Rotation

Topic1 Moment of Inertia

Objective Questions I (Only one correct OptiOIl) 5. A thin circular plate of mass M and radius R has its density
varying as p(r) = [y with p, as constant and ris the distance
from its centre. The moment of inertia of the circular plate
about an axis perpendicular to the plate and passing through
its edge is / = aMR?. The value of the coefficient « is
(2019 Main, 8 April )

1. A circular disc of radius b has a hole of
radius a at its centre (see figure). If the
mass per unit area of the disc varies as

?Q then the radius of gyration of the
r

1 3 8 3
disc about its axis passing through the (a) 3 (b) 3 (© 5 (d) 3
centre is (2019 Main, 12 April I)
&+ b2 +ab a+b 6. The mome':nt gf inertia of a splid sphere, abolut. an axi,s
(a) T — (b) 5 parallel to its diameter and at a distance of x from it, is ‘7(x)’.
Which one of the graphs represents the variation of 7(x) with
a’ +b* +ab a+b x correctly? (2019 Main, 12 Jan 1)
©) |\——F (d)
3 3
. . S . 1) 1)
2. A solid sphere of mass M and radius R is divided into two
™™ . (a) (b)
unequal parts. The first part has a mass of ry and is
@) — X
converted into a uniform disc of radius 2R. The second part is ) X ) o=
converted into a uniform solid sphere. Let /; be the moment ¥ ¥
of inertia of the disc about its axis and /, be the moment of © ()
inertia of the new sphere about its axis.
. .. o X 0O —X
The ratio 7, / I, is given by (2019 Main, 10 Apri I1)
(a) 285 (b) 185 (c) 65 (d) 140 7. Let the moment of inertia of a hollow cylinder of length 30
3. A thin disc of mass M and radius R has mass per unit area cm (inner radius 10 cm and outer radius 20 cm) about its axis
o(”) = ki?, where ris the distance from its centre. Its moment be /. The radius of a thin cylinder of the same mass such that

its moment of inertia about its axis is also /, is

of inertia about an axis going through its centre of mass and
gome & (2019 Main, 12 Jan 1)

perpendicular to its plane is (2019 Main, 10 April I) () 16 cm (b) 14 em (c) 12 em (d) 18 cm
MR? MR?
(a) 2 (b) 6 8. A circular disc D; of mass M o
MR2 MR apd radius R has two identical ur
() 3 (d) 3 discs D, and Dj; of the same
mass M and radius R attached
4. A stationary horizontal disc is free to rotate about its axis. rigidly at its opposite ends (see D, Ds
When a torque is applied on it, its kinetic energy as a function figure). The moment of inertia 0
of 8, where 0 is the angle by which it has rotated, is given as of the system about the axis by
k@2, If its moment of inertia is 7, then the angular acceleration OO ' passing through the centre of Dy, as shown in the figure
of the disc is (2019 Main, 9 April I) will be (2019 Main, 11 Jan I1)

L3 k * 2k 2, 2 4. 02 2 >
(@) 8 (b) 6 © .0 (@ =6 (@ JMR® - (b) TMR  (¢) 3MR® (&) MR
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9.

10.

11.

12

Rotation

An equilateral triangle ABC is cut
from a thin solid sheet of wood. (see
figure) D, E and F are the mid points
of its sides as shown and G is the Dfe-eece-XE

. G
centre of the triangle. The moment of .
inertia of the triangle about an axis N2
passing through G and perpendicular 5 F o

to the plane of the triangle is /,,. If the
smaller triangle DEF is removed from ABC, the moment of
inertia of the remaining figure about the same axis is /.

Then (2019 Main, 11 Jan I)
3 15 I 9

a) I'==1, ) I'==—I, () I'="" () I'==1I

(a) 40() 16o() 2 (d) 16l

Two identical spherical balls of mass M and radius R each
are stuck on two ends of a rod of length 2R and mass M (see
figure).

The moment of inertia of the system about the axis passing

perpendicularly through the centre of the rod is
(2019 Main, 10 Jan II)

K72R4>1
S
137 ., 209, 17, 152,
a) L MR* (b) == MR*® (c) —MR d) 2 MR
()15 ()15 ()15 ()15

Seven identical circular planar discs, each of mass M and
radius R are welded symmetrically as shown in the figure.
The moment of inertia of the arrangement about an axis
normal to the plane and passing through the point P is

(2018 Main)
O
0%
bt
20
181 73

19 55
a) —MR?> (b)) =MR> (¢)=-MR> (d) —=MR>
(a) 5 (b) 5 (©) 5 (d) 5

From a uniform circular disc of
radius R and mass 9M, a small disc

w5

. R. .
of radius g is removed as shown in

the figure. The moment of inertia of R
the remaining disc about an axis
perpendicular to the plane of the
disc and passing through centre of

disc is (2018 Main)
(a) 3—97MR2 (b) 4MR*
(c) 47901\41# (d) 10MR?

13.

14.

15.

The moment of inertia of a uniform cylinder of length / and
radius R about its perpendicular bisector is /. What is the
ratio // R such that the moment of inertia is minimum?

\/7 (2017 Main)

3 3
@ (d) \E

3
(b) 1 (© 7
A cylinder uniform rod of mass M and ?
length /1s pivoted at one end so that it can
rotate in a vertical plane (see the figure).
There is negligible friction at the pivot. 8
The free end is held vertically above the X
pivot and then released. The angular acceleration of the rod
when it makes an angle 0 with the vertical, is (2017 Main)

2g . 3g 2g 3g .
a)—=sinB® (b)==>cosB (c)==cos® (d)==sinBO
()31 ()21 ()31 ()2]

From a solid sphere of mass M and radius R, a cube of

maximum possible volume is cut. Moment of inertia of cube
about an axis passing through its centre and perpendicular to

one of its faces is (2015 Main)
@ MR? ) 4MR*? © MR? @ 4MR?
32 \En 9 \@n 16 \En 3\@11

16. A solid sphere of radius R has | /

17.

18.

moment of inertia / about its
geometrical axis. It is melted into a
disc of radius » and thickness ¢. If
it’s moment of inertia about the
tangential  axis  (which s
perpendicular to plane of the disc),
is also equal to 7, then the value of ris equal to

2 2 3
(a) N R (b 75 R ©) NE R (d)
From a circular disc of radius R and
mass 9M, a small disc of radius R /3
is removed from the disc. The
moment of inertia of the remaining
disc about an axis perpendicular to
the plane of the disc and passing

(2006, 3M)
RERH
J1s

X4,

One quarter section is cut from a uniform
circular disc of radius R. This section has a
mass M. It is made to rotate about a line
perpendicular to its plane and passing through
the centre of the original disc. Its moment of
inertia about the axis of rotation is (2001)

(a)%MRz (b)ZIMRZ (c)%MRZ (d) V2MR?

through O is (2005)
(a) 4MR* (b) igoz\m2
(c) 1OMR? (d) 3—97MR2




19.

20.

A thin wire of length L and uniform linear mass density pis
bent into a circular loop with centre at O as shown. The

moment of inertia of the loop about the axis XX "is (2000)
X T X
90°:
0
ol pl’ spl’ 3pl’
(a)— (®) — (c) (d)
81 161t 1610 81

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 8 with 4B.
The moment of inertia of the plate about the axis CD is then

equal to (1998, 2M)
(a) ] (b)Isin’ 6
(c) I cos’ @ (d) I cos? (6/2)

Objective Question II (One or more correct option)

21.

The moment of inertia of a thin square A 4 B A
plate ABCD, of uniform thickness
about an axis passing through the

centre O and perpendicular to the plane 6 3
of the plate is (1992, 2M)

D CN\ip
@1 +1, (b) 13 +1,
(1 +13 (A1 +1, +15 +1,

where, [}, 1, I; and I, are respectively moments of inertia
about axes 1, 2, 3 and 4 which are in the plane of the plate.
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Integer Answer Type Questions

22,

23.

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 of inertia of this lamina about
axes passing through O and Pis I, and
I, respectively. Both these axes are perpendicular to the

. . . .
plane of the lamina. The ratio = to the nearest integer is
Io (2012)

Four solid spheres each of diameter /5 cm and mass 0.5 kg
are placed with their centres 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)

Fill in the Blank
24.

A symmetric lamina of mass M consists of a square shape
with a semi-circular section over of the edge of the square as
shown in figure. 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 plane is 1.6 Ma®. The moment of
inertia of the lamina about the tangent 4B in the plane of the
laminais ......... (1997, 2M)

Topic2 Angular Momentum and its Conservation

Objective Questions I (Only one correct option)

1.

The time dependence of the position of a particle of mass
m=21is given by r(¢) = 24 - 3123. Its angular momentum,
with respect to the origin, at time # = 21is

(a) 36k (b) - 34 (k-1)

() - 48k ) 48(i+J)

A thin smooth rod of length L and mass M is rotating freely
with angular speed W, about an axis perpendicular to the rod
and passing through its centre. Two beads of mass m and
negligible size are at the centre of the rod initially. The beads

are free to slide along the rod. The angular speed of the
system, when the beads reach the opposite ends of the rod,

will be (2019 Main, 09 April 11)
M M w M M
(@) 0 (b) ) ) L
M +3m M +m M+ 2m M+6m

3.

A particle of mass 20 g is released with an initial velocity 5
m/s along the curve from the point A, as shown in the figure.
The point 4 is at height 4 from point B. The particle slides
along the frictionless surface. When the particle reaches
point B, its angular momentum about O will be (Take,

- 2
g=10m/s%) (2019 Main, 12 Jan 1)

(a) 8kg-m?/s
(c) 2kg-m?/s

(b) 3kg-m?/s
(d) 6kg-m?/s
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4.

Rotation

A ring of mass M and radius R is
rotating with angular speed w about a
fixed vertical axis passing through its g
centre O with two point masses each

&=

M
of mass ? at rest at O. These masses

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

. .8
At some instant, the angular speed of the system is 5&) and one

of the masses is at a distance of %R from O. At this instant, the

distance of the other mass from O is (2015 Adv.)
2 1

a)—R b) —R

(@) 3 (b) 3
3 4

c)—R d)—R

(© 5 (d s

A bob of mass m attached to an inextensible string of length /is

suspended from a vertical support. The bob rotates in a

horizontal circle with an angular speed wrad/s about the vertical

support. About the point of suspension (2014 Main)

(a) angular momentum is conserved

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

(c) angular momentum changes in direction but not in
magnitude

(d) angular momentum changes both in direction and
magnitude

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 ol _»m
and P are denoted by L, and L, respectively, I
then

(a) L, and L, do not vary with time (2012)

(b) L, varies with time while L, remains constant
(c) L, remains constant while L, varies with time
(d) L, and L both vary with time

A child is standing with folded hands at the centre of a platform
rotating about its central axis. The kinetic energy of the system
is K. The child now stretches his arms so that the moment of
inertia of the system doubles. The kinetic energy of the system
now is (2004)
(a) 2K (b)K/2 (c)K/4 (d) 4K

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

(b) On the circumference of the circle

(¢) Inside the circle
(d) Outside the circle

10.

1.

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 w,. 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 w(¢ ) will vary with time ¢ as (2002)
w(t) w(t)
Wy Wy

£
§> <

t
© (d)

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 B 0 ¢

AB and other along AC as shown.

Neglecting frictional effects, the quantities that are

conserved as beads slides down are (2000)

(a) angular velocity and total energy (kinetic and
potential)

(b) total angular momentum and total energy

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

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

A disc of mass M and radius R is rolling with angular
speed w on a horizontal plane as shown. The magnitude of

angular momentum of the disc about the origin O is
(1999, 2M)
y

(b) MR’w

(0]
(a) %@MR%
© %@/\/IRZQ)

(d) 2MR*w
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13.

14.

A mass m is moving with a constant velocity along a line
parallel to the X-axis, away from the origin. Its angular
momentum with respect to the origin (1997¢C, 1M)
(a) is zero (b) remains constant

(c) goes on increasing (d) goes on decreasing

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 h is

(a) zero (b) m* /(42 g) (1990, 2M)
(©)m*I(N2 g) (d) my2 gh®

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 wheel now rotates with an angular
velocity (1983, 1M)
(@QwM/ (M +m) b)yw (M - 2m)/ (M +2m)
)W M /(M +2m) (dw (M +2m)/ M

Objective Question II (One or more correct option)

15.

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 (1998, 2M)

(a) % is perpendicular to L. at all instants of time
t

(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

Passage Based Questions

Passage 1

A frame of the reference that is
accelerated with respect to an
inertial frame of reference is
called a non-inertial frame of
reference. A coordinate system
fixed on a circular disc rotating
about a fixed axis with a
constant angular velocity W is
an example of a non-inertial frame of reference. The
relationship between the force F,, experienced by a particle
of mass m moving on the rotating disc and the force F,,
experienced by the particle in an inertial frame of reference
is, F,;, = F, +2m (v, X®) +m (0 Xr) X 0,

where, v, is the velocity of the particle in the rotating frame
of reference and r is the position vector of the particle with
respect to the centre of the disc. Now, consider a smooth slot
along a diameter of a disc of radius R rotating
counter-clockwise with a constant angular speed w about its

rot

16.

17.
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vertical axis through its centre. We assign a coordinate
system with the origin at the centre of the disc, the X-axis
along the slot, the Y-axis perpendicular to the slot and the
z-axis along th rotation axis (w =k ). A small block of mass
m is gently placed in the slot at r = (R/2)f att =0and is

constrained to move only along the slot. (2016 Adv.)

The distance » of the block at time ¢ is

(a) %cos 200t (b) gcos wrt

(c)%(e‘*’t Fe o) (d)%(ez‘*’t F o2

The net reaction of the disc on the block is
(a) mw?Rsin «¥j — mgk

(b) %msz (e -e ™ )j + mgﬁ
1 _ A A
(c) EmeR (ezwl o )j + mgk

(d) —mw?Rcos 01] - mgﬁ

Integer Answer Type Questions

18.

19.

20.

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

9ms™" with respect to the ground. The rotational speed of

the platform in rad s ™" after the balls leave the platform is
(2014 Adv.)

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 (inrad s ™)
of the system is (2013 Adv.)

A binary star consists of two stars 4 (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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Fill in the Blanks

21.

22,

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 T = 4", where A4 is a constant, r is

the instantaneous radius of the circle. Thenn = ...... .
(1993, 1M)

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 w, about an axis
perpendicular to the rod and passing through the
mid-point 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, 2M)

\ \
5 L/ L/2 ‘

5wy

True/False

23.

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 w. 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 2w/ NG
(1986, 3M)

Analytical & Descriptive Questions

24,

A particle is projected at time ¢ = 0 from a point P on the ground
with a speed v, at an angle of 45° to the horizontal. Find the
magnitude and direction of the angular momentum of the particle

about P at time ¢ = Yo .
g (1984, 6M)

Topic 3 Pure Rolling or Rolling without Slipping

Objective Questions I (Only one correct option)

1

A metal coin of mass 5g and radius 1 cm is fixed to a

thin stick 4B of negligible mass as shown in the figure.
The system is initially at rest. The constant torque, that
will make the system rotate about AB at 25 rotations
per second in Ss, is close to (2019 Main, 10 April II)

A

s
B
(b) 20x% 10" °N-m
(d) 79% 10" °N-m

(@) 40x10"°N-m
(¢) 16x 10" °N-m

Moment of inertia of a body about a given axis is 1.5 kg
m?. Initially, the body is at rest. In order to produce a
rotational kinetic energy of 1200 J, the angular
acceleration of 20 rad/s> must be applied about the axis
for a duration of (2019 Main, 9 April 11)
(a) 5s (b) 2s (¢) 3s (d) 2.5s

The following bodies are made to roll up (without
slipping) the same inclined plane from a horizontal
plane : (i) a ring of radius R, (ii) a solid cylinder of
radius R/2 and (iii) a solid sphere of radius R/4.If in

each case, the speed of the centre of mass at the bottom of the

incline is same, the ratio of the maximum height they climb is
(2019 Main, 9 April 1)

(a) 10:15:7 (b) 4:3:2

(c) 14:15:20 (d) 2:3:4

A solid sphere and solid cylinder of identical radii approach an
incline with the same linear velocity (see figure). Both roll without
slipping all throughout. The two climb maximum heights /4, and

h
hey on the incline. The ratio —sph s given by

cyl
(2019 Main, 8 Aplril 11)
2 14 4
a) —(— b) — c) 1 d) —
(a) 75 (b) s (©) (d) s

A string is wound around a hollow cylinder of mass 5 kg and radius
0.5 m. If the string is now pulled with a horizontal force of 40 N
and the cylinder is rolling without slipping on a horizontal surface
(see figure), then the angular acceleration of the cylinder will be
(Neglect the mass and thickness of the string)

%AWN

(b) 16 rad/ s”
(d) 12rad/s*

(2019 Main, 11 Jan II)
(a) 10rad/ s

(c) 20rad/ s>



6 A homogeneous solid cylindrical roller of radius R and mass m

10.

11.

is pulled on a cricket pitch by a horizontal force. Assuming

rolling without slipping, angular acceleration of the cylinder is
(2019 Main, 10 Jan 1)

F
@ 3mR

&

F 2F 3F

2mR ®) © 2mR

(@ 3mR

A mass m supported by a massless string
wound around a uniform hollow cylinder of
mass m and radius R. If the string does not
slip on the cylinder, with what acceleration

will the mass fall on release? (2014 Main)

) m
(a) 2¢/3 (b) g/2
(c) 5g/6 d g

Two solid cylinders P and Q of same mass and same radius

start rolling down a fixed inclined plane from the same height
at the same time. Cylinder P has most of its mass
concentrated near its surface, while Q has most of its mass
concentrated near the axis. Which statement(s) is(are)
correct? (2012)

(a) Bothcylinders P and Q reach the ground at the same time
(b) Cylinder P has larger linear acceleration than cylinder O

(c) Both cylinders reach the ground with same translational
kinetic energy

(d) Cylinder Qreaches the ground with larger angular speed

A small object of uniform density rolls up a curved surface
with an initial velocity v. It reaches up to a maximum height
2
of £l with respect to the initial position. The object is
4g (2007, 3M)

(b) solid sphere

(d) disc

A ball moves over a fixed track as shown in the figure. From
A to B the ball rolls without slipping. If surface BC is
frictionless and K 4, Kz and K are kinetic energies of the
ball at 4, B and C respectively, then (2006, 5M)

Lo

@) hy>he; Ky >Ke ®)hy >he; Ke > K,
(©) hy =he; Ky =Kc (d) hy <he; Kg>Ke
A disc is rolling (without slipping) on a horizontal surface. C
is its centre and Q and P are two points equidistant from C. Let
vp, Vo and vo be the magnitude of velocities of points P,0
and C respectively, then (2004)

(a) ring
(c) hollow sphere

12,

Rotation 111

(@ vy >ve >vp (®) vp <ve <vp

©vg =vp,ve = %vp vy <ve>vp

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 (2002)

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

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

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

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

Assertion and Reason

13.

Mark your answer as

(a) If Statement I is true, Statement II is true, Statement II is
the correct explanation for Statement [

(b) If Statement I is true, Statement I is true; Statement II is
not a correct explanation for Statement 1

(¢) If Statement I is true; Statement 11 is false

(d) If Statement 1 is false; Statement II is true

Statement I 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 II 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, 3M)

Passage Based Questions

Passage 1

A uniform thin cylindrical disk of mass M and radius R is
attached to two identical massless springs of spring constant
k which are fixed to the wall as shown in the figure. The
springs are attached to the axle of the disk diammetrically on
either side at a distance d from its centre. The axle is massless
and both the springs and the axle are in a horizontal plane.
The unstretched length of each spring is L.
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14,

15.

16.

Rotation

The disk is initially at its equilibrium position with its centre of
mass (CM) at a distance L from the wall. The disk rolls without
slipping with velocity v, = v,i. The coefficient of friction is H.

The net external force acting on the disk when its centre of mass
is at displacement x with respect to its equilibrium position is

(2008, 4M)

2kx 4kx

) G5

(@) —ke  (b) —2kx ©-7

The centre of mass of the disk undergoes simple harmonic

motion with angular frequency w equal to (2008 , 4M)
k 2k 2k 4k

a).— b) .[— c) . — d) [—

(),}M ()‘M (©) W (d) i

The maximum value of v, for which the disk will roll without
slipping is (2008, 4M)

M M [3M [sm
(a)ug\/; (b)ug\/; (©) Mg = (d)pg e

Objective Questions II (One or more correct option)

17.

18.

A wheel of radius R and mass S

M is placed at the bottom of a

fixed step of height R as Q
shown in the figure. A Pr-—--r----
constant force is continuously R
applied on the surface of the
wheel so that it just climbs the
step without slipping.
Consider the torque T about an
axis normal to the plane of the paper passing through the point
Q. Which of the following options is/are correct? (2017 Adv.)
(a) If the force is applied normal to the circumference at point
P, then T is zero

If the force is applied tangentially at point S, then T # Obut
the wheel never climbs the step

(c) If the force is applied at point P tangentially, then T
decreases continuously as the wheel climbs

If the force is applied normal to the circumference at point
X, then T is constant

(b)

(d)

Two thin circular discs of mass m and 4m, having radii of @ and
2a, respectively, are rigidly fixed by a massless, rigid rod of
length / = +/24 athrough their centers. This assembly is laid on a

firm and flat surface and set rolling without slipping on the
surface so that the angular speed about the axis of the rod is w.
The angular momentum of the entire assembly about the point *
O’ is L (see the figure). Which of the following statement(s) is

(are) true?
(2016 Adv.)

~Z

19.

20.

(a) The magnitude of the z-component of Lis 55 ma’w
(b) The magnitude of angular momentum of centre of
mass of the assembly about the point O is 81 ma’w

(c) The centre of mass of the assembly rotates about the

Z-axis with an angular speed of %

(d)

The magnitude of angular momentum of the

. . w
assembly about its centre of mass is 17 ma? 5

The figure shows a system consisting of (i) a ring of outer
radius 3R rolling clockwise without slipping on a
horizontal surface with angular speed w and (ii) an inner
disc of radius 2R rotating anti-clockwise with angular
speed w/2.

The ring and disc are separated by frictionless ball
bearings. The system is in the x-z plane. The point P on the
inner disc is at a distance R from the origin, where OP
makes an angle of 30° with the horizontal. Then with
respect to the horizontal surface, (2012)

(a) the point O has a linear velocity 3RWi

V3

(b) the point P has a linear velocity % Rwi + 0 Rwk

N

(c) the point P has a linear velocity 17? Rwi - e Rwk

(d) the point P has a linear velocity

J30

O 3 ~ 1 A
[B-—0ORwi +— Rwk
O 40 4

A sphere is rolling without slipping on a fixed horizontal

plane surface.
C
O \

AN

A

In the figure, A4 is the point of contact. B is the centre of
the sphere and C is its topmost point. Then, (2009)
@Ve—-v,=2(vg =ve) (B)ve—vg =vz -V,
© [ve = vy 1=2lvg = Vel (d) Ve = v [=4]vg]



21. A solid sphere is in pure rolling motion on an inclined
surface having inclination 6 (2006, 5M)

/®

6

(a) frictional force acting on sphere is f = [Lmg cos 6

(b) fis dissipative force

(c) friction will increase its angular velocity and decrease
its linear velocity

(d) If © decreases, friction will decrease

Numerical Value Based Question

22. Aring and a disc are initially at rest, side by side, at the top
of an inclined plane which makes an angle 60° with the
horizontal. They start to roll without slipping at the same
instant of time along the shortest path. If the time
difference between their reaching the ground is
(2- \/3)/ \/Es, then the height of the top of the inclined

plane, in metres, is .......... . (Take, g = 10ms2) (2018 Main)

Fill in the Blanks

23. A uniform disc of mass m and radius R is rolling up a rough
inclined plane which makes an angle of 30° with the
horizontal. If the coefficients of static and kinetic friction
are each equal to M and the only forces acting are
gravitational and frictional, then the magnitude of the

frictional force acting on the disc is ......... and its
direction is ......... (write up or down) the inclined plane.
(1997¢C, 1M)

24. 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 by
x = A cos (o). There is no slipping between the cylinder
and platform. The maximum torque acting on the cylinder
during its motion is ......... . (1988, 2M)

True / False

25. Aring 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, 2M)
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Integer Answer Type Question

26.

27.

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/s, then v, in m/s is

(g =10m/s%)
AoV1=3 m/s

(2015 Adv.)

A boy is pushing a ring of mass Stick
2 kg and radius 0.5 m with a
stick as shown in the figure. The
stick applies a force of 2 N on
the ring 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

Ground
coefficient of friction between the stick and the ring is %%@

The value of P is (2011)

Analytical & Descriptive Questions

28.

29.

A solid cylinder rolls without slipping on an inclined plane
inclined at an angle 6. Find the linear acceleration of the
cylinder. Mass of the cylinder is M. (2005, 4M)

A man pushes a cylinder of mass n; with the help of a plank of
mass m, as shown. There is no slipping at any contact. The
horizontal component of the force applied by the man is F.
Find (1999, 10M)

F—I 1m,

my

(a) the accelerations of the plank and the centre of mass of the
cylinder and

(b) the magnitudes and directions of frictional forces at
contact points.
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30. Two thin circular discs of mass 2 kg and radius 10 ¢cm each
are joined by arigid massless rod of length 20 cm. The axis of
the rod is along the perpendicular to the planes of the disc
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 motion of the truck.

20cm

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. If the truck has an acceleration
9 m/SZ, calculate (1997, 5M)

(a) the force of friction on each disc and

(b) the magnitude and direction of the frictional torque
acting on each disc about the centre of mass O of the
object. Express the torque in the vector form in terms of
unit vectors i,j and Kk in x, y and z-directions.

31. A small sphere rolls
down without slipping
from the top of a track
in a vertical plane. The my
track has an elevated
section and a
horizontal part. The
horizontal part is 1.0
m above the ground level and the top of the track is 2.6 m
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 figure) where the sphere lands. During
its flight as a projectile, does the sphere continue to rotate
about its centre of mass ? Explain. (1987, 7M)

F——I 1m,

Topic4 Collision in Rotational Motion

Objective Questions I (Only one correct option)

S . _— I
1 Two coaxial discs, having moments of inertia /; and El are

. . . .. w
rotating with respective angular velocities w; and 71, about

their common axis. They are brought in contact with each
other and thereafter they rotate with a common angular
velocity. If £ and E; are the final and initial total energies,
then (Ef —E;)is (2019 Main, 10 April I)

L} L}
a) — b) -
(@ 24 ®) 12

3 P [(1)2
c) = Iw d) =
()811 (d )

2. Consider abody, 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 end,

what would be its angular velocity ? (2003)
k L |
M ) M
J=Mv
(a)v/L (b) 2v/L (c)v/3L (d) v/4L

3. A smooth sphere 4 is moving on a frictionless horizontal
plane with angular velocity w 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 W , and W, respectively. Then,

(1999, 2M)

@w,<w (bow,=w Qws=w (doug=0w

4. A cubical block of side ¢ moving with velocity v on a
horizontal smooth plane as shown. It hits a ridge at point O.

The angular speed of the block after it hits O is (1999, 2M)
p——
I
|
()
(a) 3v/4a (b) 3v/2a
(©) V3/2a (d) zero

Objective Questions II (One or more correct option)

5. A thin ring of mass 2 kg and radius 0.5 m is rolling without
slipping on a horizontal plane with velocity 1 m/s. A small
ball of mass 0.1 kg, moving with velocity 20 m/s in the
opposite direction, hits the ring at a height of 0.75 m and goes
vertically up with velocity 10 m/s. Immediately after the
collision, (2011)

10 m/s
20 m/s

0.75m

(a) 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



6. A uniform bar of length 6 a

and mass 8 m lies on a smooth
horizontal table. Two point
masses mand 2mmoving in the Ce
same horizontal plane with o
speed 2v and v respectively, g
strike the bar [as shown in the s
figure] and stick to the bar ) , ,

after  collision.  Denoting a 2a

angular velocity (about the centre of mass), total energy and
centre of mass velocity by w, E and v, respectively, we have
after collision (1991)

_ _v _3 2
@v.=0 (c)w =, (D E —gmv

3v
b)w =—
(b) =

Analytical Answer Type Questions
7. A rod AB of mass M and length L is lying on a horizontal

frictionless surface. A particle of mass m travelling along the

Rotation 115

The rod is initially 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 w. (1992, 8M)
S
|
dv
|
|
|
|
i
J o
A @) C B
k L/2 S L/4 —— L4 —]

(a) Determine the angular velocity w in terms of v and L.
(b) If the insect reaches the end B when the rod has turned
through an angle of 90°, determine v.

surface hits the end 4 of the rod with a velocity v, in a 10. A thin uniform bar lies on a frictionless horizontal surface
direction perpendicular to 4B. The collision is elastic. After and is free to move in any way on the surface. Its mass is
the collision, the particle comes to rest. (2000) 0.16 kg and length is V3 m. Two particles, each of mass 0.08
(a) Find the ratio m/M. kg are moving on the same surface and towards the bar in a
(b) A point P on the rod is at rest immediately after collision. direction perpendicular to the bar one with a velocity of 10
Find the distance AP. m/s, and the other with 6 m/s, as shown in figure. The first
(c) Find the linear speed of the point P a time Tt/ 3v, after particle strikes the bar at points 4 and the other at point B.
the collision. Points 4 and B are at a distance of 0.5 m from the centre of
. Two uniform rods 4 and B of length the bar. The particles strike the bar at the same instant of time
0.6 m cach and of masses 0.01 kg and 0.02 kg, and stick to the bar on collision. Calculate the loss of kinetic
respectively are rigidly joined end to end. The energy of the system in the above collision process. (1991)
combination is pivoted at the lighter end, P as
shown in figure. Such that it can freely rotate
about point P in a vertical plane. 10m/s A
A small object of mass 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, 6M)
. A homogeneous rod AB of length L = 1.8 m and mass M is 5
pivoted at the centre O in such a way that it can rotate freely
. . 6m/s
in the vertical plane (figure ).
Topic5 Miscellaneous Problems
Objective Questions I (Only one correct option) o) )
1 A uniform rod of length / is being rotated in a horizontal (@) (b)
plane with a constant angular speed about an axis passing
through one of its ends. If the tension generated in the rod due X i X

to rotation is 7'(x ) at a distance x from the axis, then which of T(x)

/
the following graphs depicts it most closely?
(2019 Main, 12 April I) © @ Q
| X B o
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A rectangular solid box of length 0.3 m S >
is held horizontally, with one of its sides
on the edge of a platform of height 5 m.
When released, it slips off the table in a h
very short time T= 0.01 s, remaining
essentially horizontal. The angle by
which it would rotate when it hits the
ground will be (in radians) close to (2019 Main, 8 April 1)
(a) 0.02 (b) 0.3 (c) 0.5 (d) 0.28

A straight rod of length Lextends fromx =atox = L + a. The

gravitational force it exerts on a point mass m at x = 0, if the
mass per unit length of the rod is 4 + Bx?, is given by
(2019 Main, 12 Jan I)

(a) Gm 54 DB]L BRIy
0 + L aB B

(b) Gm 54 DBCI—I —1D+ BL
0 + L aH E
0 o 1 0
G - + BL
© omot =gt
O 0
a o 1 O O
d) Gm - —T[]— BL
@ EZIEE a+LH E

The magnitude of torque on a particle of mass 1 kg is 2.5
N-m about the origin. If the force acting on it is 1 N and the
distance of the particle from the origin is 5 m, then the angle

between the force and the position vector is (in radian)
(Main 2019, 11 Jan II)

(a) (b)

(d)

w|dq ool o
old &5

©

A slab is subjected to two forces F, and F, of same
magnitude F as shown in the figure. Force F, is in xy-plane
while force F| acts along Z-axis at the point (2i + 3j). The

moment of these forces about point O will be

(2019 Main, 11 Jan I)
z

oI T i y

30°
/ 6m

X
(@) (3i+2j-3k)F
() (3i-2j-3kF

4m

(b) (3i-2j+3k)F
(d) (3i+2j+3k)F
A rigid massless rod of length 3/ has two masses attached at
each end as shown in the figure. The rod is pivoted at point P
on the horizontal axis (see figure). When released from
initial horizontal position, its instantancous angular

acceleration will be (2019 Main, 10 Jan II)

/ 2

¢ . [)

5 M, P 2 M,
g g g g
a) = b) = c) = d) =
()131 ()21 ()31 ()31

To mop-clean a floor, a cleaning machine presses a circular
mop of radius R vertically down with a total force F' and
rotates it with a constant angular speed about its axis. If the
force F is distributed uniformly over the mop and if
coefficient of friction between the mop and the floor is {4, the
torque applied by the machine on the mop is

(2019 Main, 10 Jan I)
R FR FR
WFR (c) AR\ (d) LRSS
6 3 2
A rod of length 50 cm is pivoted at one end. It is raised such
that if makes an angle of 30° from the horizontal as shown
and released from rest. Its angular speed when it passes
through the horizontal (in rad s™") will be
(Take, g =10 ms™) (2019 Main, 09 Jan 11)

(@) %uFR b)

30°

(a)@ (b) /30

V20 F
(©) ? (d) 7

m
Two masses m and 5 are connected at the two ends of a

massless rigid rod of length /. The rod is suspended by a thin

wire of torsional constant k& at the centre of mass of the

rod-mass system (see figure). Because of torsional constant

k, the restoring torque is T = kO for angular displacement 6. If

the rod is rotated by 6, and released, the tension in it when it

passes through its mean position will be (2019 Main, 9 Jan 1)
g

%, @m
m/2
2 2 2 2
2k8; (b) kB; © 340, k9;

a _—
(@ / [ [ 2/

. A roller is made by joining together two corners at their

vertices O. It is kept on two rails 4B and CD which are placed
asymmetrically (see the figure), with its axis perpendicular to
CD and its centre O at the centre of line joining AB and CD
(see the 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 (2016 Main)



11.

12.

13.

B D
0
A C
(a) turn left (b) turn right

(c) go straight (d) turn left and right alternately

A hoop of radius » and mass m rotating with an angular
velocity w, 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?
(2013 Main)
(a) rwy/4  (b) rw,/3 (c) rw,/2 (d) rw,

Consider a disc rotating in the horizontal plane with a
constant angular speed w about its centre O.

The disc has a shaded region on one side of the diameter and
an unshaded region on the other side as shown in the figure.
When the disc is in the orientation as shown, two pebbles P
and Q are simultaneously projected at an angle towards R.
The velocity of projection is in the y-z plane and is same for
both pebbles with respect to the disc.

Assume that (i) they land back on the disc before the disc has
completed 1/8 rotation, (ii) their range is less than half the

disc radius, and (iii) W remains constant throughout. Then
(2012)

(a) P lands in the shaded region and Q in the unshaded
region

(b) P lands in the unshaded region and Q in the shaded
region

(c) both P and Q land in the unshaded region

(d) both P and Q land in the shaded region

Two identical discs of same radius R are rotating about their

axes in opposite directions with the same constant angular
speed w. The discs are in the same horizontal plane.

/\\/ © uy m
P Q
\U w
At time ¢ = 0, the points P and Q are facing each other as
shown in the figure. The relative speed between the two

points P and Q is v,.. In one time period (7") of rotation of the
discs, v, as a function of time is best represented by (2012)

14.

15.

Rotation 117

vy 17
(@) G |
\Z4 Vv,
©) @ |
0 Tt 0 Tt

A thin uniform rod, pivoted at O, is rotating in the horizontal
plane with constant angular speed w, as shown in the figure.
At time ¢ = 0, a small insect starts from O and moves with
constant speed v with respect to the rod towards the other
end. It reaches the end of the rod at # =T and stops. The

angular speed of the system remains w throughout.  (2012)
z
®
Vv —>

The magnitude of the torque | T | on the system about O, as a
function of time is best represented by which plot?

@ |l 0 |t
<o <o,
@) T t @) T t
© |tl @ Itl
@) T t @) T t

Ablock of base 10 cm x 10 cm and height 15 cm is kept on an
inclined plane. The coefficient of friction between them is
/3. The inclination 8 of this inclined plane from the

horizontal plane is gradually increased from 0°. Then,
(2009)

(a) at® =30°, the block will start sliding down the plane

(b) the block will remain at rest on the plane up to certain 0
and then it will topple

(c) atB® = 60°, the block will start sliding down the plane and
continue to do so at higher angles

(d) at® =60°, the block will start sliding down the plane and
on further increasing 6, it will topple at certain 6
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16.

17.

18.

19.

Rotation

A particle moves in a circular path with decreasing speed.
Choose the correct statement. (2005)
(a) Angular momentum remains constant

(b) Acceleration (a)is towards the centre

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

(d) The direction of angular momentum remains constant

A cubical block of side L rests on a rough horizontal surface
with coefficient of friction 1. 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

(2000)
F Kl
L
(a) infinitesimal (b) mg/4

(c) mg/2 (d) mg (1- 1)

Two point masses of 0.3 kg and 0.7 kg are fixed at the ends of
a rod of length 1.4 m and of negligible mass. The rod is set
rotating about an axis perpendicular to its length with a
uniform angular speed. The point on the rod through which
the axis should pass in order that the work required for
rotation of the rod is minimum, is located at a distance of
(a) 0.42 m from mass of 0.3 kg (1995, S)
(b) 0.70 m from mass of 0.7 kg

(c) 0.98 m from mass of 0.3 kg

(d) 0.98 m from mass of 0.7 kg

A tube of length L is filled completely with an in-
compressible 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 w . The force exerted by

the liquid at the other end is (1992, 2M)
MWL ML Mo’ I?
@)= (b)y MW’L () 4 (&=

Objective Question II (One or more correct option)

20.

21.

The potential energy of mass m at a distance 7 from a fixed
point O is given by V(r)=kr* /2, where k is a positive
constant of appropriate dimensions. This particle is moving
in a circular orbit of radius R about the point O. If v is the
speed of the particle and L is the magnitude of its angular
momentum about O, which of the following statements is

(are) true ? (2018 Adv.)
(a)v=1/iR (b)v=\/?R

2m m
(¢) L =~/mk R* (d) L= %?Rz

Consider a body of mass 10 kg at rest at the origin at time
t=0. A force F = (ari+Bj) is applied on the body, where
a=10Ns™" and B = 1ON. The torque acting on the body

about the origin at time # =1.0s is T. Which of the following
statements is (are) true ? (2108 Adv.)

22,

1
a) |T==N-m
(@) [t 3
(b) The torque T is in the direction of the unit vector + k
(c) The velocity of the body at = 1sisv = %(IA +2])ms™!

(d) The magnitude of displacement of the body at ¢ = 1s is
1

-m
6

A rigid uniform bar 4B of length L is slipping from its

vertical position on a frictionless floor (as shown in the

figure). At some instant of time, the angle made by the bar

with the vertical is 8. Which of the following statements

about its motion is/are correct? (2017 Adv.)

(a) Instantaneous torque about the point in contact with the
floor is proportional to sin®

(b) The trajectory of the point A is parabola

(¢) The mid-point of the bar will fall vertically downward

(d) When the bar makes an angle 8 with the vertical, the
displacement of its mid-point from the initial position is
proportional to (1 — cos8)

Matching Type Questions
23.

In the List-I below, four different paths of a particle are
given as functions of time. In these functions, a and 3 are
positive constants of appropriate dimensions and o # 3. In
each case, the force acting on the particle is either zero or
conservative. In List-II, five physical quantities of the
particle are mentioned: p is the linear momentum, L is the
angular momentum about the origin, K is the kinetic energy,
U is the potential energy and E is the total energy. Match
each path in List-I with those quantities in List-II, which are

conserved for that path. (2018 Adv.)
List-I List-1I
P. r(t)=0ti+Pt] 1. P
r(¢)=ocoswti+Psin wrj 2. L
R. r(t)=a(coswti+sinwtj) 3. K
S. r(t)=ati+%t2j 4. U
S. E

(@P - 1,2,3,45Q-2,5R-23,45S-5
(b)P - 1,2,3,4,5Q - 3,5 R~ 2,3,4,5S 2,5
©)P-234 Q-5 R-1,24 S_25
(P 1,2,3,5 Q-25R-213,458S-25



Passage Based Questions

24,

25.

Passage 1

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

Figure 2

Figure 1

The total kinetic energy of the ring is (2017 Adv.)

(a) M@ (R = r)? (b) %Mwé (R - r)
(c) M3R? (d) %ng (R-r)

The minimum value of w, below which the ring will drop

down is (2017 Adv.)
3
(a) 8 (b) -
2U(R - 7) 24(R — 7)
2,
(©) _ & (d) _ g
H(R =) MR =)
Passage 2
The general 1w
motion of a rigid
body can be P b Q
considered to be Q<>
a combination of x/ y

(1) 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 is rotated about the origin on a horizontal frictionless
plane with angular speed w, 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
Q). Both these motions have the same angular speed w in this
case.

26.

27.

28.

29.
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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 w about the

Z-axis.
2t 6 21
Q .Q
§ s
P y P Y
x/ Case (a) x/ Case (b)

Which of the following statements regarding the angular
speed about the instantaneous axis (passing through the
centre of mass) is correct? (2012)

(a) Itis V2w for both the cases
o
2
(c) Itisw for case (a); and V20 for case (b)

(d) It is w for both the cases

(b) It is w for case (a); and for case (b)

Which of the following statements about the instantaneous

axis (passing through the centre of mass) is correct? (2012)

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

(d) Itis vertical for case (a); and is at 45° to the x-z plane and
is normal to the plane of the disc for case (b)

Passage 3

Two discs 4 and B are mounted coaxially on a vertical axle.
The discs have moments of inertia / and 2/ respectively about
the common axis. Disc 4 is imparted an initial angular
velocity 2w using the entire potential energy of a spring
compressed by a distance x;. Disc B is imparted an angular
velocity w by a spring having the same spring constant and
compressed by a distance x,. Both the discs rotate in the
clockwise direction.

X .
The ratio =~ is

(2007, 4M)
X2

(a) 2 (b) 12 () \2

1
(d) —=
V2
When disc B is brought in contact with disc 4, they acquire a
common angular velocity in time 7. The average frictional
torque on one disc by the other during this period is

(2007, 4M)
21w 9w
a) — b) —
(a) 3 (b) by
9w 3w
c) — d) —
© @
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30.
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The loss of kinetic energy during the above process is

(2007, 4M)
Iw? Iw?
a) — b) —
(@) 5 (b) 3
1w? 1w?
c) — d) —
(©) 2 (d) .

Integer Answer Type Question

31.

A uniform circular disc of mass F
1.5 kg and radius 0.5m is
initially at rest on a horizontal

F=05N are applied NZ f
XYZ with its vertices on the

frictionless  surface.  Three
forces of equal magnitude 0

simultaneously along the three

sides of an equilateral triangle

perimeter of the disc (see figure). One second after applying
1

the forces, the angular speed of the disc inrads ™ is (2012)
Fill in the Blanks
32. Arod of weight W is supported by two parallel knife edges 4

33.

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 on A4 is
......... andonBis .......... (1997, 2m)

A uniform cube of side a 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, 2M)

True / False

34.

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 A4, (b) passing through B, by the
application of the same force, F, at C (mid-point of AB) as
shown in the figure. The angular acceleration in both the
cases will be the same. (1985, 3M)

,I

Analytical & Descriptive Questions

35.

A rod of length L and mass M is hinged at point O. A small
bullet of mass m hits the rod as shown in the figure. The
bullet gets embedded in the rod. Find angular velocity of the
system just after impact. (2005, 2M)

36.

37.

38.

Three particles A, B and C,
each of mass m, are
connected to each other by
three massless rigid rods to
form a rigid , equilateral
triangular body of side /.
This body is placed on a
horizontal frictionless table
(x-y plane) and is hinged to
it at the point 4, so that it can move without friction about the
vertical axis through 4 (see figure). The body is set into
rotational motion on the table about4 with a constant angular

velocity 0 . (2002, 5M)
(a) Find the magnitude of the horizontal force exerted by the
hinge on the body.

(b) At time 7, when the side BC is parallel to the X-axis, a
force F is applied on B along BC (as shown). Obtain the
x-component and the y-component of the force exerted
by the hinge on the body, immediately after time 7.

Two heavy metallic plates A

are joined together at 90° to

each other. A laminar sheet

of mass 30 kg is hinged at

the line 4B joining the two

heavy metallic plates. The B

hinges are frictionless. The

moment of inertia of the

laminar sheet about an axis

parallel to AB and passing through its centre of mass is

1.2 kg-m?. Two rubber obstacles Pand 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. 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 obstacleis 6 N-s. (2001, 10M)

(a) Find the location of the centre of mass of the laminar
sheet from A4B.

(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 ?

oQ

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
the figure. The disc can
rotate  freely about a P V T Q
horizontal chord PQ that is

at a distance R /4 from the centre C' of the disc. The line AC is
perpendicular to PQ. Initially the disc is held vertical with
the point A at its highest position. It is then allowed to fall, so
that it starts rotation about PQ. Find the linear speed of the
particle as it reaches its lowest position. (1998, 8M)




39.

40.

A uniform disc of mass m and radius R is projected
horizontally with velocity v, on a rough horizontal floor, so
that it starts off with a purely sliding motion at # = 0. After ¢,
seconds, it acquires a purely rolling motion as shown in

figure. (1997 C, 5M)
N

t=0 t=t,

(a) Calculate the velocity of the centre of mass of the disc at 7.

(b) Assuming the coefficient of friction to be [, calculate ¢,.
Also calculate the work done by the frictional force as a
function of time and the total work done by it over a time
¢t much longer than ¢,,.

A rectangular rigid fixed block has a long horizontal edge. A
solid homogeneous cylinder of radius R is placed
horizontally at rest with its length parallel to the edge such
that the axis of the cylinder and the edge of the block are in
the same vertical plane as shown in figure. 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, 10M)

(a) the angle 6, through which the cylinder rotates before it
leaves contact with the edge,

41.

42,
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(b) the speed of the centre of mass of the cylinder before
leaving contact with the edge and

(c) theratio of the translational to rotational kinetic energies
of the cylinder when its centre of mass is in horizontal
line with the edge.

Ablock X of mass 0.5 kg is held by a long massless string 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 mas shown
in figure.

30°

The drum is given an initial angular velocity such that the

(1994, 6M)

(a) Find the tension in the string during the motion.

(b) At a certain instant of time, the magnitude of the angular
velocity of Y is 10 rads~". Calculate the distance travelled
by X from that instant of time until it comes to rest.

block X starts moving up the plane.

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

cylindrical part of the carpet when its radius reduces to R/2.
(1990, 8M)
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Topic 1
1. (¢)
5. (%)
9. (b)

13. (d)

17. (a)

21. (a, b, ¢)

Topic 2
L. (c)
4.(d)

8. (a)
12. (b)

16. (¢)
20. (6)

23.F

Topic 3
L. (b)
5. (b)

7. (b)
11. (a)
15. (d)

19. (a, b)
mg
23,78,
6 "

24, é MRAW’

28. % gsin® 29.aqy =

(b) 3Fm,

2. (d)
6. (b)
10. (a)
14. (d)
18. (a)
22. (3)

2. (d)
5. (c)
9. (c)

13. (b)

17. (b)

21. -3

3

my,
24, —22
2«/§g

2. (b)
6. (b)

8. (d)
12. (b)
16. (c)

20. (b, ¢)

25.F

Fm,

3m, + 8m, 3m, + 8m,

3. (d)
7. (a)
11. (a)
15. (b)
19. (d)
23. (9)

3. (d)

6. (c)
10. (b)
14. (¢)
18. 4

29 Mw,

"M+ 6m

3.(¢)

9. (d)
13. (d)
17. (a, ¢)

21. (c, d)

26. 7

4F

3m, + 8m,

s Bplank — 5 L o
P 3m, + 8m,

in a direction perpendicular to paper inwards

Answers
30. (2) 6i  (b) 0.6(k — j), 0.6(—j — k), 0.85 N-m
4. (d) 31.2.13 m, yes
8. (c) Topic4
12. (b) 1. ()
;g' Eag 2. (a) 3. () 4. (a) 5. (a, c)
. (a
94. 4.8 M 6.(ac,d) 1. (a)% (b) % L(c) 2% 8.6.3 m/s
9. (a) %V (b) 3.5 ms™" 10.2.72 ]
7. (b) Topic5
11. (¢) 1. (b) 2.(0) 3.(0) 4.(d)
15. (a, b, ©) 5. (b) 6. (a) 7. (a) 8. (b)
19.(8) 9. (b) 10. (a)
11. (c) 12. (*) 13. (a) 14. (b)
15. (b) 16. (d) 17. (¢) 18. (¢)
19. (a) 20. (b,c) 21. (a,c) 22. (a,c,d)
23. (a) 24. Not clear  25. (c)
26. (d) 27. (a) 28. (c) 29. (a)

4. (b)

10. (d)
14. (d)
18. (¢, d)

22. (0.75)

27.3.6

8F = 2a0y;

30. (b) 31 (2) 32. g%’@w, %
3mv

33.2mg  34.F 35—V
3 LGm + M)

36. (a) V3 mlw?®  (b) (Fy), :%, (Foe)y =3 mios”

37.(a) 0.1 m (b) 1 rad/s (c) sheet will never come to rest
38. \/5gR
2

mygt —mvy
3ugt —2v, ],
) [3Hg 0l 5

2 Vv,
39.(a)= v, (b)—> Fort<it, W, =
()3 0 ()3Hg 0 Wy

10216 — o A (o) [3ER
0. (2) @ =cos 7 (b) ; (c)6

41.(a) 1.63N (b)1.22m 42.v:\/@



Hints & Solutions

Topic1 Moment of Inertia
1.

Key Idea Radius of gyration K of any structure is given by

2 /
I=MK orK=_|—
M

To find K, we need to find both moment of
inertia / and mass M of the given structure.

Given, variation in mass per unit area (surface mass density),

.0

s+
X :{;{ 7 Nplelg

Let us divide whole disc in small area elements, one of them
shown at r distance from the centre of the disc with its width
as dr.

Mass of this element is

dm = o [dA
0 dm =29 x21dr  [from Eq. (i)] ...(ii)
r

Mass of the disc can be calculated by integrating it over the

given limits of 7,
M b

dm= [0, X2T Xdr
Jam=Jen

O M =0,21(b —a) ...(ii1)
Calculation of Moment of Inertia

M b b g3d’
I= J’rzdm :J'r2 29 x 21vdr = 0,2 T[J'rzdr: 0,2T 3=
0 w7 “ MG,
O 1:%00211[1)3 -a’] . (iv)

Now, radius of gyration,

ZT[O'O (b3 _a3)

K= |—= -3

M 2no, (b-a)
3_ 3
SR S X G
3 b-a

As we know, b —a® = (b —a) (b> +a* +ab)

0 K = /% (b* +d* +ab)
2 2
or K = (a”+b° +ab)

3

2. The given situation is shown in the figure given below

Solid sphere

""'llllllllllllllllllllllll"

Disc (radius= 2R)
Solid sphere
(radius =)

Density of given sphere of radius R is
_ Mass _ M
Volume 4
3
Let radius of sphere formed from second part is 7, then

mass of second part = volume X density
1 4 5 M

Tl'R3

M=o X
8 3 TR3
3
3
I:l }/'3:R7 r:ﬁ
8 2

Now, /; = moment of inertia of disc (radius 2R and mass

%M ) about its axis

7

7 2
. —M x (2R
_ Mass x (Radiug® _ g * RV _ MR

2 2
and /, = moment of inertia of sphere

(radius % and mass éM ) about its axis

2
=2 x Mass x (Radius)’ = 2 X lM X Qgg - MR
5 5 8 2 80
/ 7 MR>
O Ratio -1 = -4 =140
I, L MR?
80

3. Given, Surface mass density, 0 = o’

So, mass of the disc can be calculated by considering
small element of area 2Tudr on it and then integrating it for
complete disc, i.e.
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dm=0dA =0 X 2Twrdr
[dm=M :I:(kﬁ)zmdr

4
0 MzzrﬂcRT:%TkR“ (D)

Moment of inertia about the axis of the disc,

I :J’d[ :J’dmr2 :IGdArz

= _[: Jo? (21vdr) P

6 6
0 1:2rchRr5 dr = TWR” _ TER ... (i)
0 6 3
From Egs. (i) and (ii), we get
= 2MR?
3

. Given, kinetic energy = k6?

We know that, kinetic energy of a rotating body about its axis
1

=~ Jw?
2
where, / is moment of inertia and w is angular velocity.
2
So, %I(.-.)2 = k6 orw?’ = 2k6
| W= 27k 0 .. (1)

Differentiating the above equation w.r.t. time on both sides,

we get
do _ [k 6 _ [2% o 0. = 90
dt I dt

I TR

U Angular acceleration,

dw 2k 2k |2k

o=—=,—[=,/— O— 06 [using Eq. (i
» ,/1 ‘/1 Q/[ [using Eq. (1)]
2

t
or a= ke
I
Alternate Solution
2
As, w’ = 2k6
I
0 2090 = 2 26 1y der= 2 a0
dt 1 dt 1
wdﬁ(:a):%mor :Zike
de I I

5. Consider an elementary ring of thickness dx and radius x.

Moment of inertia of this ring about a perpendicular axes
through centre is

dl, = dmF* = (2T )dx % =2mgxtdx

Moment of inertia of this elementary ring about a
perpendicular axes at a point through edge, (by parallel axes
theorem)

dl = dmx* + dmR*
= 2mpx*tdx + 2TRR X dx
Moment of inertia of complete disc is
R R 4 R 2.2
I _IO dI—J'O nmpyxdx +.[0 2TQR “x"dx

_2myR’ | 2mR° _ lempR’
5 3 15

U a= % (No option matches)

. Moment of inertia of a solid sphere about an axis through its

centre of mass is
I = %MRZ

Moment of inertia about a parallel axis at a distance x from
axis through its COM is

le 1a Jal

I=1I-+ Mx? (by parallel axis theorem)

So graph of [ versus x is parabolic are shown
1(x)

. Moment of inertia of hollow cylinder about its axis is

M
I = 3 (R +R3)
where, R, = inner radius and
R, = outer radius.

Moment of inertia of thin hollow cylinder of radius R about
its axis is.

I, = MR*
Given, /; =1, and both cylinders have same mass (M).
So, we have

o R+ R = MR?



(10> + 20*)/2 =R?
R?>=250=15.8
R=16cm

8 For disc D, moment of inertia across axis OO" will be

I = EIMRZ G

For discs D, and D5, OO' is an axis parallel to the diameter of
disc. Using parallel axis theorem,

12 = 13 :Idiameter +Md2 (11)
R
Mass=M
D3
_ 1
Here’ Idiameter - ZMR
and d =R
0 L =1, :ZIMRZ +MR? :%MR2

Now, total MI of the system
I=1 +1, +1, = %MRZ +2 ><§MR2 = 3MR*?

9 (b) Suppose the mass of the AABC be ‘M’ and length of the
side be /’.
When the ADEF is being removed from it, then the mass of
the removed A will be ‘M /4’ and length of its side will be
‘l/2’ as shown below

A

) £
/2
// \¢
B+—>F
/2

Since we know, moment of inertia of the triangle about the
axis, passing through its centre of gravity is,

C

I = kmi*, where k is a constant.

10
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Then for ADEF, moment of inertia of the triangle about the

- I _ kMI? .
[:k%ggg: 16 -0

Moment of inertia of AABC is
I, = kMI*
The moment of inertia of the remaining part will be

2
I'=1I,-1 =kMP - kM; [+ using Eqs. (i) and (ii)]

..

15

2
_ 15kl orr =15
16

16

Key Idea This problem will be solved by applying parallel axis
theorem, which states that moment of inertia of a rigid body
about any axis is equals to its moment of inertia about a parallel
axis through its centre of mass plus the product of the mass of
the body and the square of the perpendicular distance between
the axis.

We know that moment of inertia (MI) about the principle
axis of the sphere is given by

I :%MRZ . ()

sphere

Using parallel axis theorem, moment of inertia about the
given axis in the figure below will be

R
Principle axis Given axis
I = % MR?* + M (2R )
22 ..
I, =?MR2 .. (ii)

Considering both spheres at equal distance from the axis,
moment of inertia due to both spheres about this axis will be

21, =2 %22/ 5 MR?

Now, moment of inertia of rod about its perpendicular
bisector axis is given by

I, = Ry
12
Here, given that L=2R

( 0
k— R ——— R i
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11.

12.

13.

14.

Rotation
1 2
u Iy =—M(2R) = MR . (it
T (2R = 3 (iii)
So, total moment of inertia of the system is
1=21 +1,=2 ><%MR2 +éMR2
O ]:¥+1§MR2:QMR2
5 3 1
From theorem of parallel axis,
1=1_,+7M (3R)?
O 2
WB—R +6x% DiMR +M (2R Y |:||:|+ M (3R ) -181MR"
g 2 0 08
IRemaining = ITotal _[Cavity
2
o =2MR ﬁ’fguu %gDﬂMRZ
MI of a solid cylinder about its perpendicular bisector of

length is

I:MEL+R—ZE

02 40
2 2 2 2
O ]:mR ﬂ: m +£ [p'r[rzlzm]
4 12 4mp 12
For 7 to be maximum,
@ ml
4T[p
- m2 _ml o 3m
qump - 6 21p
/3 /3
Dle
. 12%@ tred
m m
p: 2_7[1
. %ﬁ e -l el
Hrep]

/3
Um D‘
: A= %ﬁ
e
/
E Dm /3 %am
S
As the rod rotates in vertical plane so a torque is acting on it,
which is due to the vertical component of weight of rod.

/6

B8 -8

15.

16.

Initial condition

At any time t

Now, Torque T = force x perpendicular distance of line of
action of force from axis of rotation

. l
=mg sin B x —
& 2

Again, Torque, T = /O
2
Where, / = moment of inertia = mT

[Force and Torque frequency along axis of rotation
passing through in end]

= angular acceleration

2
ad mgsmexl—ﬂa
2 3
0 :3gsin9
2/

Maximum possible volume of cube will occur when

V3a=2R
2
| a=—R
V3
. M
Now, density of sphere, p = 7

2R3
3

Mass of cube, m = (volume of cube)(p) = (a3 )(P)

0
02 [?Dmumzm

’WE WEM

Now, moment of inertia of the cube about the said axis is

02@m.02 .0
& _Bad"HE"

(a = side of cube)

_ 4MR?
931
20 21 2
Z MR? = — M¥* + Mr
5 2
or  ZMR=3 M
5 2
O r= R



17.

18.

19.

20.

1 remaining =1 whole — 1 removed

1 , 0 gl R@ZD ,
or 1—2(9M)(R) %m% +2m%3 E...(l)

Here, m=9—MzXn?§=M
TR 3

Substituting in Eq. (i), we have
I =4MR?

Mass of the whole disc = 4M

Moment of inertia of the disc about the given axis
= %(4M)R2 = 2MR?

0 Moment of inertia of quarter section of the disc

-1 (2MR?) = 1 g2
4 2

Mass of the ring M = pL. Let R be the radius of the ring, then

L=21R
or Rzi
21

Moment of inertia about an axis passing through O and
parallel to XX 'will be
I, = 1 g
2

Therefore, moment of inertia about XX ' (from parallel axis
theorem) will be given by
Iy = % MR? + MR* = %MR2

Substituting values of M and R

3 .00 3pr
I =>(pL)O——0=
e = PO BE %

A'B"LABandC'D' OCD
From symmetry [, =1, 5
and Iep =1cop

From theorem of perpendicular axes,

c\ AI D

Iy =1 ¥ 145 =lep *op
=215 =2lp

LTy =1cp

21.

22.
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Alternate

The relation between 7,5 and /-, should be true for all
values of 6

At 0=01p =1,
Similarly, at © =1/2, 1., =1, (by symmetry)
Keeping these things in mind, only option (a) is correct.

Since, it is a square lamina
Iy =1,
and I, =1, (by symmetry)

From perpendicular axes theorem,

Moment of inertia about an axis perpendicular to square plate
and passing from O is

l,=0h 1, =1y +1,
or 1,=2I, =2l
I, =1

Rather we cansay I} =1, =15 =1,

Hence,

Therefore, /, can be obtained by adding any two i.e.
I,=1, +1, =1, +1,
=L+, =1, +1,
=L+, =1, +1,
T = Total portion

R = Remaining portion and
C = Cavity and let 0 = mass per unit area.

r=vV5R

Then, my =T(2R)*0=4TR* 0
me =T(R) 0= TR0
For I,
Ip =1y —Ic

= QR = G R® + e
- % (4TR0) (4R?) - %(mzm (TR 0)(5R2)§

=(18.5 R*0)
Forl, I,=1; -1
Z%mT (2R —%mCRz
= L 4mro) (4*) = (182 0) (k)= 6.5 R0
Ip _185mR'0
I, 65mR*o

Therefore, the nearest integer is 3.

=2.846
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23. r:‘;—ﬁ J5

=" em=-"-x10"m O m=05kg
2 2

a=4cm=4x%x107 m

Iyy =1, +1, +1; +1,
D

= %mr +m%f5 D+gmr
O
+ % mr* +m %%g[H g
Substituting the values, we get
Iy =9x10*kg-m* O N=9
24, Assuming the lamina to be in x-y plane.

A y B

5

From, the perpendicular axis theorem,

IX + I_y = IZ
but I, =1, (by symmetry)
and I.=1.6Ma* (given)
O I = % = 0.8 Ma*

Now, from the parallel axis theorem,

I =1, +M (2a) = 0.8 Ma®> +4 Ma® = 4.8 Ma’

Topic2 Angular Momentum and its
Conservation
1. Position of particle is, r = 24 — 3¢%)

where, ¢ is instantaneous time.
Velocity of particle is

v=9 o9 64

dt

Now, angular momentum of particle with respect to origin
is given by

L=m(rxv)

= m{(24 - 3r%)) x (21 - 6£))}

=m(-12¢2(1 xj) —6¢7(j x1))
jxj=0

N A~

As, ixi=

0 L = m(-12¢%k + 6¢°k)
As, ixj= kand_lxl——k
O L= -m(6:> )k

So, angular momentum of particle of mass 2 kg at time
t=2sis

L=(2x6x2")k=-48k

. As there is no external torque on system.

0 Angular momentum of system is conserved.

u Iw, =1,0;,
Initially,
o
~ ’
. |
Q ! “0
N | W
m | m
K L 5
Finally,
e
m i m
Y2 | /)
Q 0
ML A\

MI? Lhyr? a
0 Moo=

So, final angular speed of system is

MI?
T,
0 w=__ 12 _ Mo,
%% + 6mL2E M + 6m
O 12 O
. The given figure is shown below as
gO
va  la=10m
C= S
A\&j\gf
VB
B
As friction is absent, energy at 4 = energy at B
1 5, 1 5,
0 —mvy + mgh =—my,
54 & 5B
O vi + 2gh = vlzg
or v =(5) +2 %10 x10 =225

O vy =15ms™



Angular momentum about point ‘O’,
= mvply

=20%x107 x15 x20= 6kg-m* ™'

Let the other mass at this instant is at a distance of x from
the centre O. Applying law of conservation of angular

Lo, =1,w,

% g+—x|]

Solving this equation, we get x = %R.

momentum, we have

O

(MR*)(w) = WR2

NOTE If we take identical situations with both point masses,
then answer will be (c). But in that case, angular momentum
is not conserved.

Angular momentum of the pendulum about the suspension
point O is

LLA

Vtan

Ltan

Then, v can be resolved into two components, radial
component 7,,; and tangential component 7,,. Due to

Viad» L Will be tangential and due to v,,,, L will be radially
outwards as shown. So, net angular momentum will be as
shown in figure whose magnitude will be constant
(IL| = mvl). But its direction will change as shown in the
figure.

L=m(r xv)
where, r = radius of circle.
Angular momentum of a particle about a point is given by
L=rxp=m(r xXv)
For L, Lo

\"

=t

|L|= (mvrsin 8) =m (RW) (R)sin 90° = constant
Direction of L, is always upwards. Therefore, complete

L, is constant, both in magnitude as well as direction.
For L,

10.

11.
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|Lp |= (mvrsin ©) = (m) (Rw) (/)sin 90° = (mRIw)
Magnitude of L, will remain constant but direction of L, keeps
on changing.

From conservation of angular momentum (/ w =constant ),

angular velocity will remain half. As, K = % I w?

The rotational kinetic energy will become half.

In uniform circular motion, the only force acting on the particle
is centripetal ( towards centre). Torque of this force about the
centre is zero. Hence, angular momentum about centre remain
conserved.

Since, there is no external torque, angular momentum will
remain conserved. The moment of inertia will first decrease till
the tortoise moves from 4 to C and then increase as it moves
from C and D. Therefore, w will initially increase and then
decrease.

e A
v
Let R be the radius of platform, m the mass of disc and M is the
mass of platform.
Moment of inertia when the tortoise is at 4
]1 = mR2 + MiRZ

and moment of inertia when the tortoise is at B
2

1, = mr* +

Here, P =a? +[ R? - 4* —vt]2
From conservation of angular momentum
Wyl =w(t)1,
Substituting the values, we can see that variation of w () is

non-linear.

Net external torque on the system is zero. Therefore, angular
momentum is conserved. Force acting on the system are only
conservative. Therefore, total mechanical energy of the system
is also conserved.

From the theorem

Ly =Ly + M (r xv) ...()
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We may write

Angular momentum about O = Angular momentum about

CM + Angular momentum of CM about origin

0 Ly=1w+MRy
:%MRZ w+MR(R w) :%MRZQ)

NOTE That in this case [ Figure (a) ] both the terms in Eq. (i),
i.e.Loy @and M (r x v) have the same direction A. That is why, we

have usedl, =/w + MRv.Wewill usel, =I|w~ MRy ifthey are

in opposite direction as shown in figure (b).

12. |v|=v =constant and |r|=r (say)

Angular momentum of the particle about origin O will be given

by
L=rxp=m(r xv)
or |L|= L = mrvsin® = mv(rsin@) = mvh
Now, m,v and / all are constants.
y

O

Therefore, angular momentum of particle about origin will
remain constant. The direction of r X v also remains the same

(negative z).

NOTE Angular momentum of a particle moving with constant
velocity about any point is always constant. e.g. Angular
momentum of the particle shown in figure about origin O will be

o/
n/|

L = mvh = constant

13. L= erD

Np

Vv COs 45° :V—é
X

2. 2 sic0 2
Here, 14 :h:vmzliﬁ::—
g g

020 my?
u LZm%@DV—D: dd
20He0 44/2g

14. Lo, =Lw,
0 2 0
Iil w = BZMirEb‘)
1, M7 + 2mi? 0
o M O
[Q +2mEfD

15, (a)t= AXL

0 w,=

ie. @—AXL
dt

This relation implies that % is perpendicular to both A
t

and L.
(c) Here , LL=7?
Differentiating w.r.t. time, we get
L. aL + @ L=2L dar
dt dt dt
O 2L @ = 2L@
dt dt
But since, LO &
dt
0 L4ty
dt
Therefore, from Eq. (i) % =0
t

or magnitude of L i.e. L does not change with time.
(b) So far we are confirm about two points

L

(1) Tor% ULand
t

(i) | L | = L is not changing with time, therefore, it is a
case when direction of Lis changing but its magnitude
is constant and T is perpendicular to L at all points.

This can be written as

If L=(acos0)i +(asinB)j
Here, a = positive constant

Then T= (asin 8)i- (acos 0)]j
So, that LI =0 and LOT

Now, A is constant vector and it is always
perpendicular to T. Thus, A can be written as A = Ak

we can see that L [A =0 i.e. LA also.



Thus, we can say that component of L along A is zero or
component of L along A is always constant.

Finally, we conclude that T, A and L are always mutually
perpendicular.

16. Force on block along slot = mw*r = ma = mgj—vg
»

. 2 20 20
J'vvdv:-rwzrdr O L:w—DZ—iﬂ
0 R/2 2D 4D
2
O V=W, rZ—R—ZQDJJ L:J’t(odt
4 dt R/4 R R2 0
2=
4
0 20 0 2 20
DRI S
111[| 5 D_lnD 5 D:(.ot
H 2 H H 4 H
2
O r+ rz—R—zﬁe‘*”
4 2
2 2
O rZ—RT:RTezw+r2—2r—ew
R7262W+R2 R
g r=-4 4 =— (e +e™Y)
Re™ 4
17. w®)
Y(J)

Fo = F, +2m(v i) xwk +m(ak xri) x ok
mrw’i = F, + varotoo(—j) +morri
F, = 2mv,,(x)j
R -
r:Z[e(‘” +e Y]
% =y, = g [we® — ar

F, = Zm% [e® — e “wj

~ury

_ mRw*
2

Also, reaction is due to disc surface then

_ mRw?

reaction —
2

E

in [e” —e 1]

F [e™ —e_“’]]'+mglz
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18. Applying conservation of angular momentum
2

2mvr — w=0

_4mvr
MR?
Substituting the values, we get

@ x10) @ FF
= o =

w ] 4 rad/s
45x 1072 x —
4
19. [jw, =1,w,
Wiy
O Disc - M, R
Ring - m, r
g U

_,ag o D 0
SR L L
2 - MR* + 2(mr*)[
2 O
| 2 0
0(0.4) +8 % (6.25) x (0.2)*
20, Ltoal — Uy +1p)0 (as @ will be same in both cases)
Ly I, [
2
=I—A+1=7m"r" +1=ri+1 (asmyry = myry)
Iy mg Iy Ui
= 11 +1=6 %s r i@
2.2 m
_ _k
21. mvr =k (aconstant) J v =—
mr
2 2
rem e -
r r r m r
s O 20
= Ar Owhere, 4 = —I[
0 m(]
Hence, n=-3
22. Lw, =1,w,
I MI?/12)
0 w,=-10y= 2 ¢ 7-Wo
1, [(MI2/12)+2m(L/2)*]
O M O OM O
= [, =
ML + om0 OV +6mb
23. [w, =Lw,
0O  MR? 0
0 a
0 w, :im = B%m :ﬂw
I MR® M RO S
B2 4 20



24. In terms of i, j and K

Rotation

Y
Y3, Vs
u=-—=1+—7—=j
NERNG V
~ 0
O a=-—gj
) 45°
t_i
g P ‘

Vo Ln

_ _ﬁi‘_[l _ Y
O v—u+at—\/§1 HO ﬁEJ

1 >
r=s =ut +-—-at
2

2 2 2
A vo A

Vo 3 3
- .
Vg N2t 2
Now, angular momentum about point P at given time
L=m(rxv)

3 3 3 30
v, v, v, v, -
o 4% _Y 4 Y —p

=my = O
02 28 28 22

3
_mvolA(

2\5g

3
Thus, magnitude of angular momentum is i -k
Z\Eg

direction i.e. in a direction perpendicular to paper inwards

Topic 3 Pure Rolling or Rolling without

Slipping

1. Moment of inertia (MI) of a disc about a tangential axis in the

plane of disc can be obtained as below.

A

M=5g = 5x10"2%kg

—_—

s
B

Moment of inertia of disc about it’s axis,
_ MR?
S 2
From perpendicular axes theorem, moment of inertia of disc
about an axis along it’s diameter is
[ +1,=1, 0 2,=1I
_ I, _ MR?

0 I, ==
2T 4

I

=1, .

/, \ he=lo
N/

v
I1=1,

PR

So, moment of inertia about a tangential axis from parallel

axes theorem is

2
=1, +MR2:§+MR2:§MR2

Now, using torque, T = /O, we have

_ _5 me_wllj
1=/a == MR’FL—
4 O At O
Here,
M=5x%x10"kg, R=1x102m
®, = 25ms = 25 x 2o 124 = 50724
S S
W, =0, At=5s

S xs5x107 x (1072)? x 501
So, 1= 4

5
=2x107 N-m

2

KErotational =—lw
where, wW=w, + o
1
SO’ KErotational = 51((*)0 +ar )2

Here, / = 15 kgm? ,
KE =1200J and
a=20rad/s”and w, =0
Substituting these values in Eq. (i), we get

1200 = %(LS) (20 x 1)

0 2:2><1200:
1.5 x 400
O t=2s

. From question,

let height attained by ring = A,

Height attained by cylinder = #,
Height attained by sphere = 7

. Rotation kinetic energy of a body is given by

()



As we know that for a body which is rolling up an inclined
plane (without slipping), follows the law of conservation of
energy.

O For ring, using energy conservation law at its height /7, .

(I;E)Iinear + (I;E)rotational = (PE)

|
0 —myvy + =1, =mgh
S0 TS 18M

g %mlvg +%m1R2(;L)2 =mgh,

(I = mR? for ring)
2 2

V, V,
| gh :?0 +?° (" vy =WR)
0 h=vilg ()

Similarly, for solid cylinder, applying the law of
conservation of energy,

| R R
—m,vy; + =1, =m,gh
220 22 h8M)

1, 158 @ggﬂ )
O —m,v; + —t+— X m, X W =mgh
5% 2% 7) > @ L8
EI I= %mR for cyhnder[|
O R 0
nd R=—
2 B
U 1mvz+l><lm2R2>< Vg =mg
22° 27 (R/2) :
u = é Vg =gh,
3
0 gh, -ng
2]
O =2 ey (i)
4 0g 0
Similarly, for solid sphere,
1 1
5"13"3 +5]3°°2 = mygh,
1 15 O
D 7m3V§ + — B m3 %gmwz = m3gh3
2 2 ES
D ng for solid s hereD
0f=3 phereq
O R O
nd R=—
& 4 B
2 2
O 1m3v§+1xg ><m3R— )(‘}70 :m3gh3
2 25 16 (R/4)
O lvg lvg =ghy
5
7
O hy = —,
8hy 100
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2]
or h D” g ....(iii)
3 =
10 Og 0O

U Taking the ratio of 4, h, and h; by using
Egs. (i), (ii) and (iii), we get

2
v 3v0.7v0

hoihy thy =2 : -~
1:1p 213 ¢ 4g 10g

:lzéll

4 10

O hythy:hy =40:30:28=20:15:14

0 The most appropriate option is (c).

Although, it is still not in the correct sequence.
Alternate Solution

Total kinetic energy of a rolling body is also given as

1 0 k20
Etotal = ZmV2 g+?5

where, K is the radius of gyration.
Using conservation law of energy,

20
—m [+ K—ZD: mgh
0 RO
20 20
or h:Ld+%D
260 RO
2
For ring, K—ZZI
R
2 2 2
O by =~ [1+1] .V
2 2z
2
For solid cylinder, —2—(R/2I) =R xiz -1
R (R/2) 8 R™ 2
2
0 hy _v g 10 32
ZE 4g
For solid sphere, K2 =2
R 5
2 2
0 h3:LE+ED:7L
2g SH 10g
So,the ratio of &, h, and Ay is
2 42 2
hl:h2:h3:L 3L lL
g 4g 10g
=1:E 7 =20:15:14
410

When a spherical/circular body of radius 7 rolls without
slipping, its total kinetic energy is
K 1= K +K rotation

tota translation

= 1mv2 + lI(JL)2
2 2

2
lmv + 1I -
2 % rH

Let v be the linear velocity and R be the radius for both solid
sphere and solid cylinder.
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U Kinetic energy of the given solid sphere will be

1, 1, W
Ksph_Emv +5]sphF

2
:lmv2 +l><ng2 ><V—:lmv2 ..(1)
2 25 R* 10
Similarly, kinetic energy of the given solid cylinder will be

_1 5 v
Kcyl_EmV +51cy1F
—lmv +— X X—==my ...(11)
2 2 R* 4

Now, from the conservation of mechanical energy,

mgh = K a1
U For solid sphere,

mghg,, = 1—70mv2 ...(1i1) [using Eq. (1)]

Similarly, for solid cylinder,

2

mghe, = %mv ...(1v) [using Eq. (ii)]

Taking the ratio of Egs. (iii) and (iv), we get
lmvz
mghsph _ 10 0 hsph - 7 x 4 _ 14

mghcyl E sz hcyl

10 3 15

Alternate Solution

Total kinetic energy for a rolling body without slipping can

also be given as
1,0 k*0
Ktotal = Emv + — U
O RO

where, K is the radius of gyration.
[0 From law of conservation,

0 k20

meh=~m A + 1%5

2 0 RO
O k20
or h O K—ZD
0 R?0

As we know that, for solid sphere,

2
K:fR K*_2
5 R 5

Similarly, for solid cylinder,

K:iuﬁ:l
V2 R* 2
1+E z
So hsiphziszi:ng:E
’ hgt 141 3 5 3 15
2

Given, m = 5kg, R =0.5m.
Horizontal force, FF = 40N
As, Cylinder is rolling without slipping.

Hence, torque is producing rotation about centre O.

F
2Re0O
So, T=r1rxF (Here,»=R)
0 =90°
So, T=rxF=RF
or T=05%40=20N-m ...(1)

If a is acceleration of centre of mass ‘O’ then torque is,
T=1/a

where, I = MR?
0 1= MRt ..(ii)
Comparing Eq. (i) with Eq. (ii),
MR = 20
0 a=_ 20
5% (0.5)
or o =16rad/s’

When force F is applied at the centre of roller of mass m as
shown in the figure below

N

a

f
Its acceleration is given by
F-1_,

m

.. (i)

where, f = force of friction and
m =mass of roller.
Torque on roller is provided by friction f and
itis
1= /R =1 ...(i1)
where, / = moment of inertia of solid cylindrical roller.
=mR*/ 2

and a = angular acceleration of cylinder = a / R.

2
Hence, 1= ﬂ Eﬁ = mak
2 R 2

From Eq. (ii), (1= fR)
1= . (i)

From Egs. (i) and (iii), we get
F = gma O a= 2i
2 3m

SO, o= ZiF
3mR

.d
Q
It

SIS

md



7.

10.

11.

12.

13.

For the mass m, mg — T =ma

s
m R
T
T
mla

mg
As we know, a=Ra
So, mg — T =mRa ...(1)
Torque about centre of pully

T x R =mR*a ..(ii)

From Egs. (i) and (ii), we get, a =g /2

Hence, the acceleration with the mass of a body fall is g /2.
Ipy>1,

gsin 0

In case of pure rolling, a=—=——
1+ I/mR*

ap > ap as its moment of inertia is less. Therefore, O reaches
first with more linear speed and more translational kinetic
energy.

Further, w :%orw v
u W % pasvp >,
200
1mv2 +11 @}%g =mg &D
2 2 O4g O
0 :lmR2
2

0 Body is disc.

On smooth part BC, due to zero torque, angular velocity and
hence the rotational kinetic energy remains constant. While
moving from B to C translational kinetic energy converts into
gravitational potential energy. So, h, < h. and kp > k.

In case of pure rolling bottom
most point is the instantaneous
centre of zero velocity.

Velocity of any point on the
disc, v=rw, where r is the

distance of point from O. l T 5 Y@
To > >
O Vo > Ve > Vp

mg sin 6 component is always down the plane whether it is
rolling up or rolling down.Therefore, for no slipping, sense
of angular acceleration should also be same in both the cases.
Therefore, force of friction f always act upwards.

In case of pure rolling on inclined plane,
gsin®
1+1/mR*

14.

15.

16.

17.
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[solid < Ihollow
u Agolid = @hollow
U Solid cylinder will reach the bottom first. Further, in case
of pure rolling on stationary ground, work done by friction is
zero. Therefore, mechanical energy of both the cylinders will
remain constant.
O (KE)yoliow = (KE)giq = decrease in PE = mgh
0 Correct option is (d).

a = Ra P
O O
2kx—f _ 0O /R 0O \0‘
U= TR 0 ok
-MR-[J
2 O
Solving this equation, we get f
_ 2kx
1773
0 ‘Fnet‘:ﬂoc—f:ﬂoc—%:%
This is opposite to displacement.
4 kx
U Fnet = _?
kx
Fnet =- 3 @x
O a:F“et =- %3—4](@(:—002)6
M M
O w = ﬁ
3M

In case of pure rolling, mechanical energy will remain conserved.

1 1% zggv&g_ d,, O

O —Mv; +— MR =2 1 kX" max

20T R B H
3IM

a Xpax = 1| —— V.
max 4k 0

As, f:?
kx k
0 Vo = Hg 37M
Q

F—P

(a) If force is applied normal to surface at P, then line of
action of force will pass from QO and thus, T= 0.

(b) Wheel can climb.

(¢) T=F(2RcosB) — mgRcosB, T OcosO
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Hence, as 0 increases
T decreases. So its correct.

(d)

18. z
4m
Q @
0 M COs b = / *@
5% VPta? 5
7 ANE
0 @] 41/5
w
(a) L. =1IL_pcos® =L, _ysinb
2
:slmazmmm _md’e 1
5 5 2 V24
_ 81 % 24ma’w B 17ma*w
25 224
o 091 _ 81ml’w
b =(5m
®) Ley-0 =( )H g5~ s

_81ml* _ aw
= X —
5 l

_ 8lmlaw _ 8124 a*mw

Lem-0 = s - s

(¢) Velocity of point P : aw = 1 wthen
W= % = Angular velocity of C.M. w.r.t.
point O.
Angular velocity of CM w.r.t. Z-axis = w,cos 0

_aw 24 aw 24

Wy -, =— =
M 1 5 244 5

2 2 2
ma 4m(2a) 17ma“w
DL, _y=—Ww+ W=
(d) Lp -cm 5 2 >

19. Velocity of point O is
o = (BRw) i

Vpo 1s —— in the direction shown in figure.

In vector form

Rw/2
30°
30° P
o 30°
Rw . : R A
Voo = - 29 in 30§ +7wcos 30°k
- ? +\/§le2
4
But Vpo = Vp — Vo
0 Vp = Vpo t Vo
= D_Ri(*h @km+ IRW i
o 4 O
11 V3

= Rwi + Rk
4 4

20. v, =0,vy =v and v, =2v

(upwards)

(=

u
u

MR?)

_ MR*O
0
2 0

21.
O S Osin 6
Therefore, as 0 decreases force of friction will also decrease.

29. a= _gsin®

1

1+

MR?

_ gsinB

aring - 9
_ 2gsinB
Agisc = 3



I
sin6 2
_1 sinGQz
2§ 2 O
; \e [ 16
gsin“0 3g
- e - I ppesnen,
sin 2 2 3 2
gsin“0 g
(g = 160 (41 _2-43
2 1 3g g m

\/ZE%— Ezz—ﬁ

Soving this equation we get, 4 = 0.75 m.

23. The equations of motion are
u= mgsin @ — f

m
_mgsin30°-f_ g f
m 2 m
q=T-JR__SR _2f
I I  mR*2 mR
For rolling (no slipping)
a=Ra
or g/2= fim=2fIm
a 3,—f:g/z or f=mgl/6
m
24. Considering the motion of cylinder.
a
f
Qmax=0FA
f Platform
a =L Oa= SR
M MR®
2
2f
MR
or Ra= 2/
M
Now, a+Ra=a,, = 24

..

..(ii)

25.

26.

Rotation
or ﬁ:sz
m
2
0 f:Moo A
3
Mw? AR
0 Ty = [R =22
3
In case of ring, —& =1 (pure rolling)
T
K
or Kp =K, :?
1 » _K
O —(03) vy =—
2( A% 2
In case of disc, Ke -1 or KT:gK
K, 2 3
1 22
g —(04)v; ==K
2( v 3

From Egs. (i) and (ii), Ny e V=V,
V2
or both will reach simultaneously.

NOTE In the question,
K = kinetic energy given to ring and cylinder,
K g = rotational kinetic energy and

Kt = translational kinetic energy.

137

(@)

..(ii)

In case of pure rolling, mechanical energy remains constant

(as work-done by friction is zero). Further in case of a
L,
translational kinetic energy _ Ky _ Emv

rotational kinetic energy K, 1 762
2

disc,

_om? 2
% mR*? %g 1
or, K; = % (Total kinetic energy)
or, Total kinetic energy

K = EKT :E%mvzgz 3mv2
2 2 4

Decrease in potential energy = increase in kinetic energy

or, mghzgm(v_zf—v[z) or vf:1%gh+vl-2

As final velocity in both cases is same.

So, value of , % gh + v? should be same in both cases.
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27.

28.

g \/‘;x10x3o+(3)2 :\/: x10 x27 +(v, )
Solving this equation, we get
v, =7m/s
a
fy
f

There is no slipping between ring and ground. Hence f, is
not maximum. But there is slipping between ring and stick.
Therefore, f; is maximum. Now let us write the equations.

I=mR* =(2)(0.5)

:2ikg-m2
N, - f, =ma
or N, - f,=(2)(03)=0.6 N ()
u=Ro=RU_RU = SOR_R (S~ f)
I I I
0 o320 (L= H)
(1/2)
or - f =0.6N (i)
NI+ =) =4 ...(iii)

Further

S =N, = %%@NI ..(iv)

Solving above four equations we get, P = 3.6

For rolling without slipping, we have

M 2 f
Mg sin ©
q
a = Ra
0 O
or Mgsine—f:RglfR g
M %MRzg
or Mgsin® — f _2f
M M
0 f= Mg;ine

Therefore, linear acceleration of cylinder,

a= Mgsin® - f _ Egsine
M 3

29. We can choose any arbitrary directions of frictional forces at

different contacts.
moy —>ay
F—t )
«—f,

In the final answer the negative values will show the opposite
directions.

Let f = friction between plank and cylinder
/> = friction between cylinder and ground
a; = acceleration of plank
a, = acceleration of centre of mass of cylinder
and o = angular acceleration of cylinder about its CM.
Since, there is no slipping anywhere
f

m, a
f
O a, = 2a, @)
a = F-h ..(ii)
my
o=Ith .. (i)
m
yo i AR _(fi= f)R
I 1 m R
2
a=2Ui=h) .(iv)
m R
a, = Ra _2h- 1) (V)
m
(a) Solving Egs. (i) to (v), we get
8F 4F
aqg=————and a =———
3my + 8m, 3m; + 8m,
X 3m F
b = 71’
®) A 3m; + 8m,
mF
fé s
3m; + 8m,

Since, all quantities are positive, they are correctly shown in
figures.

Given, mass of disc m = 2kg and radius R = 0.1 m

(a) FBD of any one disc is




Frictional force on the disc should be in forward
direction.

Let a, be the linear acceleration of CM of disc and a the
angular acceleration about its CM. Then,

_S_f ~
a =L =L L
"Tm 2 @
a=t=JSR 2/ _ 2 oy ...(ii)
I 1 2 mR 2x01
—mR
2
Since, there is no slipping between disc and truck.
Therefore,

+ RGE aor %@+(01)(10]’)=a

3 2a 2%9.0
or =~ f=al —= N
2 4 F 3 3
O f=6N
Since, this force is acting in positive x-direction.
K 0.2m >l

Therefore, in vector form f = (6i) N

b)yt=rxf
Here, f = (6i) N ( for both the discs)
rp =1 = -01j -01k
and rp=r, =01j-01k
Therefore, frictional torque on disk 1 about point O
(centre of mass).
T,=r,xf =(-01j —01Kk) x(6i)N-m
=(06k —06])

or T :0,6(ﬁ—j)N—m
and [T, |=4/(06) + (06

= 0.85N-m
Similarly, T, =r, xf=06(-j -k)
and IT [=]T, [=085N-m

31. n=26-10=1.6m

During pure rolling mechanical energy remains conserved
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So, at bottom of track total kinetic energy of sphere will be

mgh.

The ratio of ﬁzz
r S

5 1

or K, ==mgh=—mv
Ty

a v:\/l;)gh:\/lox98><16
=4.73m/s

In projectile motion

. 2x1
Time to fall to ground = o8 =045s

O The desired distance BC = vt =2.13m

In air, during its flight as a projectile only mg is acting on the
sphere which passes through its centre of mass. Therefore,
net torque about centre of mass is zero or angular velocity
will remain constant.

Topic4 Collision in Rotational Motion
1 Initial kinetic energy of the given system,

KE[:lllwf+lgi§§ﬁg
2 2 0002

1,1 9 .
= % +T6§’1w12 = R[lo‘)lz (1)

Now, using angular momentum conservation law
(assuming angular velocity after contact is w)

Initial angular momentum = Final angular momentum

O
Lo, + aiﬁ g‘i@: L'+ [—lw'
2 2 2

t éoo :gm'or oo’:é
4 2 6

Now, final kinetic energy (after contact) is

KE, = lIlm'2 +1 %@w’z
2 22
1 1 . ..
= 511 %wl + ZII %(.o1 [using Eq. (ii)]
(B B
2 144

= éllmlz
48

Hence, change in KE,
AKE = KEf— KE,
25

9
=" [w? - Z Lo [using Egs. (i
ag 1 161031 [using Egs. ()]

.. (i)

...(iii)

AKE = - iflwf
24
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2. Letw be the angular velocity of the rod. Applying,
angular impulse = change in angular momentum about centre
of mass of the system

@ . i

J=Mv

J. w

(’

L_
2
0 (Mv) @ ) EM—Dw

O wzf
L

3. Since, it is head on elastic collision between two identical
spheres, they will exchange their linear velocities, i.e., 4
comes to rest and B starts moving with linear velocity v. As
there is no friction anywhere, torque on both the spheres
about their centre of mass is zero and their angular velocities
remain unchanged. Therefore,

QO 02

After collision

Before collision

Net torque about O is zero.
Therefore, angular momentum (L) about O will be

conserved, or L; =L,

My %@zg W= Iy + M )w

Hew B

[pﬁm G2t

5. The data is incomplete. Let us assume that friction from
ground on ring is not impulsive during impact.
From linear momentum conservation in horizontal direction,

we have
(=2 x1)+(0.1 x20)
-ve +ve

=(0.1x0)+(2xv) <G
Here, v is the velocity of CM of ring after impact.

Solving the above equation, we have v = 0
Thus, CM becomes stationary.
0 Correct option is (a).
Linear impulse during impact
(1) In horizontal direction
=Ap=0.1%x20=2N-s
(ii) In vertical direction J, = Ap =0.1 x10 =1N-s
Writing the equation (about CM)

1N-s

2 N-s

+ve -ve

Angular impulse = Change in angular momentum
We have,

0
1x B3 < 1B k05 % =2 %057 E.,_LD
02 20 2 0

Solving this equation W comes out to be positive or w
anti-clockwise. So just after collision rightwards slipping is
taking place.

Hence, friction is leftwards.

Therefore, option (c) is also correct.

6. P =0
o P,=0 orv.=0
L =L;or(2Zmv)a+ (2mv)(2a) = Iw ..()
2
Here, 1 :% +m(2a) +(2m)(a*) =30 ma®

Substituting in Eq. (i), we get

\%
2 % (30ma )ﬁs»g 3mv?

W =—
Sa
7. (a) Let just after collision, velocity of CM of rod is v and
angular velocity about CM is w. Applying following
three laws.

Vo
me—-—> me

Further, £ = 71(0

no|r~

oCM CM l%—»v —X
&

L
2

Before collision After collision

(1) External force on the system (rod + mass) in horizontal
plane along x-axis is zero.



U Applying conservation of linear momentum in
x-direction.

my, =my ...(1)
(2) Net torque on the system about CM of rod is zero.

O Applying conservation of angular momentum about

CM ofrod, we get mv, %@: Iw

L _ ML
or mvy—=——
2 12
MLw ..
or mv, = ...(i1)
6
(3) Since, the collision is elastic, kinetic energy is also
conserved.
O Emvg = lez + ! Iw?
2 2 2
2
or mvi = My + %of ....(iii)

From Egs. (i), (ii) and (iii), we get the following results

m_1

M 4

b= M =8
M ML

(b) Point P will be at rest if xw =v

_v _ mv/M
or x=—=—7o"—
W 6mvy/ML
or x=L/6
A
L
2
CM
[ Vv
I 2
+P
0 ap=tit
2 6
or AP = EL
3
(c) After time t= T
3y,
angle rotated by rod, 8 = wx = bmv, T
ML 3y,
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Therefore, situation will be as shown below

A
CTow
P L
+P
0 Resultant velocity of point P will be
[vp |=V2v=42 %@VO
V2 v vy

=— vy, = —= or |vp|=—~

22

. System is free to rotate but not free to P

translate. During collision, net torque on the
system (rod A4 +rod B + mass m) about
point P is zero.

Therefore, angular momentum of system

before collision

= angular momentum of system just after
collision (about P).

Letw be the angular velocity of system just

after collision, then

_ me—%
L=1L;
| mv(2])=Iw ...(1)
Here, / = moment of inertia of system about P

02 o gi
— 2 2
= m(21) +mA(1/3)+mBErz +§2 +1 E

Given, /= 0.6 m, m=0.05 kg, m,
=0.01 kg and m,=0.02 kg.
Substituting the values, we get

1=0.09 kg-m>

Therefore, from Eq. (i)
w = 2myvl _ (2) (0.05) (v)(0.6)
1 0.09
w =0.67v ...(i1)
Now, after collision, mechanical energy will be conserved.

Therefore, decrease in rotational KE
= increase in gravitational PE
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or %Iwz =mg 2)+m, g %@+ mgg (l+é)

2 _gl(dm+my +3my)

or 7

_ (9.8) (0.6) (4 x 0.05+0.01 +3 x0.02)

0.09

=17.64 (rad/s)’
O w= 42radss ...(ii1)
Equating Egs. (ii) and (iii), we get

vzﬂm/s or v= 6.3m/s

0.67

9. In this problem we will write K for the angular momentum
because L has been used for length of the rod.

M
i
v
|
|
|
1
A ) C B
kL2 L/A—k—L/4—
Just before collision
W
|
A O C B

Just after collision

(a) Angular momentum of the system (rod + insect) about
the centre of the rod O will remain conserved just before
collision and after collision, i.e. K; = Kf.

2 u
oo wvb=ro=t oy
4 0l2 0

or Mvélesz
4 48
. 12 v .
1.C. wW=— — 1
T (1)

(b) Due to the torque of weight of insect about O, angular
momentum of the system will not remain conserved
(although angular velocity w is constant). As the insect
moves towards B, moment of inertia of the system
increases, hence, the angular momentum of the system
will increase.

Let at time ¢, the insect be at a distance x from O and by
then the rod has rotated through an angle 6. Then, angular
momentum at that moment,

? O
k=gt + Mx*w
nl2 0O
Hence, S =2M wx L (W =constant )
t dt
O T:2wa@ O ngcosOZZwa@
dt dt

0 dx = Eiﬁcos ot dt (+0 =wx)

10.

At time t=0, x =L/ 4 and at time ¢t =7/4 or T/ 2w,
x=L/2.
Substituting these limits, we get

L/2 _ g T2
IL/4 dx = %J’o (cos wxt) dt

L2 _ 8 . nR2w
[ ]L/4_ﬂ[51n wr],
O % L@—LzumE—smOD
4 2&)% 2 B
é:i or (.\): zig
4 20° L

Substituting in Eq. (i), we get

28 _12v
L 7L
or v:%JZgL
:%sz 10 x1.8

O v =3.5m/s

Let v be the velocity of centre of mass (also at C) of rod and
two particles and w the angular velocity of the system.

>

10 m/s

]
e P

From conservation of linear momentum
(0.08) (10+ 6) =[0.08 + 0.08 + 0.16] v
a v=4m/s
AC =CB =0.5m
Similarly, conservation of angular momentum about point C.
(0.08) (10) (0.5)— (0.08) (6) (0.5) = Iw ...(1)
I'=1,04 1o particles

2
_ (1~6)1(2\E ) 42(0.08) (0.5

Here,

= 0.08 kg-m’
Substituting in Eq. (1), we get
W =2rad/s
Loss of kinetic energy

_1 5, 1 2
= 5(0.08) (10)" + 5 (0.08) (6)

- % (0.08+ 0.08 + 0.16) (4) —% (0.08) (2)

=4+144 -2.56-0.16=2.72]
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3. Given, situation is,

Topic5 Miscellaneous Problems

1. a dm

Key Idea In a uniform rod, mass per unit length remains
constant. If it is denoted by A, then

m
A= n = constant for all segments of rod.

l %
dm (mass)
—— X —
V ]
i K—
ax

To find tension at x distance from fixed end, let us assume an
element of dx length and dm mass. Tension on this part due to
rotation is

dT = Kx ..()
As, K = mw?
For this element, K = (dm)w* ...(11)
0 dT = (dm)w*x ....(iii)

To find complete tension in the rod, we need to integrate Eq.

(ii),

T m
J'dT :I(dm)wzx . (iv)
0 0
Using linear mass density,
_m_dm
I dx
O dm = ? [dx (V)
Putting the value of Eq. (v) in Eq. (iv), we get
1 2
T :J’ﬂmﬁxwx: ﬂw%m
)1 / 020
2
0 T‘%[Zz—xz]orTD- 2

Key Idea The rectangular box rotates due to torque of weight
about its centre of mass.

Now, angular impulse of weight = Change in angular

momentum.
2

/ ml
0 mg—XT1T=—W
g 2 3
0 0= 3g X1
2x]
Substituting the given values, we get
= 3x10x001 =05rads”!
2x03
Time of fall of box,

2h 2%x5
t=_|—= =1s
g 10
So, angle turned by box in reaching ground is
0 =wr =05 x1 =0.5rad

ax

4% X

m

a+L >

Force of attraction between mass ‘m’ and an elemental mass
‘dm’ of rod is

Gmdm _ Gm (A + Bx") dx

X X

Total attraction force is sum of all such differential forces
produced by elemental parts of rod from x = atox = a + L.

x=a+LGm (A +Bx2)dx

dF =

O F=(dF =
.I .[x=a x2
x=a+L
=Gm - %+B@dx
=a+L
=GmD£+Bx|—:r

x B

= GmQ‘;—A + B(a +L)+£—Ba§
+L a

_ 4 4 D: 0 ar
_GmH; a+L+BLH GmEABn;

0 0
H+BLD
a+L 0

. Given, m=1kg

[T]= 2.5N-m, F =INand »=5m

We know that, torque [T|= rFsin®
O 2.5=5x%x1xsin0
O sinf = 1
2
or 8="rad
6

. According to the question as shown in the figure below,

z

F,
r Fp

]
o/~ J 30
A 4m
/ 6m
X1

r, =2i+3j and 1, = 6j

F=Fk

and F, = (—sin30° i —c0s30°j) F
Moment of force is givenas, T=1r X F

where, r is the perpendicular distance and F is the force.
0 Moment due to F,

T, = (2 +3j) x (F k)
= -2F j+3F i ..
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Moment due to F,
T, = (6j) x (- sin 30°i —cos 30j) F
=6sin30°F k =3F k .. (i)
U Resultant torque, X X
T=1,+1,=3Fi-2Fj+3Fk
= (3i - 2j +3k) F.

6. Key Idea When a rod is pivoted at any point, its angular
acceleration is given by T, =la.

The given condition can be drawn in the figure below

— |t |zl e—— |2 ——

° .2MO

5 M, P
F1=5Myg Fo=2 Mg

Torque (T)about P =1 xF +r, xF, ... (D)
O t= % 5M,g (outwards) — 2/ x 2M g inwards)
| 1= S5M.gt 4Mgl (outwards)
g 1= Mgl (outwards)

or T=M,gl ...(11)
Now we know that, torque is also given by

T=1Ia ...(iii)
Here, / = moment of inertia (w.r.t. point P) of rod and o =
angular acceleration.
Forpoint P, I = (5M,) x I* +(2M,) (21> [-1 = MR

O 1=13M,* .(iv)
Putting value of 7 from Eq. (iv) in Eq. (iii), we get
1= (13M,*)a (V)

From Egs. (ii) and (v), we get
Mgl =13MyPa 0 a=-£

13/
7 Let a small strip of mop has width dx and radius x, as shown
below,
F
Mop
ax

R

Torque applied to move this strip is
dt = Force on strip
x Perpendicular distance from the axis

U dt = Force per unit area x Area of strip
x Perpendicular distance from the axis.

Ldlx

2
=W o3 O drzz‘:;x

R2
So, total torque to be applied on the mop is
X =R Jt = R ZH.F)CZ

= o =, 22 Ldx
2UF _R® 2

=2 x = =ZpFR (N-m
22 3 3uF (N-m)

Lose of potential energy of rod = Gain of kinetic energy

0 APE = %Iwz
(where, I = MOI of rod and w =angular frequency of rod)
O J\4g><£sin30°:1 x [ xw?
2 2
O
O

w =+/30rad/s
Since in the given question, rotational torque, T [J angular
displacement.
y77/7747/477/77473
o8
KL1=ko=I¢

21/3 /3
— e

m/2 O m

Thus, when it will be released, the system will execute SHM

with a time period, 7 = ZTL\/Z

(Where  is moment of inertia and £ is torsional constant)

and the angular frequency is given as, W = \/]1?

If we know look at the top view of the above figure, we have

m/2

By
2013 5\@%“; Ié%

(m)



10.

11.

12.

13.

At some angular displacement ‘B,’, at point ‘4 ’ the
maximum velocity will be

/ [ k .

Vo = 00w =—=0,,|— (1

max 3 0 3 0 I ()

Then, tension in the rod when it passes through mean
position will be

T_mxvfmx_mlzeékXS

[using Eq. (1)]

1 9x[x]

3
_ml 05k

3/

The moment of inertia / at point O,
m ? 2Pm ml*_ 3ml* _mlP?
= — +m = + = =____
203 9 9 9 3

T:7MZegkx3:eéi:L%
3 x ml* l l

At distance x, from O, v = wR
Distance less than x,, v> R

Initially, there is pure rolling at both the contacts. As the cone
moves forward, slipping at AB will start in forward direction,
as radius at left contact decreases.

Thus, the cone will start turning towards left. As it moves,
further slipping at CD will start in backward direction which
will also turn the cone towards left.

) v

Wy w

w=v/r
From conservation of angular momentum about bottom most
point
mr2u)0 =mvr +mr* Xv/r
wWyr
y = P
2

O

Language of question is not very clear. For example, disc is
rotating. Its different points have different velocities.
Relative velocity of pebble with respect to which point, it is
not clear. Further, actual initial positions of P and Q are also
not given.

Language of question is wrong because relative speed is not
the correct word. Relative speed between two is always zero.
The correct word is magnitude of relative velocity.

14.

15.

16.
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OQ,

v
VoV )

_ t=T/4
|vt,|:—00 [vr| = 2v = 2Rw
t=T/2
lvr| =0

Corresponding to above values, the correct graph is (a).
|L|or L =Iw (about axis of rod)

I=10q +mx*> =14 +mV’t?

W

X=vt

Here, m = mass of insect
a L=l + m?t?)w

L
Now |r|:fl—:(2mv2zw) or |T|0¢
1

i.e. the graph is straight line passing through origin.
After time 7', L = constant

g |T|0r@:0
dt

Condition of sliding is

mgsin® > wng cosO
or tan® > [ or tan® > /3 ...()
Condition of toppling is
Torque of mgsin B about 0> torque of mg cosB about

d (mgsin0) Q;§>(mg cose)ggog

or tan 6>g
3

..(11)
With increase in value of 6, condition of sliding is satisfied

first.

L=m(r x v)

Direction of (r X v), hence the direction of angular
momentum remains the same.
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17. Atthe critical condition, normal reaction N will pass through
point P. In this condition, T, =0=T1, (about P)
the block will topple when

N
F
¢ L
—=—
f1
mg
L
Tp >T,, or FL> (mg)E
g >
2
Therefore, the minimum force required to topple the block is
F=m8
2
1
18. Work done, W = 51002

If x is the distance of mass 0.3 kg from the centre of mass, we
will have,

1=(03)x* +(0.7) (1.4 —x)?
For work to be minimum, the moment of inertia (/ ) should be

.. dl
minimum, or — =0

dx
or 2(03x)-2(0.7) (1.4 -x)=0
or (03)x=(0.7)(1.4 —x)
0 - ODAY _ 5 ogm
0.3+07
. M
19. Mass of the element dx is m = T dx.
S0
- FidF
X o x=1L
/\dX\
x=0

This element needs centripetal force for rotation.

O dF = mxw* = %xwz dx@

L M L Mw*L
O F:J' dF :—.(JL)ZJ' xdx = ®
0 I 0

This is the force exerted by the liquid at the other end.

20.

21.

22.

V:Kirz
2
dr H
my
kR = — (Centrlpetal force)
/kR2 \F
L=mvR =~ mkR*
F = (a1)i+B] [atz=0v=0,1=0]

a=1LB=10 F=1+]
dv A A

m— =1+]

dt

On integrating,
2

mvz%iﬂj [m = 1kg]
dr _ 2. .
—=—1i+=v U v—71+2 attr =1s
PR (i+2))
Again, on integrating,
2.2,
r=—i+—j [r=0 at¢=0]

6 2

Att=1s,T= (1xF)= %H < i+i)= _%
When the bar makes an angle 0, the height of its COM
(mid-point) is % cos®.
. L L
0 Displacement = L — Ecose = E(l —cos0)
Since, force on COM is only along the vertical direction,

hence COM is falling vertically downward. Instantaneous
torque about point of contact is

L
= mg X —sinBO
s 2
or T0sin®
Y,
A
\\C C
y X :)\\
e ) \\‘\
mg T
X
(0]



Now, x= L sin 6
2
y = LcosH
2 2
X Y-
(L12y* I

Path of A is an ellipse.

23. When force F = 0 potential energy U = constant
F # 00 force is conservative J Total energy E = constant
List-1
(P) r(t)=od +Bij

dr 2,0t
% =v =0i +f3j=constant [0 p= constant

|v|= W =constant [J K = constant

%:a:OD}E 0 2/ constant
13
E =U + K =constant
L=m(xxv)=0
L = constant
P - 1,23,4,5
(Q) r(t)=dcosw A +Psinw4
dr .

" =V = 0w sin (.ot(—i) + Buxos (otj # constant
t

U p # constant
v |= oo\/(O( sin ¥ ) + (Peos wr )* # constant
0 K #constant

a=N - _rz0
dt
O E =constant = K +U
But K # constant [J U # constant
L = m(r xv) = mwap (k) = constant

Q e 2,5
(R) (1) =0 (coswA +sin wxj)
dr

7 =V =0w [sinw t(—i) +cos wj] Zconstant
t

0 p # constant
|v |= 0w =constant [ K = constant

=-rz00 E constant, U = constant

dr
L=m(rxv)= mwa’ Kk =constant
R - 2,3,4,5

A~

(S) r(¢)=0d +%sz

dr S A
— =v =qai +4 #constant 0 p # constant

dt

|v |=a? + (Br)* #constant ] K #constant

a:% :Bj?fOD E constant=K +U
t

But K # constant
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0 U # constant
1 .
L=m(rxv)= 50512 k #constant

S-5
24. Question is not very clear.
25. If height of the cone 2 >> r
Then, UN = mg
Wwn(R —r) (.0(2) =mg

_ g
©0 S & =)

26-27. (i) Every particle of the disc is rotating in a horizontal circle.
(i1) Actual velocity of any particle is horizontal.
(iii) Magnitude of velocity of any particle is
V=rw
where, ris the perpendicular distance of that particle from
actual axis of rotation (Z-axis).
(iv) When it is broken into two parts then actual velocity of

any particle is resultant of two velocities
v =rw, and v, =W,

Here,
5 = perpendicular distance of centre of mass from
Z-axis.
, = angular speed of rotation of centre of mass
from Z-axis.

1, = distance of particle from centre of mass and
w, =angular speed of rotation of the disc about the
axis passing through centre of mass.

(v) Net v will be horizontal, if v; and v, both are horizontal.
Further, v, is already horizontal, because centre of mass
is rotating about a vertical Z-axis. To make v, also
horizontal, second axis should also be vertical.

1 1 .
28. 51 2w)? =3 fox? (D)

%(21)@0)2 :%kxg (i)

From Egs. (i) and (ii), we have

xil = ,\/5
X2
29. Let w'be the common velocity. Then from conservation of

angular momentum, we have
(I+2[)w' =12w)+ 21 (w)

,_4
w=—w
3

From the equation,
angular impulse = change in angular momentum, for any of
the disc, we have

TB:I(ZQ))—I%Q)Q:ZI?OO
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30.

31.

32.

33.

34.

Rotation

Loss of kinetic energy = K, = K ,

CB gy 4 L 20_1 gzlz
%1(20)) +2(21)(m)H 2(3])%&) 31@

Angular impulse = change in angular

momentum ‘
O vdi=1w FN\dy
t . °
. oo:-[ Tdt:IO 3F sin 30° R dt
1
Substituting the values, we have A F
w = 3(0.5) (0.5) ((;.5) M _ 2 rad/s
1.5 (0.5)
2
Net torque of all the forces about B should be zero.
d W(d-x)=N, W
-Xx
or N, = %@W
Ny Ng
X 1 d-
A lc/w B
w
For vertical equilibrium of rod
N,+Nz =W
O Ny=“w=w-N,
d
=W - F@W = w
d d
Taking moments about point O N
Moments of N (normal
reaction) and f (force of £
friction) are zero. In critical ’
case normal reaction will pass 3a
through O. To tip about the 4
edge, moment of F should be 7 [ 0
greater than moment of mg. Or, mg
—F>
a
2

a a
B e

4 (g)2
or F>§mg

1

T=F % 55 : Torque is same in both the cases but moment of
inertia depends on distribution of mass from the axis.
Distribution of mass in both the cases is different. Therefore,
moment of inertia will be different or the angular
acceleration o will be different.

35.

36.

Angular momentum of the system about an axis
perpendicular to plane of paper and passing through O will
remain conserved.

L=L,
O 20
0 mvL = Ioo = Gni2 + ME F
0 30
0O 0 = 3my
LGBm+M)

(a) The distance of centre of mass (CM) of the system about

point 4 will be r = L

V3

Therefore, the magnitude of horizontal force exerted by
the hinge on the body is

F = centripetal force or F = (3m) rw”

A
o)

or

or

(b) Angular acceleration of system about point 4 is

O
(F) Ellﬁ dJ
_1,_ 020 _43F
1, 2mi? 4ml
Now, acceleration of CM along x-axis is
0
%:m:mgaﬁﬁor%:i
’ EB 04ml [ 4m

Let F, be the force applied by the hinge along X-axis.
Then, F.+F =3m)a,

or F.+F =03m) @%@

or Fr+F:3F
’ 4

or FY:—E

’ 4

Further if F, be the force applied by the hinge along
Y-axis. Then,

F, = centripetal force
or F, = V3 miw?



37.

38.

Let » be the perpendicular distance of CM from the line 4B
and w the angular velocity of the sheet just after colliding
with rubber obstacle for the first time.

Obviously the linear velocity of CM before and after
collision will be v; = (r) (1 rad/s) =randv, = rw.

v;and v, will be in opposite directions.
Now, linear impulse on CM

= change in linear momentum of CM
or 6=m(v, +v;)=30(r +rw)

or r(1+oo):é ...(1)

Similarly, angular impulse about AB = change in angular
momentum about AB

Angular impulse = Linear impulse

x perpendicular distance of impulse fromA4B
6(05m)=17,; (0+1)
(Initial angular velocity = 1rad/s)
or 3=[loy + MP](1+w)
[1.2+307](1+w) .. (ii)
Solving Egs. (i) and (ii) for », we get

Hence,

or 3=

r=04m andr=0.Im
But at » = 04 m,w comes out to be negative (—0.5 rad/s)
which is not acceptable. Therefore,
(a) r=distance of CM from 4B = 0.lm

(b) Substituting » = 0.Imin Eq. (i), we getw =1rad/s ie, the
angular velocity with which sheet comes back after the
first impact is 1 rad/s.

(c) Since, the sheet returns with same angular velocity of
1 rad/s, the sheet will never come to rest.

Initial and final positions are shown below.

Decrease in potential energy of mass

g %2 SRO_ SmeR

4 IZI 2
Decrease in potential energy of disc = mg %2 iD = @
O
3R
[ L4 Jra
Q' R4 T
@
5R

Therefore, total decrease in potential energy of system
_ SmgR + mgR
2

=3mgR
5 g

39.
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S 1
Gain in kinetic energy of system = 51 w’

where, / = moment of inertia of system (disc + mass) about
axis PQ

= moment of inertia of disc
+ moment of inertia of mass

- el B

From conservation of mechanical energy,
Decrease in potential energy = Gain in kinetic energy

20
u 3mgR = — MD(@2
a

1
20 8

O w = @
V 5R

Therefore, linear speed of particle at its lowest point

-
4
5gR

(a) Between the time ¢ = Oto ¢ = ¢,. There is forward sliding,
so friction f'is leftwards and maximum i.e. pimg. For time
t > t,, friction ' will become zero, because now pure rolling
has started i.e. there is no sliding (no relative motion)
between the points of contact.

f'= fnax = HMQ foax —— =0
t=0 t=t
So, for time ¢ < ¢,
a
f=umg
Linear retardation, a = . Mg
m
. T R 2
and angular acceleration, 0 = — = SR _21g
A R
—mR
2

Now, let v be the linear velocity and w, the angular velocity
of the disc at time 7 = ¢, then
V=V, —aty =

—Ugt, ...(1)
and w=ar, =2Hh .. (i)
R
For pure rolling to take place
v=Rw
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(b)

40.

Vo

3ug

ie. vy — Mgty =2ugt, O ¢, =

Substituting in Eq. (i), we have

v=v, —Ug H v D[I v—gv
o R Ry H 3°
Work done by friction
For ¢ < t,, linear velocity of disc at any time ¢ is v = v, — |ig?

and angular velocity is W = ot = % From Work-energy

theorem, work done by friction upto time ¢ = Kinetic energy
ofthe disc at time #— Kinetic energy of the disc at time z = 0

O W:lmv2 +11w2 —lmvg
2 2 2

1 2 1% 2@%@“@@2 I 5
=—m[vy, —Ugt]” +— mR - —my,

2 [vo — Hgt] ) R 5™

1

2

[mvg +mpu’gie? — 2mvy gt +2mp’g?t? —mvg]

or W= % [3Hgt - 2, ]

For t > ¢, friction force is zero i.e. work done in friction is
zero. Hence, the energy will be conserved.

Therefore, total work done by friction over a time ¢ much
longer then ¢, is total work done upto time f#, (because
beyond this work done by friction is zero) which is equal to

mygt
W= % [3ugty — 2vp]

Substituting ¢, = v,/ 3 ug we get

2

mv, _mv

W:T[VO _2V0]D W =
(a) The cylinder rotates about the point of contact. Hence, the
mechanical energy of the cylinder will be conserved i.e.

(©)
a (PE+ KE), = (PE +KE),

O mgR + 0=mgR cos 6 +%Ioo2 +%mv2
butw =v/R (no slipping at point of contact)

and I = 1mR2
2

Therefore,
0y% 0
mgR = mgR cos O +l%mR2§ELD +lmv2
2 R*0 2
3 0 _
or Zv =gR (1-cos 0)
or v :%gR (1-cos )
2 4
or —=—g(l-cosB (i
738 ) (i)

At the time of leaving contact, normal reaction
N =0and 6 =0, hence,
m?
mg cos® =—— or— =g cos 0 L
g "z °¢ (i)

From Egs. (i) and (ii),

%g (I-cosB,)=gcos B,

or %cos B, =lorcos®, =4/7 or8, =cos ' (4/7)

(b) v:,/%gR (1-cos 9)

At the time of losing contact
cos @ =cos 0, =4/7

4 4 /4
0 v=_|— R@——Q or v=.—gR
3g 7 7g

Therefore, speed of CM of cylinder just before losing

contact is , % gR

(c) At the moment, when cylinder loses contact

4
v=_.—gR
7g

. L 1
Therefore, rotational kinetic energy, K = 5 I w*

1 L 1, 1
or K :f%mR §—=—mv :—m% R@
B=n R2 4 4 &

_ mgR
-

Now, once the cylinder loses its contact, N = 0, i.e the
frictional force, which is responsible for its rotation, also
vanishes. Hence, its rotational kinetic energy now
becomes constant, while its translational kinetic energy
increases. Applying conservation of energy at (a) and (c).

or Ky



41.

Decrease in gravitational PE

= Gain in rotational KE + translational KE
O Translational KE (K ;)

= Decrease in gravitational PE — K,

mgR

6
or K. =(mgR)— —=2— =— mgR
r = (mgR) S T me

O — = or —— =6
Ky  mgR Kp
7
Given, mass of block X ,m = 0.5kg
Y
X

30°
Mass of drum Y, M =2kg
Radius of drum, R=02m

Angle of inclined plane, 8 = 30°

(a) Let a be the linear retardation of block X and o be the
angular retardation of drum Y. Then,a = R a

mg sin 30° =T = ma ...(1)
or ME 7 = ma (i)
2
T TR
a=—= I
7 1 MR2
2
or a= 2r ...(iii)
MR
Solving Egs. (i), (ii) and (iii) for 7', we get,
T = l M mg
2 M +2m

Substituting the value, we get

_OIE(2) (0.5) (9.8)D
T“% z+(o.5)(2)B_1'63N
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(b) From Eq. (iii), angular retardation of drum
g 2T (20163
MR  (2)(0.2)

8.15 rad/s?

or linear retardation of block
a=Ra=(0.2)(8.15) =1.63 m/s*
At the moment when angular velocity of drum is
W, =10rad/s
The linear velocity of block will be
Vo = Wy R =(10)(0.2) =2m/s
Now, the distance (s) travelled by the block until it

comes to rest will be given by
2

s=0 (Using v* = vg —2as with v =0)
2a
2
= ) ors=1.22m
2(1.63)

42, Let M' be the mass of unwound carpet. Then,

=Bl -

From conservation of mechanical energy :

MgR -M'g—=— +—Iw
£ g2 2 L4 2

or —MgR =
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