DCAM classes

Dynamic Classes for Academic Master y

7.SYSTEM OF PARTICLES AND ROTATIONAL MOTION

Single Correct Answer Type

1.

3.

A small sphere of mass M, moving with a constant
velocity V, hits another stationary sphere of same
mass. If e be the coeflicient of restitution, then
ratio of velocities V; and V, of two spheres after

collision will be
1—e 1+e e+1 e—1
Ve P12 91 Yern
Two blocks M; and M, (M,>Mm,) are connected

with a spring of force constant k and are inclined

at a angel 0 with horizontal. If the system is
released from rest, which one of the following
statements is/are correct?

There

Maximu ' Maximu
m will be no If m, is m
compress 'Compress smooth elongatio
jon in the 1M OT _ and Myis N in the
spring elongatio roush spring is
, n in the &
a) (m1+m2)b) . . C) there Wﬂld) (ml_mz)
-~ — < “springif AR
k there is be k
if thereis |, compress if all the
no friction ion‘in the surfaces
friction any spring are
anywhere ..o smooth
When a meteorite burns in the atmosphere, then
a) The b) The ¢) The d) The
momentu energy of conservat momentu
m meteorite  ion m of
conservat  remains principle  meteorite
ion constant  of remains
principle momentu  constant
is m is
applicabl applicabl
e to the etoa
meteorite system
system consistin
gof
meteorite
s, earth
and air
molecule

10.

11.

12.

S
A constant torque acting on a uniform circular

wheel changes its angular momentum form A; to
4 A, in 4s. The magnitude of this torque is

3A,
b A
a) P ) Ay

The moment of inertia of a flywheel having
kinetic energy 360 J and angular speed of 20

) 44, d) 124,

rads ' is

a)18kgm’ b) 1.8kgm’c) 2.5kgm°d) kg m’
If the angular momentum of a rotating body about
a fixed axis is increased by 10%. Its kinetic energy

will be increased by
a) 10% b) 20% c) 21% d) 5%
Two discs have same mass and thickness. Their

materials have densities d, and d,. The ratio of
their moments of inertia about central axis will be

a)d,:d, byd,d,:1 ¢)l:d;:d, d)d,:d,
If the moment of inertia of a disc about an axis
tangential and parallel to its surface be I, then
what will be the moment of inertia about the axis
tangential but perpendicular to the surface?

a)gI b)%l C)%I d)%l
Two bodies of 6 kg and 4 kg masses have their
velocity 5i —2j+10]A( and 10 —23+51§ respectively.
Then the velocity of their centre of mass is

a) 51+2] -8k b) 71+2] -8k ¢) 7i- 2]+8k d) 5i- 2]+8k
Two particles of equal mass have velocities V; =4
jand v 2=4j' ms”™". First particle has an acceleration
a,= (Si + Sj)ms'z, while the acceleration of the
other particle is zero. The centre of mass of the
two particles moves in a path of
a) Straight b) Parabola c) Circle

line

In which case application of angular velocity is

d) Ellipse

useful
a) Whena b) When ¢) When d) None of
body is velocity accelerati  these
rotating of body on of
isina body is
straight ina
line straight
line

A small block of mass M moves with velocity 5
ms_ ' towards n another block of same mass M
placed at a distance of 2 m on a rough horizontal
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13.

14.

15.

16.

17.

18.

surface. Coefficient of friction between the block
and ground is 0.25. Collision between the two
blocks is elastic, the separation between the
blocks, when both of them come to rest, is (g=10
ms>)

a)3m b) 4 m ¢)2m d) 1.5m
Two rigid bodies A and B rotate with rotational
kinetic energies E, and Eg respectively. The
moments of inertia of A and B about the axis of
rotation are I 4 and I respectively. If I,=1 B/ 4
and E ,=100 E} the ratio of angular momentum

(L A) of A to the angular momentum (LB) of Bis
a) 25 b) 5/4 c) S d) 1/4

In a two block system an initial velocity v(with
respect to the ground) is given to block A. Choose
the correct statement.

A v
= Rough

Smooth
The
increase
The The t in t
momentu momentd momen.u All of the
m of m of Bis
m of ¢ ¢ Lt above
system of _equal to
a)block A b d) th
)! OCt D blocks A © the ) trtee t
is no statemen
and Bis  decrease
conserve )
d conserve  in
' d. momentu
m of
block A

A solid sphere of mass m rolls down an inclined
plane without slipping, starting from rest at the
top of an inclined plane. The linear speed of the
sphere at the bottom of the inclined plane is V.
The kinetic energy of the sphere at the bottom is
a) L my? b) 2 my? 0) 2 y? d) Lov?
10 5) 3 2
The moment of inertia of a solid sphere of mass
M and radius R about the tangent on its surface
is
a) %MR2 b) % MR® ¢ %MRZ d) %MRZ
Torque applied on a particle is zero, then its
angular momentum will be
a) Equal in b) Equal in ¢) Both (a) d) Neither
magnitud  and (b) (a) nor
e (b)
Moment of inertia of a circular loop of radius R

direction

about the axis of rotation parallel to horizontal

19.

20.

21.

22.

23.

24.

25.

diameter at a distance R/2 from it is

a) M R b)%MR2 ©2MR* d) %MR2
When a uniform solid sphere and a disc of the
same mass and of the same radius rolls down an
inclined smooth plane from rest to the same
distance, then the ratio of the time taken by them
is

a)15:14 b)15°:14° ¢)V14:/15d) 14: 15
A body of mass M at rest explodes into three
pieces, two of which of mass M /4 each are
thrown off in mutually perpendicular directions
with speeds of 3ms ' and 4m s~ respectively.
Then the third piece will be thrown off with a
speed of

a)1.5ms 'b)2ms ' ¢)2.5ms " d)3.0ms™’
The moment of inertia of a circular ring of mass 1
kg about an axis passing through its centre and
perpendicular to its plane is 4 kg-m°. The

diameter of the ring is

a)2m b) 4m c) 5m d) 6m

A solid disc rolls clockwise without slipping over
a horizontal path with a constant speed v. Then
the magnitude of the velocities of points A, B and
C (see figure) with respect to a standing observer

are respectively
A

B et P e

G
a)v,vand b)2v,\/2v 2v,2v d 2v,N2v
C —
% and zero ~and zero  and \/ 2v

‘What remains constant in the field of central force
a) Potential b) Kinetic c¢) Angular d) Linear

energy energy momentu  momentu

m m
A 2kg mass is rotating on a circular path of radius

0.8 m with angular velocity of 44 rad/sec. If
radius of path becomes 1 m. Then the value of

angular velocity will be
a)28.16racb) 35.16 racc) 19.28 racd) 8.12rad/
A set of n identical cubical blocks lies at rest

parallel to each other along a line on a smooth
horizontal surface. The separation between the
near surfaces of any two adjacent blocks is L. The
block at one end is given a speed V towards the
next one at time t =0. All collision are completely
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26.

27.

28.

29.

30.

31

elastic. Then

k
[m: |- { i |
A B

Th The
The last ~ The last ¢ ] centre of
block block centre 0 mass of
mass of
starts starts h the
. . t
a)moving b)moving ) et d) system
at time at time sy's will have
( 1) will have o final
tZ(n—l] t= n a final
dv speed
spee vin

A body of mass 3kg is moving with a velocity of 4
ms ' towards right, collides head on with a body
of mass 4 kg moving in opposite direction with a
velocity of 3ms™'. After collision the two bodies

stick together and move with a common velocity,

which is
1 o 12
12 ms 12ms —ms
a) Zero b) towards c¢) towards d)
oft Hioht towards
¢ g left

Moment of inertia of a thin rod of mass M and
length L about an axis passing through its centre is

ML’

. Its moment of inertia about a parallel axis

L
at a distance of 2 from this axis is given by

2 3 2 2
aML b)ML c)ML d)7ML
48 48 12 48

A particle of mass m=>5units is moving with a

uniform speed v=3+2m in the XOY plane along
the line Y = X +4. The magnitude of the angular
momentum about origin is

a)Zero  b)60unit c¢)7.5unit d)40+2uni
A torque of 30 N-m is applied on a 5kg wheel
whose moment of inertia is 2 kg — m? for 10sec.

The angle covered by the wheel in 10 sec will be
1500rad 3000rad . 6000 rad
a)750rad. b) c) d)

The moment of inertia of a umform mrcular disc
of radius R and mass M about an axis touching
the disc at its diameter and normal to the disc is

a)MR®  b) %MRZ o %MRZ a0 %MRZ
Two masses of 200 g and 300 g are attached to the
20 cm and 70 cm marks of a light metre rod
respectively. The moment of inertia of the system

about an axis passing through 50 cm mark is
a) 0.15 kg mb) 0.03 kg mc) 0.3 kgm”d) Zero

32.

33.

34.

35.

36.

37.

38.

39.

A ladder rests against a frictionless vertical wall,
with its upper end 6 m above the ground and the
lower end 4 m away from the wall. The weight of
the ladder is 500 N and its C.G. at 1/3rd distance
from the lower end. Wall’s reaction will be, (in
newton)
a) 111 b) 333 c) 222 d) 129
A circular disk of moment of inertia I is rotating
in a horizontal plane, about its symmetry axis,
with a constant angular speed @;. Another disk of
moment of inertia I}, is dropped coaxially onto the
rotating disk. Initially the second disk has zero
angular speed. Eventually both the disks rotate
with a constant angular speed @;. The energy lost
by the initially rotating disc to friction is

a)l IbIt‘ )l Ii \,)1 I? d) Ib_It G
2(I+1, " 2(1,+41, 2 (I+I,  (I+I,)
Three masses of 2kg, 4 kg and 4 kg are placed at
the three points (1,0,0),(1, 1,0) and (0, 1,0)
respectively. The position vector of its centre of

mass is

3+ 44 N 2. 44 1
a)z“‘g] b)(3i+)) C)g”g] d)g”‘g]

A

A thin wire of mass M and length L is bent to
form a circular ring. The moment of inertia about
its axis is
1
2) 4n’

Two bodies of masses 2 kg and 4 kg are moving

—— ML’ 7 L e

b)—ML )32

with velocities 20 ms™ " and 10 ms™ ' towards
each other due to mutual gravitation attraction.
What is the velocity of their centre of mass?
a)Sms ' b6ms ' ¢)8ms ' d)Zero
A body is rotating with angular velocity 30 rads '
. If its kinetic energy is 360 J, then its moment of
inertia is
a)0.8 kgm’ b) 0.4 kgm’ ¢) 1kgm®>  d) 1.2 kgm®
A round disc of moment of inertia I, about its
axis perpendicular to its plane and passing through
its centre is placed over another disc of moment
of inertia I, rotating with an angular velocity @
about the same axis. The final angular velocity of
the combination of discs is ( )
Lo ILw I+1,|w
a)Il+Iz b) @ ©) I1,+1, 9 I,
A solid sphere is rotating about a diameter at an
angular velocity w. If it cools so that its radius

1 . .
reduces to o of its original value, its angular
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40.

41.

42.

43.

44,

45,

46.

velocity becomes

® o 2
n n
Two particles of masses "; and M, in projectile
motion have velocities V; and V, respectively at
time t =0. They collide at time t=0. their
velocities become \71 and \72 at time 2, while
still moving in air. The value of

|( m, i;1"'mzv2)_ (m1\71+m2\72)‘ is

a) Zero b)(m1+m2)gc)2(m1+m2d)%(m1+m

A thin wire of length [ and mass m is bent in the
form of semicircle. Its moment of inertia about an
axis joining its free ends will be

_______ J; 0
ip
None of

these
A round uniform body of radius R, mass M and

a) ml? b) Zero c) ml?/m? d)

moment of inertia I , rolls down (without
slipping ) an inclined plane making an angle 0
with the horizontal. Then its acceleration is
gsin6 gsin 6 gsin 6 gsin6
a) ) 2,©) 2
1+I/MK ~ 1+ MR’/ ~ 1-I/MF " 1—MR"/
The moment of inertia of a circular disc about an

axis passing through the circumference
perpendicular to the plane of the disc is

2
MR d) % MR>

A particle is projected with 200m s~ ', at an angle

3
a)MR®> b EMRZ )

of 60°. At the highest point it explodes into three
particles of equal masses. One goes vertically
upward with velocity 100m s ! , the second
particle goes vertically downward with the same
velocity as the first. Then what is the velocity of

the third particle?
120 200 _, 300
ms ' ms ' S0ms ms '
a ¢) vertically d
ith 60°  with 300 @ YUY D onta
upwards
angle angle lly

Two point objects of masses 1.5g and 2.5g
respectively are at a distance of 16 cm apart, the
centre of gravity is at a distance X from the object

of mass 1.5 g where X is

a)10cm b)6cm c)13cm d)3cm
The centre of mass of a system cannot change its
state of motion, unless there is external force

47.

48.

49.

50.

51.

acting on it. Yet the internal force of the brakes
can bring a car to rest. Then

a) The b) The ¢) The car d) The car

brakes friction is is

stop the between  stopped stopped

wheels the brake by the by the
padsand  road driver
the wheel pressing
stop the the pedal
car

What is moment of inertia in terms of angular
momentum (L) and kinetic energy (K)?
L’ L’ L L
a) o C) 2 KZ d) 2 K

b) —
K 2K
A body A of mass M while falling vertically
downwards under gravity breaks into two parts; a
1 2
body B of mass 3 M and a body C of mass 3
M . The centre of mass of bodies B and C taken
together shifts compared to that of body A

towards
Depends
height D t
a) On e OO ) Body C d) Body B
of shift
breaking

A man turns on a rotating table with an angular
speed w. He is holding two equal masses at arm’s
length. Without moving his arms, he just drops
the two masses. How will his angular speed
change
May be
less than,
greater

It will than or

It willbe It will be )
remain
a)less than b) more c)
w than @

equal to

equal to w
dependin
g on the
quantity
of masses

A string is wound round the rim of a mounted fly

wheel of mass 20 kg and radius 20 cm. A steady
pull of 25 N is applied on the cord. Neglecting
friction and mass of the string, the angular
acceleration of the wheel is

a)50s © b)25s° ¢) 1255 d)6.255
A horizontal force F is applied such that the
block remains stationary then which of the
following statement is false
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52.

53.

54.

55.

56.

(i)‘
I A
|a
| v,
I
=m F=N
f=mg Fwill N will
[where f  [where N ) .
no no
a)is the b)is the )
.. produce ~ produce
friction normal ) ‘
orque orque
force] force] q q

A solid cylinder is rolling down on an inclined
plane of angle 6. The coefficient of static friction
between the plane and cylinder is K. The

condition for the cylinder not to slip is
a)tan0>3 b) tan0>3c) tanO<3d) tanO<3 L

A mass of 10kg connected at the end of a rod of
negligible mass is rotating in a circle of radius
30 cm with an angular velocity of 10rad/sec. If
this mass is brought to rest in 10 sec by a brake,
what is the magnitude of the torque applied
a)0.ON-m b)1.2N-m ¢) 2.3 N-m d)0.5 N-m
Two bodies having masses M; and M, and
velocities U; and U, collide and form a composite
system of M, V,+m,V,=0(m,#m,). The velocity
of the composite system is
b) Uy +1,

a) Zero ol—U, d)——

A non-uniform thin rod of length L is placed
along X -axis as such its one of ends is at the

origin. The linear mass density of rod is [=1 X,

The distance of centre of mass of rod from the

origin is
JLo,2L L L
45 3 9% ’5

Two negatively charges particles having charges
€, and €, and masses M, and M, respectively are
projected one after another into a region with
equal initial velocity. The electric field E is along
the y-axis, while the direction of projection
makes an angle a with the y-axis. If the ranges of
the two particles along the X-axis are equal then
one can conclude that

elzezon]
C

y only

m,=m
a)and b) o

m,=1

dye;m;=e,

57.

58.

59.

60.

61.

62.

63.

A bomb is kept stationary at a point. It suddenly
explodes into two fragments of masses 1g and 3g.
The total KE of the fragments is 6.4 x 10" J. what
is the KE of the smaller fragment?
< 10% x10° 4.8x10* < 10%
a) 2.5x10 b) 3.5x10 0 10 d 5.2x10

J J J )J

The radius of gyration of a body about an axis at a
distance 6 cm from its centre of mass is 10 cm.
Then its radius of gyration about a parallel axis

through its centre of mass will be
a)80cm b)8cm c) 0.8cm d) 80 cm
A uniform rod of mass m and length [ is

suspended by means of two light inextensible
strings as shown in figure. Tension in one string
immediately after the other string is cut is

4(Q 0B
a)% bymg c)2mg d)%

ABC is a triangular plate of uniform thickness.
The sides are in the ratio shown in the figure.

I g, Isc, 1, are the moments of inertia of the
plate about AB, BC, CA respectively. Which one

of the following relations is correct
Ak

B |<—3—>I4/C
Ieyis
a)maximu b) I 4> pc ©) Ipc>Ipp d) Tyt T et
m
A bullet of mass 0.01 kg and travelling at a speed

——B—]

of 500m s strikes a block of mass 2 kg, which is
suspended by a string of length Sm. The centre of
gravity of the block is found to rise a vertical
distance of 0.1 m. What is the speed of the bullet
after it emerges from the block?

a)580ms 'b)220ms 'c) 1.4ms " d)7.8ms”"
A rigid body of mass m rotates with the angular
velocity @ about an axis at a distance '’ from
the centre of mass G. The radius of gyration
about G is K. Then kinetic energy of rotation of
the body about new parallel axis is

1 2 1 - 2 1 2 1

—mK wb)y-ma wc)-mla+d)-mla+k
a) 5 b5 o) ymla+a)7ml
Point masses 1, 2, 3 and 4 kg are lying at the point

(07 O, 0)7 (29 07 0), (O’ 3’ 0) and (_29 _27 O)
respectively. The moment of inertia of this system
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64.

65.

66.

67.

68.

69.

70.

about Xx-axis will be

a)43 kg-m” b) 34 kg-m” ¢) 27 kg-m”> d) 72 kg-m”
A particle is moving in the X-y plane with a
constant velocity along a line parallel to x-axis
away from the origin. The magnitude of its
angular momentum about the origin

a) Iszero b) Remains ¢) Goes on d) Goes on
constant increasin  decreasin
g g

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

the angular speed of the disc
a) Remains b) Continuoc) Continuod) First

unchange usly usly increases
d decreases increases  and then
decreases

A cord is wound round the circumference of
wheel of radius r. The axis of the wheel is
horizontal and moment of inertia about it is I. A
weight mg is attached to the end of the cord and
falls from the rest. After falling through a distance
h, the angular velocity of the wheel will be

2) \/M b) 2mgh2 2mgh

I+mr I+mr I+2mr

A disc is of mass M and radius r. The moment of

9) d)v2gh

inertia of it about an axis tangential to its edge and
in plane of the disc or parallel to its diameter is
Mr? 37,2 Mr’
_— —Mr

c) > d) 5

A coin is of mass 4.8 kg and radius one metre

a)%Mrz b)

rolling on a horizontal surface without sliding with
angular velocity 600 rotation/min. What is total
kinetic energy of the coin ?

4000
a)360J  b)14407t° J ¢) 2] d) 600 11° J

An automobile engine develops 100kW when
rotating at a speed of 1800 rev/min. What torque
does it deliver

a)350 N-mb)440 N-mc) 531 N-md) 628 N-m
A solid sphere (mass 2 M) and a thin hollow
spherical shell (mass M) both of the same size,
roll down an inclined plane, then

a) Solid b) Hollow c¢) Both will d) None of
sphere spherical  reach at these
will shell will ~ the same
reach the reachthe time
bottom bottom
first first

71.

72.

73.

74.

75.

76.

77.

A cricket bat is cut at the location of its centre of
mass as shown. Then

wh ) e

a) The two b) The c) The d) Mass of
pieces bottom handle handle
will have  piece piece piece is
the same  will have will have  double
mass larger larger the mass

mass mass of
bottom
piece

A gas molecule of mass m strikes the wall of the
container with a speed V at an angle 8 with the
normal to the wall at the point of collision. The
impulse of the gas molecule has a magnitude

2
a) 3mv. b mv cos 0

Four spheres of diameter 2a and mass M are

c) mv d) Zero

placed with their centres on the four corners of a
square of side b. Then the moment of inertia of
the system about an axis along one of the sides of
the square is

a) %Ma2+b) %Ma2+ic) %Ma2 d) %Ma2+A
A sphere and a hollow cylinder roll without
slipping down two separate inclined planes and
travel the same distance in the same time. If the
angle of the plane down which the sphere rolls is
30 °. The angle of the other plane is

a)60° b)53° c)37° d)45°
A spherical shell has mass M and radius R.

Moment of inertia about its diameter will be

@%MRzméMRZQ%MRzmMRZ
The radius of gyration of a disc of mass 50 g and
radius 2.5 cm, about an axis passing through its

centre of gravity and perpendicular to the plane, is
a)0.52cm b)1.76cm ¢)3.54cm d)6.54 cm
When two blocks A and B coupled by a spring on

a frictionless table are stretched and the released,

then
Kinetic Kinetic
energy of energy of
body at body at KE of B
W REGTA o
Instant Instant .
a) ¢) when d)and (c) is
after may or ..
. spring 18 correct
releasing  may not
. massless
is be
inversely  inversely
proportio  proportio
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78.

79.

80.

81.

82.

83.

84.

85.

nal to nal to
their their
masses masses

Two spheres of equal masses, one of which is a
thin spherical shell and the other a solid, have the
same moment of inertia about their respective
diameters. The ratio of their radii will be

a)5:7 b)3:5 C)\/§;\/§ d)\/gzﬁ
A man is standing at the edge of a circular plate
which is rotating with a constant angular speed
about a perpendicular axis passing through the
centre. If the man walks towards the axis along

the radius, its angular velocity

a) Decrease b) Remains ¢) Increases d) Informati
S constant on is

incomple

te

The moment of inertia of a circular ring about an

axis passing through its centre and normal to its
plane is 200 g x ¢ m’. Then its moment of inertia
about a diameter is

a)400 g x cb)300 g xcc) 200 g xcd) 100 g x ¢
A constant torque of 1000 N-m, turns a wheel of
moment of inertia 200 Kg-m? about an axis
through the centre. Angular velocity of the wheel

after 3s will be
a)15rad/sb)10rad/sc)5rad/s dylradl/s

Two particles of masses 1kg and 2 kg are located
at X;,=0,y,=0 and X,=1, ¥, =0 respectively.

The centre of mass of the system is at

1 2
a)x=1,y=b)x=2,y=c) x=§,y:d)x=§,y=

Two wheels A and B are mounted on the same
axle. Moment of inertia of A is 6 kgm’ and it is
rotating at 600 rpm when B is at rest. What is
moment of inertia of B, if their combined speed
is 400 rpm?

a)8kgm® b)dkgm® ¢)3kgm®> d)5kgm’
Three identical rods, each of length X, are joined
to form a rigid equilateral triangle. Its radius of
gyration about an axis passing through a corner
and perpendicular to the triangle is

X X 3 X
a) /3 b) 5 c) \/ 2 X d) E
A body of mass m slides down an incline and
reaches the bottom with a velocity V. If the same
mass were in the form of a ring which rolls down

this incline, the velocity of the ring at bottom
would have been

86.

87.

88.

89.

90.

91.

92.

_ 1
a)v b)v2v 5" d)\/év

An isolated particle of mass m is moving in a
horizontal plane (X — ), along the X-axis, at a
certain height above the ground. It suddenly
explodes into two fragments of masses m/4 and
3m/4. An instant later, the smaller fragment is at
y=+15 cm. The larger fragment at the instant is
at

2) y=-5 b) y=+20 0 y=+5 " y=-20

cm m cm cm

Two practical A and B initially at rest, move
towards each other, under mutual force of
attraction. At an instance when the speed of A is
v and speed B is 2V, the speed of centre of mass
(CM) is

a) Zero b) v c)2.5v d)4v
When a mass is rotating in a plane about a fixed
point, its angular momentum is directed along

The li
A line © e
di making
erpen
P lp ‘ an angle The
cular to
a) b) of 45 ° toc) d) tangent to
the plane .
the plane the orbit
of
rotation .
rotation

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

a) Less thanb) More ¢) More d) More
3 than 3 than 6 than 9
but less but less
than 6 than 9
A couple produces
a) No b) Linear c¢) Purely d) Purely
motion and rotational  linear
rotational motion motion
motion

A wheel of moment of inertia 5 x 10 *kg—m” is
making 20 revolutions/sec. The torque required to
stop it in 10 sec is

a)2m x10 b)2m x10°c) 47 x 10 d) 4 x 10
A ring starts to roll down the inclined plane of
height h without slipping. The velocity with it
reaches the ground is
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a)\/IOgh b)\/4gh C)\/4gh oVgh
7 7 3
93. 1In the above question, find the angular speed at

the bottom
a)68rad/sib)8.5rad/sc) 17 rad/ sd) 34 rad /s

94. A body rolls down an inclined plane. If its kinetic
energy of rotation is 40% of its kinetic energy of
translation, then the body is
a) Solid  b) Solid  ¢) Disc d) Ring

cylinder  sphere

95. A thin hollow cylinder open at both ends:

(1) Sliding without rolling

(i1) Rolls without slipping, with the same speed
The ratio of kinetic energy in the two cases is
a) 1:1 b) 4:1 c) 1:2 d) 2:1

96. The maximum and minimum distances of a comet
from the sun are 1.4 x 10”m and 6 x 10"’ m
respectively. If its velocity nearest to the sun is
7x10%ms ', what is the velocity in the farthest
position? Assume the paths of comet in both
instantaneous positions are circular

2)3x10°mb)5x10’mc) 7 x10°md) 7 x 10’ m

97. 1Inrotational motion of a rigid body, all particles

move with
a) Same b) Same c¢) With d) With
linear &  linear different  different
angular and linear linear
velocity different  velocities  velocities
angular and same  and
velocity angular different

velocities  angular

velocities
98. A small part of the rim of a fly wheel breaks off

while it is rotating at a constant angular speed.

Then its radius of gyration will
a) Increase b) Decrease ¢) Remain d) Nothing

unchange definite
d can be
said
99. The moment of inertia of a uniform circular ring,
having a mass M and a radius R, about an axis
tangential to the ring and perpendicular to its
plane, is

3 1
A2MR bFMR S MR & MR’
100. A particle of mass m collides with another
stationary particle of mass M. If the particle m

stops just after collision, the coefficient of
restitution of collision is equal to

1 by~ Mom - gy
a) )M C)M+m )M+m

101. A spherical solid ball of 1kg mass and radius
3 cm is rotating about an axis passing through its
centre with an angular velocity of 50radian/s.
The kinetic energy of rotation is

a)4500J 1b)90J ¢)910J d)%]

102. A thin circular ring of mass M and radius R
rotates about an axis through its centre and
perpendicular to its plane, with a constant angular
velocity @. Four small spheres each of mass m
(negligible radius) are kept gently to the opposite
ends of two mutually perpendicular diameters of
the. The new angular velocity of the ring will be

M+4m | M
M d)\ M+4m

M
a)4w b)mw c)

103. An athlete throws a discus from rest to a final
angular velocity of 15 rads™ ' in 0.270 s before
releasing it. During acceleration, discus moves a
circular arc of radius 0.810 m Acceleration of

discus before it is released is ... ms >

a) 45 b) 182 c) 187 d) 192
104. A ballet dancer, dancing on a smooth floor is

spinning about a vertical axis with her arms folded
with an angular velocity of 20rad/s. When she
stretches her arms fully, the spinning speed
decrease in 10rad/s. If I is the initial moment of
inertia of the dancer, the new moment of inertia is
a)21l b)31 c)I/2 dyI/3
105. Four point masses P,Q, Rand S with respective
masses 1 kg, 1 kg, 2 kg form the corners of a
square of side a. The center of mass of the system
will be farthest from
a)P only b)Rand S c¢)Ronly d)PandQ
106. A thin uniform circular disc of mass m and radius
R is rotating in a horizontal plane about an axis
passing through its centre and perpendicular to the
plane with an angular velocity @. Another disc of
same dimensions but of mass %m is placed gently

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

D20 e oS0 )i
5 4 3
107. A solid cylinder 30 cm in diameter at the top of
an inclined plane 2.0 m high is released and rolls

down the incline without loss of energy due to

friction. Its linear speed at the bottom is
a)5.29m/sb) 4.1 x 10°c) 51 m/secd) 51 cm/se

108. A metre stick is held vertically with one end on
the floor and is then allowed to fall. If the end
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touching the floor is not allowed to slip, the other
end will hit the ground with a velocity of

(g=9.8m/s?%)

a)3.2m/s b)5.4m/s c¢)7.6m/s d)9.2m/s
109. The centre of mass of a body
a) Lies b) May lie c) Lies d) Lies

always within, always always

outside outside inside on the

the body  on the the body  surface
surface of the
of the body
body

110. Two bodies of identical mass m are moving with
constant velocity V but in the opposite directions
and stick to each other, the velocity of the
compound body after collision is

a)v b)2v ¢) Zero d) %

111. A solid sphere of mass 1 kg, radius 10 cm rolls
down an inclined plane of height 7 m. the velocity
of its centre as it reaches the ground level is
a)7m/s b)10m/s ¢) 15m/s d) 20 m/s

112. Consider a two particle system with particles
having masses M, and M,. If the first particles is
pushed towards the centre of mass through a
distance d, by what distance should the second
particle be moved, so as to keep the centre of
mass at the same position’?

m,
a)—d b) )—d dyd

m, m1+m2 m,

113. The graph between the angular momentum L and

angularA velocity @ \ivill be .
a) 1 b) d L

114. A ring of radius I and mass m rotates about an
axis passing through its centre and perpendicular
to its plane with angular velocity @. Its kinetic
energy is

mr 2 &)2
2

115. A bullet of mass m hits a target of mass M

aAmrew’ bmro’/2 comrio

hanging by a string and gets embedded in it. If the
block rises to a height h as a result of this
collision, the velocity of the bullet before collision
is

—b)V \/2gl’c)v— 1+—d)v Jng
)= V2g

116.The 1nstantaneous angular-position of a point on a
rotating wheel is given by the equation
0 ( t ) =2¢3—6¢. The torque on the wheel becomes

zero at
a)t=2s b) tc)t=0.2s d)t=0.25s
117. A wheel is rolling along the ground with a speed
of 2ms”". The magnitude of the velocity of the
points at the extremities of the horizontal
diameter of the wheel is equal to

2)2v10msb)2v3ms ) 2vV2ms d)2ms"!
118. A force F 4i-5 ]+3k is acting a point

r=i +2 ] j+3k. The torque acting about a point
F,=3i—2j—3kis
a)Zero  b)42i—30 ¢)42i+30jd)42i+30 ]
119. A thin rod of length 'L ' lying along the X-axis
with its ends at Xx=0 and X=L. Its linear density

n
(mass/length) varies with X as k(%) , Where n

can be zero or any positive number. If the position
X . of the centre of mass of the rod is plotted
against 'n’, which of the following graphs best

approximates the dependence of X, on n
X

120. The moment of inertia of two spheres of equal
masses about their diameters are equal. If one of
them is solid and other is hollow, the ratio of their
radii is

a)V3:/5 b)3:5  ¢)V5:/3 d)5:3

121. A circular disc X of radius R is made from an
iron plate of thickness t, and another disc Y of
radius 4Ris made from an iron plate of thickness
t/4. Then the relation between the moment of
inertia I yand Iy is

a)l, =321 p)I,=161c)1,=1, d)I,=641,

122. The moment of inertia of a body does not depend

upon

a) The b) The massc) The d) The axis
angular of the distributi  of
velocity body on of rotation
of the mass in of the
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body the body  body
123. The centre of mass of three particles of masses 1

kg, 2kg and 3kg is at (2, 2, 2). The position of the

fourth mass of 4 kg to be places in the system as

that the new centre of mass is at (0, 0, 0) is

a) (-3,-3,-3)b) (-3,3,-3) ¢) (2,3,-3) d) (2,-2,3)
124. A solid sphere is rolling on a frictionless surface,

shown in figure with a transnational velocity

vm/s. If sphere climbs up to height h then value

of v should be
-

LA

hA
10
a)21/1—70ghb)2\/29h ©2gh &7 gh

125. A loded spring gun of mass M fires a shot of mass
m with a velocity Vv at an angle of elevation 0. The
gun was initially at rest on a horizontal frictionless
surface. After firing, the centre of mass of gun-
shot system

Moves MOVGS
with a with
Moves velocity velocity
with a mv . (M - m)‘
. —— Remain —_—
a) velocity b) M cosf c) d) (M+m)
) at rest
mv in the in the
M horizonta horizonta
1 1
direction direction

126. A solid sphere of mass M and radius R spins
about an axis passing through its centre making
600 rpm. Its KE of rotation is

2
a)2/57° Mb) gan Re) 80 72 M 1d) 80 R

127. A metre stick of mass 400 g is pivoted at one end
and displaced through an angle 60 °. The increase
in its potential energy is

a)2J b)3J c)0J d1J

128. A small mass attached to a string rotates on a
frictionless table top as shown. If the tension on
the string is increased by pulling the string causing
the radius of the circular motion to decrease by a
factor of 2, the kinetic energy of the mass will

a) Increase b) Decrease ¢) Remain d) Increase

by a by a constant  bya
factor of  factor of factor of
4 2 2

129. Two observers are situated in different inertial
reference frames. Then

a) The b) The c) The d) None of
momentu momentu  Kinetic the above
m of a m of a energy
body by body measured
both measured by both
observers by both observers
may be observers must be
same must be same
same

130. A bullet of mass m leaves a gun of mass M kept
on a smooth horizontal surface. If the speed of the
bullet relative to the gun is Vv, the recoil speed of

the gun will be
)ﬂv b)—2— Vo) —2 v g M,
Uy YMrm”’ Mem’ O

131. A rod of mass m and length [ is made to stand at
an angle of 60 ° with the vertical potential energy

of the rod in this position is
mgl mgl mgl
a)mgl b) ) c) 3 4

132. The ratio of rotational and translatory kinetic
energies of a sphere is

2 2 2 7
@5 m; @g @5

d)

133. In the absence of external torque for a body
revolving about any axis, the quantity that remains

constant is

a) Kinetic b) Potential ¢) Linear d) Angular
energy energy momentu  momentu

m m
134. A uniform disk of mass M and radius R is

mounted on a fixed horizontal axis. A block of
mass M hangs from a mass less string that is
wrapped around the rim of the disk. The
magnitude of the acceleration of the falling block
(m) is

2) 2M o) 2m © M+2m «) 2M+m )

M+2m™=" M+2m~ 2M - 2M -
135. A straight rod of length L has one of its ends at

the origin and the other at X=L. If the mass per

unit length of the rod is given by AX where A is
constant, where is its mass centre?
a)L/3 b)L/2 ¢)2L/3 a3L/4
136. A particle performs uniform circular motion with
an angular momentum L, if the frequency of
particles motion is doubled and its KE is halved,
the angular momentum becomes

a)4 L b)0.5L ¢)2L
137. The moment of momentum is called
a) Couple b) Torque c) Impulse d) Angular
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momentu

m
138. The radius of gyration of a uniform rod of length

L about on axis passing through its centre of mass
and perpendicular to its length is
a)L/V12 b L*/12 o L/V3 dL/2
139. A rupee coin starting from rest rolls down a
distance of 1 m on an inclined plane at angle of
30 ° with the horizontal. Assuming that g=9.81
ms™ ', time taken is

a) 0.68s b)0.6s ¢) 055 d) 0.7s
140. A solid sphere of mass M, radius R and having

moment of inertia about an axis passing through
the centre of mass as I, is recast into a disc of
thickness t, whose moment of inertia about an
axis passing through its edge and perpendicular to
its plane remains 1. Then, radius of the disc will be
2R 2 4R R
a)\/l—5 b)R\/E c)\/l—5 d)4
141. Four point masses, each of value m, are placed at
the corners of a square ABCD of side I. The
moment of inertia of this system about an axis
passing through A and parallel to BD is
a)2ml’>  ©)V3ml' ¢ 3ml*  dyml’
142.1n an elastic collision

a) Only KE b) Only c) Both KE d) Neither

if system  momentu and KE nor
is m is momentu momentu
conserve  conserve  m are m is

d d conserve  conserve

d d
143. Two bodies A and B of definite shape

(dimensions of bodies are not ignored). A is
moving with speed of 10 ms™" and B is in rest,
collide elastically. The

Body A They They
comes to may Aand B must
rest and move move
m
a) B moves b) perpendi c) o d) perpendi
with cular to cular to
rest
speed of  each each
10ms™* other other

144. The moment of inertia of a thin uniform rod
length L and mass M about an axis passing
through a point at a distance of 1/3 from one of its
ends and perpendicular to the rod is

M ’ ML’ 7ML* ML’

L b) c) d)
12 9 48 48
145. A solid sphere, disc and solid cylinder all of the
same mass and made up of same material are

allowed to roll down (from rest) on inclined plane,

then

a) Solid b) Solid c) Disc will d) All of
sphere sphere reach the  them
reaches reaches bottom reach the
the the first bottom at
bottom bottom the same
first late time

146. A system of three particles having masses m; =1
kg and My =4 kg respectively is connected by two
light springs. The acceleration of the three
particles at any instant are 1ms >,2ms > and 0.5
ms ? respectively directed as shown in the figure.

The net external force acting on the system is
a)1N b) 7N ¢) 3N d) None of

these
147. A bullet of mass 50 g is fired from a gun of mass

2 kg. If the total kinetic energy produced is 2050
J, the kinetic energy of the bullet and the gun

respectively are
a) 200J,57Jb) 2000J, ¢) 57J,20017Jd) 5017,

507 20007
148. The radius of gyration of a solid sphere of radius

I about a certain axis is . The distance of this

axis from the centre of the sphere is -
a)r b)0.5r ¢ V0.6r d)v0.4r
149. The flywheel is so constructed that the entire mass
of it is concentrated at its rim, because

a) It b) It c) It d) It saves
increases  increases  increases the
the the speed  the flywheel
power moment  fan from

of inertia  breakage
150. In the figure (i) 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 (ii) the steel part is
pivoted at O and the same force is applied at the

wooden end
Wood Steel Steel Wood
0 0

l f

® (i)
a) More  b) More ¢) Same  d) Informati
accelerati accelerati accelerati onis

on will on will on will incomple
be be be te
produced produced produced
in (i) in (ii) in both

condition
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151. In a metallic triangular sheet ABC,AB=BC=1.

If M is its moment of inertia about AC.
A B

C

2 2 2 2
a)Ml b)Ml C)Ml d)Ml
4 12 6 18

152. Moment of inertia of a ring of mass m=3 gm and

radius r =1 cm about an axis passing through its

edge and parallel to its natural axis is
10 g- 100 g-
9 b) 9

a) 2 ¢)6g-cm®> d)1g-cm’

2

cm

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

conserved
a) Centre ofb) On the c¢) Inside  d) Outside

the circle  circumfe  the circle the circle
rence of

the circle
154. A wheel of mass 8 kg and radius 40 cm is rolling

on a horizontal road with angular velocity of
15rad s '. The moment of inertia of the wheel
about its axis is 0.64 kgm™°. Total KE of wheel is

a)288J b)216] c¢) 72] d) 1447
155. Moment of inertia of a hollow cylinder of mass

M and radius r about its own axis is

2
a)%Mr2 b)%Mr2 (;)%Mr2 aMr

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

I t

W W
| J=mv
a)V/L b)2VIL ¢)VI3L d)V/4L
157. A flywheel rotates with a uniform angular
acceleration. Its angular velocity increases from

20nrads 040 mrads ' in 10 s. how many

rotations did it make in this period?
a) 80 b) 100 c) 120 d) 150
158. Three identical sphere lie at rest along a line on a

smooth horizontal surface. The separation
between any two adjacent spheres is L. The first
sphere is moved with a velocity U towards the
second sphere at time t =0. The coefficient of

restitution for collision between any two blocks is
1/3. Then choose the correct statement

The
tre of The
) ) ntr
The third The third ™ ¢ % centre of
mass of
sphere sphere mass of
) ) the
will start ~ will start the
a . . c) system d)
moving moving ) system
will have .
5L 4L will have
att=—— gatt=—— afinal
2u u a final
speed du
spee
ul/3 p

159. The moment of inertia of a body about a given
axis is 2.4 kg— m’. To produce a rotational
kinetic energy of 750 J, an angular acceleration

of 5rad/s® must be applied about that axis for
a)6sec  b)5sec c)dsec  d)3sec
160. Two bodies with moment of inertia I, and I,

(such that I,>1I, ¢ have equal angular velocity. If
their kinetic energy of rotation are E; and E, then
a)E,2E, b)E,>E, ¢)E<E, dE,=E,
161. Two bodies of moment of inertia I; and I,
(I >1 2) have equal angular momenta. If E,, E,

are their kinetic energies of rotation, then
Cannot

be said
162. 2 bodies of different masses of 2kg and 4 kg are

moving with velocities 20m/s and 10m/s
towards each other due to mutual gravitational

a)E,>E, b)E,=E, c)E,<E, d)

attraction. What is the velocity of their centre of

mass
a)bm/s b)6bm/s ¢)8ml/s d)Zero
163. Two bodies of mass m and 4 m are moving with
equal linear momentum. The ratio their kinetic
energies is
a)1:4 b)4:1 c)l:1 d1:12
164. A person standing on a rotating platform has his
hands lowered. He suddenly outstretch his arms.

The angular momentum
a) Becomes b) Increases c) Decrease d) Remains

Zero S the same
165. A body is rolling down an inclined plane. Its

translational and rotational kinetic energies are

equal. The body is a
a) Solid b) Hollow c¢) Solid d) Hollow

sphere sphere cylinder cylinder
166. Four particles of masses m,2m,3m and 4 m are

arranged at the corners of a parallelogram with
each inside equal to a and one of the angle
between two adjacent sides is 60 °. The
parallelogram lies in the X-y plane with mass m at
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the origin and 4 m on the x-axis. The centre of
mass of the arrangement will be located at

JB a a 3a
aOb)095a c) 4 2 )2,4

167.The angular momentum of a system of particles is

conserved
a) When no b) When no ¢) When no d) When

external external external axis of

force torque impulse rotation
acts upon  acts on acts upon  remains
the the the same
system system system

168. A wheel of moment of inertia 2.5 Kg-m” has an
initial angular velocity of 40 rads '. A constant
torque of 10 Nm acts on the wheel. The time
during which the wheel is accelerated to 60
rads” " is
a)4s b) 6 c)Ss d) 2.5s

169. A boy and a man carry a uniform rod of length L,

1
horizontally in such a way that boy gets 1 th load.

If the boy is at one end of the rod, the distance of

the man from the other end is

L L 2L 3L

a3 b )5 D7

170. A body is rolling down an inclined plane. If K.E.
of rotation is 40% of K.E. in translatory state,

then the body is a
a) Ring b) Cylinder c) Hollow d) Solid ball

ball
171. The ration of moments of inertia of circular ring

and a circular disc having the same mass and radii
about an axis passing through the centre and
perpendicular to its plane is
a) 1:1 b) 2:1 c) 1:2 d) 4:1

172. Moment of inertia of rod of mass M and length L
about an axis passing through a point midway
between centre and end is

2 ML’ ML’ 7 ML’ 7 ML’

c) d)
173. From a circular disc of radius R and mass 9 M, a

12 24 48

. . R
small disc of mass M and radius — is removed

3
concentrically. The moment of inertia of the
remaining disc about an axis perpendicular to the
plane of the disc and passing through its centre is

40 4
)5 MROMR® o4MR dgMR
174. The moment of inertia of a uniform ring of mass

M and radius r about a tangent lying in its own
plane is

a)2Mr® bB3/2Mr’coMr®  d1/2Mr
175. A flywheel is in the form of solid circular wheel
of mass 72 kg and radius of 0.5m and it takes
70r. p.m, then the energy of revolution is
a)24J b)240J ¢)2.4J  d)2400J
176. Three bricks each of length L and mass M are
arranged as shown from the wall. The distance of
the centre of mass of the system from the wall is
Wall

= '- ; !1_;4
___! L2
L

a)L/4  b)L/2 ¢)(3/2)L dy(11/12)1

177. The distance between the carbon atom and the

oxygen atom in a carbon monoxide molecule is
1.1 A. Given, mass of carbon atom is 12a.m.u.
and mass of oxygen atom is 16 a.m. u., calculate
the position of the centre of mass of the carbon
monoxide molecule

6.3 A 1A from 0.63A 0.12A

a from the . _the from the __ from the
C
carbon oxygen carbon oxygen
atom atom atom atom

178. A T shaped object with dimension shown in the
figure, is lying on a smooth floor. A force F is
applied at the point P parallel to AB, such that
the object has only the translational motion
without rotation. Find the location of P with
respect to C.

Al — 1B

2 3 4
=1 =1 —1 l
a) 3 b) 5 c) 3 d)
179. The moment of inertia of semicircular ring about

an axis which is perpendicular to the plane of the

ring and passes through the centre

MR’ M R? None of
c d)
2 4 these

180. A system consisting of two masses connected by a

a) M R’

massless rod lies along the x-axis. A 0.4 kg mass
is at a distance Xx=2m while a 0.6 kg mass is at a
distance X=7m. The X- coordinate of the centre

of mass is
a)bm b)3.5m ¢)45m d)4m
181. A man weighing 80Kg is standing in a trolley
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weighing 320 kg. The trolley is resting on
frictionless horizontal rails. If the man starts
walking on the trolley with a speed of 1m/s, then
after 4 sec his displacement relative to the ground
will be

a)om b)48m ¢)3.2m d)3.0m

182.In the given figure four identical spheres of equal

mass M are suspended by wires of equal length [,
so that all spheres are almost touching to each
other. If the sphere 1 is released from the
horizontal position and all collisions are elastic,
the velocity of sphere 4 just after collision is

b ] i e i i s S s i |
v o = P RO SV MOWPER P TROPYS PR T |

a)v2gl, bV3gl, o Vgl d)\/gzl

183. A solid cylinder has mass M, length L and radius
R. The moment of inertia of this cylinder about a

generator is
L’ M L’ 1, 3.,
i —MR —MR
o+ Oy MR @)
184. A sphere rolls down on an inclined plane of
inclination 6. What is the acceleration as the

ayM

sphere reaches bottom

a)— gsm@b)—gsmﬁc) gsde) gsmH

185. Centre of mass of 3 particles 10 kg, 20 kg and
30kg is at (0, 0, 0). Where should a particle of
mass 40 kg be placed so that the combination
centre of mass will be at (3, 3, 3)

a) (0,0,0) b) (7.5,7.5,¢) (1,2,3) d) 4,4, 4)
7.5)

186. Moment of inertia of a disc about its own axis is I
. Its moment of inertia about a tangential axis in
its plane is

5 3
>l b)3I 05T @2l

187. Turning effect is produced by
a) Tangenti b) Radial ¢) Transver d) None of

al compone  se these
compone  nt of compone

nt of force nt of

force force

188. A uniform cylinder has a radius R and length L.
If the moment of inertia of this cylinder about an
axis passing through its centre and normal to its
circular face is equal to the moment of inertia of
the same cylinder about an axis passing through its

centre and perpendicular to its length, then

R 3
= oy L:__ g —_—
a)L=R  b)L=+v3Ro) 5 0L \/2R

189. Very thin ring of radius R is rotated about its

centre. It’s radius will
a) Increase b) Decrease c) Change d) None of

depends  these
on the

material
190. A mass is revolving in a circle which is in the

plane of paper. The direction of angular

acceleration is
a) Upward b) Towards c¢) Tangenti d) At right

the the al angle to
radius radius angular
velocity

191. The speed of a homogeneous solid sphere after
rolling down an inclined plane of vertical height h
, form rest without sliding, is

a)\/ggh bV gh c)\/—gh d)\/

192. The moment of inertia of a circular disc of mass

M and radius R about an axis passing through the
center of mass is I,. The moment of inertia of
another circular disc of same mass and thickness

but half the density about the same axis is

I I
a)g" b)ZO 08l, #2l,

193. The curve between 10g, L and 1og, P is (L is the

angular momentum and P is the linear

momentum)
A A A
a) b) c)
& & R
[ [
loc P 1 D I o}
TO5T 08T TO8T

194. A ball of mass m moving with a velocity u
collides head on with another ball of mass m
initially at rest. If the coefficient of restitution be
e then the ratio of the final and initial velocities of
the ﬁrst ball is

b) 1 c) —— d)——

o 1+e 2 2
195. The motion of planets in the solar system is an

1+e 1+e 1—e

example of conservation of
a) Mass b) Moment ¢) Angular d) Kinetic

um momentu  energy

m
196. Three identical spheres of mass M each are

placed at the corners of an equilateral triangle of
side 2m. Taking one of the corner as the origin,
the position vector of the centre of mass is
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e~ A A o~

a)V/3 (i-)) b)lﬁﬁ c)? d)i+<‘,]§

197. Two thin discs each of mass M and radius R are
placed at either end of a rod of mass m, length [
and radius . Moment of inertia of the system
about an axis passing through the centre of rod
and perpendicular to its length is

Axis of rotation

R m R
e —
2 2
mL” 1 ML+1)— L+d) +M
12 4 12 272 12

198.If a cycle wheel of radius 4 m completes one
revolution in two second, the acceleration of the
cycle inms > is
a)4 b4’  o2r’ dr
199.In a rectangle ABCD(BC=2 AB). The moment

of inertia along which axes will be minimum

»
B { C
ET TG
A f
I D

a) BC b) BD c) HF d) EG
200. A wheel having moment of inertia 2 kg —m”
about its vertical axis, rotates at the rate of
60 rpm about this axis. The torque which can stop
the wheel’s rotation in one minute would be

—N N —mey X N— gy 2= N—
) o) 75 B M) g N g N

201. Three identical balls A, B and C are lying on a
horizontal frictionless table as shown in figure. If
ball A is imparted a velocity v towards B and C
and the collisions are perfectly elastic, then finally

Ball A
Ball A
comes to All the
and B are All the
rest and ¢ and three h
) balls B b) i rlels Can ) balls roll db rge
a
and C 4 ¢ out with s
roll out come to
roll out h speed .
i T
with sped W dv v/3each O
v/2 each spee

202. Moment of inertia of a solid cylinder of length L
and diameter D about an axis passing through its
centre of gravity and perpendicular to its
geometric axis is

LZ
4
12

2 2 2
D oM Lvom[Pram
4 16 4

203. The M.IL. of a body about the given axis is
1.2 kg x m> initially the body is at rest. In order to

ayM

produce a rotational kinetic energy of 1500J, an
angular acceleration of 25rad/s ec® must be

applied about that axis for duration of
a)d4sec b)2sec c)8sec  d)10sec
204. A circular disc is to be made by using iron and
aluminium, so that it acquires maximum moment
of inertia about its geometrical axis. It is possible

with

a) Iron and b) Aluminiuc) Iron at d) Either (a)
aluminiu  m at interior or (c)
m layers  interior and
in and iron aluminiu

alternate  surroundi m

order ng it surroundi

ng it

205. The distance between the centres of carbon and
oxygen atoms in the carbon monoxide molecule is
1.130 A. Locate the centre of mass of the

molecule relative to the carbon atom.
a)5.428 A b)1.130 A ¢)0.6457A d)0.3260 A
206. Two particles of masses M; and M, initially at rest
start moving towards each other under their
mutual force of attraction. The speed of the centre
of mass at any time t, when they are at a distance
I apart, is

m, m,

m,m
17772
7 d
r

2
r

a)Zero b) G

m,m
G ;22C)G

207. A sphere of mass 0.5kg and diameter 1 m rolls
without sliding with a constant velocity of 5m/s,
calculate what is the ratio of the rotational K. E .
to the total kinetic energy of the sphere

7 5 2 1
a7, b5 5 d5
208. The moment of inertia of a uniform horizontal
cylinder of mass M about an axis passing through

its edge and perpendicular to the axis of the
cylinder when its length is 6 times its radius R is

a)—MR b) 39MR c) 49MR d) 49MR
4 4 4
209. A 1 m long rod has a mass of 0.12kg. What is the
moment of inertia about an axis passing through

the centre and perpendicular to the length of rod
0.01kg- 0.001kg

a
2 2
m -m

¢) 1kg-m* d) 10kg-m*

210. About which axis in the following figure the
moment of inertia of the rectangular lamina is
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maximum?
2? 3
[+ '
|
a) 1 b) 2 c) 3 d) 4

211. A ring starts to roll down the inclined plane of
height h without slipping. The velocity with which
it reaches the ground is

al)\/109h b)\/4gh C)\/4gh d)\/ﬁ

7 7 3
212. The angular momentum of particle
a) Is b) Along c¢) Inclined d) Has no
perpendi  the plane  at any particular
cular to of angle direction
the plane  motion with the
of the plane
surface
in which
it moves

213. Four balls each of radius 10 cm and mass 1 kg,
2kg, 3 kg and 4 kg are attached to the periphery
of massless plate of radius 1 m. What is moment

of inertia of the system about the centre of plate?
1kg

ey
4kg J A wgézkg
3kg
12.04 kg- 10.04 kg- 11.50kg- 5.04 kg-
a) , b) , C) d ,
m m m

214. A constant torque of 1000 N-m turns a wheel of
moment of inertia 200 Kg-m? about an axis
through its centre. Its angular velocity after 3 sec
is

a) 1rad/sem)5rad/sec) 10rad/sd) 15 rad/se

215. A circular disc of radius R is removed from a
bigger circular disc of radius 2R, such that the
circumference of the discs coincide. The center of

o
mass of the new disc is ——from the center of the

R
bigger disc the value of  is

S N
V3 2 9% o
216.1f solid sphere and solid cylinder of same radius

and density rotate about their own axis, the
moment of inertia will be greater for (LZ R)
a) Solid b) Solid ¢) Both d) Equal
sphere cylinder both
217. The moment of inertia of a thin rod of mass M

and length L, about an axis perpendicular to the

L
rod at a distance — from one end is

4
2 2 2 2
ML ML 7ML 7ML
6 12 24 48

218. The moments of inertia of two freely rotating
bodies A and B are I 4 and I respectively.
I ,>1 and their angular momenta are equal. If
K, and K are their kinetic energies, then
a)K,=K;0)K,>K; ¢)K,<K; 9)K,=2K
219. The radius of gyration of a thin uniform circular
disc (of radius R) about an axis passing through
its centre and lying in its plane is
a)R b) R c) R d) R
V2 4 2
220. The position of a particle is given by r=i + 2j -k
and its linear momentum is given by p =3 i+4 ]
-2 +IA<then its angular momentum, about the
origin is perpendicular to
a) yz-plane b) z-axis c¢) y-axis d) X-axis
221. Moment of inertia of a uniform circular disc
about a diameter is I. Its moment of inertia about

an axis L to its plane and passing through a point
on its will be
a)5I b)31 c)61 d41I
222. The angular velocity of a wheel increases from
100 rps to 300rps in 10 s. The number of

revolutions made during that time is
a) 600 b) 1500 c) 1000 d) 2000

223.1f linear density of a rod of length 3 m varies as A
=2+X, then the position of the centre of gravity of

the rod is
33 ) Mo ) 7

224. A wheel of mass 10kg has a moment of inertia of
160 kg-m* about its own axis, the radius of

gyration will be
a)10m b)8m c)6m d)4m
225. Five particles of mass 2kg are attached to the
rim of a circular disc of radius 0.1 m & negligible
mass. Moment of inertia of the system about the
axis passing through the centre of the disc &
perpendicular to its plane is

2kg-

0.1 0.
a)1kg-m*> b) ) ¢) 2kg-m* d) :
m m

226.1f the external torque acting on a system 7 =0,
then
a)w=0 ba=0 ¢)J=0 dF=0
227. A dancer is standing on a stool rotating about the
vertical axis passing through its centre. She pulls
her arms towards the body reducing her moment
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of inertia by factor of n. The new angular speed
of turn table is proportional to
a)n bn! o) n’ dn’

228. Two spherical bodies of the same mass M are
moving with velocities V; and V,. These collide
perfectly inelastically

a) %M(Vl—b) %M vi—c) %M(Vl—d) 2M (vi-

229. A mass m is moving with a constant velocity
along a line parallel to x-axis. Its angular
momentum with respect to origin an Z-axis is

a) Zero b) Remains c) Goes on d) Goes on

constant increasin  decreasin

g g
230. A swimmer while jumping into water from a

height easily forms a loop in the air, if
a) He pulls b) He c) He keepsd) None of
his arms  spreads himself the above
and legs his arms  straight
in and legs
231. A pulley fixed to the ceiling carries a string with
blocks of masses m and 3m attached to its ends.
The masses of string and pulley are negligible.
When the system is released, the acceleration of
center of mass will be
a) Zero b) Tg c) % d) -
232. One solid sphere A and another hollow sphere B
are of same mass and same outer radius. Their
moments of inertia about their diameters are
respectively I, and Igsuch that

I A dA
Al =1z b)I,>I5 oI,<ly d)—=—
Iy, dg
233. A uniform rod of length 2 L is placed with one

end in contact with the horizontal and is then
inclined at an angle & to the horizontal and
allowed to fall without slipping at contact point.
When it becomes horizontal, its angular velocity
will be

a)w:\/3g,b)w:\/—‘c)w:\/Sg,d)w:\/—z,
Z 39 < gsl

234. A solid cylinder (SC) a hollow cylinder (HC) and
a solid sphere (S) of the same mass and radius are

released simultaneously from the same height of

incline. The order in which these bodies reach the

bottom of the incline is

a) SC,HC, b) SC,S, ¢) S,SC, d) HC, SC,

S HC HC S

235.Masses 8,2,4,2kg are placed at the corners

A,B,C,D respectively of a square ABCD of

diagonal 80 cm. The distance of centre of mass

from A will be
a)20cm b)30cm ¢)40cm  d)60cm
236. The moment of inertia of a solid sphere about an
axis passing through centre of gravity is %MR2 ,
then its radius of gyration about a parallel axis at
a distance 2R from first axis is -
22 5 12
= R o© 5 R d) \/ - R
237. A small disc of radius 2cm is cut from a disc of
radius 6 cm. If the distance between their centres
is 3.2 cm, what is the shift in the centre of mass
of the disc
a)0.4cm b)2.4cm ¢)1.8cm d)1.2cm
238. 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

a)\/%gh b)\/ggh c)vVdgh d)v2gh

239. Which is a vector quantity
a) Work  b) Power c¢) Torque d) Gravitati
onal

a)>R b)\/

constant
240. What is the moment of inertia of solid sphere of

density p and radius R about its diameter?
a)%gRSpb)%Rzpc) %‘;Rspm%ﬁp
241. A fly wheel of moment of inertia 3 x 10° kgm” is
rotating with uniform angular speed of
4.6rads " 1Ifa torque of 6.9 x 10? N m retards
the wheel, then the time in which the wheel comes

to rest is
a)l.5s b)2s ¢)0.5s d)1ls
242. The moment of inertia of a circular disc of radius

2m and mass 1 kg about an axis passing through
the centre of mass but perpendicular to the plane
of the disc is 2 kgm”. Its moment of inertia about

an axis parallel to this axis but passing through the

edge of the discis ............ (see the given figure)
X X X
Y Y ¥

a)8kgm’ b)dkgm® c) 10kgm® d)6kg m’
243. Four particles each of mass m are lying
symmetrically on the rim of a disc of mass M and
radius R. Moment of inertia of this system about
an axis passing through one of the particles and
perpendicular to plane of disc is
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a)16mR> b)(3 M+16¢)(3 M+12d) Zero

244. A solid sphere of mass 500 g and radius 10 cm
rolls without slipping with the velocity 20cm/s.
The total kinetic energy of the sphere will be

a)0.014J 1v)0.028J ¢)280J d)140J

245. A thin uniform square lamina of side @ is placed
in the Xy-plane with its sides parallel to X and Y-
axis and with its centre coinciding with origin. Its
moment of inertia about an axis passing through a
point on the y-axis at a distance y=2a and
parallel to X-axis is equal to its moment of inertia
about an axis passing through a point on the X-
axis at a distance X =dand perpendicular to Xy-
plane. Then value of d is

7 9
a)ga b)\/%a c)ga d)\/%a

246. In the given figure, two bodies of mass M; and M,

are connected by massless spring of force constant
k and are placed on a smooth surface (shown in
figure), then

k
F*—F}—mﬂr{n—u}—» F

a) The b) The ¢) The d) None of
accelerati accelerati  system the above
on of on of always
centre of centre of  remains
mass mass in rest
must be may be
zero at zero at
every every
instant instant

247. 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

making a
square

249. The rectangular block shown in the figure is

rotated in turn about X—X,Y — Y and Z—Z axes

passing through its centre of mass O. Its moment

of inertia is

N

T
x————B,———/x

y |
Z

S Equal Maxi
aximu
Smi 1 Maximu  about bout
m
a) abouta b) m about ¢) X—Xx andd) abou
the three . -y
Z—zZaxis y—Yy .
axes axis
axes

250. A uniform rod of length L and mass 1.8kg is
made to rest on two measuring scale at its two
ends. A uniform block of mass 2.7 kg is placed on
the rod at a distance L/4 from the left end. The
force experienced by the measuring scale on the
right end is

a)18N 127N ¢)29N d)45N

251. The moment of inertia of a flywheel having
kinetic energy 360 J and angular speed of
20rad/s is

a)18kgm’ b) 1.8kgm’c) 2.5kgm°d) kg m’

252. The angular momentum of a wheel changes from

2L to 5L in 3seconds. What is the magnitude of

the torque acting on it
a)L b)L/2 c)L/3 d)L/5

253. When the angle of inclination of an inclined plane

is 0, an object slides down with uniform velocity.

If the same object is pushed up with a initial

velocity U on the same inclined plane; it goes up

the plane and stops at a certain distance on the

plane. Thereafter the body

and is allowed to spread out and finally fall. The

angular velocity during this period
a) Decrease b) Decrease ¢) Remains d) Increases

S
continuo
usly

sinitially  unaltered continuo
and usly
increases

again

248. Out of the given bodies (of same mass) for which

the moment of inertia will be maximum about the

axis passing through its centre of gravity and

perpendicular to its plane

radius d

a)Disc of b)Ringof c¢)Square d)Four rods
radiusa  lamina of of length
side 2a 2a

. Slides Slides

Slides
down the  down the

downthe . . . Stays at

. inclined inclined

inclined rest on
plane and plane and

plane and the
reaches reaches L

reaches inclined

a) b) the c¢) the d)

the plane and
ground ground )

ground : ) will not

. with with )
with . . slide
) velocity  velocity

velocity down.

y less than  greater
u. than u.

254. Moment of inertia of ring about its diameter is I.

Then, moment of inertia about an axis passing

through centre perpendicular to its plane is

Page| 18



I 3
= =1 I
a)21 b)2 c) 7 d)

255. Three identical metal balls each of radius r are
placed touching each other on a horizontal surface
such that an equilateral triangle is formed, when
centres of three balls are joined. The centre of the
mass of system is located at

a) Horizont b) Centre ofc) Line d) Point of
al one of jointing intersecti
surface the balls centres on of the

of any medians
two balls

256. Two bodies have their moments of inertia I and
2 I respectively about their axis of rotation. If
their kinetic energies of rotation are equal, their
angular momentum will be in the ratio

a)l:2  bV2:1 02:1  d1:2

257. A wheel rotates with a constant angular velocity
of 300 rpm. The angle through which the wheel
rotates in 1 s is

a)mrad b)5nrad c¢)10nrad d)20nrad

258. Identify the increasing order of the angular
velocities of the following :
1.Earth rotating about its own axis
2.Hour’s hand of a clock
3.Second’s hand of a clock
4. Flywheel of radius 2 m making 300 rpm
a)1,2,3,4b)2,3,4,1¢) 3,4,1,2d)4,1,2,3

259. A ball strikes a horizontal floor at an angle
0=45°. The coeflicient of restitution between the
ball and the floor is e=1/2. The fraction of its

kinetic energy lost in collision in
a) 5/8 b) 3/8 c) 3/4 d) 1/4
260. A force of 200 N acts tangentially on the rim of a

wheel 25 cm in radius. Find the torque
a) 50Nm b) 150 Nm ¢) 75Nm d) 39 Nm
261. Moment of inertia of a sphere of mass M and

radius R is I. Keeping M constant if a graph is

plottedA between I an R, then itAs form would be
a) b) | c) 1 d

Y
a)cd b)ab c)ac d) bd

263. A solid sphere of radius R has moment of inertia
I about its geometrical axis. If it is melted into a
disc of radius I and thickness t. If its 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

A

2 2 3 V3
a)ER b)ER c) ER d)ﬁR

264. One circular ring and one circular disc, both are
having the same mass and radius. The ratio of
their moments of inertia about the axes passing
through their centres and perpendicular to their
planes, will be
a)l:1 b) 2:1 c)1:2 d) 4:1

265. Moment of inertia of ring of mass M and radius
Rabout an axis passing through the centre and
perpendicular to the plane is I. What is the
moment of inertia about its diameter?

a)l b) é ¢) é d) [+ MR*

266. A uniform cylinder has a radius R and length L.
If the moment of inertia of this cylinder about an
axis passing through its centre and normal to its
circular face is equal to the moment of inertia of
the same cylinder about an axis passing through its

centre and perpendicular to its length, then
R
a)L=R b L=yV3Rc)L="F% d)L:\ER
V3 2
267. A ball falls freely from a height of 45m. When

r the ball is at a height of 25 m, it explodes into two

R

262. Four bodies of equal mass start moving with same
speed are shown in the figure. In which of the
following combination the centre of mass will
remain at origin?

equal pieces. One of them moves horizontally
with a speed of 10 ms ™. The distance between

the two pieces when both strike the ground is
a)lOm b)20m ¢)15m d)30m
268. A body comes running and sits on a rotating

platform. What is conserved
a) Linear b) Kinetic c¢) Angular d) None of

momentu  energy momentu the above
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m m
269. According to the theorem of parallel axes

I=I,,+M x”, the graph between I and x will be

a) .*\b) ) \de) |

o x O X P X P

270. A uniform rod AB of length | and mass m is free
to rotate about point A. The rod is released from

rest in horizontal position. Given that the moment
ml’
of inertia of the rod about A is ? the initial

angular acceleration of the rod will be

2g l 3 3g
271. A small disc of radius 2 cm is cut from a disc of
radius 6 cm. If the distance between their centres

is 3.2 cm, what is the shift in the centre of mass of

the disc?
a)04cm b)24cm ¢) 1.8cm d) 1.2cm
272. Two spheres of masses 2 M and M are initially at

rest at a distance R apart. Due to mutual force of
attraction, they approach each other. When they
are at separation R/2, the acceleration of the
centre of mass of spheres would be

a)om/s> bygmls® ¢)3gmls’ d)12gm/s’

273. A ring of radius 0.5m and mass 10kg is rotating
about its diameter with angular velocity of

20rad/s. Its kinetic energy is
a10J  b)100J ¢)500J  d)250J

274. A body of moment of inertia of 3kg-m” rotating
with an angular velocity of 2rad/sec has the
same kinetic energy as a mass of 12 kg moving a

velocity of
a)8m/s b)0.5m/s c¢)2m/s d)y1m/s
275. Before jumping in water from above a swimmer

bends his body to
a) Increase b) Decrease ¢) Decrease d) Reduce

moment  moment  the the
of inertia  of inertia  angular angular
momentu  velocity

m
276. A cart of mass M is tied by one end of a massless

rope of length 10 m. The other end of the rope is
in the hands of a man of mass M. The entire

system is on a smooth horizontal surface. The man
is at Xx=0 and the cart at x=10m. If the man
pulls the cart by the rope, the man and the cart
will meet at the point
They will
a)x=0 b)x=5m ¢)x=10m d)never
meet
277. Four thin rods of same mass M and same length I,
form a square as shown in figure. Moment of
inertia of this system about an axis through centre

O and perpendicular to its plane is
|

Qe

M M
¢) —
3 6

278. Three identical spheres of mass M each are

4 0 2,

—MI —MI
A5 MI b )3
placed at the corners of an equilateral triangle of

side 2 m. Taking one of the corners as the origin,
the position vector of the centre of mass is

—on oA I~ LA LA, =

aV3(i—j)b)—=+J o i+j/3 di+j/V3
)V3(i=j)b) N )i+] yi+jl

279. When a disc is rotating with angular velocity @, a

particle situated at a distance of 4 cm just begins

to slip. If the angular velocity is doubled, at what

distance will the particle start to slip?
a) I cm b) 2 cm ¢) 3cm d) 4 cm
280. A solid sphere and a hollow sphere of the same

material and of a same size can be distinguished

without weighing

a) By b) By c) By d) By
determin  rolling rotating applying
ing their ~ them them equal
moments  simultane about a torque on

of inertia ouslyon  common  them

about an axis of
their inclined rotation
coaxial plane

axes

281. As disc like reel with massless thread unrolls itself
while falling vertically downwards the

acceleration of its fall is
b g Z d 2
a)g ) 5 ¢) Zero ) 3 g

282. Two stars of mass M, and M, are part of a binary
star system. The radii of their orbits are I'; and ',

respectively, measured from the C.M. of the
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system. The magnitude of acceleration of M is
m,m,G  mG m,G  (m,+m,)

a)( 20)(

283. Two thin uniform circular rings each of radius 10

r1+r2)2 )(r1+r2) r1+r2)2 (r1+r2)2
cm and mass 0.1 kg are arranged such that they
have a common centre and their planes are
perpendicular to each other. The moment of
inertia of this system about an axis passing
through their common centre and perpendicular to
the plane of one of the rings in kgm %is

a)15x10 b)5x10° ¢)1.5x10 d)18x10 "

284. A solid sphere, disc and solid cylinder all of the
same mass are made of the same material are
allowed to roll down (from rest) on an inclined

plane, then

a) Solid b) Solid ¢) Disc will d) All reach
sphere sphere reach the the
reaches reaches bottom bottom at
the the first the same
bottom bottom time
first last

285. Two discs of the same material and thickness have
radii 0.2 m and 0.6 m. Their moments of inertia

about their axes will be in the ratio
a)l1:81 1bv)1:27 ¢)1:9 d)1:3
286. The centre of mass of a system of two particles
divides the distance them

a) In b) In direct ¢) In d) In direct
inverse ratio of inverse ratio of
ratio of square of  ratio of masses
square of  masses masses of
masses of of particles
of particles  particles
particles

287. Angular momentum is conserved
a) Always b) Never ¢) When d) When

external external
force is torque is

absent absent
288. A straight rod of length L has one of its ends at

the origin and the other at X=L. If the mass per
unit length of the rod is given by Ax is constant,
where is its mass centre?
a)L/3 b)L/2 c)2L/3 d3L/4
289. A bag of mass M hangs by a long thread and a
bullet (mass m) comes horizontally with velocity
v and gets caught in the bag. For the combined

system of bag and bullet, the correct option is
a) Momentub) Kinetic  ¢) Momentud) Kinetic

m is energy is mismv  energy is

mMyv 1 2 1 mv’
—— =My
(m+M) 1 2 (M+m)
290. From a disc of radius R, a concentric circular
portion of radius I is cut out so as to leave an
annular disc of mass M. The moment of inertia of
this annular disc about the axis perpendicular to
its plane and passing through its centre of gravity
is
a) lM(Rz-tb) lM(Rz—c) lM(R“-|d) lM'(R4
2 2 2 2
291. The moment of inertia of a rod about an axis
through its centre and perpendicular to it is
%ML2 (where M is the mass and L is the length
of the rod). The rod is bent in the middle so that
the two halves makes an angular of 60°. The same

axis would be

1

)25 ML b)leL 952 ML d) L’

M.
\/,
292.1f the angular momentum of a rotating body about
a fixed axis is increased by 10 %. Its kinetic

energy will be increased by
a) 10% b) 20% c) 21% d) 5%
293. From an inclined plane a sphere, a disc, a ring and

a spherical shell are rolled without slipping. The

order of their reaching at the base will be
a) Ring, b) Shell, c¢) Sphere, d) Ring,

shell, sphere, disc, sphere,
disc, disc, ring  shell, disc,
sphere ring shell

294. A cylinder rolls down an inclined plane of

inclination 30 °, the acceleration of cylinder is
a) g/3 b) g c) g2 d) 2g/3
295. A disc is rolling on the inclined plane, what is the
ration of its rotational KE to the total KE?
a) 1:3 b) 3:1 c) 1:2 d) 2:1
296. Angular momentum L of body with mass moment
of inertia I and angular velocity wrad /sec is

equal to

I ) None of
— Iw
3 w O Iw ©) 9 these

297.1f a force acts on a body at a point away from the

centre of mass, then
a) Linear b) Angular c¢) Both d) None of

accelerati  accelerati change these
on on

changes changes
298. The speed of a homogenous solid sphere after

rolling down an inclined plane of vertical height h
from rest without sliding is
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10 \/ 4 — \/6 gh
a)y—gh b)y=gh oVgh d—2—
)\/ 7 gh Dyzgh ovg =
299. A solid cylinder is rolling down on an inclined
plane of angle 6. The coefficient of static fraction

between the plane and cylinder is ;. Then
condition for the cylinder not to slip is
a)tan0>3 b) tan0>3c) tan0 >3 jd) tan <3y
300. Two blocks of masses M; and M, are connected
by a massless spring and placed at smooth surface.

The spring initially stretched and released. then
a) The b) The c) The d) Both (b)

momentu  magnitud mechanic and (c)

m of e of al energy  are
each momentu  of correct.
particle m of system

remains both remains

constant bodies constant

separatel ~ are same
y to each

other
301. A particle performs uniform circular motion with

an angular momentum L. If the frequency of
particle’s motion is doubled and its KE is halved,
the angular momentum becomes

L L
a)E b)2L 4L d)z

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

w (t)wo '“‘(r) . (r)mu (f)mu
0! &C) | Kd) T E

b)T
—

303. Particles of masses m,2m,3m,...... , M grams
are placed on the same line at distances
1,21,31,....... ,nl cm from a fixed point. The
distance of centre of mass of the particles from
the fixed point in centimeters is

a)(2n+1)lb l o n(n2+1)1d) 221
3 n+1 2 n(n’+1)

304. A small object of mass m is attached to a light

string which passes through a hollow tube. The

tube is hold by one hand and the string by the
other. The object is set into rotation in a circle of
radius R and velocity V. The string is then pulled

down, shortening the radius of path of r. What is

conserved

a) Angular b) Linear c¢) Kinetic d) None of
momentu momentu  energy the above

m m
305. 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
a)ml’/12 byml’/6  cyml*/3  dyml*/2
306. The vector product of the force (F') and distance (

) from the centre of action represents
a) KE b) PE ¢) Work  d) Torque
307. A rod of length [ is hinged at one end and kept

horizontal. It is allowed to fall. The velocity of the
other end of the rod is

5 1 5 7 2
a)V3gl bV2gl ¢ 2MI o

308. A solid cylinder rolls down an inclined plane of

None of

height 3m and reaches the bottom of plane with
angular velocity of 2 V2rad.s ' The radius of
cylinder must be [Take g=10 ms °]
a)5cm b)0.5cm ¢ V10cm d) V5m
309. When two bodies collide elastically, the force of

interaction between them is
a) Conservab) Non- c¢) Either d) Zero

tive conservat  conservat
ive ive or
non-
conservat
ive
310. 9.8 2
A disc of moment of inertia ? kgm® is rotating

of 600 rpm. If the frequency of rotation changes
from 600 rpm to 300 rpm, then what is the work
done

a)1467J 1b)1452J ¢)1567J d)1632J
311. The distance of the centre of mass of the T -

shaped plate from O is

< 8 m >
2m : ----------- EQ---------.I
’<_> ———>
3m 3m |
g
O

a) 7m b)27m ¢)4m d) Im
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312. The moment of inertia of a circular ring of radius
r and mass M about diameter is

1., 2 3.2 1. -
2 —Mr =~ Mr — Mr
AM? by ME oSMe g
313. A solid sphere of mass 1 kg, radius 10 cm rolls
down an inclined plane of height 7m. The

velocity of its centre as it reaches the ground level
is
a)7mls b)10m/s ¢)15m/s d)20m/s
314. Two discs have same mass and thickness. Their
materials are of densities P; and P,. The ratio of
their moment of inertia about central axis will be
a)piipy  b)P1P:l o) lipip, d)pyipy
315. A flywheel rotating about a fixed axis has a kinetic
energy of 360 joule when its angular speed is
30rad/sec. The moment of inertia of the wheel
about the axis of rotation is

a) 0.6 kg x rb) 0.15kg xc) 0.8 kg x rd) 0.75 kg x
316. A particle of mass m moving with a velocity (

3i+2 j’)m s~ ' collides with a stationary body mass

M and finally moves with a velocity (—2 i+ }')
. m_ 1

ms . If M—l—g, then
The The The
impulse velocity coeflicien
received ofthe M  tof

a) by each b) 1 ) restitutio

. is —(5 correct

is 13 E
,m(5i+j i+ sz

317. The principle of conservation of angular

All the
d) above are

momentum, states that angular momentum
a) Always D) Is the ¢) Remains d) None of

remains product conserve  these
conserve  of d until
d moment the

of inertia  torque

and acting on

velocity it
remains

constant

318. 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 and radius (1)
a)%ml‘2 bymr’ c)%ml‘2 d)2mr’

319. When a torque acting upon a system is zero, then

which of the following will be constant
a) Force b) Linear c¢) Angular d) Linear

momentu momentu  impulse
m m
320. The instantaneous velocity of a point B of the
given rod of length 0.5 mis 3 ms ™" in the
represented direction. The angular velocity of the
rod for minimum velocity of end A is

() 0

A B

1.5 5.2 2.5 None of

_ 4 cC _
rads” rads’' rads"'  these
321. A solid sphere rolls down two different inclined

a)

planes of same length, but of different

inclinations. In both cases
a) Speed b) Speed c¢) Speed d) Speed

and time  will be will be and time
of same, but different, of
descent time of but time descent
will be descent of both are
same will be descent different
different  will be
same

322. The blocks A and B, each of mass m, are
connected by massless spring of natural length L
and spring constant k. The blocks are initially
resting on a smooth horizontal floor with the
spring at its natural length, as shown in figure. A
third identical block C, also of mass M, moves on
the floor with a speed Vv along the line joining A
and B, and collides with A. Then

] [ew{z]

The KE

The KE o of the

the A-B  The The

A-B system, maximu  maximu

system, at m m

at maximu  compress compress
a) maximu ) m c) ion of thed ion of the

m compress spring is  spring is

COMPIESS 4on of the 'm m

1on. of t%le springis \/ T v \/ T

spring, is

2
Zero " mv

323. A reel of thread unrolls itself falling down under
gravity. Neglecting mass of the thread, the
acceleration of the reel is
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a)g b)g/2 c)2g/3 d)4g/3
324. A ‘T’ shaped object with dimensions shown in the
figure, is lying on a smooth floor. A force Fis
applied at the point P parallel to AB, such that
the object has only the translational motion

without rotation. Find the location of P with

respect to C
k———+—>

4 2 3
—1 [ =1 =1
Azl b ozl 93
325.If the external forces acting on a system have zero

resultant, the center of mass
a) May b) May ¢) Must not d) None of

move but  Accelerat move the above
not e

accelerat

e

326. A bomb at rest explodes in air into two equal
fragments. If one of the fragments is moving
vertically upwards with velocity V, then the other

fragment will move

) Verticall ) )
Verticall arbitrary  Horizont
.. ydown o .
y up with . direction __ ally with
a) . with c) . :
velocity . with velocity
velocity )
Vo velocity v,
Vo

Vo
327. A body is rolling down an inclined plane. Its
translational and rotational kinetic energies are

equal. The body is a
a) Solid b) Hollow c¢) Solid d) Hollow

sphere sphere cylinder  cylinder
328. A drum of radius R and mass M, rolls down

without slipping along an inclined plane of angle 0

. The frictional force
a) Converts b) Dissipate ¢c) Decrease d) Decrease

translatio s energy s the s the

nal as heat rotational  rotational

energy to motion and

rotational translatio

energy nal
motions

329. A solid sphere of mass 2 kg rolls on a smooth
horizontal surface at 10 ms™ . It then rolls up a

smooth inclined plane of inclination 30° with the

horizontal. The height attained by the sphere

before it stops is
a)700cm b) 701l cm c¢) 7.1m  d) None of

these
330. Two bodies are projected from roof with same

speed in different directions. If air resistance is
not taken into account then
a) They b) They c¢) They d) Both (a)
reach at reach at reach at and (¢)
ground ground ground are
with with with correct
same same same
magnitud  kinetic speed
e of energy
momenta
if bodies
have
same

masses
331. A cylinder rolls down an inclined plane of

inclination 30 °, the acceleration of cylinder is
9 g9 29
Ay D9 9y D
332. A ball moving with a certain velocity hits another
identical ball at rest. If the plane is frictionless and
collision is elastic, the angle between the

directions in which the balls move after collision,
will be
a) 30° b) 60° ¢) 90° d) 120°
333. A ring of radius R is first rotated with an angular
velocity @, and then carefully placed on a rough
horizontal surface. The coeflicient of friction
between the surface and the ring is y. Time after
which its angular speed if reduced to half is
W, MR b 20,R w, R g

c
29 Hg 2ug 2R
334. A small object of uniform density roll up a curved

a)

surface with an initial velocity V. If reaches up to
: : 3v
a maximum height of o with respect to the
g

initial position. The object is

a) Ring b) Solid ¢) Hollow d) Disc
sphere sphere
335. A cylinder of 500 g and radius 10 cm has

moment of inertia (about its natural axis)

a)2.5x10 ) 2x10 k) 5x10 *kd) 3.5 %10~
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2 2 2 2
-m -m -m -m

336. Two objects of masses 200 g and 500 g possess
velocities 10im/s and 3+ 5}' m/ s respectively.

The velocity of their centre of mass in m/s is

5
=y

337. The moment of inertia of a sphere of mass M and

A A 5‘. ~ . 25" i
a)5i—25j b);l—25]c) 51+7] d)25i—

radius R about an axis passing through its centre

2
is < M R’ The radius of gyration of the sphere

about a parallel axis to the above and tangent to

IR

338. A thin uniform rod of length land mass m is

the sphere is

7 3
a)gR b)gR ¢) R d) R

swinging freely about a horizontal axis passing
through its end. Its maximum angular speed is ®.

Its centre of mass rises to maximum height of
2 2 2 2 2 2
1lw
a)ll 0] by =2 C)ll @ d)ll ©
3 g 6 g 2 6 g
339. A circular disc rolls down an inclined plane. The

ration of rotational kinetic energy to total kinetic
energy is

1 1 2 3
ﬂi m§ Qg ®Z

340. Two particles of masses M; and M, in projectile
motion have velocities 7’1 and \72 respectively at
time t =0. They collide at time £,. Their velocities
become V'; and V', at time 2 £, while still moving
in air. The value of
“mﬁ; M,V '2)_ (m1v1 _mz‘_}z)} is

, 2 1
a) Zero b)(m1+mz)!c)( d)E(mf"m

‘m1+m2)5

341.1In case of explosion of a bomb, which of the

following changes?
a) Kinetic b) Mechani ¢) Chemicald) Energy

energy cal energy

energy
342. There are two identical balls of same material, one

being solid and the other being hollow. How will
you distinguish them without weighing?

a) By b) By c) By d) By any
spinning  determin  rolling one of
them ing their ~ them these
using moment downan  methods
equal of inertia  inclined
torques plane

343. Two blocks A and B are connected by a massless
string (shown in figure). A force of 30 N is

applied on block B. The distance travelled by
centre of mass in 2 s starting from rest is

y B
Smooth
a) 1m b) 2m ¢) 3m d) None of
these

344. Calculate the angular momentum of a body whose
rotational energy is 10 Joule. If the angular
momentum vector coincides with the axis of
rotation and its moment of inertia about this axis
is 8 x 10 kgm®

2)4x107 1) 2 x 10 ko) 6 x 1072 hd) " O
these

345. The acceleration of the centre of mass of a
uniform solid disc rolling down an inclined plane
of angle « is

2/3 g sin o 1/2 g sin d) 1/3 g sin

a a o

346. (1) Centre of gravity (C. G.) of a body is the point
at which the weight of the body acts

a)gsina b)

(2) Centre of mass coincides with the centre of
gravity if the earth is assumed to have infinitely
large radius

(3) To evaluate the gravitational field intensity due
to any body at an external point, the centre mass
of the body can be considered to be concentrated
atits C.G.

(4) The radius of gyration of any body rotating
about an axis is the length of the perpendicular
dropped from the C.G. of the body to the axis
Which one of the following pairs of statements is

correct
a) 4)and b) (1)and c¢) (2)and d) (3) and
(1) (2) (3) “4)

347. The ratio of the radii of gyration of a circular disc
to that of a circular ring, each of same mass and
radius, around their respective axes is

a)V2:1  BV2:V3 0312 D12
348. The centre of mass of a system of two particles
divides. The distance between them is

a) In b) In direct ¢) In d) In direct
inverse ration of  inverse ration of
ratio of square of  ration of = masses
square of  masses masses of
masses of of particles
of particles  particles
particles

349.1f the earth is a point mass of 6 x 10**kg

revolving around the sun at a distance of

Page |25



1.5 x 10 km and in time T=3.14 x 10 s, then
the angular momentum of the earth around the
sun is
a)1.2x10'b) 1.8 x 10%¢) 1.5 x 107d) 2.7 x 10*
350. Three stationary particles A, B, C of masses

m,, Mg and M. are under the action of same
constant force for the same time. If M,>Mg>m_,

the variation of momentum of particles with time
for each will be correctly shown as

A B, (

Dl w| ol ol

0]

351. Three point masses each of mass m are placed at
the corners of an equilateral triangle of side ‘a’.
Then the moment of inertia of this system about
an axis passing along one side of the triangle is

ayma’ b)3ma® ¢)3/4ma’d)2/3ma’

352. From a circular ring of mass M and R, an arc
corresponding to a 90° sector is removed. The
moment of inertia of the remaining part of the
ring about an axis passing through the ring and
perpendicular to the plane of ring is Kk times
MR?. Then the value of k is

) 3 b 7 1 ol

2 Z =

1 )3 )3 )
353.Radius of gyration of uniform thin rod of length

L about an axis passing normally through its
centre of mass is

L L

a) E b) R

354. The moment of inertia of a dumb-bell, consisting
of point masses M;=2.0 kg and m,=1.0 kg,

fixed to the ends of a rigid massless rod of length

ovI12L d)12L

L=0.6 m, about an axis passing through the

centre of mass and perpendicular to its length, is

a)0.72 kgmb) 0.36 kg mc) 0.27 kg nd) 0.24 kgm
355. Two solid spheres (A and B) are made of metals

of different densities P sand P g respectively. If
their masses are equal, the ratio of their moments
of inertia (I B/ I A) about their respective diameters

1S

a)

2/3

L

A

B Pa
356. A solid sphere is given a kinetic energy E. What

B

2/3
&) oPa g bs
p

fraction of kinetic energy is associated with
rotation?

a) 3/7 b) 5/7 c) 172 d) 2/7
357. The moment of inertia of a rectangular lamina

about an axis perpendicular to the plane and
passing through its centre of mass is
M > .. M » ;. 2Ml M ( [+ b)
—(I"+bbv)—(I"+b —_—
) pl+boy (b om o=
358. Moment of inertia of big drop in I. If 8 droplets

are formed from big drop, then moment of inertia

of small droplet is
I

I I I
a) 35 b6 93 )y
359. A binary star consists of two stars A (mass 2.2
M) and B (mass 11 M), where M is the mass
of the sun. They are separated by distance d and
are rotating about their centre of mass, which is
stationary. The ratio of the total angular
momentum of the binary star to the angular
momentum of star B about the centre of mass is
a) 7 b) 6 c)9 d) 10
360. Three rods each of length L and mass M are
placed along X ,Y and Z axes in such a way that
one end of each rod is at the origin. The moment
of inertia of the system about Z-axis is
a)ML2 2ML* 3ML*  2ML’

b) c) d)
3 3 2 12
361. The total kinetic energy of a body of mass 10kg
and radius 0.5m moving with a velocity of 2m/s
without slipping is 32.8 joule. The radius of

gyration of the body is
a)0.25m 1)0.2m ¢)0.5m d)0.4m
362. A body having moment of inertia about its axis of

rotation equal to 3 kg — m? is rotating with angular
velocity equal to 3rad/s. Kinetic energy of this
rotating body is the same as that of body of mass
27 kg moving with a speed of

a)1.0m/s b)0.5m/s ¢)1.5m/s d)2.0m/s

363. A bullet of mass 5g moving with a velocity 10

ms~ " strikes a stationary body of mass 955g and
enters it. The percentage loss of kinetic energy of

the bullet is

a) 85 b) 0.05 c) 99.5 d) None of

the above
364. A diatomic molecule is formed by two atoms

which may be treated as mass points M; and M, ,
joined by a massless rod of length r. Then the
moment of inertia of the molecule about an axis
passing through the centre of mass and
perpendicular to rod is

m1+m2\ mym, \

a) zero b) (m1+m2)lc)

m;m, | m1+m2)
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365. A disc starting from rest acquires in 10 sec an
angular velocity of 240 revolutions/minute. Its
angular acceleration (assuming constant) is

a)1.52rad/b)2.51radlc)3.11rad/d)3.76 rad/
366. A flywheel gains a speed of 540r. p.m. in 6 sec.

Its angular acceleration will be

a)3mrad/sb)9mrad/sc) 18 nrad/d) 54 mrad/
367. Two spheres each of mass M and radius R/2 are

connected with a massless rod of length 2 R as
shown in the figure. What will b be the moment of
inertia of the system about an axis passing through
the centre of one of the sphere and perpendicular

to the rod
M M

fe——2r—>
a)%MRZ b)%MRZ o) gMRZ d) %MRZ
368. Two rings have their moments of inertia in the
ratio 2:1 and their diameters are in the ratio 2:1.
The ratio of their masses will be
a)2:1 b) 1:2 c)l:4 d)1:1
369. The moment of inertia of a straight thin rod of
mass M and length [ about an axis perpendicular
to its length and passing through its one end, is
AMF/12 b)MEF/3 o MP/2 dMI
370. The position of a particle is given by:
F:(;’+23’—IA<) and momentum
P= (3 i+4 }'— 2k ). The angular momentum is
perpendicular to
Line at
equal
angles to
all the
three

a)X-axis b)Y-axis c¢)Z-axis d)

axes
371. A sphere of mass m and radius I rolls on a

horizontal plane without slipping with the speed U.
Now if it rolls up vertically, the maximum height
it would attain will be
a)3u’/4g b)5u*/2g ©) 7u*/10gd) u’/2g
372. A 10kg body hangs at rest from a rope wrapped
around a cylinder 0.2 m in diameter. The torque
applied about the horizontal axis of the cylinder is

19.6 N-
a)98 N-m b)m ¢) 196 N-md) 9.8 N-m
373. The moment of inertia of a circular disc about one

of its diameter is I. What will be its moment of
inertia about a tangent parallel to the diameter?

)41 b)21 c)%l 431

374. A thin metal disc of radius of 0.25 m and mass 2
kg starts from rest and rolls down on an inclined
plane. If its rotational kinetic energy is 4 J at the
foot of inclined plane, then the linear velocity at
the same point, is in ms ™.

a)2 »)2v2  ©2V3 332

375. A ball rests upon a flat piece of paper on a table
top. The paper is pulled horizontally but quickly
towards right as shown. Relative to its initial

position with respect to the table, the ball

—_—>

(1) Remains stationary if there is no friction

between the paper and the ball

(2) Moves to the left and starts rolling backwards,

i.e., tothe left it there is a friction between the

paper and the ball

(3) Moves forward, i .€ ., in the direction in

‘which the paper is pulled.

Here, the correct statement/s is/are

a) Both (1) b) Only (3) ¢) Only (1) d) Only (2)
and (2)

376. A rectangular block has a square base measuring
a % a, and its height is h. Its moves on a
horizontal surface in a direction perpendicular to
one of its edges. The coefficient of friction is U. It

will topple if
2a

dy p>—
h ) H

aypy>h/a byp>alh c)p> T

377. Centre of mass is a point

a) Whichis b) From  ¢) Where d) Which is

geometri  which the the origin
c centre distance whole of
of abody of mass of reference

particles  the body  frame
are same  is

supposed

to

concentr

ated
378. When a ceiling fan is switched on, it makes 10

revolutions in the first 3 seconds. Assuming a
uniform angular acceleration, how many rotation

it will make in the next 3 seconds
a) 10 b) 20 c) 30 d) 40

379. A thin rod of length L is lying along the X-axis
with its ends at Xx=0 and X=L. Its linear density
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X n
(mass\length) varies with X as k(f) , when 1 can

be zero or any positive number. If the position

>

Xy of the centre of mass of the rod is plotted
against N, which of the following graphs best ok T
approximates the dependence of Xy on n?
XeM XeM XeM XeM a)x—z,y b X= b’y o)X= b,y d)X_g,y:
P I 5. A body of mass M moving with a speed U has a
/ head-on collision with a body of mass m
a) 1/ ¥o---- b) N - ) originally at rest. If M >>m, the speed of the
body of mass m after collision will be nearly
a) um b) uM c) L d)2u
0 of T o O n "M m 2
386. A smooth steel ball strikes a fixed smooth steel

380. A 2kg body and a 3 kg body are moving along the
X-axis. At a particular instant the 2 kg body has a
velocity of 3m s 'and the 3kg body has the

velocity of 2 ms™ . The velocity of the centre of

mass at that instant is

60 d) None of

-1

a)5ms b)1ms

these
381. Consider a uniform square plate of side ‘a’ and
mass 7’. The moment of inertia of this plate
about an axis perpendicular to its plane and
passing through one of its corners is
7 2 5 o
)—ma b)—ma ) gma d)gma

382. . , . . R
A circular disc of radius R and thickness — has

6
moment of inertia I about an axis passing through
its centre and perpendicular to its plane. It is
melted and recasted into a solid sphere. The
moment of inertia of the sphere about its diameter
as axis of rotation is

a)l b) 21 c) 1 d) =
3 5 10
383. A solid cylinder on moving with constant speed V
reaches the bottom of an incline of 30°. A hollow
cylinder of same mass and radius moving with the
same constant speed V, reaches the bottom of a
different incline of 8. There is no slipping and
both of them go through the same distance in the
same time ; 0 is then equal to
a)37° b)30° c)42° d)45°
384. The centre of mass of triangle shown in figure has
coordinates

plate at an angle 0 with the vertical. If the
coefficient of restitution is e, the angle at which
the rebounce will take place is

1

-1 tar —1| €
a)o bytan |—c)etanf dytan |—
) ) ©) ) P
387.1f the earth shrinks such that its mass does not
change but radius decreases to one quarter of its

original value then one complete day will take
a) 9% h b) 48 h c) 6h d) 1.5h
388. 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
Remains
Increases  Decrease
constant
Becomes toavalue stoa
a) b)atthe ©¢)
Zero greater value less
same
than @ than @
value @

389. Two blocks of masses 10 kg and 4 kg connected
by a spring of negligible mass and placed on a
frictionless horizontal surface. An impulse gives a
velocity of 14m s~ " to the heavier block in the
direction of the lighter block. The velocity of the

centre of mass is
a)30ms ' b)20ms ' ¢)10ms ' d)5ms~
390. A spherical hollow is made in a lead sphere of

1

radius R such that its surface touches the outside
surface of lead sphere and passes through the
centre. What is the shift in the centre of lead
sphere as a result of this hollowing?
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a) % b) 1% c) % dR
391. If the earth is treated as a sphere of radius R and
mass M its angular momentum about axis of
rotation with period T is
ol MR’ b MR’'n o 2T MR’ L MR’
T T 5T 5T

392. Two masses M, and m,(m,;>m,) are connected

by massless flexible and inextensible string passed
over massless and frictionless pulley. The
acceleration of centre of mass is

m—n, m-—m, mp+m,

a b )z
) m,+m, )m1+m2 s m,—m," ) Zero

393. A man of mass M stands at one end of a plank of
length which is at rest on a frictionless horizontal
surface. The man walks to he other end of the
plank. If mass of the plank is M /3, the distance
that the man moves relative to ground is

a)L b)L/4 c)3L/4 d)L/3

394. Two discs of same thickness but of different radii
are made of two different materials such that their
masses are same. The densities of the materials
are in the ratio 1:3. The moments of inertia of
these discs about the respective axes passing
through their centres and perpendicular to their
planes will be in the ratio
a)1:3 b)3:1 c)1:9 d)9:1

395. A bullet of mass M hits a block of mass M '. The
transfer to energy is maximum, when

a)M =M b M =2Mc)M <({Md M>L.M

396. Which relation is not correct of the following

Moment  Liner
Torque=  Torque= S
. of inertia momentu
Moment  Dipole
= m=

of inertia | _moment

¢) Torque/a d) Moment

X angular = X L

. . ngular of inertia

accelerati magnetic .

accelerati  Xangular

on induction .
velocity

397.1f a ball is dropped from rest, its bounces from the
floor. The coeflicient of restitution is 0.5 and the
speed just before the first bounce is 5m s ' The

total time taken by the ball to come to rest is

a)2s b) 1s c) 0.5s d) 0.25s
398. Angular momentum of a system of particles

changes when

a) Force  b) Torque c¢) Directiond) None of

actsona actsona of these
body body velocity

changes
399. The moment of inertia of meter scale of mass 0.6

kg about an axis perpendicular to the scale and
located at the 20 cm position on the scale in kg -
m? is (Breadth o the scale is negligible)

a) 0.078 b) 0.104 c¢) 0.148 d) 0.208
400. A particle moves in the X-Y plane under the

action of a force F such that the value of its linear
momentum ﬁat any time t is P,=2 cos

t,p,2sint
The angel 0 between Fand Pata given time t
will be

a)90° b) 0° c) 180° d)30°

401. The moment of inertia of a circular ring of mass
1 kg about an axis passing through centre and
perpendicular to its plane is 4 kg-m®. The
diameter of the ring is

a)2m b)4m c)5m d)6m

402. A particle of mass 1 kg is projected with an initial
velocity 10 ms ™" at an angle of projection 45°
with the horizontal. The average torque acting on
the projectile, between the time at which it is
projected and the time at which it strikes the
ground, about the point of projection in newton-

metre is
a) 25 b) 50 c) 75 d) 100
403. Four spheres of diameter 2 a and mass M are

placed with their centres on the four corners of a
square of side b. Then the moment of inertia of
the system about an axis along one of the sides of
the square is
a) %Ma2+b) %Mazﬁc) %Ma2 d) %Ma2+
404. A wheel has angular acceleration of 3.0 rad/s ec’
and an initial angular speed of 2.00rad/sec.In a
time of 2 sec it has rotated through an angle (In
radian) of
a) 6 b) 10 c) 12 d) 4
405. When a sphere of moment of inertia I about its
centre of gravity and mass 'm ' rolls from rest
down an inclined plane without slipping, its
kinetic energy is

a) %Ioo2 b) %mv2 ¢) Io+mv d) %Iw2+—;
406. A thin uniform circular ring is rolling down an
inclined plane of inclination 30 ° without slipping.
Its linear acceleration along the inclined plane will
be
a)gl2 b)g/3 c)gla d)2g/3
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407. A circular disc of radius R rolls without slipping rotational KE of system will be

along the horizontal surface with constant velocity I+, (I (+H 2)(( (I 1@,+I. None of
V. We consider a point A on the surface of the 2) 2(I,+1. 2 2(I,+;  these
disc. Then the acceleration of the point A is 413. A uniform rod of length ‘2 L’ has mass per unit
a) Constant b) Constant ¢) Constant d) Constant length ‘m’. The moment of inertia of the rod about
in in in an axis passing through its centre and
magnitud  direction  magnitud perpendicular to its length is
zsaswell e a)%THLZ b)%mLz c)%mLS d)%mlf
direction 414. A wheel of radius 0.4 m can rotate freely about its
408. A torque of 50 Nm acting on a wheel at rest axis as shown in the figure. A string is wrapped
rotates it through 200 radians in 5 sec. Calculate over its rim and a mass of 4 kg is hung. An
the angular acceleration produced angular acceleration of 8 rad-s~* is produced in it
a)8radsecb)4radsecc) 16radsed) 12rad se due to the torque. Then, moment of inertia of the

409. A round uniform body of radius R, mass M and . _ -2
o i o wheel is (g=10ms )
moment of inertia I, rolls down (without slipping)

an inclined plane making an angle 0 with the

horizontal. Then its acceleration is %x%, :
gsin 6 gsin 6 gsin 6 gsin 6 I 7
2 2 : =.
a) 1, 1 b, MR 0 q_ I 4, MR &'ka

MR’ I MR’ I

a —m?b 2 _ A 2
410. A tap can be operated easily using two fingers )2kg—m b)1kg—m"c) 4kg—m'd)8kg—m

415. Three particles, each of mass m gram, are situated

because . . .
h f 1 1 le ABC of
a) The b) This ¢) The d) The a‘tt e vertices of an .equl ateral triangle 0
. side [ cm (as shown in the figure). The moment of
force helps rotational ~ force by

. . . inertia of the system about a line AX
available applicati  effectis one . ) .
perpendicular to AB and in the plane of ABC, in

for the on of caused finger S, L
operation  angular by the overcom g ’;(Cim'c m’ units will be
will be forces couple es Q‘
more formed friction N N
\ \
and other \ \
finger 20 \ | N8,y
id
provides 3 ) S5 3
the force a)zml b)2ml C)Zml d)Eml
for the 416. Four particles each of mass m are placed at the
operation

) . corners of a square of side length [. The radius of
411. The angular momentum of a system of particles is . . .
gyration of the system about an axis perpendicular
not conserved

a) Whena b) Whena c) Whena d) None of to thel: square anc} passing through its centre is
t t t th — - ! 2
ne ne ne ese a) 7 b) 5 c) d) (\/ 2)1

external external external 417. A ladder is leaned against a smooth wall and it is

force torque is  impulse . _ .
9 ) p ) allowed to slip on a frictionless floor. Which
acts upon  acting is acting .
figure represents trace of its centre of mass
the upon the  upon the
system system system

412. Two discs of moment of inertia I, and I, and

angular speeds @; and @, are rotating along a) /
collinear axes passing through their centre of mass :

T

and perpendicular to their plane. If the two are h
made to rotate combindly along the same axis the 418. A ball rolls without slipping. The radius of
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gyration of the ball about an axis passing through
its centre of mass is K. If radius of the ball be R,
then the fraction of total energy associated with its
rotational energy will be
K K’ R’ K*+R*
Ve kR kR VR
419. A cylinder rolls up an inclined plane, reaches

some height, and then rolls down (without slipping
throughout these motions). The directions of the

frictional force acting on the cylinder are
a) Upthe b) Upthe c¢) Down d) Down

incline incline the the
while while incline incline
ascendin  ascendin  while while
g and gaswell ascendin  ascendin
down the as gandup gaswell
incline descendi  the as
while ng incline descendi
descendi while ng
ng descendi

ng

420.Tf the angular momentum of any rotating body
increases by 200%, then the increase in its kinetic
energy
a) 400% b) 800% c¢) 200% d) 100%

421. Three point masses M, ,M,, My are located at the
vertices of an equilateral triangle of length ‘a’.
The moment of inertia of the system about an axis
along the altitude of the triangle passing through
m,is

a) (m2+m3)fb) (m, +my+c) (m1+m2)-'d) [ my+ms)

422. Two point objects of mass 1.5 gand 2.5 g
respectively are at a distance of 16 cm apart, the
centre of gravity is at a distance X from the object

of mass 1.5g, where X is
a)10cm b) 6cm c¢) 13cm  d) 3cm
423. A thin uniform rod mass m and length [ is hinged

at the lower end to a level floor and stands
vertically. It is now allowed to fall, then its upper
end will strike the floor with a velocity given by
a)V2gl  b)V3gl V5gl  d)Vmgl
424. 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?
a) Moment b) Angular c) Angular d) Rotation
of inertia  momentu  velocity al kinetic

m energy
425. A circular disc rolls down an inclined plane. The

ratio of rotational kinetic energy to total kinetic
energy is
1 1 2 3
a)5 b3 3 )y
426. A car is moving at a speed of 72km/hr. The
radius of its wheels is 0.25m. If the wheels are
stopped in 20 rotations by applying brakes, then
angular retardation produced by the brakes is

a) —25.5rab) —29.5rac) —33.5rad) —45.5ra
427. A bomb dropped from an aeroplane explodes in

air. Its total
a) Moment b) Kinetic ¢) Kinetic d) Kinetic

um increases energy energy

decreases increases  decreases
428. A disc is rolling (without slipping) on a horizontal

surface C is its centre and Q and P are two points
equidistant from C. Let Vp, Vq and V¢ be the
magnitude of velocities of pints P,Q and C
respectively, then

¢ ¢

P
]
Vo= Vp,
a) Vo>Ve>1b) Vo <Ve<\c) 1 d)Vo<ve>
VCZEVP

429. Two balls each of mass m are placed on the
vertices A and B of an equilateral triangle ABC
of side 1m. A ball of mass 2m is placed at vertex
C. The centre of mass of this system from vertex
A (located at origin) is

C
m

1m 1 m

n;llmén

1 1 (1 1 V3. [V3 v
“m=ml=m. V3 2m X2 X2, ¥

a)zm,fm%Zmﬂf@(2m,4® m,

430. A uniform heavy disc is rotating at constant
angular velocity @ about a vertical axis through its
centre and perpendicular to the plane of the disc.
Let L be its angular momentum. A lump of
plasticine is dropped vertically on the disc and
sticks to it. Which will be constant

b w and L Lonlv d Neither
2 )both ¢) L only ) w nor L
431.1f a bullet is fired from a gun, then

a) The b) The c) The d) The non-
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mechanic mechanic mechanic mechanic
alenergy alenergy alenergy al energy

of bullet- s may be is

gun converte  conserve  converte
system d into d d into
remains non- mechanic

constant ~ mechanic al energy

al energy
432. A diver in a swimming pool bends his head before
diving, because it
a) Decrease b) Decrease ¢) Increases d) Increases
s his s his his his linear
moment  angular moment  velocity
of inertia  velocity of inertia
433. Moment of inertia of a thin circular disc of mass
M and radius R about any diameter is
2 2
a) M4R b) MzR OMR> d2MFR
434. Two balls of masses 2g and 6g are moving with
KE in the ratio of 3:1. What is the ratio of their
liner momenta?
a)l1:1 b)2:1 c)1:2

d) None of

these
435.1f the torque of the rotational motion be zero, then

the constant quantity will be

a) Angular b) Linear c¢) Angular d) Centripet
momentu momentu accelerati al
m m on accelerati

on
436. A door 1.6 m wide requires a force of 1 N to be

applied at the free end to open or close it. The
force that is required at a point 0.4 m distance

from the hinges for opening or closing the door is
a)12N Db)36N ¢)24N d)4N
437. A hemispherical bowl or radius R is kept on a

horizontal table. A small sphere of radius

r ( r< R) is placed at the highest point at the
inside of the bowl and let go. The sphere rolls
without slipping. Its velocity at the lowest point is

a)yV/5gR/7b)V3gR/2¢)V4gR/3d)yV10gR/

438. What is the magnitude of torque acting on a
particle moving is the Xy-plane about the origin if
its angular momentum is 4.0v/t kg—m’s '?

)8t 1)4.0/Vt 2.0/t d)3/24t
439. Particle of mass 4 m which is at rest explodes into
three fragments. Two of the fragments each of
mass M are found to move with a speed Vv each in
mutually perpendicular directions. Calculate the
energy released in the process of explosion.

1 3 5
a) Emv2 b)EmV2 C)EmVZ d)3mv’

440.Tf linear velocity is constant then angular velocity
is proportional to
allr  w1rr ollrd 1
441. Four identical spheres each of mass M and radius
10 cm each are placed on a horizontal surface
touching one another so that their centres are
located at the corners of a square of side 20 cm.
What is the distance of their centre of mass from
centre of any sphere?
a)5cm b)10cm  ¢)20cm  d) 10v/2 cm
442. The moment of inertia of a thin uniform rod of
mass M and length L about an axis passing
through its midpoint and perpendicular to its
length is I,,. Tts moment of inertia about an axis
passing through one of its ends and perpendicular
to its length is

2 2
a) T+ M L2b) I+ MZL o) I+ M4L &) I+ 2M I

443.1f the polar ice caps melt suddenly
a) The b) The ¢) The d) The

length of  length of  length of  length of
day will the day the day the day

be more will less will will
than 24 than 24 remain become
hours hours same as more
24 hours  than 24
hours
initially
and then
becomes
equal to
24 hours
444 1f all of a sudden the radius of the earth decreases,
then
a) The b) The c) The d) The
angular angular periodic  energy
momentu speed of  time of and
mof the  theearth theearth angular
earth will ~ will will momentu
become increase increase m will
greater remain
than that constant
of the
sun

445. The moments of inertia of two freely rotating
bodies A and B are I 4 and I respectively.
I ,>1 and their angular momenta are equal. If

K , and K are their kinetic energies, then
a)K,=K;0)K,#K; ¢) K,<K; ) K,=2K
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446. A body in equilibrium may not have
a) Moment b) Velocity ¢) Acceleratd) Kinetic

um ion energy
447. A hollow sphere of diameter 0.2m and mass 2 kg

is rolling on an inclined plane with velocity
v=0.5m/s. The kinetic energy of the sphere is
a)0.1J b)0.3J ¢)0.5J d)0.42J
448. A motor is rotating at a constant angular velocity
of 600 rpm. The angular displacement per second
is
rad d) Sgn rad

a) —radb) —rad ¢) :53

449. A pulley of radlus 2 m is rotating about its axis by
aforce F=(20t- 5 tz) N (where t is measured in
seconds) applied tangentially. If the moment of
inertia of the pulley about its axis rotation is 10
kgmz, the number of rotations made by the pulley

before its direction of motion if reserved, is
a) More b) More ¢) More  d) Less than
than 3 than 6 than 9 3
but less but less
than 6 than 9
450. The moment of inertia about an axis of a body
which is rotating with angular velocity 1rads " is

numerically equal to
a) One- b) Half of c¢) Rotation d) Twice

fourth of  the al kinetic  the

its rotational  energy rotational
rotational  kinetic kinetic
kinetic energy energy
energy

451. A solid sphere rolls down without slipping on an
inclined plane at angle 60° over a distance of 10
m. the acceleration ({ms ™) is
a) 4 b) 5 c) 6 d) 7

452. An example of inelastic collision is

Collisi Collisi
Scatterin  Collision orston orston

gof a- of ideal
a) particle b) gas

of two of a
steel balls __ bullet
lyi ith
from a molecule y?ng ona witha
frictionle wooden

ss table block
453.1In an orbital motion, the angular momentum

nucleus S

vector is

a) Along b) Parallel c) Inthe d) Perpendi
the to the orbital cular to
radius linear plane the
vector momentu orbital

m plane
454. A ring of mass 10 kg and diameter 0.4 m is

rotated about its axis. If it makes 2100 revolutions

per minute, then its angular momentum will be
a)44 kg x nb) 88kg x nc) 4.4 kg x 1d) 0.4 kg xr
455. A marble and a cube have the same mass starting
from rest, the marble rolls and the cube slides
down a frictionless ramp. When they arrive at the
bottom, the ratio of speed of the cube to the
centre of mass and speed of the marble is

a)7:5  bV7:/5 oV2:1  d)5:2
456. Two solid discs of radii r and 21 roll from the top

of an inclined plane without slipping. Then
a) The b) The ¢) The time d) Both the

bigger smaller differenc  discs will
disc will disc will e of reach at
reach the reachthe reaching the same
horizonta  horizonta of the time
1 level 1 level discs at
first first the

horizonta

I level

will

depend

on the

inclinatio

n of the

plane
457. 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. During the journey of the

insect, the angular speed of the disc
a) Continuob) Continuoc) first

usly usly
decreases increases and then d

d) Remains
increases  unchange

decreases
458. 1If there is change of angular momentum from J

to 5J in 5 s, then the torque is
3J 4] S5J None of
— b) — - d
) 5) ) 5) ©) 4 ) these
459. Two boys of masses 10 kg and 8 kg are moving
along a vertical rope, the former climbing up with
acceleration of 2 ms~ . 2 while later coming

down with uniform velocity of 2 ms~". Then

tension in rope at fixed support will be(Take

g=10ms?)

a)200N b) 120N ¢) I8ON d) 160N
460. Angular momentum of the particle rotating with a

central force is constant due to
a) Constant b) Constant ¢) Zero d) Constant

force linear torque torque
momentu
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461. The mass of the earth is increasing at the rate of 1
partin 5 x 10" per day by the attraction of
meteors falling normally on the earth’s surface.
Assuming that the density of earth is uniform, the
rate of change o the period of rotation of the earth
is
a)2.0 x10 b)2.66 x 10c) 4.33 x 1€d) 5.66 x 10
462.1In a one dimensional collision between two
identical particles A and B, B is stationary and A
has momentum p before impact. During impact
B gives an impulse J to A. Then coefficient of

restitution between the two is
2J

a)z?‘]—l b)?+1 ) %+1 d) %—1
463. 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

Fl
parts of the ring,F—2 1S
R, R, ? R,
a) R_1 b) ﬁz o)1 d) R_1

464. 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 angular velocity of the

ring will be
Mo (M+4m (M—-4m Mo
VMeam P 1 9 mear® am

465. Consider a uniform square of this plate 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

a)5/6ma’ b)1/12ma’c) 7/12ma’d) 2/3 ma’
466. The radius of a rotating disc is suddenly reduced

to half without any change in its mass. Then its

angular velocity will be
a) Four b) Double c¢) Half d) Unchang

times ed
467. Look at the drawing given in the figure, which has

been drawn with ink of uniform line-thickness.
The mass of ink used to draw each of the two
inner circles, and each of the two line segments is
m. The mass of ink used to draw the outer circle
is 6m. The coordinates of the centres of the
different parts are : outer circle (0, 0) left inner
circle (-a, a), right inner circle (a, a) vertical line
(0, 0) and horizontal line (0, -a). The y-

coordinate of the centre of mass of the ink in the

drawing is
1

a  a a a
468. ABC is an equilateral triangle with O as its

centre. F|, F, and F, represent three forces

acting along the sides AB, BC and AC
respectively. If the total torque about O is zero

then the magnitude of F is
4

B F
/ C :

F

¥

F.,+F,

a)F\+F, bF,—F, ¢ d)z(F1+FZ

469. A ball of mass m moving with velocity v collides
with another ball of mass 2m and sticks to it. The
velocity V collides with of the final system is

a)v/3 b)v/2 c)2v d)3v

470. A disc of moment of inertia 5 kg- m” is acted
upon by a constant torque of 40 Nm. Starting
from rest the time taken by it to acquire an
angular velocity of 24 rads™ " is

a)3s b) 4s c) 258 d) 120s
471. A circular disc of mass 0.41kg and radius 10m

rolls without slipping with a velocity of 2m/s.

The total kinetic energy of disc is
a)0.41J 1b)1.23J ¢)0.82J @247
472.1f rotational kinetic energy is 50% of translational
kinetic energy, then the body is
a) Ring b) Cylinder c¢) Hollow d) Solid
sphere sphere
473. When a ceiling fan is switched off, its angular
velocity falls to half while it makes 36 rotations.
How many rotations will it make before coming to
rest?
a) 24 b) 36 c) 18 d) 12
474. Two solid cylinders P and Q of same mass and
same radius start rolling down a fixed inclined
plane from the same height at the same time.
Cylinder P has most of its mass concentrated near
its surface, while Q has most of its mass
concentrated near the axis. Which statement (s) is
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(are) correct

Both
cylinder .
Cylind
Both Cylinder PandQ > oo
0
) P has reaches
cylinders h reaches
P and Q lfirger © d the
inear roun
a) reach the b) . £ . | d) ground
accelerati ~ with )
ground at with
on than same
the same ) ) larger
. cylinder  translatio
time angular
Q nal d
spee
kinetic P
energy

475. Two carts on horizontal straight rails are pushed
apart by an explosion of a powder charge Q
placed between the carts. Suppose the coefficient
of friction between carts and rails are identical. If
the 200 kg cart travels a distance of 36 m and
stops, the distance covered by the cart weighing
300 kg is
a)32m b)24dm c¢)l6m d)12m

476. The moment of inertia of thin circular disc about

an axis passing through its centre and
perpendicular to its plane is I. Then, the moment
of inertia of the disc about an axis parallel to its
diameter and touching the edge of the rim is

3 5
a)l b)21 C)EI d)EI

477. A sphere of mass 50 g and diameter 20 cm rolls
without slipping with a velocity of 5cm/sec. Its
total kinetic energy is

a)625erg b)250erg c¢)875erg d)875 joule

478. Two persons of masses 55kg and 65 kg
respectively, are at the opposite ends of a boat.
The length of the boat is 3.0 m and weighs 100 kg
. The 55 kg man walks up to the 65kg man and
sits with him. If the boat is in still water the centre

of mass of the system shifts by
a)3.0m b)2.3m ¢)Zero d)0.75m
479. Two particles of masses M, and M, are connected
by a rigid massless rod of length " to constitute a
dumb-bell which is free to move in the plane. The
moment of inertia of the dumb-bell about an axis
perpendicular to the plane passing through the
centre of mass is
2
N L1 b) (m,+m, ic)
m,+m, T my—m,
480. Three identical thin rods each of length [ and
mass M are joined together to form a letter H.

2
m; myr

d)(m,—my)|

What is the moment of inertia of the system about
one of the sides of H?

I I M’ M
a)M4 b)M3 c)?2 3 d)4 3

481. A circular thin disc of mass 2 kg has a diameter
0.2m. Calculate its moment of inertia about an
axis passing through the edge and perpendicular to
the plane of the disc (in kg —m"®)

a) 0.01 b) 0.03 c) 0.02 d) 3

482. Two bodies of mass 1 kg and 3 kg have position
vectors j +2 } +kand —3i—2 ; +k, respectively.
The centre of mass of this system has a position
vector

a) —2i+2kb) —2i—j+¢) 2i— j—kd) —i+]j+k

483. A circular disc of mass 0.41 kg and radius 10 m

rolls without slippling with a velocity of 2ms™ .

The total kinetic energy of disc is
a)041J b)1.23]7 ¢) 0.82] d)245]
484. Two bodies A and B have masses M and m

respectively, where M >m and they are at a
distance d apart. Equal force is applied to them so
that they approach each other. The position where

they hit each other is
At equal
) Cannot
Nearer to_ Nearer to _ distance
a) ) c d) be
B A from A decided
ecide
and B

485. The moment of inertia of a sphere of radius R

and mass M about a tangent to the sphere is
7

a) M R b)%MR2 0) %MR2 d) gMJR2
486. A cockroach is moving with velocity V in
anticlockwise direction on the rim of a disc of
radius R of mass m. The moment of inertia of the
disc about the axis is I and it is rotating in
clockwise direction with an angular velocity @. If
the cockroach stops, the angular velocity of the

disc will be
) Iw Iowo+mvR Iow—mvF T —mvF
a —

c d
1+mR Y 1+mr?Y 1amrY T 1
487. Moment of inertia of a ring of mass M and radius

R about an axis passing through the centre and
perpendicular to the plane is I. What is the
moment of inertia about its diameter

I I
a)l D c) 7 d)I+MR’

488. A thin metal disc of radius 0.25 m and mass 2 kg
starts from rest and rolls down an inclined plane.
If its rotational kinetic energy is 4 J at the foot of
the inclined plane, then its linear velocity at the
same point is
a)1.2ms 'b)2V2ms ¢)20ms ' d)2ms"*
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489. A hoop of mass M and radius R is suspended to a
peg in a wall. Its moment of inertia about the peg
is

MR’

3
a2MR b)MR’ ¢ )5 MR’
490. In the HCI molecule, the separation between the

nuclei of the two atoms is about

1.27A(1 A= 107" m). The approximate location

of the centre of mass of the molecule, assuming

the chlorine atom to be about 35.5 times massive

as hydrogen is

a)lA b)2.5A4 ¢)1.24A d)15A

491. A sphere of mass m and radius " rolls on a

horizontal plane without slipping with the speed U.

Now, if it rolls up vertically, the maximum height

it would attain will be
2 2 2 2
a) 3u b) Su 0 7u .
4q 2¢g 10g 2g
492.1f a hollow cylinder and a solid cylinder are
allowed to roll down an inclined plane, which will

take more time to reach the bottom
a) Hollow b) Solid ¢) Same ford) One
cylinder  cylinder  both whose
density is
more
493. Analogue of mass in rotational motion is
a) Moment b) Angular ¢) Torque d) None of

of inertia  momentu these

m
494. Moment of inertia of an object does not depend

upon
a) Mass of b) Mass c) Angular d) Axis of
object distributi  velocity rotation
on

495. A uniform disc of mass 2 kg and radius 15 cm is
revolving around the central axis by 4 rads . The

linear momentum of disc will be

None of
_ _ —nd
a)1.2kg—nb) 1.0kg—nc) 0.6kg—n )these

496. A particle of mass m moves along line PC with
velocity v as shown. What is the angular
momentum of the particle about O

C
< A > >
P m
N
0 DY
a)mvL b) mvl c) mvr d) Zero

497. A sphere of mass 10kg and radius 0.5m rotates
about a tangent. The moment of inertia of the
solid sphere is

2.7kg- 3.5kg- 4.5 kg-
a)5kg-m*> b) , o , d ,
m m m

498. The angular momentum of a particle describing
uniform circular motion in L. If its kinetic energy
is halved and angular velocity doubled, its new
angular momentum is

a)4L b) % c) % d)2L
499. Three identical blocks A, B and C are placed on
horizontal frictionless surface. The blocks A and
C are at rest. But A is approaching towards B
with a speed 10 ms~". The coefficient of

restitution for all collisions is 0.5. The speed of
the block C just after collision is

()= 5] (]

a)5.6ms 'b)6ms™' c)8ms ' d)10ms '
500. A bomb of mass 9 kg explodes into two pieces of

masses 3 kg and 6 kg. The velocity of mass 3 kg is
16 ms . The kinetic energy of mass 6 kg in joule

is
a) 96 b) 384 c) 192 d) 768
501. A ring solid sphere and a disc are rolling down

from the top of the same height, then the
sequence to reach on surface is

a) Ring,  b) Sphere, c) Disc, d) Sphere,
disc, disc, ring  ring, ring, disc
sphere sphere

502. A thick uniform bar lies on a frictionless
horizontal surface and is free to move in any way
on the surface. It mass is 0.16 kg and length is 1.7
m. Two particles each of mass 0.08 kg are moving
on the same surface and towards the bar in the
direction perpendicular to the bar, one with a
velocity of 10 ms ' and other with velocity
6ms . If collision between particles and bar is
completely inelastic, both particles strike with the
bar simultaneously. The velocity of centre of mass
after collision is
a)2ms ' bd4ms ' ¢ 10ms ' d)167ms"’
503.1If the radius of the earth contracts to half of its
present day value without change in mass, then the

length of the day will be
a)24h b) 48 h c)6h d) 12h

504. A body of mass M moving with velocity vms ™'
suddenly breaks into two pieces. One part having
mass M /4 remains stationary. The velocity of the

other part will be
)v b)2v 3v d 4v
a ) 0% D
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505. A non-zero external force acts on a systems of
particles. The velocity and acceleration of the
centre of mass are found to be Vyand 4, at an
instant t. It is possible that

a) v=0,a,b) vy=0,0,c) v,#0,0a,d) v,*0,q,

506. A rod of length L and mass M is bent to form a

semi-circular ring as shown in figure. The moment

of inertia about XY is
X

;
ML® MIL® MIL® 2M L’

d
2’ ¢ 4an’ ) T

a)

507.1n a bicycle the radius of rear wheel is twice the

radius of front wheel. If 'z and ', are the radius,
Ve and V,, are speeds of top most points of wheel,
then
a)V,=2VL b) V=2V, ¢) Vp=V, d) V>V,
508. Consider a body, shown in figure, consisting of
two identical balls, each of mass M connected by
a light rigid rod. If an impulseJ =MV is impared
to the body at one of its ends, what would be its
angular velocity?

M+o< L ?M
J=Mv

a)v/L b)2v/L ¢)v/3L dyv/4L
509. A drum of radius R and mass M, rolls down

without slipping along an inclined plane of angle 0

. The frictional force
a) Converts b) Dissipate c) Decrease d) Decrease

translatio s energy s the s the

nal as heat rotational  rotational

energy to motion and

rotational translatio

energy nal
motion

510. A disc of mass 2 kg and radius 0.2 m is rotating
with angular velocity 30 rads™'. What is angular
velocity, if a mass of 0.25 kg is put on periphery
of the disc?

a)24rads 'b)36rads 'c) 15rads 'd) 26 rads ™’
511. A uniform rod of length 8a and mass 6m lies on a

smooth horizontal surface. Two point masses m
and 2m moving in the same plane with speed 2V

and V respectively strike the rod perpendicular at
distances @ and 2a form the mid point of the rod
in the opposite directions and stick to the rod. The
angular velocity of the system immediately after

the collision is
6v 6v 6v

33a Y204 Yaia
512. The angle turned by a body undergoing circular

vy
V30 P

motion depends on time as 0 =0,+¢ 6, t+0,t>.
Then the angular acceleration of the body is
a)0, b) 6, )20,  d)26,
513. Consider a system of two particles having masses
m; and M,. If the particle of mass M, is pushed
towards the centre of mass of particles through a
distance d, by what distance would be particle of
mass M, move so as to keep the centre of mass of
particles at the original position

m, m, m,
a) db)—d c)d d)—d
m1+m2 m, my

514. A solid sphere rolls down without slipping on an
inclined plane at angle 60" over a distance of 10
m. The acceleration (in msfz) is
a) 4 b) 5 c) 6 d) 7

515. The centre of mass of a system of three particles
of masses 19,2 g and 3 g is taken as the origin of
a coordinate system. The position vector of a
fourth particle of mass 4 g such that the centre of
mass of the four particle system lies at the point

(1,2,3)isa (%+2}'+31A<), where « is a constant.

The value of « is
10 5

1 2
a) ? b) E c) E d) g
516. Circular hole of radius 1 cm is cut off from a disc
of radius 6 cm. The centre of hole is 3 m from the
centre of the disc. The position of centre of mass

of the remaining disc from the centre of disc is

—3 3 None of
A5 em Bggem Apem Dy
517. A ball of mass M is a moving with velocity V. It

collides head on elastically with a stationary ball

of mass M,. The velocity of ball becomes v/3

m2
after collision. Then the value of the ratio ; is
1

a) 1 b) 2 c)3 d) 4

518. A circular platform is free to rotate in a horizontal
plane about a vertical axis passing through its
centre. A tortoise is sitting at the edge of the
platform. Now, the platform is given an angular

velocity @,. When the tortoise moves along a
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chord of the platform with a constant velocity
(with respect to the platform), the angular velocity

of the platform @ (t ) will vary with time t as
A
A w| B ow| 9 w|] D oo

0o © 0o 0o

A

" " "

10ms ' 20 0 5
a) 1 1 c) 1 d 1
JA5ms ms ~,5n "ms ,25 "ms 7,20
525. A wheel has a speed of 1200 revolutions per
minute and is made to slow down at a rate of
4 radians/s®. The number of revolutions it

makes before coming to rest is
. a) 143 b) 272 c) 314 d) 722

T

519. The rotational kinetic energy of a body is E and
its moment of inertia is I. The angular momentum
is

a) EI b)2VEl o) V2EI d)E/I

520. Two spherical bodies of masses M and 5M in
free space with initial separation between their
centres equal to 12R. If they attract each other
due to gravitational force only, then the distance
covered by the smaller body just before collision

is
a)25R b45R ¢)75R dI15R
521. Two bodies of mass M and m are moving with

same kinetic energy. If they are stopped by same
retarding force, then

If M>m,
the time
Ifm>M,
Both taken to
. then
bodies come to
body of
cover rest for m
mass
o) 53me body of Jh d) All of the
. ¢) has more
distance mass M above
. momentu
before 1S more
. m than
coming than that
that of
to rest of body
mass M
of mass
m

522. Moment of inertia depends on
a) Distribut b) Mass ¢) Position d) All of

ion of of axis of these

particles rotation
523. From a uniform wire, two circular loops are made

(1) P of radius r and (ii) Q of radius nr. If the
moment of inertia of Q about an axis passing
through its centre and perpendicular to its plane is
8 times that of P about a similar axis, the value of
n is (diameter of the wire is very much smaller

than r or nr)
a) 8 b) 6 c) 4 d) 2
524. Two perfectly elastic objects A and B of identical

mass are moving with velocities 15 ms™* and 10
ms ! respectively, collide along the direction of
line joining them. Their velocities after collision
are respectively

526. Three rods each of length L and mass M are
placed along X ,Y and Z axes in such a way that
one end of each of the rod is at the origin. The
moment of inertia of this system about Z axis is

2ML* 4ML* SML* ML’

)=y DT o Oy

527. The diameter of a flywheel is increased by 1%.

Increase in its moment of inertia about the central
axis is
a) 1% b) 0.5% c¢) 2% d) 4%
528. Consider the following two statements
I. Linear momentum of a system of particles is
Zero.
II. Kinetic energy of a system of particles is zero.
Then
a) Iimplies b) Idoes ¢) Iimplies d) I does
ITandII  notimply II butIl not imply
implies] ITandIl  doesnot Il butll
doesnot  imply I implies I
imply I
529. A thin uniform rod, pivoted at O, is rotating in the
horizontal plane with constant angular speed , as
shown in the figure. At time, t =0, a small insect
starts from O and moves with constant speed Vv
with respect to the rod towards the other end. It
reaches the end of the rod at t =T and stops. The
angular speed of the system remains @
throughout. The magnitude of the torque ¢ on the
system about O, as a function of time is best
represented by which plot

7] 7 7] 7
a) b) ) /d)
o7 o o1 .,

530. A cylinder of mass M, length L and radius R. If
its moment of inertia about an axis passing
through its centre and perpendicular to its axis is
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minimum, the ratio L/ R must be equal to
a)3/2 b)2/3 ©)v2/3  d)V3/2
531. By keeping moment of inertia of a body constant,
if we double the time period, then angular

momentum of body
a) Remains b) Becomes c¢) Doubles d) quadrupl
constant  half es
532. A wheel is rotating at 900 r. p. m. about its axis.
When the power is cut-off, it comes to rest in 1
minute. The angular retardation in radian/s” is
a)m/2 by /4 c)n/6 d)yn/8
533. A solid sphere is rotating in free space. If the
radius of sphere is increased keeping mass same
which one of the following will not be affected?
a) Angular b) Angular c¢) Moment d) Rotation
velocity momentu  of inertia  al
m Kinetic
energy
534. The motion of the centre of mass is the result of
a) Internal b) External c) Attractiv d) Repulsiv
forces forces e forces e forces
535. A particle of mass M is moving in a horizontal
circle of radius R with uniform speed v. When it
moves from one point to a diametrically opposite
point, its
Momentu Momentu KE
m does m None of

a) b) c¢) changes d)
not changes by MV
v

change by 2Mv
536. A stone of mass m tied to string of length [ is

the above

rotating along a circular path with constant speed

v. The torque on the stone is
2

aymlv b) % 0 % d) Zero
537. A child is standing with folded hands at the centre
of a platform rotating about its central axis. The
kinetic energy of the system is K. The child
stretches his arms so that the moment of inertia of
the system doubles. The kinetic energy of the
system now is

K K
a)2K b)? C)Z d)4 K

538. The total kinetic energy of rolling solid sphere
having translational velocity V is
a) lmvz b) lmv2 ) vaz d) mmv2
10 2 5 7
539. A system consists of 3 particles each of mass m
located at point (1, 1), (2, 2) and (3, 3). The
coordinates of the center of mass are
a)(6,6) b)@3,3) o(d 1) d@272
540. Find the velocity of centre of the system shown in
the figure.

y
1kg 2ms’!
X" X —
2 kg
g ~ 30°
2 ms™!
2+42V3 . 2—2+/3  None of
2) 3 b4 ) ( 3 D these

541. A boy stands over the centre of a horizontal
platform which is rotating freely with a speed of
2revolutions/sec 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 x metr ¢”. The boy
now stretches his arms so as to hold the masses of
inertia of the system increases to 2 kg x metr e”.
The kinetic energy of the system in the latter case

as compared with that in the previous case will

a) Remains b) Decrease ¢) Increase d) Remains
unchange uncertain

d
542. The moment of inertia of a metre scale of mass

0.6 kg about an axis perpendicular to the scale

and located at the 20 cm position on the scale in

kg m’ is (Breadth of the scale is negligible)

a) 0.074 b) 0.104 c¢) 0.148 d) 0.208
543. A wheel of moment of inertia 5 x 10 >kg —m” is

making 20 revolutions per second. It is stopped in

20 seconds, then the angular retardation is

a) mradianb) 2t radiaic) 4 n radiad) 8 w radia
544. Two uniform thin rods each of mass M and

length [ are placed along X and Y axis with one

end of each at the origin. Moment of inertia of the

system about Z-axis is

a)%MIZ b)%Mlz &2 MP d)Noneof

these
545. A body is dropped and observed to bounce a

height greater than the dropping height. Then
a) The b) Thereis c) Itisnot d) This type

collision  additiona  possible of

is elastic 1 source phenome
of energy non does
during not occur
collision in nature

546. The masses of five balls at rest and lying at equal
distances in a straight line are in geometrical
progression with ratio 2 and their coefficients of
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restitution are each 2/3. If the first ball be started
towards the second with velocity u, then the
5\ 5\’

4
a)éu b)§u ol|l=|u d)S)u

velocity communicated to 5th ball is

9 9 9
547. A body moves with constant velocity V in a

straight line parallel to X- axis. The angular

momentum with respect to origin is
a) Zero b) Constant ¢) Continuod) Continuo

usly usly

increases  decrease
548. A radioactive nucleus of mass number A, initially

at rest, emits on a-particle with a speed v. What

will be the recoil speed of the daughter nucleus?
2v 4v 4v

2v
Va—a) D{a+a) 97a-a) Y{a+a)

549. Two identical masses A and B are hanging

stationary by a light pulley (shown in the figure).
A shell C moving upwards with velocity v
collides with the block B and gets stick to it. Then

c|
The
i The string
First
. momentu  becomes
string
m taut only
becomes
conservat when Both (a)
slack and
ion down and (b)
a) after by . .. ¢ ..
principle ~ displace ~are
some .
fime 1S ment of correct
b applicabl  combine
ecomes
aut eto B d mass B
au
and C and C is
occurred

550. A bomb travelling in a parabolic path under
gravity, explodes in mid air. The centre of mass of

fragments will move

a) Verticall b) Verticall ¢) In an d) In the

y y irregular  parabolic
upwards  downwar  path path as
and then  ds the
downwar unexplod
ds ed bomb

would
have

travelled
551. Three identical spheres, each of mass 1 kg are

kept as shown in figure below, touching each
other, with their centers on a straight line. If their
centres are marked P, Q, Rrespectively, the

distance of centre of mass of the system from P is
Y

NP
P 0 R
PQ+PRb PQ+PR PQ+QRd PR+QR
AT Ty 9T 3 9Ty
552. Radius of gyration of a body depends upon
a) Mass andb) Mass c) Size of d) Mass of

size of distributi ~ body body
body on and

axis of

rotation

553. A machine gun fires a steady stream of bullets at
the rate of N per minute into a stationary target in
which the bullets get beaded. If each bullet has a
mass ma and arrive at the target with a velocity Vv,

the average force on the target is
mnv q mv
60 Yeon

554. An angular ring with inner and outer radii R, and

60v
a)60 mnv b) . c)

R, is roiling 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. F1/F, is

R, |’ R
& )2

555. Three rings each of mass M and radius R are

a)R,/R, b1 c)

arranged as shown in the figure. The moment of
inertia of the system about YY ' will be
Y

Y
2 3 2 2 7 2
a)3MR b)EMR ¢)5MR d)EMR
556. A shell is fired from a cannon with a velocity V at

an angle 0 with the horizontal direction. At the
highest point in its path, it explodes into two
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pieces, one retraces its path to the cannon and the
speed of the other piece immediately after the

V3

explosion is

2

557. Two homogeneous spheres A and B of masses m

a)3vcosO b)2vcosh c) Vv Cosd) v cC

and 2m having radii 2a and a respectively are
placed in touch. The distance of centre of mass

from first sphere is

None of
a)a b)2a ¢) 3a 4y e’
these

558. A solid homogeneous sphere is moving on a rough
horizontal surface partly rolling and partly sliding.

During this kind of motion of the sphere
a) Total  b) The c¢) Only the d) Angular

kinetic angular rotational momentu
energy is momentu kinetic m about
conserve  mof the  energy the
d sphere about the  centre of
about the centre of  mass is
point of mass is conserve
contact conserve d
with the d
plane is
conserve
d

559.

R
A circular disc of radius R and thickness g has

moment of inertia I about an axis passing through
its centre and perpendicular to its plane. It is
melted and recasted into a solid sphere. The
moment of inertia of the sphere about its diameter
as axis of rotation is

a)l b) 21 c) 1 d) L
8 5 10
560. Two circular iron discs are of the same thickness.
The diameter of A is twice that of B. The
moment of inertia of A as compared to that of B
is
a) Twice as b) Four c) 8times d) 16 times
large times as as large as large
large
561. For the given uniform square lamina ABCD,
whose centre is O

Fl

D : C
Ao

A5 t B
E}

)V2I =) Lap=41,0) Lic=Ippd) I 1c=V2i
562. A ring of mass m and radius 1 is melted and then
moulded into a sphere. The moment of inertia of

the sphere will be
a) More  b) Less thanc) Equal to d) None of

than that  that of that of the above
of the the ring the ring
ring

563. Three rods of the same mass are placed as shown
in figure. What will be the coordinates of centre

of mass of the system?
(0, 2)

0 (a, 0)

aa
3’3

564. A solid sphere is rolling without slipping on a

|
a a (1_ a —
a)| 5 b)[—m,—@c)]ma,\/z(d)

horizontal surface. The ratio of its rotational
kinetic energy to its translational kinetic energy is
a) 2/9 b) 2/7 c) 2/5 d) 7/2

565. A wheel rotates with a constant acceleration of
2.0radian/s ec®. If the wheel starts from rest the
number of revolutions it makes in the first ten
seconds will be approximately
a) 8 b) 16 c) 24 d) 32

566. A nucleus reptures into two nuclear parts which
have their velocity ratio equal to 2:1. What will be
the ratio of their nuclear size?

a) 21/3:1 b)1:21/3 C) 31/2:1 d)1:31/2

567. A symmetrical body is rotating about its axis of
symmetry, its moment of inertia about the axis of
rotation being 4 kg-m” and its rate of rotation 2

rev/s. The angular momentum is

1257kg  12.57kg 13.57kg 20kg

a) , 2 -1 ©) 2 2 -1
m s m s m s m s

568. Identify the correct statement for the rotational

motion of a rigid body.
a) Individuab) The c) The d) Individua

1 centre of  centre of 1
particles ~ mass of mass of particles
of the the body  the body and
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body do remains moves centre of
not unchange uniforml  mass the
undergo d. yina body
accelerat circular undergo
ed path. an
motion. accelerat
ed
motion.

569. Of the two eggs which have identical sizes, shapes
and weights, one is raw, and other is half boiled.
The ratio between the moment of inertia of the

raw to the half boiled egg bout central axis is
a) One b) Greater c) Less thand) Not

thanone  one compara
ble

570. A bullet of mass m is fired with a velocity of 50
ms !atan angle 0 with the horizontal. At the
highest point of its trajectory, it collides had on
with a bob of massless string of length [=10/3m
and gets embedded in the bob. After the collision,
the string moves to an angle of 120°. What is the

angle 0 ?
120°
I=%m /,’
50 ms™! _’,/
( \
a)cos i\b) cos ' E\C) sin”' 4 dysin~' >
5 4) 5 4

571.1f the torque is zero, what will be the value of

angular momentum?
a) Constant b) Changingc) Constant d) Zero

in in on both
magnitud magnitud magnitud
e but e but e and
changing constant  direction
is in

direction  direction
572. As a part of a maintenance inspection the

compressor of a jet engine is made to spin
according to the graph as shown. The number of
revolutions made by the compressor during the

test is
S 3000
@ 2500
<
5| 2000
3 1500

S 1000
500

a) 9000 b) 16570  ¢) 12750 d) 11250
573.1f a force 101 +15 j+25k acts on a system and

gives an acceleration 2 i+3 j-5k to the centre of
mass of the system, the mass of the system is

- - Given
5 data i
a)’5 units b)J38 o) %38 R
units units not
correct

574. Four similar point masses (I each) are
symmetrically placed on the circumference of a
disc of mass M and radius R. Moment of inertia
of the system about an axis passing through centre
O and perpendicular to the plane of the disc will
be

2

8
@MRhmmMR%g@m#+MmMR+4

2
575. A point P on the rim of wheel is initially at rest

and in contact with the ground. Find the
displacement of the point P if the radius of the
wheel is 5m and the wheel rolls forward through
half a revolution
a)5m b)10m  ¢)2.5m  d)5(y|n’+
576. The moment of inertia of a solid cylinder of mass
M and radius R about a line parallel to the axis
of the cylinder and lying on the surface of the
cylinder is
@%MRzm%MR2@%MR2®§MR2
577. One quarter of the disc of mass m is removed. If
I be the radius of the disc, the new moment of
inertia is

2 None of

mr’ 3
- 9gmnr Jd

2 these
578. A uniform disc of mass M and radius Ris

a)%mrz b)

mounted on a fixed horizontal axis. A block of
mass M hangs from a massless string that is
wrapped around the rim of the disc. The
magnitude of the acceleration of the falling block

(m)is
2M ® 2m ( M+2m(d 2M+m(
D 2m P yr2m@ 2m D o

579.1f 'I" is the moment of inertia of a body and '@’
is its angular velocity, then its rotational kinetic
energy is

1 1.2 1 > 1.2
=x]w =xXI"'w o) =xXlw =xI"w
a) 5 b) 5 c) 5 d) 5
580. A disc is rotating with an angular speed of @. If a

child sits on it, which of the following is

conserved
a) Kinetic b) Potential ¢) Linear d) Angular

momentu  momentu
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m m
581. From a circular disc of radius R and mass 9 M, a

small disc of radius R/3 is removed from the disc.
The moment of inertia of the remaining disc
about an axis perpendicular to the plane of the
disc and passing through O is

40 37
Q)4 MR b5 MR ¢)10MR o) MR’
582. A T joint is formed by two identical rods A and
Beach of mass m and length L in the XY plane as
shown. Its moment of inertia about axis
coinciding with A is
A

None of
3 2 776 these
583. Where will be the centre of mass on combining
two masses m and (M >m)
2) Towards  _Towards . Between __ Anywher
m M mand M e
584. Identify the correct statement for the rotational

motion of a rigid body
a) Individuab) The c) The d) Individua

1 centre of  centre of 1
particles ~ mass of mass of particles

of the the body  the body and
body do remains moves centre of
not unchange uniforml  mass of
undergo d yina the body
accelerat circular undergo
ed path an
motion accelerat
ed
motion

585. Two blocks of masses 10 kg and 4 kg are
connected by a spring of negligible mass and
placed on frictionless horizontal surface. An

impulsive force gives a velocity of 14ms™ ' to the
heavier block in the direction of the lighter block.
The velocity of centre of mass of the system at
that very moment is

14 ms™!
—

10 kg 4 kg

a)30ms ' b)20ms™' ¢) 10ms ' d)Sms '
586. A T shape with dimensions shown in Figure is
lying on a smooth floor. A force Fis applied at
the point P parallel to AB, such that the object
has only the translation motion without rotation.
Find the location of P with respect to C
Dd

al  wil o3l @l
587. A meter stick is hold vertically with one end on
the floor and is then allowed to fall. Assuming that
the end on the floor the stick does not slip, the

velocity of the other end when it hits the floor,

will be

_ _ _ N f
a)10.8ms b)5.4ms ' ¢)2.5ms ' d) one o
these

588. A spacecraft of mass M is moving with velocity v
in free space when it explodes and breaks in two.
After the explosion, a mass m of the spacecraft is

left stationary. What is the velocity of other part?
My mv m_ (M +m)\

VM—m)? Mem) O M-—m) ¥ u

589. , ) .20

A particle moves along a circle of radius T m
with constant tangential acceleration. If the
velocity of the particle is 80m/s at the end of the
second revolution after motion has begin, the

tangential acceleration is

a)640 1 m/b) 160 m/ ) 40 tm/s'd) 40m/ s°
590. A thin rod of length L and mass M is bent at the

middle point O at an angle of 60 °. The moment
of inertia of the rod about an axis passing through
O and perpendicular to the plane of the rod will

be
0

L/2/ 60° \ L/2

2 2 2 2
a)ML b)ML C)ML d)ML
6 12 24 3

591. 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
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passing through A and parallel to BD is
a)V3ml> b)3ml* oml’  d2ml
592. There is a uniform circular disc of radius R and a
concentric disc of radius I (where <R) is cut off
from it. The distance of the new position of centre
of mass of hollow disc from the centre of disc is

R_ .
’ DR =1

a) 5 b)R—r c) Zero
593. A particle of mass m moves in the XY plane with

a velocity v along the straight line AB. If the
angular momentum of the particle with respect to

origin O is L, when it is at A and Ly when it is at

B, then
vA
T
~—1 4
(0) > X
The
relationsh
ip
between
L, and
a)L,>Ly b)L,=Ly o)L, d)L,<Lg
depends
upon the
slope of
the line
AB

594. A particle of mass m=>5units is moving with a
uniform speed v=3 V2 units in the XOY plane
along the straight line Y = X +4. The magnitude

of the angular momentum about origin is
a)Zero  b)60units c)75units d)40v2uni
595.If the radius r of earth suddenly changes to X

times the present values, the new period of
rotation would be

a)dT/dt=|b)dT/dt=|c)dT/dt=|d) dT/dt:(

596. Four particles of mass 1 kg, 2 kg, 3 kg and 4 kg
are placed at the corners A, B, C and D
respectively of a square ABCD of edge X -axis
and edge AD is taken along Y -axis, the co-
ordinates of centre of mass in SI is
a) (1,1) b) (5,7) ¢) (0.5,0.7) d) None of

these

597. The moment of inertia of a circular disc of radius
2 m and mass 2 kg, about an axis passing through

its centre of mass is 2 kg — m?®. Its moment of

inertia about an axis parallel to this axis and
passing through its edge (in KM -m?) is
a) 10 b) 8 c) 6 d) 4

598. A constant torque of 31.4 N —m is exerted on a
pivoted wheel. If angular acceleration of wheel is
4dnradls ecz, then the moment of inertia of the
wheel is

a)2.5kg—nb)3.5kg—nc) 4.5 kg—rd) 5.5kg—n
599. Moment of inertia of a disc about an axis which is

tangent and parallel to its plane is I. Then the
moment of inertia of disc about a tangent, but
perpendicular to its plane will be

) 31 b d

a) = 2 20 20
4 "6 97 )5
600. The moment of inertia of uniform rectangular

plate about an axis passing through its centre and
parallel to its length [ is {, breadth of rectangular

plate)
a)M—b2 b)M—b3 C) Mb3 d) sz
4 6 12 12
601. In an elastic head on collision between two

particles

a) Velocity b) Velocity ¢) The d) Maximu
of of the maximu m
separatio  target is m transfer

nisequal always velocity of
to the more of the kinetic

velocity than the target is energy

of velocity double to  occurs
approach  of the that of when
projectil  the masses
e projectil  of both
e projectile
and
target are
equal

602. A neutron travelling with velocity U and kinetic
energy K collides head on elastically with the
nucleus of an atom of mass number A at rest. The
fraction of its kinetic energy retained by the
neutron even after the collision is

1-AV [A+1)} [A-1) [A+1
a)(m PIaTr) 91 7a ) DA

603. The ratio of angular speeds of minute hand and

2

hour hand of a watch is
a) 1:12 b) 6:1 c) 12:1 d) 1:6

604. A spring pong ball of mass m is floating in air by a
jet of water emerging out of a nozzle. If the water
strikes the ping pong ball with a speed Vv and just
after collision water falls dead, the rate of flow of
water in the nozzle is equal to
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605. The moment of inertia of a uniform rod about a

perpendicular axis passing through one end is 1.

The same rod is bent into a ring and its moment of

inertia about a diameter is I,. Then I_l 18
2
2 2 2 2
b 2n 4n 8n
a)— b) — c d
) 3 ) 3 ) 3 ) 3

606. An inclined plane makes an angle of 30 ° with the

horizontal. A solid sphere rolling down this
inclined plane from rest without slipping has a
linear acceleration equal to

2 5
a)% b)?g c)7g

607. A force of- F k acts on O, the origin of the

coordinate system. The torque about the point (1,
-1)is

5
a7

X

a)Fli-j| by—Fli+jlo Fli+j] & -Fli-]j
608. Angular momentum of a body is defined as the

product of
a) Mass andb) Centripetc) Linear d) Moment
angular al force velocity of inertia
velocity and and and
radius angular angular

velocity velocity
609. A disc is rolling (without slipping) on a horizontal

surface. C is its centre and Q and P are two
points equidistant from C. Let Vp,V, and V¢ be
the magnitude of velocities of points P,Q and C
respectively, then

a) vQ>vC>\b) vQ<vC<\C) VQ:VP"‘d) vQ<vC>\

610. A particle with position vector I' has a linear
momentum p. Which of the following statements
is true in respect of its angular momentum L
about the origin
L acts L acts Lis Lis
b d

a c . .
along p along r maximu ~ maximu

m when m when

pandr pis
are perpendi
parallel cularto r
611. The direction of the angular velocity vector is
along
a) The b) The c) The d) The axis
tangent inward outward of
to the radius radius rotation
circular
path

612. A solid sphere, a hollow sphere and a ring are
released from top of an inclined plane
(frictionless) so that they slide down the plane.
Then maximum acceleration down the plane is for
(no rolling)

a) Solid  b) Hollow c¢) Ring
sphere sphere

613. A solid sphere rolls down two different inclined

d) All same

planes of same height, but of different

inclinations. In both cases,
a) Speed b) Speed c¢) Speed d) Speed

and time  will be will be and time
of same, but different, of
descent time of but time descent
will be descent of both are
same will be descent different
different  will be
same

614. The ratio of the radii of gyration of a circular disc
about a tangential axis in the plane of the disc and
of a circular ring of the same radius about a
tangential axis in the plane of the ring is
a)V3:/5 BV12:v3 ) 1:4/3  d)V5:V6
615. Four holes of radius R are cut from a thin square
plate of side 4 R and mass M. The moment of

inertia of the remaining portion about Z-axis is
Ay

4

8 10n
3 4
616. A machine gun fires 120 shoots per minute. If the

mass of each bullet is 10 g and the muzzle velocity
is 800 ms ™ *, the average recoil force on the

machine gun is
a) 120N b) 8N c) 16 N d) 12N
617. A man of 50 kg mass is standing in a gravity free

space at a height of 10 m above the floor. He
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throws a stone of 0.5kg mass downwards with a
speed of 2m/s. When the stone reaches the floor,
the distance of the man above the floor will be
a)20m b)9.9m ¢)10.1m d)10m
618. A particle of mass m is rotating in a plane in
circular path of radius r. Its angular momentum is
L. The central force acting on the particle is
AL mr b L’m/r o L/m°r*d)L*/mr’
619. The wheel of a car is rotating at the rate of 1200
revolutions per minute. On pressing the
accelerator for 10 seconds. It starts rotating at
4500 revolutions per minute. The angular
acceleration of the wheel is

a) 30 radiarb) 1880 degc) 40 radiard) 1980 deg
620. For spheres each of mass M and radius R are

placed with their centers on the four corners

A, B, Cand D of a square of side b. The spheres
A and B are hollow and C and D are solids. The
moment of inertia of the system about side AD of
square is

a) %MR2+Zb) %MR2+ ©) % MR*4d) 32 MR*+
621.If momentum of a body remains constant, then
mass-speed graph of body is

a) Circle  b) Straight ¢) Rectangud) Parabola
line lar
hyperbol
a

622. Two circular rings have their masses in the ratio
of 1:2 and their diameters in the ratio of 2:1. The
ratio of their moment of inertia is

a)l 4 b)2:1 0)4:1 d)v/2:1

623. A particle is projected with a speed v at 45° with
the horizontal. The magnitude of angular
momentum of the projectille about the point of
projection when the particle is at its maximum
height h is

mv’h mv’ h

O YN

624. Let F be the force acting on a particle having

a) Zero b) m\;%h

position vector r and T be the torque of this force

about the origin. Then
a)r.1=0Ab)r.1Z0Ac)r.tZ20Ad)yr.t=0A
625. If kinetic energy of a body remains constant, then
momentum-mass graph is

a?

m—>» m > m—»

626. Moment of inertia of a disc about a diameter is I.

m—>r

Find the moment of inertia of disc about an axis
perpendicular to its plane and passing through its
rim?
a)6l b)41 c)21 d)8I
627. The moment of inertia of wheel about the axis of
rotation is 3.0 MKS units. Its kinetic energy will

be 600 J if period of rotation is
a) 0.05s b)0.314s c¢)3.18s d)20s
628. A tennis ball bounces down flight of stairs striking

each step in turn and rebounding to the height of

the step above. The coefficient of restitution has a

value

all2 bl O 1N2  d)1/2V2

629. 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
630. Two rings of radius R and nR made up of same

material have the ratio of moment of inertia about

an axis passing through centre is 1:8. The value

of nis

a)2 »)2vV2 )4 d)%

631. A homogeneous disc of mass 2 kg and radius
15 cm is rotating about its axis (which is fixed)
with an angular velocity of 4 radian/s. The linear
momentum of the disc is

1.2kg- 1.0kg- 0.6kg- None of
a) b) c)
m/s m/s m/s the above
632. The center of mass of three particles of masses 1
kg, 2 kg and 3 kg at (3, 3, 3) with reference to a
fixed coordinate system. Where should a fourth
particle of mass 4 kg should be placed, so that the
center of mass of the system of all particles shifts
to a point (1, 1, 1)?
a) (-1,-1,- b) (-2,-2,- ¢) (2,2,2) d) (1,1, 1)
1y 2)
633. Moment of inertia along the diameter of a ring is

3 1
a)EMRZ b)EMR2 oMR®> d)2MR?
634. What constant force, tangential to the equator

should be applied to the earth to stop its rotation

in one day

° ~ N f
a)1.3 x 10%0)8.26 x 10¢) 1.3 x 10%d) . < *
these

635. When the distance between earth and sun is
halved, the duration of year will become

a) More b) Less ¢) Can’t be d) None of
determin  the above
ed

636. A thin circular ring of mass m and radius R is
rotating about its axis with a constant angular
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velocity w. Two objects each of mass M are
attached gently to the opposite ends of a diameter
of the ring the ring. The ring now rotates with an
angular velocity @' is equal to
w(m+2) wm-2;  om wm
A T 000 Tmem) O Tme2M]
637. Three point masses, each of mass m are placed at

the corners of an equilateral triangle of side 1.

Moment of inertia of this system about an axis

along one side of triangle is

a)3m/* m%mf ¢yml’ m%mf

638. The two bodies of mass M, and mz(m1> m2)
respectively are tied to the ends of a massless
string, which passes over a light and frictionless
pulley. The masses are initially at rest and the
released. Then acceleration of the centre of mass
of the system is

09 d) zero

m;+m,

m,+m,

639. A particle is moving in a circular path. The

correct statement out of the following is

a) Angular b) Angular c¢) Linear d) Both will
momentu momentu momentu not be
m will be

mwillbe m will conserve

conserve  not be conserve d
d but conserve d

linear d

momentu

m will

not be

conserve

d
640. A mass m hangs with the help of a string wrapped

around a pulley on a frictionless bearing. The
pulley has mass m and radius R. Assuming pulley
to be a perfect uniform circular disc, the
acceleration of the mass m, if the string does not
slip on the pulley, is

g 02 g 43
g )39 ©)3 )59
641. Ratio of total kinetic energy and rotational kinetic

energy in the motion of a disc is
a) 1:1 b) 2:7 c) 1:2 d) 3:1
642. What remains constant when the earth revolves

around the sun
a) Angular b) Linear c¢) Angular d) Linear

momentu momentu Kinetic kinetic

m m energy energy
643. A system consists of three particles, each of mass

m and located at (1, 1) (2, 2) and (3, 3). The

coordinates of the centre of mass are
a)(1,) b(@22 ¢ @33 d@606)
644. Choose the correct statement about the centre of

mass (CM ) of a system of two particles

The CM  The CM
. . The CM
lies on lies on ) h
is on the
the line the line .
C . C . me
joining joining .
oinin
The CM  themata themata ° £
. . ] them at a
lies on point point ]
. point
the line whose whose
. . . whose
joining distance  distance )
distance
a)the two b)from ¢) from d) ¢
rom
particles  each each h
eac
midway  particle is particle is L
) . particle is
between  inversely  proportio i
. proportio
them proportio  nal to the
nal to the
nal to the  square of
mass of
mass of the mass
that
that of that .
) . particle
particle particle

645. An inclined plane makes an angle of 30 ° with the
horizontal. A solid sphere rolling down the
inclined plane from rest without slipping has a
linear acceleration equal to
a)5g/l4 b)5gH4 c) 2¢g/3 d) g/3

646. A uniform rod AB of length [ and mass m is free
to rotate about point A. The rod is released from
rest in the horizontal position. Given that the

2
.. . ml
moment of inertia of the rod about A IST, the

initial angular acceleration of the rod will be

-
4K | B
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7.SYSTEM OF PARTICLES AND ROTATIONAL MOTION

: ANSWERKEY :

1)

5)

9)
13)
17)
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65)
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24)
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100)
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170)
174)
178)
182)
186)
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194)
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214)
218)
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230)
234)
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242)
246)
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254)
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171)
175)
179)
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191)
195)
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235)
239)
243)
247)
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255)
259)
263)
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279)
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331)
335)
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176)
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244)
248)
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260)
264)
268)
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276)
280)
284)
288)
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296)
300)
304)
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328)
332)
336)
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446)
450)
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470)
474)
478)
482)
486)
490)
494)
498)
502)
506)
510)
514)
518)
522)
526)
530)
534)

T AN QAT O L LT T o0 60D o QLT oTann e e e T T T o 00T e QAo

339)
343)
347)
351)
355)
359)
363)
367)
371)
375)
379)
383)
387)
391)
395)
399)
403)
407)
411)
415)
419)
423)
427)
431)
435)
439)
443)
447)
451)
455)
459)
463)
467)
471)
475)
479)
483)
487)
491)
495)
499)
503)
507)
511)
515)
519)
523)
527)
531)
535)

TTTTO QA0 T an 0 angoT e e g AT T oA goT g oo T oD LT DAt e T 6T o

340)
344)
348)
352)
356)
360)
364)
368)
372)
376)
380)
384)
388)
392)
396)
400)
404)
408)
412)
416)
420)
424)
428)
432)
436)
440)
444)
448)
452)
456)
460)
464)
468)
472)
476)
480)
484)
488)
492)
496)
500)
504)
508)
512)
516)
520)
524)
528)
532)
536)
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601)
605)
609)
613)
617)
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625)
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633)
637)
641)
645)
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542)
546)
550)
554)
558)
562)
566)
570)
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602)
606)
610)
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622)
626)
630)
634)
638)
642)
646)
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539)
543)
547)
551)
555)
559)
563)
567)
571)
575)
579)
583)
587)
591)
595)
599)
603)
607)
611)
615)
619)
623)
627)
631)
635)
639)
643)
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540)
544)
548)
552)
556)
560)
564)
568)
572)
576)
580)
584)
588)
592)
596)
600)
604)
608)
612)
616)
620)
624)
628)
632)
636)
640)
644)
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7.SYSTEM OF PARTICLES AND ROTATIONAL MOTION

: HINTS AND SOLUTIONS :

Single Correct Answer Type

1

(a)
As in Q.6—>V1:§(1_e)

. . 4
Similarly it is found that VZZE ( 1+ e)

v, (1—e)
Hence, v, = (1+e)

(b)

If the surface is smooth, then relative acceleration
between blocks is zero. So, no compression or
elongation takes place in spring. Hence, spring force
on blocks is zero.

()

d. L,—L, 4A,—A, 3A,
c=—= = =

dt At 4 4
(b)
Rotational kinetic energy of flywheel

K=360]
Angular speed of flywheel (o |=20rads™"

1
Rotational kinetic energy, K= 5 I’

2K

Moment of inertia, 1=~
w
6 2x 3?0 =1.8kg—m’
20]
(9
2
Kineti K=—
inetic energy 1
where J is angular momentum and I the moment of
inertia.
10
J+——J
" J? ( 100 )
Ki=3m Ky =i
21 21
K, _[100F _ 100
K, (110] 121
. K,—K, K, 1
% change ¢ K, = K,

10

. 121

t———1=21%
100 °
(d)
Asm,=m,..nt Ri xd,=n Rixd,
R;_d,
R, d,
1 2
o L™ R,
ow, —=T——="5=—+
I, l R2 Ri d
2
()
MI of disc about tangent in a plane
(2MR=I
4
~mR=2]
5

3
MI of disc about tangent I to plane I :E mR’

SI=221

34
215

(©

Given, m;=6kg,m,=4kg
v;=5i—2j+10k,v,=10i—2 j+5k

The velocity of centre of mass is

_ mv,+m,v,

V=
m;+m,

(.)6(52‘—2}'+1OIA<)+4(102'—2}'+512

6+4
C701_20]+80k:7%—23+812
10
(@)
m,v,+m,v, Vv +v,
Vo, = = m.=m
cM m,+m, D) (asm, 2)
_mya,+ma,
and Aoy m,+m,
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11

12

13

14

15

16

at0_a

2 2
The centre of mass of two particles will move with
the mean velocity of two particles having common
acceleration %.
Hence, path of CM will be a straight line.

(a)

Angular velocity is related to the rotating body

(a)

Retardation due to friction
a=pg=10.25/(10)
(2.5ms”’

Collision is elastic, i.e. after collision first block
comes to rest and the second block acquires the
velocity of first block. Or we can understand it is this
manner that second block is permanently at rest while
only the first block moves. Distance travelled by it

will be

R
2a (2)(2.5)
.". Final separation will be (s—2)=3 m

)

Rotational kinetic energy E :% S L=V2EI

:gszh=¢loox1=5
L, VE, 1, 4

(d)

Due to presence of contact (frictional) force
momenta of blocks A and B separately change but
total sum of momenta of A and B taken together is
constant because no net external force is acting on the

system.
(a)
Total KE at bottom;
1 5], K
t=mv|1+—
2 R?
itmvi 142 =L my?
5 10
(a)

Moment of inertia of the solid sphere of mass M and
radius R about is tangent

I=I,+MR’

(According to theorem of parallel axis)

17

18

19

21

(2 MR*M R? '.'IOZZMRZ
5 5
1=LMR?
5
©
- d L . _ =g . . .
T= E’ if T=0 then [L.=¢( constanti.e.L remains
constant in magnitude and as well as in direction
(d)
Applying theorem of parallel axes
2
I:IO+M(R/2)2:%MR2+%:%M R?

2
.1+§ 14
“AT 17\
1+=
2
(c)

As there is no external force, hence
P=DP,+D,* P;=1{ constant

- -~ o~ _M [T 2 _bm
=>|p3‘:‘p1+p2‘zz\/(3)2+(4)227
[since V; and V; are mutually perpendicular]
. m__5om
S PsTSVaTT

=>v3=%=2.5msf1

(b)

Moment of inertia of circular ring about an axis
passing through its centre of mass and perpendicular
to its plane

I=MR’
Here, I=4kg—m’,m=1kqg
R=2-4
1
or R=2m

Therefore, diameter of ring = 4 m.
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23

24

25

26

27

28

(9
In the field central force, Torque = 0 .". angular
momentum remains constant

()
Angular momentum, L,=mr>w={, constant
2 2
r
L2l :(@) =0.64= 0,=44 x0.64=28.16
w, \r, 1
(d)

. L
Time taken by first block to reach second block ¢ "

Since collision is 100% elastic, now first block comes
to rest and 2nd block starts moving towards the 3rd

. L
block with a velocity v and takes time ¢ " to reach

3rd block and so on

. Total time {t+t+...(n—1) time Z,(n—l)%

Finally only the last nth block is in motion velocity Vv,
hence final velocity of centre of mass

Lo_mv_v
‘" mm n
(a)
uy =4m/s up =3m/s
my = 3 kg my = 4 kg

mu+m, uzz(m1+m2)v
3x4+4x(-3|=(3+4|vv=0

(d)
Apply parallel axis theorem

I=I+MHN

ML (LY
4

12

TML?
6
48

(b)
Angular momentum about origin
|IL|=¢rxmvvi
b6

29

30

31

33

y y=x+4

NS

O X

. a =
(—=x5x%x3+2
2

|L|=60unit
(@)
0(212&:15rad/s2
1~ 2
'.'9=w0t+%at220+% x(15)x(10 P=750 rad
(<)

The moment of inertia about an axis passing through
centre of mass of disc and perpendicular to its plane
is
[ =2 MR’

2
where M is the mass of disc and R its radius.
According to theorem of parallel axis, moment of
inertia of circular disc about an axis touching the disc
about an axis touching the disc at its diameter and
normal to the disc is

I=1.4+MR’

(b)

I= mlrf+ m, r%

. 200 [ 30

b +
10001100

(a)
By conservation of angular momentum
I[
I+,

20
100

300 (

2
=0.03kgm’
1000

ILo=[I+1,j0,= 0= W,

.1 1
Loss in kinetic energy GEL (D?—E(Iﬁlb)(w?)

.1

IbIt
6 Ee—
2

I,+1,

2
i

34 (a)
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35

36

37

38

For centre of mass,

X _2x1+4x1+44x0_6 _3
o 2+4+4 10 5
_2x0+44x1+44x1_8 _4
Yem= 2+4+4 10 5
.". Coordinate for Cm= 3 i ,i }
5 5
Where i and } are unit vector along X and Y axis

()
Here a thin wire of length L is bent to form
a circular ring.

Then, 27r =L(r isthe radius of ring)
_L
2n

Hence, the moment of inertia of the ring about its

= r

axis
2 2
ML

L = J= >
4

2n

I=Mr’= I=M

(d)

Since net force acting on the system is zero, hence
position of centre of mass of the system remains
unchanged ie, velocity of the centre of mass is zero

()

1
Rotational kinetic energy K z= 5 T

.. Its moment of inertia ¢ —
(&)

360
X

30
-0.8kg— m’

-2

(©
The angular momentum of a disc of moment of
inertia I, and rotating about its axis with angular
velocity @ is

L=Iw
When a round disc of moment of inertia I, is placed
on first disc, then angular momentum of the
combination is

L,=(I,+1,) '
In the absence of any external torque, angular
momentum remains conserved, ie.,

39

40

41

42

L,=L,
Lo=(I+I,)o'

ILLw
—3 =
I,+1,
(d)
On applying law of conservation of angular
momentum
ILo=I,0,

For solid sphere,
I=%m r2=>%mrfw1=§mr§w2

2
r 2
ro=—| 0, w,=n"w
n

(©

As is clear from the equation,

‘(ml\?ﬁmz \72)—(m1\71+m2 \72)|

=change in linear momentum of the two particles
=external force on the system *time interval
o[[my+my|gx (2t 2(m+my) gt

(d)
mr=l.r=lln
Moment of inertia of a ring about its diameter

1

L=Mr’
2
.. Moment of inertia of semicircle
1 [TV mP
tzm|l—=| ==
2 T 2’
(a)

Assuming that no energy is used up against friction,
the loss in potential energy is equal to the total gain in

the kinetic energy.

Thus, Mgh:%I(VZ/R2)+%Mv2

or %v2(M+I/R2):Mgh

Vs 2Mgh _ 2gh

of CM+I/R> 1+I/MR

Page |54



44

45

46

47

If s be the distance covered along the plane,

h=ssin0O
V= 2gssinf
1+I/MR’
Now, v’=2as
9 as= 2gssm€2 or
1+4I/MR
__ gsinb
1+I/MR?
(d)

At the highest point momentum of particle before
explosion p=mv cos 60 °

t-mx%200 % =100 m horizontally

Now as three is no external force during explosion,
hence

P=D,+Py+Ds

However, since velocities of two fragments, of

masses M/ 3 each, are 100 ms~ ' downward and
100ms * upward.
hence, P;=— P, or P;+P,

‘153: % Vo= 25 =100 m horizontally

v;=300ms"" horizontally

(a)
Taking the moment of forces about centre of gravity

G
k—— 16 ——

l5¢g G 25¢

e— x —ske—(16-v) —
11.5/gx=2.5g(16—x|=3x=80—5x
=8x=80=x=10cm

)

The car is stopped by the contact force exerted due to

road

(b)
Angular momentum of a rigid body about a fixed axis
is given by

L=Iw
Where I is moment of inertia and w is angular
velocity about that axis.
Kinetic energy of body is given by

K=11e?
2

48

49

50

51

1 )
K=—|lof==
o1 =57
2
= I:L—
2K

(b)

Since, the acceleration of centre of mass in both the
cases is same equal to g. So, the centre of mass of the
bodies B and C taken together does not shift
compared to that of bodyA.

(b)

In this process I decreases and @ increases

()
Here, M =20kg ,R=20cm=%m

Moment of inertia of flywheel about its axis is

1. .5 1 1 ?
[==MR*==x20kgx|=
2 2 < 20kg (5'“)

(0.4 kgm®
AsT=Ix
Where « is the angular acceleration
25% &
. _t_FR_ 5_ 5S5Nm _ -2
SAE—=—= = >=12.5s
I 04  04kgm
(d

As the block remains stationary therefore
For translatory equilibrium

> F =0.F=N

and Z F,=0..f=mg

1 f

"

F Q_ |

>

mg

For rotational equilibrium Z =0

By taking the torque of different forces about point 0
Tp+T+Ty+7, =0

As F and mg passing through point O

ST HT,=0
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52

53

54

55

As T;#0.. Ty #0 and torque by friction and normal
reaction will be in opposite direction
(©
Li leration f lling 4= gsin6
inear acceleration for rolling d=7—"" 5 ¢
& (14K R)
2

F linder — ==
or cylinder R 2

zgsin@

acylinder = 3

.@0)

For rotation, the torque fR=Ia=(M R’a )12

(where f = force of friction)

But Raza.'.fZ%a

S
W
6
.‘.f:%%gsiHBZ%gsiHB
p,=f /N where N is normal reaction, Mg cos 0
M .
— 0
_3 gsit :tan9
Hs Mg cos 6 3

.". For rolling without slipping of a roller down the
inclined plane, tan6>3 pi;

(a)
®,=10Rad/s, ®,=0,t=10s
W,— —
L= 1_0 10=—1rad/s2
T 10

Negative sign means retardation

Now I=mr°=10 x(0.3}=0.9 kg-m*

. Torque T=Ir=0.9 x[1/=0.9N-m

()

Since net momentum of the composite system is zero,

hence resultant velocity of the composite system
should also be zero.

(b)

The mass of considered element is
A

dm
} >
|<— dx

dm=Adx=A, xdx

)

- X —

L L

f xdm f x (A, xdx)

S Xy = =2
. fdm j)\oxdx
0

3 3
PV
. 3 3 2
6 = >==1L
X’ L 3
X Ay—
)\0 0 2
2 b
56 (a)
Here, effected gravitational acceleration is
_mg —qE
g m
2 .
vosin2 a
R :‘37'
9

It means, g’ for both particles are same
This is possible when
m;=m, and €,=¢€,

57 (c)

As the momentum of both fragments are equal

therefore
E, _m, 3
E, m 1
E,=3E,

According to problem
E,+E,=6.4x10"

By solving equation (i) and (ii) we get
E,=4.8x10"Jand

E,=1.6x10%

(b)
From the theorem of parallel axis, the moment of
inertia I is equal to

I=I,+Md’

where I -, moment of inertia is about centre of mass

58

and a the distance of axis from centre.
I=MK*+M x(6)
MK:=MK*+36 M

= Ki=K’+36
= [10=K’+36
= K’=100—36=64
= K=8cm
59 (d)
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60

61

62

When one string is cut off, the rod will rotate about
the other point A. Let @ be the linear acceleration of
centre of mass of the rod and a be the linear
acceleration of centre of mass of the rod and & be the
angular acceleration of the rod about A. As is clear
from figure,

TA
A

ar mig
mg—T=ma ..(@
_1_mg(l/2) _3g

7 mi2/3 :T ...(11)
a:r(x:La:LS—g:ﬁ
2 221 4
3
From Egq. (1), T=mg—ma:mg—ﬂ:M
4 4
)

Distribution of mass about BC axis is more than that
about AB axis, 1.e. radius of gyration about BC axis
is more than that about AB axis
i.e. Kpe>K g Ipo>1,5>1 0,

(b)

The speed acquired by block, on account of collision
of bullet with it, be vom s~ '. Since the block rise by
0.1 m, hence
_ Y
=3 .

2_ —2ms
=v,=2xgx0.1or viy=Vv2ms

0.1

1

Now as per conservation of momentum law for
collision between bullet and block,
mu=mu+Mv,

0.01k
(500—200+2)ms™
$220ms "
(c)

M.L of body about centre of mass (I ,,=mK 2

M.L of a body about new parallel axis

2 2 2
I...=I,tma=mK +ma

new

63

64

65

66

Lo, =m(K*+d’)
KR:lInewa)z:lm(Kzﬂlz)a)2

2 2
(a)
Moment of inertia of the whole system
about the axis of rotation will be equal
to the sum of the moments of inertia of all
the particles.

Y
(0,3)
3kg
O o—»X
(0,0 2,0)
1 kg 2 kg
(-2,2)
3 kg

I=1+1,+1,+1,
I=myri+myra+msra+m,r,
1=1x0/+(2x0)+(3 x3?|+4(—2)

I=0+0+27+16=43kg—m"

(b)
Angular momentum{ (Linear momentum) X
(perpendicular distance to line of motion

from the axis)

or angular momentum is moment of momentum.
Here, the angle goes on decreasing from 90 © but the
perpendicular distance to the line of motion remains
constant. Therefore, angular momentum is also
constant (linear momentum p=myV is constant).

From angular momentum conservation about vertical
axis passing through centre. When insect is coming
from circumference to centre. Moment of inertia first
decrease then increase. So angular velocity increase
then decrease

(b)
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68

69

70

71

72

2gh

= T 0=
1+k—2
r
_ | 2mgh _ | 2mgh _ | 2mgh
Sw= 2 2 2 - 2
mro+mk mro+1 I+mr

(b)
Angular velocity is given by
® =6600 rotation/min
I8 % rads '=20mrads™

Kinetic energy of coin which is due to rotation and

We know

translation is

K:lImz+lmv2

2 2
Z,lxlmr2w2+lm(er2
2 2 2

(’,%x4,8x (1)2(20n)2+% x4.8x(20m x1f

(480 12 +960 2 =14407° J

)
o=2mn=213890 _ g6 radrs
60
3
P:T><co=>T:£:—1oox10 =531 N—m
) 607
(@)
2
Time of descent t = _1 \/& 1+£2
sinf| g R
2
For solid sphere ? :g

K’_2
For hollow sphere ? :§

2 2
K| [k
R’ R’
i.e. solid sphere will take less time so it will reach
the bottom first

(b)
Centre of mass is closer to massive part of the body
therefore the bottom piece of bat has larger mass

(b)

From adjoining figure the component of momentum

As

Hollow Solid

along x-axis (parallel to the wall of container)
remains unchanged even after the collision.

73

74

76

m  mvg mvy,

.. Impulse = change in momentum of gas molecule
along y-axis, i€, in a direction normal to the wall =
2mv, ;2mvcosf

(b)

BY
2 ,
Ilngazzo M.I. of sphere 1 about AB axis

2 .
IZ:E Ma’={ ML of sphere 2 about AB axis

2 :
I3=gMaz+ Mb*={ ML of sphere 3 about AB
axis

2

I4=§M02+M b’={ ML of sphere 4 about AB

axis
M. of system about axis AB
Iowem=1,+1,+1;+1,

system

02| 2Ma |22 M+ Mb?
5 5
. 8 2 2
OEMCI +2Mb
(d)
\/21(1+K2/R2)
t={| ———==same
gsin 6
2I(1+K{+R*) _21(1+K3/R%)
" gsinf  gsin®,

2
For sphere, Ki: g Rz, 6,=30°,

For hollow cylinder, K;=R’,0,=?
1+Z
5 _1+1

sin30°  sin#,

sin0,= % =0.7143
0=45°
(b)
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77

78

79

80

81

Lyr=mriok=2-22_1 76cm
2 V2 2
(c)

When spring is massless then according to
momentum conservation principle

_[)i:ﬁf or 0=m,v,+m,v,

LMV, =—m,Vv,

S.Myvy=m,Vv, or p1=p,

2 2
D1 _ b

LK,=-PL K =

Y 2m. 0t 2m,
Kl mZ
~-K2—ml(-p1—p2)
(o)

Let the radii of the thin spherical and the solid sphere
are R, and R, respectively.
Then the moment of inertia of the spherical shell

about their diameter
2

I=5M R}
...(10)
and the moment of inertia of the solid sphere is given
by

I= % MR;
...(i1)
Given that the masses and moment of inertia for both
the bodies are equal, then from Egs. (i) and (ii)

R2
3MR§:£MR§=>—§:§
3 5 R, 5
R, [3 -
= —=y/==R,:R,=V3:V5
R, V5 17 v
()

As man walks towards axis of rotation. Moment of
inertia of system decreases so that angular velocity
increases

(d)

I,=1+I,

200=1 +I1,=21I,
~I,=100gxcm’

1z

7 Ix

()

83

84

85

T 1000 2
=——=——=5R
o =200 5 Rad/sec

From @ =w,+at=0+5x3=15rad/s

)
Applying the principle of conservation of angular
momentum,
I +Ljo=10+],0,
400 600
(6+12)Ex 2m=6 %"= X 2 +1, %0
Which gives, I,=3kgm’

()

The radius of gyration is the distance from the

axis of rotation at which if whole mass of the

body is supposed to be concentrated.

Here, the whole mass of the equilateral triangle
acts at point O. So the distance OA is the radius of
gyration of

this system. Now from triangle ADB

B
X X
4 C
D
e— 2 —2
2
% 2
x’=BD’+| =
2
X2
or BD’=x’-=
4
2
or BD2:3—X
4
or BD:\/§§
Hence, the distance, OB= % X %
= oB="X

V3

But, the distances OA, OBAOC are the same.
X
OA=—=
V3
X

Hence, the radius of gyration of this system is E

So,

)

When body of mass m slides down an inclined plane
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then v=+v2gh 2m(n,—ny) 2m(0-20
v \/q . a= (. 1)2 ul )=—4nrad/52
When it is in the form of ring then, t 10
2gh V2 gh_ v Negative sign means retardation
1+1° 2 2 Now 1=Ia=5%x10"x4n=21%x10 °N—m
92 (d)
86 (a) For aring K*=r" then
Since there is no external force acting on the particle,
Hence
_my,tmyy,
Yeu —W —0, hence
m 3m
(Z X (+15)+ T)(yz): 0= y2:_5 cm
87 (a) 93 (d)
As initially both the particles were at rest therefore Angular speed ©= Y_ 5.29 =34radls
. . R 0.15
velocity of centre of mass was zero and there is no
external force on the system so speed of centre of 94 (b)
mass remains constant ie, it should be equal to zero. 1. » 1
EI(L) =40% OfE my
88 (a)
It’s always in axial direction 1 [o’= 40 (1 mro?
2 10012
89 (b) 2
S . I==mr’
To reverse the direction f 1d0=0 (work done is 5
Zero) So, the body is solid sphere.
_ e g2)y_ 1042
t=[20¢ 5t)2—;10t 10¢ —
q=t-40t-10 0 o When hollow cylinder slides with out rolling, it
I 10
t , P possess only translational kinetic energy, K, = 5 mv’
w= f adt=2t"——
0 3 When it rolls without slipping, it possess both types
 is zero at of kinetic energy,
3 2
20-L=0=1’=61*=1=6sec mamv 1+
3 2 R’
f t K
o= wdtZI(th—E)dt Br_ 1 1 pe
0 Ky K?| 2 [For hollow cylinder —=1]
20 ¢ 2 1 R K
(|—=—-=| =216| 7 —=|=36rad
3 12, { 3 2 }
36 96 (a)
No. of revolution ﬂ is less than 6 As a real velocity of comet is constant, therefore,
_ vy
90 (C) rlvl—rzvz\/vz—r—z
A c‘ouple consists ‘Of two equal and opposite forces 6x10°%x7x10* _ .
acting at a separation, so that net force becomes zero. 6 14 x10° =3x10"ms
When a couple acts on a body it rotates the body but '
does not produce any translatory motion. Hence, only |97 (c)
rotational motion is produced. As the body is rigid therefore angular velocity of all
91 (a) particles will be same [.€.w={ constant
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F Bii-~. 0\
/ i
1 P
1 i [}
L} 1
1 1
1 0 !
;
i’
,
¥

From V=rw, v« r (if @ ={ constant)

It means linear velocity of that particle will be more,
whose distance from the centre is more,
[.6.V,<Vz<V butW,=Wz=w,

100 (b)
As net horizontal force acting on the system is zero,
hence momentum must remain conserved. Hence

mu+0:0+mv2=>v2:M
As per definition,
mu
ez_(vl_v2):v2_ozﬁ:£:ﬂ
(u,—u,) o—u u u M
101 (d)
KRzllof:lx 2 MR? x(50)*
2 2 15 \
.12 ( 2 2_ 9
G x=x1x0.03"x[50"=—J
2 5 | [(50) 20
102 (d)

According to conservation of angular momentum,
Iw={constant
ie, we can write

lLo=1o0,
or MRZ()():(M+4m]R2(Jo2
or 2 \M+4m

103 (a)
W=w,+at
= ow=0+at
a= 15 rad s>
0.270

=45ms °

a=r,a=0.81x
Now, 0.270
104 (a)
Angular momentum of system remains constant
1_L_o_2

Jax—=—=

=—=—=],=21,=21
o I, w, 10

105 (d)

Centre of mass C; of the point masses placed at

corners PA'S from point P

p= a >0
1 kg A1 kg
2a/3 2a/3
a
Cit-—mmmmme - " 1C,
a/3 Y a/3
Soke 2kg®
(1x0+2xa_2a
1+2 3

Therefore, distance of centre of mass C; from point

S
1g_2a_a
3 3
Similarly, centre of mass C, of point masses placed
C 2a
at corners QA R, & point Q Z?

Distance of centre of mass C, from point

Centre of mass of all four point masses is at the mid
point of the line joining C, and C,, which is farthest
from points PAQ.

106 (b)
Using conservation of angular momentum
LR (J)Z{lmR2+l MR '
2 2 214

lmR2 co=§mR2w'
2 8

©=—
5

107 (a)
y= 290 _ [2x10%2 _ e e6=5.20m/s~(
K 1
1+—2 1+
R
108 (b)

In this process potential energy of the metre stick will
be converted into rotational kinetic energy
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109

110

111

112

| =

C.G.

A Vg

. l
P.E. of meter stick ¢ mg (E)

Because its centre of gravity lies at the middle point
of the rod

1
Rotational kinetic energy E :E [’

2
I'=( ML of metre stick about point AZ%
=& Angular speed of the rod while striking the
ground

V=14 Velocity of end B of metre stick while striking

the ground
By the law of conservation of energy,
[\_1, »_1ml
mgl-|=-lw=—-—|—
2] 2 2 3 \1

By solving we get,
=v3gl=V3x10x1=5.4m/s

(b)

Depends on the distribution of mass in the body

(9
mv—mv=(m+m)v
v=0

(b)

When a body of mass m and radius R rolls down on

inclined plane of height h and angle of inclination 0,
it losses potential energy. However, it acquires both
linear and angular speeds.

_ | 2gh
Velocity at the lowest point K?
1+ P
For solid sphere E =2
P RZ 5
_ 2% 102><7 ~10 .
1+=
5

(9
To keep the centre of mass at the position, velocity of
centre of mass is zero, so

113

m,v,+m,v, ~0
m1+m2

where V; AV, are velocities of particles 1 and 2

respectively.
- m dr1+ dr2 0
Va2t
.d r1 dr,
[ V= dt F]

= mdr,+m,dr,=00 represent the change in
displacement of particles]
Let 2nd particle has been displaced by distance X.

= m,|d]+m,(x|=0
—m,d
= X=
m,

Negative sign shows that both the particles have to
move in opposite directions.

m
So,

- is the distance moved by 2nd particle to
2

keep centre of mass at the same position.

(a)

L=Ilw..Lxw (If I={ constant)

So graph between L and @ will be straight line with
constant slope

114 (d)
KRZ%IwZZ%mrsz
115 (c)

116

117

If initial velocity of bullet be Vv then after collision
combined velocity of bullet and target is

(NT_'_ )andh——or v=v2

(b)

Torque zero means, & zero

d 0 —=0=12t-12=0
t

..t=1 second

()
V,=¢ velocity due to translator motion

Vr= ¢ velocity due to rotational motion
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Rotati .
on Transla)tlon

|
vN:\/vf+vi: VVAvi=y2v=2+2mls

118 (d)
Position vector of the point at which force is acting
Fi=i+2j+3k
But we have to calculate the torque about another
point. So its position vector about that another point
r=r,—r=i+2j+3k|—(3i—2j—3k)
L—22‘+4}'+6!§
Now, 7=r; x E=(—2i+4 j+6k)x(4i—5j+3k)
i ok o X
t=|—2 4 6|=il12+30|—jl—6—24|+k(10—
4 -5 3
(421+30 j—6k)N —m
119 (d)
L n
X
xk|=| dx
fxdm ‘[ L n+1
Xem= J‘d s Xem ™= L n = n+?2
m
{k = dx
120 (c)
IS:zMRf,Ih:zMRi
5 3
AS, IS:Ih
2MR*=2MR?
5 3
R V5
"R, V3
121 (d)

Mass of disc (:X],mxzn thp

Where, p ={ density of material of disc
1 1

IXZEmXRZZET[RthR2
IXZ%nptR4

(1)
Mass of disc (Y)

myzn(4RJ2%p=4nR2tp

and IYZ%mY(4R)2=%4nR2pt.16R2
= I,=32ntpR*
...(ii)
I 4
I_y_3127rtpR —e4
X ZnptR*
P
1,=641,
123 (a)

m,=1kg,m,=2kg,m,=3kg

Position of centre of mass (2, 2, 2,)
m,=4kg

New position of centre of mass (0, 0, 0).

For initial position

X _m1x1+m2x2+m3x3
CM

m, +m,+m,
_ My X +m,y X, +m; X,
1+2+3
m, x,+m,x,+myx,=12
Similarly, m;y,+m,y,+m;y;=12
m,z,+m,z,+myz,=12

and

For new position,
My xEmy X, myx,+tm,x,

CM

m;+m,+my+m,
_ 12+4xx,
0= 1i2+3+2
4x,=—12
x,=—3
Similarly, yY,=—3
z,——3

.". Position of fourth mass (-3, -3, -3)

124 (b)
As body is moving on a frictionless surface. Its
mechanical energy is conserved. When body climbes
up the inclined plane it keeps on rotating with same
angular speed, as no friction force is present to
provide retarding torque so

%Iwﬁ%mv22%1w2+mgh=v2v29h
125 (c)

Since gun-shot system is an isolated closed system, its
centre of mass must remain at rest.

126 (c)
1.2

.1 2 2.
ionbt=Iw'==x=MR"(
KE of rotation 5 "5
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(L%><4712n2MR2

2
@) M R’=8071"M R’
60

$0.81°

127 (d)
Centre of mass of a stick lies at the mid point and
when the stick is displaced through an angle 60 ° it
rises upto height "h ' from the initial position

AR
I/2cos| l7|/2\ |
Y =g ¥/ v
774 h
P ==
A\

I 1 l
h==——cos0=—(1—cosf
From the figure ) B ( )
Hence the increment in potential energy of the stick

Cmgh:mgé(l—cose)ZOAX 10 X%(l—cos 60°,

128 (a)
2
K.E=2
21

" From angular momentum conservation about
centre

L — constant
I=mr’

12
2(mr?)
KE. (4 K.E.
K.E. is increased by a factor of 4

K.E.’= r':£
2

129 (a)
The velocity of a body in different reference frames
may be same or different. So, momentum and kinetic
energy of a body may be same or different in
different reference frames

130 (b)
Speed of the bullet relative to ground le =v+ Vr s
where V, is recoil velocity of gun. Now for gun-bullet
system applying the conservation law of momentum,
we get
mv,+MV,=0or m(V+V,|+MV,=0

. omv

. —mv
=>v = Vr_
m+ M

or
" m+M

131 (d)

For any uniform rod, the mass is concentrated at its
centre

Height of the mass from ground is, h=[I/2|sin 30 °
Potential energy of the rod ¢ mgh

(tmx g Xésin30°:m X g % éx%:ngl
132 (c)
1 K
; L Smv — 2
Rotational kinetic energy _ 2 RR_K_2
Translatory kinetic energy lmvz R> 5
2
133 (d)

In the absence of external torque for a body revolving
about any axis, the angular momentum remains
constant. This is known as law of conservation of

._dL
angular momentum, T=——

dt

-

dL -
.——=0 or L={ constant

AsT=0"
) dt
134 (b)
a=—9 —
Using 1+ I
mR*
azig > I:lMR2
MR 2
1+ >
2mR
=a= 2m
M+2m g
135 ()
Let the mass of an element of length dx of the rod

M
M
L %

The X- coordinate of the centre of mass is given by
P

o s o e

located at a distance X away from left end is
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3L 3
(J2A X |2 || L2
AL*| 3], |1?]|3] 3
2L )

Hence, the centre of mass is at (— ,0,0

3
136 (d)
_1 5 .
From E =5 '@ we find that when frequency (n) is

doubled, @ =2mn is doubled, ” becomes 4 times.

1
As E reduces to half, I must have been reduced to —

8
1 1 .
th. From L=1 w, L becomes g X 222 times
ie,0.25L
138 (a)
I:MK2_ML2
12
L
V1
139 (d)

Here, [=1m,0=30°,g=9.81ms *,t="?
t_\/21(1+K2/R2)
B gsin 6

1

For a rupee coin, K = 5 R

2x1(1+1/2) \/ 6
t= - =0.78
\/ 9.81sin30° | 9.81 >
140 (a)
2 3 _ 2R

SMR*==Mr’=r=

5 2 J15

141 (c)
The situation is shown in figure
I,,=mxDP’+mxBQ*+mx C A®

X
Q /
AN
/'\/\\
, \

2
(,mx2x(ﬁ
2

+m><(\/§l)2

$3ml?

143 (b)
(a) This is only possible when collision is head on
elastic.

(b) When collision is oblique elastic, then in this case,
both bodies move perpendicular to each other after
collision

(c) Since, in elastic collision, kinetic energy of system
remains constant so, this is not possible.

(d) The same reason as (b).

144 (b)
2
Ioy= % (about middle point)
-]
L3 L6 "
I=1 y+MX
2 2
I8 ML +M L
12 6
2
= ML
9
145 (a)

2
Because its MLI. (or value of ?) is minimum for

sphere
146 (c)
e ﬁeq _ m,d,+m,a,+ma,
.. CM_ _
(m,+m,+m,) (m,+m,+m,)

-

~.F,=ma,+m,a,+m,a,
(1%x142%x2+4%x(—0.5/=1+4—-2=3N
147 (b)

Since there is no external force acting on rifle bullet
system, hence

K, _m,_2kg_4

= h =_9_=9 _7

Pp,= P4 and hence Kg m, 50g 1
K,
Or K =—
94

+K
Now total energy K, +K  or 4()b:j_(1)’Kb:2050
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148

150

151

152

153

2050 x 40
BT

And K ,=2050—2000=50y.
(d)

IZZerka2
5

=2 r=k=r04

=2000J

(b)
Ast=Ia
1 .
a T (T 1s constant)
MI of figure (ii) is smaller hence acceleration is

greater

(b)

Moment of inertia of triangle sheet ABC about

1
AC= 5 moment of inertia of square ABCD about

ABC

_____________

I=2MR’=2x3x(1=6g—cm’

(a)

Force does not produce any torque because it passes
through the centre (Point of rotation) and we know
that if T=0 then L=4{ constant

154 (b)

155

Here, n=8 kg,r=40cm=§m,

w=12rads ',1=0.64kgm’

TotalKE:%Ia)2+%mv2
C%I@Z+%mr2w2
2
tLx064ax152+ L xg x| 2| x 152=2167
2 2 5

(d)

Moment of inertia of a hollow cylinder of mass M

156

157

158

159

160

161

. . .. 2
and radius I about its own axisis M r

(a)
Given system of two particles will rotate about its
centre of mass

, L
Initial angular momentum é MV (E)

2
Final angular momentum &2 Ioo =2 M (é) ®

By the law of conservation of angular momentum
L L \4

2
MV(E):ZM E) O.)=>OJZI

(d)

Asw,=w +at..40mn=20m+a x10
or a=2nrads’’

From, w,—w;=2ab

1200 71>

40 =20 1) =2x2 1, = H= =300 7

Number of rotations completed

.6 300
—=—=150
0271 27

(a)

First sphere will take a time ¢4, to start motion in

second sphere on colliding with it, where t;= u

Now speed of second sphere will be

u 2
v,==|1+e|==u
? 2( | 3
Hence time taken by second sphere to start motion in
third sphere £, = —=—= =
HESPRCTe 275 130 ™ 2u
ol time t=t +¢.= Ly 3L 5L
.. lotal ime 1T u 2u 2u
(b)
L10=7507=2 0’ =222 — 25 = =25 rad/ ¢
2 2.4
w,—w _
a= 2t 1=>5:25 0=>t=55
(b)
E=K,==10"
ko2

If angular velocities are equal then E « I
As I,>1, therefore E,>E,

)
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ILo=I,w =—
171 2772 ©, Il
lI o]
E1_2 s Il IZ 2_12
NOW, ==X = ==
E, 1, o L \I] 1,
E 2772
As I,>1,. . E <E,

162 (d)
=2kg,m,=4kg,v,=20m/s,v,=—10m/s
_m1{;1+m2§2_2x20—4><10_0m/s

o m;+m, 2+4
163 (b)
pi
K, 2m m 4m
—=——-=—=—=4:1(""p,=p,)
K, p, m m
2m,
164 (d)

When the hands outstretched, moment of inertia
increases and angular velocity decreases so that
angular momentum remains unchanged

165 (d)
1 K’
I(T::f<R=3'§'HIV2::EEIH\/Z 355

This value of K?/ R> match with hollow cylinder

1

166 (b)
Letm,=m,m,=2m,my=3m,m,=4m

\2

%.
\ 3 \
w600 |} \

M< > 4m
a cos 600
=0i+0j
r,= ac05601+asm60]——1+a—\/3}
2 2
rya=0
F,=ai+0]

By substituting above value in the following formula
L _Mritmyrytmgrytm,r, V3 .
r= =0.95ai+—aj
m;+m,+m;+m, 4
V3

0.95a,—a
4

So the location of centre of mass

168 (c)

169

170

171

2

Given, MI=2.5kgm™

W=40rads "
T=10Nm

As T=Ia
10=25«a
a=4rads’

Now, O)::(OO'F(Xt
60=40+4 xt
20=4t

t=5s
(a)
Weight of the rod=w
w
Reaction of boy Rz= n
) 3w

Reaction of man R, = T

Rp Ry

A T

k‘———[/2—————i>-i————xf——l1<t—y—)-

Y
w

As the rod is in rotational equilibrium
Z =0

RB><§—RMX x=0

w L 3w _
— X ———xx=0
4 2 4
L
= X=—
6
L
. Distance from other end, Y= 57 X
L L 2L L
= - = =
2 6 6 3
(d)
2 2
L& =00t myr= K =20 2
2 2 R° 100 5

[.e. the body is solid sphere
(b)

Moment of inertia the rotational inertia of an object.
Moment of inertia of circular ring about an axis
passing through it centre and perpendicular to its
plane is

I, =MR’

Similarly, for a circular disc about the same axis of

ring

rotation
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Idisc:_MR
2
Lig_ MR _2
Hence, I, lMRz 1
2
172 (d)
=+ MX
2 2
(ML m|L
12 4
CML2+ML2:7ML2
12 16 48
Ai Aoy
N
L : ]
<—><—>§
/4| L/4 V
173 (a)
2 2
1211_12:9MR _ MR
2 18
C81MR2—MR2:4OMR2
18 9
175 (b)
KRzllc,f:l Ly g (27nf
2 2|2
C1(1 2 » (70
o=|=x72x(05 | x4’ x|=| =240J
2(2 0.5 | x4z 60)
176 (d)

From figure, X;=

X,=—+—-=L

L
2 b

2 2
L L L 5L
X,=—+—+—-=—
2 4 2 4
_m1X1+m2X2+m3X3
M m+my+m,
MxLimxpemx2l Hap
0 2 4 _ 4 :llL
M+M+M 3M 12
177 ()

m,=12,m,=16
7,=0i+0j,r,=1.1i+0j
m,F+m,T,

=t
I

my+m,

16%81'1 i=0.63ii..0.36 A from carbon atom

=t
[l

Q0 —> X

m

o0 ——><
ey
3
N

178 (c)
For translator motion the force should be applied on
the centre of mass of the body so we have to calculate
the location of centre of mass of T  shaped object.
Let mass of rod AB is m so the mass of rod CD will
be 2m.
Let Y, is the centre of mass of rod AB and Y is the
centre of mass of rod CD. We can consider that
whole mass of the rod is placed at their respective
centre of mass ie, mass m is placed at ¥, and mass
2m is placed at Y.
Taking point € at the origin position vector of points
Y1/\Y, can be written as

ri.=21j,r,=1j

and m,=mAm,=2m

Position vector of centre of mass of the system

_mrEmyr,  m2lj+2mlj_4mlj_4l]

r.. =
oM m+m, m+2m 3m 3
180 (a)
_myxtmyx, 04x240.6x7
Xom= = =5m
m,+m, 0.4+0.6

181 (c)

Displacement of the man with respect to trolley in

4 sec

X, r=4m=Xx_.=X, +X;=xX;=4—X,,
Position of centre of mass remain constant

=>(4—xm)320:xmx80=>xm:1—56:3.2m

Alternatively: If the man starts walking on the trolley
in the forward direction then whole system will move
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in backward direction with same momentum.
Momentum of man in forward direction =
Momentum of system (man + trolley) in backward
direction

=80 x 1=(80+320|x v=v=0.2m/s

So the velocity of man w.r.t. ground
1.0-0.2=0.8m/s

.. Displacement of man w.r.t. ground

$0.8x4=3.2m
(@)

When the sphere 1 is released from horizontal

182

position, then from energy conservation, potential
energy at height [,=¢ kinetic energy at bottom

Or mglo:%mv2

Or v=42 gl,

Since, all collisions are elastic, so velocity of sphere 1
is transferred to sphere 2, then from 2 to 3 and finally
from 3 to 4. Hence, just after collision, the sphere 4

attains a velocity equal to V2 gl,

(d)

Generator axis of a cylinder is a line lying on it’s

183

surface and parallel to axis of cylinder
4

By parallel axis theorem

2
1=ME  yRr=2 MR
2 2
184 (a)
a:gsmH:gsmG:_gsine
K? 2 7
1+— 1+
R’ 5
185 (b)
_my X tmyX,+myx,tm, x,
T mytmyrmytm,
0+40x, 40 x,
X=—=3=
100 100
(=07

Similarly Y,=7.5 and 2,=7.5

186 (a)

%MR2:I=>MR2:21

Moment of inertia of disc about a tangent in a plane

LEMRZ:E(N):EI
4 4 2
187 (c)
X F sin j Fcos
>p
;
2> X

T=rxF=rFsin¢..1=rFsin ¢
F'sin ¢ =¢ transverse component of force
F cos ¢ ={ radial component of force

(b)

ML.L of a cylinder about its centre and parallel to its

MR’

188

length ¢

M.I. about its centre and perpendicular to its length
2 2

M L R
12 4

ML2+MR2_ MR’
12 4 2
By solving we get .= V3R

According to problem,

189 (a)
Due to centrifugal force
190 (a)
Angular acceleration is a axial vector
191 (a)
V= 2gh2: 2gh :\/Egh
K 2 7
1+— 1+—=
R’ 5
192 (d)

For circular disc 1

Mass & M, radius R,=R

Moment of inertia I,=1,

For circular disc 2, of same thickness t, mass 6 M
. |

But density ¢ 5 X density of circular disc 1

Let radius ¢ R,

Then 7 Rat % E:ant xp=M=R,=2R’

Page| 69



R,=vV2R,=V2R
" The given axis passes through the centre of mass

" Moment of inertia I « (Radius]2

2 2
L(Rf L [R5
I, \R,] I, \V2R
193 (a)

L=r P=log, L=log,P+log,r
If graph is drawn between 108, L and log,, P then it
will be straight line which will not pass through the
origin

194 (d)
Here m;=m,=m,u;=Uu and U,=0

v.=u (m1_em2) ‘1+e,m2 _u(l_e)
I <m1+m2) 2(m1+mz> 2
ﬁ: 1—e
u 2
195 (c)

From Kepler’s second law of motion, a line joining
any planet to the sun sweeps out equal areas in equal
intervals of time. Let any instant £, the planet is in
position A. Then area swept out by SA is

B

e

dA=areaof the curved triangle SAB
i l(AB x SA)=1[rd9 x r):lrzde
2 2 2
The instantaneous areal speed is
dA_1 2d0_1 5
dt 2 dt 2
Let J be angular momentum, I the moment of inertia
and m the mass, then
J=lwo=mr‘w
% = L = {constant
dt 2m
Hence, angular momentum of the planet is conserved.
196 (b)
The X coordinate of centre of mass is

(.Jm><0+m><1+m><2:
m+m-+m
,_Zmiyz'
- zmi
tmx0+méié
,_ng_ 1
" 3m {3

1

i+-L

5/

Position vector of centre of mass is

197 (a)

Moment of inertia of rod about the given axis ¢ O

Moment of inertia of each disc about its diameter
. MR’
I8
4
Using theorem of parallel axes, moment of inertia of

each disc about the given axis
(.)MRZ LZ_MRZ_FMLZ
4 2 4 4

.". For theorem of parallel axes, moment of inertia

+M

about the given axis is

_mL*> ([MR* ML’
I= + +
12 4 4
_mL*> MR> ML’
I= + +
12 4 4
198 (b)
Here, r=4m,T=2s,a="
2 2
a=ret=r| 2L :47T2r:4712><i2:4nzmsf2
T T 2
199 (d)

About EG, the maximum distance from the axis is
the least i.e . distribution of mass is minimum

200 (c)
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60)
2m|0——
a:2n(nz—n1): 60 :_2n:_—nrad/s
. 60 60 ~ 30
2XTT A
cr=la==—==——-N-
TR0 T
201 (b)

When two identical balls collide head on elastically,
they exchange their velocities. Hence when A
collides with B, A transfers its whole velocity to B.
When B collides with C, B transfers its whole
velocity to C. Hence finally A and B will be at rest
and only C will be moving forward with speed v

202 (d)

12 16

2 2

203 (b)

.1
Rotational kinetic energy ¢ 5 1w°=1500

=>% x1.2 X 0°=1500

=a)2=m=w=50 rad/s

1.2
Initially the body was at rest and after t Sec its
angular velocity becomes 50rad/s
W=w,+at=50=0+25xt=t=2s

204 (b)
By doing so the distribution of mass can be made
away from the axis of rotation

205 (c)
m1X1+ m2 X2
Xew=
m1+m2
C CM
o i
12 -=-— XCM_>

_[12x0]+(16 x 1.13)
M 12+16

=0.6457 A

206 (@)
As initially both the particles were at rest therefore
velocity of centre of mass was zero and there is no
external force on the system so speed of centre of
mass remains constant [ .e . it should be equal to zero

207 (c)

K, K)R* _ 2/5 _
R = =2/7
Ky 1+K*/R* 1+2/5

208 (d)
Moment of inertia of cylinder about an axis through
the centre and perpendicular to its axis is
R’ L’
_— + _—
4 12

Using theorem of parallel axes, moment of inertia of

IC:M(

the cylinder about an axis through its edge would be

2
£) :M(—+—+—
2

2 12
R L
4 3

I=I+M

‘M

When LZGR,I,,Z%MR2

209 (a)
ML* _0.12x 1°

I=
12 12

=0.01kg—m’

210 ()
The moment of inertia is maximum about axis 3,
because rms distance of mass is maximum for this
axis

211 (d)

2gh
2
1+ k—2
R
Where K is the radius of gyration
kZ

For ring, — =1
g R?

2gh  —
cv=y 29— ah
Y \/1+1 Vg

213 (b)
Moment of inertia of the system about the centre of
plane is given by

2

I=|2x 1x (0141 % (12 ]+ % %2 x(0.12+2 x[1]
+ %><3><(0.1]2+3><(1)2 + %><4><(0.1)2+4><(1)2
$1.004+2.008+3.012+4.016
$10.04kg—m"
214 (d)
w=w,tat=w=0+ % t [As T=1a]
=0+ 1000

x3=15rad/
0 rad/s

215 (a)
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In this question distance of centre of mass
of new disc from the centre of mass of
remaining disc is aR.

Mass of remaining disc

4
1
a=—=
3
216 (a)
2 2(4 _; ) 2
=M, R’ =(=nR’p|R
ISphere — 5 — 513 i :E
ICylinder lMZR2 l(nRsz)RZ 15
2 2
ISphere> ICylinder
217 (d)
LV
Iep=Icy+M Z)
A G
CM ¢
L/4 !
< /4 [ /4>
B D
ML ML _7ML’
12 16 48
218 ()

L
Kineti E=—
1netic energy 2 I

1
If angular momenta are equal then E * —

I
Kinetic energy E =K [Given in the problem]
If I ,>1;then K,<Kj
220 (d)
i j ok
L=rxP=]1 2 -1
3 4 -2

L=i(—4+4)—jl-2+3)+k[4—6]=— -2k

L has components along — y axis and — Z axis.

The angular momentum is in y —Z plane ie.,
perpendicular to X-axis.

221 ()
Moment of inertia of uniform circular disc about
diameter ¢ I
According to theorem of perpendicular axes,
Moment of inertia of disc about its axis

621 ( 6 1 m rz)
2
Applying theorem of parallel axes

Moment of inertia of disc about the given axis
(21+mr’=21+41=61

222 (d)
Angular displacement during time
0=(w,~w,|t
t(2mn,—2mn, |t
$(600m—2007) x 10
44000 71 rad
Therefore, number of revolutions made during this
time
i 4000
2m

=2000

223 (b)
Let rod is placed along x-axis. Mass of element PQ

of length dx situated at X =X is

P Q
L L] ]
x=0 }<~dx—-1 x=3

dm=Adx=(2+x|dx
The CM of the element has coordinates (X, 0, 0).

Therefore, X-coordinates of CM of the rod will be
3

_f xdm
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_ 9+9
6+9/2

3

2X3+—
2

L 18x2 12
6 =—m

21 7

224 (d)
1=MK’=160=K=10=10_ 16 k=4,
M 0
225 (b)
As the mass of disc is negligible therefore only
moment of inertia of five particles will be considered

IZZ mr’=5mr’=5x2x(0.1*=0.1kg—m’

226 (b)
t=Ia, if T=0 then @ =0 because moment of inertia
of any body cannot be zero

227 (a)
Since, no external torque is acting the angular (J ) is
conserved.
J=1Iw= {constant
Where I (¢ mrz) is moment of inertia and @ the

angular velocity.
I
Given, IIZI, Izzz,wlzw

J=1,0,=1,w,

I
Io=-w,
n
= w,=nw

Hence, angular velocity increases by a factor of n.

228 ()
I ;1 mm, o
Loss of kinetic energy ¢ 2 m+m, (vl v2)
. l MxM (V _y )2
2(M+M) "
LA4“4(v—vf
22m) "t 7
[,M(V —v,[
4 V1TV
229 (b)

Angular moment of particle w.r.t., origin
=linear momentum X perpendicular distance of line of
action of linear momentum from origin

yA
\4
@
a
0 X
{mv X a= mva= {eonstant
230 (a)

He decreases his Moment of inertia by this act and
therefore increases his angular velocity

(9

Let T be the tension in the string carrying

The masses mA3m

Let a be the acceleration, then
T—mg=ma
3mg—T=3ma

Adding Egs. (i) and (ii), we het
2mg+4ma

231

...()
..(ii)

-9
9=

——3%

232 ()
Let same mass and same outer radii of solid sphere
and hollow sphere are M and R respectively. The
moment of inertia of solid sphere A about its
diameter

2 2
I,=—MR
45
(1)
Similarly, the moment of inertia of hollow sphere

(spherical shell) B about its diameter
2

[,==MFR’
B3
...(>i1)
It is clear from Egs. (i) and (ii), we get
I,<I,
233 (a)

By the conservation of energy
P.E. of rod = Rotational K. E .
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I . 1. 5 I . 1m
ngsma—EIoo =>mg§smor———w

= 3gslinor

But in the problem length of the rod 2 L is given

= 3gsina
2L

234 (c)
Time taken in reaching bottom of incline is
t:J2u1+KﬁRﬁ
gsinf
For solid cylinder (SC), K*=R?/2
For hollow cylinder (HC), K°=R">

2
For solid sphere (S), K’= c R’

235 (b)
According to figure let A is the origin and co-
ordinates of centre of mass be (x , y) then,
My X Emy X, my X +m,x,

m,+m,+my+m,
0+2 % &+4 X &+0

V2. 2 30
16 2

30
Similarly Y= E so, r =y x’+y*=30cm

y
2kg 4kg
Deg — — — — —oC
N |
N |
o) I
><,Yo N
1S N |
8k \r\ N | 2kg
& e} EY \l X
A B

236 (b)
I=MK’=) mR’
where M is the total mass of the body.
This means that

i

According to thermo of parallel axis

237

238

240

241

I=I_+M|2Rf

where, I o is moment of inertia about an axis through

centre of gravity.

IZEMR2+4MR2=%MR2

or MKZZ%MKZ
K=,22R
5
(@)

The situation can be shown as: Let radius of complete
disc is @ and that of small disc is b, also let centre of
mass now shifts to O, at a distance X, from original

centre

The position of new centre of mass is given by
X = —onb’.x,

M ond’—o. b’

Here, a=6cm,b=2cm x,=3.2cm

—oxm(2Px3.2

Hence, X, =
M oxnx|(6f—oxmx(2]
6 1287 =—0.4cm
32m
(b)
v= 29”12: 2gh :\/ﬁgh
K 1 3
R 2
(c)
1=2MR*=2 inR3p R2=£X2R5p
5 513 15 7
176 _s
I=——R
105 P
(b)

Here, Moment of inertia, [ =3 x 10*kgm”
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2472

243

244

Torque, 1=6.9 x 10° Nm
Initial angular speed, w,=4.6rads '

Final angular speed, o =0rads '
As W=w, +at

_W—w, 0-4.6_—-46
T T T

Negative sign is for deceleration Torque, T=Ia

6.9x10°=3x 10> x 25

-2
rads

2
(= 3310°x46 )
6.9x10

(d)

Here, mass of the disc, M =1kg

Radius of the disc, R=2m

Moment of inertia of the circular disc about XY is

X X
Y ¥
MR?

=2kg m’ [Given]

Iyy=

According to theorem of parallel axes the moment of
inertia of the circular disc about X; Y is

2
IXIYI:IXY+MRZ:%+MR2

Z,%MRZZ% x(1kg)x [2m[*’=6 kgm®

(b)

According to the theorem of Il axes, Moment of
inertia of disc about an axis passing through K and

L to plane of disc,

&%MR2+MR2=%MR2

Total moment of inertia of the system
Z,%MR2+m(2R)2+m(\/§R)Z+m(\/ER)2

2

: R
(3IM+16m|—
| 3
()
2
Linv? 1+—= =L(0.5)(0.2F(1+2 |=0.014J
2 2 5

245 (b)
2 2
—ni; +m(4az)=—ma +md?
47 @
d’=
or 12
d= ﬂa
12
246 (a)

The resultant force on the system is zero. So, the
centre of mass of system has no acceleration

247 (b)
According to law of conservation of momentum
Iw={ constant

When viscous fluid of mass m is dropped and start

spreading out then its moment of inertia increases and
angular velocity decreases. But when it falls from the

platform moment of inertia decreases so angular
velocity increases again

248 (d)
1
For disc, IZE ma’
For ring, [=ma’

For square of side 20:%[(20)2+(2a\)2}:§MG

For square of rod of length 2a

24l
1= 29y 2 =16y
12 3
Hence, moment of inertia is maximum for square of
four rods
249 (b)
[
[
|:Z s
——
/ 4 Vl d X
¥ / d A
o

m

2 2
12(b +t°)

M. of block about X axis, I, =

m
ML.L of block about y axis, IyZE(IZHZ)

m
MLL of block about Z axis, IZ:E (P+b?)

As I>b>t.'.IZ>Iy>IX

250 (a)
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251

252

254

256

257

Mass of a rod, m=1.8kg

.. Weight of a rod,
W=mg=1.8kgx10ms *=18N
1 L |
~ L/l A
S/
L/4
l‘; 1’2 4 Lfl 'I
41 l B
27N I8N F

As the rod is uniform, therefore weight of the rod is
acting at its midpoint
Taking moments about A,

27><£+18><£:F><L
4 2

=>FL:£[27+36]:63—L=>F:@:16N
4 4 4

(b)
Given : kinetic energy K=360J
Angular speed w=20rad/s
“K=11e?

2
Where I =( moment of inertia

_2K _2x360 _ -2
=]= e —20x20—1.8Akgm

(@)
dt At 3 3
(@)

By the theorem of perpendicular axes, the moment of

L

inertia about the central axis I ¢, will be equal to the
sum of its moments of inertia about two mutually
perpendicular diameters lying in its plane.

1
Thus, IdZIZEMRZ
I.=1+1
i LmR+L MR
2 2
CI+I=21
(d)

L=+2IE.If E are equal then
L, \I, V21 2
(©

300
Frequency of wheel, V= 50 5rps. Angle

described by wheel in one rotation=2 7T rad
Therefore, angle described by wheel in 1s
621 %5 rad

(107 rad.

258 (a)

(1)Angular velocity of earth
_2m_ 2m
T 24x60%60

W,

-1
rads

[_2n
86400
(2)Angular velocity of hour’s hand of a clock
=21

*T
i 2n

12 x 60 % 60

2n

43200
(3)Angular velocity of seconds hand of a clock
0,22

T

(=2 =20 g

1x60 60
(4)Angular velocity of flywheel

w,=27nn

b rads™

Lo x 2
6Tl 60

(2mx5rads”
259 (b)
. _1 >
Let ball strikes at a speed U the K;= 5 mu

Due to collision tangential component of velocity
remains unchanged at U sin 45°, but the normal
component of velocity change to U sin45

°=lucos45°
2

.". Final velocity of ball after collision

2
v:\/(usin45°)2+ %ucos45°)
&\/ L 2Z\/Eu
v2) 2+2] V3
Hence final kinetic energy K2=§mV2:EmU2.

.. Fractional loss in KE
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260

261

263

264

265

(a)

Clearly, the question refers to the torque about an
axis

through the centre of wheel. Then, since the radius to
the point application of the force is the lever or
momentum

arm.

we have
200 N

7=0.25%200=50 Nm

(d)
I:%MRZ.‘.chRZ

This relation shows that graph between I and R will
be parabola symmetric to I-axis

(a)
2R =L MM
5 2
2 3
or EMRZZEMF2
2
V1
(b)
IRing: MR2 —
IDisc 1/2MR2
(b)

According to the theorem of perpendicular axes.
I+l p=MR’
I,+1,=1
(T ap=Icp=1,)
21,=1

266

267

269

C
A ‘v B
D
where, I ,= {moment of inertia about diameter of the

ring, I =(moment of inertia about axes passing
through to the ring.

(b)
(I) Moment of inertia of a cylinder about its centre
2

and parallel to its length ¢

K
".. |
;
M (m
(II) Moment of inertia about its centre and

2 2
L K

erpendicular to its length ({ M
Pep 8 12 4

ML2+MR2_MR2

12 4 2
Or L=+v3R
(b)

Let at the time explosion velocity of one piece of
mass m/2 is (107). If velocity of other be V,, then
from conservation law of momentum (since there is
no force in horizontal direction), horizontal
component of V,, must be —10 i

.". Relative velocity of two parts in horizontal
direction {,20ms™"

Time taken by ball to fall through 45m,

20 quz—h:\/%ZSS and time taken by ball to
g

10

fall through first 20m, t':\/ 2h’ :\/ 2x20 _
[e] 10

Hence time taken by ball pieces to fall from 25 m

2s.

height to ground (t—t =3—2=1s.
.. Horizontal distance between the two pieces at the
time of striking on ground

20 x1=20m
)

Graph should be parabola symmetric to I-axis, but it
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should not pass from origin because there is a

constant value I, is present for x=0

270 (d)
Weight of the rod will produce the torque
B I _ml
T=Ia=mg % E__ X a
|
! I
C e 0
;<— 1/2 —>l
% mg
Angular acceleration
39
oA=—"
21
271 (@)

The situation can be shown as

Let radius of complete disc is @ and that of small disc

is b. Also let centre of mass now shifts to O, at a

distance X, from original centre.

The position of new centre of mass is given by

Xew= _GzanXI 2
ona —onb

Here,a=6cm,b=2cm,x,=3.2cm

—oxm(2x3.2

oxmx[6f—0xmx[2f

Hence, Xoy=

. 1287
L= _

32n
(a)

Initial acceleration of the system is zero. So it will
always remain zero because there is no external force

11
212

—0.4cm

272

on the system
(d)

Rotational kinetic energy ¢
1

gl(—xmx

273

lIa)2=—

MRZ) X @’
2

[0.5)2) x(201°=2507
2|2

274 (d)

1 2 1 2 1 e 1 2
— T == =>—-X3X(2]"==%x12 X%
Slo=gmvi=- 2] 5 v
=v=1m/s

275 (b)

In doing so moment of inertia is decreased and hence
angular velocity is increased

276 (b)

In the absence external force, position of centre of
mass remain same therefore they will meet at their
centre of mass

277 (a)
Moment of inertia of rod AB about point P and
2

12

perpendicular to the plane ¢

Af———F———IB

p

.
o

M.L of rod AB about point
M 1P_MFP
12 2 3

(By using parallel axis theorem)
But the system consists of four rods of similar type so

'0'= +M(

2
by but the symmetry I ., =4 ( N:I%l )
278 (c)
Z m; x;
Xey= , Refer to figure

> m
6M><O+M><1+M><2_
M+M+M

1

2m 2m

0|<—1m—>|
_Zmiyi
yCM_W
L M x0+M|2sin60°+M x0
M+M+M

(BM_ 1
3M

V3

.". Position vector of centre of mass is [I[+——=

1A.)
J

V3
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279 (a)
Angular velocity & @
Centripetal force F=mr o’

or ro—
(0]

2

ry_ @,

T2

T'z a)l

2

4 4o

or — =
rnh o

or r,=1cm

280 (b)

Time of descent will be less for solid sphere i.e.
solid sphere will reach first at the bottom of inclined
plane

281 (d)
Let a be acceleration of fall of the thread, then net
force acting downwards, balances the force due to
tension (T in the thread.

R l a
T
mg
mg—T=ma

= mg—ma=T

..
Also torque (also known as moment or couple acts on
the system).

T =force x perpendicular distance axis of rotation

T=T xR
From Eq. (1),
t=m(g—a)xR ... (ii)

Let I is moment of inertia of reel and & the angular
acceleration, then torque is
r=Ia ... (iii)

1 2 a

where, [=— MR ,a=—
2 ’ R

a _ MRa

=L MR x
2 R 2

(iv)
Equating Eqgs. (ii) and (iv), we get
mRa

= —a|/R=———
t=mlg—a| 5

a
= g—a:E

a=2
3g

282 (c)
Force of attraction between two stars
Gm, m,

- (r1+r2)2

F

) Gm,
Acceleration ¢ T = 3
M (r+r,)

283 (c)
Here, m;=m,=0.1kg
r,=r,=10cm=0.1m
I:Il+12:mlrf+%m2r§:%mlrf

z% x0.1(0.12=1.5 x 10 kgm’

284 (a)

N

For solid sphere,

= |

_2
5

N

_1
R* 2

For disc and solid cylinder,

2
As ? for solid sphere is smallest, it takes minimum

time to reach the bottom of the incline

285 (a)
IleRzzlx(nRzrxp)sz
2 2
=Jx R (As t and p are same)
L_(Rif'_(02]'_ 1
I, |R, 0.6 81
286 (c)
m,r,=m,r,
ry _m,. 1
—=— roe—
r, m m
287 (d)

According to law of conservation of angular
momentum, if there is no torque on the system, then
the angular momentum remains constant.

288 (b)
Let the mass of an element of length dx of rod

de_
L

The X-coordinate of the centre of mass is given by

XCMzﬁf xdm

located at a distance X away from left end is

Page]|79



x=0 x=L
L
Z,fo de
Mq T\ L
RiES
L2} 2

289 ()
As F,,=0, hence momentum remains conserved

and final momentum = initial momentum = mMmv

290 (a)
The moment of inertia of this annular disc about the

1
axis perpendicular to its plane will be 7 M(R*+r?),

291 (b)
Since, rod is bent at the middle, so each part of it will
L M
have same length 5 A mass o |as shown.
v
Y
\}'\»
60°
oL I
[
M/2
Moment of inertia of each part through its one end
1MLy
312 /12
Hence, net moment of inertia through its middle
point O is
_1({M\[LP 1({M\[L)
I==|—||=| +=|—=—||=
312 /12) 312])(2
(LML ML ML
3| 8 8 12
292 (o)
k=L _Ki_Li_Ki_[100}_100
21 K, Li K, 1110 121
=>@=m=>K2= 121=100+21
K? 121
Increase in kinetic energy = 21%
293 (o)
ISphere< I Disc< I Shell< IRing

We know that body possessing minimum moment of

inertia will reach the bottom first and the body
possessing maximum moment of inertia will reach the
bottom at last

294 (a)
Let a plane be inclined at an angle 6 and a cylinder
rolls down then the acceleration of the cylinder of
mass M, radius R, and I
I as moment of inertia is given by

_ gsinf

1+

I
mR’

Moment of inertia (I) of a cylinder = m

gsinf 2

=—~———=—¢gsin30°
a o 3gsm
1+ 22
mR
= a:g
3

295
The rotational kinetic energy of the disc is

Km:lmz:l Ly R|ot=L MR &
2 212 4
The translational kinetic energy is
Ktrans: % M vz’M

where V¢, is the linear velocity of its centre of mass.
Now, Vo =Rw

1
Therefore, K, = 5 MR’
Thus, Km,:lMR2<f+lMR2m2:§Msz2
4 2 4
1 MR
Ko _4 1
Ktotal EMRZ(})Z 3
4
296 (c)
L=Iw
297 (c)

Since force is not acting on centre of mass, it will
produced torque hence linear and angular
acceleration both will change

298 (a)
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299

300

301

mth%Ico2+%mv2

2 1 » 7 2
W+—mv ==——myv
2 10

112 o
L=|=mr
215

J1ogh
(c)

For the rolling a solid cylinder acceleration

.". The condition for the cylinder to remain in

equilibrium
Ma<psR
= %MgsinBSMgcose.ys
1
or g Zg tan 6
or tanf<3p,
(d)

Since, no external force is present on the system so,
conservation principle of momentum is applicable

S D;=D = =p,+D,
. Pi==D,(p=0)
' ‘f’ 1|: |_ 1_52‘

P1=D,
From this point of view, it is clear that momenta of
both particles are equal in magnitude but opposite in
direction
Also, friction is absent. So total mechanical energy of
system remains conserved

(d)
The angular momentum is measure for the amount of
torque that has been applied over time the object. For
a particle with a fixed mass that is rotating about a
fixed symmetry axis, the angular momentum is
expressed as

L=Iw
..()

Where I is moment of inertia of particle and @ the

302

303

angular velocity.

1

Also, K= > I’

...(i1)
Where K is kinetic energy of rotation.
From Egs. (i) and (ii), we get

12K, 2K
) w
po2Ki2) 1 2K):£
2w 4\ w 4
Note In a closed system angular momentum is
constant.
(9

As there is no external torque, angular momentum
will remain constant. When the tortoise moves from
A to C, figure, moment of inertia of the platform and
tortoise decreases. Therefore, angular velocity of the
system increases. When the tortoise moves from C
to B, moment of inertia increases. Therefore, angular
velocity decreases

If, M=mass of platform
R=
m={mass of tortoise moving along the chord AB

¢radius of platform

a={perpendicular distance of O from AB
». MR’

Initial angular momentum, I, =mR"+

At any time t, let the tortoise reach D moving with

velocity vV
SAD= vt
AC=VR* —d’

\/RZ—a —vt

.'.OD:r:a2+{\/R2—a —vt}2

Angular momentum at time t
2

As DC=AC—-AD=

I,=mr ¥
As angular momentum is conserved
~Lw,=1,0lt

This shows that variation of @ (t) with time is

nonlinear. Choice (c) is correct

(@)
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My X My X+

A ———
(.’ml+2m.21+3m.31+...
m+2m+3m+...
In(n+1)(2n+1)
(.’ml(1+4+9+...)_ _1(2n+1)
m(1+2+3+...)  n(n+1) 3

2

304 (a)
In the absence of external torque angular momentum
remains constant

305 (b)
When [ is length of rod and its mass, then
the moment of inertia of its axis passing
through its centre of gravity and perpendicular
to its length is given by

|

. m I’
12
For two rods as shown,

I

:m12+m12:mlz

I
12 12 6

306 (d)
Torque is a measure of how much a force acting on
an object causes that object to rotate. The object
rotates about an axis (O) The distance from O is r,
where forces acts, hence torque T=F X r Itisa
vector quantity and points from axis of rotation to the

point where the force acts.
F

307
As the mass is concentrated at the centre of the rod,
therefore,

2
mgxl:lIwzzl ﬂ wz
2 2 2\ 3

orlzw2:3gl

Velocity of other end of the rod

v=lw=+3gl

308 (d)
v 2gh _ 2x10x%x3 _ 2X10><3:\/4—0
I mr? 3
1+— 1+ =
mr 2xmr? 2
=V=rw
v_ /40 \/4—0 -
Sr=—=——= —:\/Sm
w 22 8
309 (a)

When non-conservative force acts on a body, then
mechanical energy is converted into non-mechanical
energy and vice—versa.

310 (a)
Work done = Change in rotational kinetic energy

.1 1
GEIX(cof—w;)ZEIX4n2(nf—n§)

g%x9—'§><4n2(102—52):9.8 x2x75=1470J

T
311 (b)
Co-ordinate of CM is given by
XCM — ml X1+ m2 XZ
my+m,
. ——

Y Lm
A" Y

-~

3m

3m

\
5

F )

my

|«—6 cm

>

2m

Taking parts A and B as two bodies of same system
m,=1xbxog=8x2x0=160
m,=Ixbxo=6x2x0=120

Choosing O as origin,
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X,=1m,x,=2+3=5m
_160%x1+120x5_ 19
XCM_ -
160+120 7
$2.7mi0

312 (b)
Moment of inertia of a circular ring about a diameter

= mr?
2

313 (b)
The kinetic energy of a rolling body is

2
Ly 1+ k—2

2 R
According to law of conservation of energy, we get
2
1+ %

1
—myv
2

Where h is the height of the inclined plane
2 gh
2
1+ k—z
R

=mgh

SV=

2
For a solid sphere E ==

5

Substituting the given values, we get

_2%x10%x7 _ [2%x10%x7 X5 1
v= 5 = . =10ms

1+=
5
314 (d)
2
ML of disc == MR =+ p| XL |=1 M
2 2 npt| 2 mpt
Asp= Mass __M thereforeRzzl
Volume 1 R%*t n pt
1 I
S.Jx— [If M and t are constant) =>—1=&
p I, p,
315 (c)
1 ?=360=1=22300_2%300 4 g} 0 s m?
2 (307 3030
316 (d)

(a ) Impulsive received by m

J=m(v,-v,)
im(=2i+j-3i-2])
im(=5i—))

And impulse received by M
(—J=m(5i+])

by mv=m(5i+])

Or v=a[5i+]|===(5i+])

(c) e=¢ (relative velocity of separation/relative

velocity of approach) in the direction of — J=11/17

317 (d)
Remains conserved until the torque acting on it
remain zero

318 (c)

. .1
I,=& ML of ring about its diameter ¢ Em" ?

I,=& MLIL of ring about the axis normal to plane and

passing through centre {, m r*

Two rings are placed according to figure. Then

IXX:II+12=%m r2+mR2:%mr2

319 (c)

dL .
T=—"1if 1=0 then L= constant

dt

320 (b)
If rod is rotated about end A, then vertical
component of velocity V of end A will be zero.

_vcos60° _ V3v
w= =
l 21
/3x3
2x0.5

=52rads '

321 (b)
In pure rolling, mechanical energy remains
conserved. Therefore, when heights of inclines are
equal, speed of sphere will be same in both the cases.
But as acceleration down the incline, @ « sin 6
therefore, acceleration and time of descent will be
different

(d)
The compression of spring is maximum when
velocities of both blocks A and B is same. Let it be

322

Vg, then from conservation law of momentum
%
mv=mv,+mv,=2mv,=v, =5

.". kinetic energy of A — B system at that stage
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2

&l(m+m)x v :m_v2
2 ) 4
Further loss in KE> = gain in elastic potential energy
. 1 2 1 2_]_ 2_1 5
=X=V ﬂ
2k
™~
ta
(I:L2 ‘ ‘ 2_1
1+ 52 [For solid cylinder — _E]
R
g _2
aA=—=—=—-g
1+1 3
2

324 (a)

For translatory motion the force should be applied on
the centre of the mass of the body. So we have to
calculate the location of centre of mass of “I” shaped
object.

Let mass of rod AB is m so the mass of the rod CD
will be 2m

Let Y, is the centre of mass of rod AB and Y is the
centre of mass of rod CD. We can consider that
whole mass of the rod is placed at their respective
centre of mass i.€., mass M is placed at Y; and mass

2m is placed at Y,

Ay

|
A B

y1

y2

E .

o x Ly
c
I
Taking point ‘C” at the origin position vector of point
Y1 and Y, can be written as ;=21 j,7,=1j and
m,=m and m,=2m
Position vector of centre of mass of the system
_mFAmyr, m21j+2mlj _4ml] _4,5
m;+m, m+2m 3m 3

cm

4
Hence the distance of centre of mass from C= El

325 (a)
According to the equation of motion of the centre of
mass
Mag,=F,,
IfF,,=0,a,,=0
. Vg =constant
ie, if no external force acts on a system the velocity
of its centre of mass remains constant. Thus, the
centre of mass may move but not accelerate.

327 (d)
When a body rolls down an inclined plane, it is
accompanied by rotational and translational kinetic
energies.

.1
Rotational kinetic energy ¢~ Tw’=K,

Where I is moment of inertia and w the angular
velocity.
Translational kinetic energy
<lev2=Kr=lm(r(o)2
2 2
where m is mass, V the velocity and @ the angular

velocity.
Given,
Translational KE=rotational KE

1 2 1. o
—_mv==1Iw
2 2

Since, V=row
lm(rza)z):lIa)z
2 2

= I=mr’

We know that m r” is the moment of inertia of hollow
cylinder about its axis is where m is mass of hollow
cylinderical body and r the radius of cylinder.

328 (a)
When a body rolls down without slipping along an
inclined plane of inclination 8, it rotates about a
horizontal axis through its centre of mass and also its
centre of mass moves. Therefore, rolling motion may
be regarded as a rotational motion about an axis
through its centre of mass plus a translational motion
of the centre of mass. As it rolls down, it suffers loss
in gravitational potential energy provided translational
energy due to frictional force is converted into
rotational energy.

329 (c)
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Given that,
Mass of solid sphere, m=2 kg

Velocity, vy=10ms "
v=0

1

4
Let the sphere attained a height h.

When the sphere is at point A, it possesses kinetic
energy and rotational kinetic energy, and when it is at
point B it possesses only potential energy.

So, from law of conservation of energy

%mv2+%1w2=mgh
1 1 2
or Emv2+EmK2>< %:mgh
1 K’
or Emv2 1+E =mgh
1 2
or 5x(10)2 1+< =9.8xh
(for solid sphere,
K> 2.
—==
R* 5
1 7
=x100x==9.8xh
of 2 5
or h=71m
330 (d)

In the case of projectile motion, if bodies are
projected with same speed, they reached at ground
with same speeds. So, if bodies have same mass, then
momentum of bodies or magnitude of momenta must

be same
331 (a)
azgsinH:gSin30°:g/2:£
1% 1 ~3/2°3
1+? 1+_
332 (c)

This is an example of elastic oblique collision. When
a moving body collides obliquely with another
identical body in rest, then during elastic collision, the
angle of divergence will be 90 °

333 (c)

pumgR
mR’

g

i
R

Angular retardation, d= I
As, W=w,—at
W,—® Wy—w,/2 w,R

St=
2pg

a ug/R

334 (d)

lmvzle
2 2

[=imR?
2

\%

R

". Body is disc.

335 (a)

I:%MRZZ% x0.5x[0.1/=2.5x10 "kg—m’

336 (c)
. mV,+m,V, 200x10i+500 x (3i+5 j)
o m+m, 200+500
25 »

- :5A.+_
va I 7 J

337 (c)
. _2 2
Given, I= g MR
Using the theorem of parallel axes, moment of inertia
of the sphere about a parallel axis tangential to the

sphere is

I=I+M R2=§MR2+M R2=%M R’

.-.I'=MK2=ZMR2,K= \/Z R
5 5
338 (d)
TE=TE,
%Iwzzmgh
%X%mlzwzzmgh
= ]’1:1120)2
6 g
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339 (b)
The ratio of rotational kinetic energy to total kinetic
energy is
1 Iw
KE, 2
KE; lIa)2+le2
2 2
The moment of inertia of a ring
EYYE:S
2
L Ly 2
KER 2 R
KE 2
r 1, lMRZ vigd 1 Mv
2 2 R| 2
1 lez
. 212
6
1 lez +lM v
212 2
KE, 1
KE, 3
340 (c)

From t,;=0 to t,=2t, the external force acting on

the combined system is M, g+n, g
.". Total change in momentum of system
LFt=[m+m,|g2t,

341 (a)

In explosion of a bomb, only kinetic energy, changes
as initial kinetic energy is zero

(d)

Solid and hollow balls can be distinguished by any of
the three methods. I,>1
angular acceleration & of hollow must be smaller than
o of solid. Similarly, on rolling, solid ball will reach
the bottom before the hollow ball

342

s. When torques are equal,

343 (b)
The acceleration of centre of mass is
F
m ,+my
. 30 -2
I8 =1ms
10+20

Aoy

344 (a)
L=V2EI=2x10x8x 10 =4 x 10 *kgm®/s

345 (b)
The acceleration of the body which is rolling down an
inclined plane of angle « is

sin a
a:—g

2
1+ ?
where K = éradius of gyration,
R ={radius of body.
Now, here the body is a uniform solid disc.

K> 1
So, ?:E
g=gsina
1+=
2
_gsina
or 3/2
_2gsina
or 3
347 (d)

R
V2
Radius of gyration of circular ring K ;,,= R

1
2

Radius of gyration of circular disc K gise =

rmg

348 ()
There is a point in the system, where if whole mass of
the system is supposed to be concentrated, the nature
of the motion executed by the system remains
unaltered when the force acting on the system are
applied directly at this point.
The position of centre of mass of system for n
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particles is expressed as
> mpr
R _ i
>
m;
or Z m, r,= constant

Hence, for a system having particles, we have

m,r,=m,r,
r m
r, m

ie, the centre of mass of a system of two particle
divides the distance between them in inverse ratio of
masses of particles.

349 (d)

_ _ 2__ 21 2
Angular momentum, L=mvr=mor-=m X T xr

. 2%x3.14x6x10%x[1.5% 10"[
3.14 %10’

=2.7x10%kg—

350 (d)

Change in momentum ¢, F't and does not depend on

mass of the bodies.

351 (c)

From the triangle BCD

2
CD*=BC*~BD*=d*— ;

2_3(12 _\/ga
X' =—=x=—
4 2
c@ X b
I
%
| ~
A DIK—a,LZ—)iB

Moment of inertia of system along the side AB

I =1+, +L,=mx (0P +mx(x]+m x(0]
[,mxzzm @ 2:3m612
2 4

352 (a)

The moment of inertia of ring {, M R*
.1 2
The moment of inertia of removed sector & 2 MR

The moment of inertia of remaining part

(;MRZ—%MRZ

(S MR
4

According to question, the moment of inertia of the

remaining part {, kM R’

then, k:%
353 (a)
N{;‘Z:MK2=>K:%
354 (c)

I=m,ri+m,ry=2(0.3+1(0.3°=0.27kgm’

355 (a)
As two solid spheres are equal in masses, so
m,=my
4 3 _4 3
= §7IRA pA_EnRBpB
/
. Ra_[ps|”
Ry \pa
The moment of inertia of sphere about diameter
1=2mR’
5
L _[RaV
= T =5 (as M, =Mg)
IB RB
/
_ I_A _ Py 2/3
Iz \pa
356 (d)

15
Linear Kinetic energy ¢ 5 mv

.1
Rotational kinetic energy ¢~ Io®

C1(2 LW

b-|lzomrt|—
2\5 2
1

t—mv

olmvz
10
2
—my
Required fraction &
7
—mv
10
.1.10_2
b=x—==
5 7 7
358 (a)
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359

360

361

362

2
Moment of inertia of big drop is I =z M R’ When

small droplets are formed from big drop volume of
liquid remain same

4 53 4 3
—nr =—nR
"3 3

= n'Br=R

as n=8
R

= r=—
2

.M
Mass of each small droplet ¢ ?

". Moment of inertia of each small droplet

e

32{5MR]

32

(b)
LTotaI —
LB

cases)

(IA"'IB)O)
I,

(as @ will be same in both

(as

L6
.. The correct answer is 6.

(b)

Moment of inertia of a rod about one end ¢

As, I=1,+1,+1,
ML2+ML2_2ML2

S I=0+ =
3 3 3

(d)
2

.1
Total kinetic energy ¢ 5 my =32.8J

( 2 I<2 _ _
2] 1+(05)2 =32.8=K=0.4m

=>l><1()><
2

()

363

364

lIco2

Kinetic energy of rotating body ¢ 5

z,%x?) x(3=13.57

.1
Kinetic energy of translating body ¢ B mv’

As both are equal according to problem i.e.

%mv2:13.5=>% x27 xv*=13.5= . v=1mls
(d)
According to conservation of momentum

5x10=(955+5)v

50 1 o
. %
=100 20 0 KE lost =

K —K
— 2x100=95.5%

1

(d)
Total moment of inertia will be equal to the sum of
moment of inertia due to individual masses.

Axis
o r ) o
m G m;
-~ —————>
n
I:ZIi
i=1
_ 2 5 2
where, I,=myri, ,L=m,r;.
Given, '=rytr,
m,r,=m,r,
mlrl_mZ(r_rl)
= m,r,+m,r,=m,r
= r.(m+m,|=m,r
m,r
= rN=r—————
(m&o1+m,)i
AISO, r2:r_r1
B m,r - m,r
r,=r— ==
(m1+m2) m;+m,
I=1,+1,=m,r+m,r;
=Lt l,=mri+m,r,
2.2 2.2
_ mr m;r
I=m, >+m, >
(my+m,) (m, +my,|
2
mym,r mym, 2
1= = .r
(m1+mz) (m1+m2)
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365

366

367

368

370

371

(b)

[ 240
| 60
10

271X

W,—wW; _ 27'[(“2_”1)
t t
s.a=2.51radls

()

a=

(540
2| —
_w_2mn _ 60
a=—= =

t ot 6

=3mnradls’

Moment of inertia of the system about y y’
I vy (Moment of inertia of sphere P about
y y +{ Moment of inertia of sphere Q about y y'

Moment of inertia of sphere P about y y”

2
ESVIES IV
5 2
2
MRV sM2RP
5 2
2
(MR MR
10
Moment of inertia of sphere Q about y y ' is
2
2, (R
5 2
MR’ 0, 2 RV _21
I = +4MR+-M|—|=—MR
Now. 1y =10 5 (2) 5
(b)

I
I=mR’=m D =] <><mD20rm°<—2
4 D

m, I, [D, 2_2 12_2_1

m, I, E) _1(5) 42

(a)

. ikl

L:fxﬁ:l 2 —1|=—j—2k
3 4 =2

and the X — ¢ axis is given by j+0 j+0k
Dot product of these two vectors is zero i .e . angular
momentum is perpendicular to X —¢ axis

(9
The rolling sphere has rotational as well as
translational kinetic energy

372

373

o A T T R
.. Kinetic energy ¢ Emu +E Iw

374 (b)

376

T T N D A P R | zmu2_7 2
t—mu+=|—mr |o’=—mu + =—mu
2 215 2 5 10
Potential energy = kinetic energy
2
..mg h:l mu’=h= 7u
10 10g
(d)
T=rxF
trxT
‘trxmxg
$0.1x10x9.8
9.8 N-m
10kg
(d)
The moment of inertia of a circular disc
1=1mFr
2
According to theorem of parallel axes
[=iMR+MR*=3MR*=3I
2 2
: o 1.0
Rotational kinetic energy ¢ 2 Iw
. 11 oV
Rotational KE ¢ —| -mr-|—
2|2 r
1
(where IZEmT‘Z)
2
4=l l[2 Ir® V—z
22 r
== v’=8
v=2V2ms™"
(b)

As shown in figure normal reaction R=mg.
Frictional force F=p R=pmg. To topple,
clockwise moment must be more than the
anticlockwise moment

. h a a
, Xx—>mgx—mgx—Vu>alh
le,pmgx->mgx-mgx_Vyu>a
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R=mg
A
¢ » motion
I
h/ 2 [—
- Y
—um
F g Y
mg
378 (c)

Angle turned in three second,
0,,=2nx10=20mrad

From 6=w0t+%at2=>20n:0+%a x (3]

=>0(=40anad/s2

Now angle turned in 6 sec from the starting

1 1 (40m

9652w0t+5at2:0+§x x(6*=80mrad

.. angle turned between t=3s to t=6s

0,453:=0,—0,,=801—-201=607
Number of revolution & 620—::30 rev
379 (a)
_ f xdm
Fau™ _fdm
x=0 =1

— x—| (X je—
If n=0

Then Xcy= E

As n increases, the centre of mass shift away from

L
xX= 5 which only option (a) is satisfying.

Alternately, you can use basic concept.

L n
fk(i x xdx

o \L
MTTL |

X
kl—=| dx

[k

L n+1

n+2

380 (d)

_m1{}1+m2{;2_ 2%X3+3 X2_£_2 am/s
my+m, 2+3 5

cm

381 (¢)
M.L of the plate about an axis perpendicular to its
plane and passing through its centre

0

. a
a2 l
A
ma’
By parallel axes theorem
2
a 2 2
I,=1,+m|—| =—ma
a—1g \/E 3
382 (c)
Moment of inertia of a disc
=L ymR?
2

Disc is melted and recasted into a solid sphere.
.. Volume of sphere=Volume of disc

2R =nR* xR
3 6
3
inzi
3 6
R’ _R
R?—F = R, B}

.. Moment of inertia of sphere

MR’
4

2
r=2mr=2m|R|=2
5 5 12) 5

383 (c)

1
For solid cylinder, 0 =30°, K*= > R’

For hollow cylinder, §="?, K’=R’

Using we find,
1+l
2] 1+1

sin30° sin®
c.sinf= %z 0.6667
0=42°

384 (c)
We can assume that three particles of equal mass m
are placed at the corners of triangle
F,=0i+0j,7,=bi+0j

and 7, =0i+h

Page]| 90



X

(0,0) (b.0)

2
3734

i.e. coordinates of centre of mass is (g ,g)
385 (d)
When a heavy body with velocity U collides with a
lighter body at rest, then the heavier body remains
moving in the same direction with almost same
velocity. The lighter body moves in the same
direction with a nearly velocity of 2 u

386 (b)
Since, no force is present along the surface of plane
so, momentum conservation principle for ball is
applicable along the surface of plate.

Vi
N
N 2 A Y1
1
v Plate

my sine1 = mv; sine2
mvsinf,=mv,sin6,
Or vsinf,=v,sinf,

_v,cosf, v, cosb,

e= =
vcosB, vcosO
-.v,cos0,=evcosO

~v,sinf, vsin® tan6
""v,cos@, evcosf e
.'.tanB:talIle
e
~.0,=tan""' tan®
e
387 (d)

We know that angular momentum of spin ¢ I
By the conservation of angular momentum

2
MR 2E=2y(R] 2
5 T 5 4] T
T 24
T=—=22-15
16 16 D

388 (d)
Melting of ice produces water which will spread over
larger distance away from the axis of rotation. This
increases the moment of inertia so angular velocity
decreases

389 (c)
Hence, m;=10kg,m,=4kg

v,=14ms ',v,=0

_myv,+m,v,
Vem= m, +m,
v =10x14+4x0_ 0
M 10+4
390 (b)

Let centre of mass of lead sphere after hollowing be
at point O, where O O,=x

i7I R M
3 |2 M
Mass of spherical hollow m= 4 iy and
~n1R?
> T
_R
2

‘h'f(',ﬂ
. shift 14

391 (d)
Angular momentum is given by

2MR2)
@

J=Ilw=

(2MR® 2m_4nM R’
5 T 5T

392 (a)
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m,—m,

Acceleration of each mass 6a=

m1+m2

Now acceleration of centre of mass of the system
m 1 al +m 1 a2

cm

m;+m,
As both masses move with same acceleration but in
opposite direction so d;=—0a,=4a (let)

ey g

VAN
a |m])

_m,a—m,a

cm m1+m2

2
m;—m m;—m m;—m
f 1 2 % 1 2 % 1 2

m,+m, m;+m, m,+m,

393 (c)

If speed of man relative to plank be V, then it can be

shown easily that speed of man relative to ground

M 3
M+—
3

.". Distance covered by man relative to ground

v
qpYm_L3 3L
v vd4d 4

Ving

394 (b)

M.L of disc &%MRZZ%M

M
mitp

1M

"2 mtp

There fore R*= =M

Asp=
Sh= mip

TRt
If mass and thickness are same then, I ;

L Py, 3

”Iz P1 1

395 (a)
If M =M ' then bullet will transfer whole of its
velocity (and consequently 100% of its KE) to block
and will itself come to rest as per theory of collision.

397 (c)

) _v—u
Acceleration d= T

399

400

V=V,
t
V=V,
t

Or a=

Or g=

~.v=0

Speed before first bounce

-1
Vo=—5ms

.~.t:vB_VA:O(_5>:i:0.5 s
g 10 10

(a)
m=0.6 kg
5.6

my my

A C

w |

[ ) cm—>
20 cm
Y

M it length & 2D kgem™
ass per unit lengt! 100 g
0.6

x20=
100

0.6
x 80

100
06x4 24

5 5

o]

0.6

Mass of part AB,m,= = kg

Mass of part BC,m,=

—kg

Moment of inertia ¢

2 2

. 0.6 (20 2 80 212
22 x| = x107? x107°
0.6 2 2.4

(=2 x 10724+ 5 2 x (4 x 107
5 5

24
5

. 0.6 2 2.4
(—x10 2+ x16x 102
5 5

i 0.6+38.4
5

(7.8 x10 *kg-m*=0.078 kg-m’

x 1072

(a)
_[2, 2
pP= px+p‘y
iV[2cost[+(2sintf =2
If m be the mass of the body, then kinetic energy
2 2
cp 22
2m 2m m

Since kinetic energy does not change with time, both
work done and power are zero
Now Power = Fvcos0=0
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As F#Z0,vZ0
..cos0=0

Or

6=90°

As direction of P is same that V(- p=mV ) hence

angle between Fand pis equal to 90 °

401 (b)

Moment of inertia of a ring about an axis passing

through the centre { M R°=1x R*=4,as M=1kg

.. R=2m, Diameter D=2R=4m
402 (b)
dL .
T=—=m:GN
dt "
403 (b)
We calculate moment of inertia of the system about
AD
a
—r
N N
b
—O-

a

Moment of inertia of each of the sphere A and D

about

AD

:gMa2
5

Moment of inertia of each of the sphere B and C
about AD

L(%Ma2+Mb2)

Using theorem of parallel axes

.. Total moment of inertia

=

2 va? X2+
5

%Ma2+Mb2)><2

L%Ma2+2Mb2

404 (b)

9=w0t+%at2=2>< 2+% x3x(2[*=10rad

405 (d)

Sphere possesses both translational and rotational

kinetic energy

406 (c)

a:gsine _gsin30°_g
K 1+1 4
1+?

407 (a)

408

409

411

412

413

The circular disc of radius R rolls without slipping.
Its centre of mass is C A P is point where body is in
contact with the surface at any instant. At this instant,
each particle of the body moving at right angles to the
line which joins the particle with point P with
velocity proportional to distance. In other words, the
combined translational and rotational motion is equal
to

Cl/

P

pure rotation and body moves constant in magnitude
as well as direction.

(9
G:wot%at2=>2oo:%a(’5)2=>a:16rad/52

()
Mgsin0—f =Ma
fR:I£=>a: gsinf
R I
1+ >
MR )

(b)

Since net external torque is equal to the rate of

change of angular momentum

)

Conservation of angular momentum
Low+,o,=(I+],)w

Lo+,

Angular velocity of system = I+,

.1
- Rotational kinetic energy ¢~ [1+1 )| w

Lo+, Low+Lo,f
(-,1([1_'_[2) 1% 272 _( 171 2 2)
2 I,+1, 2(1,+1,)
)
(oML (mx2L)x[2LF _mx2Lx4L_2m
12 12 12 3
(a)
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Given, r=0.4m,a=8rads "’

m=4kg,[="7
Torque, T=Ia=mgr=4x10x0.4=1x8

=>I:%=2kg—m2

415 (c)
Moment of inertia of the system about axis AX,
CI+I+1
imy(rf+mg(rgf+me(ref
im[0P+m(If+m(lcos60

&mlz+m—12: 5ml’
4 4

XA
—F%?\[\C

/N
/N
\

Lo !
AN \B

——FB 5

416 (a)
Moment of inertia of system about point P

. IV 2

t4dm|l—| =2ml

%

and AmK’*=2m1’
I

L K=—
V2
m m
[
|
l |
I \
p
| |
- — — — —4¢
m m
417 (a)
R
Rz
mg

Due to net force in downward direction and towards
left centre of mass will follow the path as shown in

figure
418 (b)
1 oK
—myv — )
Rotational KE _ 2 R __K
Total KE 1 KZ) K*+R’?
—mv'|1+—
2 2
419 (b)

When the cylinder rolls up the incline, its angular
velocity @ is clockwise and decreasing

AN

This require an anticlockwise angular acceleration a,
which is provided by the force of friction (F ) acting
up the incline

When the cylinder rolls down the incline, its angular
velocity @ is anticlockwise and increasing. This
requires an anticlockwise angular acceleration a,
which is provided by the force of friction (F ) acting

up the incline

420 (b)
2 2
=L papr=ta_|le
21 E, |L,
E, [L+200%0ofL,] [L.+2L,[
24 2 f L Y ! :(3’)2=E2:9
E, L, L,

Increment in kinetic energy
AE=E,—E,=9E,—E,

AE:8E1.'.AE—E

1

=8 or percentage increase = 800%

421 (a)
M.L of system about the axis which passing through

m,
N

=
" o

\

VIR .
K—a#2—>|<—a#2—g)

2
+m;

Isystem:ml(0)2+ mz ;

a 2

:
a2

Isystem:(m2+m3)2

422 (@)
16 cm——————>
1?5 g GI 25¢g
- -~
[ x— > —]6x cm—3

Taking the moment of forces about centre of gravity
Gis

[1.5/gx=2.5g(16—x)
3x=80—-5x
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423

424

425

426

or 8x=80Vvx=10cm

(b)

Initially rod stand vertically its potential energy

(m 1
93

B

>

N
RN S
/

/
-

<

A vB

When it strikes the floor, its potential energy will
convert into rotational kinetic energy

m L :lIco2
912)72
ml’
[Where, I = KN ={ M.L of rod about point A]
1|m -
- E(T)(—B =>VB:\/391
(b)

In free space neither acceleration due to gravity nor
external torque act on the rotating solid space.
Therefore, taking the same mass of sphere if radius is
increased then moment of inertia, rotational kinetic
energy and angular velocity will change but according
to law of conservation of momentum, angular
momentum will not change.

(b)
1
Rotational kinetic energy K z= 5 I’
2
KR:l x MR wzlevz['.' v=Rw]
2 2 4
1
Translational kinetic energy K= 2 MV
Total kinetic energy (K +K,
(Lle2+le2=§Mv2
2 4 4
1. >
Rotational kinetic energy _ 4 _1
Total kinetic energy 3 M2 3
4
(a)
wO:X:DX—S/ISZSO radls
r 0.25

w=0,0=2mn=2n1x20=40nrad
Substituting these value in equation

0’ =we+2ab
2
2x0

=80 ><80
2x40m

—25.5rad/s’

=>g=

428 (a)
In case of pure rolling bottommost point is the
instantaneous centre of zero velocity.

6‘ w

Velocity of any point on the disc, V=r,

where T is distance of point from O.
ro>re>ry

Vo>Ve>V,

429 (c)
The centre of mass is given by

C(J_ ,E)
2m 22

1m Im
m m
4(0,0) Im B(1,0)
m1x1+ m2x2+ m3 X3
 m+m,+my,

mXx Q0+m X 1+2m><(%)

x=
m+m+2m

2m1
4m2

m,y,+m,y,+m,y,
m,+m,+ms
_ mx0+mx0+2m x+/3/2
B m+m+2m
43

(,Tm

V3
.". Centre of is|—-m,—m|.
entre o ma331s(2 )

430 (c)
Angular momentum L= Iw constant
.. I increases and w decreases

434 (a)
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K:lmvzzlxm(mv ) _[mv[® _[mv] or
2 2 2 m 2m
2

K=2"P_
2m

JKi_pi2m  3_Pp 6

ST = or —=—X—

K, 2m, Pi 1 p, 2

Spip,=1:1

435 (a)
R _dL
s torque di

If T=0, then L={constant.

436 (d)
Here, torque T=1.6 x1=1.6 Nm
So, when d=0.4 m,

437 (d)
As is clear from figure,

\BL

On reaching the bottom of the bowl, loss in PE=
mgR, and
. ;1 5 1. 9
GaininKE¢—mv+-]w
2 2
1

. 2, 1
tmvi+— X
2 2

2

2
—mr )CO

.1 2 1 2 7 2
t—mv+—mv =——myv
2 5 10

As again in KE =loss in PE

1—70mv =mgR

v:\/10912
7

438 (c)
The angular momentum of a moving particle
J= 4ﬁkg m's '
Torque acting on a moving particle

dJ _d d\f 1 124
4 t
=T A (2 )
rzitﬂ/zN _Nm

2 Ve

439 (b)
Here initial momentum p=0. Since no external force
exists, hence momentum must remain conserved ie,

As two fragments of mass mass M each are moving
with speed V each at right angles,

‘1’51+]32‘: mv:+v2=\2my
"~|I_53|:|I_51+_152‘:2 my.

The mass of third fragment is 2 m.

.. Kinetic energies of three fragments are

pi_1 p,_1
1 2 2 2
Kl zm_EmV,K2:—2m:§mV
p; _1
And K,=———~==mV’
2(2m) 2

Total kinetic energy released during explosion

2

Z,K1+K2+K3:%mv

440 (a)
1% 1
W=—=WX—
r r
441 (d)
As shown in figure,
_Mx0+M x20+M x20+M x0
Xem=
4M
Similarly Yy =10cm
Hence, distance of centre of mass from centre of any

=10cm

one sphere,
Say r=1(10—0/+(10—0/*=10v2 cm

442 (c)
I=1y+M h® (Parallel axis theorem)

444 (b)
If radius of earth decreases then its M.I. decreases
1 .
As L=Iw.. o« 7 [L={ constant]

[.e. angular velocity of the earth will increase

445 (c)

. L
Kinetic energy E =—
gy 21

1
If angular momenta are equal, then E & —

I
Kinetic energy E =K (given in problem)
If IA>IB then KA<KB.
446 (c)

When a body is in equilibrium, net force is zero.
Hence, acceleration is zero
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2
K,= Lov? £2+1 :l><2><[0.5)2>< 2+1)=04:
2 R 2 3
448 (d)
500><2T[ 50m
O=owt=
0] 60 3 rad
449 (a)
F=20t—5¢
a=TR_4¢—¢
1
do 2
—==4r—t
= dt
[0) t
= [ do=[lat—¢*)dt
0 0
3
= —2¢-L
3
When direction is reversed,
w=0,ie,t=0,6s
Now, dO=wdt
’] 6 t3
fd9:f(2t2——)dt
0 3
4 6
- oof2t
3 12},
= 9:144—108236rad

. Number of rotations,

6 _36

— <6
2 T 270
450 (d)
Rotational kinetic energy,
1 2
KE=—Iw
2
Here, w=1rads '
KE= 1 Ix]I
2
or I=2KE

ie, moment of inertia about an axis of a body is twice
the rotational kinetic energy.

451 (c)
Here, 6=60°,I=10m,a="?
_ gsinf
1+K°/R®

2
For solid sphere, K = 5 R?

_9.8sin60° _5 oo V3_o oo
2 7 2
1+=
5

453 (d)
Perpendicular to the orbital plane and along the axis
of rotation

454 (b)
I=mr’=10x%(0.2°=0.4kg—m’
w=2mn=2m X 2100 rad/s
.‘.L=Iw=%= 88kg—m’/s
455 (b)
If h is height of the ramp, then in rolling of marble,
speed
2gh
V:\/ gz 2
1+K°/R
The speed of the cube to the centre of mass
v=v2gh
Y =J1+K*/R?
v

2
For marble sphere, K'== R

V; \/1+— \f V7:45

457 ()
.1 2 >
Moment of inertia ¢ 5 MR +mx

Where m={mass of insect,
and  Xx=/(distance of insect from centre.

Clearly, as the insect moves along the diameter of the
disc, MI first decreases, then increases.

By conservation of angular momentum, angular speed

first increases, then decreases.

458 (b)
We know that rate of change of angular momentum

(J ) of a body is equal to the external torque (T)

acting upon the body.
ie d_J:T
' dt
Given, J,=J,J,=5]
AJ=J,—J,=5J—-J=4J

4

Hence, T=§J

459 (b)

Since, M, moves with constant velocity
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my = kg, my =8 kg,

v=2ms"!
A S2
mg mg
. fa=myg
f,=8x10=80N

Since, boy of mass M; moves with acceleration

a=2ms >in upward direction

_

S1 S2

s fi=myg=m,a
~fi=myg=m,a
¢10x10+10x=120 N

460 (c)

According to the principle of conservation of angular
momentum, in the absence of external torque, the
total angular momentum of the system is constant.

461 (a)

462

As angular momentum is conserved in the absence of
a torque, therefore

Iyw,=Tw
2 o|[27) |2 , 2 MR |2n
ZMR*|| = =M R +£ ==
3 T,| |5 55x107| T
1:1+ 1
T, 5x10"
T 1 ~20
——1= =2x10
T, 5x10"
Tl k100 AT Zpx 10
0 0
(a)

Let P, and P, be the momenta of A and B after

collision.
l%)
—» (B

s

A< 5B

A~—»pP(B

A

Before collision After collision

Then applying impulse = change in linear momentum
for the two particles

For B:J=p,...(i)
For A:J=p—p,
or p,=p—J...(ii)

. L P1_P2

Coefficient of restitution e =
. p,—p+J
()—

p
JJ=p+d_2J_

p p

463 (d)

Since w is constant, V would also be constant. So, no
net force or torque is acting on ring. The force
experienced by any particle is only along radical
direction, or we can say the centripetal force.

The force experienced by inner part, F;=m W R,
and the force experienced by outer part, F,=m (J)ZR2
F 1_ Rl
F, R,

464 (a)

465

Initial angular momentum of ring, L=Iowo=M r’ o
Final angular momentum of ring and four particles
system

L=(Mr’+4mr’)o’

As there is no torque on the system therefore angular

momentum remains constant
, , Mw
MrZwZ(M reamr’|o =o' =———
' M+4m
(d)
ma’
Moment of inertia of square plate about XY is——

Moment of inertia about ZZ ' can be computed using
parallel axis theorem

Page| 98



Y
z
e
X
a 2
IZZ:IXY+m ﬁ)
2 2 2
. ma- ma” _2ma
2 + =
6 2 3

466 (a)
_1 2 . . 1 .
L=-MR 0= constant -- @ % — [If m={
2 R
constant]
If radius is reduced to half then angular velocity will
be four times

467 (a)
y :m1Y1+m2Y2+m3YB+m4Y4+m5ys
oM M+ my+ms+m,+m;
; (6m|(0]+m(al+m|al+m(0)]+m(—a) a
6m+m+m+m+m 10

468 (a)
F x+F,x=F,x
F,=F +F,

470 (a)
Torque is defined as rate of change of angular
momentum
_dr_dlio|
Cdt dt
Given, 1=40 Nm,[=5kgm’,w=24rads"
dt:d(lw]:5><24:
T 40

T

1

3s

471 (b)

2
1+%

1 2
K,=—mv
)

=L x041x27x[2)=1.237
2 2

472 (b)
K,=50%,K,

[.e. body will be solid cylinder

473 (d)
From third equation of angular motion,

W
w2=w§=2a(Here,w=70,6=36 x21)

(Of)
2

2
) =w,—2ax36x2m

2
@)
or 4x36 nazwf)—jo

2

3w,
or 4 ><367IO(:T

2
Wy

or =
16 x12n

(04

..
According to question again applying the third
equation of angular motion

w’=w;—2ab(Here,»=0)

2 2
®, w,.0
O=|—| —2X—7
2 16x12m
or 0=24nvO=12x2n
But 2m=1cycle
So, 0=12cycle
474 (d)
I,>1,
__gsinf
I,+mR’
sin O
o= g 2
I,+mR
aP>aQ=>V:u+at=>t<x%
tp>t,

2 2
Vi=u+2as=vxa=V,<V,

Translational K . E .:%mv2 =TRKE,<TRKE,

V=oR=wxV=0,<0,

475 (c)

Consider the two cart system as a single system. Due
to explosion of power charge total momentum of
system remains unchanged ie, _[51+_[52=(3 or
m;v,=m,Vv,,

Hence

v, _m,

V, my

As coeflicient of friction between carts and rails are
identical, hence d;=d, and at the time of stopping
final velocity of cart is zero. Using equation

2 2
v —u =2as.
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476

477

479

480

We have
Sy vf m§ slml2 36><(200)2
—=—=— = = = 16m
s, vi m; m, 300
(d)
Moment of inertia of a circular disc about an axis
passing through centre of gravity and perpendicular to
its plane

1=iMR

2

...(3)
From Eq.(i)

MR*=21

Then, moment of inertia of disc about tangent in a

plane

5

(2MR =2 (21)=2
4 4

[2U:51

©
K

RZ

2

1475 |=2 % 50% (57 x

1+Z
5

Loy
N2

(875erg
()

X+ Xx,=r

()

mlxlsz X2

From Egs. (i) and (ii)
m,r

X, =
m;+m,

m,r

and X,=
m,+m,

2 2
S p=myxi+tm, x;
2
. mym,r
67
m,+m,
(d)

Moment of inertia of the system about rod X, figure
X z

M
12

M
4

I=1,+I+1,=0+ +

)+Ml2

481

482

483

484

486

487

488

489

4

=M

“3

(b)
%Aﬂf:%xzxmifzamwg—mz
(b)

_mrtm,r, 1]i+2 }'+I§)+3(—32’—2}'+IA<)
T om+m, 1+3

cm

=F ., =—2i— j+k

(b)
2
K:lmv2 1+k—2
oL x0.41 x(2P |2
2 2
$1.23J
(b)

As net external force on the system is zero therefore
position of their centre of mass remains unaffected i.
e. they will hit each other at the point of centre of
mass.

The centre of mass of the system lies nearer to A
because M > My

(<)

L,=L,

Jo—mvR=|1+m RY)o'= o = 12=mR
(I+mR )

(b)

Moment of inertia of a ring of mass M and radius R
about an axis passing through the centre and
perpendicular to the plane

I=MR* .0

Moment of inertia of a ring about its diameter
MR _I o

Idiameter = 7 =5 [USIHg (1)]

(b)

Here, r =0.5m,m=2kg

.1 1 1
Rotational KE¢ EIOOZIE X (E mrz)(o2

4=lmv2:l><2v2
4 4

v=1/8=2V2ms™"
(a)

A hoop is a circular ring. Applying theorem of
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parallel axes,
I=I+MR'=MR*+MR*=2M R’

490 (c)
m,=1,m,=35.5,7,=0,7,=1.27i
. mr+m,r,
r=———
m1+m2
-_35.5x1.27 ;
1+35.5
F=329 1 97i=1.24]
36.5
Ay
H Cl
T
m2
—1.27A  —]
491 (c)

The rolling sphere has rotational as well as
translational kinetic energy.

o 1o 1. 9
Kinetic energy szu +EI ®

(',lmuz+l
2 2

2 2) 2
=mr’|w
5

R T R S 2
b=mut+=mu'=—mu’(" u=rw)
2 5 10

From conservation of energy

ie m hzlmu2
’ 970
_7u2
or =
10g
492 (a)

Hollow cylinder will take more time to reach the
bottom because it possess larger moment of inertia

494 (c)
Moment of inertia ] = M R*
M ={ mass of object,
R =/ distance of centre of mass from axis of
rotation.
Hence, moment of inertia does not depend upon
angular velocity.

495 (d)
Since, in the given cause V¢, is zero, so its linear

momentum will also be zero.

496 (b)

Angular momentum = linear momentum X
Perpendicular distance of line of action of linear
momentum from the axis of rotation - mv % |

497 (c)
I:%MRzzgxmX(0.5)2=3.5kg—m2
498 (b)
We know
L=Iw
...(1)
L*=2KI
From Eq. (i)
=2kL
%)
[ 2K
%)
> g)
L’:—:£
20 4
499 (a)

For collision between blocks A and B,
_VpT V4 _ VgTVu VTV,

¢ ui—u, 10-0 10

S vg—Vv,=10e=10x0.5=5.... (i)

from principle of momentum conservation,

MuUptMgUpg =M,V ,+Mp Vg

Ormx10+0=mv,+mvy,

~vatvp=10....(ii)
Adding Egs. (i) and (ii), we get
vy=7.5ms""...(iii)
Similarly for collision between B and C
Vo—Vp=7.5e=7.5%x0.5=3.75
S Ve—vg=3. 75ms ' ...>1v)
Adding Egs. (iii) and (iv) we get
2v.=11.25
'.VC:%ZS.GmS_l
2

500 (c)
Momentum of 6 kg piece P»=¢ momentum of 3 kg
piece
p;=m;v;=3x16=48kg ms*
Kinetic energy of 6 kg piece

_ Py 4x48

== =1927.
2m,  2x8

501 (b)
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2
Time of descent ¥ —
R

2
Order of value of ?, sphere < Disc < Ring

04) (0.5 (1.0
It means sphere will reach the ground first and at last
ring will reach the bottom

502 (b)
Here, m=0.08 kg
m,= 0.16 kg

According to conservation principle of momentum
mv,+m v2=(2 m+ mO)VCM

vl N—A
m —

mo

V2
m —

c
~

. _mv;+my,
S Vey= Imm,
. 0.08x16 _ 1.28
0.16+0.16 1.32
. 128 -1
t——=4ms
32
()
From law of conservation of angular momentum,
J=1Iw= {constant
ILw,=I,w,

503

where I is moment of inertia and w the angular
velocity.

Moment of inertia of earth assuming it be a sphere of
radius

R=2 MR’
5
271
w=—
T
2n
Tl
Ri_R;
Tl TZ
R’ &)2X

= —
2

Also

2
gMR§

27

T,

2
(gMRf =

S 1
24 T,
T,=6n

=

504 (d)

505 (b)

If external force is non-zero then acceleration of

centre of mass must be non-zero

Fext
a,= Iv; #0

However, at a particular instant of time velocity of
centre of mass may be zero or non-zero. Hence
option (b) is correct.

506 (a)
MR’

ML.L of ring about diameter I =

()
‘L=nR..R=L/n

o ML’
From equation (i), [ =——
21

507 (c)
The velocity of the top point of the wheel is twice
that of centre of mass and the speed of centre of mass
is same for both the wheels (Angular speeds are
different)

508 (a)
Let w be the angular velocity of the rod. Applying ,
Angular impulse = change in angular momentum
about centre of mass of the system

M @ M
- A
J=Mv
L_
J.E—IC(D
it
2 4
w="
L
509 (a)

When a body rolls down without slipping along an
inclined plane of inclination 0, it rotates about a
horizontal axis through its centre of mass and also its
centre of mass moves. Therefore, rolling motion may
be regarded as a rotational motion about an axis
through its centre of mass plus a translational motion
of the centre of mass. As it rolls down, it suffers loss
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in gravitational potential energy provided translational
energy due to frictional force is converted into
rotational energy.

510 (a)
If no external torque acts on a system of particle then
angular momentum of the system remains constant,

that is,
=0
dL
= E_O
= L=1Iw=/{constant
= ILw=1,w,
1 > 1 2
=Mriw,==(M+2m|r'o,
2 2
()

Here, M =2kg, m=¢0.25 kg, r=40.2m.
w,=30rads "

Hence, we get after putting the given values in Eq. (i)

%xz x(0.2)° ><30:% x(2+2x0.25/(0.2 x o,

=

60=2.5w,

w,=24rads "

511 (d)
Applying conservation of angular
momentum about point O,

lm

2v

T
l2m
mlal(2v|+2m(2a|lv|=Iw
Coszav

T @)

or

Now,
_6m(8af
12
(32ma’+ma’+8ma’=41ma’
Hence, from Eq.(i)
_6mav _ 6v
w= S ==
41ma

I +m|al’+2m(2af

41a

512 (d)
Angle turned by the body
0=0,+6,t+0,t"

Angular velocity 0= a

. d
oa(eo+91t+92t)
$0,+20,t

_ _dw
Angular acceleration @ =——

dt
. d
65(914'292@

20,
513 (b)
. . m;x,+m,Xx,
Initial position of centre of mass I, =——————
m;+m,
(1)
A
)TI | fl
o\ ,
‘e ©

A\
If the particles of mass M, is pushed towards the
centre of mass of the system through distance d and
to keep the centre of mass at the original position let
second particle be displaced through distance d '
away from the centre of mass
ml(x1+d)+m2(x2+d')

Nowr, = ...(11)
m,+m,
Equating (i) and (ii)
m x;+m,x, ml(x1+d)+m2(x2+d')
m;+m, m,+m,
.o—my
By solving d = d

m,
Negative sign shows that particle ", should be

displaced towards the centre of mass of the system

514 (c)
Here 6=60°,I=10m,a="?
gsin 6
1+K°/R®

2
For solid sphere K°= T R’

q=285in60°_5 g0 33 _6o0ms?
2 7 2
1+=
5

515 (b)
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The (X,y, z) coordinates of masses 19,2 g,3 g and
49 are
(x1:O,y1=O,2120),(x220,y220,22=0),
(X3:0:Y3:0’Z3:0),
(x,=a,y,=2a,z,=3q]

‘ m, x,+m,X,+m; X, +m,x,
2 X =

m;+m,+ms+m,
_1x0+2x0+3x0+4 %
1+2+3+4

XCM

The value of o can also be calculated by Y ¢, and

Zy as shown below

_1x0+2x0+3x0+4 %2«
YCM_
1+2+3+4
,_8a 205
1027778 2
_1x042%x0+3x0+4%3a
ZCM_
1+2+3+4
3:120' GZ@ZE
10 7T 1272

516 (a)

For the calculation of the position of centre of mass,
cut off mass is taken as negative. The mass of disc is

2
m=mnrio

(%)

in(6] 0=36n0
Where 0 is surface mass density
The mass of cutting portion is
mZ:n(l)za:m
m; X, —Im, X,
Xem=
m;—m,
Taking origin at the centre of disc,
X1:0, X2:3 cm
_36n0*x0—mo*x3 _—3n0 _ —3
cM— = =5c
36 o —no 350 35

517 (b)

m,v={m,+m,|v/3
3m,v=m,v+m,v
3m,v—m,v=m,v
2m,v=m,v

m
2
S—=2
m

518 (b)

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

Let R be the radius of platform m the mass of
tortoise and M is the mass of platform
Moment of inertia when the tortoise is at A
MR’

2

and moment of inertia when the tortoise is at B
2

I,=mR’+

2
I,=mr +

Here 1= g*4 [y RP—a’—vt|

From conservation of angular momentum
w,l,= W) I,

Substituting the values we can found that the

variation of @(;) is non linear

519 (c)

L —
E=——=L=+2EI
21

520 (c)

521

Distance between the centre of spheres = 12R

.. Distance between their surfaces =12
R—[2R+R|=9R

Since there is no external force, hence centre of mass

must remain unchanged and hence
=m,r,=m,r,=»Mx=5M|9R—x|=x=7.5R

(d)
Work done by retarding force = change in kinetic
energy

— szo—lmv2
f 2

PR S
”ﬁ—zmv

Since, retarding force f and kinetic energy of both
bodies are same so, stopping distance will be same.
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Hence, (a) is correct.

aet
m

22
Lvi=u—2as
Or0=u’—2as
.‘.u2=2as=2—sf
m

1

SUX——
V3

It means more is the mass, less is the initial speed

Sv=u—at
Or O=u—at
pd_u _um
a f f
m
Stoxm

Hence, more is the mass, less is the time of stopping.

Hence, (b) is correct
2

" KE=K=2£-
2m

2
SpTxm
It means more is the mass, more is the momentum
Hence, (c) is correct.

523 (d)
Let the mass of loop P (radius &r)ém
So the mass of loop Q (radius &{nr & =nm

Moment of inertia of loop P,I,=m r’

Moment of inertia of loop Q,I,=nm|nr )2=n3 mr?

I
s 2=n’=8=n=2
Ip
524 (a)
15m+10m=mv +myv,
25=v,+v,

And

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

v,=15ms ', v;=10ms'

525 (c)

w'=w;—2a0=0=41"n"-2ab

2
4”2(1280)
0=——— ' —200n°rad
2 x4
-2 =200 ° = n=100 =314 revolution
526 (a)
2
M. of rod (1) about Z—¢ axis, I,= Ml
M’

M. of rod (2) about Z—¢ axis, [,=——

ML.L of rod (3) about Z—¢ axis, 1,=0
Because this rod lies on Z-axis
2MI’

I =1,+1,+1;=

* * T system

527 (c)
I=MR* . logI=log M+2log R
dI dR

_:O+2_

Differentiating, we get I R

ﬂx 100=2 dr x100
I R

. 1
02X ——x100=2%
100 ?

528 (a)
Linear momentum p and kinetic energy K are
interrelated as

2
K= 2p_ or p=+2mK , hence zero momentum
m

implies zero kinetic energy and vice versa.

529 (b)
Angular momentum about rotational axis
L=[T+m(vt]w
dL

2
—=2mv'tw;

dt

Torque TZ(va2w>t
\J4®
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530 (d)
Moment of inertia of the cylinder about an axis
perpendicular to the axis of the cylinder and passing
through the centre is

R I?

I=M —+—) ...(1)

4 12
If p is volume density of the cylinder, then
M:(n RZL)p =(constant ...(ii)

=M
TR p
Put in Eq. (i),
2 2
r=ym| B
4 12n1°R'p
ol
I .o . _:0
For I to be minimum, OR
A _y[R__ M
OR 2 3R’
R__ M 6_2M’
2 3H2p2R5 37T2p2
2pd472 2
Using Eq. (ii), R° =—2 L R2 Lz p
3mp
2_ 2.2, L _3
or R —§L V?—E
L -
or EZ\/:’)/Z
531 (b)
Angular of the body is given by
L=Iw
2m 1
L=IX—VLx—
or T T
. L_TL
L_2T
L, T
(As,T,=2T)
L
So, L,=5

Thus, on doubling the time period, angular
momentum of body becomes half.

532 (a)
_ 900
60

®, ><27I:30nrad/s,oof:0,t:605

@0, _0-30m _

W =w,+at. o=
60

" adl s
2

533 (b)

A solid sphere is rotating in free space, so there is no
external torque.
ie, =0

But the rate of change of angular momentum is equal
to the torque.

aJ
-0
then d
or dJ=0
or J = {constant

But J=Jw, if we increase the radius of the sphere

Increases.

2
then its moment of inertia (I :g MR’

From J=Iw, its angular velocity decreases.
Also we know that the rotational energy
2
K=L
21

Hence, K, decreases as I is increases.

534 (b)
The motion of the centre of mass is the result of
external forces.

536 (d)
Torque acting on a body in circular motion is zero.

537 (b)
From conservation of angular momentum (Icw=
constant), angular velocity will remain half. As,

k=11’
2

The rotational kinetic energy will become half.

538 (a)
2
KNzlmv2 1+£2 :lmv2 1+2 :lmv2
2 R 2 10
539 (d)
If n masses are equal
m,=m,=m,=....=m,

Then position vector of centre of mass.
The coordinate of the centre of mass
m, X, +m,X,+msx; m; y,+m,y,+m;y,

x,y)=

m+m,+m, m,+m,+m,
(m+2m+3m m+2m+3m
3m ’  3m
[ 6m 6m
3m’3m
6(2,2)
540 (a)
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Here, m,=1kg, \7122;'

m,=2 kg, V,=2 c0s30i —2sin 30 j

- _m1‘71+m2{;2
Veu= m,+m,
(.’1><22’+2(2c0530°2'—251n30°3')
1+2
L 20+243i-2] _(2+2V3 25
3 3 3

541 (b)
L2
E ZE. If boy stretches his arm then moment of
inertia increases and accordingly kinetic energy of the

. 1
system decreases because L=4( constant and E & 7

542 (b)
| Ilem
V4, |
Q. , ‘ , , ]
0 20 40 | 60 80 1000
——>
2 (112
I=Icm+mx2=ﬂ+mx2=m &+(0.3)2
12 12 ’
£0.6 1—12+0.09)=0.104kg—m2
543 (b)

n,=20rev/s,n,=0,t=20s

2 — J—
- n(n, n1)= 2HXZO:—anad/SZ
t 20

544 (b)
According to theorem of parallel axes, moment of
inertia of a rod about one if its ends
. MP MP_MP
6 + =
12 4 3

.. Moment of inertia of two rods about Z-

axis=Moment of inertia of 2 rods placed along X and

2M I

Y -axis ¢

546 (d)
We know that velocity of 2nd ball after collision is
given by
_u1(1+e)m1 (m,—m,e)
©o(mpkmy) 7 (my+m,)

In present problem U,=0,m,=2m, and e=2/3,

hence

u m,

A RETEY
(m,+2m;) 9

As four exactly similar type of collisions are taking

1+Z
3

V,=

place successively, hence velocity communicated to

fifth ball
4

u

Vs = 9

548 (c)
As per conservation law of momentum
0=4v+A—4v,
.. Recoil speed V.= _Av_
" (A-4)
549 (d)
When C collides with B then due to impulsive force,

combined mass (B+C) starts to move upward.
Consequently the string becomes slack

550 (d)
As there is no net external force, hence motion of
centre of mass of fragments should have been as
before.

551 (b)

r,=0,r,=PQ,r,=PR

Distance of centre of mass from P is
=r1+r2+r3= 0+PQ+PR =PQ+PR

r

3 3 3
553 (c)
p=Ap_ Am_ nm
At At t
F=vm%:%
554 (a)

Since w is constant, vV would also be constant, so, no
net force or torque is acting on ring. The force
experienced by any particle is only along radial
direction, or we can say the centripetal force

Dd

The force experienced by inner part F;=m W’ R,
and the force experienced by outer part, F,=m 'R 1
F,_mR& R,

Fz R2

2
mR,w

555 (d)
Moment of inertia of system about YY '
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I=1+1,+1,

iR S a2

MR’
2 2 2

556 (a)
As we know that at the highest point, the shell has
only the horizontal component of velocity which is
vcos 0. If u be he velocity of second exploded piece,
then applying conservation of linear momentum along
X-axis
-.2mvcos @ =—myv cos 0+mu
Or u=3vcosf

557 (b)
We assume that origin is situated at the 0O,
~x,=0,m;—m,
X,=3a,m,=2m

. _myx,;+m,x,

L m x0+2mx3a

m+2m
. 6ma

L——=2a
3m

558 (b)
Kinetic energy will not be conserved because friction
force is acting at the point of contact with the plane.
But torque of this force about point of contact will be
zero. So angular momentum of the sphere about point
of contact will be conserved
= d—L, if T=0 then [,.=( constant

dt

559 (c)
According to problem disc is melted and recasted into
a solid sphere so their volume will be same

4

— 2 _ 3
VDisc - VSphere =n RDisct - 5 T[ RSphere
R ... 4 .
2 Disc |__ 3 __ " *"Disc .
=n RDisc ( 6 - E n RSphere t= > given

R

= Ra;)isc = 8 Riphere = RSphere: ;ISC

1
Moment of inertia of disc I pj.= E M Réisc =1
[Given]
~M|(Ry,['=2TI

2
Moment of inertia of sphere I Sphere — g M stphere
R |
(JgM Di :M( Disc)zzz_IZL
5 2 10 10 5
560 (d)

|

isc6—mR ==

M.L of disc 5 5
p =¢ density, t =4 thickness]

If discs are made of same material and same

(nth)pRZZ%nR“tp [

thickness then I « R* o« Diameter |*

a_[Dal'_[2)'_16
"I, \Dg) \1) 1
561 (b)

Let the each side of square lamina is d.
So, Igp=Igy

(due to symmetry)

And
(due to symmetry)

Iyo=1gp

Now, according to theorem of perpendicular axis,

D ;F ~ C
_________
G ,,"?O H
4 - B
[e——(g—>
I yetIpgp=1I,
= 21,.=1,
and Ipgetloy=I,
= 21..=1,
(i)
From Egs. (i) and (ii), we get
Iye=1Ig
md*
IAD:IEF+T
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.md> md’ _md’
+— GSIEF——
12 4 12
2
So, Tp="9 41,
563 (d)

As shown in figure, centre of mass of respective rods
are at their respective mid points. Hence centre of

mass of the system has coordinates (X ¢y, Y cyr). then
0, 2)

BT

a a
mx—+mx—+mx0
2 2

a
X.. = =_
oM 3m 3
mx0+m X 2+m x0
Y. = 2 = g
M 3m 3
564 (c)
The kinetic energy of the solid sphere,
1
K=oM v .G)
The rotational kinetic energy,
K.= Lo
2
_ 2 2 . _Vv
But [= 5 M R for solid sphere and @ = R
1.2 0V
then, Kr—EngR X?
17,2 N
K,==Myv ...(11)
5
On dividing Eq. (ii) by Eq. (i), we have
K, _1/5Mv*
K 1/2Mv*
K, 2
or ==
K 5
565 (b)

9=w0t+%at2=>9=100rad

.. 100 _
.. Number of revolution ¢ o 16 (approx.)

566 (b)
From conservation law of momentum

ﬁ:zzﬁﬁ”“”_(zf
v, 1 m, 4 r
2 1 g”ri’P 1
22[2]1/3'1
r, '

or r,:r,=1:(2""

567 (b)
Given, I=1kg—m>,n=2rps
w=2m=2nx2=4nrads '
L=Iw=141|=12.57kg—m’s"

568 (c)
In rotational motion of a rigid body, the centre of
mass of the body moves uniformly in a circular path.

569 (b)
A raw egg behaves like a spherical shell and a half
boiled egg behaves like a solid sphere

I, _2/3mr*_5
Lr=t2ml 25y
I, 2/5mr- 3
570 (a)

Velocity of bullet at highest point of its trajectory =
50 cos 0 in horizontal direction.

As bullet of mass m collides with pendulum bob of
mass 3m and two stick together, their common

velocity
. m,;50cos0 25 1
=—————=—cosOms
m+3n 2

to an angel 120°, hence

As now under this velocity V' pendulum bob goes up
v’ _10
—=h=I(1—cos120°|=—

1
1_ i
29 3 (f 2)
=v?=2x10x5=100 or v=10
Comparing two answer of V', we get

=5

%c059=10=c059:% ord=cos™! %)
571 (c)

From law of conservation of angular momentum we
have, if no external torque is acting on a body (T =0),
then the angula momentum (J =Ioo) or in other
words the moment of momentum of a body remains
constant.

572 (d)
No of revolution = Area of trapezium
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L% x(2.5+5)x 3000=11250rev

573 (d)
External force acting on the system is given as
F..=Mag,
ie, d oy lies in the direction of F .
Here, F,,=5(2i+3j—5k
aCM:2i+Bj-5f<
Since, F . Aaq, are not lying in the same direction,

given data is incorrect.

574 (d)
Total moment of inertia of the system

(',%MR2+4mR2

575 (d)

[
@ \
~

~
g |
I R {

Displacement of point P after half revolution

PP': (T[R)2+[2R’)ZZR\/T[2+4:5\/T[2+4

577 (c)
Moment of inertia of whole disc about an axis
through centre of disc and perpendicular to its plane

1
is IZEmFZ
As one quarter of disc is removed, new mass,
3
m=-—m
4
_1(3 2.3
I==\-—m|r'=—mr
2\4 8
578 (b)

When pulley has a finite mass M and radius R,
then tension in two segments of string are
different.

—_—

P >

M ‘*«ﬁﬁj

582

583

585

586

587

Iremaining = Iwhole - Iremoved
2 2
or  I=1(9M| R}~ Lm|B] +1m|2R
2 2 1|3 2 3
..(@)
2
TR 3
Substituting in Eq. (i), we have
[=4MR’
(9
2 2 2
[=1,+1,= mL +mL _mL
12 12 6
(b)
Centre of mass always lies towards heavier mass
(9

At the time of applying the impulsive force block of
10 kg pushes the spring forward but 4 kg mass is at

rest.
Hence,
_myvi+tm,v, 10x14+4x0_ 140 _
Ve = = = =10ms
m;+m, 10+4 14
(b)

The object will have translation motion without
rotation, when force F is applied at the centre of
mass of system. If m is mass per unit length, the mass
of AB,m;=ml at O and mass of OC, my=m(21) at
D, where CD =1

Dd

Let DP=x

As P is the centre of mass, therefore
ml(l—x)|=2mlix

3x=I:x=1/3
~cp=cD+Dp=]+L=21

3”3
(b)

From law of conservation of energy, we have the
potential energy of rod when it is vertical is converted
to kinetic energy of rotation.
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Stick

(]
~
-

l
0 M
1
2

Moment of inertia of a thin rod is

S I I

M o=
29

I’

=imp

Given, I=1m,w=\/3_g

Also, V=rw
= v=1x+3%x98=5.4ms "
588 (a)

From conservation of momentum

Mv=mx0+M—-m|v=v = My

(M—m)
589 (d)

=0,0=2n(n|=4n(Asn=

2 2
2 2 W —w, 16n
W =wyt2a0=a= =

= = VIA
20 2xX4m
. . _._20 _ 2
Tangential acceleration a,=ra==—x2m=40m/s

590 (b)

Moment of inertia of a uniform rod about one end
.ml?

(_)_

=I1=0+m(r,/*+m(r,[+m|r,]*
2
=>[=m|—

V2

+m(l\/§)2+m

i2-1:3m12
NIk

N

592 (c)

There is no shift in position of centre of mass, as
clear from the figure

&

593 (b)
From the definition of angular momentum,
YA
B
(A9
P
-
d

o

LD

L=r x p=rmvsin @(—12)
Therefore, the magnitude of L is

L=mvrsin @=mvd

where d =rsin @ is the distance of closest approach
of the particle to the origin. As d is same for both the
particles, hence L,=L,
3
.. Moment of inertia of the system 594 (b)
2 2 N Y|
iox|M \LI2]_ML N & oy
2 3 12 N B
\
A\l 4
591 (b) “\
I | = C ya5° AN «
rz—r4—OA—Eandr3=l\/2 | 4 o~
y=x+4 A
Moment of inertia of the system about given axis
I61 +1,+1,+1,
Form the triangle OAC
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1 —
d=0Csin45°=4 x —=2+/2
V2

Angular momentum = Linear momentum X
Perpendicular distance of line of action of linear
momentum from the point of rotation

L=pxd=mvd=5 %342 x2+/2=60units

595 (b)
As no torque is being applied, angular momentum
L=Ilw=/{constant

2 2 2 Tt .
—Mr|—=i(
( 5 ) T constant

2
ro_.

or — =/{constant
T

Differentiating w.r.t time (t ), we get

dr »dT
T2r—-—-r —
rdt ' dt

M XMy Xg+m e XMy X

M+ mg+me+mp

D c(1, 1)

(0, 0) B(1,0)
61x0+2x1+3X1+4XO
1+2+3+4
. 2+3 1

6 10 —5:0.5m

My ytmpygtme yotmy yp,

Similarly, Yeoy=

m,+mg+me+mp
61x0+2xo+SX1+4x1
1+2+3+4
.7
-—=0.7
10 m
597 (a)

Moment of inertia about the given axis ie, about
Yy''

-
-<

R
/

X' Y
IYY'=IXX'+MR2
(2+2 x(2
$2+8
(10kg—m’
598 (a)
T 314 2
I=—==—""—-=2.5k
a 4n gm
599 (d)

The moment of inertia of the disc about an axis

parallel to its plane is
C

A * B
D
[=I,+M R’
= I:%MR2+MR2
2 MR
4
o MR=H

Now, moment of inertia about a tangent
perpendicular to its plane is

r=3Mr=3x41=9]
2 2 5 5

600 (d)

M.L of plane about O and parallel to length ¢ B
601 (a)
For elastic collision e=1 and velocity of separation is
equal to velocity of approach. The velocity of the
target may be more, equal or less than that of
projectile depending on their masses.
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602

603

604

605

The maximum velocity of target is double to that of
projectile, when projectile is extremely massive as
compared to the target.

Maximum kinetic energy is transferred from
projectile to target when their masses are exactly
equal.

(a)
Here mlzu,mzzAu,ulzu and Ll2:0
- :(ml—mz)ul 2myu, _[1-A y
N (my+my)  (mptm,) ([1+A
Vi_[1-A
u 1+A
. Kfinal _ ﬁ 2_ 1-A 2
K \ U 1+A
(0
_2nrad
™60 min
i o, =—2% _rad
ME T 12 %60 min
wmin_ 27T/60
@, 2m/12%60
.12
L’_
1
(©
. _Ap_ Am Am _.
The impact force F —E—Vﬁwhere E—C

rate of flow of water in the nozzle and V the velocity
of water jet.
Since the ball is in equilibrium F =m g where m=¢

mass of ping pong ball.

—,Am__ e of flow of water =19
N g or rate of flow of water N .

(d)

Let M be the mass and L be the length of given
uniform rod

Moment of inertia of the rod about one end is
1

11=§ML2 ..0)
When it is bent into a ring
S L=2nR

L
R: .o
Or _27I ...(ii)

Moment of inertia of a ring about its diameter is
MR _ ML’

1
22 81

[Using (ii)]

.Il_ML2>< 8n° 81

L, 3 ML 3
606 (d)
a:gsin(-):gsin9:g/2:5_g
K’ 2 " 7/5 14
1+— 1+C
R’ 5

N

2
As 0=30° and ?:g

607 (c)

608 (d)
L=Iw

609 (a)
Since disc is rolling (without slipping) about point O
Hence
0Q>0C>0P
SVE=Trw

SVOSVESV,

N

610 (d)
Angular momentum L is given as
L=rx p=rpsinf
r'={ position vector of the particle w.r.t. origin,
Pp=1{ its linear momentum

I X P is maximum when p is perpendicular to r
i.e.0=90°

(d)

Angular velocity is a axial vector

611

612 (d)
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As the inclined plane is frictionless therefore all the
bodies will side down along the inclined plane with - F=800%x20%10 3N=16N
same acceleration gsin 6

617 (c)

613 (b) _ ' ' Let distance of man from the floor be (10+x)m. As
In pure rolling, mechanical energy remains centre of mass of system remains at 10 m above the
conserved. Therefore, when heights of inclines are floor
equal, speed of sphere will be same in bo‘th ;he cases. So 50 (X)ZO.S ( 10)=x=0.1m

. - .
But as acceleration fiown the. plane, @ & sin ) = distance of the man above the floor (¢ 10+0.1
therefore, acceleration and time of descent will be .
. ¢10.1m
different
618 (d)

614 (d) mv:_m L’ L’

For a disc moment of inertia about a tangential axis in Centripetal force F= =——= 3
r rmr. mr

.5 2
it lane 6— M R
1 oW PR Ty AsL=mvr.'.v=L}

5 mr

M,K:==M,R’

4 619 (d)
= KlzﬁR 2T 4500—1200

2 _2n(ny—ny) 60 2
Now, for a ring moment of inertia about a tangential a= t - 10 rad/s

.3
axis in its own plane ¢ =M, R* 2 3300
2 60 _ 360 degree 2
3 , 8 0 X 5 — a=1980degree/s
M,K; = M,R oo
3 620 (c)
= K,= 5 R Moment of inertia of a hollow sphere of
K, 5 radius R about the diameter passing
é:% through D iz
D

615 (d) 4
If M mass of the square plate before cutting the
holes, then mass of portion of each hole, b
m= SXT R=LMm

16 R 16 3 c

.. Moment of inertia of remaining portion
I:ISQuare_4IhoIe IAZEMR2
.M R’ :
05(16R2+16R2)—4 m2 +m(\/§R)2] .0

Y Moment of inertia of solid sphere about diameter
{=—=x32R*~10mR’ _ 22

12 I,= S MR
L§MR2— 107TMR212(§_ 10m MR2 ...(i1)

3 16 3 16 .. Moment of inertia of whole system about side

616 (c) AD=1 ,+1 +1,+I_

F=v AAT 2 2 2 2
, Z,gMR2+§MR2+ Mb2+§MR2 + Mb2+gMRz)
Here, Am:M: 120 x10 x 10 :20><10_3kg
At t 60
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cégmﬂ?+2Mb
15
621 (c)
P=mv
~m=2
%
Hence, m—vV graph will be rectangular hyperbola
622 (b)
L_[M|(RJ_1 (2)_,
I, \M,/|\R, 2 |1
623 (d)

When a particle is projected with a speed v at 45°
with the horizontal then velocity of the projectile at
maximum height.

v= vcos45°——

V2
Angular momentum of the projectile about the point
of projection
(mv'h
im—=h= m—\ih
V2 W2
624 (d)
T=rxF
T is perpendicular to both r AF, so
r.taswellasF .t has to be zero.

625 (c)
2
_ D
K=-+t—
2m

p2 =2Km

This is an equation of parabola. Hence, (c) is correct.
626 (a)

Moment of inertia of a disc about a diameter is

1
N MR*=I (given)
MR*=4]
. 3
Now, required moment of inertia ¢ 5 MR’
.3
L=141|=61
627 (b)
1. o
E=—lw
As 5

w:\/Z_E:\/2><GOO:20
I 3.0

628

629

630 (

631

632

w:—":2o,T:—”:lO:o.314s

)

As shown in adjoining figure ball is falling from
height 2h and rebounding to a height h only. It means
that velocity of ball jus before collision

= M =, 4h and velocity just after collision
9 9

\/ﬁ
_v —
e—= g :i

4h 2

g
(d)

1 K| 1 K’
KR:KT=>§mv2 — —Emv2=>'.?=1

[.e. the body is ring

=2mnR ‘

I,=2mnR

Ratio of moment of inertia of the rings
2

I MR
I, \M,|\R,
o[ AL _[2nR \[ R |
AL, 2mnR |\ nR
A ]: ¢linear density of wire=constant
(given)
L, 11
= —_—=— =
L2 n3 8
n"=8=n=2
(d)
Since V¢ =0 s0 it’s linear momentum = 0
(b)

Centre of Mass of a solid body is given by
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Y. AMj

j=1
1xx,+2xx,+3xx,=1+2+3)3

(1)

and X;=X,=X;=3
Xem=Yem=Zeu=1

1[1+2+3+4)=1x,42 x,+3x,+4 x,

...(ii)

Solving Egs. (i) and (ii), we get

4x,=10—18

x,=—2

(given)

Similarly, Y,=—2,z,=—2
The fourth particle must be placed at the point (-2, -2,

).

634 (a)
w,=2nrad/day, ®w,=0 and t =1day

W,—wW; 0—-2m _ rad _ 2mn rad

S.a= A =
t 1 day® (86400 s’

Torque required to stop the earth T=Ia=FR

I %MRZ Ty
:F:_a:—:_MRX o

R R 5
026 x 107 x 6400 x 10° x ——=1.3x 1071

186400
635 (b)

Let R, be the present distance between earth and sun
and T'; is duration of year. Let R, and T, be new

values of distance and duration of year. By
conservation of angular momentum we have

Low=I,w,
2 22m (2 2|2
SMR|ZE=(EmR2|EE
of (5 U, 75 T,
_ . R
or TZ_TIE

$[365) x4,

b %29125 days

Hence, duration of year will become less.

636 (d)
As no external torque is acting about the axis, angular
momentum of system remains conserved.

[e]
)
M
m, R
m, R
M

ILo=I,o'
= mR’w=(mMR*+2MR’)w’

=

m_
— - (|®
m+2M¢ )

637 (d)
Distance of corner mass from opposite side

r:\/l2—(l/2)2:§l

638 (a)
In the pulley arrangement

m,—m,

@[=[a|=a=
m1+m2

But d, is in downward direction and in the upward
direction ie, d,=—d,
.. Acceleration of centre of mass

m,—m, m,—m,
- L my + g—m, + 4
. _md+mya, |[m+m, m,+m,
cM— =
m,;+m, (m1+m2)
m,—m 2
L | my—m,
6 g
m1+m2
639 (a)

Due to application of centripetal force its linear
momentum changes continuously but torque on the
particle is zero so its angular momentum will be
conserved

640 (b)
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For the motion of the block
mg—T=ma

...(1)

For the rotation of the pulley
t=TR=I«x

s T:%mRa

...(ii)

As string does not slip on the pulley
a=Ra

...(iii)

On solving Egs. (i), (ii) and (iii)

_29

a
3

641 (d)
Total kinetic energy
Rotational kinetic energy

2 2
lmV2 1+£2 1+£2 1+l
(.)2 R)_ R __2_32_
1 ,K° K’ 1 12
2™V R R 2
643 (b)

_myxmyx,tmyx, m(1+2+3)

my+m,+m;, 3m
m(1+2+3)
3m

Similarly, y= =2

644 (b)

. 1
We know M, I'y=m,r,=mxr=¢ constant .".T" & -

645 (a)
__gsinb :gsin30°:§gxl:5_g
+I/mr* .2 77 2 14
5
646 (d)

The moment of inertia of the uniform rod about an
axis through one end and perpendicular to its length is
_mf’

I

Where m is mass of rod and [ is length.

Torque (T = IO() acting on centre of gravity of rod is

I

given by
r=mg~
92
1
or Ia:ng
or mI—zc)(zm 1
3 93
_39
or Y

DCAM classes

Dynamic Classes for Academic Mastery
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