod. But the same
is compensated by the movement of insect towards B due
to which moment of inertia / of the system increases.

Let at any instant of time ¢ the insect be at a distance x from
the centre of the rod and the rod has turned through an
angle ¢ (= of) w.r.tits original position.

Instantaneous torque, NOS
A\\ \\\\
dL d SO
I=Z=Z(1®) SN M
eSS
dl SR
= Q)Z \;\}\\\\L]\v
\;\ 3
1 N
Mg
=2M & i
ox & .. (1)

This torque is balanced by the torque due to weight of
insect.
7= Force x Perpendicular distance of force with axis of
rotation = Mg x (OM)
= Mg (x cos0)
From (i) and (ii)

...(i)

dx
2meZ=Mg (xcosb) = dx= (%) cosot dt

On integration, taking limits
L/2 g (™ /20

_[ dx =—=- cosmt dt
L/4 2070
when x=§,mt=0

L/2 g . n/2®
[x]L/4 = ﬁ[sm mt]o

h —£mt—E
when x 2’ 2
= (£—£)=L[sin——sin0}
2 4 20)2
L__g _ |28
4 20)2 L

12v 12 v 2g 7
=—— —— =, =—./2gL
But ® 7L:>7L L:>v 12\/g

= y= %\/2X 10x1.8=3.5ms!

(1) Initially, the rod stands vertical. A4 straight disturbance
makes the rod to rotate. While rotating, the force acting on
the rod are its weight and normal reaction. These forces are
vertical forces and cannot create a horizontal motion.
Therefore the centre of mass of the rod does not move
horizontally. The center of mass moves vertically
downwards. Thus the path of the center of mass is a straight
line.
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(ii) Trajectory of an arbitrary point of the rod

Consider an arbitrary point P on therod located at (x, y) and
at a distance r from the end B. Let  be the angle of
inclination of the rod with the horizontal at this position.

In ABNP, sin6 =2 .. (i)
14

_x+BN x+rcosO

0=
OSV=TT L2
X O N B X
= cosO=L—...(ii) x>
5—7'

From (i) and (ii) sin? 0 + cos? 0 = 1

This is equation of an ellipse.
(i) Thedrum is given an initial velocity such that the block
X starts moving up the plane.

mg Mg cosd
0=30°

mg sinf

As the time passes, the velocity of the block decreases. The
linear retardation a, of the block X is given by

mgsin0—T = ma .. (1)
The linear retardation of the block and the angular
acceleration of the drum (o) are related as

a=Ra .. (1)
where R is the radius of the drum.
The retarding torque of the drum is due to tension 7'in the
string.

t=TxR
But 1= Jo.. where /= M_I. of drum about its axis of rotation.

1
TxR= %MRza ... (iii) [ 1 =5MR2}

1 24 2T
ii =—MR"— =—
From (11), TR 2 R =a v;

Substituting this value in (i)

11.

2T 2m
mgsin@ —T'=mx 57 = mgsinQ = (HV)T

_ (mgsin@)xM  0.5x9.8xsin30°x2

= Mvam T 242x05
(ii) The total kinetic energy of the drum and the block at
the instant when the drum is having angular velocity

10 rads™! gets converted into the potential energy of the
block.

=163N

[(K.E. )Rotational]drum + {(KE : )Translational]block = mgh

lIo)z +lmv2 = mgS sin@
2 2

%I(y)2 +%m(Ro))2 =mgSsin® [v=Ro]

1 1
= EMRZQ)2 +EmR2(x)2 =mgSsin®

1R*(M+m) _
2  mgsin®

S

1 02x02x10x10(2+0.5)
= S==X :
2 0.5x9.8 xsin30°

During collision, the torque of the system about P will be
zero because the only force acting on the system is through
P (namely weight of rods/mass m/reaction at P)

=122m

Given: (=06m F &
m,=0.01kg
mp=0.02 kg m |4
m=0.05kg
21
dL
Since, t= —andt=0
dt B
mpg
= L is constant. v
o—»Y
m
Angular momentum before collision =mv =2 L .. (i)
Angular momentum after collision = I .. (i)

Where /is the moment of inertia of the system after collision
about P and o is the angular velocity of the system.

M1 about P: I, =M. of massm

I,=M.I of rod m,

I;=M.I of rod my

I=[+L+1
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From (ii), (iii) and (iv), we get

e s+ (3) a5 o
= A Py Bl 75 | Tl 2 2 Y
12 2 12 2 = —mvs +—x—mR* x <&
mgh=73mMe 1375 R2
(2 ) (1’2 9f2\ 1o 19 3,5 5 4gh
—|:4m€ +mAL12+4J+ + = gh 2vc 4vc 4vc =Y 3
sl 5, T 5 In AO'MP, cos® = R=h
= [4ml? +=myl” +—mpgl ]=0.09kgm R
3 3 =h=R(1-cos0)
From (i) and (ii) 4
Io=mvx2/( vg =TgR(1—cos9) .. (V)
20 0.05 2x0.6 i
= o= mv;< _ X(;)gg x0.6 _ 0.67 v From (i) and (v), we get
: 4gr
Applying conservation of mechanical energy after collision. c0s8 = ~5(1-cos)
. 3Rg
(Using the concept of mass)
Lossof K.E.=Gainin P.E. 4
=3cos@=4-4cos® = cosO=—
1 5 ¢ 3 7
51 o” =mg(20)+my 5)8FmB& > (b) From (v) speed of C.M. of cylinder before leaving
contact with edge.
1 2
—x0.09 x(0.67 49R
=> X x (0.67v) V2 = 4gR[1_i] 4gR —y = ’L
3 7 7 ¢ 7
= [0_()5 x240.01x 1 +0.02 x é] x9.8x0.6 (c) Beforethecylinder's c.m. reaches the horizontal line of
2 2 the edge, it leaves contact with the edge as
= v=63m/s 1
12. (@) Let the original position of centre of mass of the 6 = cos 77 55.15°

cylinder be O. While rolling down offthe edge, let the cylinder

.. > i . Therefore the rotational K.E., which the cylinder gains at
be at such a position that its centre of mass is at a position

the time of leaving contact with the edge remains the same

O'.Let ZNPObe 0. Asthe cylinder isrolling, the c.m. rotates in its further motion. Thereafter the cylinder gains
in a circular path. The centripetal force required for the translational K. E.
circular motion is given by the equation. Again applying energy conservation from O to the point
5 where c.m. is in horizontal line with edge
_n= e 1 1
mgCOSO N R ng= 51w2+5m(v'c)2

Where Nis the normal reaction
and m is mass of cylinder.
The condition for the cylinder
leaving the edge is N=10

2
11, [ [ag)” 1 2
= —x=mR ,/— +—m('
mgR 2><2m XL 7RJ 2m(Vc)

mg cosf = = cosO= Rg (@) . R R
Applying energy conservation from Oto O'. mgR ) 6mgR
Loss of potential energy of cylinder = mgR- = Translational K.E. = -

= Gain in translational K.E. + Gain in rotational K.E.
1 1 Also, Rotational K.E. = ~ I = 788

mgh = mvz it : Io? (i) so, Rotational K.E. = > ==
Where /is the moment of inertia of the cylinder about O, its . Translational K.E.
axis of rotation, wis the angular speed, V_ is the velocity of " Rotational K.E.
center of mass.
Also for rolling, v.= @R 13. KEY CQNCEPT : The concept of center of mass can be

e applied in this problem.
- o= Ve (i) When small sphere M changes its position to other extreme
R position, there is no external force in the horizontal direction.
1, Therefore the x-coordinate of c.m. will not change.
I= EMR . (1v) [xc m. ]mmal [xc m.]ﬁnal
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\
\
!

4
1
0 ! >
—[-SR—&.7 (LQ (L'0) ;X
!
:%Lm_. X
/

Thin line of sphere represents initial state, dotted line of
sphere represents final state.
From (i)
(xc.m.)initial = (xc.m)ﬁnal
Mlxl +M2JC2 _ MIJC'1+M2X'2
My +M, M+ M,

dmxL+mx(SR+L) 4mxL'+mx(L'-5R)
dm+m

dm+m

= 5L+5R=5L-5R
= S5L+10R=5L = L+2R=L
Since, the individual center of mass of the two spheres
has a y co-ordinate zero in its initial state and its final state
therefore the y-coordinate of c.m. of the two sphere system
will remain zero.
Therefore the coordinate of c.m. of bigger sphere is (L
+2R,0).
(i) The observer, let us suppose, is on the accelerated
frame. Therefore a pseudo force ma is applied individually
on each disc on the centre of mass. The frictional force is
acting in the + X direction which is producing an angular
acceleration o.
The torque acting on the
disc is

t=lo=f%xR

I
= f=7°‘ )

Let a'is the acceleration of
c.m. of the disc as seen by
the observer. Since the
case is of pure rolling and
from the perspective of the
observer

a'=oR
= From (i) and (ii)
Ia'
= F ... (111)
Applying Newton's law for motion in X-direction
ma—f=ma'
" L) :
=] (a " ... (V)
Also moment of inertia
1
I= 5"’R2 )
From (iii), (iv) and (v)
| R (“ B L)
m
fry 2 Ymaf

15.

= 3f=ma :>f_@_2;<9

=6N (In +Xdirection)

f= (6i) N
(ii) The position vector of point M, taking O as the origin

a =— 0,1}’ — 0.1k and position vector of point N
ry =0.1j-0.1k
The torque due to friction on disc 1 about O
T =ry x f=(-0.1j—-0.1k) x (67)
=0.6(k-j)N-m

The torque due to friction on disc 2 about O
T, =ry x f=(+0.17-0.1k)x (61)
=06(—j—k)N-m

The magnitude of torque on each disc
|1 ]=]75 |=0.682N=m

@

Resolving the force F acting on the wedge

F,=Fcos30° F = Fsin 30°
Note : The collision is elastic and since the sphere is fixed,
the wedge will return back with the same velocity
(in magnitude).
The force responsible to change the velocity of the wedge
in X-directionis .

F xAt=mv—(-mv)
(Impulse) = (Change in momentum)

2my 2my 4mv
F="" o F 30°——:>F=
Y cos Al NIy,
In vector terms
F = Fyi+F,(<k) = F c0s 30% + Fsin30°(~k)
3~

=Fx —i+F><l(-1})
2 2

2my

Ny

Taking equilibrium of force in Z-direction (acting on wedge)
we get
F ytmg= N

= 1?=§(«/§§ b="—WBi-k)

:>N=£

D

NEYY:
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(b) Taking torques on wedge about the c.m. of the wedge.
Fx h—Torque dueto N+mgx0=0

4my
= Torquedueto N=Fx h= NeTY xh

KEY CONCEPT : During the fall, the disc-mass system gains
rotational kinetic energy. This is at the expense of potential
energy.

%o e 4
" Reference
level for PE

Applying energy conservation
Total energy initially = total energy finally

2R) ( 2R) 1. 5
2R+— |+ R+—|=mgR+—-Io
& [ 4) M) TR
Where 1= M.I. of disc-mass system about PQ

10R 6R 1. 1 -
—=mgR+—1 =—Io
2 +mg 2 mg +2 o° = 3mgR 2

0= ,/ngR .. (1)

(Dpo=Uisc)pp * Uas)po
- (o)

1
[~ M.I ofdisc about diameter = ZMRZ ]

mg x

_ mR’[4+1+25] _15mR? .
= 16 3 ... (1)
From (i) and (ii)
\/ 6mgRx8  [l6g
VN 15mR? SR
Let v be the velocity of mass m at the lowest point of rotation
16 SR
v=0)(R+§) g ==k

The man applies a force F'in the horlzontal direction on the
plank as shown. Therefore the point of contact of the plank
with the cylinder will try to move towards right. Therefore
the friction force F will act towards left on the plank. To
each and every action there is equal and opposite reaction.
Therefore a frictional force / will act on the top of the cylinder
towards right.

Direction of f* : A force fis acting on the cylinder. This force
is trying to move the point of contact P towards right by an
acceleration

S
a,.,= M, acting towards right.

At the same time, the force fis trying to rotate the cylinder
about its centre of mass.

f*xR=Ixa
= o= xR _ xR = 2/ in clockwise direction.
IMRZ MR
2
2
O, t OR= MLI_M_{R R=—ML1 1.e., towards left.

Therefore, the point of contact of the cylinder with the
ground move towards left. Hence friction force acts towards
right on the cylinder.
Note : You can assume any direction of friction at the point
of contact and solve the problem. If the value of friction
comes out to be positive, our assumed direction is correct
otherwise the direction of friction is opposite. The above
activity is done so that if only the direction of friction is
asked, an approach may be developed.
Applying Newton's law on plank, we get

F —f=mya, ...@0)
Also, a, =2a, ... (10)
Because a, is the acceleration of topmost point of cylinder
and there is no slipping.
Applying Newton's law on cylinder

Ma,=f+f ... (1id)

The torque equation for the cylinder is

_ = =—MR X| —
S*R—f"xR=Ia. > R

1
[ ]= EMIR2 and Ra=a,]
1
(- R= MlRal =>Mf=5Ma @)
Solving equation (111) and (iv), we get
3
/= ZMlal -~ (5)
and f= %Mlal (6)

From (i) and (iii)
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F-f=2mya, = F- %M1a1=2m2a1

__4F . ___8F
3M +8my, 2T 3M, +8m,
From (v) and (vi)

a

4F 3FM,
f: _Ml X =
4 3M1 +8m2 3M1 +8m2
FM,
3M1 + 8m2

1
Andf'= ZMI xal =
18. I.=12kg-n?

/ Oq
‘\y\ o\ C.IM

— B

>
Q>

m=30kg

Let y be the distance of c.m. from line AB.
Applying parallel axis theorem of M.1. we get
M.L oflaminar sheet about AB
IAB =1 c.m. tm
1,,=12+30 ()
The angular velocity of the laminar sheet will change after
every impact because of impulse.
Impulse = Change in linear momentum
6=30(V-V)
6=30xy(0—w) .. (1)
Also, change in angular momentum = Moment of Impulse
oy B0~ 1,0, = Impulse x distance
Lyp (0~ ) =6x0.5=3
o~ 3 +o; = 3 (iii)
g Iyp ! 1.2+30y2

Note : Minus sign with o, because the direction of laminar
plate towards the obstacle is taken as — ve (assumption).
From (ii) and (iii)

6=30 xy| ————1+1
1.2+30y

3
=5y | ———
y|:1.2+30y2:|

1.2+30y2=5y[+3]=15y

30y2-159-1.2=0
On solving, we get y=0.1 or 0.4

o= 1 rad/sifwe puty =0.1 in eq. (ii)
And =05 rad/s ifwe put y =0.4 in eq. (ii)

(Not valid as per sign convention)

Now, since the lamina sheet comes back with same angular
speed as that of incident angular speed, the sheet will swing
in between P and Q infinitely.

+(=1)
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19.

20.

(@) Themass Bis moving
in a circular path centred at
A. The centripetal force

(m £ ®?) required for this
circular motion is provided by
F'. Therefore a force F'' acts
on A (the hinge) which is
equal to m £ &?. The same is
the case for mass C.
Therefore the net force on the
hinge is

B+—] C

F = \/F 24 F'24 2F 'F'cos 60°

F .= 1/2F'2+2F'2><% =3F'= B3 mlo?

(b) The force F acting on B will provide a torque to the
system. This torque is

3
X —_—
2

F Ia

NEY:
2

Fx X2 =2mt*)a

N

4

The total force acting on the system along x-direction is
ErFe), . ‘

This force is responsible for giving an acceleration a, to the

system.

1
1
1
1
I
I
1
i
|
¢
I
1
|
i
1
1
1
1
1

Therefore,
F+ (Fnet)x = 3m (ax) cm.
F [ BFE ¢ F)
=3mE L a":arzTﬁxﬁ=7J
= 3_F . (F ) = _E
4 o net’/x 4

. _ 2
(Fnet)y remains the same as before = v/3 mlw>.

We know that 1 = d—L
dt

= ixdt=dL

When angular impulse (T xdf) is zero, the angular
momentum is constant. In this case for the wooden
log-bullet system, the angular impulse about O is constant.
Therefore,
[angular momentum of the system], ...,

= [angular momentum of the system], |
=> mvxL=[xo ()]
where [, is the moment of inertia of the wooden log-bullet
system after collision about O

10 = Iwooden log + Ibullet

= %MLZ + M1 ...(ii)

From (i) and (ii)
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myx L L .
0=z = Mgx 5cosO+fosm9=NLcosG
MI? + mLZ} oL
B NLcosO—Tgcose Mg
_ my 3mv > f= - = Ncot@——=cotO
= 0= - = Lsin6 2
ML T (M+3m)L
N [(2N+m) Mg}
L = f= g——=|cot
21. Applying F, , =main X-direction 2 2

mgsin® —f=ma ...(1)
The torque about O will be
T=fxR
=Ja .. (i)
As the case is of rolling
a=oR

a
=o =

=2 ... (iii)

3 la
From (ii) and (iii), f= F
Substituting this value in (i), we get

ino Ia
mgsin® — — =ma
g R

= a=
I 1 mR*> 3
m

[ 1= %mszor solid cylinder]

22. The various forces acting on the ladders are shown in the
figure.
Since the system is in equilibrium, therefore
ZF,=0
= Mg+mg+Mg=N+N

Considering the rotational equilibrium of one ladder as
shown in figure. Calculating torques about P

Mo x PN+ fx PAM = N x NP

Get More Learning Materials Here : I

= f= [(M + m)%]cote

23. KEY CONCEPT Since the plate is held horizontal therefore

net torque acting on the plate is zero.

m
F
/ 3b/4 K
I\ Cd
%
a
b2 i
A g
b 3b .
= Mgx J=Fx7 )

F= n%(Area)=n><(2mv)><a>< g .. (i)
From (i) and (ii)
3b

Mg><§=n><(2mv)><a><§><7

x2

= 3x10=100%x2x0.01 xvx1x 3
= v=10m/s

F. Match the Following
1. A-(p,t); B—>(q,st) ; C—>(p,r,t) D>(q,p)

As the velocity is constant

f=mgsn®6 @)
But f=uN=pumgcos6 .. (i)
From (i) and (ii)

umgcos® =mgsin® = p=tand

GP_3481
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The force by X on Y is the resultant of fand N and is (t) Sphere Yis moving with terminal velocity. Therefore,
equal to the net force on Yis zero i.e. B F

2. a2 _ [ 232 2 [2 Mg=B+F, Y
\/f N \/!4 NT+N \/H +IN where B = buoyant force and F, =
= (Jian2 viscous force.
- ( jtan 0+1) mgcosO =secOmgcosO = mg B+F, are exerted by Xon Y.
= weight of Y. _ Therefore, option (a) is correct.
Therefore statement (a) is correct. The gravitational potential energy of X M
Now, due to the presence of frictional force between Y is continously increasing because as ¥ g
and X, the mechanical energy of the system (X +7) moves down, the centre of mass of X
decreases continously as Y slides down. moves up.
Therefore statement (c) is correct. Option [b] is correct. .
(@ As the lift moves up, X also The ‘mechanlcal energy of the system (X + Y) is
moves up and therefore the P continously decreasing to overcome the viscous
gravitational energy of X is ¢ forces.
continously increasing. 7 Option (c) is correct.
%%t;(:grggelcs)fggﬁight of Y N G. Comprehension Based Questions
about P is zero as the L T (¢) Fordisc4
perpendicular distance of the T Mg 1, 1 5
line of action of force from the —kx{ =—1(Q2w)
point Pis zero. X 2 2 20
Option (d) is correct. = kxl2 =20’ .1
The force exerted by X on Y will be equal to For disc B
Mg + Mg =2mg where Mg is wt. of Y and Mg is the 1,, 1 P
—kx2 ==—x2Io®
force on Y due to Z. 2 2
Option (a) is incorrect. - kx% - o2 (i) ®
®
p On dividing (i) and (ii), we get a
| Y 2 2
l kL; _ 21_0’2 “A_p
Xm0 4 kxz Io Xy
(@ When disc B is brought in contact with disc 4
Let ' be the final angular velocity of both the disc
In this case the force exerted by X on Y is same as the ;?;?;Li%u:gggﬁﬁg thvglc)iliZCcsglgts;;\./atlon of angular
force exerted by Y on X. The force on X due to Yis 4
+ = + 1 l= _(0
R \/(Mg)z om Ml % Mg I1Qw)+2I(0)=(I+2) 0 = 3
Torque on disc 4
Mg 4
ALA Lf_Li IXEG)—IXZ(!) 2o
myg T,= = = =
t t t 3t
R Note : The negative sign represents that the torque
Mg creates angular retardation.
Therefore, option (a) is incorrect. () Loss inkinetic energy = (K.E.); i — (K-E g
The mechanical energy of the system (X + Y) is 2
continously decreasing as the system is coming down = [l IQw)* + 1 (1) (,)2} 11 (I+21) (i (,)]
and its potential energy is decreasing, the kinetic 2 2 2 3
energy remaining the same. )
Therefore, option (c) is correct and (b) is incorrect. =3/w? - 8 Io? = To”
The torque of the weight of Y about P is not zero. 3 3 y
(s) The force on Y by X is equal to the wt. of liquid (d) When thediscisata 4
displaced which cannot be equal to Mg as the density distance x from the mean /by X
of Y is greater than density of X (As Y is sinking) position (equilibrium
Therefore, option (a) is in correct. position), the forces /
The gravitational potential energy of X increases acting on the disc are Fd
continously because as ¥ moves down, the centre of shown in the figure #
mass of X moves up. < =2kx+f=-Ma, ~(1) Mean ,

where a_ = acceleration of center Position } )

Therfore option (b) is correct.
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of mass. Also the torque acting
on the disc about its center of
massCist =fxR=1Ixaq,

1 . . .
[« 1= ) MR? and a, = Ra for rolling without slipping]
1

From (1) & (ii)
1
—2kx + 5 Ma =-Ma,
4kx

3
= EMac=2kX :Mac=T

= Net external force acting on the disc when its centre of
mass is at displacement x with respect to the equilibrium

position = % directed towards the equilibrium.

5. (d Asderivedin ans4.
4k
|Fnet| =?X
For SHM. [F o =Mao’x
4k 4k
~Me? =— = o=, |— (il
3 M (i)
6. (¢) From(i)&(ii)

=>2kx+f=2f= f=2—3k><x

We see that the frictional force depends on x. As x
increases, f increases. Also, the frictional force is
maximum at x = A where A is the amplitude of S.H.M.
Therefore the maximum frictional force

2k

frax™ 5 A

The force should be utmost equal to the limiting friction
(uMg) for rolling without slipping.

2k
S uMg= ?XA .(iv)
For S.H.M. Velocity amplitude =Ao ..V _=Ao
3uMg .

V= Tﬂ) from (iv)
V= %x :_I\Ijl from (ii1)

3M
V0= ug T

7. (@) Axisofrotation is parallel to z-axis.
8. (@ Since the body is rigid, ® is same for any point of the
body.

H. Assertion & Reason Type Questions

Statement 1 : For velocity of centre of mass to remain
constant the net force acting on a body must be zero.

1. @

Get More Learning Materials Here : I

Therefore the statement 1 is false.
Statement 2 : The linear momentum of an isolated
system remains constant. This statement is true.

(d The acceleration of a body rolling down an inclined
plane is given by

gsin6
B I
I+——
MR?
2
For hollow cylinder I = MR™ =
MR? MR?
I Mr?

For solid cylinder — . S - 1

MR? MR? 2
= Acceleration of solid cylinder is more than hollow
cylinder and therefore solid cylinder will reach the
bottom of the inclined plane first.
.. Statement -1 is false
* Statement - 2
In the case of rolling there will be no heat losses.
Therefore total mechanical energy remains conserved.
The potential energy therefore gets converted into
kinetic energy. In both the cases since the initial
potential energy is same, the final kinetic energy will
also be same. Therefore statement -2 is correct.

I. Integer Value Correct Type

6
Let the center of mass of the binary star system be at the
origin. Then
é X >e<—dx >B
22 M, c.m i1 M,

origin
0= 22M (—x)+11M (d - x)
22M,+11M,

5d
=0=22M (-x)+11M (d-x) = x= i
For a binary star system, angular speed ® about the centre
of mass is same for both the stars.

2 2
22M, (%) o+11M, (%) X ©

. LT otal —

L 2
? 11M, (ﬁ) X @
6
4
Under the influence of the force of stick (2N), the point of
contact O of the ring with ground tends to slide. But the
frictional force £, does not allow this and creates a torque
which starts rolling the ring. A friction force f; also acts
between the ring & the stick.
Applying F__, = ma in the horizontal direction. We get
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2-£,=2x03
Applying t = Jo about C we get

. f,=14N

(h-f)R=Io= 1% [+ Forrollinga=Ra]

0.3
o [14-px2]x05=2x(0.52x — [+ I=MR?]

0.5
L u=04

. P
Given p= - - P=4

10
3.9
Let the four spheresbe A, B, C, & D
Iyy =L +Ig+1+1,=21,+2I;

- 2EMR2 +Ma2j|+2[%MR2i|
X D
fc ol
4 cm ™, :

A B Y
= 4><§MR2 +2Ma* = MER2 + 2(a)2]
2
0.5 %{g} +2x8 [x107

0.5[2+16]x10~* =9x107*
N=9
4. 3 Leto bethe surface mass density. Then

%G[R(ZR)Z] x(2R)? -

Ip
[%(cnRz)z +G(nR2)xR2]

= Ertcs'R4
2

Ip = 8 o R*+on(2R)? x (2R)?

2
B o (tR?)R? +o(nR?) (w/(zR)2 +R? ) ]
=24noR*-550nR*=185ncR?

Ip _185m0R* 37 .
Ip 18 ps 13

—m
2
5. 8 Applying conservation of angular momentum
Loy =L,
LMR?
Lo 2 M
S0y = =

I {; MR2 + 2[2mr2]}

Get More Learning Materials Here : I

l><50><0.4><O.4><10
= 2 40

%x50x0.4><0.4+2[2><6.25><O.2><0.2] T4+l

(4) Byconservation of angular momentum
2 (mvr) =lo

=8rad/s

1
2x005x9%025= 2 x045% (0.5

s o=4rads’!

?) 3|:F><r><%:|=la

3><0.5><O.5x%= %xl.SxO.SxO.Sxa

= a=2rads’!
o=eytar=>w=0+2x1=2rads’!

1 1
(7) Total kinetic energy of a rolling disc = —mv2 + — I?

2 2
2
1 1 (1 2}V
=_ — | —mR —
2™ (2 j(RZJ

3

KE= vaz

For surface AB

k.E;+ loss in gravitational potential energy = K. Ef
3 3

— 2 + = — 2 5
i (3)* + mg(30) i Vg ..(1)
For surface CD

3 3.5 ..
2" (v2)2 +mg(27)= am Vh ...(11)

Given V=V, Therefore from (i) and (ii)

3 3

ik (3)2+mgx30= Zm(v2)2+mg>< 27

u.u V2 = 7
R

© I=]dmy’

0
f Py

I=J‘p><4nr2drxr2 d
0

R
I=41tjpr4 dr

0
4nK |
R

R
IA=4nIkar4dr= P dr
0 R

6 5
=M[R_J=4RKR?

(=]

R |6
To(rY 4 4nk  R' R
IB=4nIK(—) ritdr - 222 2 Ak =
0 \R RS 10 10

Ip 6

1, ~10 =>n=6
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1. (0
2. b
3 b
4 (©
5. @
6. (@
7. @
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JEE Main/ GIEEE

When two small spheres of mass m are attached gently,
the external torque, about the axis of rotation, is zero g,
and therefore the angular momentum about the axis of
rotation is constant.

1

1
s o =hoy, = o) =I_0)1
2

Here /) =%MR2 and I =%MR2 +2mR?

1. 2
EMR M

W) = ()
M+4m

L ®2=7 1

X
EMRZ +2mR?
For negotiating a circular curve on a levelled road, the
maximum velocity of thecaris v, = \/urg

Here p=0.6,7=150m,g=9.8 9.
" Vimax = 0.6 x150%9.8 ~30m/s

The velocity of efflux is given

v=/2gh
Where 4 is the height of the free surface ofliquid from
the hole

SV=42x10%x20 =20m/s

The velocity of centre of mass of two particle system is

given by 10.

_mvtmy, oM —t

my +my 2v v

m(2v)+m(-v) v
m+m 2

This is a case of sliding (the plane being frictionless)
and therefore the acceleration of all the bodies is same
(g sin 0).
M. I of a circular wire about an axis nn' passing through
the centre of the circle and perpendicular to the plane
of the circle = MR?

n

As shown in the figure, X-axis and Y-axis lie in the
plane of the ring . Then by perpendicular axis theorem
I+ 1,=1,

=20 =MR* [-.:I;=Iy(bysymmetry)and[,=MR*] 13,

1. 52
S dy= EMR
Angular momentum (L) 14.

= (linear momentum) x (perpendicular distance of
the line of action of
momentum from the axis of rotation)

=mvxr [Here = 0 because the line of
=mvx0 action of momentum passes
=0 through the axis of rotation]

A v 11.

12.

@

@

@

)
@

@

©

mass(M)

We know that density (d)= volume(V)

M=d><V=d><(1tR2><t).

1
The moment of inertia of a disc is given by I = EMRZ

g I=l(d><rtR2><t)R2 TR
2 2
. I_X_tXRsl( tXR4 _L
Iy Ry Lw@ryt 6
4

1 L
KE—10? butL=Io=1==
2 n

ckE=1L, 02211
20 2

_ Lxo KE Lxo

I'xo' “KE ILw2e =~ 12
2

KE
K.E'

| t~

We know that 7 = 7 x F
The angle between 7
and 7 is 90° and the =
angle between T and

F isalso 90°. We also
know that the dot
product of two vectors
which have an angle of
90° between them is
zero. Therefore (d) is the
correct option.

Angular momentum will remain the same since external
torque is zero.
The moment of inertia of solid sphere 4 about its diameter

IA=%MR2.

A

The moment of inertia of a hollow sphere B about its

2
diameter /p =§MR2. sy < Ip

Does not shift as no external force acts. The centre of
mass of the system continues its original path. It is only
the internal forces which comes into play while breaking.
The disc may be assumed as combination of two semi
circular parts.

Let I be the moment of inertia of the uniform semicircular
disc

2
- 2I=2Mr

GP_3481

@ www.studentbro.in



Rotational Motion ® P-S-67
20. () Letthemass per unitarea
15. @ ' ¢ s beo. A
Al .(07 20) ! Bn Then the mass of the
complete disc
o _ 27 _ 2
F— p oy =o[n(2R)“] =4noR
* (0, 0) T
y The mass of the removed disc = (nR?) = noR>
l Let us consider the above situation to be a complete
| (0, 0) v disc of radius 2R on which a disc of radius R of negative

C

To have linear motion, the force  has to be applied

at centre of mass.
1.e. the point ‘P’has to be at the centre of mass

_myi+my; _ mx2€+2mxﬂ Al
B my + my 3m 3
16. (c) Initially,

XN
m - m
: O(origin) 2
0= MEX MYy e = myxy ()
. my +ny
Finally,
The centre of mass is at the origin
xr-d x—d R
L d < >e——> |
- O(origin) M
oo mld—x)+my(xy —d)
o my+my
M
=0= mld—mlxl +myxy —mzd' =d =m_2d
[From(1).]
17. (o) ;
n. D/aN/3N\C

e n'
I,,,= M.I due to the point mass at B +
M.I due to the point mass at D +
M.I due to the point mass at C.

I, =2x m(%]z +m(~20)°

= ml* + 2m0? = 3m(?

18. () Torque T =r xF =(j—i)x(-Fk) =—F@ +})
19. () Applying conservation of angular momentum I'e' = I

(mR? +2MR*)0' = mR*w

>0'=0 " }
| m+2M

Get More Learning Materials Here : I m

21.

22,

23.

24,

)

@

@

=+ 1= Iy, by symmetry of the figure) A <

mass is superimposed. Let O be the origin. Then the
above figure can be redrawn keeping in mind the
concept of centre of mass as :

2
4noR’ ——>

o —ncR2
~ (4no‘R2) X O+(—1to'R2)R

cm —

4noR? - noR?

N _—nchxR oy __R :a—l
o 3noR? e 3 3

This s a standard formula and should be memorized.
gsinf

1+L

MR?

We know that 1, = ddtc

where Z torque about the center of mass of the body

and L—c = Angular momentum about the center of mass
ofthe body. Central forces act along the center of mass.
Therefore torque about center of mass is zero.
When 1, =0 then L. = constt.
By the theorem of perpendicular axes,
L=1+I o, I=21
(v I,=1,by symmetry of the figure)
1

V4

‘. IEF = ? (l) b \ YF

Again, by the same theorem
L=lictIpp=21,c

“. IAC =172 (].l)
From (i) and (i1), we get [ =1, .
e Whenn=0,x= kwhere kis a constant. This means
that the linear mass density is constant. In this case
the centre of mass will be at the midelle of the rod ie at
L/2. Therefore (c) is ruled out

e nis positive and as its value increases, the rate of
increase of linear mass density with increase in
x increases. This shows that the centre of mass will
shift towards that end of the rod where n = L as the
value of n increases. Therefore graph (b) is ruled out.

] A E \“ B

n
X X
o Thelinear mass density » = & (Z] Here 7S 1

With increase in the value of , the centre of mass shift
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25.

26.

27.

28.

@

©)

®)

©)
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towards the end x = L such that first the shifting is ata
higher rate with increase in the value of n and then the
rate decreases with the value of n.

These characteristics are represented by graph (a).

ixdm ) Tx(xdx) fk(i]n.xdx
() e

xCM= L - L
[am  [nax
0 0
[n+2)L} _L(n+])
|: kx] :lL n+2
(n+1)L" o
L
For n=0,xCM=E;n=1,

2L 3L
xCM =T> =27 xCM —T caes

1 ma®
]nn' =Em(a2 +a2) = T A

DB _2a_ a
2 2 2 S

According to parallel axis theorem

a 2 B
L, =1, +m — C
mm nn ( I_ZJ

ma®  ma*
= + =
6 2 6
The moment of inertia O
of the rod about O'is L.

Also, DO=

1 5 ) Lo
Emﬂ . The maximum AN
—|— -
angular speed of the hY =::§_th ______

rodiswhen therodis [ CIM "\ Reference |
instantaneously N oareerE
vertical. The energy Yo

of the rod in this

7/

S | . .
condition is — /@2 where I is the moment of inertia of

the rod about O. When the rod is in its extreme portion,
its angular velocity is zero momentarily. In this case,
the energy of the rod is mgh where /4 is the maximum
height to which the centre of mass (C.M) rises

1(1 2.2
For translational motion, g
mg—T=ma .. Q) n
For rotational motion,
a
TR=Ia=1- ..(Q2)

) R m

Solving (1) & (2), .
g
g mg . mg 2mg _ 2_g
a I ) B mR2 B 3m - 3
m+—5

[ R2 m+—- 2R2
As insect moves along a diameter, the effective mass
and hence the M.I. first decreases then increases so

from principle of conservation of angular momentum,
angular speed first increases then decreases.

29. (@) F=20t-52

30.

31.

32.

33.

34.

©

©

@

@

©

3
= o=2°-L (asw=0atr=0,6s)
) 6 ( 3
[ a0=] Lth_t_Jdt
0 0 3
36
= 0=36rad > n=—<6

2n
From conservation of angular momentum about any fix

point on the surface,

mrz(oo
(ON)1a
2

Torque working on the bob of mass m is,

= 2mr2(x)

= 0=0y/2 = V= [vv=ro]

7=mg x {sin 6 . (Direction parallel to plane of rotation
of particle) :

As t is perpendicular to [,
direction of L changes but
magnitude remains same.

| ydm
Idm

Yem =

h
[rrdypxy
0

Tl
~nR%h
;"R hp

«—s—>

™M
Y
2 V2 \3n

Moment of inertia of the cube about the given axis,
™M (2 Y

: B BR) | amr?
Ma* NEL V) _

6 6 931
B

I=
D

roller will shift towards O.

This will lead to tending of [
the system of cones to turn

left.

As shown in the diagram, the
—— %O

normal reaction of AB on
A ~
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