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| SOLVED EXAMPLES l

Ex.1

Sol.

Ex.2

Sol.

Ex. 3

Sol.
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A uniform thin stick of length / and mass m is held horizontally with its end B
hinged at a point B on the edge of a table. Point A is suddenly released. 9 A
The acceleration of the centre of mass of the stick at the time of release, is :- |

3 3 2, 1
@) 7g ®B) 7 g © 77 g D)~ g

ol
N [~
>

mg

. : [ A
For angular motion of the stick T [E) =la

2 2
moment of intertia of stick about Bis = mj = mg(%j = (mf ]a = o= Z—i

. / 3g)\( ¢ 3
Acceleration of centre of mass=o | —|=|— || =|=—g
2 20/\2 4

A rigid lamina is rotating about an axis passing perpendicular to its plane through point O as shown in figure.

®=10rad/s

The angular velocity of point B w.r.t. Ais

(A) 10rad/s (B) 8 rad/s (C) 6rad/s D)0

GV

In a rigid body, angular velocity of any point on the rigid body w.r.t. any other point on the rigid body is constant
and equal to angular velocity of rigid body.

Three spools A, B and C are placed on rough ground and acted by equal force F. Then which of the following
statement is incorrect ?

(A) Frictional force on spool A is in backward direction

(B) Frictional force on spool B is in backward direction

(C) Frictional force on spool C is in backward direction

(D) Frictional force on spool C is in forward direction

D)

For spool A, sliding tendency of point of contact is forward = frictional force is in backward direction
For spool B, sliding tendency of point of contact is forward = frictional force is in backward direction
For spool C, slidin7g tendency of point of contact is forward as without friction
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Ex. 4

Sol.

Ex. 5

Sol.

Ex.6

Sol.

T Fr 2FRr
—=——— = aR=—7—3
I m m(R° +r%)
2
Here a > aR so acceleration of point of contact will be in forward direction.

= frictional force is in backward direction.

A disc of radius R = 2m moves as shown in the figure, with a velocity of translation of \%
2y 6v,
6v, of its centre of mass and an angular velocity of RO . The distance (in m) of

instantaneous axis of rotation from its centre of mass is

F
a=—,0=
m (R? +1?)

(A)3 (B)4 ©5 D)6
D)

v by,
Instantaneous axis of rotation lies above the centre of mass where v—or=0 = 1= © “oy. 3R

“Yo
R

A uniform solid disc of mass 1 kg and radius 1m is kept on a rough horizontal surface. IN
Two forces of magnitude 2 N and 4 N have been applied on the disc as shown in
the figure. Linear acceleration of the centre of mass of the disc is if there is no
Slipping' f.l'f)’)'i}'Nf);Ifflflffffitffflffffllf)’fflfﬂ
(A) 4 m/s? (B) 2 m/s? (C) 1 m/s? (D) zero
D)

=0

net

Taking torque about contact point, t=4 x R—2 x2R=0, F

A 2m long rod of negligible mass is free to rotate about its centre. An object of mass 5 kg is threaded into the rod at
adistance of 50 cm from its end in such a way that the object can move without friction. The rod is then released from
its horizontal position. The speed of the rod's end in the rod's vertical position is (in m/s)

K 2m 1
L — o)
“ 0
5+v3 43 3v5 3v3
o e o o

Since friction and the rod's mass is negligible, the only force acting on the object is
gravitational force, therefore the object undergoes free-fall.
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Ex.7

Sol.

Ex.8

Sol.

Ex.9
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1" 3
The object-moves a distance of h = 4[1% — (Ej = %m until it drops off from the rod.

Its velocity at this moment v = ,/2gh

The object's velocity perpendicular to the rod equals to the velocity of the rod's end at the moment when the object
leaves the rod. After this moment the rod's end maintains its speed, so in vertical position its

speedzvcos60°:(«/2gh)[lj = Q:\/loxﬁ/z =\/5\/§ m/

2 2 2 2

Figure shows the variation of the moment of inertia of a uniform rod, about an axis passing
through its centre and inclined at an angle 0 to the length. The moment of inertia of the !

O(rad)

T
rod about an axis passing through one of its ends and making an angle 6 = 3 will be

(A)0.45kg—m? (B) 1.8 kg—m? (C)2.4kg—m? (D) 1.5kg—m?

io

2

2
= ML sin0= 0.6 = ML
2 12

sin(g] - ML2=7.2

s n . ML*(3) ML® 7.2
sin® 0t 0= 1="—3 (ij 2 g 18kew

A light rod carries three equal masses A, B and C as shown in figure.
What will be velocity of B in vertical position of rod, if it is released
from horizontal position as shown in figure ?

8g/ 4g/ 2g/ 10g/ (.
O ®) |- O  ®{= N
O

2 2
, 20 1 (¢ 20 \
Loss in P.E. = Gain in K.E. mg§+ mg ( ] +mgl = Ekm 3 + mEZJ o’

36g 20 [36g [8g¢
0=,— =l =—,\——=,—
= 140 — BT T34y T\

A child's top is spun with angular acceleration o = 4t> — 3t + 2t where t is in seconds and a is in radian per second-
squared. At t =0, the top has angular velocity m, = 2 rad/s and a reference line on it is at angular position 0, = 1 rad.

Statement I : Expression for angular velocity o = (2 + t2 — t* +t*) rad/s

Statement I1 : Expression for angular position 0 = (1 +2t-3t* + 4t3) rad

(A) Only statement-I is true (B) Only statement-II is true
(C) Both of them are true (D) None of them are true
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® t
Sol. de=Jadt:>m—2=(t4—t3+t2);:>m=2+t2—t3+t4
2 0
0 t 3 4 5! 3 4 5
2ttt
[d0 = [wdt = 6—1:[2t+———+—) SN LI
. 3 4 5 3 4 5

Ex.10 A small block of mass 'm' is rigidly attached at 'P' to a ring of mass '3m' and radius 'r'. The

system is released from rest at 6 = 90° and rolls without sliding. The angular accelera-
tion of hoop just after release is—

g g g g
(A) 4y (B) 8r © 3r (D) 2r
Sol. f=4ma ... (i) (mg—f)r=Cmr’+ mr?) a
mg—f=4ma ... (ii) 2
from (i) and (ii) \ng
f
= 8ma=m :>a:g:>oc:£
& 8 8r

Ex.11  Figure shows a uniform disk, with mass M = 2.4 kg and radius R =20 cm, mounted
on a fixed horizontal axle. A block of mass m = 1.2 kg hangs from a massless cord
that is wrapped around the rim of the disk. The tension in cord is

(A) 12N (B)20N (C)24N (D) None of these
Sol. Forblock:mg—T=ma ... @)
R \

MR
For disk (pulley) TR =la =

o T
-
M
But 0 == so T=—b (i) m]l
R 2
g
Therefore mg - T :2_m = m:2—m—|-1 - t=_—_"18 _ (1.2 x10) =6N
T M T M 2m 211.2
e
M 2.4

Ex.12  The figure shows a uniform rod lying along the x-axis. The locus of all the points

lying on the xy-plane, about which the moment of inertia of the rod is same as
that about O is :

(A) anellipse (B) acircle

(C) aparabola (D) a straight line

ML? L)’
Sol.  I=I,,+Mr= e +M[[x—5] +y2}

ML? LY , (L) .
I, = 3 = \x 7 +y° = 2 = Locus is a circle
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Ex.13

Sol.

Ex. 14

Sol.

Ex. 15

180

The disc of radius r is confined to roll without slipping at A and B. If the plates have the velocities shown, then
(A) linear velocity v, =v

Ve— A
. .. 3v
(B) angular velocity of disc is ——
2r Vo
®,
. .. 2v [ = 3v
(C) angular velocity of disc is — B
r
(D) None of these
V, SO —V =V ve—
QOr-v,=v. L (i)
V=, r+v,=3v. L (i) oy

from equation (i) & (ii) 2ar =4V

= O, = 2v

2v . .
®,= o from equation (i) v, = v

An impulsive force F acts horizontally on a solid sphere of radius R placed on a horizontal surface. The line of action
of the impulsive force is at a height h above the centre of the sphere. If the rotational and translational kinetic
energies of the sphere just after the impulse are equal, then the value of h will be-

F‘/—\
h
2 2 2
(A) gR B) \/; R © \/g R (D) None of these
©
FAt=Mv ; FhAt=Io
Mvh=1 2MR2 Al 1M2 110)2 L 2MR22
“To= — -l - = — x —
= v ® 5 ® so.2 % 5 5 "5 W
h= 2R
- “\s

A thin rod of mass m and length / is hinged to a ceiling and it is free to rotate in a vertical plane. A particle of mass
m, moving with speed v strikes it as shown in the figure and gets stick with the rod. The value of v, for which the
rod becomes horizontal after collision is

168
(A) The value of v, for which rod becomes horizontal after collision is T gl

f53
(B) The value of v, for which rod becomes horizontal after collision is 3 gl

(C) Angular momentum of (rod + particle) system will remain constant about hinge just before and after collision

(D) Angular momentum of (rod + particle) system will remain same about centre of mass just before and after collision
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Sol.

Ex.16

Sol.

Ex.17

Sol.

Ex. 18

v o & 2 v 7
m——=m—+m—|®; —=—/0=> O=—— ... (i)
22 M3 4 4 12
—(lmKQ) o =2mgt = o= 28 (i)
12 70

from equation (i) and (ii) v = "M%gf

A thin uniform rod of mass m and length 7 is free to rotate about its upper end. When it is at rest, it receives an
impulse J at its lowest point, normal to its length. Immediately after impact

(A) the angular momentum of the rod is J/.

3J
(B) the angular velocity of the rod is )

3J2
(C) the kinetic energy of the rod is 5
m

3
(D) the linear velocity of the midpoint of the rod is om
m

2

By impulse momentum theorem J/¢ = 0= 0= 3J
2 m/ m
KE ofrod = lIo)2 :l[m—[z] (B—J] :ﬁ !
2 2\ 3 m/ 2m
, , o (6) _3J N
Linear velocity of midpoints = ® 5) " om

A bicycle is in motion. The force of friction exerted by the ground on its wheel is such that it acts:
(A) in backward direction on front wheel and in forward direction on rear wheel when it is accelerating

(B) in forward direction on front wheel and in backward direction on rear wheel when brakes are applied on rear
wheel only

(C) in backward direction on front wheel and in forward direction on rear wheel when brakes are applied on rear
wheel only

(D) in backward direction on both the wheels when brakes are applied on front wheel

Acceleration Acceleration

0.0 0 0.

A uniform rod AB of length / is free to rotate about a horizontal axis passing through A. A

The rod is released from rest from horizontal position. If the rod gets broken at midpoint
C when it becomes vertical, then just after breaking of the rod :
(A) Angular velocity of upper part starts to decrease while that of lower part remains

X
-
o
-

constant. B

s

(B) Angular velocity of upper part starts to decrease while that of lower part starts to
increase

(C) Angular velocity of both the parts is identical

(D) Angular velocity of lower part becomes equal to zero
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j| — On upper part torque of mg about A will decrease the angular velocity.

V/2 <4—
Sol. v/2 <—j — Lower part of rod will not experience any couple hence its angular velocity can't change.
Ve Initially both parts are having same angular velocities.

Ex.19  In the figure, the blocks have unequal masses m, and m, (m, >m,). m, has a downward acceleration a. The pulley

P has a radius r, and some mass. The string does not slip on the pulley—

(A) The two sections of the string have unequal tensions.

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

a
(C) The angular acceleration of P is —
r
(m, —m,)
(D) a< k—J g
m, +m,
L a (m, -m,)g
Sol. In this situation T, # T, = oo=— = a= —
r m, + m, + -
aflmd i

Ex. 20 to 22

A mouse, searching for food, jumped onto the rim of a stationary circular disk mounted on a vertical axle. The

disk is free to rotate without friction. The velocity of the mouse was tangent to the edge of the disk before it landed.

When the mouse landed, it gripped the surface, remained fixed on the outer edge of the disk at a distance R from

the center, and set it into rotation. The sketch indicates the situation.

#L’CD
Before After

The mass of the mouse is m = 0.10 kg, the radius of the disk is R = 0.20 m, and the rotational inertia of the disk

is I =0.0080 kg:m*. The speed of the mouse, just before it landed on the disk is v, = 1.5 m/s.
20. Magnitude of the angular velocity of the disk plus mouse, after it landed becomes

(A) 0.25 rad/s (B) 2.5 rad/s (C)0.375 rad/s (D) 3.75 rad/s
21. Find the magnitude of the impulse received by the mouse as it landed on the disk.

(A) 0.01 kg.m/s opposite to direction of motion

(B) 0.01 kg.m/s in the direction of motion

(C) 0.10 kg.m/s opposite to direction of motion

(D) 0.10 kg.m/s in the direction of motion
22. The mouse, still searching for food, crept to the center of the disk (where r = 0). Find angular velocity of the disk

182

plus mouse, when the mouse was at the center of the disk.

(A)0.25 rad/s (B) 2.5 rad/s (C)0.375 rad/s (D) 3.75 rad/s
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Sol.
20. By conservation of angular momentum mv, R = (I + mR*)®
R 0.1)(1.5)(0.2
_mvR _OD0902) o
I+mR 0.008+0.004
21. Impulse received by mouse = change in momentum
=0.1(2.5%x0.2-1.5)=-0.1kgm/s
22. By conservation of angular momentum : mv R = Iw
(0.1)(1.5)(0.2)
= —————— =3.75rad/
@ 0.008 raas
Ex. 23 to 25
A uniform hollow sphere is released from the top of a fixed inclined plane of inclination 37° and height 3m. It rolls
without sliding.
3m
3r° fixed
23. The acceleration of the centre of mass of the hollow sphere is
Aﬂm/Z Bl_8m/2 Cgm/Z D1_5m/2
(A) =~ m/s (B) = m/s (€) g mss (D) =~ m's
24, The speed of the point of contact of the sphere with the inclined plane when the sphere reaches half-way of the
incline is
(A) V42 m/s (B) V21 m/s (C) V84 m/s (D) zero
25. The time taken by the sphere to reach the bottom is
A Es B és C és D) N fth
A) ¢ ®) 3 ©7 (D) None of these
Sol.
- __ gsin0 :(10)(3/5):§ms,2
K? 1 2 5
e T3
24. Speed of point of contact in pure rolling is always zero
1, 3 1 (18) , 5
25. s=ut+—at”" = =——(t):>t=—
2 sin37° 2.5 3°
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Ex.26to 27
A hollow sphere is released from the top of a wedge, friction is sufficient for pure rolling of sphere on the wedge.
There is no friction between the wedge and the ground. Radius of sphere is R. At the instant it leaves the wedge

horizontally.
26. Angular velocity of sphere o is-
12gh 27 gh 20gh 44gh
) | 7ge (B) 557 ©) | 7re D) |2
27. Velocity of centre of mass of sphere w.r.t. ground is-

[5 3 11
A) 79h (B) /2gh ©) 7911 (D) gh

7
Sol.
4
SR W O
R R 7 7R
2v
27. Ro-v=v 0=—
- ®"R
Energy conservation
1 o, 1 ., 1[2 2][4&) 3
=—mv° +—mv° +—| —mR v=,—gh
meh =5 2 2\3 rR?/ - VTS
Ex. 28 to 30
A disc of mass 2 M and radius R is placed on a fixed plank (rough) of length
L. The coefficient of friction between the plank and disc is p = 0.5. String
(light) is connected to centre of disc and passing over a smooth light pulley
and connected to a block of mass M as shown in the figure. Now the disc
is given an angular velocity o, in clockwise direction and is gently placed on the plank. Consider this instant
as t=0. Based on above information, answer the following questions :
28. Time time t, at which the disc will cross the other end of the plank is-
8L o,R N 8L 8L N 4o,R o,R N 4L
A) 4T B - Oy — D -
()\/g B) 74 g ()\/g g ()\/g ,/g
29. Time t upto which the block remains stationary is
o,R 4o,R
(A) ? B) g (C) Zero (D) Question is irrelevant
30. Mark the correct statement w.r.t. motion of block and disc.

(A) The block remains at rest for some time, t > 0.

(B) The block starts accelerating just after placing of disc on plank.
(C) The disc is performing pure rotational motion for some time t >0
(D) Both (A) and (C) are correct.
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Sol.
28.

29.

30.

Ex. 31

Sol.

Mg-T=Ma...(i) T-f=2Ma ...(iii)
PN .. 2MR? a .
By adding (i) and (ii) Mg-f=3Ma ..(ii) fR=Ila= 5 R f=Ma ..(iv)
L . 1 ., 8L
From equation (iii) and (iv)a=g/4 = L = Eat =>t=,[—
g

. o,R 8L
Total time= —+ , |—
g g

Frictional force = uMg

Friction will act up to the instant when the velocity of contact point becomes zero

o= o +ot

o, fR ) . ®,R
— t= ; _____ @) = o= o (ii) By solving (i) and (ii) time = g
D)

A disc of radius R is rolling without slipping with an angular acceleration a.,
on a horizontal plane. Four points are marked at the end of horizontal and vertical
diameter of a circle of radius r (<R) on the disc. If horizontal and vertical direction
are chosen as x and y axis as shown in the figure, then acceleration of points

1,2,3and 4 are a,,a,,a, and a, respectively, at the moment when angular

velocity of the disc is ® . Match the following

Column-T Column-TI
@ g ®  (Ro-ra)i+(re’)j
B) a, Q) (Ro+ra)i - (ro” )]
© & ®  (Ro-ro’)i—(ra)j
D) a, ) (Rot+re? )i+ (ra)]

€)) None of these

For (A): Acceleration of 1 w.r.t. centre of mass = roi — o’rj = a, =roi —’rj+Rai = (R + r)af - 0’rj
For(B): a, = —raj—o’ri + Rai = (Roc - wzr) i—raj
For(C): a, = —rai + o°rj + Rai = (ROL - ra) i+ o

For(D): a, = roj + ®’ri + Rai = (Ra + wzr) i +roj
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Ex.32

Sol.

186

Four different situations of a moving disc are shown in column I and predictions about its final motion and forces
acting on it are given in column - 1.

Column I Column IT
R
2R
A) v (P) finally disc will roll along the initial direction of velocity (v)
2v
/ﬂ T
B) v (Q) finally, disc will roll in direction opposite to the initial direction of velocity (v)

;Ul’z’

© v (R) finally, disc stops

IJ|‘2

(D) v (S) Initially friction force acts in the direction opposite to that of initial velocity

(T) None of these

Final direction of pure rolling will be in direction of initial angular momentum about point of contact
L=mv r+l o

2
3mvR C
For (A) : mvr — 2 [ v ) oy : hence in clockwise direction.

2R 4

R*(2
For (B) : mvR + o EV =2mvR : hence in clockwise direction.

R*(2
For (C) : muR — = [—V =0

2 \R

mR? ((4v . . NPT

For (D) : mvR — 2 (R =-—mRv : hence in anticlockwise direction.

Direction of friction force

For (A) : Velocity of point of contact — 5 = Friction will be opposite to velocity
\Z

For (B) : Velocity of point of contact 2v<—e—V = Friction will be in the direction of velocity
For (C) : Velocity of point of contact e—3>—»2v = Friction will be opposite to the velocity

For (D) : Velocity of point of contact > »4v=> Friction will be opposite to the velocity
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Ex.33 Column I Column II
. o : . , I 5
A A ring of mass m is projected on rough horizontal plane with velocity v, . @) gmvo

The magnitude of work done by frictional force to start rolling

VO
o . . . 1
B) Kinetic energy of pivoted rod of mass m, velocity of centre of mass is v,. ((0)] gmvo
o . I
© Kinetic energy of translation of a smooth rod of mass m, R vao
where velocity of one end is v,
[:[0
. . 2
D) Kinetic energy of a rod of mass m, as shown in figure. ) gmvo
1
(M gmvo

<

Sol. For (A) : Final velocity v = 70 [ mv,R = mR? (%) + va}

L. 1 2 1 VO ? 1 Vo ’ 1 2
Soworkdonebyfrlcnonzzmvo —|—-m|— +5m — =vao

For(B): o =

2v, 1(me*\(2v,)" 2
= SOKE:E :§mv0

Vo
%5

\%
For (C) : Vg == soKE= Emem =—mv’

1 1(me® mi\(V2v,) 1
For(D):KEofrod—EICof:E( T 4 J ][ (o 5 2
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Ex.34

Sol.

Sol.

188

A uniform rod ABC of mass M and length / is placed vertically on a rough horizontal surface. The coefficient of
friction between the rod and surface is p. A force F = 1.2 umg is applied on the rod at point B at a distance ¢/3 below
centre of rod horizontally as shown in figure. If the initially acceleration of point A is kyt then find value ofk. (Friction
is sufficient to prevent slipping)

. ! (mﬁzj 3 ug 3
Taking torque about C F— = a=q==-2 So,a,=al=—ug=6
gtord 6 \3 “T57 A 5ok

A solid uniform cylinder of mass m = 6 kg and radius »=0.1 mis kept in balance on a slope of inclination o.=37° with the
help of a thread fastened to its jacket. The cylinder does not slip on the slope. The minimum required coefficient of
friction to keep the cylinder in balance when the thread is held vertically is given as p. Find the value of 4.

F
m
o
Fr—fr =0 and mg sino. — F sina— =0 F
mgsino
F=f=—"— f
J 1+sina
F cosa + N —mg cosa=0 o M
mgsino mgcosa
N:(mg_—.j = T8Em2 - ;
1+sina 1+sina
mgsin o mgcos o
S = BN S L = pu=tana=0.75

>1+sina 1+sina
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Exercise # 1

1.

10.

A fly wheel originally at rest is to reach an angular velocity of 36 radian/s in 6 second. The total angle it turns
through in the 6 second is
(A) 54 radian (B) 108 radian (C) 6radian (D) 216 radian

On account of the earth rotating about its axis :-

(A) the linear velocity of objects at equator is greater than at other places

(B) the angular velocity of objects at equator is more than that of objects at poles

(C) the linear velocity of objects at all places at the earth is equal, but angular velocity is different
(D) at all places the angular velocity and linear velocity are uniform

The rotating rod starts from rest and acquires a rotational speed n = 600 revolution/minute in 2 seconds with
constant angular acceleration. The angular acceleration of the rod is
(A) 10 mrad/s? (B) 5 mrad/s? (C) 15 rad/s? (D) None of these

Two gear wheels which are meshed together have radii of 0.50 cm and 0.15 cm. The number of revolutions does the
smaller turns when the larger turns through 3 revolution is
(A) Srevolution (B) 20 revolution (C) 1revolution (D) 10 revolution

The number of revolutions must the 60 cm diameter wheel of a car turn as the car travels 2.5 km is
(A) 8000 revolution (B) 1000 revolution (C) 1330 revolution (D) 500 revolution

Three particles, each of mass m are situated at the vertices of an equilateral X meC

triangle ABC of side ¢ cm (as shown in the figure). The moment of inertia of ‘ ‘
the system about a line AX perpendicular to AB and in the plane of ABC, in
gram c¢cm? units will be :— m Al
A B
5 3 3
(A) 2 m/? (B) 1 m/? © 5 m/f? D) 1 m/f?

In the adjoining figure along which axis the moment of inertia of

the triangular lamina will be maximum- [Given that AB <BC <AC]

(A)AB

(B)BC c
(C)CA B

(D) For all axis

The radius of a wheel of a car is 0.4m. The car is accelerated from rest by an angular acceleration of
1.5 rad/s? for 20s. The linear velocity of the wheel is
(A) 10nv/s (B) 3m/s (©) 121v/s (D) 2m/s

A circular disc is to be made by using iron and aluminium so that it acquired maximum moment of inertia about
geometrical axis. It is possible with :—
(A) aluminium at interior and iron surrounded to it.

(B) iron at interior and aluminium surrounded to it.

(C) using iron and aluminium layers in alternate order.

(D) sheet of iron is used at both external surface and aluminium sheet as internal layer.

Off two eggs which have identical sizes, shapes and weights, one is raw and the other is half-boiled. The ratio

between the moment of inertia of the raw egg and that of the half-boiled egg about a central axis is :—
(A) one (B) greater than one (C) less than one (D) incomparable
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11.

12.

13.

14.

16.

17.

18.

19.

190

We have a rectangular slab of same thickness. E, F, G, H are the middle point A E 8

of AB, BC, CD and AD respectively then which of the following axis the mo- H F

ment of inertia will be minimum :— 5 c
G

(A)AD (B)EG (C)BD (D) HF

Two disc one of density 7.2 g/cm?® and the other of density 8.9 g/cm?® are of same mass and thickness. Their moments
of inertia are in the ratio :—

Ay =2 B) 2 C)(8.9%7.2):1 D)1:(8.9x 7.2
27 e % . . %

@) 75 (B) 55 (©)89% 72): (D) 1:(8.9% 7.2)

1

The moment of inertia of a rod about an axis through its centre and perpendicular to it is 12 ML? (where M is
the mass and L is the length of the rod). The rod is bent in the middle so that the two half make an angle of 60°.
The moment of inertia of the bent rod about the same axis would be :—

A)LMLZ B) = ML C)LMU D ML
(A 75 )17 © 2 D) g3

The moment of inertia of a thin uniform rod of mass M and length £ about an axis perpendicular to the rod, through

its centre is I. The moment of inertia of the rod about an axis perpendicular to the rod through its end point is :—
(A)1/4 (B)12 ©)21 (D)4l

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

(A) %mr2 (B) mr? ©) % mr? (D) 2mr?

Four similar point masses (each of mass m) are placed on the circumference of a disc \
of mass M and radius R. The MLI. of the system about the normal axis through the centre

g
\_/

1 8
(A) MR?+4mR? (B) 5 MR? + 4mR? (C) MR? + 5 mR? (D) None of these

Three point masses, each of m, are placed at the corners of an equilateral triangle of side ¢. Then the moment of
inertia of this system about an axis along one side of the triangle is :—

(A) 3m/? (B) m/? (©) % me? (D) % m/?

If the mass of hydrogen atom is 1.7 x 10 g and interatomic distance in a molecule of hydrogen is

4 x 107® cm, then the moment of inertia [in kg-m?] of a molecule of hydrogen about the axis passing through the
centre of mass and perpendicular to the line joining the atoms will be:—
(A) 6.8 x 10 (B)1.7x 10 (C)13.6 x 10 (D) 13.6 x 10¥

Two rods each of mass m and length ¢ are joined at the centre to form a cross. The moment of inertia of this cross about
an axis passing through the common centre of the rods and perpendicular to the plane formed by them, is :—

m/? m/? m/? m/?

12 B) —¢ (© =3 D) =5

A)
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For the same total mass which of the following will have the largest moment of inertia about an axis passing through
its centre of mass and perpendicular to the plane of the body

(A) a disc of radius a (B) a ring of radius a

(C) a square lamina of side 2a (D) four rods forming a square of side 2a

If a body completes one revolution in 7 sec then the moment of inertia would be:—
(A) Equal to rotational kinetic energy (B) Double of rotational kinetic energy
(C) Half of rotational kinetic energy (D) Four times of the rotational kinetic energy

A rigid body can be hinged about any point on the x-axis. when it is hinged such that the hinge is at x, the moment
of inertia is given by I = x>-2x + 99. The x-coordinate of centre of mass is :—
(A)x=2 (B)x=0 (O)x=1 (D)x=3

Two rods of equal mass m and length / lie along the x axis and y axis with their centres origin. What is the moment
of inertia of both about the line x=y :

m/? m/? m/? m/?

3 ®) =~ © ) =

A wheel is rotating about an axis through its centre at 720 rpm. It is acted on by a constant torque opposing its

A

motion for 8 second to bring it to rest finally. The value of torque in Nm is :— (given | = %kg —m?)

T
(A)48 (B)72 (C)96 (D) 120

The axis X and Z in the plane of a disc are mutually perpendicular and Y-axis is perpendicular to the plane of the
disc. If the moment of inertia of the body about X and Y axes is respectively 30 kg m? and 40 kgm? then M.1. about
Z-axis in kg m? will be:—

(A)70 (B)50 ©)10 (D) Zero

Arod of mass M and length L is placed in a horizontal plane with one end hinged about the vertical axis. A horizontal

M 5L
force of F:7g is applied at a distance o from the hinged end. The angular acceleration of the rod will be :-

49 59 39 49
A) 5L ®) 4L © 4L ®) 3L

A string is wrapped around the rim of a wheel of moment of inertia 0.20 kg-m? and radius 2o
20 cm. The wheel is free to rotate about its axis and initially the wheel is rest. The string
is now pulled by a force of 20N. The angular velocity of the string after 5 seconds

will be:—
(A) 90 rad/s (B) 70 rad/s (C) 95 rad/s (D) 100 rad/s

A person supports a book between finger and thumb as shown (the point of grip is f
assumed to be at the corner of the book). If the book has a weight of W then the person

is producing a torque on the book of s

b
(A) W% anticlockwise (B) WE anticlockwise (C) Wa anticlockwise (D) Wa clockwise
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In the following figure r and r, are 5 cm and 30 cm respectively. If the moment of inertia
of the wheel is 5100 kg-m? then its angular acceleration will be :-

(A) 10*rad/sec? (B) 107 rad/sec?

(C) 107 rad/sec? (D) 107" rad/sec?

In the figure (A) half of the meter scale is made of wood while the other half of steel. The wooden part is pivoted
at O. A force F is applied at the end of steel part. In figure (B) the steel part is pivoted at O' and the same force
is applied at the wooden end:—

(A) More angular acceleration will be produced in (A) wood steel steel wood
(B) More angular acceleration will be produced in (B) 49) P O’ R
(C) Same angular acceleration will be produced in both conditions (A) Ft (B) Ft

(D) Information is incomplete

A particle of mass m moves with a constant velocity. Which of the following statements is not correct about its

angular momentum : Y
.. .. . A [T —
(A) it is zero when it is at A and moving along OA :

(B) the same at all points along the line DE 1m -
(C) of the same magnitude but oppositely directed at B and D B
(D) increases as it moves along the line BC Mo P re—r—
A non uniform rod OA of liner mass density A = A x (ko =co nst.) o

is suspended from ceiling with hinge joint O & light string as shown o W
in figure. Find the angular acceleration of rod just after the string ha >
is cut « = > X

A
) 28 ®) 2 © 38 (D) None of these
L L 3L

If the earth is a point mass of 6 x 10* kg revolving around the sun at a distance of 1.5 x 10® km and in time
T=3.14 x 107 second, then the angular momentum of the earth around the sun is :—
(A) 1.2 x 10" kg m?/s (B) 1.8 x 10 kg m?/s (C) 1.5 x 10" kg m?/s (D) 2.7 x 10* kg m?/s

1
If the earth were to suddenly contract to —th of its present radius without any change in its mass then the duration
n
of the new day will be nearly :—
24 24
(A) — hour (B) 24n hour (C) —5 hour (D) 24n? hour
n n
A thin rod of mass M and length L is struck at one end by a ball of clay of mass m,

moving with speed v as shown in figure. The ball sticks to the rod. After the collision,
the angular momentum of the clay-rod system about A, the midpoint of the rod, is

) (4 et o
W (M3l lg) el ) O (D)MVL
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A circular turn table has a block of ice placed at its centre. The system rotates with an angular speed ® about an
axis passing through the centre of the table. If the ice melts on its own without any evaporation, the speed of rotation
of the system :—

(A) becomes zero (B) remains constant at the same value of ®

(C) increases to value greater than ® (D) decreases to a value less than ®

The angular velocity of a body changes from o, 0o, without applying torque. The ratio of initial radius of gyration

to the final radius of gyration is :—

(A) o, : Jo, (B) Jo, : o, (© oo, D) o, : o,

A person is standing on the edge of a circular platform, which is moving with constant angular speed about an
axis passing through its centre and perpendicular to the plane of platform. If person is moving along any radius
towards axis of rotation then the angular velocity will :—

(A) decrease (B) remain unchanged (C) increase (D) data is insufficient

A thin circular ring of mass M and radius ‘r’ is rotating about its axis with a constant angular velocity ®. Four
objects each of mass m, are kept gently to the opposite ends of two perpendicular diameters of the ring. The new
angular velocity of the ring will be :—

Mo Mo M + 4m)o M + 4m)o
) B M1 4m © =N ™) M+ 4m

A boy stands over the centre of a horizontal platform which is rotating freely with a speed of
2 revolutions/s about a vertical axis through the centre of the platform and straight up through the boy. He holds
2 kg masses in each of his hands close to his body. The combined moment of inertia of the system is 1 kg-m.%
The boy now stretches his arms so as to hold the masses far from his body. In this situation the moment of inertia
of the system increases to 2 kg-m.2. The kinetic energy of the system in the latter case as compared with that
in the previous case will-

(A) Remain unchanged  (B) Decrease (C) Increase (D) Remain uncertain

An ant is sitting at the edge of a rotating disc. If the ant reaches the other end, after moving along the diameter,
the angular velocity of the disc will :-

(A) remain constant (B) first decreases and then increases

(C) first increases, then decrease (D) Increase continuously

A particle starts from the point (Om, 8m) and moves with uniform velocity of 3i m/s. After 5 seconds, the

angular velocity of the particle about the origin will be y
A
8 3 3m/s
(A) 289 rad/s (B) grad/s T >
8m
C) 2o tady D) = rads !
()289ras ()17ras v s

A horizontal platform is rotating with uniform angular velocity around the vertical axis passing through its centre.
At some instant of time a viscous fluid of mass “m” is dropped at the centre and is allowed to spread out and
finally fall. The angular velocity during this period :—

(A) Decreases continuously (B) Decreases initially and increases again

(C) Remains unaltered (D) Increases continuously
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A thin rod of length L is suspended from one end and rotated with n rotations per second. The rotational kinetic
energy of the rod will be:—-

1 2 1
(A) 2mL2*n? (B) 5 mL?’n? © 3 mL’n? D) ° mL’n?

Two rotating bodies have same angular momentum but their moments of inertia are I, and I, respectively (I, > 1).
Which body will have higher kinetic energy of rotation:—

(A) First (B) Second
(C) Both will have same kinetic energy (D) Not possible to predict

A weightless rod is acted on by upward parallel forces of 2N and 4N at ends A and B respectively. The total length of
the rod is AB =3 m. To keep the rod in equilibrium a force of 6N should act in the following manner:—

(A) Downwards at any point between A and B (B) Downwards at mid point of AB
(C) Downwards at a point C such that AC =Ilm (D) Downwards at a point D such that BD =Im

Arigid body of mass m rotates with angular velocity @ about an axis at a distance d from the centre of mass G. The radius
of gyration about a parallel axis through G is K. The kinetic energy of rotation of the body is :—

(A) %mkzwz (B) %mdzwz ©) %m(dz +k)o® (D) ém«i +k)’ o’

A rod is hinged at its centre and rotated by applying a constant torque starting from rest. The power developed
by the external torque as a function of time is :—

P P

ext ext

(A) (B) © (D)

> > > >
> > > >

time time time time
In an experiment with a beam balance an unknown mass m is balanced by two known masses of 16kg and
4 kg as shown in figure. The value of the unknown mass m is :—

0, /, / /

I > I¢ » —|I¢
I¢ Pli¢ P ¢

AN AN

(A) 10 kg (B) 6 kg (C) 8 kg (D) 12 kg

A 4

A body is rolling without slipping on a horizontal surface and its rotational kinetic energy is equal to the translational
kinetic energy. The body is :—
(A) disc (B) sphere (C) cylinder (D) ring

If a ring, a disc, a solid sphere and a cylinder of same radius rolls down on inclined plane, the first one to reach
the bottom will be :—
(A) disc (B) ring (C) solid sphere (D) cylinder

A disc of mass M and radius R rolls on a horizontal surface and then rolls up
an inclined plane as shown in the figure. If the velocity of the disc is v, the
height to which the disc will rise will be :—

3y2 3?2 v? v
(A) 2g (B) 4gq © 4_9 D) g
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A solid cylinder of mass M and radius R rolls without slipping down an inclined plane of length L and height h.
What is the speed of its centre of mass when the cylinder reaches its bottom :—

3 4
(A) {J2gh B) Zgh (9] ggh (D) /4 gh
C

A rod hinged at one end is released from the horizontal position as shown A

in the figure. When it becomes vertical its lower half separates without )
exerting any reaction at the breaking point. Then the maximum angle '9' 5
made by the hinged upper half with the vertical is

(A) 30° (B) 45° (C) 60° (D) 90° c

A solid sphere is rolling on a frictionless surface, shown in figure with a translational velocity v m/s. If it is to climb
the inclined surface then v should be:—-

D v fh
(A)> J10/7gh (B)> /2gh (C)2gh (D) 10/7gh

There is rod of length /. The velocities of its two ends are v, and v, in opposite directions normal to the rod.
The distance of the instantaneous axis of rotation from v, is :—

Va v, 0
B) v, +v, (© v, + v,

(A) Zero D)2/
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A smooth tube of certain mass is rotated in gravity free space and (W
released. The two balls shown in the figure move towards ends of
the tube. For the whole system which of the following quantity is
not conserved :- Q 00 0
(A) Angular momentum (B) Linear momentum

(C) Kinetic energy (D) Angular speed

A thin rod of length 4/, mass 4m is bent at the points as shown in the fig.
What is the moment of inertia of the rod about the axis passing point O
& perpendicular to the plane of the paper

m(”? 10m¢® m(”?

3 B) —3 © 75

(A)

A uniform rod AB of mass m and length ¢ at rest on a smooth horizontal surface. An impulse P is

applied to the end B. The time taken by the rod to turn through a right angle is :- A

Ay 2mmé ) Tt

@ = ®B) 35 ‘

c nm/ b 2nm/{ o

© 12p (D) 3P B
/w\‘

A uniform rod of mass M and length L lies radially on a disc rotating with

angular speed o in a horizontal plane about its axis. The rod does not slip

on the disc and the centre of the rod is at a distance R from the centre of
the disc. Then the kinetic energy of the rod is-

2

2|2 L 1 1
(A) g MO [R +EJ (B) Em(,)ZRZ (©) ammZLZ (D) None of these
An equilateral prism of mass m rests on a rough horizontal surface with £
coefficient of friction p. Ahorizontal force F is applied on the prism as shown .
in the figure. If the coefficient of friction is sufficiently high so that the y
prism does not slide before toppling, then the minimum force required to
topple the prism is- a
A mg g 8 C pumg o) Hms
@ 75 B) © 5 ) ==

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

(A) 0.42 m from mass of 0.3 kg (B) 0.70 m from mass of 0.7 kg
(C) 0.98 m from mass of 0.3 kg (D) 0.98 m from mass of 0.7 kg
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A tube of length L is filled completely with an incompressible liquid of mass M and closed at both the ends.
The tube is then rotated in a horizontal plane about one of its ends with a uniform angular velocity ®. The
force exerted by the liquid at the other end is :-
2 2 21 2

() 22 (B) MorL © 2t ) X2
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 :-

3 3
mv

mv
(A) zero (B) (4249) © NP (D) m4/2gh®

A sphere S rolls without slipping, moving with a constant speed on a plank P. The friction between the upper
surface of P and the sphere is sufficient to prevent slipping, while the lower surface of P is smooth and rests on
the ground. Initially, P is fixed to the ground by a pin T. If T is suddenly removed-

S
(A) S will begin to slip on P. (0('
T

y
(B) P will begin to move backwards. " p

(C) the speed of S will decrease and its angular velocity will increase.

(D) there will be no change in the motion of S and P will still be at rest.

A cord is wound over a cylinder of radius r and moment of inertia I. A mass m is attached to the free end of
the cord. The cylinder is free to rotate about its own horizontal axis. If mass mis released from rest, then the velocity
of the mass after it had fallen through a distance h will be-

D)2 (nghr ]1/2 c (nghr ]1/2 ( mghr jl/z
(4) (2¢h) ®) | = O\ Tor D)\ Ty

N o

A disc of mass M and radius R is rolling with angular speed ® on a horizontal ‘ :_\}
O X

plane as shown. The magnitude of angular momentum of the disc about the origin O is :—

1 3
(A) EMRZOJ (B) MR’w © EMRZ(D (D) 2MR%w
Y
Two spheres each of mass M and radius R/2 are connected with a mass less

M
P
rod of length 2R as shown in the-figure. What will be the moment of inertia ‘ k%
of the system about an axis passing through the centre of one of the spheres

and perpendicular to the rod —2R——f
21 2 5 5 v
~_MR*? ~MR? —MR? —MR?
A < B) © 5 D) 57

A solid sphere is placed on a horizontal plane. A horizontal impulse I is applied at a distance h above the central
line as shown in the figure. Soon after giving the impulse the sphere starts rolling.

The ratio h/R would be- |

(A) 1 (B) = {
2 5 ‘R

0~ D) =

(© 75 (D) =
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A solid sphere of radius R is placed on smooth horizontal surface. A horizontal force F,
‘F’ is applied at height ‘h’ from the lowest point. For the maximum acceleration of centre G
of mass, which is correct- h
(A)h=R (B)h=2R v
(©)h=0 (D) No relation between h and R Lowest Point
The moment of inertia of semicircular plate of radius R and mass M about axis AA' in its plane passing through
its centre is
A
A) MR (B) MR® cos’ 0 .
2 4
(©) MR® sin” 0 (D) MR
1 H\U
4 4 A

A ring of radius 3a is fixed rigidly on a table. A small ring whose mass is m
and radius a, rolls without slipping inside it as shown in the figure. The small ring is A @ o
released from position A. When it reaches at the lowest point, the speed of the centre

of the ring at that time would be-

(A) y2ga (B) 4/3ga (C) y6ga (D) y4ga

The figure shows a uniform rod lying along the x-axis. The locus of all the Y

points lying on the xy-plane, about which the moment of inertia of the rod is same

as that about O is 5 —

(A) an ellipse (B) a circle (C) a parabola (D) a straight line

Find minimum height of obstacle so that the sphere can stay in equilibrium m

(A) _R (B) L, @
1+cosB 1+sin6 &y

(O)R(1-sinb) (D) R(1-cosH) 0

A man can move on a horizontal plank supported symmetrically as shown.
The variation of normal reaction on support A with distance x of the man from

the end of the plank is best represented by

N N N

(A) / (B) \ (©) /\

A hinged construction consists of three rhombus with the ratio of sides 5:3:2.
Vertex A, moves in the horizontal direction at a velocity v. Velocity of A, is

(A)2.5v (B)1.5v (€) %V
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A sphere is placed rotating with its centre initially at rest in a corner (A) (B)
as shown in figure (A) & (B). Coefficient of friction between all surfaces and

1 a
the sphere is 3 Find the ratio of the frictional force T by ground in situations
b

(A) & (B)
A1 (B)9/10 (C)10/9 (D) None

Portion AB of the wedge shown in figure is rough and BC is smooth. A solid cylinder A "
rolls without slipping from A to B. The ratio of translational kinetic energy to rotational

kinetic energy, when the cylinder reaches point C is

(A)3/4 B)5 (©)7/5 (D) 8/3 D AB-BC c
A disc of radius R is rolling purely on a flat horizontal surface, with a constant

angular velocity. The angle between the velocity and acceleration vectors of ‘:‘@;
point P is

(A) Zero (B) 45° (C)135° (D) tan'(1/2)

A slender uniform rod of length ¢ is balanced vertically at a point P on a horizontal surface having some friction.
If the top of the rod is displaced slightly to the right, the position of its centre of mass at the time when the rod
becomes horizontal

(A) lies at some point to the right of P (B) lies at some point to the left of P

14
(C) must be 5 to the right of P (D) lies at P

2m m
A ring of mass m and radius R has three particles attached to the ring as shown

in the figure. The centre of the ring has a speed v,. The kinetic energy of the system
is : (slipping is absent)
(A)6mv; (B) 12 mv,;? (C)4mv; (D) 8mv,;?

A solid sphere with a velocity (of centre of mass) v and angular velocity o is gently placed on a rough horizontal
surface. The frictional force on the sphere

(A) must be forward (in direction of v) (B) must be backward (opposite to v)
(C) cannot be zero (D) none of the above

A body is in equilibrium under the influence of a number of forces. Each force has a different line of action. The
minimum number of forces required is

(A) 2, if their lines of action pass through the centre of mass of the body

(B) 3, if their lines of action are not parallel

(C) 3, if their lines of action are parallel

(D) 4, if their lines of action are parallel and all the forces have the same magnitude

A uniform circular disc placed on a rough horizontal surface has initially /

velocity v, and an angular velocity ®, as shown in the figure. The disc comes to rest

after moving some distance in the direction of motion. Then —2- is

(A) 172 (B) 1 (C)3/2 "o (D)2
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A plank with a uniform sphere placed on it, rests on a smooth horizontal plane. Plank is pulled to right by a constant
force F. If the sphere does not slip over the plank

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

(B) Acceleration of centre of sphere is greater than the plank
because friction acts rightward on the sphere TR TR TTVRRRRRYRT

(C) Acceleration of the centre of sphere may be towards left

(D) Acceleration of the centre of sphere relative to plank may be greater than that of the plank relative to floor

A particle falls freely near the surface of the earth. Consider a fixed point O (not vertically below the particle) on
the ground

(A) Angular momentum of the particle about O is increasing

(B) Torque of the gravitational force on the particle about O is decreasing

(C) The moment of inertia of the particle about O is decreasing

(D) The angular velocity of the particle about O is increasing

If a cylinder is rolling down the incline with sliding

(A) after some time it may start pure rolling

(B) after some time it will start pure rolling

(C) it may be possible that it will never start pure rolling
(D) None of these

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

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

(B) the speed of the centre of mass of the cylinder is zero
(C) the angular velocity of the cylinder is v/R
(D) the angular velocity of the cylinder is zero

—> Vv

A uniform disc is rolling on a horizontal surface. At a certain instant B is the A

point of contact and A is at height 2R from ground, where R is radius of disc

(A) The magnitude of the angular momentum of the disc about B is thrice that about A
(B) The angular momentum of the disc about A is anticlockwise B
(C) The angular momentum of the disc about B is clockwise

(D) The angular momentum of the disc about A is equal to that of about B 4

The moment of inertia of a thin square plate ABCD, of uniform thickness about an ) .
axis passing through the centre O and perpendicular to the plane of the plate is 3
(where 1, L, I, and I, are respectively moments of inertia about axis 1, 2, 3 and 4
which are in the plane of the plate)

A1 +1, B) L +]1, (O, +1, M) +L+1+1, D Cn2

A uniform bar of length 6a and mass 8m lies on a smooth horizontal table. )
m

Two point masses m and 2m moving in the same horizontal plane with speed 2v and ?V
v respectively, strike the bar (as shown in the fig.) and stick to the bar after collision.
Denoting angular velocity (about the centre of mass), total energy and centre of mass >
velocity by o, E and v respectively, we have after collision: m

DIERGR P
A)v.=0 Byo= 2 (o= D)E—vaz
() Ve ®o=5g  ©Qoe=g 5
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[Assertion & Reason Type Questions]

In each of the following questions, a Statement of Assertion (A) is given followed by a corresponding Statement
of Reason (R) just below it . Of the Statements mark the correct answer as

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

(B) Statement—1 is True, Statement—2 is True ; Statement—2 is not a correct explanation for Statement—1

(C) Statement—1 is True, Statement—2 is False.

(D) Statement—1 is False, Statement—2 is True.

Statement —1

Statement —2

Statement —1 :

Statement —2

Statement —1
Statement —2

Statement —1
Statement —2

Statement —1

Statement —2

Statement —1

Statement —2

Statement —1
Statement —2

Statement —1

Statement —2

Statement —1

Statement —2

Statement —1

Statement —2

Statement —1

Statement —2

The torque can be applied only about two points.
(i) centre of mass and (ii) point about which the body is rolling.
The equation a = ra. can always be applied in case of rolling.

A rigid disc rolls without slipping on a fixed rough horizontal surface with uniform angular
velocity. Then the acceleration of lowest point on the disc is zero.

For a rigid disc rolling without slipping on a fixed rough horizontal surface, the velocity
of the lowest point on the disc is always zero.

In case of rolling friction force can in forward and backward direction both.

The angular momentum of a system will be conserved only about that point about which
external angular impulse is zero.

If a body (ball) is rolling on a surface without slipping, no frictional force acts on it.
In the case of rolling without slipping point of contacts are relatively at rest.

For the purpose of calculation of moment of inertia, a body’s mass can be thought to be
concentrated at its centre of mass.

Moment of inertia is a measure of how the mass is distributed about a certain axis.

A sphere rolling on a rough horizontal surface with constant velocity then it start going up
on a smooth inclined plane. Rotational KE of sphere decreases continuously on horizontal
and inclined surface.

Rotational KE decreases if torque due to friction opposes angular velocity of sphere.

The moment of inertia of a rigid body is not unique, about a given axis.
The moment of inertia of a rigid body depends on axis about which it has to be calculated.

Torque (f) acting on a rigid body is defined as 7 = A x,A is a constant vector and L

is the angular momentum of the body. The magnitude of the angular momentum of the body
remains same.

T is perpendicular to L and also perpendicular to @ , hence torque does not deliver any power
to the body.

A disc is rolling on an inclined plane without slipping. The velocity of centre of mass is v.
These others points on the disc lies on a circular arc having same speed as centre of mass.

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

A sphere is performing pure rolling on a rough horizontal surface with constant angular
velocity. Frictional force acting on the sphere is zero.

Velocity of contact point is zero.

A non-uniform sphere is placed such that its centre is origin of coordinate system. If I and
L be moment of inertia about x axis and y axis respectively then moment of inertia about
zaxisis I + L.

According to perpendicular axis theory I =1 + L when object is lying in x-y plane.
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Exercise # 3

1. Four rods of equal length | and mass m each form a square as shown in figure. Moment of inertia about four axes
1,23and 4 aresay I, I, and I,.
ColumnI Column IT 4
3
4 p
@ ®)  Lme
3 s 1
2 2
B) L Q 3 m’
1 2
© L R 5 m/
D) I, oS None
2. In each situation of column-I, a uniform disc of mass m and radius R rolls on a rough fixed horizontal surface

as shown. At t = 0 (initially) the angular velocity of disc is , and velocity of centre of mass of disc is v, (in
horizontal direction). The relation between v,, and @, for each situation and also initial sense of rotation is given
for each situation in column-I. Then match the column the Statement in column-I with the corresponding results

in column-II.

Column I Column IT

V,

o

A) (Vo> R ) P) The angular momentum of disc about point A
(as shown in figure) remains conserved
a O
VO
B) ””QZ(VO >R @) Q The kinetic energy of disc after it starts rolling
A
without slipping is less than its initial kinetic
energy
—
© ”’ijo <R o,) R In the duration disc rolls with slipping, the friction
7 acts on disc towards left.
a O
D) Yv, <R o) S) In the duration disc rolls with slipping, the friction
A ’ ’ acts on disc for some time to right and for some

time to left.
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GV

B

©

Column I

In pure rolling work done

by friction

In forward slipping work done

by friction

In backward slipping work

done by friction

P
Q
R)
S
)
O

Column II

is always zero
may be zero

is negative

is positive

may be negative

may be positive

A solid sphere is rotating about an axis as shown in figure. An insect follows the dotted path on the circumference

of sphere as shown.

)
B
©
D)

Column I

Moment of inertia

Angular velocity

Angular momentum

Rotational kinetic energy

(P)
Q
®)
®)
M
O

Column IT

will remain constant

will first increase then decrease

will first decrease then increase

will continuously decrease

will continuously increase

data is insufficient

Insect

A disc with linear velocity v and angular velocity o is placed on rough ground. Suppose a and o be the magnitudes

of linear and angular acceleration due to friction. Then :-

A

B)

©

Column I
When v = Ro
Wh &
env = >
When v =2R®»

(P)

Q

R)
®)

Column IT
a=Ra (a#0)

a>Ra

a<Ra

None

In the adjacent figure a uniform rigid body of mass m and radius R is kept at rest

on arough horizontal surface. A constant horizontal force F is applied at the top
most point of the body. The body starts rolling without slipping. Different shapes
of bodies are given in the column I and based on this problem some physical

quantities related to them are given in column II.

GV
(B
©
D)

Column I
Solid sphere
Ring

Hollow sphere

Disc

P)
Q
(R)

)

Column II

Friction force is zero

Magnitude of friction force is maximum

Accelerationof C. 0. M. is 4F/3m

Magnitude of friction force is F/5
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Part # 11 ) [Comprehension Type Questions] -

Comprehension # 1

In rotational motion if angular acceleration (or retardation) is constant we can apply equations of motion

—|Aa

® = o, + ot etc. Here a =

A solid sphere of mass 5 kg and radius 1 m after rotating with angular speed
®, = 40 rad/s is placed between two smooth walls on a rough ground. Distance
between the walls is slightly greater than the diameter of the sphere. Coefficient of

friction between the sphere and the ground is p = 0.1. Sphere will stop rotating after

(A)8 (B) 12 (C)20 (D) 16

Comprehension # 2
A solid sphere is kept over a smooth surface as shown is figure. It is hit by a cue

at height h above the centre C.

R R
Incase 1, h = 1 and in case 2, h = ER Suppose in case 1 the sphere acquires a total kinetic energy K, and

in case 2 total kinetic energy is K,. Then :-
(Note: That in both the cases, sphere is hit by the same impulse)
(A K, =K, (B) K, > K, (O K, <K, (D) data is insufficient

If the surface is rough, then after hitting the sphere, in which case the force of friction is in forward direction:-
(A) in case 1 (B) in case 2 (C) in both the cases (D) in none of the case

Comprehension # 3

A solid sphere is rolling without slipping on rough ground as shown in figure.

It collides elastically with an identical another sphere at rest. There is no friction

betweenthe two spheres. Radius of each sphere is R and mass is m.

204

Linear velocity of first sphere after it again starts rolling without slipping is :-

2 2 7 7
(A) £ oR (B) - oR (©) {goR (D) £ oR

What is the net angular impulse imparted to second sphere by the external forces ?

Ang BémR Cng DLmR
(4) = mRy (B) 2 mRv (©) ¢ mRy (D) {5 mRv



ROTATIONAL MOTION

Comprehension # 4

A solid sphere has linear velocity v, = 4 m/s and angular velocity «, =9 rad/s o

as shown. Ground on which it is moving, is smooth. It collides elastically with a rough v,

wall of coefficient of friction u. Radius of the sphere is 1 m and mass is 2 kg.

If the sphere after colliding with the wall roll without slipping in opposite direction, then coefficient of friction
uis :-

A7 B) = o D) ¢
@) 5 ®) 3 © 3 ®) 7

What is net linear impulse imparted by the wall on the sphere during impact :-

(A) 32 N-s (B) 4417 N-s (©) 45 N-s (D) 1542 N-s
Comprehension # 5

A small sphere of mass 1 kg is rolling without slipping on a stationary base with

. /200 - . A m
linear speed v = — m/s. It leaves the inclined plane at point C. @—'V //\

Find its linear speed at point C :-

2 2 B 2w S I
()7s ()7s ()35s ()35s

Find ratio of rotational and translational kinetic energy of the sphere when it strikes the ground after leaving
from point C :-

Ag Bg Cl Dl
) 3 ®) 3 © % ®) 5

Comprehension # 6

A disc of mass m and radius R is placed over a plank of same mass m. There is sufficient friction between
disc and plank to prevent slipping. A force F is applied at the centre of the disc.

F
Acceleration of the plank is :-
A) —— - o) Dy SE
()Zm ()4m ()4m ()Zm
Force of friction between the disc and the plank is :-
oF o F oF o 2F
) 5 B) 5 ©) 3 ) 3
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Comprehension # 7

Arod of mass m and length ¢ in placed on a smooth table. An another particle of same mass m strikes the rod with

l
velocity v, in a direction perpendicular to the rod at distance x (< E) from its centre. Particle sticks to the rod. Let ®

be the angular speed of system after collision, then :

1
As x is increased from 0 to 5 the angular speed o :-

(A) will continuously increase (B) will continuously decrease
(C) will first increase and then decrease (D) will first decrease and then increase

Find maximum possible value of impulse (by varying x) that can be imparted to the particle during collision.
Particle still sticks to the rod :-

mv, . 2mv, C 3mv, b 4mv,
5 ®B) =3 © = ®) —

(A)

Comprehension # 8

A rod AB of length 2 m and mass 2 kg is lying on smooth horizontal x- y plane with its centre at origin O
as shown figure. An impulse J of magnitude 10 N-s is applied perpendicular to AB at A.

4y
LA
J
o| p——x

B

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

2 1 1 1
(A) gm (B) gm ©) Em (D) Zm

Co-ordinates of point A of the rod after time t = %s will be :-

[Tt w[En 2] @[EDntn] wmde]

Comprehension # 9

When a force F is applied on a block of mass m resting on a horizontal surface

then there are two possibilities, either block moves by translation or it moves by
toppling. If the surface is smooth then the block always translates but on a rough
surface it topples only when the torque of the applied force F is greater than the Ll L
torque of mg about a point in contact with the ground. A

m |lh

a
When the force F is applied the body may topple about A or it may translate.

When the block topples about A, the normal force :-

(A) passes through centre of mass

(B) is zero

(C) shifts to the right and passes through rightmost edge containing A
(D) is zero if the surface is smooth
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If the block be a cube of edge a and p = 0.2 then :-
(A) the body will translate (B) the body will topple
(C) the body may translate or topple (D) none of the above

If the block is a cube of edge a and p = 0.6 then :-
(A) the body will translate (B) the body will topple
(C) the body first translates and then topples (D) none of the above

Comprehension # 10

A cylinder and a ring of same mass M and radius R are placed on the top of a rough inclined plane of inclination 6 .

Both are released simultaneously from the same height h

Choose the correct statement(s) related to the motion of each body

(A) The friction force acting on each body opposes the motion of its centre of mass

(B) The friction force provides the necessary torque to rotate the body about its centre of mass
(C) Without friction none of the two bodies can roll

(D) The friction force ensures that the point of contact must remain stationary

Identify the correct statement(s)
(A) The friction force acting on the cylinder may be more than that acting on the ring
(B) The friction force acting on the ring may be more than that acting on the cylinder

(C) The velocity of centre of mass of the ring is ,/gh

(D) The velocity of centre of mass of each body is /2gh

Comprehension # 11

In figure, the winch is mounted on an axle, and the 6-sided nut is welded to the winch. By turning the nut with a
wrench, a person can rotate the winch. For instance, turning the nut clockwise lifts the block off the ground,

because more and more rope gets wrapped around the winch.

nut

winch
person grips
wrench here
Block

Wrench turns winch clockwise

Three students agree that using a longer wrench makes it easier to turn the winch. But they disagree about
why. All three students are talking about the case where the winch is used, over a 10 s time interval, to lift
the block one metre off the ground.

Student 1 By using a longer wrench, the person decreases the average force he must exert on the wrench,
in order to lift the block one metre in 10 s.

Student 2 : Using a longer wrench reduces the work done by the person as he uses the winch to lift the block
Im in 10s.

Student 3 : Using a longer wrench reduces the power that the person must exert to lift the block 1m in 10s.
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1. Student 1 is :-

(A) correct, because the torque that the wrench must exert to lift the block doesn't depend on the wrench's
length

(B) correct, because using a longer wrench decreases the torque it must exert on the winch

(C) incorrect, because the torque that the wrench must exert to lift the block doesn't depend on the
wrench's length

(D) Incorrect, because using a longer wrench decreases the torque it must exert on the winch.

2. Which of the following is true about student 2 and 3 :-
(A) Student 2 and 3 are both correct (B) Student 2 is correct, but student 3 is incorrect
(C) Student 3 is correct, but student 2 is incorrect (D) Student 2 and 3 are both incorrect

3. If several wrenches all apply the same torque to a nut, which graph best expresses the relationship between
the force the person must apply to the wrench, and the length of the wrench :-

force
force
force
force

) ) /‘ 3) “)

length length length length

A1 (B) 2 ©3 (D)4

Comprehension # 12

disc of same mass m and radius r is rotated to an angular speed o, and then gently

placed on the plank. If we consider the plank and the disc as a system then frictional M
force between them is an internal force. Momentum of the system changes due to

In the figure shown a plank of mass m is lying at rest on a smooth horizontal surface. A @

external force only. It is found that finally slipping cease, and 50% of total kinetic energy of the system is lost. Assume
that plank is long enough. p is coefficient of friction between disc and plank.

1. Final velocity of the plank is

A r(oo B ro, . r(;)o D T,

A) (B) J0 © 05 N
2. Time when slipping ceases

A ro, . ro, c ro, b ro,

( )Zug (B) Moug ( )4ng D)5 Toug
3. Magnitude of the change in angular momentum of disc about centre of mass of disc

(A) mr’o, (B) mr’o, (€) zero (D) mr’o,
4. Distance moved by the plank from the placing of disc on the plank till the slipping ceases between disc and plank

r’w’ r’ ol r’w’ r’w?
A) 16ug (B) 8ug © 32ug D) 200ug
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Comprehension # 13

A ring of mass M and radius R sliding with a velocity v, suddenly enters into rough surface where the coefficient
of friction is 1, as shown in figure.

Vo

AN\ ]
Rough(p)

Choose the correct statement(s)

(A) As the ring enters on the rough surface, the limiting friction force acts on it

(B) The direction of friction is opposite to the direction of motion

(C) The friction force accelerates the ring in the clockwise sense about its centre of mass

(D) As the ring enters on the rough surface it starts rolling

Choose the correct statement(s)

(A) The momentum of the ring is conserved

(B) The angular momentum of the ring is conserved about its centre of mass

(C) The angular momentum of the ring conserved about any point on the horizontal surface
(D) The mechanical energy of the ring is conserved

Choose the correct statement(s) :—
(A) The ring starts its rolling motion when the centre of mass stationary
(B) The ring starts rolling motion when the point of contact becomes stationary

v

(C) The time after which the ring starts rolling is o0 :g
. .. .Yy

(D) The rolling velocity is o

Choose the correct alternative(s)
o . 3y
(A) The linear distance moved by the centre of mass before the ring starts rolling is %

3
(B) The net work done by friction force is — 3 mv,’

(C) The loss in kinetic energy of the ring is

2
Vo

(D) The gain in rotational kinetic energy is +
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Exercise # 4

210

R
A disc of certain radius is cut from a disk of mass 9M and radius R. Find its @

moment of inertia about an axis passing through its centre and perpendicular to its plane.

Find out the moment of inertia of the following structure (written as PHYSICS) about axis AB and made of
thin uniform rods of the mass per unit length A.

¥<—f,—> (M — (¥ M=l — (M =/

|
T B

z

¥

Calculate the moment of inertia of a wheel about its axis which having rim of mass 24M and twenty four spokes
each of mass M and length /.

-
(2}

A homogeneous rod AB of length L = 1.8 m and mass M is pivoted at

<

the centre O in such a way that it can rotate freely in the vertical plane (fig.).

The rod 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

A
a—
®
* Of efm-e-
|
S’

O and B. Immediately after falling, the insect moves towards the end B such
that the rod rotates with a constant angular velocity o.

(i) Determine the angular velocity ® in terms of v and L.

(ii) If the insect reaches the end B when the rod has turned through an angle of 90°, determine v.

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

R
radius reduces to E

A block 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
auniform solid cylindrical drum Y of mass 2 kg and of radius 0.2 m as shown X

in figure. The drum is given an initial angular velocity such that the block ;

X starts moving up the plane.

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

(ii) At a certain instant of time the magnitude of the angular velocity of Y is 10 rad s
Calculate the distance travelled by X from that instant of time until it comes to rest.

Determine the minimum co-efficient of friction between a thin rod and a floor at which a person can slowly
lift the rod from the floor without slipping, to the vertical position applying to its end a force always perpendicular
to its length.
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10.

11.

12.

Two uniform rods A and B of length 0.6 m each and of masses 0.01 kg and 0.02 kg respectively are rigidly
joined end to end. The 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. 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.

Two thin circular disc of mass 2 kg and radius 10 cm each are joined by a rigid
massless rod of length 20 cm. The axis of the rod is along the  perpendicular to
the planes of the 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. 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/s?, calculate :

(i) the force of friction on each disc and

(ii) 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 vector i, j and k in X, v and z-directions.

A uniform metre scale of mass m is suspended by two vertical string attached to its two ends as shown in figure.

A body of mass m is placed on the 80 cm mark. Calculate the ratio of tension is string.

y7777774 y7777774

— 0.5m—

v
mg mg

——— 0.8m —

Why a force is applied at right angles to the heavy door at its outer edges while closing or opening it ?

1
Four 2kg masses are connected by Zm long spokes to an axle as in shown

1
figure. A force F of 24N acts on a lever 5 m long to produce an angular acceleration

o.. Determine the magnitude of a.
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13.

14.

16.

17.

18.

19.

20.

The pulley shown in fig. has a moment of inertia I about its axis and its radius is R. Find the

magnitude of the acceleration of the two blocks. Assume that the string is light and does not

slip on the pulley ?
A tangential force F acts at the top of a thin spherical shell of mass m and

radius R. Find the acceleration of the shell if it rolls without slipping. f

A cylinder of mass 5 kg and radius 30 cm, and free to rotate about its axis, receives an angular impulse of
3 kgt s initially followed by a similar impulse after every 4s. What is the angular speed of the cylinder after
30s of the initial impulse ? The cylinder is at rest initially.

A moving particle in X - Y plane has its angular momentum in Z-direction only. Prove it.

A uniform rod of mass 8m and length 6a is lying on a horizontal table.

. 2
Two point masses Vl, m
pa a S
m and 2m moving with speed 2v and v respectively strike the rod and stick ¢ . >
. . >
to it as shown in figure then- 2a 'IZ
(i) Calculate the speed of centre of mass of rod after the collision. Y
m

(ii) Calculate angular velocity of the rod about an axis passing through its centre
of mass.

(iii) Kinetic energy of system after collision.

A rod of length ¢ and mass M held vertically is let go down, without slipping at the point of contact. What is the
velocity of the top end at the time of touching the ground ?

A stick of length L and mass M lies on a frictionless horizontal surface on which it is free to move in anyway. A

ball of mass m moving with speed v as shown in fig.

What must be the mass of the ball so that it remains at rest immediately after collision.

M

An initial momentum is imparted to a homogeneous cylinder as a result of which it begins to roll without slipping

up an inclined plane at speed v, = 4ms~!. The plane makes an angle of 30° with the horizontal. What time does

the cylinder take before stopping.
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21.

22.

23.

24.

A light rod carries three equal masses A, B and C as shown in figure. What (/3 ¢/3 /3

will be velocity of B in vertical position of rod, if it is released from horizontal A B C

position as shown in figure ? 1

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 Aﬁ
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 of the edge without slipping. Determine :

(i) The angle 0. through which the cylinder rotates before it leaves contact with the edge.

(ii) The speed of the centre of mass of the cylinder before leaving contact with the edge and

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

As shown in the figure, a rod moves with v=2 m/sec and rotates with ® = 27 rad/sec.
[ } 2m/s

Find the point on the rod whose velocity is zero in this frame. \)/
[0}
A semi circular track of radius R =62.5 cm is cut in a block. Mass of block, having track, | m
is M = 1 kg and rests over a smooth horizontal floor. A cylinder of radius r = 10 cm and R
mass m= 0.5 kg is hanging by thread such that axis of cylinder and track are in same level
M

and surface of cylinder is in contact with the track as shown in figure. When the thread
is burnt, cylinder starts to move down the track. Sufficient friction exists between surface

of cylinder and track, so that cylinder does not slip. Calculate velocity of axis of cylinder
and velocity of the block when it reaches bottom of the track. Also find force applied by
block on the floor at the moment. ( g= 10 m/s?)

A uniform rod of length 4/ and mass m is free to rotate about a horizontal axis passing through a point distance ¢
from its one end. When the rod is horizontal, its angular velocity is ® as shown in figure. Calculate

4

A
(O] J
(i) reaction of axis at this instant,
(ii) acceleration of centre of mass of the rod at this instant,

(iii) reaction of axis and acceleration of centre of mass of the rod when rod becomes vertical for the first time.

(iv) minimum value of @ so that centre of rod can complete circular motion.
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26.

27.

28.

29.

214

A thin rod is passing through the centre of a sphere. The rod is fixed to a

.
vertical axis and the sphere is made to roll on a surface with friction. The radius ©
of the sphere is r, the mass is m and the length of the rod is /. The rod is
< l >
rotating with an angular velocity ®, . Find the energy of the sphere in terms of ( o
L

®,,m, £ andr. Assume the rod to be of negligible mass.

A square frame is formed by four rods, each of length £ = 60 cm. Mass of two rods AB and BC is m =25/18 kg each
while that of rods AD and CD is 2kg each. The frame is free to rotate about a fixed horizontal axis passing through
its geometric centre O shown in figure. A spring is placed on the rod AB at a distance a = 15 cm from B. The spring
is held vertical and a block is placed on upper end of the spring so that rod AB is horizontal.

B
—> 3 «—

°
O

) —

[¢——60cm —i c
(i) Calculate mass M of the block,

(ii) Ifthe spring is initially compressed by connecting a thread between its ends and energy stored initis 76.5 joule,
calculate velocity with which block bounces up when the thread is burnt.

A man and a woman skate towards each other on smooth ice, but in parallel lines. The distance between the lines
is £. The mass of the man is M and that of the woman is m. The velocity of the man is given by V and that of the
woman by v. The woman holds a stick of length ¢ and negligible mass. The stick is directed normal to the direction
of motion as shown in the figure. When the couple passes each other, the man grasps the stick and the couple move
together, each of them holding different ends of the stick.

A
o=

(i) What is the angular velocity of the rod after the couple begin moving together ?

(ii) The couple start moving towards each other by pulling the stick until the distance between them is £ (/, < ¢).
What is the velocity of the centre of mass now ?

(iii) What is the angular velocity of the couple now ?

(iv) What is the work done by the couple as they move from / to £ ?

A small ring of mass m is threaded on a horizontal smooth rod which is rotating about its end with constant angular
velocity m. The ring is initially located at the axis of rotation. When the distance of the ring from the axis becomesr,
then find the power required to rotate the system with same angular velocity.
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Exercise #5 Q Part#1 > [Previous Year Questions| [AIEEE/JEE-MAIN]

1. Initial angular velocity of a circular disc of mass M is @,. Then two small spheres of mass m are attached gently to
two diametrically opposite points on the edge of the disc. What is the final angular velocity of the disc ?
[AIEEE - 2002]

: (M +m ) 5 (M +m ) 3 M s M,

Wy ™ @\~ )™ O\ Mram | @\ Maom |

2. Moment of inertia of a circular wire of mass M and radius R about its diameter is- [AIEEE - 2002]
(1) MR?/2 (2) MR? (3) 2MR? (4) MR%4

3. A particle of massm moves along line PC with velocity v as shown.What is the angular momentum of the particle
about O ? [AIEEE - 2002]

(1) mvL (2) mv/ (3) mvr (4) zero
4. A circular disc X of radius R is made from an iron plate of thickness t and another disc Y of radius 4R is made from
an iron plate of thickness t/4. Then the relation between the moment of inertia I, and I, is- |[AIEEE - 2003]
(HI,=321, (2)I,=161 B3I, =1 (4 I,=641,
5. A particle performing uniform circular motion has angular momentum L. If its angular frequency is doubled and its
kinetic energy halved, then the new angular momentum is- [AIEEE - 2003]
L L
O Ry (2)2L (3)4L @5
4 2
-
6. Let F be the force acting on particle having position vector T and T be the torque of this force about the origin.
Then- [AIEEE - 2003]
- -
(1) 7.7 =0and F .7 #0 2) 7.7 #0and F.T =0
- -
(3) 7.7 #0and F .7 #0 (4)Y.7T=0and F.7T =0
7. Which of the following statements is false for a particle moving in a circle with a constant angular
speed ? [AIEEE - 2004]

(1) The velocity vector is tangent to the circle

(2) The acceleration vector is tangent to the circle

(3) the acceleration vector points to the centre of the circle

(4) The velocity and acceleration vectors are perpendicular to each other

8. A solid sphere is rotating in free space. If the radius of the sphere is increased keeping mass same which one of the
following will not be affected ? [AIEEE - 2004]
(1) moment of inertia (2) Angular momentum  (3) Angular velocity (4) Rotational kinetic anergy

9. One solid sphere A and another hollow sphere B are of same mass and same outer radii. Their moment of inertia
about their diameters are respectively I, and I such that- [AIEEE - 2004]
I da
MI,=I )1, >1 B3I, <I (4) A=A
g dg
where d, and d, are their densities.
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An annular ring with inner and outer radii R, and R, is rolling without slipping with a uniform angular speed. The

ratio of the forces experienced by the two particles situated on the inner and outer parts of the ring —L is-

2
[AIEEE - 2005]

(1) <2 o[B) @1 @ o
Rl R2 RZ
The moment of inertia of uniform semicircular disc of mass M and radius r about a line perpendicular to the plane
of the disc through the centre is- [AIEEE - 2005]
1 2 1
— 2 — 2 _ 2
1 4 Mr ?2) 5 Mr (3) Mr? “) 5 Mr

A spherical ball of mass 20 kg is stationary at the top of a hill of height 100 m. It rolls down a smooth surface to the
ground, then climbs up another hill of height 30 m and finally rolls down to a horizontal base at a height of 20 m
above the ground. The velocity attained by the ball is- [AIEEE - 2005]

(1)40 \/gm/s (2)20 m/s (3)10m/s (4)10+/30 m/s

A coin is placed on a horizontal platform which undergoes vertical simple harmonic motion of angular frequency .

The amplitude of oscillation is gradually increased. The coin will leave contact with the platform for the first time :
[AIEEE - 2006]

(1) at the mean position of the platform (2) for an amplitude of g/w’

(3) for an amplitude of g%/w? (4) at the highest position of the platform

Four point masses, each of value m, are placed at the corners of a square ABCD of side /. The moment of inertia of

this system about an axis passing through A and parallel to BD is [AIEEE - 2006]
(1)2m?? (2) /3 me? (3)3m? (4) m??

A force of -Fk acts on O, the origin of the co-ordinate system. The torque about the point
(1,-1)is: [AIEEE - 2006]
(M F(i-j) z

@) -F(i+j)

3) E(i+j) 0 y
@ -F(i-J) X

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

with an angular velocity @' = : [AIEEE - 2006]
o(m +2M) o(m —2M) om ®m
1) — 2) ——— 3 4) ———
1) m ) (m+2M) ) (m+M) “) (m+2M)
For the given uniform square lamina ABCD, whose centre is O : [AIEEE -2007]
F,
D—4—=C
A B
£l
(1) \/5 IAC: IEF (2) IAD: 3IEF (3) IAC = IEF (4) IAC = \/5 IEF
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19.

20.

21.

22.

23.

24.

25.

A circular disc of radius R is removed from a bigger circular disc of radius 2R, such that the circumference of the

o
discs coincide. The centre of mass of the new disc is R from the centre of the bigger disc. The value of o is-

[AIEEE - 2007]

1 l 2 L 3 l 4 L
(3 @ 5 OF )
A round uniform body of radius R, mass M and moment of inertia I, rolls down (without slipping) an inclined plane
making an angle 6 with the horizontal. Then its acceleration is [AIEEE - 2007]

gsin© gsin® gsin 0 gsin®
H— @ ———— A @) ————
1+I/MR 1+MR“ /1 1-1/MR 1-MR“ /1

Angular momentum of the particle rotating with a central force is constant due to- [AIEEE - 2007]
(1) constant force (2) constant linear momentum
(3) zero torque (4) constant torque
Consider a uniform square plat of side ‘a’ and mass ‘m’ the moment of inertia of this plate about an axis perpendicular
to its plane and passing through one of its corners is [AIEEE - 2008]

l é 2 2 L 2 3 l 2 4 g 2
()6ma ()12ma ()12ma ()Bma
A thin uniform rod of length | and mass m is swinging freely about a horizontal axis passing through its end. Its
maximum angular speed is ®. Its centre of mass rises to a maximum height of: [AIEEE - 2009]

. 1 Po’ X 1 o’ 3 1 1Pe’ s 1lo
M3 ) e 33, Ol
A small particle of mass m is projected at an angle O with the x-axis with an initial velocity v, in the x-y plane as

v, sin 0
shown in the figure. At a time t < . , the angular momentum of the particle is: [AIEEE - 2010]
y
Vo
o
>X
1 A ~ N 1 ~

a) Emgvotzcos 0i (2)-mgv,ttcosOj (3) mg v, t cos Ok (4)—5mgvotzcos9k

Where i, ; and k are unit vectors along x, y and z-axis respectively.

A pulley of radius 2 m is rotated about its axis by a force F = (20t — 5t2) newton (where t is measured in seconds)
applied tangentially. If the moment of inertia of the pulley about its axis of rotation is 10 kg m2, the number of rotations

made by the pulley before its direction of motion it reversed, is :- [AIEEE - 2011]
(1) more than 6 but less than 9 (2) more than 9
(3) less than 3 (4) more than 3 but less than 6

A thin horizontal circular disc is rotating about a vertical axis passing through its centre. An insect is at rest at
a point near the rim of the disc. The insect now moves along a diameter of the disc to reach its other end. Euring

the fjourney of the insect, then angular speed of the disc :- [AIEEE - 2011]
(1) continuously increases (2) first increases and then decreases
(3) remains unchanged (4) continuously decreses

217



PHYSICS FOR JEE MAINS & ADVANCED .

26.

27.

218

A particle of mass 'm' is projected with a velocity v making an angle of 30° with the horizontal. The magnitude of angular
momentum of the projectile about the point of projection when the particle is at its maximum height 'h' is :-

[AIEEE - 2011]
\/§ mv?® my’ \/g mv®
1 (2) zero 3) NP @ 16
A roller is made by joining together two cones at their vertices O. It is kept on P D
two rails AB and CD which are placed asymmetrically (see figure), with its axis
perpendicular to CD and its centre O at the centre of line joining AB and CD
(see figure). It is given a light push so that it starts rolling with its centre O \7//0 ‘\1
moving
parallel to CD in the direction shown. As it moves, the roller will tend to : A c
[JEE (Main)-2016]
(1) turn right (2) go straight (3) turn left and right altemately.  (4) turn left.
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P Part#1I > > [Previous Year Questions|[IIT-JEE ADVANCED| 4f =4

MCQ's with one correct answers ) A
1. "

Let I be the moment of inertia of a uniform square plate about an axis AB that passes
through its centre and is parallel to two of its sides. CD is a line in the plane of the
plate that passes through the centre of the plate and makes an angle 0 with AB. The
moment of inertia of the plate about the axis CD is then equal to:- [IIT-JEE 1998]

0

(A1 (B) 1 sin’0 (C) I cos®® (D) I cos? (EJ

A cubical block of side 'a' 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 :- [LIT-JEE 1999]

]
M —V
0
@ 2 ®) 2 ©-L ™)
4a 2a \/Ea zero

A smooth sphere A is moving on a frictionless horizontal plane with angular velocity ® 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 speed are ®, and ), respectively. Then :- [IIT-JEE 1999]

A) o, <o, B) o, =0, O o,=o D) o,=o

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

of angular momentum of the disc about the origin O is :- [IIT-JEE 1999]
y
m
(@]
M
X
1 2 3 2
A |3 MR ® (B) MR20 © |3 MR o (D) 2MR’0

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

quantities that are conserved as beads slides down are [IIT-JEE 2000]
(A) angular velocity and total energy (kinetic and potential) Q%

(B) total angular momentum and total energy lg
(C) angular velocity and moment of inertia about the axis of rotation / \

(D) total angular momentum and moment of inertia about the axis of rotation
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A cubical block of side L rests on a rough horizontal surface with coefficient of friction p. 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 :- [IIT-JEE 2000]

3
L

. .. mg mg
(A) infinitesimal (B) va ©) > (D) mg (1 —p)
A thin wire of length L and uniform linear mass density p is bent into a circular loop with centre at O as shown.
The moment of inertia of the loop about the axis XX' is :- [IIT-JEE 2000]

X
90°
O

pL? pL? 5pL? 3pL?
A B C D
(A) 8n’ (B) 167 © 167 (D) 8n’

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 :- [IIT-JEE 2001]

(A) %MRZ (B) %MRZ (©) éMRZ (D) v2 MR?

A cylinder rolls up an inclined plane and reaches some height and then rolls down (without slipping throughout
these motions). The directions of the frictional force acting on the cylinder are :- [IIT-JEE 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.

A circular platform is free to rotate in a horizontal plane about a vertical axis passing through its centre. A
tortoise is sitting at the edge of the platform. Now the platform is given an angular velocity @, When the
tortoise move along a chord of the platform with a constant velocity (with respect to the platform). The angular
velocity of the platform w(t) will vary with time t as :- [IIT-JEE 2002]

ot o(t o(t o(t
B @ ®, ®,
(A) (B) © D)
t t t t
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11.

12.

13.

14.

16.

Consider a body, shown in figure, consisting of two identical balls, each of mass M connected by a light rigid
rod. If an impulse J = Mv is imparted to the body at one of its end, what would be its angular velocity :-

[ V—  FE— >
MO—?M
J=Mv
A) — B) 2¥ C) — D) — IIT-JEE 2003
@ 7 ®) 7 © 31 ® g [T |

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

momentum of the particle remain conserved ? [IIT-JEE 2003]
(A) Centre of circle (B) On the circumference of the circle
(C) Inside the circle (D) Outside the circle

A disc is rolling (with slipping) on a horizontal surface. C is its centre and Q and P are two points equidistant
from C. Let v, A and v be the magnitude of velocities of points P, Q and C respectively, then :-[IIT-JEE 2004]

1
(A)VQ>VC>VP (B) Vo< Ve <V, (C)VQ:VP, VC:EVP (D)VQ<VC>VP
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 and moment of inertia is I. The child now stretches his arms so that the moment
of inertia of the system doubles. The kinetic energy of the system now is :- [IIT-JEE 2004]

K K
(A) 2K (B) > © 7 (D) 4K

A particle moves in a circular path with decreasing speed. Choose the correct Statement :
(A) Angular momentum remains constant [LIT-JEE 2005]

(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

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

is :- [IIT-JEE 2005]
R
3 5
i2R
i3
v
2/ 10
40 37
(A) 4MR? (B) 5~ MR’ (C) 10MR? (D) 5~ MR’
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17. A solid sphere of radius R has moment of inertia I about its geometrical axis. If it is melted into a disc of radius
r and thickness t. If it's moment of inertia about the tangential axis (which is perpendicular to plane of the disc),
is also equal to I, then the value of r is equal to :- [IIT-JEE 2006]

CI

2z 2R o) —_R V3 o
A) N (B) 5 © N (D) NG
18. A small object of uniform density rolls up a curved surface with an initial velocity v. It reaches up to a maximum
2
height of 4g with respect to the initial position. The object is :- [IIT-JEE 2007]
(A) ring (B) solid sphere (C) hollow sphere (D) disc
19. A block of base 10 cm x 10 cm and height 15 cm is kept on an inclined plane. The coefficient of friction between them

is \/5 . The inclination 0 of this inclined plane from the horizontal plane is gradually increased from 0°. Then :-

[IIT-JEE 2009]
(A) at 8 =30°, the block will start sliding down the plane
(B) the block will remain at rest on the plane up to certain 0 and then it will topple
(C) at 6=60°, the block will start sliding down the plane and continue to do so at higher angles
(D) at 8=60°, the block will start sliding down the plane and on further increasing 6, it will topple at certain 0

20. If the resultant of the external forces acting on a system of particles is zero, then from an inertial frame, one can surely
say that [IIT-JEE 2009]
(A) linear momentum of the system does not change in time
(B) kinetic energy of the system does not change in time
(C) angular momentum of the system does not change in time
(D) potential energy of the system does not change in time

MCQ's with one or more than one correct answers

1. The torque 7 on a body about a given point is found to be equal to A * [, where A is a constant vector

and L is the angular momentum of the body about that point. From this it follows that :-[IIT-JEE 1998]

dL ~
(A) Ot is perpendicular to L at all instants of time

(B) the component of L in the direction of A does not change with time
(C) the magnitude of L does not change with time

D) L does not change with time
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A solid sphere is in pure rolling motion on an inclined surface having inclination 6 :- [IIT-JEE 2006]

0

(A) frictional force acting on sphere is f = u mgcos0
(B) f is disspative force
(C) friction will increase its angular velocity and decreases its linear velocity

(D) if © decrease, friction will decrease

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, K, and K. are kinetic energy of the ball at A, B and C respectively, then:-
[IIT-JEE 2006]

(A)h,>h;K,>K. (B)h >h;K.>K, (Oh =h;K,=K, (D)h,<h;K, >K,

B C

A sphere is rolling without slipping on a fixed horizontal plane surface. In the figure, A is the point of contact, B is

the centre of the sphere and C is its topmost point. Then [IIT-JEE 2009]
c
—
(A) Vo =V, =2(V — Vo) (B) Ve =V =V —V,
(©) [ = V4| =2[05 -] (D) [ = V4| =404

Assertion-Reason

1.

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-2 : By the principle of conservation of energy, the total kinetic energies of both the cylinders are identical

when they reach the bottom of the incline.

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

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

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

(D) Statement-1 is False, Statement-2 is True
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Comprehension Based Questions

Comprehension #1

Two discs A and B are mounted coaxially on a vertical axle. The discs have moments of inertia I and 21 respectively
about the common axis. Disc A is imparted an initial angular velocity 2 using the entire potential energy of
a spring compressed by a distance x,. Disc B is imparted an angular velocity @ by a spring having the same
spring constant and compressed by a distance x,. Both the discs rotate in the clockwise direction.[IIT-JEE 2007]

Xy
The ratio _ is :-
Xy

1 1
(A)2 B) 5 ©) 2 D) 75

When disc B is brought in contact with disc A, they acquire a common angular velocity in time t. The average
frictional torque on one disc by the other during this period is :-

\ 2o 5 2o o 2o 5 2o
(A) 3t (B) 2t © 4t (D) 2t
The loss of kinetic energy during the above process is :-

o 5 10 o b 10
(A= B) =3 (© D) ~

Comprehension #2

224

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
symmetrically 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. 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

Vo= \70§. The coefficient of friction is . [IIT-JEE 2008]

0

X

The net external force acting on the disk when its centre of mass is at displacement x with respect to its equilibrium
position is
2kx 4kx

(A)—kx (B) —2kx (©) 3 (D) -

The centre of mass of the disk undergoes simple harmonic motion with angular frequency ® equal to
R \/? . [2k . [2k 5 [4k

(A) M (B) M © M (D) 3M

The maximum value of v, for which the disk will roll without slipping is

R \/ﬁ . \/ﬁ . /31\/1 5 [5M
()HQ? ()Hgﬁ ()HQT ()HQE
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Subjective Questions

1.

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

R
1 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 lower position. [IIT-JEE 1998]

P 1@

A man pushes a cylinder of mass m, 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 :

|:1—> m,

m,

(i) the acceleration of the plank and the centre of mass of the cylinder and
(ii) the magnitude and directions of frictional forces at contact points. [IIT-JEE 1999]

A rod AB of mass M and length L is lying on a horizontal frictionless surface. A particle of mass m travelling
along the surface hits the end A of the rod with a velocity v, in a direction perpendicular to AB. The collision
is elastic. After the collision the particle comes to rest. [IIT-JEE 2000]

i) Find the ratio —
(i) Fin eraloM

(ii) A point P on the rod is at rest immediately after collision. Find the distance AP.

nL

3V,

Two heavy metallic plates are joined together at 90° to each other. A laminar sheet of mass 30 kg is hinged
at the line AB joining the two heavy metallic plates. The hinges are frictionless. The moment of inertia of the
laminar sheet about an axis parallel to AB and passing through its centre of mass is 1.2
kg-m? Two rubber obstacles P and Q are fixed, one on each metallic plate at a distance 0.5 m from the line
AB. 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 obstacle is 6 N-s. [IIT-JEE 2001]

(iii) Find the linear speed of the point P after a time after the collision.

(i) Find the location of the centre of mass of the laminar sheet from AB.
(ii) At what angular velocity does the laminar sheet come back after the first impact.
(iii) After how many impact, does the laminar sheet come to rest.
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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 =~ A®--
is placed on a horizontal frictionless table (x-y plane) and is hinged to it at the point

A, so that it can move without friction about the vertical axis through A (see figure).

The body is set into rotational motion on the table about A with a constant angular
velocity . [IIT-JEE 2002]

F—B

(i) Find the magnitude of the horizontal force exerted by the hinge on the body.
(ii) At time T, 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 T.

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.[IIT-JEE 2005]
Q

0 4

LM

myv

e

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. [IIT-JEE 2005]

A uniform circular disc of mass 50 kg and radius 0.4 m is rotating with an angular velocity of
10 rad s about its own axis, which is vertical. Two uniform circular rings, each of mass 6.25 kg and radius
0.2 m, are gently placed symmetrically on the disc in such a manner that they are touching each other along
the axis of the disc and are horizontal. Assume that the friction is large enough such that the rings are at rest
relative to the disc and the system rotates about the original axis. The new angular velocity (in rad s™') of the
system is [IIT-JEE 2013]
Two identical uniform discs roll without slipping on two different surface AB and CD (see figure) starting at A and
C with linear speeds v, and v,, respectively, and always remain in contact with the surfaces. If they reach B and D
with the same linear speed and v, = 3 m/s, then v,in m/s is (g = 10 m/s’) [IIT-JEE 2015]
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10.

11.

12.

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

M
O with two point masses each of mass o atrest at O. These masses can move radially outwards along two massless

8

8
rods fixed on the ring as shown in the figure. At some instant the angular speed of the system is 7 ® and one of the

9
3
masses is at a distance of 5 R from O. At this instant the distance of the other mass from O is. [IIT-JEE 2015]
2
=R
@3
®
1
®) 3R QD)
3
) =R
©7 S\
4 0
—R
™) ¢

r
The densities of two solid spheres A and B of the same radii R vary with radial distance r as p, (r) =k (Ej and

5
r
p(r) =k (Ej , respectively, where k is a constant. The moments of inertia of the individual spheres about axes

I n
passing through their centres are I, and I, respectively. If I_B = 10° the value of n is - [IIT-JEE 2015]
A

Two thin circular discs of mass ma and 4m, having radii of a and 2a, respectively, are rigidly fixed be a massless,, rigid

rod of length 1 =+/24a through their center. This assembly is laid on a firm and flat surface, and set rolling without
slipping on the surface so that the angular speed about the axis of the rod is . The angular momentum of the entire

assembly about the point ‘O’ is L (see the figure). Which of the following statement(s) is(are) true?

[IIT-JEE 2016]
(A) The centre of mass of the assembly rotates about the z-axis with an angular speed of ®/5
(B) The magnitude of angular momentum of center of mass of the assembly about the point O is 81 ma*®

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

(D) The magnitude of the z-component of L is 55 ma’o.
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[ —

. —
) > > MOCKTEST __J _ {
SECTION-1: STRAIGHT OBJECTIVE TYPE

A uniform thin rod of length 4 /, mass 4m is bent at the points as
shown in the figure. What is the moment of inertia of the rod
about the axis passing through point O & perpendicular to the
plane of the paper.

L me @ 1om* o m oy M
(4 3 3 12 24

Two points of a rod move with velocities 3 v & v perpendicular to the rod and in the same direction, separated
by a distance 'r'. Then the angular velocity of the rod is:

@A)~ (B) — © = (D) ~

In the pulley system shown, if radii of the bigger and smaller pulley are 2m and 1 m
respectively and the acceleration of block A is 5 m/s? in the downward

direction, then the acceleration of block B will be:

(A) 0 m/s? (B) 5 m/s?

(C) 10 m/s? (D) 5/2 m/s?

A B

A uniform thin rod of mass ‘m’ and length L is held horizontally by two vertical strings attached to the two ends.
One of the string is cut. Find the angular acceleration soon after it is cut :

g g 39 29
A) — B) = — D) —
(A) 5 ®) T © 5 )
A sphere is released on a smooth inclined plane from the top. When it moves down its angular momentum is:

(A) conserved about every point

(B) conserved about the point of contact only

(C) conserved about the centre of the sphere only

(D) conserved about any point on a line parallel to the inclined plane and passing through
the centre of the ball.

A smooth tube of certain mass is rotated in gravity free space and released. k:)a)

The two balls shown in the figure move towards ends of the tube. For the (n) CI) (l)
whole system which of the following quantity is not :

conserved? |

(A) Angular momentum (B) Linear momentum s

(C) Kinetic energy (D) Angular speed
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13.

In the figure shown a ball rolls without sliding. On a horizontal
surface. It ascends a curved track upto height h and returns.
Value ofhis h, for sufficiently rough curved track to avoid sliding

h
and h, for smooth curved track, then:
(A)h, =h, (B)h, <h, __ _ sl
(C)h,>h, (D)h,=2h,

A uniform ring of radius R rolls without sliding with a constant velocity. The radius of curvature of the path
followed by any particle of the ring at the highest point of its path will be :
(AR (B)2R (C)4R (D) none of these

A uniform ring of radius R is given a back spin of angular velocity V /2R and thrown on a horizontal rough surface
with velocity of center to be V.. The velocity of the centre of the ring when it starts pure rolling will be
(A)Vy2 (B) V4 (©)3Vy/4 D)0

A planar object made up of a uniform square plate and four semicircular
discs of the same thickness and material is being acted upon by four
forces of equal magnitude as shown in figure. The coordinates of point

S\
2| 2
g7

of application of forces is given by
W)

(A)(0,a) (B) (0, -a) (©)(a,0) (D) (2,0)

A square plate of edge a/2 is cut out from a uniform square plate
of edge 'a' as shown in figure. The mass of the remaining portion
is M. The moment of inertia of the shaded portion about an axis
passing through 'O’ (centre of the square of side a) and a4 | al4
perpendicular to plane of the plate is : O/
9 a2 3 a2
(A) gz Ma (B) 75 Ma
< a

CiMz DM_a2
(C) 75 Ma D) ~¢

>
>

A uniform disc is performing pure rolling on a smooth stationary surface with constant angular velocity as
shown in figure. At any instant, for the lowermost point of the disc
(A) Velocity is v, acceleration is zero

(B) Velocity is zero, acceleration is zero VIR
2
o ..V
(C) velocity is v, acceleration is R v
v2

(D) velocity is zero, acceleration is R
A small block of mass ‘m’ is rigidly attached at ‘P’ to a ring of mass ‘3m’ P
and radius ‘r’. The system is released from rest at 8 = 90°
and rolls without sliding. The angular acceleration of hoop just after
release is —

9 9 9 9
(A) 4r (B) 8r (© 3r (D) 2r
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A uniform equilateral prism of mass m rests on a rough horizontal surface with
coefficient of friction p. A horizontal force F is applied on the prism as shown in the F
figure. If the coefficient of friction is sufficiently high so that the prism does not

slide before toppling, then the minimum force required to topple the prism a a
is:
a
R g M9 o g ) 4mg
A) NG B) © NG D) =
A uniform rod of mass m, length ¢ is placed over a smooth horizontal y
surface along y-axis and is at rest as shown in figure. An impulsive force F
is applied for a small time At along x-direction at point A. The x—coordinate T A
of end A of the rod when the rod becomes parallel to x—axis for the first 02
time is (initially the coordinate of centre of mass of the rod
is (0, 0)) : i x
’ 02
144 i
add —|1+—
A) 75 (B) 2[ 12} y
o3 oilrg
© 35|15 ®) 5|15 .
A uniform rod of mass M and length L lies radially on a disc rotating
with angular speed ® in a horizontal plane about its axis. The rod does
not slip on the disc and the centre of the rod is at a distance R from
the centre of the disc. Then the kinetic energy of
the rod is :
(A) 1 e R2+ﬁ B) I (©) 1 nerr2 (D) None of th
2mc0 12 ( 2m 24m ) None of these

A uniform rod of length / is sliding such that one of its ends is always in contact with a vertical wall and its
other end is always in contact with horizontal surface. Just after the rod is released from rest, the magnitude
of acceleration of end points of the rod are a and b respectively. The angular acceleration of rod at this instant

will be

R a+b s |a? -b? |

A~ R
va? +b?

©) — (D) None of these

I
A particle of mass m is moving at speed v perpendicular to a rod of length :
d and mass M = 6m which pivots around a frictionless axle running through :d
its centre. It strikes and sticks to the end of the rod. The moment of inertia !
of the rod about its centre is Md?*/12. Then the angular speed of the system mo—=>Y--aa-- v
just after the collision is

(A) 2v/3d. (B) 2v/d. (C) v/d. (D) 3v/2d.
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A particle falls freely near the surface of the earth. Consider a fixed point O (not vertically below the particle) on the
ground. Then pickup the incorrect alternative

(A) Angular momentum of the particle about O is increasing.

(B) Torque of the gravitational force on the particle about O is decreasing.

(C) The moment of inertia of the particle about O is decreasing.

(D) The angular velocity of the particle about O is increasing.

A ball of mass m moving with constant velocity u collides with a
smooth horizontal surface at O as shown. Neglect gravity and
friction. The y-axis is drawn normal to the horizontal surface at
the point of impact O and x-axis is horizontal as shown in the
figure. About which point will the angular momentum of ball

0]
be conserved. smooth horizontal surface
(A) point A (B) point B
(C) point C (D) None of these
In the figure shown, a small solid spherical ball of mass 'm' can move without - (=) ----~ STR—_

sliding in a fixed semicircular track of radius R in vertical plane. It is released
from the top. The resultant force on the ball at the lowest point of the track is

10mg 17mg 3mg

2 B) ——~ © =

(A) (D) zero

A uniform thin rod is bent in the form of closed loop ABCDEFA as shown in the figure.

Ny
; c semicircle

.AB[ Y \DE_,

semicircle

The ratio of moment of inertia of the loop about x-axis to that about y-axis is.
(A)>1 B)<1 ©O)=1 (D)=1/2

LU L L L

Figure shows an arrangement of masses hanging from a
ceiling. In equilibrium, each rod is horizontal, has negligible
mass and extends three times as far to the right of the wire
supporting it as to the left. If mass m, is 48 kg then

mass m, is equal to

(A) 1kg (B)2kg (©)3kg (D)4kg

Two identical uniform discs of mass m and radius r are arranged as shown in the figure. If & G

is the angular acceleration of the lower disc and a_ is acceleration of centre of mass

of the lower disc, then relation amonga_, 0t & ris : @
(04

Aa_=— B)a,_=20ar (C)a, =ar (D) none of these g
r

231



PHYSICS FOR JEE MAINS & ADVANCED

25.

26.

27.

28.

232

A uniform solid sphere rolls up (without slipping) the rough fixed inclined

plane, and then back down. Which is the correct graph of acceleration 'a' of
centre of mass of solid sphere as function of time t (for the duration sphere is

on the incline) ? Assume that the sphere rolling up has a positive

Velocity. 17777 7 e//// 7777777 7777
a a a a
y — 4 y
t I S
) © (®) O t ©o >t ()0 >t

A conical pendulum consists of a simple pendulum moving in a
horizontal circle as shown in the figure. C is the pivot, O the centre of
the circle in which the pendulum bob moves and ® the constant
angular velocity of the bob. If L is the angular

momentum about point C, then

(A) L is constant

(B) only direction of L is constant

(C) only magnitude of L is constant
(D) none of the above.

A child with mass m is standing at the edge of a playground merry-go-round (A large uniform disc which
rotates in horizontal plane about a fixed vertical axis in parks) with moment of inertia I, radius R, and initial
angular velocity ® as shown in figure. The child jumps off the edge of the merry-go-round with a velocity v
with respect to the ground in direction tangent to periphery of the disc as shown. The new angular velocity
of the merry-go-round is:

A) 1o? —Imv2 ®) \/(I+mR2)Im2—mv2

To-mvR I+mR?)o-mvR
o (D) : ;

©

Two identical uniform solid spherical balls A & B of mass m each are placed on
a fixed wedge as shown in figure. Ball B is kept at rest and it is released just
before two balls collides. Ball A rolls down without slipping on inclined plane
& collide elastically with ball B. The kinetic energy of ball A

just after the collision with ball B is :

mgh
7

mgh 2mgh

A) B) = © 5
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w
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A uniform triangular plate ABC of moment of mass m and inertia I (about an A a B
axis passing through A and perpendicular to plane of the plate) can rotate 8\

freely in the vertical plane about point 'A' as shown in figure. The plate is [

released from the position shown in the figure. Line AB is horizontal. The a a

acceleration of centre of mass just after the release of

plate is : ¢
mga? mga? mga? mga?

A) J31 (B) T4 © 231 D) 733

SECTION -11 : MULTIPLE CORRECTANSWERTYPE

In the shown figure, the pulley of mass M and radius R can rotate about its fixed
horizontal axis (axle) without friction. Friction between light inextensible string and
pulley is sufficient to prevent slipping of string over pulley. The masses of blocks
are m, and m, such that m, > m,. The system is initially released from rest as shown.
Before the block of mass m, touches the pulley, pick up the correct statements.

(A) The magnitude of acceleration of any small length d/ of string is constant throughout the motion.

(B) Magnitude of force exerted by string on mass m, is larger as compared to that exerted by string on mass m,.
(C) Accelerations of both blocks are same.

(D) The acceleration of small length d/ of string in contact with block of mass m, remains constant.

A ladder AB is supported by a smooth vertical wall and rough horizontal floor B

as shown. A boy starts moving from A to B slowly. The ladder remains

at rest, then pick up the correct statement(s) : smooth

(A) Magnitude of normal reaction by wall on ladder at point B will increase. wal

(B) Magnitude of normal reaction by wall on ladder at point B will decrease. A

(C) Magnitude of normal reaction by floor on ladder at point A will remain unchanged. rough floor

(D) Magnitude of friction force by floor on ladder at point A will increase.

A rigid body is in pure rotation, that is, undergoing  fixed axis rotation. Then which of the following
statement(s) are true?

(A) You can find two points in the body in a plane perpendicular to the axis of rotation having same velocity.

(B) You can find two points in the body in a plane perpendicular to the axis of rotation having same acceleration.

(C) Speed of all the particles lying on the curved surface of a cylinder whose axis coincides with the axis of rotation
is same.

(D) Angular speed of the body is same as seen from any point in the body.

A uniform disc of mass 2kg and radius 1m is mounted on an axle supported on fixed frictionless bearings. A light cord
is wrapped around the rim of the disc and mass of 1kg is tied to the free end. If it is released from rest,

(A) the tension in the cord is SN

(B) in first 4 seconds the angular displacement of the disc is 40 rad.

(C) the work done by the torque on the disc in first 4 sec. is 200]

(D) the increase in the kinetic energy of the disc in the first 4 seconds is 200J.
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Auniform rod AC of length 7 and mass m is kept on a horizontal

smooth plane. It is free to rotate and move. A particle of same B //4

mass m moving on the plane with velocity v strikes the rod at .

point B making an angle 37° with the rod. The collision is elastic. A I “{370 C

After collision : "OV
72 v : : .

(A) The angular velocity of the rod will be —-—

557
4
(B) The centre of the rod will travel a distance T in the time in which it makes half rotation
24mv
(C) Impulse of the impact force is 55

(D) None of these

SECTION - 111 : ASSERTION AND REASON TYPE

Statement-1 : A uniform rigid disc rolls without slipping on a fixed rough horizontal surface with uniform
angular velocity. Then the acceleration of lowest point on the disc is zero.

Statement-2 : For a uniform rigid disc rolling without slipping on a fixed rough horizontal surface, the
velocity of the lowest point on the disc is always zero.

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

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

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

(D) Statement-1 is False, Statement-2 is True.

Statement-1 : A uniform thin rod of length L is hinged about one of its end and is free to rotate about the
hinge without friction. Neglect the effect of gravity. A force F is applied at a distance x from the hinge on the
rod such that force is always perpendicular to the rod. As the value of x is increased from zero to L, the
component of reaction by hinge on the rod perpendicular to length of rod increases.

Statement-2 : Under the conditions given in statement-1 as x is increased from zero to L, the angular
acceleration of rod increases.

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

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

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

(D) Statement-1 is False, Statement-2 is True. a

Statement-1 : Auniform cubical block(of side a) undergoes translational
motion of a smooth horizontal surface under action of horizontal force F as

— —>

F,—»
shown. Under the given condition, the horizontal surface exerts normal a/4I
reaction non-uniformly on lower surface of the [T77T777T7777777777T77777

block.

Statement-2 : For the cubical block given in statement-1, the horizontal force F has tendency to rotate the
cube about its centre in clockwise sense. Hence, the lower right edge of cube presses the horizontal surface
harder in comparison to the force exerted by lower left edge of cube on horizontal surface.

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

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

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

(D) Statement-1 is False, Statement-2 is True.
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STATEMENT-1 : A uniform solid sphere and a uniform hollow sphere of same radius and same material are
released (at rest) from the top of a fixed inclined plane at the same time. They will reach the bottom simultaneously,
if they roll with sliding.

STATEMENT=-2: In the situation of statement-1, the centres of both spheres have the same acceleration and they
travel the same distance. Hence time taken is same.

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

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

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

(D) Statement-1 is False, Statement-2 is True.

Statement-1 : The net momentum of a system of two moving particles is zero. Then at a particular instant of
time, the net angular momentum of system of given two particle is same about any point.

Statement-2 : If net momentum of a system of two moving particle is zero, then angular momentum of system of
given two particles is zero about any point.

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

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

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

(D) Statement-1 is False, Statement-2 is True.

SECTION -1V : COMPREHENSION TYPE

Comprehension # 1

In this passage a brief idea is given of the motion of the rolling bodies on an inclined plane.
We will consider three cases : Objects are released on an incline plane

Case A : which is smooth. ;

Case B : where friction is insufficient to provide pure rolling.

Case C : where friction is sufficient to provide pure rolling.

Force diagram for three cases are as follows : (where symbols have their usual meanings)

X

Case (A) Case (B) Case (C)
o=0 azaR a=oaR

Equations for case (C) :

Mgsinf — f = Ma

fR = (Mk?)a ; where k = radius of gyration and f is force of friction.

a=oR

on solving the above equations we will get

Object | Ring |Disc| Hollow| Solid
gsin6 sphere| sphere
1+~ R 2 2

2 R |[=||—R|/|=R
R K 2 || 3 5

To decide the minimum friction coefficient to provide pure rolling put
f=pnMgcos0
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2
tan 9(2]
And we will get M = R

Equations for case (B) :
Mg sin® — uN = Ma
uNR = Mk?a
N = Mgcosf
The K.E. of a rolling body can be expressed as :
KE. = %MV@M +%ICMm2
Three solid uniform spheres are released on an inclined plane as shown in figure. The distance between the
spheres remains constant during motion in :
(A) all three cases
(B) case ‘A’ & ‘B’
(C) only case ‘C’
(D) depends on the mass of the spheres. 0

We have four objects : a solid sphere, a hollow sphere, a ring & a disc, all of same radius. When these are
released on an inclined plane, it may happen that all of them do not perform pure rolling. But from the
information of pure rolling, if one object can be confirmed to be purely rolling then it can be said that rest all
will perform pure rolling. This object whose pure rolling confirms pure rolling of all other objects is :

(A) hollow sphere (B) solid sphere (C) ring (D) disc

If the four objects given in the above question are of same mass, same radius having the same friction
coefficient & are released from the same height, then at the bottom the object which will have least kinetic
energy for case ‘B’ will be then :-

(A) hollow sphere (B) solid sphere (C) ring (D) disc

Two children ‘A’ & ‘B’ use bicycles, having wheels of ring type and disc type respectively. During a race,
bicycles are given the same velocity from the bottom of the inclined bridge to ascend the bridge without
pedalling, then (assuming pure rolling) :

(A) both bicycles with reach upto same height

(B) bicycle of child ‘A’ will reach a greater height

(C) bicycle of child B will reach a greater height

(D) depends on the masses of bicycles and the child

Comprehension # 2

236

Auniform bar of length 6 a & mass 8 m lies on a smooth horizontal table. Two point masses m & 2 m moving
in the same horizontal plane with speeds 2 v and v respectively strike the bar as shown in the figure & stick

to the bar after collision. o2m
\%
C
[ ° ]8m
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Velocity of the centre of mass of the system is
v 2v
A - (B)v ©) —+ (D) Zero
2 3
Angular velocity of the rod about centre of mass of the system is
A) — B) —— C) — D) —
()5a ()15a ()3a ()10a
Total kinetic energy of the system, just after the collision is

3 3 3
(A) 5 mv? (B) 25 mv? ©) 15 mv? (D) 3 mv?

Comprehension # 3

47.

48.

49.

51.

52.

A bicycle has pedal rods of length 16 cm connected to a sprouted disc of radius 10 cm. The bicycle wheels are
70 cm in diameter and the chain runs over a gear of radius 4 cm. The speed of the cycle is constant and the
cyclist applies 100 N force that is always perpendicular to the pedal rod,

as shown in the figure. Assume tension
in the lower part of chain is negligible.
The cyclist is peddling at a constant

Chai
rate of two revolutions per second. Upsg: part F=100N
Assume that the force applied by other
foot is zero when one foot is exerting
100 N force. Neglect friction within 16cm
cycle parts & the rolling friction. Sprocket Disc
Wheel "
R=35cm
The tension in the upper portion of the chain is equal to
(A) 100N (B) 120N (C) 160N (D)240N
Net torque on the rear wheel of the bicycle is equal to
(A) zero (B) 16 N-m (C)6.4N-m (D)4.8 N-m
The power delivered by the cyclist is equal to
(A)280W (B) 100 W (C) 64 W (D)32W
The speed of the bicycle is
(A) 6.4 tm/s (B)3.5tm/s (C)2.8 tm/s (D) 5.6 tm/s
The net force of the friction on the rear wheel due to the road is :
(A) 100N (B)62N (©)32.6N (D) 18.3N

SECTION -V : MATRIX - MATCHTYPE

A uniform disc rolls without slipping on a rough horizontal surface with uniform
angular velocity. Point O is the centre of disc and P is a point on disc as shown in
figure. In each situation of column I a statement is given and the corresponding
results are given in column-II. Match the statements in column-I with the results
in column-II.
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Column I Column I

(A) The velocity of point P on disc (P) Changes in magnitude with time

(B) The acceleration of point P on disc (Q) is always directed from that point (the
point on disc given in column-I)

towards centre of disc.

(C) The tangential acceleration of point P on disc (R) is always zero
(D) The acceleration of point on disc which is in (S) is non-zero and remains constant
contact with rough horizontal surface in magnitude

(T) Changes in direction with time.

In each situation of column-I, a uniform disc of mass m and radius R rolls on a rough fixed horizontal surface
as shown. At t=0 ( initially) the angular velocity of disc is w_ and velocity of centre of mass of disc is v (in
horizontal direction). The relation between v_ and w, for each situation and also initial sense of rotation is
given for each situation in column-I . Then match the statements in column-I with the corresponding results
in column-IT .

Column-I Column-II

(P) The angular momentum of disc about point A

(as shown in figure) remains conserved.

B) (v,>Ro,) (Q) The kinetic energy of disc after it starts rolling

without slipping is less than its initial kinetic energy.

(R) In the duration disc rolls with slipping, the

friction acts on disc towards left.

(D) (v,<Rw) (S) Before rolling starts acceleration of the disc remains
A constant in magnitude and direction.

(T) Final angular velocity is independent of friction
coefficient between disc and the surface.
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Consider a system of particles (it may be rigid or non rigid). In the column-I some condition on force and
torque is given. Column-II contains the effects on the system. (Letters have usual meaning)

Column-| Column-11
(A) IEres =0 (P) lssystem will be constant
(B) Tes =0 Q) Esystem will be constant
(C) External force is absent (R) total work done by all forces will be zero
(D) No non conservative force acts. (S) total mechanical energy will be constant.

(T) total work done by all the forces may be non zero.

SECTION-VI: INTEGERTYPE

A uniform rod of length 75 cm is hinged at one of its ends and is free to rotate in vertical plane. It is released from
rest when rod is horizontal. When the rod becomes vertical, it is broken at mid—point and lower part now moves
freely. The distance of centre of lower part from hinge, when it again becomes vertical for the first time is r. Find the
approximate value of 2r.

A solid homogeneous cylinder of height h=1m and base radius r=1m is kept vertically on a conveyer belt
moving horizontally with an increasing velocity v =1 + t2. If the cylinder is not allowed to slip find the time
when the cylinder is about to topple.

A billiard ball at rest is struck horizontally one tenth of the diameter below the top. If P be the linear impulse of
2
X
the blow find the initial kinetic energy of the ball is ’IOLM then x is given by the mass of the ball is being M.

In the figure shown a block B of mass m can slide on a fixed horizontal smooth plane. A uniform solid sphere
A of radius r of the same mass rolls without sliding on the block B. Find the angular acceleration of the

Xg .
sphereT then x is.

A uniform rod of length R and mass M is free to rotate about a horizontal axis

passing through hinge P as in figure. First it is taken aside such that it becomes M:% R
horizontal and then released. At the lowest point the rod hits the block B of mass
m and stops. if ratio of mass of rod M to the mass of block m such that

the block B completes the circle /x then x is. Neglect any friction.

A carpet of mass M made of inextensible material is

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

. |xgR .
to R/2.is y/—— ms’! then x is
3 E F

A thin uniform square plate ABCD of side 'a' and mass m is
suspended in vertical plane as shown in the figure. AE and BF

are two massless inextensible strings. The line AB is horizontal. A v, B
Find the tension in the string AE just after BF is cut is a
then x is. D 5 C
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EXERCISE -1

1. B 2. A 3 A 4 D 5 C 6. B 7. A 8 C 9. A 10.B 11.B 12. A 13. B
14.D 15.C 16.B 17.C 18. D 19.B 20.D 21.C 22.C 23.C 24.B 25.C 26.B
27.D 28.B 29.B 30.B 31.D 32.B 33. D 34.C 35.C 36.D 37.A 38.C 39.B
40. B 41.C 42.B 43. A 44.C 45 B 46.D 47.C 48. B 49.C 50.D 51.C 52.B
53.C 54.C 55.B 56.C
EXERCISE -2 : PART #1
1. B 22 D 3. C 4 A 5 A 6. C 7. A 8 B 9. D 10.C 11.C 12. A 13. B
14.D 15.D 16. A 17.B 18. D 19.B 20.D 21.B 22.B 23.B 24. A 25. A 26. D
27. BCD 28. A 29. A 30. ACD 31. AC 32. BC 33. ABC 34. ABC 35. ACD
PART # 11
1. D 2 B 3 B 4 D 5 D 6. D 7. D 8 A 9. A 10.A 11.D
EXERCISE -3 : PART #1
1.A>Q;B—>S;C—>Q;D>Q 2.A->PQR; B>PQR;C—>PQ;D—>PQR
3. A5 Q,T,U;B>Q,T,U; C—>Q,T,U 4 A>Q;B>R;C—>P;D—>R
5A—>S;B—>R;C—>R 6A—>Q;B>P;C>S;D>R
PART # 11
Comprehension #1 : 1. D Comprehension #2 : 1. C 2. B
Comprehension #3 : 1. B 2. A Comprehension #4 : 1. D 2. B
Comprehension #5 : 1. A 2. C Comprehension #6 : 1. C 2. B
Comprehension #7 : 1. C 2. A Comprehension #8 : 1. B 2. A
Comprehension #9 : 1. C 2. A 3. B Comprehension#10: 1.AB,C.D 2.B,C
Comprehension#11: 1.A2.D 3.D Comprehension#12: 1.A 2.C 3.B 4.C
Comprehension#13: 1.ABC 2C 3BCD 4 ACD
EXERCISE -4
2 3 2 o 12v . 14Rg . .
1. 4MR” 2. 13)M¢° 3. 32M/¢° 4. (1)7 (ii) 3.5 m/s 5. B E 6. (i) 1.63 N (ii) 1.22m
L m/ i) g i N (i j+k N 10. - 11. T imize th
T, 8 63ms 9.0 6N Gi) 06 (—J_ ),0.85 m 0. 73 . To maximize the torque
(M-m)g 6F
12. 12 rad/s? 13. 7/ 1 4. ._— 15. 106.7 rad/s
(M+m)+—, Sm
R
3mv? ML*

20. 1.2 second

17. ()0 (ii) é anticlockwise  (iii) E = 18. /3g/ 19. (

12 +12d2)

5
8gl . [4gR 1
(ii) - (i) 6  23. o) m down to the centre of mass

4
21. T 22. (i) 0= COSJ [7)

24. 2m/s, 1.5m/s,16.67 N
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, ’ ’ 2 13 )
25. (i) —mg 1.{75;0)] (i) (37_9) +(g2m) (iii) ( ]+€m [7mg+m€mj (iv)\/%

lo,

2 l[gmr2+m€2j m2+l(3mr2jco2 here o — % - 27. () = k (i) 11 m/
-5 5 0*5 5 where @ = — . 9 <& §

v veuy ()Y 1 Mm _—
28. (i) (11) (111) 7 LZ) @iv) Smam WV +v)? 0 29. 2me’r?

EXERCISE -5: PART#1
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3
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14. 3 15. 3
27. 4
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1. A 2. A 3. C 4 C 5. B 6. C 7 .DS8 A 9. B 10.C 11. A 12. A 13 A
14. B 15D 16. A 17. A 18. D 19.B 20. A

MCQ's with one or more than one correct answer 1. AB,C 2.CD 3.AB 4.B.C

Assertion-Reasoning 1.D

Comprehension Based questions
Comprehension #1 : 1.C 2.A 3.B Comprehension #2 : 1.D 2.D 3.C
Subjective Questions

4F 8F . 3m,F m,F
1. SQR 2. (l) acm Sm +8m2 ’ aplank: 3ml +81’1’12 (ll) (31’1’11 +8m2) ? (31’1’11 +8m2)

1
3. () 1 (11) L (iii) 2\/— 4. (i) 0.1 m (ii) 1 rad/s (iii) Laminar sheet will never come to rest

. . F _3mv 246in0
5. (i) \Bmoe?e (i) F*:Z’ F =3 mo* 6. (Bm+MJL 7.5 8.8 9.7 10.D 11.6

12. D

MOCK TEST

1. B 2. D 3. D 4. C 5. D 6. D 7. C

8. C 9. B 10. B 11. B 12. D 13 B 14. A

15. D 16. A 17. C 18. A 19. B 20. B 21. A

22. B 23. A 24, B 25 D 26. C 27. D 28. A

29. C 30. B,D 31. ACD 32. CD 33. A,B,.CD 34. A,B,C 35. D

36. D 37. C 38. A 39. C 40. A 41. C 42. C

43. B 44, D 45. A 46. A 47. C 48. A 49. C

50. B 51. D

52. A—->PT;B—>Q,ST;C »>P,T;D —-Q.,S

53. A —->PQR, S, T;B—>PQRS, T; C>PQ,S,T; D—>PQ,R,S, T

54. A—->P;B->Q; C—>PQ;D —>S

55. 5 56. 1 57. 13 58. 10 59. 15 60. 14 6l1. 5
241
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