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SYSTEM OF PARTICLES AND ROTATIONAL MOTION

1. A small sphere of mass m, moving with a
constant velocity v, hits another stationary
sphere of same mass. If e be the coefficient of
restitution, then ratio of velocities v; and v, of
two spheres after collision will be
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2. Two blocks my and m, (m, > m,) are
connected with a spring of force constant k
and are inclined at a angel 8 with horizontal. If
the system is released from rest, which one of
the following statements is/are correct?
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3. When a meteorite burns in the atmosphere,

then

a) The b) The
moment  energy
um of
conserv  meteorit
ation e
principl  remains
e is constant
applicab
le to the

c) The
conserv
ation
principl
e of
moment
um is
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letoa
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d) The
moment
um of
meteorit
e
remains
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10.

consisti
ng of
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es, earth
and air
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meteorit
e system

A constant torque acting on a uniform circular
wheel changes its angular momentum form 4,
to 4 A, in 4s. The magnitude of this torque is

34
a]T“ b)4, ) 44, d)124,

The moment of inertia of a flywheel having
kinetic energy 360 | and angular speed of 20
rads™1is

a) 18 kg m?b) 1.8 kg m“c) 2.5 kg m°d)9 kg m?
[f 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 dy and d,. The
ratio of their moments of inertia about central
axis will be

d;
2
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)dy:d, b)dyd,:1 C)'i:; d)d, : d,

3
c) E.f
Two bodies of 6 kg and 4 kg masses have their
velocity 51 -2j+10k and 101 -2j+5k
respectively. Then the velocity of their centre
of mass is

a) 5i+2j-8kb) 7i+2j-8k ) 7i-2j+8kd) 5i-2j+ 8k
Two particles of equal mass have velocities vy
=41{and v,=4j ms™.. First particle has an
acceleration a;= (5i + 5j) ms™?, while the
acceleration of the other particle is zero. The

6 3 5
e by— d)—
a]sf )4! )4.’
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11.

12.

13.

14

centre of mass of the two particles moves in a

path of

a) Straight b) Parabolac) Circle
line

In which case application of angular velocity is

useful

d) Ellipse

a) Whena b) When «¢) When d) None of
body is velocity  accelera  these
rotating ofbody  tionof

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 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 c)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, and I
respectively. If [, = [z /4 and E, = 100 Ej the
ratio of angular momentum (L,) of 4 to the
angular momentum (Lg) of B is

a) 25 b)5/4 c)5 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.
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15.

16.

17:

18.

19.

20.

21,

22,

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

7 2 5 1

A 2 hy—= 2 = 2 di— 2
a]mmv )va C)Bmv )zmv
The moment of inertia of a solid sphere of

mass M and radius R about the tangent on its
surface is

7 ip? 4 p2 2 1p? 1 p2
a]EMR b)EMR C)EMR d)EMR
Torque applied on a particle is zero, then its
angular momentum will be
a) Equal in b) Equal in c¢) Both (a) d) Neither
directio  magnitu  and (b) (a) nor
n de (b)
Moment of inertia of a circular loop of radius R

about the axis of rotation parallel to horizontal
diameter ata distance R/2 from it is

1 3
a) MR? b)> MR? ¢) 2MR? d)Z MR?

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

Vis
: V15
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 4ms™
respectively. Then the third piece will be
thrown off with a speed of
a)1.5ms™'b)2ms~! ¢)2.5ms 'd)3.0 ms™?
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-
mZ. The diameter of the ring is
a)Zm 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 respectto a
standing observer are respectively

a)15:14 b)15% 142 ¢) d)14:15

1
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23.

24.

25.

26.

27.

a]v.vané b)ZP,\fﬂ 2v,2v ¥ 2v,2v
v and zero ~ and zero ~and+2v

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

lenergy  energy moment moment

um um

A 2 kg 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

28.16rac  35.16rac  19.28 rac, 8.12 rad

a) b) c)

/sec /sec /sec /sec
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 elastic. Then

{ K
A a8

The
Thelast Thelast The By
block block centre of s
starts starts mass of the
a)moving p) moving 0) the d)system
attime  attime 53’.5@“‘! s
n=
1); 20 speed v Zpeed v/

A body of mass 3kg is moving with a velocity of
4ms~! towards right, collides head on with a
body of mass 4 kg moving in opposite
direction with a velocity of 3ms™1, After
collision the two bodies stick together and
move with a common velocity, which is

12ms™!  12ms~!  Zms™!
a) Zero b)towards c) towards d)tpwards
left right left

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

28.

29.

30.

31.

32.

33.

34.

. ML? . .
centre is ——. Its moment of inertia about a

parallel axis at a distance of ; from this axis is

given by
2 3 2 2
aJML b)ML C)ML d}'?ML
48 48 12 48

A particle of mass m = 5 units is moving with
a uniform speed v = 3 ¥2 m in the X0OY plane
along the line Y = X + 4. The magnitude of
the angular momentum about origin is

a)Zero b)60 unit ¢) 7.5 unit d)40v2 uni
Atorque of 30 N-m is applied on a 5 kg wheel
whose moment of inertia is 2kg — m? for

10 sec. The angle covered by the wheel in

10 sec will be
1500 raa . 3000 raa .. 6000 rad

c) d)

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

2 3 1
a) MR? b)EM'R2 C)EMRZ d)EMRz

a) 750 rad.b)

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 nb)0.03 kg nc) 0.3 kg m?d)Zero
Aladder rests against a frictionless vertical
wall, with its upper end 6m above the ground
and the lower end 4m 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 [, is
rotating in a horizontal plane, about its
symmetry axis, with a constant angular speed
w;. Another disk of moment of inertia [, 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 w,. The energy lost by
the initially rotating disc to friction is

5 l Iyl 1 2 .«-)1 I® i Iy — 1y (

20+ 1y 20+ 1, "2+ 1, "+ 1)

Three masses of 2 kg, 4 kg and 4 kg are placed
at the three points (1,0,0),(1,1,0) and

S S S S S S S S S S S S S S S S S S S S S S S S S S R S S S S S S S S S S S N S S S S R S S S S S S S S S —

o o o)



T D S M N S SN N B B NN SN SEE N SN BN BN NI NS B EES SN SN SN N BN BN NN BN BN NN NN BN BN ST NN NN SN SN N NN BN NN BN SN N B B BN B

35

36.

37.

38.

39.

40.

41.

(0,1, 0) respectively. The position vector of its
centre of mass is

a]%i‘+§j b) (3T + ) c)%f + %j d)éf +%j
A thin wire of mass M and length L is bent to
form a circular ring. The moment of inertia
about its axis is

a)—=MI? b)=ML* ¢)-ML* d)—ML?
Two bodies of masses 2 kg and 4 kg are
moving 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)5ms™ b)ems ! ¢)8ms™! d)Zero
A body is rotating with angular velocity 30
rads ™1, If its kinetic energy is 360 |, then its
moment of inertia is

a) 0.8 kgm?b) 0.4 kgm?c) 1 kgm? d)1.2 kgm?
A round disc of moment of inertia /; about its
axis perpendicular to its plane and passing
through its centre is placed over another disc
of moment of inertia /; rotating with an
angular velocity w about the same axis. The
final angular velocity of the combination of
discs is

1

fzw

I]w
aJ.‘le

(fi#13)w
)

byw d) }1

A solid sphere is rotating about a diameter at
an angular velocity w. If it cools so that its

radius reduces toiofits original value, its

angular velocity becomes
w 5] .

a]; h); d)n ]
Two particles of masses m; and m, in
projectile motion have velocities ¥; and v,
respectively at time t = 0. They collide at time
t = 0. their velocities become ¥; and v, at time
2ty, while still moving in air. The value of

[(m, vy + myvy) = (myVy + myvs)| is

c) nw

(my 2(my

(m,
C
+my)gty ~ + my)gte

d)2
+m;)gto

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

a) Zero b)

42.

43.

44,

45.

46.

47.

48.

None of
these
A round uniform body of radius R, mass M and
moment of inertia I, rolls down (without
slipping ) an inclined plane making an angle 8
with the horizontal. Then its acceleration is
gsin® gsinB gsin® 1 gsinB
ATY I/MF 71+ MR2,71—1I/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
a) MR? b)%MRE .:)@

almi®> b)lero comi?/n? d)

4
d)§MR2

A particle is projected with 200 ms™*, atan
angle of 60°, At the highest point it explodes
into three particles of equal masses. One goes
vertically upward with velocity 100 ms™!, the
second particle goes vertically downward with
the same velocity as the first. Then what is the
velocity of the third particle?

120 200 50ms™ ! 300
ms™t ms~! verticall _ms™?!

a) . b) . c .
with 60° “with 30° “y horizont

angle angle upwards ally

Two point objects of masses 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 1.5 g where x is

aj10ecm b)6cm c)13cm d)3cm
The centre of mass of a system cannot change
its state of motion, unless there is external
force 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
stopthe between stopped stopped
wheels the by the by the

brake road driver
pads pressing
and the the
wheel pedal
stop the

car

What is moment of inertia in terms of angular
momentum (L) and Kinetic energy (K)?

L2 b L2 L A
3]? )ﬁ O 5z o
A body A of mass M while falling vertically
downwards under gravity breaks into two

parts; a body B of mass %M and a body Cof
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49.

50.

51.

52.

massg M . The centre of mass of bodies B and

C taken together shifts compared to that of
body A towards

Depends
on Does not

2 eighitor Pshily 2 ooayC d)Body R
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
than or
equal to
d)w
dependi
ngon
the
quantity
of
masses

It will

It will be It will be .
remain

a)lessthanb)more «c)

equal to
W than w q

A string is wound round the rim of a mounted
fly wheel of mass 20 kg and radius 20 em. 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™%2 b)25s7? ¢)125s72d)6.25s572
A horizontal force F is applied such that the
block remains stationary then which of the
following statement is false

qL)-{
= F=N
f=mg Fwill N will
[where f [where s it
a)isthe b)Nisthe c)
s produce " produce
friction normal A :
orque orque
force] force] 4 g

A solid cylinder is rolling down on an inclined
plane of angle . The coefficient of static
friction between the plane and cylinder is p;.
The condition for the cylinder not to slip is
& tan @ b)tamlfi‘ o tan @ d)tanﬁ
> 3y > 3s < 3u < 3

B3

54.

a5:

56.

57.

58.

A mass of 10 kg connected at the end of a rod
of negligible mass is rotating in a circle of
radius 30 cm with an angular velocity of

10 rad/sec. If this mass is brought to rest in
10 sec by a brake, what is the magnitude of the
torque applied

aJ09N-m b)1L.2 N-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 myv; + myv, = 0(m, #
m,). The velocity of the composite system is
Uy + Uy

a) Zero  b)u; +1U; c)U; —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 [ =
lyx. The distance of centre of mass of rod from

the origin is
L

2L L L
a) 3 h)? ) 3 d}g
Twao negatively charges particles having
charges e; and e, 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

ey = €3
e = mp=m, em
a)and b ! A
e, only only = gyMy
m = [

Abomb is kept stationary at a point. It
suddenly explodes into two fragments of
masses 1g and 3g. The total KE of the
fragments is 6.4x 10* ]. what is the KE of the
smaller fragment?
2.5 x 3.5 % 4.8x10* | 5.2 x

a) 10%] b)104] C)J d}lﬂq']
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)B80cm b)8cm ) 0.8cm d)80cm
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59. A uniform rod of mass m and length [ is
suspended by means of two light inextensible
strings as shown in figure. Tension in one
string immediately after the other string is cut
is

A ¥}
mg
c)2mg d)T

60. ABC is a triangular plate of uniform thickness.
The sides are in the ratio shown in the figure.
L, Igc, Ic4 are the moments of inertia of the
plate about AB, BC, CA respectively. Which one
of the following relations is correct

"N

Ble—3 ——i

a)% bymg

lcgq is
a)maximu b) 8 c) Isc d)IAB + s
. > Igc > lup =lca
61. A bullet of mass 0.01 kg and travelling at a
speed of 500ms ! strikes a block of mass 2 kg,
which is suspended by a string of length 5m.
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?
L 220
a) 580 ms~b) - c)L4ms 1d)7.8ms™!

62. Arigid body of mass m rotates with the
angular velocity w about an axis at a distance
'a’ 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 1

a) %mk’zwzb)—;—mazwz c) Em(az d)2 m(e
+ KHw? + K)w?
63. Point masses 1, 2, 3 and 4 kg are lying at the
point (0,0, 0), (2,0, 0), (0, 3,0) and (-2,-2,0)
respectively. The moment of inertia of this
system about x-axis will be
) ;?;kg b) 3142 kg 0 i; kg
64. A particle is moving in the x-y plane with a
constant velocity along a line parallel to x-axis

72 kg-

d) o

65.

66.

67.

68.

69.

70.

away from the origin. The magnitude of its

angular momentum about the origin

a) Iszero b) Remainsc) Goes on d) Goes on
constant increasi  decreasi

ng ng

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) Remainsb) Continu c) Continu d) First

unchang ously ously increase
ed decrease increase sand
s S then
decrease

S
A cord is wound round the circumference of
wheel of radius r. The axis of the wheel is
horizontal and moment of inertia about itis 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

’ 2gh 2mgh - 2mgh
2) \fi + mr P) [f + m‘rz_C) I+ 21"1ru"d}w'/m
A disc is of mass M and radius r. The moment

of inertia of it about an axis tangential to its
edge and in plane of the disc or parallel to its
diameter is
b)M_rz d}M_rz

4 2
A coin is of mass 4.8 kg and radius one metre
rolling on a horizontal surface without sliding
with angular velocity 600 rotation/min. What
is total kinetic energy of the coin ?

5 3
— 2 = 2
M4Mr QzMr

4000 _
a)360 ] h)1440n21c)n2] d)600 12 |

An automobile engine develops 100 kW 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 (imass M) both of the same size,
roll down an inclined plane, then

a) Solid  b) Hollow c) Both d) None of
sphere spherica  will these
will 1 shell reach at

reach will the
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71.

72.

T3

74.

5

76.

77.

the reach same
bottom the time
first bottom

first

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

wh_ | em

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

mass mass 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

a) 3mvr  b) ymv d)Zero

mvcos® -
Four spheres of diameter 2a 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

4
Ml = el g T Ma2

51T psM® o2y a5Me
+2Mb%  +2Mb? + 4Mb?

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

a)%MR"— b)%MRZ c}%MRz d)MR?
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)1.76 em ¢)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

78.

79.

80.

81.

82.

Kinetic Kinetic

energy energy

of body  ofbody

at any at any

instant instant KEofB _

after may or Eﬁ;’:gm Both (b)
a) releasingb)may not )M* d}emd (c)

is be when is

inversel inversel springis correct

y y massless

proporti  proporti

onal to onal 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%k5  OVEVE dDVEVT
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) Decreas b) Remainsc) Increase d) Informat
es constant s ion is
incompl
ete
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
D eomt Dot Oxemt
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 3 s will be
2) 15 rad b)ll) rad
/s /s
Two particles of masses 1 kg and 2 kg are
locatedatx; = 0,y; = 0andx, = 1,y, =0
respectively. The centre of mass of the system
isat

100 g

2

xcocm X cm

c¢)5rad/s d)1rad/s
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83.

84.

85.

86.

87.

88.

89.

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)4kgm? c)3 kgm? 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
a) V3 b)3 0) \Ex d)%

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

a)v b)v2v C)V%U d)‘Ev

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

a]y=—5 h)y: EJy=+5 d)y=——20

cm +20m cm cm

Two practical 4 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)dv
When a mass is rotating in a plane about a
fixed point, its angular momentum is directed
along

The li
Aline 1,1"9
perpendi maxe The
cularto " ol 4 The tangent
) the b)of 457 to c) radius d)to the
the .
plane of orbit
i plane of
rotation g
rotation

A pulley of radius 2m 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

90.

91.

92,

93:

94,

95.

96.

axis of rotation is 10kg m?, the number of
rotations made by the pulley before its
direction of motion if reversed, is

a) Less b) More c) More d) More
than 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 rotation  linear
rotation  al motion
al motion
motion

A wheel of moment of inertia 5 x 10 3kg —
m? is making 20 revolutions/sec. The torque
required to stop it in 10 sec is

2m 2 4 4
a)x 1072Nb)x 10N ¢)x 102N d)x 102N
—-m —m —m —m

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

10gh 4gh 4gh
a) ﬂTg b) ﬁ% 5) /% d),/gh

In the above question, find the angular speed
at the bottom

a) 68 rad i])E!.S rad & 17 rad d}34 rad

/sec /sec /sec /sec
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

A thin hollow cylinder open at both ends:

(i) Sliding without rolling

(ii) 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
The maximum and minimum distances of a
comet from the sun are 1.4 x 10'?m and 6 x
109 m respectively. If its velocity nearest to
the sunis 7 x 10*ms™1, what is the velocity in
the farthest position? Assume the paths of
comet in both instantaneous positions are
circular

2) 3 5 7 7

b ; C d
x 103ms’ )x 10°ms’ )x 10°ms’ }>< 103ms’
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97. Inrotational motion of a rigid body, all
particles move with

a) Same b)Same ) With d) With
linear &  linear different  different
angular  and linear linear
velocity  different velocitie velocitie

angular  sand s and

velocity  same different
angular  angular
velocitie  velocitie
s s

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) Decreas c¢) Remain d) Nothing

e unchang definite
ed 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
a)2MR*  b)ZMR? c)zMR? d)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
m M-—m . m
a)l b)M C)M+m d’M+m

101. A spherical solid ball of 1 kg mass and radius

3 cm is rotating about an axis passing through
its centre with an angular velocity of
50 radian/s. The kinetic energy of rotation is

a)4500/ B)90]  ¢)910] d)%j

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 w. 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

a) 4w b)w

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 2

) (7)) () ¢

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 20 rad/s.
When she stretches her arms fully, the
spinning speed decrease in 10 rad/s. If I is the
initial moment of inertia of the dancer, the new
moment of inertia is
a)21i b)31I c)i/2 d)!/3
105. Four point masses P, Q, R and § 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)RandS c)Ronly d)Pand@
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 w. Another disc of same dimensions

but of mass im is placed gently on the first

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

4 3 1
a b)= c)— d)=
V2w )5 w ) 2% }3 w
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

5.29 | 51 51
™ px10tme) " @
/sec /sec

/sec

108. A metre stick is held vertically with one end on
the floor and is then allowed to fall. If the end
touching the floor is not allowed to slip, the
other end will hit the ground with a velocity of
(g =9.8m/s?)

~

a)

/sec

Lowoeloou bovnrbio bowls oalun ol
-

TN T ETET T | STy AT Ii
a)3.2m/s b)54m/s c)7.6m/s d)9.2m/s
109. The centre of mass of a body
a) Lies b) May lie ¢) Lies d) Lies
always within, always always

outside outside inside on the
the body on the the body surface
surface
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110.

111.

112.

113.

114.

115;

116.

117.

of the of the
body body
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 c) Zero d)g
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)20m/s
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?
—d — ) ]
%) my b) my + mzc) m; g
The graph between the angular momentum L

and angular velocity @ will be

a) , b) i*\c) .

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

d)

L

5 mrw?

2 d)

aymreo? b)ymre?/2 c)ymrio

A bullet of mass m hits a target of mass M
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

v

v v
0= p=2Er(y= (1 dy= V28 (
V2gh m M m
) VI )
The instantaneous angular-position of a point
on a rotating wheel is given by the equation
6(t) = 2t3 — 6t2, The torque on the wheel
becomes zero at
t
ajt=2s b)yt=1s c)t= D.st): 0.25 s
A wheel is rolling along the ground with a
speed of 2 ms 1. The magnitude of the velocity

of the points at the extremities of the
horizontal diameter of the wheel is equal to
a) 2v10 msb)2vV3 ms~¢) 2v2 ms—d)2 ms ™1

118. A force FF = 4i — 5] + 3k is acting a point 7; =

119.

120.

121.

122.

L3

i + 2 + 3k. The torque acting about a point
7, = 31— 2] — 3kis

421 4271 42i
a)Zero b)—30j ¢)+30f] d)+30f
+ 6k + 6k — 6k

A thin rod of length 'L’ lying along the x-axis
with its ends at x = 0 and x = L. lts linear

density (mass/length) varies with x as k (J-:-)n,
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

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)yv3:v/5 b)3:5 c)v5:v/3 d)5:3
A circular disc X of radius R is made from an
iron plate of thickness t, and another disc Y of
radius 4R is made from an iron plate of
thickness t/4. Then the relation between the
moment of inertia Iy and Iy is

I ! I}

). 3 ks D 16 2 =4 D 44 I,
The moment of inertia of a body does not
depend upon
a) The b) The c) The d) The axis

angular  massof  distribut of
velocity  the body ionof rotation
of the massin  ofthe
body the body body

The centre of mass of three particles of masses

1 kg, 2kg and 3kgis 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
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125.

126.

127.

128.

129.

velocity v m/s. If sphere climbs up to height h
then value of v should be

T

h
—_— l

10
V2 | gh)=2gh O2gh  d)—gh

A loded spring gun of mass M fires a shot of
mass m with a velocity v at an angle of
elevation 6. The gun was initially at rest on a
horizontal frictionless surface. After firing, the
centre of mass of gun-shot system

/N

Moves Moves
with a with
Moves velocity velocity
with a LA ~ (fclmnia L
a) locity b)M cos® e c) Remain d) (M+m)
veloacl atrest :
my the _ in the
M horizont horizont
al al
direction direction

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

D s r2MR
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)2] b)3Jj c)0] dy1j
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

2 :
b)z m M2R%) 80m* MR d)80r R

a) Increase b) Decreas ¢) Remain d) Increase

bya ebya constant bya
factor of  factor of factor of
4 2 2

Two observers are situated in different inertial
reference frames. Then

a) The b) The c) The d) None of
moment moment  kinetic the
um of a um ofa energy above

130.

131.

132.

133.

body by  body measure
both measure dhy
observer dby both
s may be both observer
same observer s must
s must be same
be same

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 v, the recoil
speed of the gun will be
m m M

H]Ev h).J'»-f+:«1'1' ﬂr’l’+1ﬂ"1vd)Eu
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

mg! mgl mgl
aymgl  b) 29 0 ,f d) f

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

2 A 2 7
A3 D)7 Az D3

vc)

[n the absence of external torque for a body
revolving about any axis, the quantity that
remains constant is

a) Kinetic b) Potentia c) Linear d) Angular
energy lenergy moment moment
uim um

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

135.

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
2M 2m
a)

M4+ 2m
b) «©)
M4+2m™ "M+2m 2M

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 c)2L/3  d)3L/4

ZM+m

)

136. A particle performs uniform circular motion

137.

with an angular momentum L, if the frequency

of particles motion is doubled and its KE is

halved, the angular momentum becomes

a)4L b)0.5L c) 2L d)0.25L

The moment of momentum is called

a) Couple b) Torque c) Impulse d) Angular
moment
um

2M ¢
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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/N12 b)L2/12 o) L/N3  dLN?

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 thatg =
9.81 ms~?, time taken is
a) 0.68s b)06s ¢) 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 [. Then,
radius of the disc will be

2R 2 4R R

a]ﬁ b)R TE C)Vf-—l—s d);

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

a)2mi?  b)V3mi2 )3mli?  d)ymi?
142.In an elastic collision
a) Only KE b) Only ¢) Both KE d) Neither
if system  moment and KE nor

is um is moment moment

consery  conserv.  umare um is

ed ed conserv  conserv
ed ed

143. Two bodies A and B of definite shape
(dimensions of bodies are not ignored). 4 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
restand move move
ma
a) B moves b) perpendic) y d)perpendi
, come to

with cular to - cular to
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

2) ML? b) ML? o TML? d}J'v;f.L2
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 ) Discwill d) All of
sphere sphere reach them
reaches  reaches  the reach
the the bottom the
bottom bottom first bottom
first late at the
same
time

146. A system of three particles having masses
my = 1 kg and m; = 4 kg respectively is
connected by two light springs. The
acceleration of the three particles at any
instantare 1ms™2,2ms~2 and 0.5 ms ™2
respectively directed as shown in the figure.
The net external force acting on the system is
a)1N b) 7N c) 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 ], the kinetic energy of the bullet and
the gun respectively are
a) 200],5]b) 2000], ¢)5]J,200]d)50],
50] 2000]
148. The radius of gyration of a solid sphere of
radius r about a certain axis is r. The distance
of this axis from the centre of the sphere is
a)r b)0.5r  )V06r dVO4Ar

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
increase increase increase the
s the s the s the flywheel
power speed moment  fan from
of breakag
inertia €

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 0. 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 9

FT F'[

(i) (i)
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151.

152.

153.

154,

155.

156.

a) More b)More c) Same d)Informat
accelera  accelera accelera ionis
tionwill tionwill tionwill incompl
be be be ete
produce produce produce
din (i) d in (ii) d in both

conditio
ns

In a metallic triangular sheet ABC,AB = BC =

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

2 2 2 2
£ Ml 0 Ml d)ME
4 12 6 18

Moment of inertia of a ring of mass m = 3 gim

and radius r = 1 cm about an axis passing
through its edge and parallel to its natural axis

is

10 g- 100 g-
2) cm? b) cm?

A parallel undergoes uniform circular motion.

About which point on the plane of the circle,

will the angular momentum of the particle

remain conserved

c)6 g-cm? d)1 g-cm?

a) Centre b) Onthe c) Inside d) Outside
of the circumfe the the
circle rence of circle circle

the
circle

A wheel of mass 8 kg and radius 40 cm is
rolling on a horizontal road with angular
velocity of 15 rad s 1. The moment of inertia
of the wheel about its axis is 0.64 kg m~2. Total
KE of wheel is

a) 288] b)216] ) 72] d) 144 ]
Moment of inertia of a hollow cylinder of mass
M and radius r about its own axis is

a)%Mrz h)%Mrz EJ%M:‘Z dyMr?
Consider a body, shown in figure, consisting of
two identical balls, each of mass M connected
by a light rigid rod. If an impulse | = MV is
imparted to the body at one of its ends, what

would be its angular velocity
f L gl

157.

158.

159,

160.

161.

162.

163.

a)lV/L b2v/L o V/3L d)V/4L
A flywheel rotates with a uniform angular
acceleration. Its angular velocity increases
from 20m rads™! to 40 wrads™! in 10 s. how
many rotations did it make in this period?
a) 80 b) 100 c) 120 d) 150
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

Th
cetftre of e
The The centre of
third third “;355 oF  nasst
sphere sphere the the
a) will start?) will start®) system  d) system
. : ill have
moving  moving ::";ml will have
att:i att:ﬂ a final
2u u  speedu/
3 speed u

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 5 rad/s? must be applied about that axis for

ajJésec b)Ssec c)dsec d)3sec
Two bodies with moment of inertia [; and [,
(such that /; > [5) have equal angular velocity.
[f their kinetic energy of rotation are E, and E;
then

a)E, = E; b)E, >E, ¢)E, <E, d)E; =E,
Two bodies of moment of inertia /4 and I,
(13 > I5) have equal angular momenta. If £, E5
are their kinetic energies of rotation, then
Cannot
be said
2 bodies of different masses of 2 kg and 4 kg
are moving with velacities 20 m/s and 10 m/s
towards each other due to mutual
gravitational attraction. What is the velocity of
their centre of mass

a)5m/s b)om/s <c)8m/s d)Zero
Two bodies of mass m and 4m are moving
with equal linear momentum. The ratio their
kinetic energies is
a)l:4 b)4:1

a]51 >’E2 b)E]_:EZ C)El <Ez d)

) 1:1 d)1:12
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164. A person standing on a rotating platform has
his hands lowered. He suddenly outstretch his
arms. The angular momentum
a) Becomesb) Increase ¢) Decreas d) Remains

ZET0 s es 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 4m are
arranged at the corners of a parallelogram
with each inside equal to @ and one of the
angle between two adjacent sides is 60°. The
parallelogram lies in the x-y plane with mass
m at the origin and 4m on the x-axis. The
centre of mass of the arrangement will be

located at
V3 v _/3a a a 3a
—q, 0.%b)( 0. —)}|—,=] d)|=,—
a](za'o )(095‘1’ F)(4’2) )(2 4)

167. The angular momentum of a system of
particles is conserved
a) When b)When «¢) When d)When

no no no axis of
external external external rotation
force torque impulse  remains
acts acts on acts same
upon the the upon the

system system system

168. A wheel of moment of inertia 2.5 Kg-m? has an
initial angular velocity of 40 rads Lo
constant torque of 10 Nm acts on the wheel.
The time during which the wheel is
accelerated to 60 rads™! is
a)4ds b)6s c)5s d)25s

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

L, horizontally in such a way that boy gets ith

load. If the boy is at one end of the rod, the
distance of the man from the other end is
A5 By 93 OF

170. A body is rolling down an inclined plane. [f K.E.
of rotation is 40% of K.E. in translatory state,
then the body is a
a) Ring  b) Cylinder ¢) 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
ML? ML? TML? TML?

2) 6 k) 12 & 24 9 48

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

, . R,
a small disc of mass M and radlusg is removed

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
a]FMRZ b)MR?  ¢)4 MR? d}aﬂfﬁ’z

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?  b)3/2 Mr?c)Mr? d)1/2 Mr?

175. A flywheel is in the form of solid circular wheel
of mass 72 kg and radius of 0.5m and it takes
70 r.p. m, then the energy of revolution is

a)24] b)240] c¢)2.4] d)2400]

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

c) (3/2)L d)illlz).{,

177. The distance between the carbon atom and the
oxygen atom in a carbon monoxide molecule is

a)L/4  b)L/2

1.1A Given, mass of carbon atom is 12 a. 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 1Afrom 0634 0124
from the _ . the
a b 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

from the d from the
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motion without rotation. Find the location of P
with respect to C.
- -

Al 18
il
F—» If’
c
2 3 4

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

2 MR? MR? None of
a)MR b) 5 c) 3 d)these

180. A system consisting of two masses connected
by a massless rod lies along the x-axis. A
0.4 kg mass is at a distance x = 2m while a
0.6 kg mass is at a distance x = 7m. The x-
coordinate of the centre of mass is

a)5m b)3s5m )45m  d)4m

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

a)5m b)48m ¢)32m d)3.0m

182. In the given figure four identical spheres of
equal mass m are suspended by wires of equal
length 1, 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

|

| P
S aas
AV, bYViEh oVeh @ [E

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

LZ
% (ﬁ MI2

1 3
b)— —MR? d)=MR?
) 93 )ZM

a)+R2 3
4

184. A sphere rolls down on an inclined plane of
inclination 6. What is the acceleration as the
sphere reaches bottom

3];9 sin @ b)%g siné@ c)%gsinﬂ d}%g sin@

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

a) (0,0,0) b)(7.575,¢) (1,2,3) d)(4,4,4)
7.5)
186. Moment of inertia of a disc about its own axis

is 1. Its moment of inertia about a tangential
axis in its plane is

5 3
a)= 1 b)3 I 051 d)21

187. Turning effect is produced by
a) Tangentib) Radial c¢) Transve d) None of

al compon  rse these
compon  entof compon

ent of force ent 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

L

al]L=nR b)i AR c)L :% d)= %R
189. Very thin ring of radius R is rotated about its
centre. It's radius will
a) Increase b) Decreas c) Change d) None of
e 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) Towardsc) Tangentid) 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
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’1(1 ’6 ’4
a) ?gh b)m ‘:) ggh. d) Egh

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

Iy Iy
— b)— 8! d)2i
a) 3 )4 c) 8l )21,

193. The curve between log, L and log, P is (L is
the angular momentum and P is the linear
momentum)

a) b) c) \d) V

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

1—e 1+e 1+e 1—e

b d)
a)1+e )1—3 ©) 2 2l g

195. The motion of planets in the solar system is an
example of conservation of

log L

log L

log L
log L

a) Mass  b) Moment ¢) Angular d) Kinetic
um moment energy
um

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

AVIE) bEH o)

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 r. Moment of inertia of the
system about an axis passing through the
centre of rod and perpendicular to its length is

-
d)l'i'ﬁ

M : M
Axis of rotation

R mo R
|
|

f—i—]

ml? MI? 1
12 12 2 ——

1 1 2 12
3]+ZMR2 b)+EmR2 o)+ d)+ MR?
1
1 1 MIZ M2
—MI? —ml? s
+7 +om +13

198. If a cycle wheel of radius 4 m completes one
revolution in two second, the acceleration of
the cycle inms =2 is

a)4 b)4m? c) 2m? d)m?
199.In a rectangle ABCD (BC = 2 AB). The
moment of inertia along which axes will be

minimum

-
B C
E -+
A n

H
a)BC b)BD ¢)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

gy "N "N "N
a)15 b)12 )15 d)18
-m -m -m -m

201. Three identical balls A, B and € are lying on a
horizontal frictionless table as shown in figure.
If ball 4 is imparted a velocity v towards B and
C and the collisions are perfectly elastic, then

finally
E(?tl‘:]]:S to Al
dFB All th
rest and an i ¢ All the
balls 2 :;:taand haﬁle:rnil threg
dC b : d)ball
4Jan )ball c ©) out with Joalls
roll out come to
. roll out speed v/
with i rest
with 3 each
sped v/2
speed v
each

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

D? I D? =

M{— M[— M|— M|—

( 4 (16 ( 4 (12
)

A 2y P o 2y D ope
+E +? +E +E
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205.

The M.L of a body about the given axis is

1.2 kg x m? initially the body is at rest. In

order to produce a rotational kinetic energy of
1500 /, an angular acceleration of 25 rad /sec?

must be applied about that axis for duration of
a)dsec b)2sec c)8sec d)10sec

204. A circular disc is to be made by using iron and

205.

206.

207.

208.

2009.

aluminium, so that it acquires maximum
moment of inertia about its geometrical axis. It
is possible with

a) Iron andb) Alumini c) Iron at d) Either

aluminiu  um at interior  (a)or
m layers interior  and (c)
in andiron aluminiu
alternat surroun m
e order ding it surroun

ding it

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 ¢)0.6457 Ad)0.3260 A
Two particles of masses m; and m; initially at
rest start maving towards each other under
their mutual force of attraction. The speed of
the centre of mass at any time ¢, when they are
at a distance r apart, is

momy myms, mym;
b(6 =0 (650 (6

a) Zero
A sphere of mass 0.5 kg and diameter 1m rolls
without sliding with a constant velocity of
5 m/s, calculate what is the ratio of the

rotational K. E. to the total kinetic energy of

the sphere
7 5 2 1
i h)—= = d)=
75 )7 7 )3

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

39 .5 .39 49 49
A 1m long rod has a mass of 0.12 kg. What is
the moment of inertia about an axis passing
through the centre and perpendicular to the

length of rod

0.01kg- 10kg-
a) ,
m

0.001kg
i c e

b) " Y1kg-m? d)

210.

211.

o

213.

214.

215

About which axis in the following figure the
moment of inertia of the rectangular lamina is
maximum?

ZI - 3
//r '
a)l b) 2 c)3 d) 4
A ring starts to roll down the inclined plane of
height h without slipping. The velocity with
which it reaches the ground is

The angular momentum of particle

a) Is b) Along ¢) Inclined d) Has no
perpend the at any particula
icularto  planeof angle r
the motion with the  directio
plane of plane n
the
surface
in which
it moves

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

o
4@ ‘j im ;?kﬂ
kg
12.04 10.04 11.50 5.04 kg-
3) kg-m? h)kg—mz ©) kg-m? fi)m“E

A constant torque of 1000 N-m turns a wheel
of moment of inertia 200kg-m? about an axis
through its centre. lts angular velocity after
3 secis

1rad S5rad 10 rad 15 rad

a C

/sec /sec /sec /sec
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 mass of the new disc is% from the center of

the bigger disc the value of « is

1 1 1 1
= by— = d)—
U3 )2 V% %
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216. If solid sphere and solid cylinder of same
radius and density rotate about their own axis,
the moment of inertia will be greater for (L =
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

. L .
the rod at a distance = from one end is

2 2 2 2
2) ML b]ML 0 TML d}7ML
6 12 24 48

218. The moments of inertia of two freely rotating
bodies A and B are I, and I respectively. [, >
1 and their angular momenta are equal. If K,
and Ky are their kinetic energies, then

K
a)K, = Kg b)Ky > Kg ©) Ky < Ky d):"‘ZKB

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 h)\% c}% d)g

220. The position of a particle is given by r=1 + 2j -
k and its linear momentum is given by p = 31
+ 4] - 2 +k then its angular momentum, about
the origin is perpendicular to

a) yz-planeb)z-axis c)y-axis d)x-axis

221. Moment of inertia of a uniform circular disc
about a diameter is [. [ts moment of inertia
about an axis L to its plane and passing
through a point on its will be

a)5/ b) 31 c) 61 d)4i

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 ¢) 1000 d) 2000

223. If 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

7

12 10
i h—
a)3m J,?m

9Fm  dm

224. A wheel of mass 10 kg has a moment of inertia
of 160 kg-m* about its own axis, the radius of
gyration will be
a)l0m b)8m c)em d)4m

225. Five particles of mass 2 kg 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

kg- kg-

0.1 0.2
1kg-m? b 2kg-m? d
a)lkgm?b) ;"0 2kg-m?d)

226.If the external torque acting on a system 7 = 0,

then
aJw=0 bla=0 oj=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 of inertia by factor of n. The new
angular speed of turn table is proportional to

ajn byn~! c)n® d)n?

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

a]%M(lﬁ b)%M(U% C)EM(Vl d)ZM(vi

— vp)° - v3)? —v,)? —v2)

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) Remainsc) Goes on d) Goes on

constant  increasi
ng ng

230. A swimmer while jumping into water from a
height easily forms a loop in the air, if

decreasi

a) He pulls b) He c) He d) None of
hisarms spreads keeps the
andlegs hisarms himself  above
in and legs  straight

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

g g g
a) Zero b) 2 c) > d) >
232.0ne 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 Izsuch that
I, dg
a]{q = er b)!rA = "B’ C)IA < "B d)_‘ = —
I dg
233. A uniform rod of length 2L is placed with one
end in contact with the horizontal and is then
inclined at an angle a to the horizontal and
allowed to fall without slipping at contact
point. When it becomes horizontal, its angular

velocity will be

b o o e e e e e e e e e R e e e M e R R S M M S M e S S R e S S G M M M e R R S e R e S M M R M e e R
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w i3] w [ed]

3]__ 33’5[]3)_ ZLC)"_ 635]{[)_ 2L
B 21 [3gsi 21 ]gsin

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, Sb) SC, S, HCc) S, SC, HCd) HC, SC, S

235, Masses 8, 2,4, 2 kg are placed at the corners
A, B, C, D respectively of a square ABCD of
diagonal 80 ¢m. The distance of centre of mass
from A will be

a)20ecm b)30cm )40cm d)e0cm

236. The moment of inertia of a solid sphere about

an axis passing through centre of gravity is

2 . . .
;MRZ , then its radius of gyration about a

parallel axis at a distance 2R from first axis is

22 ) 12
5R by |— =R i [ o
) ) [Zr o ) [+

237. 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)04em b)24cm c¢)1.8cm d)l.2em

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]ﬁgh b)\/%gh 0)JAgh d)J2gh

239. Which is a vector quantity
a) Work b) Power c¢) Torque d) Gravitati
onal
constant
240. What is the moment of inertia of solid sphere

of density p and radius R about its diameter?

105 105 176 176
a)—R°p b)—R%*p C 5
J7g R D)7 R 55

241. A fly wheel of moment of inertia 3 x
10? kg m? is rotating with uniform angular
speed of 4.6 rad s~ 1. If a torque of 6.9 X
10°N m retards the wheel, then the time in
which the wheel comes to rest is
a)lss b)Zs c)0.5s d)1s

242.

243.

The moment of inertia of a circular disc of
radius 2 m and mass 1 kg about an axis
passing through the centre of mass but
perpendicular to the plane of the disc is
2 kg m?. Its moment of inertia about an axis
parallel to this axis but passing through the
edge of the disc is ............ (see the given
figure)
X

a)8 kgm? b)4 kgm? )10 kgm?d)6 kgm?
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

(3M (3M

al16mR? b Fc i) Zero
] )+ 16m)—. )+ 12m)—, )

244. A solid sphere of mass 500 g and radius 10 cm

245.

rolls without slipping with the velocity
20 cm/s. The total kinetic energy of the sphere
will be

a)0.014] b)0.028] ¢)280] d)140]
A thin uniform square lamina of side a is
placed in the xy-plane with its sides parallel
to x and y-axis and with its centre coinciding
with origin. [ts moment of inertia about an axis
passing through a point on the y-axis ata
distance y = 2Za 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 =
d and perpendicular to xy-plane. Then value of
dis

7 47 9 51
a)sa b) i csa d) Sa

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

T i k
F ——[ my }‘—'mﬁ"m—- F

a) The b) The ¢) The d) None of
accelera  accelera system the
tion of tion of always above
centre of centre of remains
mass mass in rest
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247.

248.

249,

250.

251.

musthe  may be
zero at zero at
every every

instant instant

A horizontal platform is rotating with uniform
angular velocity around the vertical axis
passing through its centre. At some instant of
time a viscous fluid of mass ‘m’ is dropped at
the centre and is allowed to spread out and
finally fall. The angular velocity during this
period
a) Decreas b) Decreas c) Remainsd) Increase
es es unaltere s

continuo initially d continuo
usly and usly
increase
s again

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

Four
Square rods of
5 Disc of Ring of lamina length
radiusa “radiusa " of side 2a
Za making a
square

The rectangular block shown in the figure is
rotated in turn aboutx —x,y —yandz —z
axes passing through its centre of mass 0. Its
moment of inertia is

¥
B —
y" !
2
Equal
Same Maximu al[:fout Maximu
aboutall, . m about m about
a) b) cx—x d)
the three "z —2z y—y
; andy — ;
axes axis axis
Y axes

A uniform rod of length L and mass 1.8 kg 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)l8 N b)27 N C)29N d)45 N
The moment of inertia of a flywheel having
kinetic energy 360 [ and angular speed of
20rad/sis

a) 18kgm? b)1.8kgm?¢) 2.5kgm?* d)9kgm?
252. The angular momentum of a wheel changes
from 2L to 5L in 3 seconds. 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 8, 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

Slides Slides Slides
A down down
the the
the S S Stays at
. inclined  inclined
inclined - i rest on
plane P P the
and g i inclined
a) b)reaches c)reaches d)
reaches the e plane
the and will
ground  ground i
ground ) ) not slide
with with with down
! velocity  wvelocity ]
1
:;e R 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

I 3
21 b)- =1 d)!
a) ;95 )

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) Horizonth) Centre c¢) Line d) Point of
al ofone of jointing  intersect
surface the balls  centres ion of

of any the
two medians
balls

256. Two bodies have their moments of inertia [
and 27 respectively about their axis of rotation.
[f their kinetic energies of rotation are equal,
their angular momentum will be in the ratio

2)1t#2  DREi1 21 DIz

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

ajrrad b)Smrad c)10mrad d)20nr rad
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258.

[dentify 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¢)3,41,2d)4,1,2,3

259. A ball strikes a horizontal floor at an angle 8 =

260.

261.

262.

45°, The coefficient 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

A force of 200 N acts tangentially on the rim of
awheel 25 cm in radius. Find the torque

a) 50Nm b)150Nm ¢) 75Nm d) 39 Nm
Moment of inertia of a sphere of mass M and
radius R is I. Keeping M constantif a graph is
plotted between I and R, then its form would

be
;Dd} IL

a) | b) ,
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?

a F

¥

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

263. A solid sphere of radius R has moment of

inertia / about its geometrical axis. If it is
melted into a disc of radius r and thickness t. If
its moment of inertia about the tangential axis
(which is perpendicular to plane of the disc), is
also equal to /, then the value of r is equal to

)

a]iﬁ’ h)iR c)iﬁ' d)ﬁﬁ’
V15 V5 V15 V15

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)1:1 b) 2:1 ¢) 142 d) 4:1

265. Moment of inertia of 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 -

2 SF

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

a)l b) d)! + MR?

i
R
bL=VERO)L == d)_ \ER

267. A ball falls freely from a height of 45m. When
the ball is at a height of 25 m, it explodes into
two 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)l10m Db)20m ¢)15m d)30m

268. A body comes running and sits on a rotating
platform. What is conserved
a) Linear b) Kinetic ¢) Angular d) None of

moment  energy moment  the
um um

aJL=R

above
269.Acc0rding to the theorem of parallel axes I =
I.m + Mx?, the graph between I and x will be

NP vl

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 of inertia of the rod

. mi? e ;
about A4 is mT the initial angular acceleration
of the rod will be
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a]z?:—'? b)mgé C)g—gi d)~32—'?—

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 c¢) 1.8cm d)1.2cm

272. Two spheres of masses ZM 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

12gm

/s?

273. Aring of radius 0.5 m and mass 10 kg is
rotating about its diameter with angular
velocity of 20 rad/s. Its kinetic energy is

a)l10] b)100/ «¢)500) d)250)

274. A body of moment of inertia of 3 kg-m?

a)0m/s? b)gm/s? c)3gm/s?d)

rotating with an angular velocity of 2 rad/sec
has the same kinetic energy as amassof 12 kg
moving a velocity of
a)8m/s b)05Sm/s c)Zm/fs d)lm/s
275. Before jumping in water from above a
swimmer bends his body to
a) Increase b) Decreas ¢) Decreas d) Reduce

moment e e the the

of moment  angular  angular

inertia of moment  velocity
inertia um

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 x = 0 and the cartatx =
10m. If the man pulls the cart by the rope, the
man and the cart will meet at the point

They

will

b)Jx=5m c)x = mmd)never

a)x=10
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 0 and perpendicular to its

plane is
!

!

Mi? MI?

4 2
- MI? b)— —_— d)= MI?
a]BMI )3 c)ﬁ )3M!

278. Three identical spheres of mass M each are
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

IVEE- PO+ Oi+I/3 Di+in

279. When a disc is rotating with angular velocity
w, 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) lcm b) 2 cm c) 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

determi  rolling rotating  applying
ning them them equal
their simultan abouta torque
moment  eously common onthem
s of on an axis of

inertia inclined  rotation

about plane

their

coaxial

axes

281. As disc like reel with massless thread unrolls
itself while falling vertically downwards the
acceleration of its fall is

alg b)g ¢) Zero d)@) g
282. Two stars of mass m, and m, are partofa
binary star system. The radii of their orbits are
r; and r, respectively, measured from the C.M.
of the system. The magnitude of acceleration
of my is
mym,G my G m,G (my +m;
2 (n+m)* (n+1)? (n+1)7 7 (1 +713)
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283. Two thin uniform circular rings each of radius
10 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
15 1.5 18
b)5 x 103 d
31073 D) 103 D04

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  c) Disc will d) All reach
sphere sphere reach the
reaches reaches the bottom
the the bottom at the
bottom bottom first same
first last time

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)1:81 b)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 directc) In d) In direct
inverse ratio of inverse ratio of
ratio of square ratio of masses
square of masses of
of masses of particles
masses of particles
of 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  d)3L/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

Moment  Kinetic Kinetic

Moment
ajumis;  pyenergyisgyumis )"0 S
mMv L 2 1 m?v?
(m+M) 1 me 2 (M+m)

290. From a disc of radius R, a concentric circular
portion of radius r 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

1 M(R2 lM{Rz EM(R'} lM’[R‘*
a)?2 b)2 c)?2 d)z
+1r?) —7r?) +1H —ph)

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 . L e T M2

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% ¢)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, shell, disc,
sphere ring ring shell

294. A cylinder rolls down an inclined plane of
inclination 30°, the acceleration of cylinder is
a) g/3 b) g c) g/2 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
w rad/sec is equal to
I None of
a]a b)lw? o) lw d}these
297.1f a force acts on a body at a point away from
the centre of mass, then

a) Linear b) Angular ¢) Both d) None of
accelera accelera  change these
tion tion
changes  changes
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298. The speed of a homogenous solid sphere after
rolling down an inclined plane of vertical
height h from rest without sliding is

aJ\/ggh b)\}ggh OVeh @ f’gi

299. A solid cylinder is rolling down on an inclined
plane of angle 8. The coefficient of static
fraction between the plane and cylinder is ps.
Then condition for the cylinder not to slip is

tan tan® tan 0 tan @
a) b) c)
= 3| > 3 2 3l < 33U

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)
moment magnitu  mechani and (c)
um of de of cal are
each moment  energy correct.
particle  um of of
remains  both system
constant  bodies remains
separate are constant
ly same 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
- b)2L 4L d)—
a3 b 2 5

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 w,. 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

(1) alf) a(r) (1)
T e —Tﬁmn e )
a) b) )
— ] —_—

— —

303. Particles of masses m, 2m, 3m, ... ..., nm grams
are placed on the same line at distances
[,21,31,.......,nl cm from a fixed point. The

distance of centre of mass of the particles from
the fixed point in centimeters is
3 (2n + l)ib) l 0 n(n? + 1:d} 2l
3 n+1 2
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
moment energy the
um um above
305. Two rods each of mass m and length I 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 b)yml?/6 c)ml?/3 d)ml?/2
306. The vector product of the force (F) and
distance (r) from the centre of action
represents
a) KE b) PE c) Work  d) Torque
307. Arod 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

a)\/3gl  b)|2gl

308. A solid cylinder rolls down an inclined plane of
height 3 m and reaches the bottom of plane
with angular velocity of 2v/2 rad. s™'. The
radius of cylinder must be [Take g = 10ms ]

a)5cm b)05em )Vi0em d)VsEm

309. When two bodies collide elastically, the force
of interaction between them is

moment

None of

2 M2 d
©) )these

a) Conserv b) Non- c) Either d) Zero
ative conserv  conserv
ative ative or
non-
conserv
ative

; N ;
310. A disc of moment of inertia - kg m? is

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

a)1467 ) b)1452)] «¢)1567) d)1632]

n(n?+1
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311. The distance of the centre of mass of the T-
shaped plate from O is

I 8 m =
S ——
[}
A
3m : Im
i E
=
i
I
L1

a)7m bY27m c¢)4m d)1m
312. The moment of inertia of a circular ring of
radius r and mass M about diameter is
AMr:  b)IMr? I M2 d); Mr?
313. A solid sphere of mass 1kg, radius 10cm rolls
down an inclined plane of height 7m. The
velocity of its centre as it reaches the ground
level is
a)7m/s b)10m/s c)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)piipz b)pipail c)lipype d)paip
315. A flywheel rotating about a fixed axis has a
kinetic energy of 360 joule when its angular
speed is 30 rad/sec. The moment of inertia of
the wheel about the axis of rotation is
a](}.6 kg b 0.15 kg & 0.8 kg a0

x m? X m? X m?
316. A particle of mass m moving with a velocity
(31 + 2j)ms ™! collides with a stationary body
mass M and finally moves with a velocity

o ims LI Bl
(=2i+ms™ . If M—la,then

0.75 kg
3 m?

The : The =

impulse {oui

received e oy coefficie Al the

of the above

a)by each b);g cyntof g

& A restituti ~ aT€

,m(51 + 10t cmsi?l CORRRES

0 ),

317. The principle of conservation of angular
momentum, states that angular momentum
a) Always b)Isthe «¢) Remainsd) None of
remains product conserv  these
conserv  of ed until
ed moment the

of torque
inertia acting
and on it
velocity  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 ane of
the rings is (mass of the ring = m and radius =

r)

1 3
a]imr2 bymr? t:)Emrz 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
moment moment impulse
um um
320. The instantaneous velocity of a point B of the
given rod of length 0.5 mis 3ms™" in the
represented direction. The angular velocity of
the rod for minimum velocity of end A is

&
() ()

A [
15 5.2 25
a] radsT™ b)rau:ls_l ) rads™ these
321. A solid sphere rolls down two different
inclined planes of same length, but of different
inclinations. In both cases
a) Speed b)Speed «¢) Speed d) Speed

None of

and time  will be will be and time

of same, different of

descent buttime ,but descent

will be of time of both are

same descent  descent  different
will be will be

different 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 v along the
line joining A and B, and collides with A. Then
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€] [Afwr(z)

The KEo TheKE

the A — of the
B A—B The The
maximu  maximu
system,  System,
o - m m
maximy  maximu c?mpres c?mpres
a) s i c)sion of d)sion of

compres compres the. . the. .
o Sian b springis spring is
the fiL m
the o UJ: UJ;
spring,is SPringis
Zero %mvz
323. A reel of thread unrolls itself falling down
under gravity. Neglecting mass of the thread,
the acceleration of the reel is
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 ‘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 respectto C
e— | —i

4 2 3
- b)! = d)=
a]B.E ) C)3£ )21

325. If the external forces acting on a system have
zero resultant, the center of mass
a) May b) May ¢) Must notd) None of

move Accelera move the
but not te above
accelera

te

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

yup y down ; : :
irection ly with
Awith Hwith o) recton qallyw
: ; with velocity
velocity  velocity ,
velocity vy
Vg L5}

Vg

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) Convert b) Dissipat c¢) Decreas d) Decreas

s es es the es the
translati ~ energy rotation  rotation
onal as heat al al and
energy motion translati
to onal
rotation motions
al

energy

329. A solid sphere of mass 2 kg rolls on a smooth
horizontal surface at 10 ms™*, It then rollsup a
smooth inclined plane of inclination 30° with
the horizontal. The height attained by the
sphere before it stops is
a) 700cm b)701em ¢) 71 m  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 «¢) They d)Both (a)
reachat reachat reachat and (c)
ground ground ground are
with with with correct
same same same
magnitu  kinetic speed
de of energy
moment
aif
bodies
have
same
masses

331. A cylinder rolls down an inclined plane of
inclination 30°, the acceleration of cylinder is
9 wg  oF o
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° c)90° d)120°
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335

334.

335.

336.

337

338.

339.

A ring of radius R is first rotated with an
angular velocity wg and then carefully placed
on a rough horizontal surface. The coefficient
of friction between the surface and the ring is
p. Time after which its angular speed if
reduced to half is

wolR b 2wy R 5 woR d}mog

2g Hg 2pg 2uR

A small object of uniform density roll up a
curved surface with an initial velocity v. If

] : 3v?
reaches up to a maximum height of4—l; with

respect to the initial position. The object is

N o J

a) Ring b) Solid  ¢) Hollow d) Disc
sphere sphere

A cylinder of 500 g and radius 10 cm has

moment of inertia (about its natural axis)

25x% 2x 5 x 3.5 x
a)1073 kg-b) 1072 kg-c) 1073 kg-d)10~2 kg-
m? m? m? m?

Two objects of masses 200g and 500g possess
velocities 10i m/s and 30 + 5] m/s
respectively. The velocity of their centre of
mass in m/s is
% .. 25 5

a) 5i — 25§ h)?i — 25j¢) 51 +7fd)253 ==}
The moment of inertia of a sphere of mass M
and radius R about an axis passing through its
centre is EMR’z. The radius of gyration of the

sphere about a parallel axis to the above and
tangent to the sphere is

R

;i w

a]ZR h)ER c) Z\r d)
5 5 5

A thin uniform rod of length [ and mass m is

swinging freely about a horizontal axis passing

through its end. Its maximum angular speed is

w. Its centre of mass rises to maximum height

of

2,2 11 2,,2 2.2
a]liw 1lw E)l!w d)liw
3 8 6 g 2 g 6 8

A circular disc rolls down an inclined plane.
The ration of rotational kinetic energy to total
kinetic energy is

340.

341.

342.

343.

1 1 2 3
a)> b)~ )= d)—

2 3 3 4
Twao particles of masses m; and m; in
projectile motion have velocities V; and V,
respectively at time t = 0. They collide at time
ty. Their velocities become V', and V', at time
2ty while still moving in air. The value of

[((m, V') + mpV'5) — (myVy — myVy)] is

(my 2(my +
+m,)gty “ m;)gty

d)f (ml
+m;)gty

In case of explosion of a bomb, which of the
following changes?
a) Kinetic b) Mechanic) Chemicad) Energy

energy cal | energy

energy

There are two identical balls of same material,
one being solid and the other being hollow.
How will you distinguish them without

a)Zero b)

weighing?

a) By b) By ¢) By d) By any
spinning determi  rolling one of
them ning them these
using their downan methods
equal moment  inclined
torques  of plane

inertia
Two blocks 4 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

3 B
Smooth
a)lm b)2m c)3m d) None of
these

344. Calculate the angular momentum of a body

345.

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 1077 kg m?
4 2 6
2) x 1072 kb)x 102 k) x 10~ k) 02e Of
these
/s /s /s
The acceleration of the centre of mass of a
uniform solid disc rolling down an inclined
plane of angle a is
2/3¢g sinc) 1/2¢g Smd):[ﬁ g sin

i b
a)gsina )a o
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346. (1) Centre of gravity (C. G.) of a body is the
point at which the weight of the body acts
(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 at its 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)VZ:1 b)W2:43 V3:v2 d)1:V2

348. The centre of mass of a system of two particles

divides. The distance between them is

a) In b) Indirectc) In d) In direct
inverse  rationof inverse  rationof
ratio of square ration of masses
square of masses of
of masses of particles
masses of particles
of particles
particles

349. If the earth is a point mass of 6 x 10** kg
revolving around the sun at a distance of 1.5 X
10® km and in time T = 3.14 x 107s, then the
angular momentum of the earth around the

sun is
1.2 1.8 1.5 2.7

a) x 1018 kb)x 1027 k) x 10%7 kd) x 10*° k;
/s /s 15 /s

350. Three stationary particles A, B, C of masses
my, My and m, are under the action of same
constant force for the same time. [f my > my >
me, the variation of momentum of particles
with time for each will be correctly shown as

A B (

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

a)ma? b)3ma? ¢)3/4 ma®d)2/3 ma®

352. From a circular ring of mass M and R, an arc
corresponding to a 907 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 k times
MR?. Then the value of k is

3 7 1
al= b)= c)— d)1
)7 )5 )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]v’"_l_z b)ﬁ OvizL d12L

354. The moment of inertia of a dumb-bel],
consisting of point masses m; = 2.0 kg and
m, = 1.0 kg, fixed to the ends of a rigid
massless rod of length L = 0.6 m, about an axis
passing through the centre of mass and
perpendicular to its length, is
a)0.72 kg nb)0.36 kg nc) 0.27 kg nd)0.24 kg r
355. Two solid spheres (A and B) are made of
metals of different densities p, and pg
respectively. If their masses are equal, the
ratio of their moments of inertia (Ig/l,) about
their respective diameters is
N (E)z,r:; b)(pi)zxs C)p_,1 d]p—ﬁ
Pa Pa Pe Pa
356. A solid sphere is given a kinetic energy E.
What fraction of Kinetic energy is associated
with rotation?
a) 3/7 b) 5/7 c) 1/2 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
a]ﬁuz h)g(lz & ZMml d}M(! +b)
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358.

359.

360.

361.

362.

363.

Moment of inertia of big drop in /. If 8 droplets
are formed from big drop, then moment of
inertia of small dropletis

a)s b5 SF d);
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
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

ML? 2ML? 3ML? \IZMLZ

a b c d)
]3 )3 }2 12

The total kinetic energy of a body of mass
10 kg and radius 0.5 m moving with a velocity
of 2 m/s without slipping is 32.8 joule. The
radius of gyration of the body is
a)0.25m b)02m ¢)05m d)04m
A body having moment of inertia about its axis
of rotation equal to 3 kg — m? is rotating with
angular velocity equal to 3 rad/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 c)1.5m/s d)2.0m/s
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

365.

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

(my +

a) zero b)

A disc starting from rest acquires in 10 sec an

angular velocity of 240 revolutions/minute. Its

angular acceleration (assuming constant) is
1.52 rad b) 251 rad 0 3.11 rad d)3.'?6 rad

2 /s /s /s /s

m1+m2)_ (”Hmz )
my)r? C)(mﬂ“z d) my+my/)

366. A flywheel gains a speed of 540 r.p.m. in

367.

6 sec. Its angular acceleration will be
3mrad 91 rad 18w rad | 54mrad

4 /sec? /sec? e /sec? /sec?
Two spheres each of mass M and radius R /2
are connected with a massless rod of length 2R
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

&—=>0

P —

21 2 5 5
al—MR?% b)=MR? ) =MRZ2 d)—MR?
]SMR )SMR )zMR )21MR

368. Two rings have their moments of inertia in the

369.

370.

371.

372

373.

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)1:4 d)1:1
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

a)MI2/12 b)MI?/3 o MI*/2 d)MI?
The position of a particle is given by: 7 = (I +
2j — k) and momentum P= (31 + 4f — 2k).
The angular momentum is perpendicular to
Line at
equal
angles to
all the
three
axes
A sphere of mass m and radius r 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 o) 7u’/10gd)u?/2g
A 10 kg 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

a)X-axis b)Y-axis c)Z-axis d)

19.6 N-

a)98 N-m b)m c) 196 N-md)9.8 N-m

The moment of inertia of a circular disc about
one of its diameter is /. What will be its
moment of inertia about a tangent parallel to
the diameter?
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a) 41 b)21 C)%f d)3I

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 | at the foot of inclined plane, then the linear

velocity at the same point, is in ms™ 2,

a) 2 b)2vZ  ©2v3  d)3vV2

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

Q_.

(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., to the left it there is a friction

between the paper and the ball

(3) Moves forward, i. e., 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

377.

measuring a X a, and its height is h. [ts moves
on a horizontal surface in a direction
perpendicular to one of its edges. The
coefficient of friction is p. It will topple if
2a @

a)Ju>hfa b)p>a/h c)p >T d)u>ﬁ
Centre of mass is a point
a) Whichisb) From ¢) Where d) Which is

geometr  which the the
iccentre distance whole origin of
ofa of mass of  referenc
body particles the body e frame
are is
same suppose
dto
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 ¢) 30 d) 40

370

380.

381.

382.

383.

A thin rod of length L is lying along the x-axis
with itsendsatx = Oandx = L. Its linear

n
density (mass\length) varies with x as k(f) ,

when n 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 approximates the dependence of

Xcm onn?
Xem XM Xem oM
] P
a) 1/ —/b),{:;
O 0 0 9]
A 2 kg body and a 3 kg body are moving along

the x-axis. At a particular instant the 2 kg body
has a velocity of 3 ms~'and the 3 kg body has
the velocity of 2 ms ™. The velocity of the
centre of mass at that instant is
None of

a)s5ms™1 b)Ims™ ¢)0 d)these
Consider a uniform square 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

2 2

1 7 2 5
e B et K
a) 5 Mma )12 ma c)3 ma }6 ma

. 7 ; : R
A circular disc of radius R and thickness = has

moment of inertia  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 DE: 5 d)=
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 6.
There is no slipping and both of them go
through the same distance in the same time ; 8
is then equal to

a)37° b)30°

c)42° d)45°

384. The centre of mass of triangle shown in figure

has coordinates
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——
x

—— p—>

h b b h
X =Y XxX==¥ xX==Y xX=Y
3 3

) 2w 20 3

_h _b
T2 2 "3 -3
385. A body of mass M moving with a speed u has a

head-on collision with a body of mass m
originally at rest. If M >> m, the speed of the

body of mass m after collision will be nearly
um

u
a) M b)% C) 3 d)2u
386. A smooth steel ball strikes a fixed smooth steel
plate at an angle 8 with the vertical. If the
coefficient of restitution is e, the angle at
which the rebounce will take place is
a)®o b)tan™! [Er:) etan® d)tan™’ [—‘
¢ ta
387. If 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) 96 h b) 48 h ¢)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 w 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 Increase Decrease

B constant stoa stoa

ecomes

a) erE b)atthe c)value d)value
same greater  less than

valuew  thanw 1)

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 14 ms ™" to the
heavier block in the direction of the lighter
block. The velocity of the centre of mass is

a)30ms ' b)20ms™? ¢) 10 ms~! d)5 ms~?

390. A spherical hollow is made in a lead sphere of
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?

R R R
a]? b)ﬁ C)E d)R
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
nMR? MR?*m 2nMR3

4TMR?
b : d
2) T ) T ) 5T ) 5T

392. Two masses my 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
my —m. My — Mz My +my
) ( 1 ¢ d)Zero
my+m My tmy Tmy —my

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 ) 1:9 d)9:1

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

! ¢
M =M )M’ = ZMc)f; a't >

>M
396. Which relation is not correct of the following
Liner
Torque= Torque= Moment
; / . moment
Moment Dipole of inertia .
of inertia moment = Mor;ent
a) x b)x c) Torque/ d
J ) ) YTorgue/ )Dfinertia
angular  magnetic angular
) . xangula
accelerat inductio accelerat
ion n ion )
velocity

397.If a ball is dropped from rest, its bounces from
the floor. The coefficient of restitution is 0.5

S S S S S S S S S S S S S S S S S S S S S S S S S S R S S S S S S S S S S S N S S S S R S S S S S S S S S —

o o o)



T D S M N S SN N B B NN SN SEE N SN BN BN NI NS B EES SN SN SN N BN BN NN BN BN NN NN BN BN ST NN NN SN SN N NN BN NN BN SN N B B BN B

398.

399.

400.

401.

402.

403.

and the speed just before the first bounce is
5ms~1 The total time taken by the ball to
come to restis

a) 2s b)1s c) 05s d) 0.255s
Angular momentum of a system of particles
changes when

a) Force b) Torque c) Directio d) None of
actsona actsona nof these
body body velocity

changes

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 ) 0.148 d)0.208
A particle moves in the x-y plane under the
action of a force F such that the value of its
linear momentum P at any time t is p, = 2 cos
£ pyZ sint
The angel 8 between FandPata given time t
will be

a)90° b)0° c)180° d)30°
The moment of inertia of a circular ring of
mass 1 kg about an axis passing through
centre and perpendicular to its plane is 4kg-
m?2. The diameter of the ring is

a)2m b)4m c)5m d)em
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
Four spheres of diameter Z @ 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

4 8 4
-Ma* —-Ma? 8 =M a’
57 Y BE"Y o9Zmaer @5 ¢
+2M b% 4+ 2M b2 + M b2

404. A wheel has angular acceleration of 3.0 rad/

405.

sec? and an initial angular speed of 2.00 rad/
sec. In a time of 2 sec it has rotated through an
angle (In radian) of

a) 6 b) 10 c) 12 d) 4

When a sphere of moment of inertia / about its
centre of gravity and mass ‘m' rolls from rest

down an inclined plane without slipping, its

Kinetic energy is
1
=lw?
c)lw+ mv d)z 1
+ Emu

I 1
a)=lw? b)=mv?
]zm )zmv ,

406. A thin uniform circular ring is rolling down an

407.

inclined plane of inclination 30° without
slipping. Its linear acceleration along the
inclined plane will be

a)g/2 b)g/3 c)g/4 d)2g/3
A circular disc of radius R rolls without
slipping along the horizontal surface with
constant velocity 1,. We consider a point 4 on
the surface of the disc. Then the acceleration of
the point A4 is
a) Constantb) Constantc) Constantd) Constant

in in in
magnitu  directio magnitu
de as n de

well as

directio

n

408. A torque of 50 Nm acting on a wheel at rest

409.

410.

rotates it through 200 radians in 5 sec.
Calculate the angular acceleration produced
a)8rad se)4 rad secc) 16 rad sdd)12 rad se
A round uniform body of radius R, mass M and
moment of inertia I, rolls down (without
slipping) an inclined plane making an angle &
with the horizontal. Then its acceleration is

gsiné gsinf gsin@ gsing
2 2
El]1+ﬁ b); +$ C)I—M—;; d}l—"”f
A tap can be operated easily using two fingers
because
a) The b) This c) The d) The
force helps rotation force by
availabl  applicati al effect  one
e for the onof is finger
operatio angular  caused overcom
nwillbe forces by the es
more couple friction
formed and
other
finger
provides
the force
for the
operatio
n
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411.

The angular momentum of a system of
particles is not conserved
a) Whena b) Whena c) Whena d) None of

net net net these
external external external

force torqueis impulse

acts acting is acting

upon the wuponthe uponthe

system system system

412. Two discs of moment of inertia /; and [, and

angular speeds w, and w, are rotating along
collinear axes passing through their centre of
mass and perpendicular to their plane. If the
two are made to rotate combindly along the
same axis the rotational KE of system will be

hay+ 1 (1, 4+ 1)( , (o, + 1 None of
N+ T

413. A uniform rod of length '2L" has mass per unit

length ‘m’. The moment of inertia of the rod
about an axis passing through its centre and
perpendicular to its length is

2 1 2 4
a)gmi,z b)EmLz C)Eng d)g mil?

414. A wheel of radius 0.4 m can rotate freely about

415.

its axis as shown in the figure. A string is
wrapped over its rim and a mass of 4 kg is
hung. An angular acceleration of 8 rad-s 2 is
produced in it due to the torque. Then,
moment of inertia of the wheel is (g =

10 ms™?)

@ _

| z
Ad =

4 kg =
2kg lkg 4kg 8ky
3]_m2 b)_mz ) _ m? d)_mz

Three particles, each of mass m gram, are
situated at the vertices of an equilateral
triangle ABC of side | cm (as shown in the
figure). The moment of inertia of the system
about a line AX perpendicular to AB and in the
plane of ABC, in gram-cm? units will be

3 5 3
a}lz'mi2 b)2mi? C)me‘g d)Em.‘f2

416. Four particles each of mass m are placed at the

corners of a square of side length {. The radius
of gyration of the system about an axis
perpendicular to the square and passing
through its centre is

b)é o)l d)(V2)l

I
BJE

417. Aladder is leaned against a smooth wall and it

is allowed to slip on a frictionless floor. Which
figure represents trace of its centre of mass

A A

418. A ball rolls without slipping. The radius of

419.

420.

421.

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

2 2 2 2 2
g Bt gl Rt dR
Rz TR RiRE R

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
gand gaswell ascendin ascendin
down as gandup gas well
the descendi the as
incline ng incline descendi
while while ng
descendi descendi
ng ng

If 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%
Three point masses my, m,, ms 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

i

-
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(m; (m,y (my
a) a?b)+m, o a2d) ™2 ;
m) T+ ma® T ma) +ms)a
422. Two point objects of mass 1.5 gand 25 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  ¢) 13ecm 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)y2gl  b){3gl )59l d)mgl
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 ¢) Angular d) Rotation
of moment  velocity  al
inertia um kinetic

energy
425. A circular disc rolls down an inclined plane.
The ratio of rotational kinetic energy to total

kinetic energy is
2

1 1 3
a]i h)§ c)§ d)z
426. A car is moving at a speed of 72 km/hr. The
radius of its wheels is 0.25 m. If the wheels are
stopped in 20 rotations by applying brakes,
then angular retardation produced by the

brakes is
—255ra, —295ra . —335ra _—455ra
a) /52 b)/sz c) /s? d)fsz

427. A bomb dropped from an aeroplane explodes
in air. Its total
a) Moment b) Kinetic c) Kinetic d) Kinetic

um increase  energy energy
decrease s increase  decrease
s s s

428. A disc is rolling (without slipping) on a
horizontal surface C is its centre and ¢ and P
are two points equidistant from C. Let vp, vg
and v be the magnitude of velocities of pints
P, @ and C respectively, then

Ve =

Q
Vg = V¢ Vg <V Vg <V
a) 7 e T gupve=a) ¢ T
> Vp < Vp 1?) > Vp

SUp

2
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

. 111
1m 1 m

m m

A 1m B
im0 (inZn(En
430. A uniform heavy disc is rotating at constant

angular velocity w 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

wand L Neither
4 h) both &) Lonly d)m nor L
431.1fa bullet is fired from a gun, then
a) The b) The c) The d) The non-
mechani  mechani mechani mechani
cal cal cal cal
energy energy energy energy
of is may be is
bullet- converte conserv  converte
gun d into ed d into
system non- mechani
remains  mechani cal
constant cal energy
energy

432. A diver in a swimming pool bends his head
before diving, because it
a) Decreas b) Decreas c) Increase d) Increase

es his es his s his s his
moment angular  moment linear
of velocity  of velocity
inertia inertia

433. Moment of inertia of a thin circular disc of
mass M and radius R about any diameter is
2 2
a) il b)M ;" c) MR?

d)2MR?
4
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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)l:1 b)2:1 c)1:2 d) None of

these

435. If the torque of the rotational motion be zero,
then the constant quantity will be

a) Angular b) Linear c¢) Angular d) Centripe

moment moment accelera tal
um um tion accelera
tion

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)1.2N b)3.6N c¢)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),/5gR/7 b),/3gR/2 c)[4gR/3 d),/10gR/7
438. What is the magnitude of torque acting on a
particle moving is the xy-plane about the
origin if its angular momentum is 4.0+t kg —
m?s™1?
a)8t3/2  b)4.0/vt ©)2.0/+t d)3/2T
4309, 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 v each in mutually perpendicular
directions. Calculate the energy released in the
process of explosion.
a) %mvz b]%mvz IL');mv2 d)3muv?
440. If linear velocity is constant then angular
velocity is proportional to
a)l/r b1/ o1/ disd
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  ¢)20em  d)10vZ 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 /. Its moment of inertia about an axis
passing through one of its ends and
perpendicular to its length is
2 2
alo + MEb), +20) Iy + %d}ﬂf -
443.1f the polar ice caps melt suddenly
a) The b) The c) The d) The

length of length of lengthof length of

day will  the day the day the day
be more  willless  will will
than 24 than 24 remain become
hours hours sameas  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 ¢) The d) The

angular  angular periodic  energy
moment  speed of time of and

um of the the angular
the earth earth moment
earth will will um will
will increase  increase  remain
become constant
greater

than

that of

the sun

445. The moments of inertia of two freely rotating
bodies A and B are I, and I respectively. [, >
Iz and their angular momenta are equal. If K,
and Kj are their kinetic energies, then
a)K, = Kzb)K, # Kz K, < f{Bd}Hf‘
= 2Kp
446. A body in equilibrium may not have
a) Moment b) Velocity c) Accelera d) Kinetic
um tion energy
447. A hollow sphere of diameter 0.2 m and mass
2 kg is rolling on an inclined plane with
velocity v = 0.5m/s. The kinetic energy of the
sphere is
a)o.1) b)0.3] c)0.5] d)0.42]
448. A motor is rotating at a constant angular
velocity of 600 rpm. The angular displacement
per second is
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aJ% rad b)% rad C)? rad d)g rad

449, A pulley of radius 2 m is rotating about its axis
by a force F =(20t - 5t) N (where t is
measured in seconds) applied tangentially. If
the moment of inertia of the pulley about its
axis rotation is 10 kgm?, the number of
rotations made by the pulley before its
direction of motion if reserved, is

a) More b) More c¢) More d)Less
than 3 than 6 than 9 than 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

1 rads™! is numerically equal to

a) One- b) Half of c¢) Rotationd) Twice
fourth of the al the
its rotation  kinetic rotation
rotation  al energy al
al 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 (in ms~2) is

a) 4 b) 5 c) 6 d)7
452. An example of inelastic collision is
Collision
ft Collisi
Scatterin  Collision ortwo otision
: steel ofa
gofa- of ideal
] balls bullet
a) particle b)gas c). . :
lyingon “witha
from a molecule
nucleus s Wwoaden
frictionle block
ss table
453. In an orbital motion, the angular momentum
vector is
a) Along b) Parallel ¢) Inthe d) Perpend
the to the orbital icular to
radius linear plane the
vector moment orbital
um plane

454, A ring of mass 10 kg and diameter 0.4 m is
rotated about its axis. 1f it makes 2100
revolutions per minute, then its angular
momentum will be

44 kg 88 kg
b
) x m? /s Jx m?/s

4.4 kg

X m?/s

0.4 kg
X m= /s

c) d)

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 b)V7:V5 ovZ:1  d)5:2

456. Two solid discs of radii r and 2r roll from the
top of an inclined plane without slipping. Then
a) The b) The ¢) The timed) Both the

bigger smaller differen  discs
disc will ~ discwill  ce of will
reach reach reaching reach at
the the of the the
horizont horizont discsat same
al level al level the time
first first horizont

al level

will

depend

on the

inclinati

on 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) Continu b) Continu c) first d) Remains
ously ously increase  unchang
decrease increase sand ed
5 s then
decrease

s
458. If there is change of angular momentum from |
to 5] in 55, then the torque is

3 4f 5] None of
al? b)g C)T Ll)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™1,

Then tension in rope at fixed support will

be(Take g = 10ms~?)

a) 200N b)120N «¢) 180N d) 160N
460. Angular momentum of the particle rotating

with a central force is constant due to
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a) Constantb) Constantc) Zero d) Constant
force linear torque torque
moment
um
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
2.0 2.66 4.33 5.66
V10720 Py 1019 Ve 10718 D 10-17
462. In 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

2] 2] J J
——1 b)—+1 —+1 d)=-1
)5 S+ 95 )
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 parts of the ring,% is
F

R 2 R
a]R—j b) G:_:) A1 dy—
464. A thin circular ring of mass M and radius r is
rotating about its axis with a constant angular
velocity w. 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
0 Mw b)(M + 4mc) (M- 4md}Mw
M+ 4m M M+ 4n ~4m
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
s X 7
A EBth) oy i D
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 ¢) Half d) Unchang

times ed

, d)2/3 ma?

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

a b a a d a
kT )8 91z )3

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’3 is
A

B

% ‘

£

i+ F, 2(F
+F;)
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
ajv/3 b)v/2 c)2v d)3v
470. A disc of moment of inertia 5 kg- m? is acted

a] F]_ + Fz b)F]_ _F2 ':)

d)

upon by a constant torque of 40 Nm. Starting
from rest the time taken by it to acquire an
angular velocity of 24 rads ™1 is
a)3s b)4s c)25s d) 120 s
471. A circular disc of mass 0.41 kg and radius
10 m rolls without slipping with a velocity of
2 m/s. The total kinetic energy of disc is
a)041) b)1.23] o082 d)2.4])
472. If rotational kinetic energy is 50% of
translational kinetic energy, then the body is
a) Ring  b) Cylinder ¢) 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
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474. Two solid cylinders P and @ 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 @ has most of its mass
concentrated near the axis. Which statement
(s) is (are) correct

Both
cylinder )
Both : Cylinder
) Cylinder FPandQ@
cylinder Q
P has reaches
s P and reaches
larger the
@ reach linear round the
a) the b) c) & ; d)ground
accelerat ~ with .
ground | with
ionthan same
at the J . larger
cylinder  translati
same angular
time Q - speed
kinetic P
energy

475. Two carts on horizontal straight rails are
pushed apart by an explosion of a powder
charge @ 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)3Zm b)24m c¢)1l6m 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
! b) 21 =1 d)=
a) ) 93 21

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

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

478. Two persons of masses 55 kg 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 65 kg
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)23m «c)Zero d)0.75m

479. Two particles of masses m, and m, are
connected by a rigid massless rod of length r
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) mymyr? b) (my i ) mymyr? (_m1 ;
my +m, A+ my)r —-m, My )7
480. Three identical thin rods each of length [ and
mass M are joined together to form a letter H.
What is the moment of inertia of the system
about one of the sides of H?
12 12 Mi? MI
a]MrE b)Mg )ZT d)4—
481. A circular thin disc of mass 2 kg has a
diameter 0.2 m. 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 i + 2j + k and =31 — 2] + k,
respectively. The centre of mass of this system
has a position vector
—2i —-2i— 2: = —i4]
Ve Dig o Dk
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)041] Db)1.23] ¢)082] d)2.45]
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

. Nearer Nearer ¢ distance d)EEn“{)t
to B to A from A4 .
decided
and B

485. The moment of inertia of a sphere of radius R
and mass M about a tangent to the spher’e is

2 12
a) MR? b)gMRZ ¢)—MR? d) MR?

5
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 w.
If the cockroach stops, the angular velocity of
the disc will be

lw lw+mvl JTw-—mvl Iw—mvl
Ve D Tame D

I + mR? !
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487. Moment of inertia of a ring of mass M and
radius R about an axis passing through the
centre and perpendicular to the planeis /.
What is the moment of inertia about its
diameter

I
a)l b)i d)! + MR?

I

c) 7
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 | at

the foot of the inclined plane, then its linear

velocity at the same point is

a)1.2ms 'b)2v2 ms ¢)20ms~ 1 d)2 ms™?!

489. A hoop of mass M and radius R is suspended to

a peg in a wall. Its moment of inertia about the

pegis

2
A)2MR?. b)MR2 MR

3
= Mp2
JZMR

490. In the HCl molecule, the separation between
the nuclei of the two atoms is about
1.27 A (1 A = 107'%n). 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)1A b)254 c¢)124A d)154
491. A sphere of mass m and radius r 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
S EL P Yo
4g 2g 10g 2g
492, If 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  c¢) 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 moment these
inertia um
494, Moment of inertia of an object does not
depend upon
a) Mass of b) Mass  ¢) Angular d) Axis of
object distribut velocity = rotation
ion
495. A uniform disc of mass 2 kg and radius 15 cm
is revolving around the central axis by 4
rads 1. The linear momentum of disc will be

None of

1.2kg— b 1.0 kg —
these

0.6 kg —
ms~1 ms!  “ms

a) 44
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

i
o<

a)lmvlL bymuvl c)muvr 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
a)5 leg-m? b)iz k9= fni kg d}ij kg
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

L L
4L b)— = d)2L
a) ;95 )

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 € just after collision is

(4}~ (8) (]
a)5.6ms~'b)ems™! ¢)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,
sphere ring sphere disc

502.A thick uniform bar lies on a frictionless
horizontal surface and is free to move in any
way on the surface. [t 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
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and bar is completely inelastic, both particles
strike with the bar simultaneously. The velocity
of centre of mass after collision is

167
a)2ms™' b)4ms! ¢)10ms ! d) e

503. If 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) 24 h b)48h c)6h d)yizh

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

velocity of the other part will be
3v

qv
a)v b)2v E‘)T d)?

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 vy and gy at an
instant t. It is possible that

Yy 1 Vg Vg
a)=0,a, b)=0,a; c)#0,a, d)*0,ay
=0 =0 =0 =

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? ML? ML? 2ML?
c) d)
2m? m? 4m? n?
507. In a bicycle the radius of rear wheel is twice
the radius of front wheel. If r+ and 5. are the
radius, vy and v, are speeds of top most

points of wheel, then

Vr Vg
9 =2vp |:')= 20,
508. Consider a body, shown in figure, consisting of

two identical balls, each of mass M connected

Ove =v. Ay > v

by a light rigid rod. If an impulse] = Mv is
impared to the body at one of its ends, what
would be its angular velocity?

o — T ——
Mo oM

!

J=Mv
c)v/3L

a)v/L b)2v/L d)v/4L

509. A drum of radius R and mass M, rolls down
without slipping along an inclined plane of
angle 8. The frictional force
a) Convert b) Dissipat c) Decreas d) Decreas

s es es the es the
translati  energy rotation  rotation
onal as heat al al and
energy motion translati
to onal
rotation motion
al

energy

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) 24 rads™b)36 rads ¢) 15 rads~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 a 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 bv bv
a)— b)—o €)— )—
32a 33a 40a 41a

512. The angle turned by a body undergoing
circular motion depends on time as 8 = 8, +
8,t + 8,t2. Then the angular acceleration of
the body is

a) 6, b)8, c) 26, d)26,

513. Consider a system of two particles having
masses m, and n,. 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

my
L) —— my +m;

514. A solid sphere mlls down without slipping on
an inclined plane at angle 60" over a distance
of 10 m. The acceleration (in ms™2) is
a) 4 b) 5 c) 6 d) 7

515. The centre of mass of a system of three
particles of masses 1g, 2g and 3g is taken as
the origin of a coordinate system. The position
vector of a fourth particle of mass 4g such that
the centre of mass of the four particle system

my
Dpd  9d  dpid
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516.

517.

518.

519.

520.

521

lies at the point (1, 2, 3) is a(f + 2j + 3k),
where « is a constant. The value of ¢ is

10 5 1 2
== ma i hH
3 )3 93 )z
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

None of
these

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 after collision. Then the value of the ratio

msy .
my

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

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 wy. When the
tortoise moves along a chord of the platform
with a constant velocity (with respect to the
platform), the angular velocity of the platform
w(t) will vary with time t as

aJ e t) h) el t) C) 1) d} oft)
e o [, ] 2]

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

a) El B)2VET  c)V2ET  d)E/I
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 b)45R ¢)75R d)15R
Two bodies of mass M and m are moving with

a]—;—scm b)3z cm c)%cm d)

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

Both IfM > Ifm >

bodies m, the M, then All of the
a) b) c)

cover time body of “above

same taken to mass m

distance cometo has

before rest for more
coming body of  moment
to rest mass M um than

ismore  thatof
than that mass M
of body
of mass
m
522. Moment of inertia depends on
a) Distribu b) Mass  ¢) Position d) All of
tion of of axis of these
particles rotation
523. From a uniform wire, two circular loops are
made (i) P of radius r and (ii) @ of radius nr. If
the moment of inertia of @ about an axis
passing through its centre and perpendicular
to its plane is B 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
10ms™ 20 0 5
a) A5ms™! " ms™1,5 Ic) ms~1, 25d) ms~, 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
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* 5ML? ML?

a) g b)3 c) 5 d)3

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% ¢ 2% d) 4%

528. Consider the following two statements
[. Linear momentum of a system of particles is

ZEro.
[I. Kinetic energy of a system of particles is
zero, Then
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a) limpliesb) [ does
ITandIl  not

c) limpliesd) I does
Il but 1 not

implies  imply Il doesnot imply Il
and I1 imply I but I
does not implies
imply |

529. A thin uniform rod, pivoted at 0, is rotating in
the horizontal plane with constant angular
speed w, as shown in the figure. At time, t = 0,
a small insect starts from 0 and moves with
constant speed v with respect to the rod
towards the other end. It reaches the end of
the rod at t = T and stops. The angular speed
of the system remains w throughout. The
magnitude of the torque (|| on the system
about 0, as a function of time is best
represented by which plot

2]
2]

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 minimum, the ratio L/R must be equal to

a)3/2  b)2/3 9273 d)J32

531. By keeping moment of inertia of a body
constant, if we double the time period, then
angular momentum of body
a) Remainsb) Becomesc) Doubles d) quadrup

constant  half les

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 b)m/4 c)m/6 d)m/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 ~moment of al
um inertia

Kinetic
energy
534. The motion of the centre of mass is the result
of
a) Internal b) External ¢) Attractivd) Repulsiv
forces forces eforces 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

Moment Moment

e s KE None of

a) h) ¢) changes d)the
not changes i e—
change by 2ZMv y

536. A stone of mass m tied to string of length [ is
rotating along a circular path with constant
speed v. The torque on the stone is

amy b= O™~ 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
2K b)— - d)4K
a) 97 @

|, +538. The total kinetic energy of rolling solid sphere
having translational velocity v is

2 2 2

al]%mv2 b)%mv C)%mv d)l_z_—umv
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)@E,3) o1 d)(E2)
540. Find the velocity of centre of the system shown

in the figure.

2 ms™!
(z + 2432 (2 — 243
3 . ; 3 None of
a) 2 b)4i c) 1 djthese
—3) -3

541. A boy stands over the centre of a horizontal

platform which is rotating freely with a speed
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of 2 revolutions/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 metre®. The boy now stretches his
arms so as to hold the masses of inertia of the
system increases to 2 kg X metre?. The
kinetic energy of the system in the latter case
as compared with that in the previous case will
a) Remainsb) Decreas c) Increase d) Remains
unchang e uncertai
ed n

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 «¢) 0.148 d)0.208

543. A wheel of moment of inertia 5 x 10 3kg —
m? is making 20 revolutions per second. It is
stopped in 20 seconds, then the angular

retardation is
wradian, 2mwradia 4w radia , 8w radia
%) /sec? /sec? % /sec? /sec?
544. Two uniform thin rods each of mass M and
length I 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
None of
these
545. A body is dropped and observed to bounce a
height greater than the dropping height. Then
a) The b) There is ¢) Itis not d) This

a)%Miz b)é M2 2ME  d)

collision  addition possible type of
is elastic  al phenom
source enon
of does not
energy occur in
during nature
collision

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 restitution are each 2/3. If the
first ball be started towards the second with
velocity u, then the velocity communicated to
5th ball is

2
g D) 9

4

o o)

3

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) Constantc) Continu d) Continu
ously ously
increase  decrease
s

548. A radioactive nucleus of mass number 4,
initially at rest, emits on a-particle with a
speed v. What will be the recoil speed of the
daughter nucleus?

2v 2v 4y ¢ 4v
Va—n Ya+y 2a-» Ya+a

549. Two identical masses A and B are hanging
stationary by a light pulley (shown in the
figure). A shell € moving upwards with
velocity v collides with the block B and gets
stick to it. Then

&)

The
First The string
) moment becomes
string
um taut only
becomes
conserva when Both (a)
slack tion down and (b)
a)and afterb) = ) . d)
principle ~ displace “are
some ;
y is ment of correct
time ; :
—— applicabl combine
o ‘ to B d mass B
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¢) Inan  d) In the
y y irregular paraboli
upwards downwa path c path as
and then rds the
downwa unexplo
rds ded
bomb
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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, R respectively,
the distance of centre of mass of the system

from P is
¥

Y
NN

PQ+PR__PQ+PR PQ+QR_ PR R
a) Q+ b) Q 0 Q+Q d) +Q
3 3 3 3
552. Radius of gyration of a body depends upon

a) Mass b) Mass c) Sizeof d) Massof
and size  distribut  body body
ofbody  ionand

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 v, the average force on the
target is

mnv muv

9% Yeon

554. An angular ring with inner and outer radii R;
and 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. F, /F, is

Ry z Ry

c)|— d)—

) (Rz) )Rl
555. Three rings each of mass M and radius R are

arranged as shown in the figure. The moment
of inertia of the system about Y'Y’ will be

60
a) 60 mnv b)—v
mn

a)Ry/R; D)1

¥
el ]
f \
( )

\ J
o N
f .ll
| .ul
‘\\ - - J.f.

v

a)3 MR2 m%ﬁmﬁ q5M92<n;MR2

556. A shell is fired from a cannon with a velocity v
at an angle 8 with the horizontal direction. At
the highest point in its path, it explodes into
two pieces, one retraces its path to the cannon
and the speed of the other piece immediately
after the explosion is

3 3
a)3vcosO b)2vcosh ) (E) v cosd)(v;—_) v Ce

557. Two homogeneous spheres A and B of masses
m and 2m having radii 2a and a respectively
are placed in touch. The distance of centre of
mass from first sphere is

None of

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

a)a b)2a ) 3a d)

c) Only the d) Angular

kinetic angular  rotation moment
energy moment  al um
is um of kinetic about
conserv  the energy the
ed sphere about centre of
about the mass is
the centre of conserv
pointof  mass is ed
contact conserv
with the ed
plane is
conserv
ed

559. A circular disc of radius R and thickness E 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
21 ! !
a)l b)E c)g d)ﬁ
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 ash) Four
large times as
large
561. For the given uniform square lamina ABCD,
whose centre is 0

¢) Btimes d) 16 times
as large as large
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Fi
D ; ¢
Ao
',”' E
P £ B
A 3
'VIZ_JTAC Lap IAC "AC
a) b) c) d)
= Igr = 4gr "= L = V2 I

562. A ring of mass m and radius r is melted and
then moulded into a sphere, The moment of
inertia of the sphere will be

a) More b) Less ¢) Equal to d) None of
than than that of the
that of that of thering  above
thering  thering

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, a)

0 {a, 0)
|
33 9|5 Hl0vEavzals .5
]

564. A solid sphere is rolling without slipping on a
horizontal surface. The ratio of its rotational
kinetic energy to its translational kinetic
energy is
a) 2/9 b) 2/7 c) 2f5 d)7/2

565. A wheel rotates with a constant acceleration of
2.0 radian/sec?. 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)2¥%:1 b)1:2Y2 )31 d)1:3Y2

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

0] 1.257 kg . 1257 kg : 13.57 kg d 20 kg

m?s~* )mzs"1 )mzs‘1 )mzs"'
568. Identify the correct statement for the
rotational motion of a rigid body.

a) Individu b) The c) The d) Individu
al centre of centreof al
particles mass of mass of  particles

of the the body thebody and

bodydo remains moves centre of
not unchang uniforml mass the
undergo ed. yina body
accelera circular  undergo
ted path. an
motion. accelera
ted
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 d) Not

than one thanone compara
ble

570. A bullet of mass m is fired with a velocity of 50
ms~! at an angle 6 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 67

==

4 5y 4 5
a)cos™?! (gjb)cos_l (E;C) sin~! (g)d}sin‘l (Z)
571.1f the torque is zero, what will be the value of
angular momentum?

a) Constantb) Changin ¢) Constantd) Zero

in gin on both
magnitu  magnitu  magnitu
de but de but de and
changin  constant directio
gis in n
directio  directio

n n

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 testis
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£ 3000 . T T
E 2500 | | i
ET 2000 i I i
g 1500 | | |
£ 1000 T
T smo —T1
0 1 1

1 2 3 4 s
t{in min) —
a) 9000 b) 16570 «¢) 12750 d) 11250

573.1f a force 10i +15j+25k acts on a system and
gives an acceleration 2i+3j-5k to the centre of
mass of the system, the mass of the system is

Given

+ Y/ datai

SEunils BT OvER RS
units units not

correct

574. Four similar point masses (m 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 2
JMEE M g 5 MR? d)%
2 2 2 2
+amR? 2w omp? O+ amrz O 5

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 5 m and the wheel rolls forward
through half a revolution

a)5m b)10m  c)25m  d)5(/(m? 4
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

2 3 3 5
a)=MR? b)-MR? c)=MR? d)=MR?
]5 )5 ) 2 )2
577. One quarter of the disc of mass m is remaoved.
If r be the radius of the disc, the new moment

of inertia is

3 None of
=g
2 3 i d)these

2
auf]%mr2 h)%
578. A uniform disc of mass M and radius R is
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 Zm M+2m L 2M4m
a]M+2m & b)M+2m g o ZM T

579.1f'!" is the moment of inertia of a body and "'
is its angular velocity, then its rotational
kinetic energy is
a]%x lw b)%x Pw c)%x [w? d)%x 12w?
580. A disc is rotating with an angular speed of w. If
a child sits on it, which of the following is

conserved
a) Kinetic b) Potentia ¢) Linear d) Angular
energy lenergy ~moment moment
um um

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 0 is

40 37
a)4 MR? h)? MR? ¢) 10 MR? d)T MR?
582. AT joint is formed by two identical rods A and
B each of mass m and length L in the XY plane
as shown. [ts moment of inertia about axis
coinciding with A is
A

B
2mlL? ml ? mlL 2 None of
a) 3 b} 12 ©) 6 d]these
583. Where will be the centre of mass on combining
two masses m and (M > m)
2 Towards b)Towardsc Between . Anywher
m M mandM ‘e
584. Identify the correct statement for the
rotational motion of a rigid body
a) Individu b) The ¢) The d) Individu
al centre of centre of al
particles  mass of mass of  particles

of the the body thebody and
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585.

bodydo remains moves centre of
not unchang uniforml mass of
undergo ed yina the body
accelera circular  undergo
ted path an
motion accelera
ted
motion

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

14ms!

10 kg 4 kg

a)30ms™ b)20ms~ ' ¢)10ms~ ' d)5ms™*

586. A T shape with dimensions shown in Figure is

587.

588.

589.

lying on a smooth floor. A force F is 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

4 2
a)l b)§£ d)§£
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

3
=1
5)2

2)10.8 ms-b)5.4 ms-1¢) 2.5 ms-1d) "€ Of

these
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?

Mv mv mv. (M +m):

d)

a)(M—m)b)(M—i—m)C)(M—m) v

; ; .20
A particle moves along a circle of radius =N

with constant tangential acceleration. If the
velocity of the particle is 80 m/s at the end of
the second revolution after motion has begin,
the tangential acceleration is

640mrm _160mm _40mm

A e 0 D0m/s

590.

591.

59Z.

593.

A thin rod of length L and mass M is bent at the
middle point @ at an angle of 60°. The moment
of inertia of the rod about an axis passing
through 0 and perpendicular to the plane of

the rod will be
o]

152/ 60N /2

2 2 2 2
a) ML b)ML o ML d}ML
6 12 24 3

Four point masses, each of value m, are placed

at the corners of a square ABCD of side [. The
moment of inertia of this system about an axis
passing through A and parallel to BD is

a)v3miz b)3ml?2  c)yml? d)2 ml?
There is a uniform circular disc of radius R and
a concentric disc of radius r (wherer < 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

a]R_r b)R—-r d)/Rz — 2

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 0 is L, whenitisat Aand Lg
when it is at B, then

¥R
B

~1T A

c) Zero

The
relations
hip
between
Lyand
ally >Lg b)Ly=Lg c)Lg

depends
upon the
slope of
the line
AB

Dli<ls

594. A particle of mass m = 5 units is moving with

a uniform speed v = 32 units in the X0Y
plane along the straight line ¥ = X + 4. The
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595.

596.

597.

598.

599.

600.

601.

magnitude of the angular momentum about
origin is

a)Zero  b)60 units ¢) 75 units d)40v2 uni
If the radius r of earth suddenly changes to x
times the present values, the new period of
rotation would be

dT /dt
dT/dt  dT/dt  dT/dt (1
=(T =@2r  =(r —\2
Vsedr D 9 e 9 )
Jr](dr
/dt) /dt) /dt)
/dt)

Four particles of mass 1 kg, 2 kg, 3 kg and 4 kg
are placed at the corners 4, 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 Sl is

a) (1L1)  b)(57) c) (0.50.7)d) None of
these
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
A constant torque of 31.4 N — m is exerted on

a pivoted wheel. If angular acceleration of
wheel is 47 rad /sec?, then the moment of
inertia of the wheel is

a]ffiig b)ifgsg C)fflig ifézg
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

3/ 51 31 6l
a)— b)— ey i
]4 )6 JZ )5

d)

The moment of inertia of uniform rectangular
plate about an axis passing through its centre
and parallel to its length [ is (b = breadth of

rectangular plate)
2) Mb? b)Mb3 0 Mb? d)sz
4 6 12 12
In an elastic head on collision between two
particles
a) Velocity b) Velocity ¢) The d) Maximu
of of the maximu m
separati  targetis m transfer

onis always velocity  of

equal to  more of the kinetic
the thanthe targetis energy
velocity  velocity  double occurs
of of the to that when
approac  projectil  of the masses
h e projectil  of both
e projectil
e 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

a) (1 - A)zb)(él + 1)21:) (A - 1)2 d)(A + 1)2
A+1 A-1 A A

603. The ratio of angular speeds of minute hand
and 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 v and just after collision water falls
dead, the rate of flow of water in the nozzle is

equal to
2zmg e me em
4= b)g c) = d) s

605. The moment of inertia of a uniform rod about
a perpendicular axis passing through one end
is [. The same rod is bent into a ring and its
moment of inertia about a diameter is /. Then

m? 2m?
aj__— b)—
) 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
g 2g 59 59
a)— b)— s bl
) 3 ) 14

4y 82
c)— d)—
) 3 ) 3

3 7
607. A force of- F k acts on 0, the origin of the
coordinate system. The torque about the point
(1,-1)is
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—F(

: F(i

QFG- ) b)) 5

608. Angular momentum of a body is defined as the
product of
a) Mass

OF(+§) d)_

b) Centripec) Linear d) Moment

and tal force  velocity  of
angular  and and inertia
velocity  radius angular  and
velocity  angular
velocity

609. A disc is rolling (without slipping) on a
horizontal surface. C is its centre and ¢ and P
are two points equidistant from C. Let vp, vy
and v be the magnitude of velocities of points
P, Q and C respectively, then

v
Q
a]'}?@ > Ve b)vo < Ve C):vF‘-vC d)UQ < Vp
>UP <T.?P _vP >'Up
T2

610. A particle with position vector r has a linear
momentum p. Which of the following
statements is true in respect of its angular
momentum L about the origin

Lis
Lis .
) maximu
maximu h
m when
L acts L acts m when .
a) c) d)pis
alongp along r pandr ,
perpendi
are
cular to
parallel

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 twao different

inclined planes of same height, but of different

inclinations. In both cases,

a) Speed b)Speed <) Speed d) Speed
and time  will be will be

d) All same

and time

of same, different of

descent buttime |, but descent

will be of time of both are

same descent descent different
will be will be

different 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)y3:v5 b)V12:v30)1:v/3 d)V5:6

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

B et

G G G

- 4 4 =

i 2 3 3 3

a) 5 MR b)_ n) MR‘C) h E) MR:d) mn) )
4 6 ETY .

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) 16N d)12N

617.A man of 50 kg mass is standing in a gravity
free space at a height of 10m above the floor.
He throws a stone of 0.5 kg 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.lm d)10m

618. A particle of mass m is rotating in a plane in

circular path of radius r. Its angular
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momentum is L. The central force acting on the
particle is
a)L?/mr b)LPm/r c)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
30 radia, (1880 deg . 40 radia 1980 deg
. /second* /secondzc /second® ~ /second®
620. For spheres each of mass M and radius R are
placed with their centers on the four corners
A, B, C and D of a square of side b. The spheres
A and B are hollow and € and D are solids. The
moment of inertia of the system about side AD
of square is
SMR*+ ZMR*+ ZMR*+ 32MR*+
a)3 b)s c) 15 d) 5
2Mb? 2Mb? 2Mb? 4Mb
621. If momentum of a body remains constant, then
mass-speed graph of body is
a) Circle b) Straight c) Rectang d) Parabola
line ular
hyperbo
la
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)1:4 b)2:1 c)4:1 d)v2:1
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
muvh? mvih meth
a) Zero b) 73 c) B )
624. Let F be the force acting on a particle having
position vector r and t be the torque of this
force about the origin. Then

r.T r.T r.T r.T
a)=0andIb)# 0andIc)* 0Oandld)=0and |
#0 =0 +0 =0

625. If kinetic energy of a body remains constant,
then momentum-mass graph is

| w/ TV
a).” b)ru C)P d)P

m - i

T e

626. Moment of inertia of a disc about a diameter is
I. Find the moment of inertia of disc about an
axis perpendicular to its plane and passing
through its rim?

a)el b)4 1 )21 d)81

627. The moment of inertia of wheel about the axis
of rotation is 3.0 MKS units. Its kinetic energy
will be 600 | if period of rotation is
a) 0.05s b)0314s ¢)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

a)1/2 b)1 A1/N2  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 ¢) 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 centreis 1 : 8.
The value of nis

92 w2z 9+ A

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

None of
1.2 kg- 1.0 kg- 0.6 kg-
a]m/sg b)m/sg C)mzsg d)the
above

632. The center of mass of three particles of masses
1 kg, 2 kgand 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)

1) 2)

633. Moment of inertia along the diameter of a ring

is

3 1
a]EMRZ b)-é-MRz c)MR?  d)2 MR?

634. What constant force, tangential to the equator
should be applied to the earth to stop its
rotation in one day

1.3 8.26 1.3
a)

b None of
x 1022V P x 1028 v x 1023 v

these

d)

S S S S S S S S S S S S S S S S S S S S S S S S S S R S S S S S S S S S S S N S S S S R S S S S S S S S S —
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635.

636.

637.

638.

639.

When the distance between earth and sun is
halved, the duration of year will become
a) More b) Less c) Can'tbe d) None of
determi  the
ned above
A thin circular ring of mass m and radius R is
rotating about its axis with a constant angular
velocity w. Two objects each of mass M are
attached gently to the opposite ends of a
diameter of the ring the ring. The ring now

rotates with an angular velocity «’is equal to
a(m+2M) wlim—2M) W wm
A D meamn Ve Donrzm

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

3
a)3ml? h)imlz c) ml?

d); mi?
The two bodies of mass my and my(my, > my)
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

i ;

D

—
1

"3
S ——_

1
5.2 }T

T

:

m; —m, _[m; —m:
A= b) | — ‘c) g d)zero
my+m, lmy +m;

A particle is moving in a circular path. The
correct statement out of the following is

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

a)g

2
b)—
)3E

g
C)E

3
4=
}zg

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

moment
um

moment
um

¢) Angular d) Linear

kinetic
energy

kinetic
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, 1)

b) (2,2)

¢) (3,3)

d) (6,6)

644. Choose the correct statement about the centre
of mass (CM) of a system of two particles

The CM
The M lies on
lies on ; The CM
= the line :
the line o is on the
e joining l
oinin ine
] 8 themat | .
them at —_ joining
The CM  a point i them at
. whose )
lies on whose ;i a point
. . distance
the line distance - whose
joining from h distance
eac
a)the two b)each c) ) d)from
. . particle
particles particle | ach
is
midway  is ., particle
. proporti |
between inversel is
onal to ,
them y proporti
proporti onal to
square
onal to the mass
of the
the mass of that
mass of ,
of that particle
, hat
particle )
particle

645. An inclined plane makes an angle of 30° with

a) Angular b) Angular ¢) Linear d) Both
moment moment moment will not
um will um will um will be
be not be be conserv
conserv  conserv  conserv  ed
ed but ed ed
linear
moment
um will
not be
conserv

ed

the horizental. A solid sphere rolling down the

inclined plane from rest without slipping has a

linear acceleration equal to

a)5g/14 b)Sg/4 «¢)2g/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.

S S S S S S S S S S S S S S S S S S S S S S S S S S R S S S S S S S S S S S N S S S S R S S S S S S S S S —
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Given that the moment of inertia of the rod
&
about 4 ism,—i, the initial angular acceleration
fth d S'II b :
of the rod will be i < |B
2g i 3 3g
a)37 bymgs )5l d)5;
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SYSTEM OF PARTICLES AND ROTATIONAL MOTION

1)

5)

9)
13)
17)
21)
25)
29)
33)
37)
41)
45)
49)
53)
57)
61)
65)
69)
73)
77)
81)
85)
89)
93)
97)
101)
105)
109)
113)
117)
121)
125)
129)
133)
137)
141)
145)
149)
153)
157)

=P - I o B - T o EE PN = PR - - N o TR = PN o TR - B e S = PR = TR o B = RN e o N - T - B = o o RO = PO e o T R = Y - N = TR - B - N - B = PR e Y o T o S o N == -

2)
6)
10)
14)
18)
22)
26)
30)
34)
38)
42)
46)
50)
54)
58)
62)
66)
70)
74)
78)
82)
86)
90)
94)
98)
102)
106)
110)
114)
118)
122)
126)
130)
134)
138)
142)
146)
150)
154)
158)

BT o0 R oTTO O R oA nN TCTRART OO RN LR O TR N0 R AR AR TR T

3)

7)
11)
15)
19)
23)
27)
31)
35)
39)
43)
47)
51)
55)
59)
63)
67)
71)
75)
79)
83)
87)
91)
95)
99)
103)
107)
111)
115)
119)
123)
127)
131)
135)
139)
143)
147)
151)
155)
159)

(= PO~ B~ - o — PO T — PO — PO - — T S~ - - - CIR - Y T - N - TR o T o - I -C - U — VO . N — TR - - Y - V- U . Y — PO T - T - IR P

4)

8)
12)
16)
20)
24)
28)
32)
36)
40)
44)
48)
52)
56)
60)
64)
68)
72)
76)
80)
84)
88)
92)
96)
100)
104)
108)
112)
116)
120)
124)
128)
132)
136)
140)
144)
148)
152)
156)
160)

=2 - I S T = T = - R < P O T - o B - o T — ol A = ol - S = PO - -~ TR —~ PR — o = i — - o T - R = R - N~ PR N —~ PR - R - ol - R T - - - -

161)
165)
169)
173)
177)
181)
185)
189)
193)
197)
201)
205)
209)
213)
217)
221)
225)
229)
233)
237)
241)
245)
249)
253)
257)
261)
265)
269)
273)
277)
281)
285)
289)
293)
297)
301)
305)
309)
313)
317)

o TLD gan nn b oboan fan AT oToeR Lo g oo oo Lo o e oo 0 o an

162)
166)
170)
174)
178)
182)
186)
190)
194)
198)
202)
206)
210)
214)
218)
222)
226)
230)
234)
238)
242)
246)
250)
254)
258)
262)
266)
270)
274)
278)
282)
286)
290)
294)
298)
302)
306)
310)
314)
318)

L = PR = PR o O < - T - N = TR = T o T =IO = S = o o TR - R B - I~ Y == O = ol - S - I = = PR e T = PR o R - N = PR = = P R - I I = = "R = o =¥

163)
167)
171)
175)
179)
183)
187)
191)
195)
199)
203)
207)
211)
215)
219)
223)
227)
231)
235)
239)
243)
247)
251)
255)
259)
263)
267)
271)
275)
279)
283)
287)
291)
295)
299)
303)
307)
311)
315)
319)

a6 gTeE L N R TAaf R g gg R T AT T TN TN DT AR AT AN QLT DT

164)
168)
172)
176)
180)
184)
188)
192)
196)
200)
204)
208)
212)
216)
220)
224)
228)
232)
236)
240)
244)
248)
252)
256)
260)
264)
268)
272)
276)
280)
284)
288)
292)
296)
300)
304)
308)
312)
316)
320)

: ANSWER KEY :
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321)
325)
329)
333)
337)
341)
345)
349)
353)
357)
361)
365)
369)
373)
377)
381)
385)
389)
393)
397)
401)
405)
409)
413)
417)
421)
425)
429)
433)
437)
441)
445)
449)
453)
457)
461)
465)
469)
473)
477)
481)
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322)
326)
330)
334)
338)
342)
346)
350)
354)
358)
362)
366)
370)
374)
378)
382)
386)
390)
394)
398)
402)
406)
410)
414)
418)
422)
426)
430)
434)
438)
442)
446)
450)
454)
458)
462)
466)
470)
474)
478)
482)
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323)
327)
331)
335)
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)

TR O TR QAT T O QR DR OO O 0 TR CTERE R QM RRA R TR T TE R QN

324)
328)
332)
336)
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)
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485)
489)
493)
497)
501)
505)
509)
513)
517)
521)
525)
529)
533)
537)
541)
545)
549)
553)
557)
561)
565)
569)
573)
577)
581)
585)
589)
593)
597)
601)
605)
609)
613)
617)
621)
625)
629)
633)
637)
641)
645)

oo ann o @R Qe g an N aAaToorn Ao oo onaAaAaTeLRgon D

486)
490)
494)
498)
502)
506)
510)
514)
518)
522)
526)
530)
534)
538)
542)
546)
550)
554)
558)
562)
566)
570)
574)
578)
582)
586)
590)
594)
598)
602)
606)
610)
614)
618)
622)
626)
630)
634)
638)
642)
646)
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487)
491)
495)
499)
503)
507)
511)
515)
519)
523)
527)
531)
535)
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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488)
492)
496)
500)
504)
508)
512)
516)
520)
524)
528)
532)
536)
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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SYSTEM OF PARTICLES AND ROTATIONAL MOTION

: HINTS AND SOLUTIONS :

Single Correct Answer Type

1

(a)
Asin Q.6 — v, zg(l —e)

Similarly it is found that v, = ;(1 +e)

{H 1—-g)
Hence, = = !

vy il (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.

()
_dL _ Lry—Ly _ 4Ap—Ay _ 34g
Tat a4 &
(b)
Rotational kinetic energy of flywheel

K =360]
Angular speed of flywheel (w) = 20 rads™?

Rotational kinetic energy, K = %Img

K

= . 2
Moment of inertia, [ = —
Q)

2 % 360

=W=1.8kg—m2

(c)

. . J*
Kinetic energy K = =
where J is angular momentum and / the moment

of inertia.

. 1w 32
=Lk =(a’+mf)
17 o 2 21
Ky (10002 _ 100
K: (11002 121
K=K, _ K

D/ =-2_1__Z__
Y% change 7, %, 1
121
P d 2L [ 0,
e 1=21%
(d)
Asm, =m, - mRixd, =nR3xd,
RE _dy
RZ  d,
NDW) ;_1 Z%‘mﬂf — R] _ﬁ

8

10

11

12

(a)
M1 of disc about tangent in a plane

5
=2 yRt=
4
4
& mMR2==]
L

MI of disc about tangent / to plane I’ = %mRz

-3
T

(<)
Given,m, = 6 kg m, = 4 kg
v; = 5i — 2j + 10k, v, = 10i — 2j + 5k

The velocity of centre of mass is
TV +iiave

V=
m1+m2
_ 6(5i-2j+10k)+4(10i-2j+5k)
a 644
70i—20j+80k " v =
= _7i-2j+8k
10
(a)
MV +M Vs VitV
Vey = = asmy; =m
M ppprp 2 ( 1 2)
Mga+maa
and arM _ 191 292
& my+my
_a;+0 _ ay
T A

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

()

Retardation due to friction

a=pg=(0.25)(10)

= 2.5 mis7%

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 black is permanently at
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13

14

15

16

17

18

19

20

rest while only the first block moves. Distance
travelled by it will be

_ v _ e

T za (2)25)
+ Final separation will be (s — 2)=3m
()

F

Rotational kinetic energy E = i—} ~ L =V2E]

La  |Ea 1, 1
L= [=x== [100x-=
=1 JEB s \/ 00xg=53

(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;

L2 ﬁ]
Smv [1 s

=5m

= %mvz [1 +-§-] = 7125 my?
(a)
Moment of inertia of the solid sphere of mass M
and radius R about is tangent
I =1y+ MR?
(According to theorem of parallel axis)
=2MR? + MR? (v 1, =2MR?)
I =ZMR?
©
T= %%, if 7 = 0 then L = constant i.e. L remains
constant in magnitude and as well as in direction
(d)

Applying theorem of parallel axes
RZ

1 M 3
- & 2 = - 2
I=1y+M(R/2) ZMR + 7 4MR

(c)
As there is no external force, hence
P = P1 + P2 + D3 = constant

21

23

24

25

26

27

=5 oy m —  5m
= B3l =Py + P2l = VB + (9)? =—

[since v; and v, are mutually perpendicular]

m 5m
ahb i iy

5 -1
= vy === 2.5ms

2
(b)
Moment of inertia of circular ring about an axis
passing through its centre of mass and
perpendicular to its plane

I = MR?
Here, | =4kg—m? m=1kg
R2=2=4
1
or R=2m
Therefore, diameter of ring = 4 m.

(c)
[n the field central force, Torque = 0 .. angular
momentum remains constant

(a)
Angular momentum, L = mr2w = constant
2 z
(05 Tl 0.8
—_= (—) = (—) =0.64 = w, = 44 x 0.64
Wy Ty 1
rad
=28.16——
s

(d)

Time taken by first block to reach second block =
L

w

Since collision is 100% elastic, now first block
comes to rest and 2nd block starts moving
towards the 3rd block with a velocity v and takes

time = I;'to reach 3rd block and so on
~ Totaltime =t 4+ t+...(n — 1) time = (n — 1)%

Finally only the last nth block is in motion velocity
v, hence final velocity of centre of mass

mv v
b S ——
M nm n
(a)
i, = 4m/s 1y = 3m/s
m =3 kg my =4 kg

myuy + myu, = (my + my)v
3IX44+4x(-3)=CB+4v v=20
(d)

Apply parallel axis theorem
I=ley+ Mh?

B MI2 +M(L)
T 4

2

b o o e e e e e e e e e R e e e M e R R S M M S M e S S R e S S G M M M e R R S e R e S M M R M e e R
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28

29

30

31

33

34

_ TML?
48
(b)
Angular momentum about origin
L] = |r X mv|
= (4 cos 45°) x (5) x 3v2

y=x+4

0 X
L )
V2
|L] = 60 unit
(a)
_T_30_15 1752
af—fm 5 = rad/s
1 5 1 2
'.'3:w0t+§at =0+5X(15)X(10)
= 750 rad
(<)

The moment of inertia about an axis passing
through centre of mass of disc and perpendicular
to its plane is

Iew = 3 MR?
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 =lcy + MR?

= %MRE + MR?
3

=-MR?
2

(b)

I =myri +myri
200 £30\* 300 £20\* ;
=105 (700) +o0n(zpn) = P03kem
(a)

By conservation of angular momentum

100

I
low; = (I, + [y)wr = wp = ) .
twi = (U + Iy)wp = wy (fi:+ff3 Wy
Loss in kinetic energy = %;"tw? - %{!, +1p)(wf)
:l(ﬂ)ma
LYl

(a)

For centre of mass,

35

36

37

38

39

_2X1+4x1+4x0_ 6 3
Xem = 2+4+4 ~10 5

_2x0—|—4x1+4x1" a8 __4
Yem = 214+4 “10° 5

: . J 1
~ Coordinate forcm = (EI, EJ')

Where f and j are unit vector along x and y axis
(a)

Here a thin wire of length L is bent to form

a circular ring.

L

Then, 2nr =L  (r is the radius of ring)
= r=—
2n

Hence, the moment of inertia of the ring about its
axis
L2
I=Mrt= [=M(3) = I=
2m
(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

ML?
4m?

(a)
Rotational Kinetic energy Ky = %!wz
~ Its moment of inertia = ZMLER
360
=2 Goy
= 0.8 kg — m?
()

The angular momentum of a disc of moment of
inertia I, and rotating about its axis with angular
velocity w is

Ly =Hhw
When a round disc of moment of inertia I, is
placed on first disc, then angular momentum of
the combination is

L=+ L)w
[n the absence of any external torque, angular
momentum remains conserved, ie.,

Ly=1L,
Lw= (] +)w'
] I
= w' =——

T L+l

(d)

On applying law of conservation of angular
momentum

Lw, = Lw,

For solid sphere,

S S S S S S S S S S S S S S S S S S S S S S S S S S R S S S S S S S S S S S N S S S S R S S S S S S S S S —
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40

41

42

44

2 2 2 2
[ =—mr®=s-mrfw; =-mriw,

5 5 5
2
rig = (—) w; = w, =n’w
n
(©)
As is clear from the equation,
|(mq ¥y + my¥z) — (my Vy + my¥)|
=change in linear momentum of the two particles
=external force on the system Xtime interval
= [(my +mgz)g] % (2ty)2(my + m2)gty
(d)
ar=1 ~r=1/n
Moment of inertia of a ring about its diameter =
12
= Mr

+ Moment of inertia of semicircle = %[m (F)z] =
mi2

2n?

(@

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 = éf(vszz) + %Mvz

1
or EUZ(M+UR2}:Mgh
2 _ 2Mgh _ 2gh

T M+I/RZ T 1+I/MR?
If s be the distance covered along the plane,
h =ssinf

2 _ 2gssinf@

T 1+1/MRZ
v? = 2as

or

Now,
__ 2gssinB

__ gsin®
T A+I/MR?

2as =
1+ /MR2

or

(d)
At the highest point momentum of particle before
explosion p = mv cos 60°

=m X 200% = 100m horizontally

Now as three is no external force during
explosion, hence

P=P1+P2+DPs

However, since velocities of two fragments, of
masses m/3 each, are 100 ms~! downward and
100ms~" upward.

hence, p; = —p, or p; +p;

45

46

47

48

49

50

Ps =%.v3 =p = 100 m horizontally
v3 = 300ms ! horizontally
(a)
Taking the moment of forces about centre of
gravity G
e 10 (1 —]

15¢ G 25¢

— ¥ —k—(16-x)—A
(1.5)gx = 2.5g9(16 — x) = 3x = 80 — 5x
=28x=80=x=10cm
(o)
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 hy

L=lw

Where I is moment of inertia and w is angular
velocity about that axis.
Kinetic energy of body is given by

K =210
2

_ 1 2 _ L

k= E(!w] T
= = i
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 body A.
(b)
[n this process I decreases and w increases
(9
Here, M = 20kg, R = 20cm = =m

Moment of inertia of flywheel about its axis is

F=25N
I =2 MR? = = x 20kg x (l«m)2
2 2 5
= 0.4kgm?
Ast = la

Where « is the angular acceleration
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t FR_25X;  SNm _ P
S R g P
51 (d)
As the block remains stationary therefore
For translatory equilibrium
Z EE=0+~.F=N
and} F, =0 ~ f=mg
f
-fi____.EQ....
==
J—mg
For rotational equilibrium ¥t = 0
By taking the torque of different forces about
point0
Tr+Tf+ Ty +Tmg =0
As F and mg passing through point 0
AT+ =0
As7s # 0 .~ Ty # 0and torque by friction and
normal reaction will be in opposite direction
52 (c)
Linear acceleration for rolling a = %
. | g |
For cyl:nder; =
Oeylinder = %9 sind (IJ
For rotation, the torque fR = la = (MR?a)/2
(where f = force of friction)
ButRa =a ~ [ =%a
!
™~
8
M 2 M
~ f =53 sind —?gsmﬁ'
= f/N where N is normal reaction, Mg cos 8
ﬂg sinf _tan#@
= Mg cos 9 3
- For rolling without slipping of a roller down the
inclined plane, tan 8 = 3,
53 (a)
w, =10 Rad/s, w, = 0,t = 10s
. wy—w; 0-10 "
L= = TR —1rad/s
Negative sign means retardation
Now I = mr? =10 x (0.3)* = 0.9 kg-m?
~Torquet =la =09 % (1) =09 N-m
54 (a)

55

56

L

58

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

dm = Adx = Ay xdx
j xdm f x(Agxdx)
" M = [dm

fu Apxdx
13
4% _ —Ag
—L_ =
Jofg], %03
(a)
Here, effected gravitational acceleration is
, mg— qE
- m
vd sin 2a
gF

It means, g' for both particles are same
This is possible when
m] = mz and El = ez

(©)

As the momentum of both fragments are equal
therefore

El_mz 3
E, m 1
E, =3E,

According to problem
E, +E; = 6.4 x10%)
By solving equation (i) and (ii) we get
E, = 4.8 x 10* ] and
E, = 1.6 x 10%]
(b)
From the theorem of parallel axis, the moment of
inertia I is equal to
I = 'JCM + Ma?

where [y moment of inertia is about centre of
mass and a the distance of axis from centre.

I =MK?+ M x(6)°

MKZ = MK? + 36M

= Kf=K?+36
= (10)0°=K?+36
= K? =100 - 36 = 64
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59

60

61

62

= K=8cm

(d)

When one string is cut off, the rod will rotate
about the other point A. Let a 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 a be the angular acceleration of the rod about
A. As is clear from figure,

=

TA

R

mg

mg—T=ma ..(i)

_T_msgl/2) _3g ..
=y =in 4 (i)

B _I _ISg_3g

A YT
meEQ-(ﬂpT=mg—ma=mg—34ﬂ=$
(c)

Distribution of mass about BC axis is more than
that about AB axis, i. e. radius of gyration about
B( axis is more than that about AB axis
l.e.Kge > Kyg ~Ipc > Lig > I
(b)
The speed acquired by block, on account of
collision of bullet with it, be v, ms™1. Since the
block rise by 0.1 m, hence

vg
" 2g
= vi=2xgx0.1or vy =v2ms™?
Now as per conservation of momentum law for
collision between bullet and block,
mu = mu + My,

0.1

2kg
" —1
0.01kg " vZms

M
Sv=u——v,=500-
m

= (500 — 200v2)ms ™!

=220ms™!

()

M.I. of body about centre of mass = I,.,,, = mK?
M.L of a body about new parallel axis

Lyew = Iem + ma? = mk? + ma®
Lyew = m(K? 4 a?)

1 1
Ky = Efnewwz = Em(h’2 + a?)w?

63

64

65

66

(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.
v
(0, 3)
3 kg
O o—m=X
(0, 0) (2,0)
1 kg 2 kg
(-2,2)
3 ke

I=L+L+1+1,
s =myrt + mard + mard + mgrd
I'=(1x0)+ (2x0)+ (3x3%)+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 = mv 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)
2gh = — 2gh
5 ..m_.r_ f-—~r2+k2

We know v =
TZ

— 2mgh | 2mgh | 2mgh
w= mri+mk?  mri+1 I +mr?

t
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68

69

70

71

72

73

(b)
Angular velocity is given by
«w =600 rotation/min

600%2m _ -
:Trads 1= 20mrads™!

Kinetic energy of coin which is due to rotation and
translation is

1 1
KZE .’w2+5mv2

1,1 2.2,1 2
=sXomriw +2m(mr)
- % X 4.8 x (1)2(207m)? + % X 4.8 X
(20m x 1)2
= 48012 + 960m? = 14401?]
(<)
21 % 1800
w=2mn= a0 = 60m rad/s
P 100 x 103
P=1tXxw=21T=—=—7——=05831N—-m
w 60
(a)
2h KZ
Time of descent t = o E—(l + —R—z—)

For solid s herex—Z =2
P RZ 5
2

For hollow sphere K—_e =
R 3

K2 K?
8 (3) > (&)
R Hollow R?/50lid

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 along x-axis (parallel to the wall of
container) remains unchanged even after the
collision.

m vy mv,,

~ Impulse = change in momentum of gas
molecule along y-axis, ie, in a direction normal to
the wall = 2mv, = 2mv cos 0

(b)

74

76

77

78

L= %Maz = M.I. of sphere 1 about AB axis

I = %Ma2 = M.l of sphere 2 about AB axis
I; =2Ma? + Mb? = M.1. of sphere 3 about AB
axis
I; ==Ma? + Mb? = M.L of sphere 4 about AB
axis
M.I. of system about axis AB
Lystem =l + 1z + I3+ 4
2 2
=2 (gmz) +2 (EMaz + sz)

8
= gMaz + 2Mb?

(d)

’21(1 + K2/R?)
t= |———— = same
gsin@

210+ K+ R*)  2I(1 + KZ/R?%)
gsinf -
For sphere, K{ = %Rz, 8, =30°
For hollow cylinder, kK = R?,0, =?
1 +§ _1+1
sin30°

gsin B,

sin B,

5
sinB, = 7= 0.7143

B = 45°
(b)

S vis g s 22— 17emm
2 V2 V2

()

When spring is massless then according to
momentum conservation principle

— — — —

pi = pror 0 =mv; + myv,

LMV = —MyV,
-V =Mzl OF Py = P2
N S
Y7om" T 2m,
- K]' mz aw
e (* pPr=p2)

(<)
Let the radii of the thin spherical and the solid
sphere are R; and R, respectively.
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79

80

81

83

84

Then the moment of inertia of the spherical shell
about their diameter
2

=3 MR}
()
and the moment of inertia of the solid sphere is
given by

I =2MRZ
(i)
Given that the masses and moment of inertia for
both the bodies are equal, then from Eqs. (i) and
(i)
3

2 2 __ 2 2 R}
= _ = — = =
3MR1 5MR2 RS

= ﬁ=JE#Rﬁ&=J&ﬁ
R, 5
()

As man walks towards axis of rotation. Moment of
inertia of system decreases so that angular
velocity increases

(d)
L=l +1,
200 = ID +er — ZJrD

= 100g x em?

_r_lDUO_SRd ,

'I_,r_ 200 ad/sec

Fromw =wy+at =0+5%x3 =15rad/s
(<)

Applying the principle of conservation of angular

momentum,
(L +L)w=Lw, + L,

(6 )0 D s+ Ty D
—— =X —X X
2)%p <" 6o M

Which gives, I; = 3 kg m?

(a)

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 0. So the distance 0A is the radius of
gyration of

this system. Now from triangle ADB

85

86

87

88

89

B
X X
A
X D ‘
H—E_""|
x? = BD? + (%)
2
or BD%=x%_— IT
2 _ 3x%
or BD ’:
or BD= %
y ED S
Hence, the distance, OB = = e %
—
= OB = o7
But, the distances 04, 0B and OC are the same.
X
So, DA = =

Hence, the radius of gyration of this system is %

(c)

When body of mass m slides down an inclined
plane thenv = /2gh

When itis in the form of ring then,

" ‘ 1r2g
Ri
ing = 1 1

(@)
Since there is no external force acting on the
particle,

Hence
My ¥ +Mm;ya

VYem = —— =0, hence

My +m,
( ) x (+15) + (3m) (¥;)=0=y,=-5cm
(a)
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 ie, it should be
equal to zero.
(a)
[t's always in axial direction
(b)
To reverse the direction [ tdf = 0 (work done is
Zero)
T = (20t — 5t%)2 = 40t — 10¢?

T 40t —10¢°

T=T1- " 10

=4t —t?
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90

91

92

93

94

95

¢ ¢3
w=[adt=2t2——
0 3
w is zero at
E—3
2t2—§:0:>t3:6t2:>t:65ec
[ t3
B:Imdt:f (2t2——)dt
0 3
253 t4 —216[2 1]-36 d
e e ra

No. of revolutlon % is less than 6
()
A couple consists of two equal and opposite forces
acting at a separation, so that net force becomes
zero, When a couple acts on a body it rotates the
body but does not produce any translatory
motion. Hence, only rotational motion is
produced.
(a)
_ 2a(ny —ny)  2m(0 - 20)
B t 10
Negative sign means retardation
Nowrt=la=5%x10"3x4r =2 X 107N —m
(d)

Foraring K? = r? then

28h
12 = gxz
l+—,_'
2 _ 2eh _
(d)

Angular speed w = %z ﬂi =34 rad/s
(b)

=Jw?

= —4m rad/s?

= 40% oflmv2
2 2
112 =2 (L2
5 Je 100(2?111" % )

T

= Smr

So, the body is solid sphere.
(<)
When hollow cylinder slides with out rolling, it
possess only translational kinetic energy, K, =

L mp?

2

When it rolls without slipping, it possess both
types of kinetic energy,

2
P S S E [For hollow l:j,flindnar;—2 =1]

96

97

(a)
As a real velocity of comet is constant, therefore,
LSS
'i"l’i.?l =t 3"21?2 or Uz R
L

_6x1010x7x10“

T 8% 10°ms™*

(<)
As the body is rigid therefore angular velocity of
all particles will be same i.e.w = constant

From v = rw, v « r (if @ = constant)
[t means linear velocity of that particle will be
more, whose distance from the centre is more,
Levy<vp<vebutw, = wpg = w¢

100 (b)

As net horizontal force acting on the system is
zero, hence momentum must remain conserved.

Hence

mu
mu+0=0+mv2:>vzzﬁ

As per definition,

e:_(lﬁ —v) w0 v o om
(u; —wy) o—u u u M
101 (d)
1 1 /2
Kp==lw? == (—MRz) Z
p=slat =iz x (50)
2>< 1% (0.03)% x (50)* = 2
e 20
102 (d)
According to conservation of angular momentum,
lw =constant
le, we can write
Lw, = hLw;
or MR?*w = (M + 4m)R*w,
M
iid Wz = (M+4m) «
103 (a)
w = wy+ at
= w=0+at
= a=-——rads?
0.270
Now, a =T, a = 081X —— =45 ms2
0.270
104 (a)

Angular momentum of system remains constant

1 I w 20
IOC—=9—2= i P

e et e e
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105

106

107

108

(d)
Centre of mass €, of the point masses placed at
corners P and S from point P

PH&HQ

1 kg 1 kg
2a/'3 2a/3
a
L -4 ¢,
a3 a/3
Pk 2kg R
1x0+2xa _ 2a
142 3

Therefore, distance of centre of mass €, from

point §
_g-2_8

3 3
Similarly, centre of mass C; of point masses

placed at corners @ and R, from point @ = 2?41

Distance of centre of mass C, from point R = a —
2a a

3 3
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 P and Q.

(b)

Using conservation of angular momentum
Loip2Y i =iz o L) p2yeyr
(sz )w - {sz + 2(4)R Jo

G-mRz)w = 2mR2%’

8
tem
W =-w
(@)
2gh 2x10x2
v = ‘gK2:J — = V26.66
1+F 1+E
= 5.29m/s approx
(b)

In this process potential energy of the metre stick

will be converted into rotational kinetic energy
B

T + CG.

If2

A Vs

P.E. of meter stick = mg (%)

Because its centre of gravity lies at the middle
point of the rod

109

110

111

112

113

Rotational kinetic energy £ = %Imz

z
I = M.l of metre stick about point 4 = —mB—L

w = Angular speed of the rod while striking the
ground

vg = Velocity of end B of metre stick while
striking the ground

By the law of conservation of energy,

Iy 1 . 1ml? jvg\2
mg(3) =310* =33 ()
By solving we get, vp = \[3gl = V3 X 10X 1 =
S5.4m/s
(b)

Depends on the distribution of mass in the body
(c)

mv —mv = (m+m)v

=20

(b)

When a body of mass m and radius R rolls down
on inclined plane of height k and angle of
inclination 8, it losses potential energy. However,

it acquires both linear and angular speeds.
2gh
e

Velocity at the lowest point v =

For solid sphere K2
R? 5

(©)
To keep the centre of mass at the position,
velocity of centre of mass is zero, so

mqVy+mgve
my+m,
where vy and v, are velocities of particles 1 and 2
respectively.
d)‘i fh"z
= — oy —
my—=+m; — 0
[ dry P drs
vy =——and vy = —
LT 27 dt

= mdry + mydr; = 0 [dry and dr;, represent the
change in displacement of particles]
Let 2nd particle has been displaced by distance x.
= my(d) +my(x) =0

myd

ms
Negative sign shows that both the particles have
to move in opposite directions.

= xX=-

S{),mm'—'d is the distance moved by 2nd particle to
2

keep centre of mass at the same position.

(a)

L=Iw ~Lo«w (Ifl =constant)
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So graph between L and w will be straight line
with constant slope

114 (d)
1
Ky = Efmz = Emrzmz
115 (o)

116

117

118

119

If initial velocity of bullet be v then after collision
combined velocity of bullet and target is

¢ omv _ .?E o
W =i— and h = S orR= /2gh
mv
V —_— = h
Mrm) Ve
M+m M
= v:( )-,r‘Zgh:(1+—)J2gh
m m
(b)
Torque ZEro means, & Zero
. dzg'—(]:bth 12=0
Tdez -
« t =1second
()

v, = velocity due to translator motion
v = velocity due to rotational motion

Rotation

Translation
/\
Ve =
30°
]
Va=

vy = ‘v§+vk = Jv2 +v2 =2v = 2V2m/s
(d)

Position vector of the point at which force is
acting

n=1i+2]+3k

But we have to calculate the torque about another
point. So its position vector about that another
point

=7 —%=(i+2]+3k) - (3t —2f-3k)
=21+ 4j + 6k

Now, 7 =1/ X F = (—2i + 4] + 6k) x (41 — 5] +

I N
T=|-2 4 6
4 =5 3
=1(12 +30) — j(—6 — 24) + k(10
- 16)
= (421 4+ 30j — 6k)N —m
(d)
n
[xdm IDLXk(%) dx  m+1 y
xcm= ‘xf.m= n =( )
d L, (x n+?2
Jdm Iok(f) dx

120 (c)

121

123

I :EMRQI IEMRz
5 5 s+'h 3 h
ASJ ".S‘ = 'fh

2 2 2
EMRS =§MR,1
R _V5
"Ry V3
(d)

Mass of disc (X), my = mR?*tp
Where, p = density of material of disc
Iy = ;meZ = %nthpRz
Iy = %rrptﬁ‘“
()
Mass of disc (V)
my = 71'(4}?)2%[3 = 4nR%tp
and Iy =5my(4R)? = Z4mR%pt. 16R?
= I, = 32mtpR*
(1)
v _ 3121:ch4 -
Iy STRtR?
e .r}_, = 64 !x
(a)
my =1kg,m, =2kg,my =3 kg
Position of centre of mass (2, 2, 2,)
my =4 kg
New position of centre of mass (0, 0, 0).

For initial position
_ myx+maXa+maXs

X =
M M4 15+,
2 mixi+m2x2+m3x3
o 14243

myxq + Myxy + maxy = 12
Similarly, mqyy + myy, +myy; = 12
and Mmyzy + MaZy + Myz5 = 12

For new position,
My Xy My Xy Mg Xy,

Xem =
m1+mz+m3+m4

1244x%x,
T 1424344
4x, = =12

Xy = -3
Similarly, vy = =3
Zq_ = _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
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125

126

127

128

129

130

131

1 1 1
E.-’wz +Emv2 > E!wz +mgh=v=.,2gh
()

Since gun-shot system is an isolated closed
system, its centre of mass must remain at rest.
(c)

KE of rotation = %Imz = %x %MRZ(ZIITI)Z
1 :
=% 4m*n*MR?

2
= 0.8n? (@) MR? = 80m*MR?

60
(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

If2 cos 6"[ | /2
B o S T |
‘f“a h
f-3 " TR\ W
N

From the figure h = % - %cos f= %(1 —cos8)
Hence the increment in potential energy of the
stick=mgh = mgé(l —cosf8)=0.4x10x
(1 —cos60°) = 1

(a)
LZ
KE.==—
21

** From angular momentum conservation about
centre
L — constant

| =mr?

¥ Lz ’ r
K.E.' = m r = E
K.E'.= 4 KE.
K.E. is increased by a factor of 4
(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

(b)

Speed of the bullet relative to ground v, = V + ¥,
where v, is recoil velocity of gun. Now for gun-
bullet system applying the conservation law of
momentum, we get

mvy +Mv, =0or m(V+Vv,)+ MV, =0

— mv my
= V,=-

(d)

or v, =

m-+M m+M

132

133

134

135

136

For any uniform rod, the mass is concentrated at
its centre

2) s5in 30°
Potential energy of the rod = mgh
=mXx xI in30°=m x xi!xl—m‘gI
=X g X Ssin SMBPRSRS =
(©

s P i L Z K? 2
Rotational kineticenergy MV 77  K* 2

Translatory kinetic energy L2 “RZ 5
2

(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

. + _ dL
conservation of angular momentum, T = —

dt
AsT=10 » % = 0 or L = constant
(b)
Using a = —2—
mR

= 4 -

o= [.’—EMR ]
2mR?

- Zm

=M+ 2m?
(c)

Let the mass of an element of length dx of the rod
located at a distance x away from left end is %dx.

The x- coordinate of the centre of mass is given by

L AL?
Total mass of rod = [ Ax dx ==~

1 1 .
Xem =fodm =TL X (AI dx)

)
24 xS"_[z] 18] 2L
CA|3) T LAl[3] T 3
Hence, the centre of mass is at (% 0, O)

(d)
From E = %rmz, we find that when frequency (n)

is doubled, @ = 2mn is doubled, w? becomes 4
times. As £ reduces to half, /f must have been
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reduced to éth. From L = [w, . becomes j; X2= Fi

times ie, 0.25 L
138 (a)
I =MK? = ME
- 12
L

S =—
V12

139 (d)
Here, | = 1m,0 = 30°g = 9.81 ms™%,t =?

211 4+ K2%JR%)
A ‘—
gsin0

. 1
For a rupee coin, K? = = R?

o [pxiavyny e
= [T981sin30°  .J9s1  ‘°%

140 (a)
EMRE= M2 5 r =28
— e r = —
5 2 V15
141 (c)

143

The situation is shown in figure
Iyyr =m X DP? + m x BQ? + m x CA?

X
o/
Kot

-

D C
2
:mxzx(%) +mx(ﬁ£)2
= 3ml?

(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)

ML?
Iem ===

- (about middle point)

- —— | [
I
Ii= "C?'-"[ + sz
_ MIL2 Ly
=S +u )
2
[ =M
9
145 (a)
2
Because its M.I. (or value of%} is minimum for
sphere
146 (c)
B = Feg
M7 (my +my +my)
mqa; + mya; + maay
T (my +my+my)
e F'eq = mlﬁl + mzaz + m353
=1x142x24+4x%x(—-05)=14+4-2=3N
147 (b)
Since there is no external force acting on rifle
bullet system, hence
- L L
P» = pg and hence ot il
=Xb
Or K; = i
Now total Ky+ K, or +22=2 g, =
ow total energy Ky, + Kg or +-—==— K =
2050
= K, = 2222 — 2000]
And K, = 2050 — 2000 = 50].
148 (d)
2
I= Em:-"2 = mk?
2
k%= grz = k=7rv04
150 (h)
Ast=la
a oc% (t is constant)
M1 of figure (ii) is smaller hence acceleration is
greater
151 (b)

Moment of inertia of triangle sheet ABC about

AC = %moment of inertia of square ABCD about

ABC
4

]
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152

153

154

155

156

157

158

159

1 2 M2

MG =17

(c)

I =2MR? =2 x3 % (1)? = 6g — cm?
(a)

Force does not produce any torque because it
passes through the centre (Point of rotation) and
we know that if r = 0 then L = constant

(b)

Here,m = 8kg,r =40 cm = %m,

w=12rads 1,/ = 0.64 kgm?

Total KE 1: 2+Al =
ota = =il —-muy
2 2
1 1
=Efw2+§mr2u)2

2

: 0.64 x 152 + : 8 (Z) 152 = 216
=—x0.64 x —x8x|=] x =

2 2 5 ]
(d)
Moment of inertia of a hollow cylinder of mass M
and radius r about its own axis is Mr?
(a)
Given system of two particles will rotate about its
centre of mass

- L
Initial angular momentum = MV (3)

2
Final angular momentum = 2/w = 2M (%) @

By the law of conservation of angular momentum
L Ly 4

(d)

Aswy=wy +at ~40n=20m+a x 10

or a=2nrads™!

From, wi — wf = 2ab

2
(40m)? — (20m)? = 2 x 210, = 0 = 1222“
= 300m
Number of rotations completed
8 300
T 150
(a)

First sphere will take a time t;, to start motion in
secand sphere on colliding with it, where t; = %
Now speed of second sphere will be

u 2
Vs =§(1 +e) =§u

Hence time taken by second sphere to start

motion in third sphere t; = ﬁ = %

; L , 3L 5L
~Totaltimet=t; +t =—+—=—

u 2u 2U
(b)

160

161

162

163

164

165

166

1
—lw? =750] = w? =

57 =625 =2 w
= 25rad/s

- w 25-10
a=u=>5=—=:r=55

t t
(b)
E=K —1! =
= R_zw

[f angular velocities are equal then E o /
As I > I, therefore E; > E;

(c)

wy I
f1w1=f2w2 --_=T
w3 1
1
Now, == ot _h (’_2)2 =
" E, %Izmg I3 I Iy

As I, > 1y By <E,
(d)

my = 2kg,m, = 4kg, v, = 20m/s, ¥, = —10m/s
myvy +myv,  2Xx20-—4x10
B 2+4

-+

Uem =

(b)

=0m/s
my +m2

A, '_ m_4_1 e i
= g o (* p1 =Dp2)

(d)

When the hands outstretched, moment of inertia
increases and angular velocity decreases so that
angular momentum remains unchanged

(d)

1 . 1 KR\ K?
KT:KR::»Emv :Emv g :F: 1
This value of K*/R* match with hollow cylinder
(b)

Letm, = m,m, = 2m,my = 3m,m, = 4m
y

2m Im
e !
i i
P =
Fy o
f =]
.’\60“
L — 4m A
a cos 607

av3

a
7, = acos 60f + asin 60f :Ej +Tj‘

=+ A - A A av@ A
3 = (a+ acos60) + asin60j zzm +Tj
7y = ai + 0

By substituting above value in the following
formula
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o

168

169

170

171

L T+ Mty + mats + mut V3
=it 22 33 22 = 0.95ai + —aj
my +m, +msz + my 4

So the location of centre of mass [0.95{1, % a]

()
Given, Ml = 2.5 kgm™?

W =40rads™!
T =10Nm
AsT = la
10 = 2.5a
a=4rads™?
Now, =uwqy+at
60=40+4xt
20 =4t
t=5s
(@)

Weight of the rod=w
Reaction of boy Ry = %

y 3
Reaction of man Ry, = Tw
RB RM

A T |

Bt y
Y
W
As the rod is in rotational equilibrium
xt=0
L
Rg X = RM xx=10
w L 3

w
—X=——=Xxx=
4 2 4 & 0

= x=-

= e e s

(d)

L2 (2 _ a00p Lnp2 oo Ko _ 40 2
2™ (R?)dm/" 2™ 7 RET 100 5
i.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

lring = MR?
Similarly, for a circular disc about the same axis of
rotation

1
Lyise = MR?

lring _ MR® _ 2
Hence, E_ %MRZ =
172 (d)
I = Iy + Mx?
MiZ L2
= Mg
_ ML ML 7ML
Y 16 48
h{ *"ICM
N
-
L4 L4 '
173 (a)
il _9MR* MR?
2Ty 18
_ 81MR?—MR? _40MR?
- 18 )
175 (b)
it 2—1(1MR2)(2 )?
BSgHr =gl .
= 1(1><72><(c-5)2)x4 Zx(m)z—zw
~2\2 ‘ X \go) =20
176 (d)

Wall

myxy + maXs + MyXg
m1+m2 +m3
Mx§+MxL+Mx% %ML 111

M+M+M M 12

“Xem =

177 (c)

my =12,m, = 16

Fl = 0? + 0},?’2 = 1.1E + Of
myty + myt,

F=
nmy + nmsy
#=22215 — 0.6311.e.0.36A from carbon atom
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178

180

181

182

(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 y; and mass
2mis placed at y,.
Taking point ¢ at the origin position vector of
points ¥; and y, can be written as

=2l =1
and my; =mand my = 2m
Position vector of centre of mass of the system

" _ myrydmery  m2lj+2mij ﬂ _ 4_1}

Ch= m+mz T m+2m  3m 3
(a)

mMyxy +mexs 04x2+06%x7 .
tem = *m, | 04+06
(<)

Displacement of the man with respect to trolley in
4 sec

Xy =4M = Xyr = Xy + X7 2 X7p =4 — Xy
Position of centre of mass remain constant

16
=(4—xm)320=xm><80=?xm=?= 3.2m

*"‘f“" Imi/s

u . il
— T N
o A e o 5 4

B 4+ Y 4+ B
LTI « & TETD. o JITII I

Alternatively: If the man starts walking on the
trolley in the forward direction then whole
system will move in backward direction with
same momentum.

Momentum of man in forward direction =
Momentum of system (man + trolley) in
backward direction
=280x1=B0+320)xv=>v=02m/s

So the velocity of man w.r.t. ground 1.0 — 0.2 =
0.8m/s

+ Displacement of man w.rt. ground = 0.8 X 4 =
32m

(a)

When the sphere 1 is released from horizontal
position, then from energy conservation, potential
energy at height /; = kinetic energy at bottom

Or mgl, = %mvz

183

184

185

186

187

188

or v =.2gly

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

M 2g£0

(d)

Generator axis of a cylinder is a line lying on it's
surface and parallel to axis of cylinder

By parallel axis theorem
o MR?
g
(@)
gsinf gsinf 5
= = 1 +§ = ?g sind

3
+MR? =~ MR?

a 2
1+
(b)
My Xy +MyXy + MaXs + MyXy
T mymy+my+my
_0+40x, _ 40xy
7100 ~ 100
300
Xy = W =75
Similarly v, = 7.5and z, = 7.5
(a)

1
EMR2=.*=)MR2 =21

Moment of inertia of disc about a tangentin a
plane

5 5 5
g 2:— = =
= MR* =2 (2N) =31

4
F si::\ .ﬁ/gé/f cos ¢
P

()
¥

X
T=FxF=rFsing ~t=rFsin¢g

F sin ¢p = transverse component of force
F cos ¢ = radial component of force

(b)

M.I. of a cylinder about its centre and parallel to
2

its length = %
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189

190

191

192

193

194

195

M.I. about its centre and perpendicular to its
LZ RZ
length = M (—_ + _)
12 4
; ML MR?  MR?
According to problem, —h—— =

1 4 2z
By solving we get L. = V3R
(a)
Due to centrifugal force
(a)
Angular acceleration is a axial vector
(@)
o | 2gh _ngh _ |
= = _ =
J 1+ 142 {7
(d)

For circular disc 1

Mass = M, radius R, =R

Moment of inertial; = I,

For circular disc 2, of same thickness t, mass= M
But density = %X density of circular disc 1

Let radius = R,
Then mR4t X -2'?- =Rt Kp~ M =RE~ 2RS

R, =V2R; =2R

* The given axis passes through the centre of
mass

~ Moment of inertia I « (Radius)?

"1 ("li.‘l)2 "'U ( R )2 I 2]
Jr2 RE ]2 V2R 2 .
(a]

L=rP=log,L=log,P+log,r
If graph is drawn between log, L and log, P then
it will be straight line which will not pass through
the origin
(d)
Herem; = m, =m,u; =uandu, =0
(my — emy) (1+e)m,
m tmy) 2(my +my)
_u(l—e)

2
1y (1 — E)
= — =
u 2
(<)
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

S =

planet is in position A. Then area swept out by §4

dA = area of the curved triangle SAB
= ~(AB x SA) = = (rdf x 1) = >r%d0

The instantaneous areal speed is

U _l8_Llaz,

dt 2 dt 2
Let / be angular momentum, / the moment of
inertia and m the mass, then

] =lw=mr’w

dA
44 _ J —constant
de ~ zm

Hence, angular momentum of the planet is
conserved.

196 (b)

The x coordinate of centre of mass is

ft— | 1 =

T myx;

Zmy
_ mXo+mxitmx2
m+m+in
= LMy
Y Imy
_ mx0+m(2sin 60°)+mx0
- m+m+m
= VZm 1
3m V3

Position vector of centre of mass is (i + v—%)

=1

197 (a)

Moment of inertia of rod about the given axis =
M2

1z

Moment of inertia of each disc about its diameter

MR?

4
Using theorem of parallel axes, moment of inertia
of each disc about the given axis
_ MR? I\* MR? M
=3 tM (E) =7 "1
= For theorem of parallel axes, moment of inertia

about the given axis is

f__mL2+ MR2+ML2
712 4 4
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198

199

200

201

202

203

204

205

206

ml?2 MR%Z MI?

=ttt

(b)

Here, r = 4m,T = 2s5,a =7

g =Tt = r(zn) = il = 47 ><i
T TZ 22
= 4n’ms™?

(d)

About EG, the maximum distance from the axis is
the least i. e. distribution of mass is minimum

(c)

(514}
_2”(3’!2“?’11)_,.ZH(G_E)_“Z?"-r
N t B 60 60

B d/sec?

—30?"1’.’1
o= _2><?r_nr
e T I TR
(b)

When two identical balls collide head on
elastically, they exchange their velocities. Hence
when 4 collides with B, A transfers its whole
velocity to B. When B collides with €, B transfers
its whole velocity to C. Hence finally A and B will
be at rest and only € will be moving forward with
speed v

(d)

L2 T'Z L2 DE
[ =M(§+T) = M(E-'-E)
(b)

Rotational kinetic energy = %.’mz = 1500

1
::Ex 1.2 x w? = 1500

3000

2 _—— =
T 50rad/s

= W

Initially the body was at rest and after t sec its
angular velocity becomes 50 rad/s
w=wp+tat=>50=0+25Xt=>t=2s

(b)

By doing so the distribution of mass can be made
away from the axis of rotation

(<)
My X HiaXy

XCM - my+msy
C CM 0
o i O —mimmimims =X
12 -— X —m 16

¥y = (12x01:£1156x1 13) _ — 0.6457A
(a)

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 i. e. it should
be equal to zero

207 ()

Ky 1+K2?/R?

Ke  K?/R* _ 2/5
1+2/5

=2/7

208 (d)

Moment of inertia of cylinder about an axis
through the centre and perpendicular to its axis is

R? I?
Io=M[—4+=—
¢ (4+12)

Using theorem of parallel axes, moment of inertia
of the cylinder about an axis through its edge
would be

A RZ 12 |2
I=L+M(=) =M|—+—+—
et (2) (4+12+4)

R® I?
=M|—+—
(7+3)

WhenL = 6R, Ih—-—-MRz

209 (a)
_ML2_0.12><12_ 5
= 7= T = 0.01kg —m
210 (c)

The moment of inertia is maximum about axis 3,
because rms distance of mass is maximum for this
axis

211 (d)
2gh
V=
k2
1+ 2
Where k is the radius of gyration
Forring, ::é =
2gh r

213 (b)

Moment of inertia of the system about the centre

of plane is given by

2
I= ng 1x(0.1)2 +1x (1)2]
2
+ [§ x2x(0.1)%+2x (1)2]
2
+ [gx 3x(0.1)*+3 x (1)2]
2
+ [E x4 x(0.1)%+ 4 x (1)2]
= 1.004 + 2.008 + 3.012 + 4.016
= 10.04 kg — m?

214 (d)
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215

216

217

218

220

221

w=wu+at=:~m=(}+(})t [AsT = le]
1000
200

w=0+
()

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

X 3 = 15rad/s

= Jf M 3
=M—%=3
~Zar+ZRr=0
4 4
J:
a=-=
3
(a)
2 2 274 3 2
Isphere _ 5MiR _E(EHR p)R _16

ICylmﬂer %MZRZ B %{ﬁRsz)Rz 15

fSphcrr: > ICyiindcr

(d)
L 2
Ieo = lom + M ()
A o
i
CM ;
L/4 :
[/ [ /4
1
B )
_ Mi?  omit 7MLl
T 12 16 48
(<)

— L
Kinetic energy £ = =

1
If angular momenta are equal then E o =

Kinetic energy £ = K [Given in the problem|
[f.li_q > IB thEIl KA < KB

(d)
i j k
L=rxP=|1 2 -1
3 4 -2

L=i(—4+4)—j(-2+3)+k(4-6) =—j—2k
L has components along - y axis and - z axis.

The angular momentum is in ¥ — z plane ie,,
perpendicular to x-axis.

(c)

Moment of inertia of uniform circular disc about
diameter = [

According to theorem of perpendicular axes,
Moment of inertia of disc about its axis =
21 (= %mrz)
Applying theorem of parallel axes
Moment of inertia of disc about the given axis
=21 + mr? = 21 + 41 = 6]
222 (d)
Angular displacement during time
0= (w; — wy)t
= (2mn, — 2any)t
= (600m — 2007) x 10

= 4000 m rad
Therefore, number of revolutions made during
this time
= 2222 = 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 ] il ]
x=0 b= x| 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
IZ xdm

jﬂsdm

Xem =

fgax(2+x}dx

Jy (@+x)dx
- j3(2x+x2)dx
T [ @+xdx

a
[2:\72 +x3
2 3 0

—] xz ]
[23:1—]
zlg
2, @
_ [(3) 5 949
- [2:{3-{-—[3}2 6+9/2

2
_1Bx2 _ 12
21

224 (d)
160 160

I=MK2=16O=K2=F=1_D=16=K

= 4metre

225 (b)

As the mass of disc is negligible therefore only
moment of inertia of five particles will be

considered
I = Zmr2 =5mr? =5x2x(0.1)?
=0.1kg — m?
226 (b)
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227

228

229

230

231

T = la, if T = 0 then @ = 0 because moment of
inertia of any body cannot be zero
(a)
Since, no external torque is acting the angular ()
is conserved.
| = lw =constant
Where I(= mr?) is moment of inertia and w the
angular velocity.
Given, I = 1,1, ==, = w
] =hw = Lo,
lo="w
&2
= (I'Jz = N
Hence, angular velocity increases by a factor of n.
(<)
. . e i myimz - 2
Loss of kinetic energy = e (v, — 1)
1 MxM
T2M+M)
_M-M (
“22m ™

(v — vz)z
— ;)2

= I(UI = vy)?

(b)

Angular moment of particle w.r.t, origin
=linear momentum X perpendicular distance of
line of action of linear momentum from origin
vl

"

a

[ X

=mv X a = mva =constant

(a)
He decreases his Moment of inertia by this act and
therefore increases his angular velocity
(<)
Let T be the tension in the string carrying
The masses m and 3m
Let a be the acceleration, then

T —mg=1ma (1)

3mg—T =3ma (i)
Adding Eqgs. (i) and (ii), we het

2mg + 4ma
=&
= W=

232

233

.
aijﬁg s

(<)
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

I, == MR?
(1)
Similarly, the moment of inertia of hollow sphere
(spherical shell) B about its diameter

lp ==MR?

(1)

[tis clear from Egs. (i) and (ii), we get
[q < Ig

()

By the conservation of energy
P.E.of rod = Rotational K. E.

D

' 1 e .
mgis:na =§!m =&mg§sma=ETw

3gsina
[
But in the problem length of the rod 2L is given

==

3gsina
=w= ’ o1
234 (o)

235

Time taken in reaching bottom of incline is

oo 2[1(1 + K?/R?)
B gsinB

For solid cylinder (SC), K% = R?/2

For hollow cylinder (HC), K? = R?

For solid sphere (S), K* = %Rz

(b)

According to figure let A is the origin and co-

ordinates of centre of mass be (x, y) then,
myxy + mMaxy + Maxg + My

ny +m2+m3 ‘|"m4
0+2xZ+4xZ+0 39

16

=
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3C

Similarly y = Tilso. r=.x%+y2=30cm
¥
2kg akg
[ 5 e e —? G
oy), :
° :
7 2k
Sr i
Skg ,'('_IZ i g x
A B
236 (b)

I = MK? = ¥ mR?
where M is the total mass of the body.
This means that

- @

According to thermo of parallel axis
I= ICG + M(ZR)z

where, [ is moment of inertia about an axis
through centre of gravity.
I =ZMR? + 4MR? = Z MR?

22

or MKZZ?MKZ

kK= 2R
5
237 (a)
The situation can be shown as: Let radius of
complete disc is a and that of small disc is b, also
let centre of mass now shifts to 0, at a distance x,

from original centre

The position of new centre of mass is given by

" —owh?.x,
M= 5 na? — a.mh?
Here,a = 6¢cm,b = 2cm xy = 3.2cm

—axm(2)2x3.2

HEnCEa XCM = gxnx{ﬁjz—ﬁxﬂxtz)z
_l28m_
238 (b)

2gh 2gh 4
v= Kzz‘jl 1= ggh
l'l'ﬁ—2 +E

240 (c)

241

242

243

I=EMR2=E(ET{RSP)R2=£X§RSP
5 5\3 15 7
]:1?6}35

105" P
(b)

Here, Moment of inertia, I = 3 x 10%kg m?

Torque, T = 6.9 X 10°Nm

[nitial angular speed, wy; = 4.6 rad s

Final angular speed, @ = O rad s~?

Asw = wy + at

w—wy; 0-—4.6 4.6 B
= =——rads

t t t

Negative sign is for deceleration Torque, 1 = la

=1

2

=

4.6
6.9x10%2 =3 x 102 XT

3x 102 %46 _
= eox10?
(d)
Here, mass of the disc, M = 1 kg
Radius of the disc, R = 2m
Moment of inertia of the circular disc about XY is
5 S e

¥ Yy
2z
Ly = % = 2kg m? [Given)]

According to theorem of parallel axes the moment

of inertia of the circular disc about X, Y, is
2

+ MR?

MR
leyl = ny +MR2 =

3 3

= EMR2 =3 x (1kg) x (2m)? = 6kgm?

(b)

According to the theorem of || axes, Moment of
inertia of disc about an axis passing through K

and L to plane of disc,

1 3
=—MR? + MR? = —MR?
2 + 2
Total moment of inertia of the system

= %MRE +m2R)? + m(VZR)" +m(VZR)’
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RZ
=3(M + 16m)ﬁ

244 (a)
L it 1+K2 =, 0.5 022(1+2)
2™ rz) =300 5
= 0.014]
245 (b)
ma? 2y _ ma’ 2
= + m(4a°) = = + md
2 _ 4702
or d® = =
.
d= 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

{w = 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)

For disc, I = %maz

For ring, I = ma?

For square of side 2a = % [(2a)? + (2a)?] =

2 Ma?
3
For square of rod of length 2a
B (2a)? ) .
I =4|M T + Ma —?Ma

Hence, moment of inertia is maximum for square
of four rods

249 (b)
A
H—.’—é—,l"’—bl
. b AR 4

M.I of block about x axis, I, = == (b* + t?)
ML of block about y axis, I,, = %(IZ +t%)
ML of block about z axis, I, = — (% + b?)
RIS 65 ¢ > L5
250 (a)
Mass ofarod, m = 1.8kg
. Weight ofarod, W = mg = 1.8kg X 10ms =% =
18N

L

e 3
L2

p——

L4
—
k L2 at L2 o]
Al 'i' B

27N I8N F

As the rod is uniform, therefore weight of the rod
is acting at its midpoint
Taking moments about 4,

2?xL+18>(L~F'>(L
4 3
63

63L
=FL= [2?+36]=T=F=T= 16N

251 (b)
Given : kinetic energy K = 360]
Angular speed w = 20 rad/s

==

1
-"K=§Im2
Where I = moment of inertia
2K _2x360 oo
= =—= =1.
w?  20x20 gt
252 (a)
_dL_lp—ly_SL—2L 3L _,
T a3 3”7
254 (a)

By the theorem of perpendicular axes, the
moment of 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.
Thus, Iy =1=3MR?
le=1+1
= ZMR? + 2 MR?
=1+1=2I
256 (d)

L =+/2IE.If E are equal then I, J: J; =
257 (c)
Frequency of wheel, v = % = 5 rps. Angle

described by wheel in one rotation=2m rad
Therefore, angle described by wheel in 1s
= 2m X 5 rad
= 10m rad.

258 (a)
(1)Angular velocity of earth

i Im
T 24%60X60
2m

~ 86400
(2)Angular velocity of hour’s hand of a clock

wy =

rads™?!
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i
s =5
B 2T
"~ 12 x 60 % 60
21
s -1
#3200 "9
(3)Angular velocity of seconds hand of a clock
fﬂ3 = Z_I;:E
_2m 2m ds-1
“Tx60 60
(4)Angular velocity of flywheel
W, = 2mn
— 300
— 4T 60

=2 X 5rads™!
259 (b)

Let ball strikes at a speed u the K; = -,]ziri'm2

Due to collision tangential component of velocity
remains unchanged at u sin 45°, but the normal
component of velocity change to u sin45° =

%u cos45°
- Final velocity of ball after collision

1 2
v = J{u sin45°)2 + (Eu cos 45")

- [ G- B

- ¥ 3 1 7 5
Hence final kinetic energy K, = Smv® = —mu*.

~ Fractional loss in KE

260 (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

200N

7 = 0.25 % 200 = 50 Nm
261 (d)

2
f=§MR2 =] ot R?

This relation shows that graph between / and R
will be parabola symmetric to [-axis
263 (a)
SMR? = ZMr? + Mr?
or % MR? = EMT2

2

=T
264 (b)
lning  MR?
S =2i1
Ipisc  1/2MR?
265 (b)

According to the theorem of perpendicular axes.
1{43 + IJCD - MRZ

Ig+1;=1
(v Iy =lep = 1g)
2-’& =]
I
Iy =
A B
D

where, I; =moment of inertia about diameter of
the ring, | =moment of inertia about axes passing
through to the ring.

266 (b)
(I) Moment of inertia of a cylinder about its centre

a
and parallel to its length = %

R
L
i gk
|
() (I
(II) Moment of inertia about its centre and

2 2
perpendicular to its length = M (% + RT)
ML* MR* MR?

Zz Tt T3
orL =+3R
267 (b)

Let at the time explosion velocity of one piece of
mass m/2 is (101). If velocity of other be ¥, then
from conservation law of momentum (since there
is no force in horizontal direction), horizontal
component of V,, must be =10 1.
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269

270

271

272

= Relative velocity of two parts in horizontal
direction = 20ms™~1!
Time taken by ball to fall through 45m,

=20= JZ—E = F’l‘f = 35 and time taken by ball
to fall through first 20m, t' = J%’ = ’ET;D = 2s.

Hence time taken by ball pieces to fall from 25 m
heightto ground=¢t —t'=3-2 = 1s.

-~ Horizontal distance between the two pieces at
the time of striking on ground

=20x1=20m

(©

Graph should be parabola symmetric to /-axis, but
it should not pass from origin because there is a
constant value [, is present for x = 0

(d)

Weight of the rod will produce the torque

=la= X== o X
t=lasmgxo=—7-Xa
|
|
1 | >
]'( I L
“—1/2 —*1
mg
Angular acceleration
=2
()

The situation can be shown as

Let radius of complete disc is a and that of small
disc is b. Also let centre of mass now shifts to 0,
at a distance x, from original centre.

The position of new centre of mass is given by
_ —ambix;

" gna?-gmb?

Here,a =6cm,b =2 cm,x; = 3.2cm
—gxm(2)¥x3.2

Xem

Hence, Xy = P
12.8m
S —0.4 cm
(@)

273

274

275

276

277

278

[nitial acceleration of the system is zero. So it will

always remain zero because there is no external

force on the system

(d)

Rotational kinetic energy = = [w? = 1(1 MRZ) prd
8Y =3 2 \2

wz

= %G x 10 % (0.5)2) x (20)2 = 250 ]

(d)

1 1 1 1

Efmz =Emv2 =)§><3x (2)? =X 12 x v?
=v=1m/s

(b)

[n doing so moment of inertia is decreased and
hence angular velocity is increased

(b)

In the absence external force, position of centre of
mass remain same therefore they will meet at
their centre of mass

(a)

Moment of inertia of rod AB about point P and

; M2
perpendicular to the plane = s

Afp——1——8
P

.
a

: . i MI2 INE
M. of rod AB about point '0' = —=tM (;) =
Mi?

3
(By using parallel axis theorem)

But the system consists of four rods of similar

M2
type so by but the symmetry lsysrem = 4 (—)

3
(c)
J'CCM=E;;TE
:MXU+M><1+M)<2:1

M+M+M

, Refer to figure

2m 2m

C’}|--|—lrﬂ—-:----i
X m;y;

xm;
_MXU+M(25in60°)+M><O
B M+M+M

V3M 1

“3M 3

Yem =
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279

280

281

282

« Position vector of centre of mass is (i + %])
W

(a)

Angular velocity = w

Centripetal force F = mrw?®

1
or e —
w

L5 B "-U-é'

2 W?

4 4w?
or —=—

Ta ]
or » =1cm
(b)

Time of descent will be less for solid sphere i. e.
salid sphere will reach first at the bottom of
inclined plane

(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.

la
mg
mg—T =ma
= mg—ma=T (i)
Also torque (also known as moment or couple

acts on the system).
T = force X

r

perpendicular distance axis of rotation
T=TXR
From Eq. (i),
t=m(g—a)XR (i)
Let I is moment of inertia of reel and « the
angular acceleration, then torque is

T=la (1)
where, [ = %MRZ,CE :%
=ipnee® oMk i
T—EMR Ky .(iv)

Equating Eqs. (ii) and (iv), we get

t=m(g—a)R = mfﬂ
cap s e
g—e=3
= __
a=zg
(<)
Force of attraction between two stars
Gm1m2
T +12)?

i F Gm
Acceleration = — = —
my (?’| +r2]

283

284

285

286

287

288

289

290

291

(c)
Here,m; = m; = 0.1kg
rn=r=10cm=01m

2, 1 2_3 2
=L+, =mr; +§m2r2 :Emﬂ‘[
3
=3 x 0.1(0.1)? = 1.5 x 1073 kg m?
(a) |
; K
For solid sphere, i

. . . K?
For disc and solid cylinder, — = %
2
As % for solid sphere is smallest, it takes

minimum time to reach the bottom of the incline

(a)
1 2 1 2 2
fziMR =§X(TL’R tXp) xR

= ] oc R* (Astand p are same)

L (R1 )"‘ B ((.‘r.Z)'1 .
"L \R) T \os/ 81

(c)

myry = Mgtz

T m 1
—1 = —2 S o —
rnooMmy m
(d)

According to law of conservation of angular
momentum, if there is no torque on the system,
then the angular momentum remains constant.

(b)

Let the mass of an element of length dx of rod
located at a distance x away from left end is% dx.
The x-coordinate of the centre of mass is given by

X{:M z% fxdm

b —
o( s 4]
=0 = i =L
-
1 pL M
=5 o x(Tdx)
M “0 L
1 [xzr L
plzly 72
(<)

As Foyt = 0, hence momentum remains conserved
and final momentum = initial momentum = mv

()
The moment of inertia of this annular disc about
the axis perpendicular to its plane will be

%M(Rz +rd).

(b)

Since, rod is bent at the middle, so each part of it
will have same length (%) and mass (%) as

shown,
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W
»
\)\ﬁk
60°
obs |
-—— [ =

end

Hence, net moment of inertia through its middle

point O is
1 /MY (L\Z 1 MY (L2
r=3) ) +3 G 6)
1[wz | w2
T3l s 8l 12
292 (c)
12 K, I} K, (1004 100
K:—:—:—zﬁ—z(—) = —
21 K, L5 K 110 121
o K; =121 =100+ 21
= —= — = = =
K2 121 ?
Increase in kinetic energy = 21%
293 (c)

J.S‘pher.e < l‘Disc < "Sheii < -"Ring
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 8 and a cylinder
rolls down then the acceleration of the cylinder of
mass m, radius R, and [

/ as moment of inertia is given by
- gsin@
=
(172)

|
Moment of inertia (/) of a cylinder =%

a= E::ZB = ggsin 30°
==
= a :%
295 (a)

The rotational kinetic energy of the disc is
1 1(1
Keot = 3107 = 2 (SMR?) 0? =
~MR%0?
The translational kinetic energy is
1
Kirans = EMUCZM

where vy is the linear velocity of its centre of
mass.
Now, vgy = Rw

1
Therefore, Kirans = EMszz

Thus, Keota =3 MR2w? + 5 MR2w? :% MR2w?

Kpor  TMR?@? 1
Kool = MR%w? —3
296 ()
L=1lw
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)

1,21
mghzifm +Emv

1,2 1 7
B T 1 O T SO0 O
Z(Smr )m +2mv T
"ID
. = |— oh
v 7 g
299 (c)

For the rolling a solid cylinder acceleration a =

» The condition for the cylinder to remain in

equilibrium
Ma < usR
= %MgsinBEMgcos&us
or fls = %tan (5]
or tanB < 3y,
300 (d)

Since, no external force is present on the system
s0, conservation principle of momentum is
applicable

“Pi =PBf =P1+ P2

~ P1 =P (P =0)
=Pyl = 1=Pal
~ P = P2

From this point of view, it is clear that momenta
of both particles are equal in magnitude but
opposite in direction
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301

302

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=lw
(1)
Where [ is moment of inertia of particle and w the
angular velocity.

Also, K =lw?

(i)

Where K is kinetic energy of rotation.
From Eqs. (i) and (ii), we get

2K 2K

L=—w==—

[ ]
L= 2(k/2) _ 1 (g) _L
2w 4 \w 4

Note In a closed system angular momentum is
constant.

()

As there is no external torque, angular
momentum will remain constant. When the
tortoise moves from A to €, 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

A W B

If, M=mass of platform

R =radius of platform

m =mass of tortoise moving along the chord AB
a =perpendicular distance of O from AB

Initial angular momentum, I, = mR? + MTR

At any time t, let the tortoise reach D moving with
velocity v
“« AD = vt
AC = R? —a?
As DC = AC — AD = (WVRZ — a? — vt)
0D=r=a2+[m—vt]2
Angular momentum at time ¢
R2

I, = z
2 mr+2

As angular momentum is conserved
11&}(] = I",:(t}(f_]
This shows that variation of w(t) with time is
nonlinear. Choice (c) is correct
303 (a)
MmyXy + My + Xy +
my + My + =

_ml+2m.21+3m.3[ + -

m+2Zm+3m+ -
In(n+l1)(2n+1)

Xem =

LA D) 3
- m(l+2+43+-) - n{n+1)
2
_l2n+1)
-3
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

_ mi?
=
For two rods as shown,
jomE  mE it
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 (0). The distance
from 0 isr,
where forces acts, hence torquet = F X r. Itisa
vector quantity and points from axis of rotation to

the point where the force acts.
F
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As the mass is concentrated at the centre of the
rod, therefore,

1 /mli?

XE_I!Z_ 5
mgxz=slo”=o|—w

or [?w? = 3gl

Velocity of other end of the rod

v =lo= 3@

308 (d)
2gh 2x10x3 2x10x3
O P mrt 3
mr? }+2xm'r'2 2
=10
=V =Tw
v VA0 |40
=>r= =—_—= —=v'§m
w242 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
==Ix (0w} — wd) =K 4% (n? — n2)

2
1 98
==X—X 41’1‘2(102 —52) =98x2x75
2 w2
= 1470/
311 (b)

Co-ordinate of CM is given by
_myx dmyx,

Xem = My+m,

L e |
8]

Nt Ilm
A -

im 3m

|e—~6 cm

2m

Taking parts A and B as two bodies of same
system
my=IxXxbxog=8x2x0= 160
my;=Ilxbxo=6X2x0=12¢

312

313

314

315

316

317

Choosing O as origin,

xx=1mx,=2+3=5m
Yoy = 160141205 _ 19
CM = " egr1200 7
=2.7mfrom0

(b)
Moment of inertia of a circular ring about a
diameter

=1 2
I—zMr

(b)
The kinetic energy of a rolling body is

According to law of conservation of energy, we get

1 A k=
Zmv 1+F = mgh

Where h is the height of the inclined plane

2gh
NP =
kZ
1 +T€"‘T

For a solid sphere Ll
p RZ ™ 5

Substituting the given values, we get

2x10x7 2x10x7 x5 g
v = = 7 =10ms
(Ltg)
(d)

2
M.LofdiscI = MR =1Mm (1) 1M
2

2 met 2mpt
Mass M M
(As p= = ——— therefore R? = —)
Volume @R?t  pt
wlocs [If M and t are constant) = S fa
P I3 1
(©)

2 X360 2 X360
(30)2 ~ 30 %30
= 0.8kg x m?

1
E!wz =360=1=

(d)
(a) Impulsive received by m
T = m@f — Vi)
=m(—-21+j—31-2j)
=m(—=5—7j)
And impulse received by M
= -] =m(5i+9)
(b) mv = m(5i +7)

Moepa poay 1 oepa |
E(51+]} =t (5i+17)
(c) e = (relative velocity of separation/relative

Orv=

velocity of approach) in the direction of -] =
11/17
(d)
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318

319

320

321

322

323

Remains conserved until the torque acting on it
remain zero

I; = M.I of ring about its diameter = %mr2

I, = ML.L of ring about the axis normal to plane
and passing through centre = mr?

Two rings are placed according to figure. Then

1 2 2_3
Ixx,:.’1+f‘2:§mr + mR :Emr

(<)
dL .
Ty if t = 0 then L = constant
(b)
If rod is rotated about end A, then vertical

component of velocity v, of end A will be zero.
__vcos60? _ 3v
R

-
4 3x3 -1

= = 5.2 rads
2x0.5

(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, a «
sin @ 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
vy, then from conservation law of momentum

v
mv = muy +mv0=2mv0=>v0=5

« kinetic energy of A — B system at that stage
1 2 my?

—E(m+m)x(5) =3

Further loss in KE> = gain in elastic potential

energy

I N B TR S S N
ie, —mv Smye =—mv —ka

& _ ’m
X =7 2%

(c)

324

325

327

a= % [For solid cylinder% = %]

oy
g 2
. = :—g
1+2 3
(@)

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 'T" 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. e., mass m is placed at y; and
mass 2m is placed at y,

Ay

Taking point ‘'C" at the origin position vector of
point y; and y, can be writtenas 7y = 21 j,75 = If
andm; = mandm, = 2Zm

Position vector of centre of mass of the system
_mr +mer;  m2lj+2Zmlj  4mlj 4

5 20
Tem my +my m+2m 3m 37
Hence the distance of centre of mass from € = ; {
(@)

According to the equation of motion of the centre
of mass

Macy = Feyr
IfFoyy = 0,acyy =0
& Voy = 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.
(d)
When a body rolls down an inclined plane, it is
accompanied by rotational and translational
kinetic energies.

Rotational Kinetic energy = %!wz = Kp

Where I is moment of inertia and w the angular
velocity.
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328

329

Translational kinetic energy
1 1
— Erm:2 = i Em(rw)z
where m is mass, v the velocity and w the angular
velocity.

Given,
Translational KE=rotational KE

Since, v=Trw

We know that mr? 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.

(a)

When a body rolls down without slipping along an
inclined plane of inclination 6, 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.
()
Given that,
Mass of solid sphere, m = 2 kg

Velocity, v = 10 ms™!
v=0

10 ms™!

|-

A

Let the sphere attained a height h.

When the sphere is at point 4, 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

v+ 1102 =
Smv +2J'w mgh

1 1 vt
or =mv?+4+-mK?x—=mgh
2 2 R

or -;-mvz [1 + z—j] = mgh
or  Ix (10)2[1 +§] =98xh

330

331

332

333

334

335

336

337

(for solid sphere,

K?_2

RZ 5

or 15><100><§=9;8xh
or h=71m

(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
()
0= gsingd _ gsin30° —%-E
= ~= —= =

1 +% 1+ 35 3/2 3
(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°
(c)

T BmER _ ug

Angular retardation, a = - =—72 ===

As, w =wy —at

) t_mo—m_mu—u}O/Z_mUR
' a ug/R 2ug
(d)
Loge =LY L
3 v _z'r(ﬁ) ~mg(4g)
= 2
f—sz
~ Body is disc.
()

1 1
I= EMRZ‘ =K 0.5 x (0.1)?

=25x10"%kg —m?
(0)

'y

—+ —
myvy +myly
Vem =

my +m2
200 x 10% + 500 x (3i + 5])
- 200 + 500

, L 25,

Uen = DI+ -

()

Given, | = ZMR?

Using the theorem of parallel axes, moment of

inertia of the sphere about a parallel axis
tangential to the sphere is

2 7
I'=1+ MR? =§MRZ + MR? = gMRz
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ar=mr=Imrz, k=|Z|r
5 5
338 (d)
TE, = TE,
%Imz = mgh
%x %mizwz = mgh
1 Pw?
= hEE
339 (b)

The ratio of rotational kinetic energy to total
kinetic energy is
KEp _ 31°
g ——
KEp  Jdw?+; Mv?
The moment of inertia of a ring
1
=2MR?
2
1 (Lyge)[2)?
KEp _ _ 3 (2MR }IRI

KEr 135 2(¥]%, 1,2
ZXBMR IRJ +2M‘u

#7*)
pEETOETE
EBp, -1
KEr 3
340 (c)

From t; = 0to t; = 2t; the external force acting
on the combined system is m;g + m,g
+ Total change in momentum of system
= Ft = (my + my)gdt,
341 (a)
In explosion of a bomb, only kinetic energy,
changes as initial kinetic energy is zero
342 (d)
Solid and hollow balls can be distinguished by any
of the three methods. I, > [;. When torques are
equal, angular acceleration a of hollow must be
smaller than « of solid. Similarly, on rolling, solid
ball will reach the bottom before the hollow ball
343 (b)
The acceleration of centre of mass is

F

mA‘l'mB
30
10 + 20

2 SZ%aCMtZZ%Xlxzz =2m
344 (a)

L=v2El =+/2%x10x 8 x 10~7

=4x10"3kgm?/s

acm =

. -2

= 1ms

345 (b)
The acceleration of the body which is rolling
down an inclined plane of angle « is

[

__gsina
)
where K =radius of gyration,
R =radius of body.
Now, here the body is a uniform solid disc.

2
So, K_2 - i
R 2
e £ inla
b
__ Egsina
o Y
n _ 2gsina
3
347 (d)
. . . . R
Radius of gyration of circular disc kg = =
Radius of gyration of circular ring kg = R
C Kiisc 1
Ratio = =—
kring \"’E
348 (c)

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 forn

particles is expressed as
_ Amyr;

= L L
CM ¥ imy
or Y m;r; = constant

Hence, for a system having particles, we have

myn = Mpls
T K%

= 2
s my
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349

350

351

352

353

ie, the centre of mass of a system of two particle
divides the distance between them in inverse
ratio of masses of particles.

(d)
Angular momentum, L = mvr = mowr

P
—xr?
T

_ 2x314x6x10% x (1.5 x 10'")?

3.14 x 107
= 2.7 x 10"k g — m?/s

2=m)<

(d)
Change in momentum = F t and does not depend
on mass of the bodies.

(<)
From the triangle BCD
e
2—pr2_pp2=pn2_(=
CD*=BC*—BD*=aq (2)
2_3(12: _w@a
X = 4 X = 2
c@ \
| % g
(A DH—H}'E—ﬂB-

Moment of inertia of system along the side AB
Isystem = 11 + 1z + 13
=mXx (0 +mx(x)?+m

x (0)*
o sﬁaz_3ma2
=mx?=m|——| =—

(a)
The moment of inertia of ring = MR?

; ; 1
The moment of inertia of removed sector = IMRE

The moment of inertia of remaining part = MR? —
~MR?
4

= 2

=7 MR
According to question, the moment of inertia of
the remaining part = kMR?
then, =S

4

()
ML? . L
— =MK*=2K=—

12 V12

354 (c)

355

I =mrf + myr? = 2(0.3)% + 1(0.3)?
= 0.27 kg m?
(a)

As two solid spheres are equal in masses, so

356

358

359

md :mB

+ 53 % 53
= ;HRAPA_EHRBPB

5 B (E)lﬁ

Rp Pa
The moment of inertia of sphere about diameter
_2__p2
I = 5mR
I R4\%
= A= (—A) (as m, = mp)
I Ry
2/3
- 2@
Ig Pa
(d)

. . . 1
Linear Kinetic energy = Emuz

Rotational kinetic energy = %fwz

e ! (2 mrz)v2
A r2

1
s 22 2
va

Total KE = %'mv2 + %mu2

N [
=—mv
Loys?
Required fraction = 3—
-ﬁmv
1 10 2
= — =
5 7 7

()
Moment of inertia of big drop is [/ :E MR?, When

small droplets are formed from big drop volume
of liquid remain same

4 4
_ 3=— 3
nomr an'R

= n*3r =R

as n==§8
R

= ]

2
Mass of each small droplet = %

~ Moment of inertia of each small droplet

~2E1E

L L4 tig)w i .
Ltotal _ Uatlp)e (as w will be same in both
Lg Ig.w
cases)
i marh
=441=-A441
'IB mﬂrﬁ‘
>
=441 (asmury =
g
MyTy)
11
=—+1 as r o
22+ (
=
m
=6
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& The correct answer is 6.
360 (b)
2
Moment of inertia of a rod about one end = %
AS, |r=1{1 +J'2+1{3
M2 % ML?  2MI1?
3 3 3

=0+
361 (d)

Total kinetic energy = %mvz (1 + %) =3287
2

L tox @214 328 = K
= = —_—) = o
2 X 10x42) (0.5)2 =

=04m
362 (a)

Kinetic energy of rotating body = %f’mz

1
=E><3><(3)2=13‘5,-‘

& . 1
Kinetic energy of translating body = Emv2

As both are equal according to problem i. e.
1 1
Emv2 =135 ==X X7 Kt =135 = s

=1m/s
363 (d)
According to conservation of momentum
5x%10 = (955+5)v

=50 _1 : Jost = Xa—Ke =
i ~ % KE lost = 5 X 100 =
95.5%

364 (d)
Total moment of inertia will be equal to the sum
of moment of inertia due to individual masses.
Axis

A
Y

I'=%i0
where, I, = myrl, I, = myri.
Given, r=m + 13,
myry = m;r;
mry = my(r —1)

= M1y + Moy = Myt
= 1y (my +my) = myr
= P o= i L
(my+mz)
Also, T, =r—r1
a7 ot
e (m1+2m3)2 = mljmz

I = 1’1 + .lrz - m;_?"f + mzrzz

365

366

367

368

370

371

fi mir? mir?
=y (my+ma)? M (my+my)?
_omgmar?  mymy 2
T (mytmy)  (mg+my)”
(b)
240
. 2n(n; —ny) _ 2m % [E_O]
t t 10
~a=251rad/s
(a)
540
w 2mn  2m(—
o :—:—:_(60): 3HTad/SZ
t t 6
(a)

Moment of inertia of the system about yy'

1,,» =Moment of inertia of sphere P about

yy' + Moment of inertia of sphere @ about yy'

Moment of inertia of sphere P about yy"
2

= “ M (E) + M(x)?

5 2

2 (R
==M (ﬁ) + M(2R)?

=M 5 (2R)
MR g
S 10
Moment of inertia of sphere @ about yy'' is
2. FRYE
()

_ MR? w B TRAR B

Now, I, =2+ 4MR? +2M (3)” = Z MR
(b)

2
,":1".'11'?2:*r.rt(ﬂ—)::dczcrlr'!,!_)zorr,'*:ocL2
4 D

,ELJH%EY_EGY_E_l

my L o\Dy)  1\2) 4 2

(a)

. i ] k "

L=#xp=|1 2 -1|=-J—2k
3 4 =2

and the X — axis is given by { + 0f + 0k

Dot product of these two vectors is zero i. e.
angular momentum is perpendicular to X — axis
(c)

The rolling sphere has rotational as well as
translational kinetic energy

- . 1 1
=~ Kinetic energy = = mu? + E,rwl

1 1 1 mu?
:Emu2 +§(§mr2)m2 zzmug +——
7
T

Potential energy = kinetic energy
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372

373

374

376

378

N 7 2 4 h 7u?
o = — = [ p—
Mgt =M 109
(d)

T=7X%XF
=rxT
=rxmxg
=0.1x10x9.8
=98 N-m

(d)
The moment of inertia of a circular disc

1
| ==MR?
2

According to theorem of parallel axes
. 3 T

{ =EMR + MR =EMR = 3/
(b)

. N 1
Rotational kinetic energy = Efwz

p?
r

Rotational KE = % Emﬂ]
(where | = %mrz}
Z
=hors
= p? =
v=2v2ms!
(b)
As shown in figure normal reaction R = mg.
Frictional force F = pR = pmg. To topple,
clockwise moment must be more than the

s , . h
anticlockwise moment ie, umg X 7= Mg X %mg X
% orp>a/h

R=mg

motion

Ly

F=pumg

()

Angle turned in three second, 8;; = 2 x 10 =
20m rad

From 6 = wgt +%afr2 =20m =0 +%af x (3)?

40m
== Trad/s?'

379

380

381

382

Now angle turned in 6 sec from the starting

1 1 40m
965 = &.lut +"2—(It2 = 0"‘5 X (T) X (6)2

= 80w rad
~ angle turned betweent = 3stot = 6s
81&5':35 = 965 S— 935 =80m — 20m = 601w
Number of revolution = 6;% = 30 rev
(a)
[ xdm
*em = Tam

x=10

ft— =] X fg—
If n=0

Then xcpm =%

As n increases, the centre of mass shift away from
x= %which only option (a) is satisfying.
Alternately, you can use basic concept.

_ JEr(Z) xxae

XeM = =1 .
Jo K(Z) ax

=1

Ptz
(d)
s _mlﬁl+mzﬁg_2x3+3xz_12
Vem = my +m2 - 2 + 3 - 5

= 2.4m/s

(c)

M.I. of the plate about an axis perpendicular to its
plane and passing through its centre

, |l

A [
akl2 l
A
: ma?
o= T
By parallel axes theorem
_ ay:_2
Iy =1, +m(v{—§) =g
(9
Moment of inertia of a disc
I =2MR?

Disc is melted and recasted into a solid sphere.
+» Volume of sphere=Volume of disc

4 R
*EJTREZIIREX;-
4R3_R3
3717 g

R3 R
R.IIB:—- —1 Rlz—-

8 2z
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- Moment of inertia of sphere
r=2ppz =2y (R) = 2M8 _1(1yp2) 1
! EMRl_sM(z) T 5 4 _S(ZMR)_S
383 (c)
For solid cylinder, © = 30°,K? = ~R?

For hollow cylinder, 6 =?,K* = R?
Using we find,
1
(1 i 5) _1+1
sin30° sin®B
2
w sinf = 3= 0.6667

0 =42°
384 (c)
We can assume that three particles of equal mass
m are placed at the corners of triangle
7y = 0i+ 0f, 7, = bi + 0f
and 7 = 0f + hj
. myty +meth + maty
< Tem =
my + m, + my

(0,0) (b,0)

Py W
=3t73/

i.e. coordinates of centre of mass is (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 2u

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.

i)

YQ Plate

mysing, = mv, sing.

mvsin By = myy sin;
Or vsinB; = v;sinb,

v, c088, v, c0868;

v cos B4 vcoso
~ v;cosB; = evcosB
~ vysinB;  wvsinB  tan®
" v,cos0, evcos® e
tan 8
~ tan@ =——
€
_, (tan®
~ 8, = tan ( )
e
387 (d)

We know that angular momentum of spin = lw
By the conservation of angular momentum
2 22, (R 2m
MR T =2M (7).
MatwZa18h
16 16
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 (¢
Hence, my = 10 kg, m; = 4 kg
v = 14ms L, v, =0
myvy +myv,

vem = ml‘l‘mz
_10x14+4x0 -
VoM = ) = 10ms
390 (b)

Let centre of mass of lead sphere after hollowing
be at point 0,, where 00, = x

, ' _u
Mass of spherical hollow m =% — = —and
(Gwr) 8
=00, = :
X =R 1= )
R
M MR
. x:M"“‘(ﬂ"z = Rk
' . ™14
M-3 8
siehi =R
~ shift = Ti
391 (d)

Angular momentum is given by

ZMR?
J=lw= w
5
_ 2MR% _ 2m _ AmMR?

5 T 5T

S S S S S S S S S S S S S S S S S S S S S S S S S S R S S S S S S S S S S S N S S S S R S S S S S S S S S —

o o o)



T D S M N S SN N B B NN SN SEE N SN BN BN NI NS B EES SN SN SN N BN BN NN BN BN NN NN BN BN ST NN NN SN SN N NN BN NN BN SN N B B BN B

392

393

394

395

397

(a)

. mqy—Mm
Acceleration of each mass = a = (#)
m|+mg

Now acceleration of centre of mass of the system
mya; + mya,
A =
my + m;
As both masses move with same acceleration but
in opposite direction so @; = —a; = a (let)

Y LT N

my +msy

my —my my — my
=gy ¥y ing 50
my + My mq + m;
my — my\2
= (;) X g
my + my
(<)
If speed of man relative to plank be v, then it can

be shown easily that speed of man relative to

ground
M 3

Vmg = V7Y =2
(m+3) *

- Distance covered by man relative to ground

U B3, 3L

o Cpd® &

v

(b)
ce=Lypz = Layp (M) = 1Mt
ML of disc = s MR? = 1M () = 22—
M M
(As p = —— There fore R? = ——)
nR?t Ttp

. 1
If mass and thickness are same then, [ « p

b s 3
Lo 1

(@)

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.

(c)
Acceleration a = v—?-{
_ =¥
Or a= T
_ V=iy
Org= —
v=2>0

Speed before first bounce

vy = —5ms™’
S Pg—=va = 0('—5) = i =
b= g 10 10 0.5s
399 (a)
m=0.6kg
x
e E mz
T c
{-—I-E-—
T 80 crn——=t

}}
Mass per unit length = % kgem™!

Mass of part AB,m; = %x 20 = % kg

Mass of part BC,m, = —fﬁ% x 80

0.6x4

; , 2.4
Moment of inertia = = kg

_06, (20 o2\ 28, (80 o2}’
= x(2><10 )+5x(2x10 )
=X 1072 + 2% (4 X 1071)?
=%x10-2+§x16x10-2

_ (0.61;38,4) g2

= 7.8 x 10~ ?kg-m? = 0.078 kg-m?

400 (a)

401

402

403

P= |pi+pj

=/(2cost)? + (2sint)2 =2
[f m be the mass of the body, then kinetic energy
p? (2> 2

“2m 2Zm m
Since kinetic energy does not change with time,

both work done and power are zero

Now Power = FvcosB =10

AsF#0,v=0

~ cosB =0

Or 8 = 90°

As direction of p is same that V(> p = mvV) hence

angle between Fand p is equal to 90°

(b)

Moment of inertia of a ring about an axis passing
through the centre = MR? = 1 X R? = 4,as M =

1kg

~ R =2m, Diameter D = 2R = 4m

(b)

T % = m(u? cos? ) = (1)(10)? cos? 45° = 50
Nm

(b)

S S S S S S S S S S S S S S S S S S S S S S S S S S R S S S S S S S S S S S N S S S S R S S S S S S S S S —

o o o)



T D S M N S SN N B B NN SN SEE N SN BN BN NI NS B EES SN SN SN N BN BN NN BN BN NN NN BN BN ST NN NN SN SN N NN BN NN BN SN N B B BN B

We calculate moment of inertia of the system
about AD

Moment of inertia of each of the sphere A and D
about

AD—zM ¢

Moment of inertia of each of the sphere B and €
about AD
2
= (gMaz + sz)
Using theorem of parallel axes
- Total moment of inertia

2 2
h:&M&)x2+@M£+mmﬂx2

8
=z Ma® + 2Mb’

404 (b)

405

406

407

408

1 1 ;
0 = wot +—at? =2x2+§x3 x (2)? = 10rad

2
(d)
Sphere possesses both translational and
rotational kinetic energy

()
gsingd gsin30° g
= — = = —
K2
142> 1+1 4
(@)

The circular disc of radius R rolls without
slipping. Its centre of mass is € and 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

P
pure rotation and body moves constant in
magnitude as well as direction.

()

409

411

412

413

414

415

416

1 1
8= w0t+iat2 = 200 =Ea(5)2 =

= 16rad/s?
(@)
Mgsind — f = Ma
R !a gsing
— —_—— a=—
R R
(1+5%)

(b)

Since net external torque is equal to the rate of
change of angular momentum

(c)

Conservation of angular momentum

hay + Lw, = (I + 1;)w

Angular velocity of system w =

Iy +Hiows
Iy+1;

~ Rotational kinetic energy = %(h + 1) w?

:%(fl % _fz) (!1&]1 + !26‘.}2) _ (_ll1 Wy + fzﬂ)z)z

L+ 2L+ 1)
(c)
o ML?  (mx2L) x (2L)° _m x 2L X 4L*
12 12 B 12

_ 2ml3

T3
(a)
Given, 7 = 0.4m,a¢ = 8rad s
m = 4kg, =7

Torque,t=la=mgr=4x10x04=71x48
16
=>]=—=2kg-m?

8
(<)
Moment of inertia of the system about axis AX,
=L +Ig+1;
= mu(r4)? + mg(rp)? + me(ie)?
=m(0)? + m(1)? + m(l cos 60)>
mi? 5ml?

£ [= =
mi? + — i

()
Moment of inertia of system about point P
i Z
=4m (—) = 2ile
V2.
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418

419

420

421

and 4mK? = 2ml?

R
V2
m il
) R !
”‘ﬁ/?
.
b 4
m m

Due to net force in downward direction and
towards left centre of mass will follow the path as
shown in figure

(b)
1 KZ
Rotational KE _ Tgmvz (F B K2
Total KE 1, 2 [ CEY
S mv (1 + Rz)
(b)

When the cylinder rolls up the incline, its angular
velocity w is clockwise and decreasing

This require an anticlockwise angular
acceleration «, which is provided by the force of
friction (F) acting up the incline

When the cylinder rolls down the incline, its
angular velocity w is anticlockwise and
increasing. This requires an anticlockwise angular
acceleration a, which is provided by the force of
friction (F") acting up the incline

(b)
L? E; yLan®
E=— #ExI? ——z(——)
T Tt 7

E, Ly +200% ole] N [L1 + 2L1]2 e
= o> =

£y Ly

= E; = 9E;
Increment in kinetic energy AE = E, — E; =
9E, — E,

AE =8BE; ~ ? = 8 or percentage increase =
1

800%

(a)

422

423

424

425

M.IL. of system about the axis which passing
through m,

L

/2 e af?

AT
—

2

Lsystem = m1(0)% +my (%)2 s (%)
2

‘,system = (my + mS)T

(a)
- | fh cm————————— =

25g

e >
e X—— | =X CI——]
Taking the moment of forces about centre of
gravity G is
(1.5)gx = 2.5g(16 — x)

= 3x =80 - 5x
or 8x = 80 or x =10cm
(b)

[nitially rod stand vertically its potential energy =

1
m —_—
gZ

] Fo=e_
N
CG. g
T
12 !
1
A

When it strikes the floor, its potential energy will
convert into rotational kinetic energy

m (I)—ll 2
9\z)=2'¢

K
[Where, I = % = M.L of rod about point A]

I\ 1 (/ml?*\ jvgy\2
+mo (5) =3(5) ) = v = v3aT
(b)
[n 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

L]

momentum, angular momentum will not change.

(b)
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Rotational kinetic energy Kz = %Ima

K d MRZX - lM 2 R
= = M — = = s =
R=3 > w® =My [+v w]

) R 1
Translational kinetic energy K = > Mv?

Total kinetic energy = K¢ + Ky

1 1 3
==Mv? +-Mv? :ZMUZ

2 . 4 . 1yt
Rotational kinetic energy ;MV 1
Total kinetic energy = szz -3
426 (a)
v 72x5/18
wy = . = o025 = 80rad/s

w=0,0=2nn =21 x20=401 rad
Substituting these value in equation
w? = w§ + 2af

w} 80 x80
2%x60 2x40m

=20 =-

= —25.5rad/s?

428 (a)
In case of pure rolling bottommost point is the
instantaneous centre of zero velocity.

A
O €er

Velocity of any point on the disc, v = rw,
where r is distance of point from 0.
Tg>Te>1p
& Vg = Vg 2 Up
429 (c)
The centre of mass is given by

(12)
Im 272

Im Im
m m
A(0,0) Im B(1.0)
f _ Mg X+l X+ Xy
E m1+m2+m3

m><0+m><1+2mx(,-:~)

=
m+m-+2m

= 2m 1

Tam 2

y= mqyq+my Vo +imz s
my+my+ms

— _ mx0+mx0+2mxy3/2

¥i= m+m+2m

_3
_4m

. f1 43
=~ Centre of mass is (Em,Tm).

430 (c)
Angular momentum L = Jw constant
~ I increases and w decreases

434 (a)
1 2 _1 m(mv?) _ (mv)* _ (me)® _
K—zmv e A or K =
p?
ﬁ -
it BE oW B Py 6
Ks 2my ks 1 Pa 2
“pipz = 1:1
435 (a)

dL
As torquet = —
q dt

If T = 0, then I =constant.

436 (d)
Here, torquetr = 1.6 x 1 = 1.6 Nm
So,whend = 0.4 m,

F=l=2=4N

d 04
437 (d)
As is clear from figure,

C’

On reaching the bottom of the bowl, loss in
PE=mgR, and

Gain in KE= ‘Emvz +§Jm2

1 . 1 2 . .
= —mv? + =X (gmr”)mz

2 2

1 1 7
= Emvz +§rrm.?2 = ﬁmvz
As again in KE =loss in PE

7 p—

10 mv® = mg

_ |10gR

~ A

438 ()

The angular momentum of a moving particle ] =

a4/t kg m?s 1
Torque acting on a moving particle
r=U = L(4y) =428 = 4 (L 1/2)
F= %t‘""sz = v_%E Nm
439 (b)
Here initial momentum p = 0. Since no external

force exists, hence momentum must remain
conserved ie, p; + P, + p3 =0
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As two fragments of mass mass m each are
moving with speed v each at right angles,
By +P2] = myv2 +v2 =V2mv

“ |Psl = [Py + P2l = 2mv.

The mass of third fragment is 2 m.

-~ Kinetic energies of three fragments are

2 2
pi 1 p; 1
S g T S
__n _1 2
And K; = 2o = 2™

Total kinetic energy released during explosion

3
=K1+K2 +K3=Emv2

440 (a)
v 1
W =—= () X —
T T

441 (d)

As shown in figure,

Mx04+Mx20+4Mx20+Mx0
Xem = M

= 10cm
Similarly ¥¢q = 10 cm
Hence, distance of centre of mass from centre of
any one sphere,
Sayr = /(10 — 0)2 + (10 — 0)2 = 10vZ cm
442 (c)
I = I;p + Mh? (Parallel axis theorem)

444 (b)

If radius of earth decreases then its M.L. decreases

AsL=1lw ~w oc% [L = constant]
i.e. angular velocity of the earth will increase
445 (c)
LZ

Kinetic energy E = =

If angular momenta are equal, then E o %
Kinetic energy £ = K (given in problem)
Ifl, > Iy then K; < Kj.

446 (c)
When a body is in equilibrium, net force is zero.
Hence, acceleration is zero

447 (d)
1 K? 1 2
Ky :Emvz(fiﬂ_ I)ZEXZX (0.5)% x (§+ 1)
= 0.42f

448 (d)

0 = mt = 22X _ ‘E",J—Krad

G0 3

449 (a)

F =20t — 5t*

FR
G=T=4t—t2

dw _ 42
= iy dw = [(at — t2)dt
= R L

3
When direction is reversed,

w=0ie,t=0,06s

Now, d8=wdt
Jy do = f5 (2t %) at
- %
2 6=[%-4l,
= 0 =144 — 108 = 36 rad
~ Number of rotations,
_6 _36
B e 6
450 (d)
Rotational kinetic energy,
KE =~ w?
Here, w = 1 rads™?!
KE =1 %1
or I =2KE

ie, moment of inertia about an axis of a body is
twice the rotational kinetic energy.

451 (c)
Here, ® = 60° 1 =10 m,a =?
gsinB
a=—
1+ K?/R?
For solid sphere, K% = ERZ
9.8s5in60° 5 V3
a="———="%98x%— = 6.06ms2
1 +E 7 2
453 (d)

Perpendicular to the orbital plane and along the
axis of rotation

454 (b)
I'=mr®=10x(0.2)* = 0.4kg — m?
2100
w=2nn=2wX 5 rad/s
0.4 x 2 x 210
b= lo=———7——=88kg - m? /s
455 (b)

If h is height of the ramp, then in rolling of marble,
speed

B 2gh
= IT¥ kR

The speed of the cube to the centre of mass

v' = [2gh

’

L TR

v
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457

458

459

460

For marble sphere, K* = ;

: Ffw

Moment of inertia = % MR? + mx?

Where m =mass of insect,
and x =distance of insect from centre.

Clearly, as the insect moves along the diameter of
the disc, M1 first decreases, then increases.

By conservation of angular momentum, angular
speed first increases, then decreases.

(b)

We know that rate of change of angular
momentum (J) of a body is equal to the external

torque (7) acting upon the body.

-y df _
Le. E =
Given, Jy=], J=5]
b =g~ F =) =] =4

Hence, = %j
(b)
Since, m, moves with constant velocity
a=2ms" my =kg, m> =8 kg,

my

13

my g nag

“ fa =myg

fo =8x10 = 80N

Since, boy of mass m; moves with acceleration
a = 2ms~? in upward direction

_J"] 1-2
“fi=mg=ma
“fi =mg=ma
=10x 10+ 10x =120N
()
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

462

463

464

(a)
As angular momentum is conserved in the
absence of a torque, therefore

Tywy = lw

(EMRz) (E) e IEMRE +E—MR2 Z_H
3 To 5 55x1019| T

1

Ty =1t 5 x 1019

T — — -20

T_.D_l _5X1(}19_2><10

Tl 5 %1020 0r 2L = 2 x 10720
To Ty

(a)

Let p; and p; be the momenta of A and B after
collision.

- = =t o
T g Y AT . N / = e ]
(Ay—=P (B) rf:,'aq— =B | “[1‘ &

Before collision After collision
Then applying impulse = change in linear
momentum for the two particles

For B:]=p - (1)

For A:J=p—p;

Or p=p—J] ..(i0)
Coefficient of restitution e = 2=22
0 +=f

P
_I-p+i Y _

p p
(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; = mw?R,
and the force experienced by outer part, F, =
mw?R,

AL |

F R
(a)
[nitial angular momentum of ring, L = lw =
Mriw
Final angular momentum of ring and four
particles system
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465

466

467

468

470

471

472

L=(Mr?+4mr*)o’
As there is no torque on the system therefore

angular momentum remains constant
Mriw = (Mr? +4mr?)o’ = o' = _ 0

M + 4m
(d)

2
Moment of inertia of square plate about XV is%

Moment of inertia about ZZ' can be computed
using

parallel axis theorem
>

o
X

(i}

Izz0 =Iyy +m (Tf)z

__ma® | ma®

__ 2ma?
s 20T i3

(@)
1

L =%MR2m = constant : @ < — [If m =

constant]
If radius is reduced to half then angular velocity
will be four times

(a)
— My +Maya Hia Y+t +iMsYs
Yem my+ma+mg+my+mg
_ (em)(0)+mia)+mla)+m{0)+m(—a) a
- em+m+m+m+m BT
(a)
Fix + Fox = Fax
F3 - Fl + Fz
(@)

Torque is defined as rate of change of angular
momentum
_dj _ dlw)

Tdar . dr
Given, 7 = 40 Nm,] = 5 kgm?, w = 24 rads™!
d(lw) _ 5x24

dt = . m =3s
(b) ;
Ky = %mvz (1 +%) = % X 0.41 X (2)2 X @)
=1.23]
(b)
Ke = 50%, Ky
1 (K* 50 1 ., K2 1
v (ﬁ)=m"zm” B2

i.e.body will be solid cylinder

473

474

475

476

(d)
From third equation of angular motion,
w? = w} = 2a (Here, =%,B = 36 X 2m)

1l 2 -
(%) = wj —2a X 36 X 21

2 _ Wi
or 4x36na:m0——f

w3
or 4x36na = Tﬂ
a= w§
1l6xl12m

or
wefL)
According to question again applying the third
equation of angular motion

w? = wg -
2l (Here,w = 0)
2 2
= (@)" _ wg.0
U‘(z) 2x16x121'|:
or 0= 24n or B8=12Zx2nu

But 2m =1 cycle
So, 0 =12 cycle
(d)
Ip > Iy
gsiné
aP o ———
a"p + mR?
gsiné
g =+———=
o +mR
1
ap>a9=>V=u+at=>tocE
tp > tg
Vi=uwl+2as=svaa=Vp <V
Translational K. E.= ~mV? = TR KEp < TR KE,
V=wR=>wxV=wp <wg
()
Consider the two cart system as a single system.
Due to explosion of power charge total

momentum of system remains unchanged ie, p; +
Pz =ormyv; = myvy,

Hence
vy Mg
vy Ny

As coefficient of friction between carts and rails
are identical, hence a; = a, and at the time of
stopping final velocity of cart is zero. Using
equation v2 — u? = 2as,

We have

2 2 2 ’ 2
5 v m sym 36x (200
$a v my ms (300)
(d)

Moment of inertia of a circular disc about an axis
passing through centre of gravity and
perpendicular to its plane
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477

479

480

481

482

483

1
I = E MRz
(1)
From Eq.(i)
MR? = 2]

Then, moment of inertia of disc about tangentin a

plane

_Syp2z_5 o
—4MR —4_(2!)—21

(<)

K ot 1+K2 —1><50>< Szx(1+2)
N=m RZ) 2 ®) 5
= 875erg

(a)

X+ x, =1 (D)

myXxy, = MyX;

From Egs. (i) and (ii)
myr
xl —_——
my + ms
myr

and Xz = my+Mm;

» Lig = myx? + myx2
_ mymyr?

N my + m;

(d)

Moment of inertia of the system about rod x,
figure

X

, 3 ’ ;
ZMR? = S 2% (0.1)? = 0.03kg — m?
(b)

-+

sl —
myry + myrs
fom =—m————

m-l+m2
_1(i+2j+ k) +3(=3i-2j+k)

1+3
(b)

1 2 k2
K=-£mv 1+E-.5

484

486

487

488

489

490

491

1 3
= — 2 —
5 X 0,41 % (2)* x (2)

=1.23]

(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 my > my

(c)

L1=L2

! T T NP L g4
s = m o —

@ — mv w' = T+miD

(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? ..
Moment of inertia of a ring about its diameter
MRZ I . .
Lijameter = -2 = P [Usmg (1)]
(b)
Here,r = 0.5m,m = 2 kg
i PPLE SO CRP PR R
Rotational KE= = Tw* = 5 (2 mr )m
1 1
= - 2 == 2
4 4mv 2 2v
v=v8 =2VZms™!

&)

A hoop is a circular ring. Applying theorem of
parallel axes,

I =1+ MR?* = MR?* + MR? = 2MR?

()

my = 1,my = 35.5,f, =0,7, = 1.271

My + myt;

"= my +msy

, 355x127

P L +355

P g3 X 1.271 = 1.241
36.5

y
J -
= -
1.274 —»|

()

The rolling sphere has rotational as well as

translational kinetic energy.

. x 1 1
Kinetic energy = -mu® + - lw?
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; 2 5
E'mu2 (*u=rw)
From conservation of energy
ie, mgh = Iin?’.'w2
or h= i
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 I = MR?
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¢y 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 X [
497 (c)
7 7
f= Emz =z x10x (0.5)% = 3.5kg — m?
498 (b)
We know
L=lIw
(1)
2 =2KI
From Eq. (i)
12 =2K—
L]
L =2
1]
L' = ﬁ — L
2w 4
499 (a)

For collision between blocks 4 and B,

Vg —Va Vg~ Vg Vg —Vy
us—ug 10—0 10
avg—1v,=10e =10 x05=5 ...(i)
from principle of momentum conservation,
Mylly + Mplyg = MV, + Mavy

Orm x 10 + 0 = mv, + mvy

w vy +vg =10 - (ii)
Adding Egs. (i) and (ii), we get

e =

500

501

502

503

vg =75ms™?! ... (iii)

Similarly for collision between B and €

ve —vg = 7.5 = 7.5 X 0.5 = 3.75

4 Ve —vg =3.75ms™! . (iv)

Adding Egs. (iii) and (iv) we get

2vy, = 11.25
11.25

v =

()

Momentum of 6 kg piece p, = momentum of 3 kg

piece

P =my; =3 X 16 =48kgms™

= 5.6ms™!

2
Kinetic energy of 6 kg piece K, = 2% = 4;:;? =
192 .
(b)

: K?
Time of descent = =

2
Order of value 0f§—2-, sphere < Disc < Ring

(0.4) (05) (10)
[t means sphere will reach the ground first and at
last ring will reach the bottom

(b)
Here, m = 0.08 kg
my = 0.16 kg

According to conservation principle of
momentum
myy +mv, = 2m+ mg)vem

L
L -

My

Veum

mvy + mv,
v =—
M Zm +my
0.08x16  1.28

~016+016 132
128

T 32

(©)

From law of conservation of angular momentum,
] = lw =constant

= 4ms™!

Lo, = lLw,
where [ is moment of inertia and w the angular
velocity.
Moment of inertia of earth assuming it be a
sphere of radius
R =2 MR?
21

w=—
T

Also
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g R _ R
BBl
= 24 (2 ) % T,
= Tz = 6h
504 (d)
M 3
Mv = TUI + ZMI?E
3
Mv=ZMv2 (w1, =0)
4v
vz =3
505 (b)
If external force is non-zero then acceleration of
centre of mass must be non-zero (aﬂ = F:“ s G).
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?
M.L. of ring about diameter [ = (1)
vL=naR ~R=L/m
F tion (i), 1 = 25
rom equation (i), [ = =
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 W M
- A
J=Mv
L
j: = !Cm
L ML?
) (5) = @ ()
—E
=7
509 (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

510

511

512

frictional force is converted into rotational
energy.

(a)

If no external torque acts on a system of particle
then angular momentum of the system remains
constant, that is,

=0
dl,
= -d—{——-— 0
= L = lw =constant
= flwl = |'2(U2
%M#ml = %(M + 2m)réw,
(1)

Here, M = 2kg, m =0.25 kg, r =0.2m.
w, = 30 rads™!

Hence, we get after putting the given values in Eq.

©)

%x2x(0.2)2x30=%x(2+2 X
0.25)(0.2)* x w,
= 60 = 2.5m,
w, = 24 rads™!
(d)
Applying conservation of angular
momentum about point 0,

1”:

E
i . |
¢2m
m(a)(2v) + 2m(2a)(v) = lw
o W= en:w (i)
Now,
o 2R, +m(a)? + 2m(2a)?

12
= 32ma? + ma? + 8ma? = 41ma?
Hence, from Eq.(i)
6rav 6_v

@ = —
41ma?  4la

(d)
Angle turned by the body
b= 90 + B1t+ thz

Angular velocity w = Z_f

=2 (00 + 01t + 0,0)
. 91 + 292t

3 diw
Angular acceleration a = T

d
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513

= 292

(b)
o —_ X+ X
Initial position of centre of mass r,,,, = ——2=
m1+m2

(D)

+—@ Ui

D e

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

_my (g +d)+mg(xa+d’) .
Now 1 = ey (1)

Equating (i) and (ii)

mxy +myx;  my(x +d) +my(x, +d')
my+m, my +m;
. f_ My
By solvingd' = = d
Negative sign shows that particle m; should be

displaced towards the centre of mass of the
system

514 (c)

515

Here® = 60° ! =10m,a =7
_gsind
T 14K2/R2

For solid sphere K? = %Rz
__9.8s5in60° _ V3

9.8sin60° _ 5 N3 _ -2
a= 1+§ —?x9.8x2—6.00ms

(b)
The (x, ¥, z) coordinates of masses 1g, 2g, 3g and
4g are
(¢ =0,y1=0,2, =0),(x; =0,y, =0,2, = 0),
(x3=0,y3 =0,2; = 0),
(xy =a,v = 2a,z, = 3a)

HITEST + MoaXy + M3Xg + MaXy
~ Xem =

my + my; + my+my
1x0+2x04+3x0+4xa
1+2+4+3+4

cM =

l—4aot‘a—5
T 10 T2

The value of & can also be calculated by ¥, and

Zey as shown below
IxX0+2x0+3x0+4x2a

1+42+34+4
8a 20 5
2=—ora=—==

10 B 2

1x04+2x043%x0+4+4x%3a

1+2+3+4
12a _30_5

3:— —3 = -

10 12 2

You =

Zem =

516 (a)

For the calculation of the position of centre of
mass, cut off mass is taken as negative. The mass
of discis

my = nrio

(%)

= n(6)%c = 3670
Where o is surface mass density
The mass of cutting portion is
m,; = n(1)*c = no
MmqyXy — MaXy

my —m;
Taking origin at the centre of disc,
x; =0,x, =3 cm

36mg x 0 —mo X3 —3ma 3

Xem = 36mo — o ~ 3570 = —Ecm

Xem =

517 (b)

myv = (my + my)v/3
3myv = myv + myu
3Imqv —myv = myv
2nm v = myv

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 € and then increase as it moves from €
to D. Therefore w 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 4
RZ

fiznm2+—§—
and moment of inertia when the tortoise is at B
MR?

2 -
Herer? = a* + [VR? — aZ — vt]Z

From conservation of angular momentum wyl; =

1’2 Zm?'2 +

0.]{;}!2
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519

520

521

523

Substituting the values we can found that the
variation of w( is non linear

()

LE
E=—5=L=V2EI
(©

Distance between the centre of spheres = 12R
+ Distance between their surfaces =12R —
(2R+R)=9R
Since there is no external force, hence centre of
mass must remain unchanged and hence
= mrn =My = My =5M09R —x) =x

= 7.5R
(d)
Work done by retarding force = change in kinetic
energy

=0 1 2
fs= zmv
1
o y = =m 2
fs 5 MY

Since, retarding force f and kinetic energy of both
bodies are same so, stopping distance will be
same. Hence, (a) is correct.

a=—

m
w oy =u?—2as
or0 =u? — 2as

25
cut=2qs= st
m
o |
o L —
V3

It means more is the mass, less is the initial speed
s v=u-—at

Or 0=u-—at
’ u_u _um
a L f
m
tecm

Hence, more is the mass, less is the time of
stopping. Hence, (b) is correct

p?
v KE=K =—

2m

Lp?am

It means more is the mass, more is the
momentum

Hence, (c) is correct.

(d)

Let the mass of loop P (radius = r)=m
So the mass of loop @ (radius = nr) = nm

524

525

526

527

528

Moment of inertia of loop P, Ip = mr?
Moment of inertia of loop Q, I, = nm(nr)? =

n3mr?
Iy g
n==n"=8=n=
Ip
(a)
15m + 10m = mv; + mv,
25 =1 + D)
And =1
Ui=Uz
v —
o V2 vy -
15-10

= v—v;=5

Solving Eqgs. (i) and (ii), we have

w5 =15ms™ v =10ms™

(c)

w? = wh —2a8 = 0 = 4n%n? — 2ah
iy

6= s 200m“rad

= 2nn = 2002 = n = 1007 = 314 revolution

(a)
s Mi?
M.L ofrod (1) about Z — axis, I, = =

2

M.I. of rod (2) about Z — axis, I; = %

M.I. of rod (3) about Z — axis, [; = 0
Because this rod lies on Z-axis

2MI1?
J‘Isystem =h+hL+th=
21
3
2/.:: 1 i

g :

g
()

I =MR? - logl =logM + 2logR

Differentiating, we get ? =0+ Z%R

- dfxlou—z(dg)xmo
T - "\R

1
== — = G
2 X 00 X 100 = 2%
(a)

Linear momentum p and kinetic energy K are
interrelated as
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K= ;—m or p =+2mkK, hence zero momentum

implies zero kinetic energy and vice versa.
529 (b)

Angular momentum about rotational axis

Ly = [I + m(vt)?|w

dle _, 5
T muvetw;
Torque T = 2mv2w)t
(Y

Cr— |
=
x =t
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 1% ;
I=M(=+5) L)
If p is volume density of the cylinder, then

M = (mR*L)p =constant ...(ii)

o M
" mR?p
Put in Eq. (i),

RZ  M?
b (T * 12::224,34)

2 al
For I to be minimum, —— = 0

a;_Mn MZ \
dR ~ T \2 3m2R5)

R M? 2M?
—=——— or R°=——
2 3m?p?RS 3mép?
Using Ea. (ii), R® = 2m? R p?
sing Eq. (ii), R® = 2200
2
or RZ:,EL2 or —L;IE
3 R2 2
Iz
OF &= 3/2
531 (b)
Angular of the body is given by
L=Iw
or L=IxZorLoai
T T
= Ay B8
Lz T
Lzt
A
(4s,T; = 2T)
So, L,==

2
Thus, on doubling the time period, angular

momentum of body becomes half,
532 (a)

900
Wy =EX 2r =30 rad/s,w; = 0,t = 60s
ey _wp—w 0-30m
wr=w;+at La= - i

— s d 2
= Zra/s

533 (b)
A solid sphere is rotating in free space, so there is
no external torque.
ie, =20
But the rate of change of angular momentum is
equal to the torque.

daj
then 7 0
ar dj =0
or J =constant

But [ = Jw, if we increase the radius of the sphere
: ; ; 2 i
then its moment of inertia (.’ == MRZ) increases.
-]

From J = lw, its angular velocity decreases.
Also we know that the rotational energy

J[Z
T}
Hence, K, decreases as [ 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 (lw=
constant), angular velocity will remain half. As,
K = lw?
The rotational kinetic energy will become half.
538 (a)

X s K? kL a AN 5
Ky —Emv (1 +F) —Emv (1 +§) —ﬁmv
539 (d)
[f n masses are equal

my=m; =Mz =....= My
Then position vector of centre of mass.
The coordinate of the centre of mass
(x,y) = (m1x1 +1mp X+ Xy m1y1+mzy2+m3_}-3)
’y m1+m2+m3 % ml"‘mz +m3
(m+2m+3m m+2m+3m)
I

3m
__ (o6m ém

- (ﬁﬂ
=(2,2)
540 (a)
Here,m; = 1kg v; = 21
m, = 2kg, Vv, = 2cos 301 — 2sin 30§
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m1§1 + mgﬁg

Vem =

my + ny
_ 121+ 2(2cos30° — 2 sin 30%)
B 1+2
204 2V3i-2] [2+2V3\, 2.
= 3 =( 3‘/_)'_51
541 (b)

2
E= % If boy stretches his arm then moment of

inertia increases and accordingly kinetic energy of
the system decreases because L. = constant and

1
E o ?
542 (b)
I fem
A
A i
4] popeis — J
0 20 40 : b0 80 100
-t—):’—b-;

1
=06 (E+ 0.{)9) = 0.104 kg — m?

543 (b)
ny =20rev/s,n, =0,t = 20s
2r(ny —ny) 2m x 20 4
a= z = = =2nrad/s
544 (b)

According to theorem of parallel axes, moment of
inertia of a rod about one if its ends

_ M2 MI? N Mi?

“I & B

~ Moment of inertia of two rods about Z-
axis=Moment of inertia of 2 rods placed along X

2
and Y-axis = %
546 (d)
We know that velocity of 2nd ball after collision is
given by
_u(l+e)m (my; —mye)
27 (my+my) 2 (my +my)

In present problemu, = 0,m; = 2m, ande =
2/3, hence

u (1 +%) my B 5
T mt2m) 9

As four exactly similar type of collisions are taking
place successively, hence velocity communicated
to fifth ball

54
v =(5) v

548 (c)

Uz

As per conservation law of momentum 0 = 4v +
(A —4v,
~» Recoil speed v, =

549 (d)
When C collides with B then due to impulsive
force, combined mass (B + () 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)
n=0mrn=PQr=PR

Distance of centre of mass from P is
_ Niretry _ 0+PQ+PR _ PRQ+PR

3 3 3

4v
(A-4)

553 (¢)
Ap Am nim
NTUm T
n  mvn
F = vmﬁ = H
554 (a)
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 radial
direction, or we can say the centripetal force
Dd
The force experienced by inner part F; = mw?R,
and the force experienced by outer part, F, =
mw?R,
B mRe® R
"F, mRw? R,
555 (d)
Moment of inertia of system about YY’
I=L+5L+5

—1MR2+3MR2+3MR2
T2 2 2
_7MR2

2

v’
556 (a)
As we know that at the highest point, the shell has
only the horizontal component of velocity which
is v cos 0. If u be he velocity of second exploded
piece, then applying conservation of linear
momentum along x-axis
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557

558

559

560

561

o 2mrvcosB = —mvcosB + mu
Or u = 3vcosh
(b)
We assume that origin is situated at the 0,
soxg =0,my —m,
X, = 3a,m, = 2m
myXxyp + Mo Xo
my + m,
_mx 0+ 2m x 3a

m+2m
_bma
= g =2a
(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

“ o Xem =

contact will be zero. So angular momentum of the

sphere about point of contact will be conserved

T =
fTt = 0 then L = constant

T= E,l
(<)
According to problem disc is melted and recasted
into a solid sphere so their volume will be same
Vpisc = VSphere = HRlz)iscr = EnRgphcrc
R 4 Rpi
pd IlrR%isc( rgsc) =3 J"'r'll:egphcn: [t =—=, given!
Rp;
= Rgisc — BRSphere = RSphere = 2|sc
Maoment of inertia of disc Ipjsc = %MRE'”SC =1
[Given]
~ M(Rpisc)® = 21
. . 2

Moment of inertia of sphere Igppere = C MREPhE,E

2 fRpi\e M 5 PF F
=—M(—) =—(Rnic. )2 =—==

5 2 10 Rpise)” =75 =3
(d)
M.L of disc = %m}i’2 = lz(TTth)pRz = %rrR"‘tp
[e = density, t = thickness]

If discs are made of same material and same
thickness then [ o< R* o (Diameter)*

e ) -2
(b)

Let the each side of square lamina is d.

So, Igr = Igy

(due to symmetry)

And Iy = Ipp

(due to symmetry)

Now, according to theorem of perpendicular axis,

D : o,
) — -

G i H

A4 E B
e —— |

Lictlgp =1y

= 2 =1y (1)

aI‘ld IEF + IGH = 1’0

= 2{5}:':[9

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

Iyc = Igr
md?
Iop = Igr +
e ( o m_dz)
ET 4 asler = 75
2
SD, IAD :%{':415}?
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
(Xcps Yenr)- then
(0. )
0
(%_ U) {a, )
g mx§+mx§+mx0 i
cM = 3m 3
mx0+mx%+mx0 a
Yops = =
M 3m 3
564 (c)
The kinetic energy of the solid sphere,
K =2 Mv? (D)
The rotational kinetic energy,
K, =% lew?

But [ = %M.R2 for solid sphere and w = %
2
then, K, =+x2MR?xZ
27 s R
K, =< Mv? ...(ii)
On dividing Eq. (ii) by Eq. (i), we have

K- _ 1/5 Mv?
K~ 1/2 Mp?
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il
or ey
565 (b)
1
g = w0t+§at2 = 6 = 100rad
~ Number of revolution = % = 16 (approx.)

566 (b)
From conservation law of momentum
4
vy _ 2 _ msy _ EHT.?.O _ (T2)3
= ==

4 -
v, 1 my 253
3P

= 2= ()31
ry
Or 1yt = 1:(2)Y5
567 (b)
Given, I = 1kg—m? n = 2rps
w=2mn =21 X2 = 4wrads!
L=Iw=1(4r) = 12.57 kg —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
2
- f_r = Zﬁl = E =1
Iy, 2/5mr? 3
570 (a)
Velocity of bullet at highest point of its trajectory
= 50 cos 8 in horizontal direction.
As bullet of mass m collides with pendulum bob of

mass 3m and two stick together, their common
velocity
, my50cosB 25 -
=——————=—cosBms
m+ 3n 2

As now under this velocity v" pendulum bab goes

up to an angel 120°, hence
2

z—g=h=£(l—005120")=%[1—(f—%)]=5

= v?2=2x10x5=1000rv’ = 10
Comparing two answer of v', we get
2 0s0=10= cos® =20r8 = cos™? (i)
2 5 5

571 (c)
From law of conservation of angular momentum
we have, if no external torque is acting on a body
(tr = 0), then the angula momentum (J = lw) or
in other words the moment of momentum of a
body remains constant.

572 (d)
No of revolution = Area of trapezium

1
=X (25 +5) X 3000 = 11250rev

573 (d)
External force acting on the system is given as
Fext = Magy
ie, acy lies in the direction of Foyy.
Here, Foy = 5(21 + 3§ — 5k)
acy = 2i+3j-5k
Since, F.,; and acy are not lying in the same
direction, given data is incorrect.
574 (d)
Total moment of inertia of the system = %MRZ +

4mR*
575 (d)

'
. %
o |

P "
k— g —

Displacement of point P after half revolution

PP' = /(@R)? + (2R)?> = RYym? + 4 = 5{n? + 4
577 (c)

Moment of inertia of whole disc about an axis

through centre of disc and perpendicular to its

. 1 -
planeis [ = -mr*

As one quarter of disc is removed, new mass,

, 3
m =-m
4
1/3 3
!’=E(zm)r2 =§m?‘2

578 (b)

When pulley has a finite mass M and radius R,
then tension in two segments of string are
different.
Ml‘\,i_,}

’

Here,ma=mg—T

e m _2m
- m+%g = miMB
581 (a)
"remaining = lwhole — Jremaved

ar I= %(9M}(R2) - [%m(g)z + %m (E)zl

3
(D)

Here, m= M x ?T(E)Z =M

TR 3
Substituting in Eq. (i), we have
I = 4MR?
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582 (c)
_ _ml? | ml? mi?
583 (b)
Centre of mass always lies towards heavier mass
585 ()

At the time of applying the impulsive force block
of 10 kg pushes the spring forward but 4 kg mass

is at rest.
Hence,
_myup+myv; 10x14+4x0 140
M T tm, | 10+4 14
= 10ms™*
586 (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 0 and mass of OC, m, =
m(2l) at D, where CD = |
Dd
LetDP = x
As P is the centre of mass, therefore
ml(l — x) = 2mlx
x=Lx=1/3
: B _ l B 41
LCP=CD+DP --I+§~——§
587 (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.
7 .

Stick |ef /

1
(&} M B
s .
2g£—21w

Moment of inertia of a thin rod is

. 2

J’—3 Ml

B oo AHE

=33 ¢
= w= i—g
Given, [ = ‘.lm,m=\f3_g
Also, UV =tw
= v=1x%xy3%x98=54ms!

588 (a)

589

590

591

592

593

From conservation of momentum

_ ; , My
Mv=mx0+(M-m)v'=v _m
(d)

v 80
w=;=m=4ﬁ,(ﬂg={),g = 2m(n)

=4n(Asn = 2)

- _w'—wj  16m*
w=w;+2al = a= 58 —2x4ﬂ—2?r
Tangential accelerationa, = ra = % X 2m =
40m/s?

(b)

Moment of inertia of a uniform rod about one

end= T

- Moment of inertia of the system
My (L/2)?2 MI1?

I (_)( /2)° _
2 3 12

(b)
=1, = 0A =v,%andr3 = W2

Moment of inertia of the system about given axis
I=L+L+15L+1,

4

g

=1 =0+m(r)? + m(r;)* + m(r)*

=/=m (\%)2 + m{fﬁ)z +m (v%)

2

= 3mi?

(c)
There is no shift in position of centre of mass, as
clear from the figure

&

From the definition of angular momentum,
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YA
o B

-

&)

L=rxp=rmvsin@(—k)
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, = Lg.

594 (b)

AN
C . q45°
L e—— g —>
1.:=:¢+4

Ay I
i

Form the triangle OAC
1
d = OCsin 45 =4x—== 2V2
Angular momentum = Linear momentum x
Perpendicular distance of line of action of linear
momentum from the point of rotation
L=pxd=mvd=5x3V2 x 22 = 60 units
595 (b)
As no torque is being applied, angular momentum
L = lw =constant
(%Mrz)if =constant
2

P
or ? =constant

Differentiating w.r.t time (t), we get

dr dar
or 2Tr==y2=—
dt dt

dT  2Tdr

I — = =——

dt rodt
596 (c)
. MaXy + MpXp + MeXe + MpXp
B my +mg +me +mp

Xcm

v

D (1. 1)

(0. 0) B(1,0)

_1X0+2X143%x1+4x0

1+24+3+4
2+3 1
i 0.5m
- _ Mayatmpyptmeyetimpyp
Similarly, yem = Mg+ Mg+ me+mp

_1x0+2x0+3x1+4x1
B 1+2+3+4
= % =0.7m
597 (a)
Moment of inertia about the given axis ie, about
Y¥,

X ¥
o*
x ¥
Iyyr = Iyyr + MR?
=2+2x(2)?
=2+8
=10 kg — m?
598 (a)
_ Tt 314 5
I—E—F— 2.5kgm
599 (d)

The moment of inertia of the disc about an axis
parallel to its plane is

C
A *0 B
R
D
Iy =14+ MR?
= I =$MR? + MR?
_35 2z
=MR
or MRz =4

5
Now, moment of inertia about a tangent

perpendicular to its plane is
y 3, .9 3 4 6
I'==-MR*==x-1=-
Z 2 5 5
600 (d)
/

M.I. of plane about 0 and parallel to length = e
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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.
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.
602 (a)
Herem; = u,m; = Au,uy =uandu, =0
(mq — myuy 2m,u, 1-A
U T A my) it my) (1 +A)u
v, (1-A
u (m)
Keinal _ (ﬁ)z _ (ﬂ)z
J‘(initia] u LA
603 (c)
2m rad
Wmin = 5
and wyp, = 2—HE
12x60 min
Wmin _ 2m/60
Wiy 2m/12x60
12
1
604 (c)
The impact force F = i—f = vi—T where i—T =rate
of flow of water in the nozzle and v the velocity of
water jet.
Since the ball is in equilibrium F = mg where m =
mass of ping pong ball.
>y = mg or rate of flow of water 22 = 8
At At v
605 (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
=M .0
When it is bent into a ring
~ L =2nR
L "
OrR = v ..(ii)
Moment of inertia of a ring about its diameter is
I =" =¥ [using (ii)]
I, ML* 8m* 8nm?
‘.- 3 “ME" 3
606 (d)

gsind gsin® g/2 b5g
a: o T oem— T

607 (<)

K 2 7/5 14
B /
2
As® =30°and~ =2
R 5
¥
F
. -
z \(L.-1)
T=rxF

t=(@{-)x(-Fk
= F[(-ixk)+ (j xk)]
= F[i+]]

608 (d)

L=Ilw

609 (a)

Since disc is rolling (without slipping) about point
o

Hence

0Q >0C=>0P

LY=TW

Vg > Ve > Up

P A

e

610 (d)

611

612

613

Angular momentum L is given as
L=7xp=rpsing

7 = position vector of the particle w. r. t. origin,

p = its linear momentum

7 X p is maximum when p is perpendicular to r
L.e.8 =90°

(d)

Angular velocity is a axial vector

(d)

As the inclined plane is frictionless therefore all
the bodies will side down along the inclined plane
with same acceleration g sin @

(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 plane, a «
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sin O therefore, acceleration and time of descent
will be different

614 (d)
For a disc moment of inertia about a tangential
axis in its own plane = %Mfc‘z

MiK? =2 M; R?
\5

Now, for a ring moment of inertia about a
4 e 3 ,
tangential axis in its own plane = > M,R*
M,K? == M,R?
= KZ = JE R
=
T

%]

K, 6
615 (d)
If M mass of the square plate before cutting the
holes, then mass of portion of each hole,
54 2o 0
m= 16RZX1TR _EM
+ Moment of inertia of remaining portion

I = Isquare — Hhole

2
:%(16.‘?2 +16R?) — 4[”1; +m(@te)2]
= % X 32R? — 10mR*?
S rr 10 e = (ﬁ—ﬂ) MR?
3 16 3716
616 (c)
_Am
F = TJE 3
Here, i—T = % = _120>c16c:]><w =20x10"3kgs™!
F =800 x 20 X 10-3N = 16 N
617 (c)

Let distance of man from the floor be (10 + x)m.
As centre of mass of system remains at 10m
above the floor

So50(x) =0.5(10) = x=0.1m

= distance of the man above the floor = 10 + 0.1

=10.1m
618 (d)
. = my? m L* L2
Centripetal force F = R
2
[ASL =mvr v =—
mr
619 (d)
4500-1200
2n(ny, —nyq) 2m (—60 )
a= = rad/s?
t 10 /

¥t 3300 360d
e egree 5
70 X Zr ez 4= 1980 degree/s

620 (c)
Moment of inertia of a hollow sphere of
radius R about the diameter passing

through D is
b
A b
b
B G
Iy =2 MR?
(1)
Moment of inertia of solid sphere about diameter
Ip == MR?
(1)

~» Moment of inertia of whole system about side
ADI‘{H+!D+"H+"C
= 2MR? +ZMR? + (Mb? +ZMR?) +
3 5 3
Fog 2z
(mb2 +ZMR?)
= Z MR? + 2MD?

621 (c)
P =mv
ol
ST = -
v

Hence, m — v graph will be rectangular
hyperbola
622 (b)
2

2
- () -1 -2
I M5/ \R, 2 '\
623 (d)
When a particle is projected with a speed v at 45°
with the horizontal then velocity of the projectile

at maximum height.

== o_i
v' = vcos45 =

Angular momentum of the projectile about the
point of projection

=mv'h
— oy ¥y _ mvh
=mEh="T7
624 (d)
T=rxF

T is perpendicular to both r and F, so
r.T as well as F.t has to be zero.
625 (c)
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2

p
K=—
2m
p® =2Km
This is an equation of parahola. Hence, (c) is
correct.
626 (a)
Moment of inertia of a disc about a diameter is
T MR2 =1 (given)
MR? = 4]
Now, required moment of inertia = -z-MR’2
= %(4;) = 6l
627 (b)
AsE =2 lw?
' ’ 00
20,T K 0.314
"“'“T_ =726 18 T
628 (c)

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

U= ’% = ‘/% and velocity just after collision
B\

2h

== —_—

g
2

g 1

2= T e—
u [£
g
629 (d)

1 K? 1 K?
KR—KTnzmv R2 ZEmv ﬁ.'.?zl
ie the body is ring

630 (
=2nR .
Iy=2nnR

Ratio of moment of inertia of the rings

- ()
- - ()@

(1) =linear density of wire=constant

(given)
Ly 1 1
= — — -
L, n3 8
=8 =n=2
631 (d)

Since v 3, = 0 soit's linear momentum = 0

632 (b)
Centre of Mass of a solid body is given by
L[ y Amxg
XcMm _—E T,

y e E! E.-Jmly
cM E_; AMj

z :1-1 L Am;z;
CM Z?‘t 1‘,1”1

1 X.xl + 2 xxz
(D)

and X =%x;=x3=13

3% x;=(14+2+3)3

Xem = Yem = Zem = 1 (given)
1(1+2+3+4)=1x; + 2xp + 3x3 + 42,4

(i)
Solving Eqs. (i) and (ii), we get
4x, = 10— 18
Xy = -2

Similarly, y, =-2,2,=-2
The fourth particle must be placed at the point (-
2,-2,-2).

634 (a)
wy = 2nrad/day, w, =0and t = 1 day
w,—w; 0-2m rad
L= = =2
t 1 day?
2r rad

~ (86400)2 52
Torque required to stop the earth 7 = la = FR
la %M’R2 Xa 2

:).Fr:F:T:gMRxa‘
2 52 3 2
:§x6x 10%* x 6400 x 10 XW
= 1.3 x 102N
635 (b)

Let R, be the present distance between earth and

sun and T is duration of year. Let Ry and T, be

new values of distance and duration of year. By

conservation of angular momentum we have
Lwy = lw,,

or @ MR%)% = (éme);—:
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636

637

638

639

640

or Tz = Tl R2

(-’?1/2)

325 = 91.25 days

Hence, duration of year will become less.

(d)

As no external torque is acting about the axis,

= (365) x

angular momentum of system remains conserved.

Pes
M !
m, R
m, R
M

Lo = Lo
= mR%2w = (mR? + 2MR?)w’
= w' = (
(d)
Distance of corner mass from opposite side

r=JEZ—Q/2)2 = gz

I =mr?=-ml*

m+2MJ) o

4
(a)
In the pulley arrangement |a,| = [d;| = a =
my—in;
m1+m2)
But &, is in downward direction and in the
upward direction ie, da, = —3,

~ Acceleration of centre of mass
mlﬁl + MQEQ

M = T,
my [l g - m, [T
B (my +my)
my —my)?
.
(@)

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

(b)

641

643

For the motion of the block
mg—T =ma

(1)

For the rotation of the pulley
T=TR=la

= T= %mRa

(i)

As string does not slip on the pulley
a=Ra

...(iii)

On solving Egs. (i), (ii) and (iii)
qa==2

3
(d)

Total kinetic energy

Rotational kinetic energy
z 2
2(1+5) 1+5
;(2 = =
T "7
(b)
myxy +mpxy +maxy m(1+2+3)
B my +my +my B 3m B

m(1+2+3)
Im 2

Similarly, y =

644 (b)

645

We knowmyny
1

(a)

=m,r; = m X r =constant .. r «

gsin® gsmSU“ 5 1 _5g

X
“1+mrZ 142 78727 1a
5

646 (d)

The moment of inertia of the uniform rod about
an axis through one end and perpendicular to its
length is

mi?

3
Where m is mass of rod and [ is length.

Torque (r = Ia) acting on centre of gravity of rod
is given by

1

T =mg —

gz

1

or la =mg
mi? 1
or —a =mg—
3 2

__3g

or “_21
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SYSTEM OF PARTICLES AND ROTATIONAL MOTION

Assertion - Reasoning Type

This section contain(s) 0 questions numbered 1 to 0. Each question contains STATEMENT 1(Assertion) and
STATEMENT 2(Reason). Each question has the 4 choices (a), (b), (c) and (d) out of which ONLY ONE is correct.

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

b) Statement 1 is True, Statement 2 is True; Statement 2 is not correct explanation for Statement 1

c) Statement 1 is True, Statement 2 is False

d) Statement 1 is False, Statement 2 is True

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

The angular momentum under a central force is constant.

Inverse square law of force is conservative.

Aladder is more apt to slip, when you are high up on it than when you just begin to climb

At the high up on a ladder, the torque is large and on climbing up the torque is small

A wheel moving down a perfectly frictionless inclined plane will undergo slipping (not
rolling motion)
For perfect rolling motion, work done against friction is zero

When ice on polar caps of earth melts, duration of the day increases

2
L=Lw= I.Tﬂ = constant

If there is no external torque on a body about its center of mass, then the velocity of the
center of mass remains constant
The linear momentum of an isolated system remains constant

Radius of gyration of body is a constant quantity

The radius of gyration of a body about an axis of rotation may be defined as the root
mean square distance of the particle from the axis of rotation

Torque is equal to rate of change of angular momentum

Angular momentum depends on moment of inertia and angular velocity
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10

11

12

13

14

15

16

17

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

The position of centre of mass of a body does not depend upon shape and size of the body

Centre of mass of a body lies always at the centre of the body

The total kinetic energy of a rolling solid sphere is the sum of translational and rotational
kinetic energies
For all solid bodies total kinetic energy is always twice the translational kinetic energy

The velocity of a body at the bottom of an inclined plane of given height is more when it
slides down the plane compared to when it rolls down the same plane
[n rolling down, a body acquires both, KE of translation and KE of rotation

When a body dropped from a height explodes in mid air, its centre of mass keeps moving
in vertically downward direction
Explosion occur under internal forces only. External force is zero

In rolling, all points of a rigid body have the same linear speed

The rotational motion does not affect the linear velocity of rigid body

[t is harder to open and shut the door if we apply force near the hinge

Torque is maximum at hinge of the door

The speed of whirlwind in a tornado is alarmingly high

If no external torque acts on a body, its angular velocity remains conserved

Moment of inertia of circular ring about a given axis is more than moment of inertia of the
circular disc of same mass and same size, about the same axis
The circular ring hollow so its moment of inertia is more than circular disc which is solid

The centre of mass of a body will change with the change in shape and size of the body.

Torque due to force is maximum when angle between 7 and F is 90°
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18

19

20

21

22

23

24

25

26

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

The unit of torque is newton-metre

A particle is moving on a straight line with a uniform velocity, its angular momentum is
always zero
The momentum is zero when particle moves with a uniform velocity

Moment of inertia of a particle is same, whatever be the axis of rotation

Moment of inertia depends on mass and distance of the particles

At the centre of earth, a body has centre of mass, but no centre of gravity

Acceleration due to gravity is zero at the centre of earth

The centre of mass of a two particle system lies on the line joining the two particles, being
closer to the heavier particle

This is because product of mass of one particle and its distance from centre of mass in
numerically equal to product of mass of other particle and its distance from centre of
mass

Inertia and moment of inertia are same quantities

[nertia represents the capacity of a body to oppose its state of motion or rest

Torque is time rate of change of a parameter, called angular momentum

This is because in linear motion, force represents time rate of change of linear
momentum

The centre of mass of an electron and proton, when released moves faster towards
proton
Proton is heavier than electron

The centre of mass of system of n particles is the weighted average of the position vector
of the n particles making up the system
The position of the centre of mass of a system is independent of coordinate system

The centre of mass of a proton and an electron, released from their respective positions
remains at rest
The centre of mass remain at rest, if no external force is applied
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27

28

29

30

31

32

33

34

35

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

[f there is no external torque on a body about is center of mass, then the velocity of the
center of mass remains constant.
The liner momentum of an isolated system remains constant.

The centre of mass of body may lie there is no mass.

Centre of mass of a body is a point, where the whole mass of the body is supposed to be
con centrated

Two Cylinders, one hollow (metal) and the other solid (wood) with the same mass and
identical dimensions are simultaneously allowed to roll without slipping down an
inclined plane from the same height. The hollow cylinder will reach the bottom of the
inclined plane first

By the principle of conservation of energy, the total kinetic energies of both the cylinders
are identical when they reach the bottom of the incline

The centre of mass of an electron and proton, when released moves faster towards
proton
This is because proton is heavier

Ajudo fighter in order to throw his opponent on to the mattries he initially bend his
opponent and then rotate him around his hip

As the mass of the opponent is brought closer to the fighter's hip, the force required to
throw the opponent is reduced

There are two propellers in a helicopter

Angular momentum is conserved

A shell at rest, explodes. The centre of mass of fragments moves along a straight path

[n explosion the linear momentum of the system remains always conserved

The centre of mass of a bady may lie where there is no mass

The centre of mass has nothing to do with the mass

The centre of mass of a two particle system lies on the line joining the two particles, being
closer to the heavier particle

Product of mass of one particle and its distance from centre of mass is numerically equal
to product of mass of other particle and its distance from centre of mass
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36
Statement 1: The centre of mass of a body may lie where there is no mass

Statement 2: Centre of mass of a body is a point, where the whole mass of the body is supposed to be
concentrated
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SYSTEM OF PARTICLES AND ROTATIONAL MOTION

1

7

(b)

The angular momentum under a central force is a
constant and inverse square law of force is
conservative,

()

When a person is high up on the ladder, than a
large torque is produced due to his weight about
the point of contact between the ladder and the
floor. Whereas when he starts climbing up. The
torque is small. Due to this reason, the ladder is
more apt to slip, when one is high up on it

(b)
Rolling occurs only on account of friction which is
a tangential force capable of providing torque.

When the inclined plane is perfectly smooth, body
will simply slip under the effect of its own weight

(a)

Both, the assertion and reason are true and latter
is a correct explanation of the former. Infact, as
ice on polar caps of earth melts, mass near the
polar axis spreads out, [ increases. Therefore, T
increases ie, duration of day increases

(d)

Velocity of center of mass of a body is constant
when no external force acts on the body. If there
is no external torque, it does not mean that no
external force acts on it

(d)

Radius of gyration of body is not a constant
quantity. Its value changes with the change in
location of the axis of rotation. Radius of gyration
of a body about a given axis is given as

A ol SETEE o e
K=
n

(b)

10

11

12

13

: HINTS AND SOLUTIONS :

T= ‘;—i’ and L = fw

(d)

The position of centre of mass of a body depends
on shape, size and distribution of mass of the
body. The centre of mass does not lie necessarily
at the centre of the body

()
KN = KR + K'ir'

This equation is correct for any body which is
rolling without slipping

For the ring and hollow cylinder only Kz = Ky
i.e. KN = ZKT

(b)

In sliding down, the entire PE is converted only
into linear KE. In rolling down, a part of same PE
is converted into KE of rotation. Therefore,
velocity acquired is less. Both the statements are
true, but statement-2 is not a correct explanation
of statement

(a)

Explosion is due to internal forces. As no external
force is involved, the vertical downward motion
of centre of mass is not affected

(d)
[n rolling all points of rigid body have the same
angular speed but different linear speed

()
Torque = Force x perpendicular distance of line
of action of force from the axis of rotation (d)

Hence for a given applied force, torque or true
tendency of rotation will be high for large value of
d. If distance d is smaller, then greater force is
required to cause the same torque, hence it is
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14

15

16

17

18

19

harder to open or shut down the door by applying
a force near the hinge

(c)

In a whirlwind in a tornado, the air from nearby
regions gets concentrated in a small space
thereby decreasing the value of its moment of
inertia considerably. Since, lew = constant, so due
to decrease in moment of inertia of the air, its
angular speed increases to a high value

If no external torque acts, then

dL
=10 :E = 0 or L = constant = [w = constant

As in the rotational motion, the moment of inertia
of the boady can change due to the change in
position of the axis of rotation, the angular speed
may not remain conserved

(b)

In the case of circular ring the mass is
concentrated on the rim (at maximum distance
from the axis) therefore moment of inertia
increases as compared to that in circular disc

(@)

Position vector of centre of mass depends on
masses of particles and their location. Therefore,
change in shape/size of body do change the centre
of mass

(b)

=7 Fsinf.1f8 = 90° then 1,4, = 1F
Unit of torque is N —m

(d)
When particle moves with constant velocity ¥

then its linear momentum has some finite value
(P = mv)

Angular momentum (L) = Linear momentum
(P) % Perpendicular distance of line of action of
linear momentum form the point of rotation (d)

Soifd # 0then L # 0, butifd = 0 then L may be
zero. So we can conclude that angular momentum
of a particle moving with constant velocity is not

always zero

(d)

20

21

22

23

24

26

27

The moment of inertia of a particle about an axis
of rotation is given by the product of the mass of
the particle and the square of the perpendicular
distance of the particle from the axis of rotation.
For different axis, distance would be different,
therefore moment of inertia of a particle changes
with the change in axis of rotation

(a)

At the centre of earth, g = 0. Therefore a body has
no weight at the centre of earth and have no
centre of gravity (centre of gravity of a body is the
point where the resultant force of attraction or
the weight of the body acts). But centre of mass of
a body depends on mass and position of particles
and is independent of weight

(a)
The assertion is true and reason is correct
explanation of the assertion.

(d)

There is a difference between inertia and moment
of inertia of a body. The inertia of a body depends
only upon the mass of the body but the moment of
inertia of a body about an axis not only depends
upon the mass of the body but also upon the
distribution of mass about the axis of rotation

(d)

Angular momentum is rotational analogue of
linear momentum, and torque is rotational
analogue of force.

(d)

The position of centre of mass of electron and
proton remains at rest. As their motion is due to
internal force of electrostatic attraction, which is
conservative force. No external force is acting on
the two particles, therefore centre of mass remain
atrest

(a)

[nitially the electron and proton were at rest so
their centre of mass will be at rest. When they
move towards each other under mutual attraction
then velocity of centre of mass remains unaffected
because external force an the system is zero

(d)
[f a force is applied at centre of mass of a rigid
body,

S S S S S S S S S S S S S S S S S S S S S S S S S S R S S S S S S S S S S S N S S S S R S S S S S S S S S —

o o o)



T D S M N S SN N B B NN SN SEE N SN BN BN NI NS B EES SN SN SN N BN BN NN BN BN NN NN BN BN ST NN NN SN SN N NN BN NN BN SN N B B BN B

28

29

30

31

32

its torque about centre of mass will be zero, but
acceleration
will be non-zero. Hence, velocity will change.

* .
(a)

As the concept of centre of mass is only
theoretical, therefore in practice no mass may lie
at the centre of mass. For example, centre of mass
of a uniform circular ring is at the centre of the
ring where there is no mass.

(d)

Time of descent from inclined plane

O H_KE
“sinf | g R?

K K*
=) < (&)
R/ solid cylinder R*/Hollow cylinder

Therefore solid cylinder will reach the bottom
first

i.e., statement 1 is wrong

As they possess equal potential energy initially at
the top therefore their kinetic energies will also
be equal at the bottom, i.e., statement 2 is true

(d)

The position of centre of mass of electron and
proton remains at rest, at their motion is due to
(internal) forces of electrostatic attraction, which
are conservative. No external force, what so ever
is acting on the two particles

(@)

Through bending weight of opponent is made to
pass through the hip of judo fighter to make its
torque zero

(b)

33

34

35

36

Both, assertion and reason are true but the reason
is not a correct explanation of the statement-1.
[nfact, if helicopter has only one propeller, the
helicopter itself would turn in opposite direction
to conserve the angular momentum

(d)

As the shell is initially at rest and after explosion,
according to law of conservation of linear
momentum, the centre of mass remains at rest.
While parts of shell move in all direction, such
that total momentum of all parts is equal to zero

(b)

The assertion and reason, both are true. But the
reason is not a correct explanation of the
assertion. Infact, the centre of mass is related to
the distribution of mass of the body

[f centre of mass of system lies at origin then
=
my ¥y + myt;

N
rfm -
m, + Mo

LTy +mar; =0
Ormyr = msny
[t is clear that if my > m, then

(a)

As the concept of centre of mass is only
theoretical, therefore in practice no mass may lie
at the centre of mass. For example, centre of mass
of a uniform circular ring is at the centre of the
ring where there is no mass
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SYSTEM OF PARTICLES AND ROTATIONAL MOTION

Matrix-Match Type

This section contain(s) 0 question(s). Each question contains Statements given in 2 columns which have to be
matched. Statements (4, B, C, D) in columns I have to be matched with Statements (p, g, r, s) in columns II.

1.  Each of the body in column I show the moment of inertia about its diameter in column IL Select the correct
answer (matching list [ with List [I) as per code given below the lists.

Column-I Column- 11
A) Ril H M
L 1
(B) Disc (2) Z MRZ
(C) Annular Disc (3) % MR?2
CODES :
A B C D
b) 3 2 1
c) 3 1 2

-

e

o

w

3 =
S ———
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: ANSWERKEY :

SYSTEM OF PARTICLES AND ROTATIONAL



SYSTEM OF PARTICLES AND ROTATIONAL MOTION

: HINTS AND SOLUTIONS :

1 (b) The moment of inertia of a disc about its diameter
The moment of inertia of a ring about its diameter = 1y1a2
—lyp2 g , ;
— MR The moment of inertia of an annular disc about its

diameter = iM(Rf + R%)




