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Chaper 6. System of Particles and
Rotational Motion

A rope 1s wound around a hollow eylinder of
mass 3 kg and radius 40 cm. What 1s the angular
acceleration of the cvlinder if the rope 1s pulled
with a force of 30 N7
(a) 025rad s~

() Sms :

(b) 25 rad g'j'
(Y 2d>ms™
(NEET 2017)

Two discs of same moment of inertia rotating
about their regular axis passing through centre
and perpendicular to the plane of disc with
angular velocities m; and m,. They are brought
imto contact face to face comciding the axis
of rotation. The expression for loss of energy
during this process is

| -
@ I —m)"  (b) I () —0)

4

(d) %I(ml 050
(NEET 2017)

Which of the following statemems-arecorrect?

(1) Centre of mass of ahbady always coincides
with the centre eof gravity of the body.

(2) Centre of mass of a bedy 1s the pomt at
which the total gravitational torque on the
body 1s zerow

(3) A couple wo @ body produces both
translational and rotational motion 1n a
badw,

(4) Meéchameal advantage greater than one
means that small effort can be used to hit
a large load.

(a) (1) and (2)

() (3)and (4)

1
(c) EI (g —ms )

(b)y (2) and (3)
(d) (2) and (4)
(NEET 2017)

Two rotating bodies 4 and B of masses m and
2m with moments of mertia /, and [, (I, > 1)
have equal Kinetic energy of rotation. Il L, and
L, be their angular momenta respectively, then

Ly
@ L= b)Y L,=2L,
€ L;>L, d L,>L,

(NEET-1T 2016)

5.

A solid sphere of mass m and radius R 1s
rotating about 1ts diameter, A solid cylinder of
the same mass and same radius is also rotating
about 1ts geometrical axis. with-an angular speed
twice that of the sphere. Theratio of their Kinetic

energies of rotation (E_ MF E. e Wil be
(a) 2:3 by 1:5
€ 1:4 (d) 3:1

(NEET-IT 2016)

A light rod of length / has two masses m, and
m. attached fo 1ts two ends. The moment of
mnertid ofthe system about an axis perpendicular
to the rod and passing through the centre of

MAss- 18

G g my + 1 ;2
@y +my ®F mym,
()  (m, +m)F (d) Jmymy 1

(NEET-IT 2016)

A dise and a sphere of same radius but different
masses roll off on two inclined planes of the
same altitude and length. Which one of the two
objects gets to the bottom of the plane first!
(a) Both reach at the same time
(b) Depends on thewr masses
(¢) Dusc
(d) Sphere

(NEET-I 2016)

From a disc of radius K and mass A/, a circular
hole of diameter K. whose rim passes through
the centre 1s cut. What 1s the moment of mertia
ol the remaming part of the disc aboul a
perpendicular axis, passing through the centre?
(@) 11MR*32 (b) 9MR¥/32
(c) 15MR%/32 (d) 13 MR7/32
(NEET-1 2016)
A uniform circular disc of radius 50 ¢m at rest 1s
free to turn about an axis which 1s perpendicular
to 1ts plane and passes through 1ts centre. It 1s
subjected to a torque which produces a
constant angular acceleration of 2.0 rad s~ Iis
net acceleration in m s - at the end of 2.0 s 18
approximately
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(a) 60 (b)) 3.0 (¢) 80 (d) 70
(NEET-I 201]6)
Point masses m, and m, are placed at the

opposite ends of a rigid rod of length L, and
neghgible mass. The rod 1s to be set rotating
about an axis perpendicular to 1t. The position
of pomt P on this rod through which the axis
should pass so that the work required to set
the rod rotating with angular velocity w, 1s
mimmum, 1s given by

« 1)
- B
, X=—t] 5
(a) m k}
m, L 5
® T im ull "2
| T My =
R ><
o my L % i (L-x)
(€) my + Ny
"
'y x=—-L 2015
(d) m, (2015)

An automobile moves on a road with a speed
of 54 km h!' The radius of its wheels is
(.45 m and the moment of inertia of the wheel
about its axis of rotation i1s 3 kg m. [T the
vehicle 15 brought to rest in 15 s, the magnitude
ol average torque transmitted by us brakes
to the wheel 1s

(a) 108 kgm"s ™~

(b) 286 kg m' s
(¢) 6.66kgms-

(d) 858 kam" s
(2015)

I-3

A lorce ﬁ:(1}+3_}+ﬁ§ 15 acting at a point
;‘:2?—5_}—1212. The value of o for which
angular mementanabout ongin 1s conserved

15
(a) zexo (b) 1
(¢) =l (d) 2 (2015)

A rod of weight " 1s supported by two parallel
kmife edges A and B and 15 i equblibrium 1n a
horizontal position. The kmives are at a distance
d from each other. The centre of mass ol the
rod 1s at distance x from .4 The normal reaction
on A 1s

. Wid — x) Wid - x)
(a) ) (b)
A fd
Wil
() W Dy =
d \

(2015 Cancelled)

14.

16.

7.

18.

x>

A mass m moves 1 a curele on a smooth
honzontal plane with velocity v, at a radius R,
The mass 1s attached to a string which passes
through a smooth hole m the plane as shown.
The tension n the string 18 increased gradually

-

and finally m moves 1 a circle of radius

The hnal value of the kinetic energy 1s ¢
(a)  2m mﬁ
(b) lrmﬁ
-
(¢) nnﬁ

(d) &,,”ﬁ (2015 Cancelled)

. Three 1dentseal spherical shells, each of mass

m and rading pare placed as shown n figure.
Considermn asis X" which 1s touching to two
shells and passing through diameter of third
shell. Moment of inertia of the system
consisting of these three spherical shells about
XA axis 1s

16 4
(a) —mr-
(by  4mr-
L} mr’
(c) 5
(dy  3aw-

(2015 Cancelled)

A sohid ceylinder of mass 50 kg and radius
0.5 m s [ree to rotate about the horizontal
axis. A massless string 1s wound round the
cyvlinder with one end attached to 1t and other
hanging [reely. Tension in the string required
to produce an angular
of 2 revolutions s = 1s

(@) 25N (b} 50N (¢) 785N (d)

acceleration

157N
(2014)

The ratio of the accelerations for a solid sphere
(mass m and radius R) rolling down an inchne
ol'angle 0 without shpping and slipping down
the mchine without rolling 1s

(@) >:7 (b 2:3 (@) 2:3 Tk

(2014)

(d)

A rod PO of mass M and length L 1s hinged at
end . The rod 1s kept horizontal by a massless
string tied to point O as shown i figure. When
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string 1s cut, the mitial angular acceleration of
the rod 1s

2a
(a) L8 L O
L < I >
28
b =
T
© 2 dy & (NEET 2013)
21 [ e

A small object of umiform density rolls up a
curved surface with an imtial velocity “v'. It

5

o~

4_g with

respect to the initial position. The object 15

(a) hollow sphere  (b) disc

(¢) ring (d) sohd sphere
(NEET 2013)

The ratio of radu of gyration ol a circular ring

and a circular disc. of the same mass and radius.

about an axis passing through their centres and

reaches upto a maximum height ol

perpendicular to their planes are
(a) ]:ﬁ (by 3:2 (¢) 2:1 (d) \./5._’:'1
(Karnataka NEET 2013)

Two discs are rotating about their axes, normal
to the discs and passing through the eentres
of the discs. Disc D, has 2 kg mass angd 02 m
radius and initial angular velocity of 50.rad s '
Disc D, has 4 kg mass, (). lam radius and mnitial
angular velocity of 200 rad §' The two discs
are brought in contact [ace to'face, with their
axes of rotation comcident. The final angular
velocity (in rad s™) of thé system 15
(a) 60 (by 100 (¢) 120 (d) 40
(Karnataka NEET 2013)

When a mass s rotating 1in a plane about a
fixed poinl. s angular momentum 1s directed
along

(a) a line perpendicular to the plane of
rotation

the line making an angle of 45° to the plane
of rotation

the radius

the tangent to the orbit

(b)

(c)
(d) (2012)
Two persons of masses 55 kg and 65 kg
respectively, are at the opposite ends of a boat.
The length of the boat 15 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 1s 1n still
water the center of mass of the system shifts
by

24.

57

(a) 30m (b) 23m (c¢) zero (d) 0.75m
(2012)
A car of mass 1000 kg negotiates a banked

curve of radius 90 m on a Inctionless road. If
the banking angle 1s 45°, the speed of the car 15
(a) 20ms™ (b)y 30 ms

(¢) Sms! (d) 10m s (2012)

25. ABC 15 an equilateral tnangle with € as 1its centre.

26.

27.

28.

x>

1_3'1,. F, and F-,‘ represent three forces acting along
the sides AB, BC and AC respeeively. If the total
torque about (J 15 zero then the magmitude of ‘EB B

(a) F, +F,

(b) F,—F,
© 18

(d) 2@, #E)

(2012, 1998)

A gar of mass m 1s moving on a level circular
track of radius R. II' 4, represents the static
friction between the road and tyres of the car,
the maximum speed of the car in circular motion

1s given by

(@) U mRg

mRg

n (d) Ju,Rg

Rg

® Al

(¢)
(Mains 2012)
A circular platform 1s mounted on a Inctionless

vertical axle. Its radius £ = 2 m and its moment
of inertia about the axle 1s 200 kg m?*, It 1s mmtially
at rest. A 50 kg man stands on the edge of the
platform and begins to walk along the edge at
the speed of 1 ms™ relative to the ground. Time
taken by the man to complete one revolution 1s

A 4
(a) ms (b) ?5 (¢) 2ms (d) Es
(Mains 2012)
The moment of inertia of a uniform circular disc

1s maximum about an axis perpendicular to the
cdisc and passing through

(a) B B

(by C

(¢) D

(dy A (Mains 2012)
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Three masses are placed on the x-axis © 300 g at
origin. 500 g at x =40 cm and 400 g at x =70 em.
The distance ol the centre of mass from the
origin 1s

(a) 40cm
(¢} SDcm

(b) 45cm
(dy 30cm
(Mains 2012)

The nstantaneous angular position of a point
on a rotating wheel 15 given by the equation
(1) =2 -6

The torque on the wheel becomes zero at

(a) t=1s (by t=023s

(¢) 1=0255 (d) t=23 (2011)

The moment ol mertia of a thin uniform rod of

mass M and length L about an axis passing
through 1its mudpomt and perpendicular to 1ts
length 1s 7, Its moment of mertia about an axis
passing through one of 1ts ends and
perpendicular to its length 1s

(a) I, +ML2 (by I +ML¥4

(¢) I,+2MI d) I +ML*  (2011)

A small mass attached 1o a string rolates on a
frictionless table top as shown. II the tenSion
in the string 1s increased by pulling the string
causing the radius ol the circular motion (o

decrease by a factor of 2, the kinetid energy of

the mass will

(a) decrease by a factor of 2

(b) remaimn constant

-
. == .
" W
" .
[
¥ W
.
- - L

(¢) increase by a factor of 2

(d) increase by a fadtor of 4  (Mains 2011)

A circular diskof momerit of nertia /, 1s rotating
in a horizontdl plane, about its symmetry axis,
with a constant angular speed . Another disk
of moment af mertia /, 1s dropped coaxially onto
the rotating disk. Imitially the second disk has
zero angular speed. Eventually both the disks
rotate with a constant angular speed . The
energy lost by the mitially rotating disc to
friction 1s

1 Iy 7 b 1 I m-

®) 2 [I.I‘ ¥ Ih) | ) 2 (fl ¥ j’b) 1
e B d L
O arny 920 )

(2010)

Two particles which are mitially at rest, move

36.

37.

38.

towards each other under the action of their
mtermnal attraction. If their speeds are v and 2v
at any mstant, then the speed of centre of mass
of the system will be
(a) 2v (b) zero

1.5v (d) v

(2010)

(c)

. A gramophone record 15 revolving with an
o P g

angular velocity m. A comn 1s placed at a
distance r from the centre ol the record. The
static coefficient of friction 1s W The comn will
revolve with the record 1f

. - 1 ,. {rﬂ:
(a) r=ugmw (b) g
H b
() ’”—‘—Sg (dy 1= E (2010
{1} i1}

From a eweular disc of radius K and mass YA, a

small dise of mass \/ and radius 15 removed

comeemrically, The moment of nertia of the
remaimmng disc about an axis perpendicular to
the plane of the disc and passing through its

genire 18
0 ..,
(a) —I;MR‘ (b) MR
4 5
(¢) 4MR: (d) gMR"

(Mains 2010)

A solid cylinder and a hollow cylinder, both of
the same mass and same external diameter are
released from the same height at the same time
on an inclined plane. Both roll down without
shipping. Which one will reach the bottom first?
(a) Both together only when angle of
inclimation of plane 1s 45°
(b) Both together
(c) Hollow cylinder

(d) Sohd cylinder (Mains 2010)

A thin circular ning of mass M and radius r 15
rotating about 1ts axis with constant angular
velocity m, Two objects each ol mass m are
attached gently to the opposite ends ol a
diameter of the nng. The ring now rotates with

angular velocily given by

(M A 2m)w 2Mm
(a) M (b) M +2m
(M + 2m)w Mo
() M (d) M +2m

(Mains 2010, [1995)
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A thin cireular ring ol mass A and radius R 1s
rotating in a honzontal plane about an axis
vertical to 1ts plane with a constant angular
velocity m, If two objects each ol mass m be
attached gently to the opposite ends ol a
diameter of the rng, the nng will then rotate

with an angular velocity

: M - (M + 2m)
(a) M + 2m (b) M
M w(M —2m) :
d 2009)
() M+ m () M +2m (

If F1s the lorce acting on a particle having
position vector 7 and T be the torque of this
force about the origin, then

(a) F-t>0and F t<0

(b) F-T=0and F-T=0

(¢) F+t=0 and F-T#0

(d) F-t20 and F-£=0 (2009}

Four 1dentical thin rods each of mass M and
length /, form a square frame. Moment of inertia

of this frame about an axis through the.centre

of the square and perpendicular to its planei§

2 M b) 2 MP
I . —
(c) Ml (d)y Ml (2009)

Two bodies of mass 1 Kg and 3 kg have position
vectors | + 2 f + k and -3i -2 f + k, respectively,
The centre of mass of this system has a position
vector

d_ wu n | AR O
(a) — 2=k (b) 2i—j—-2k

(©) —i ok (d) —2i+2k (2009

A thin rod of length L and mass M 1s bent at 1ils
midpoint into two halves so that the angle

between them 1s 90°, The moment of 1mertia of

the bent rod about an axis passmg through the
bending point and perpendicular to the plane
defined by the two halves of the rod 1s

NEYY %

ML
(a) = (b) 5
(c) % (d) % 2008)

44.

46.

47.

48.

49,
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The ratio of the radu of gyration of a circular
disc to that of a circular ring. each of same mass

and radius, around their respective axes 1s

(@) +2:1 (b) v2:43
) 3:42 (d) 1:42

(2008)

. A particle of mass m moves 1n the X'} plane

with a velocity v along the straight line AB. If

the angular momentum of the particle with

respect to ongin O 1s L, when 1t 1s at /] and L,

when 1t 15 at 5. then

(a) Ly=1Lg

(b) the relationship belweendy, und L, depends
upon the slope of the line AB

(¢) Ly<Ly

(d) L= g

A uniformrod A8 of length / and mass m s [ree
lo rotale aboul point A. The rod 1s released
froms rest in the horizontal position. Given that
the moment of mertia of the rod about A 1s
w3, the mmitial angular acceleration of the rod

(2007)

wall be ;

| mel € >

(a) —— AR B
3

(b) E.L‘f

(c) 3_k (d) Z—LE' (2007, 2006)
21 Al W RESSSEN SRS

A wheel has angular acceleration of 3.0 rad/sec”
and an mtial angular speed of 2,00 rad/sec.
In a time of 2 sec 1t has rotated through an
angle (in radian) of

(a) 10 (by 12

(c) 4 (d) 6. (2007)

The moment ol mertia of a uniform circular
disc of radius R and mass A about an axis
touching the disc at 1ts diameter and normal
lo the disc

—
(a) ;MR" (b) MR?
2 3
(¢) EMR? (d) EMRI (2006)

A tube of length L 1s filled completely with an
incompressible liquid of mass M and closed
at both the ends. The tube 1s then rotated 1n
a honizontal plane about one of 1ts ends with
a unilorm angular velocity w. The force exerted
by the liquid at the other end 1s

é-’g www.studentbro.in
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Mf..lmz b Jn'Ir:.",Llrn3
(a) —2 (D) 5
ML?
(c) > - (d) MLoy (2006)

. The moment of mertia of a uniform circular

disc of radius R and mass Af about an axis
passing from the edge of the dise and normal
to the disc 1s

(a) MR2 (b) EM’R:
. - ; T
-y — MR dy —MR*

(c) 5 (d) 5

(2005)

A drum of radius R and mass M, rolls down
without shppimmg along an mchined plane of
angle 0. The frictional force

(a) dissipates energy as heat

(b) decreases the rotational motion

(¢) decreases the rotational and translational
motion

converts translational energy to rotational
energy. (2005)

(d)

. Two bodies have their moments of iér{ia J

and 2/ respectively about their axis of rotation
II' theiwr kinetic energies of rotation are equal,
their angular velocity will be ' the ratio
(a) 2:1 (b) 1:2

(€) 2 :1 (A 12

(2005)

. Three particles, each ol massm gram. are siluated

at the vertices of amequilateral tnangle ABC of
side / cm (as shown in the figure). The moment
of mertia of the system about a line 4X
perpendieular to4# and in the plane of ABC.
in gram=em®units will be X

m C

3 m
a)y —mi*
(@) 1
(by 2ml’ A

m f m
3

(¢) Eﬂ"ﬂ"E (d) ~mi? 2004)

4 2 f

. Consider a system ol two particles having

masses m; and m-, If the particle of mass m,
is pushed towards the mass centre of particles
through a distance d. by what distance would
be particle ol mass m- move so as to keep the
mass centre of particles at the original position ?

h
th

ST.

FH| IH[

—d d
(a) m +ms (b) 5]
vy 2y gy
(¢) d (d) m (2004}

. 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 1in one minute would be

m
a) — Nm hy — Nm
(a) 15 (D) 2
T b1
&) N m (d) B Nm  (2004)

. A round disc of momeéntalanertia /- about its

axis perpendicula® 1o ats plane and passing
through 1its centre 18 pliiced over another disc
of momentwfinertia /| rotating with an angular
velocily m dbeutthe same axis, The final angular
veloetty of the combination of discs 1s

Lo
'L.H‘J L+ b (b)
f[l'.lll (fj - fz )[!]
© 7.1 @ T (2004)

The ratio of the radu of gyration of a circular disc
about a tangential axis in the plane of the disc
and of a cireular nng of the same radius about a
langential axis in the plane of the ring 15

(a) 2:3 (b 2:1

(¢) +f5:46 (d) 1:42

(2004)

. A stone 1s tied to a string ol length / and 1s

whirled mn a vertical circle with the other end
of the string as the centre. At a certain instant
of time, the stone 1s at its lowest position and
has a speed #, The magnitude ol the change
in velocity as 1t reaches a position where the
string 18 honzontal (g bemng acceleration due to

gravity) 1s
(b) Ju? - gl

(a) \/E{ulmg!]
(¢) u--.f'nz—zg.’ (d) \/Z_,Ef

(2003)

. A ball rolls without slipping. The radius of

gyration of the ball about an axis passing
through 1ts centre of mass 1s K. If radus of the
ball be R, then the fraction ol total energy
assoctated with 1ts rotational energy will be

! O o i
by —
{_ﬂ) HE (b) R.
| R’
4 S .. B FI.. |  S—— 1
[L]'I K.g + R:\ {El] K: . Rg f ﬁ“.‘”
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A sohd eylinder of mass M and radius R rolls

without shipping down an meclimed plane of

length L and height i, What 1s the speed of its
centre of mass when the cylinder reaches 1its

hottom "
(b) .,E eh

(a) +f2gh
4
(d) <fdgh
(2003, 19589)

38t
A thin circular ring of mass M and radius r 15
rotating about its axis with a constant angular
velocity m. Four objects each of mass m . are
kept gently to the opposite ends ol two
perpendicular diameters of the ring, The angular
velocity of the ring will be

()

M M w
@ ®) 7 +am
o AM +4m)w M —dm)w
(c) v, (d) T T A (2003)

A rod of length is 3 m and 1ts mass acting per |

unit length is directly proportional to distance
x from one ol 1ts end then 1ts centre ol gravity
from that end will be at |
(a) 1.5m (b)Y 2m

(¢) 2.5m (dy 3.0m. (2002)

A point P consider at contact peinl 6a wheel
on ground which rolls on ground without
slipping then value of displacemen! of point
P when wheel completes half 6Frotation (If radus
of wheel 1s 1 m)

(a) 2m (b) ~n?+4 m
(¢) mm ) Vo' +2m. (2002)

A sohidwsphere.of radius R is placed on smooth
horental surface. A horizontal force Fis apphied
at height B from the lowest point. For the
maximumr acceleration of centre of mass, which
15 correct”

(a) h =R
(by h=2R
©) h=0

(2002)

A disc 1s rotating with angular speed . If a
child sits on 1, what 15 conserved
(a) lnear momentum

(b) angular momentum

(¢) kinetic energy

(d) potential energy.

(d) no relation between /i and K.

(2002)

66.

67.

hX.

69.
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A circular disc 15 to be made by usmng 1ron and

alumimium so that it acquired maximum moment

of mertia about geometrical axis. It 1s possible

with

(a) alumimium at mterior and ron surround

fo 1t

iron at inferior and aluminium surround

to 1

using iron and aluminium layers in alternate

order

sheet of 1ron 1s used at both.external surface

and aluminium sheet @8 uitemnal layers,

(2002)

A disc is rolling, the welbeify of its centre of

mass is v, Which one will be correct?

(a) the velocity of Righest point 1s 2 v, and
point af eontact js zero

(b) the weloeary ofhighest point 1s v, and
point of contact 1s vy

(¢) the welocity of highest point 1s 2v,,, and
point of contact 18 v,

(dy the veloeity of highest point 1s 2v,,, and
point of contact 1s 2v,,, (2001)

(b)
(C)

(d)

IFor the adjoming diagram, the correct relation
between /. /-, and /5 15, (f - moment of mertia)

(a) Iy = I
(b) I, =1

(c) 1’1. :"J'|

d) I > 1, (2000

For a hollow evlinder and a sohd cyhinder
rollimg without shpping on an inclined plane.
then which of these reaches earlier

(a) sohid cylinder

(b) hollow cylinder

(¢) both simultaneously

(d) can’t say anything. (2000)

As shown mn the figure atpoint (J a mass 1s
performing vertical circular motion. The
average velocity of the particle 1s increased,
then at which point will the string break

A
(a) A -

(by B & ¢
(e} C

(dy D, (2000)
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Three 1dentical metal balls, each of the radwus r
are placed touching each other on a horizontal
surtace such that an equilateral triangle 1s formed
when centres of three balls are joined. The centre
of the mass of the system 1s located at
(a) line joming centres ol any two balls
(b) centre of one of the balls
(¢) horizontal surface
(d) point of mtersection ol the medians
(1999
The moment ol mertia of a disc of mass M and
radius £ about an axis, which 1s tangential to
the circumference of the dise¢ and parallel to
is diameter 15

bj 2 \IR?
l: 3"'

SR
— MR-
(a) 4

<, RPN
() ;.-‘l fR-

4 =
(d) E;‘tﬁf‘ (1999)
Find the torque of a force F=—3i+ j+5k
acting at the point F=7i+3]+k
(a) —21i+4j+4k (b) — 147 +34]-16k

(¢) 147 -38]+16k (d) 4 +4]+6k.
(997

The centre of mass of system ol particles does
not depend on

(a) position of the particles

(b) relative distances between lhe particles
(¢) masses of the parhcles

(d) forces acting on thé particle. (1997)

. A couple produces

(a) Imear and rotational motion
(b) no motion
(¢) purely linedr nistion

(d) purely #oLitiomal motion, (1997)

The ABC 1§ @ triangular plate of umiform
thickmess. The sides are in the ratio shown in
the hgure. /g, /g~ and [, are the moments of
mertia of the plate about AB, BC and C/
respectively, Which one ol the following

relations 1s correct’! C

(@) Lyg + Ipc = lcy 5

(b)y /418 maximum 3

(€) Lip > Ipe

(d) Tpc > Lyp. A 4 B
(1995)

What 1s the torque of the [force

F=2{-3j+4k N acting at the point
F=3i+2j+3k m about ori gin?

78.

9

(@) —6i+6j-12k (b) —17i+6]+13k

() 6i—6j+12k  (d) 171 -6]-13k .
(1995)

A solid spherical ball rolls on a table. Ratio of

its rotational kinetic energy to total kinetic

energy 1s

F l h'} .I_ '} E_ d 2
() 5 ( 6 (¢ 10 (d) 7
(1994)

In a rectangle ABCD (BC' =2.18), The moment
of mertia 1s mimmmum along axis through
(a) BC A F n

(by BD

(¢) HF

d) KG 13 :

(d) KG 2 C

(1993)

80. A solid sphere. disc and solid evlinder all of

81.

82,

83.

x>

the same mass and made of the same matenal
are allowed to roll down (from rest) on the
inclined plane. then

(a) solid sphere reaches the bottom first
(b) solid sphere reaches the bottom last
(¢) dise will reach the bottom first

(d) all reach the bottom at the same time
(1993)

The speed of a homogenous solid sphere after
rolling down an inchined plane of vertical height
A form rest without shding 1s

10
(a) -?"H"-' (b) /gh
(¢) 2 (&) 2gh  (1992)
If a sphere 1s rolling. the ratio of the

translational energy to total kinetic energy 18
given by

(a) 7:10 (bh) 2:5
(¢) 100:7 (d) 5:7 (1991)
A particle of mass m = 5 15 moving with a

uniform speed v=3y2 nthe YOV plane along
the line }'=XY+4. The magnitude of the angular
momentum ol the particle about the orngin 18
(a) 60 units (b) 40v2 units
(d) 7.5 units

(¢c) Zero (1991)
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84.

86,

A [ly wheel rotating about fixed axis has a
kinetic energy of 360 joule when its angular
speed 1s 30 radian/sec. The moment of inertia
ol the wheel about the axis of rotation 1s
(a) 0.6 kgm* (b) 0.15 kgm?

(c¢) 0.8 kgm? (d) 0.75kagm* (1990)

. The moment of inertia of a body about a given

axis is 1.2 kem® Imtially. the body is at rest. In
order to produce a rotational kinetic energy of
1500 joule, an angular acceleration of 25 racdhan/
sec” must be applied about that axis for a duration
of

(a) 4 s
(¢) 88

(by 2 5

(d) 10 s (1990)

Moment of mertia of a uniform circular disc
about a diameter 1s /. lts moment of 1nertia
about an axis perpendicular to its plane and

87.

88.

63

A solid homogenous sphere of mass M and
radius 1s moving on a rough horizontal surface,
partly rolling and partly shding, During this
kind of motion of this sphere
(a) total kinetic energy 1s conserved
(b) the angular momentum of the sphere about
the point of contact with the plane 1s
conserved
only the rotational Kinetic energy about
the centre of mass 18 conserved

angular momentum about the centre of
mass of conserved

(d)

(1988)
A rng ol mass m and radius » rotates about
an axis passing through its centre and

perpendicnlarveats plane with angular velocity
m, lts Kusehe energy 1s

passing through a pomt on its nm will be (a) %m?‘lﬂ]: (b) mrm?

(a) 5/ (b) 3/ B | " |

(c) &f (d) 4/ (1990) (e} mr-w- (d) E"”'m' (1984)

( Answer Key )
1. (b) 2. @ 3. (*) 4 () §& By 6. (@0 7. (d) 8 () 9. (¢) 10. (b)
11. (¢ 12. (¢) 13. (by 14. (&) 15 (b) 16, (d) 17. (a) 18. (¢) 19. (b) 20. (d)
21. (b) 22, (a) 23. (¢) 24. (b)) 2§5. (a) 26. (d) 27. (¢) 28. (a) 29. (a) 30. (a)
31. (b) 32. (d) 33. (d) 34. (b) 35 (¢) 36. (a) 37. (d) 38. (d) 39. (a) 40. (b)
41. (d) 42. (a) 43. (d) 44. (d) 45. (a) 46. (c) 47. (a) 48. (d) 49. (b)Y 50. (c)
51. (d) 52. (¢) 53. (¢) 54. (b) 55. (c) 56. (c) 57. (c) S58. (a) 59. (¢) 60. (¢)
61. (b) 62. (b)) 63. (b) 64. (d) 65. (b) 66. (a) 67. (a) 68. (b) 69. (a) 70. (b)
T1. (d) 72. (a) 73. (¢) 74. (d) 75. (d) 76. (d) 77. (d) 78. (d) 79. (d) 80. (a)
81. (a) 82, (d) 83. (a) 84. (¢) 85. (b) 86. (¢) 87. (b) 88. (a)
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NIRRT EXPLANATIONS ‘|I||IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

1. (b)y:m=3kg.r=40cm=40x 10" m, F=30N
Moment of inertia of hollow cylinder about 1ts axis
=mr*=3 kg * (0.4 m*= 048 kg m*
The torque 1s given by,
1=l
where / = moment of mertia,
o« = angular acceleration
In the given case. T = rF, as the force 1s acling
perpendicularly to the radial vector.
. Fr K 30
' my
o0=25rad s

_ 30%100
mro 3x40x 1072 3x40

2. (a) : Imubal angular momentum = /o, + /),
Let @ be angular speed of the combined system.
Final angular momentum = 2/m

According to conservation ol angular momentum
My +ms

2
Imtial rotational Kinetic energy

Im] -+ J:'u:r1 =2morm=

I
E= 3 ."{-:nl2 + m%]
Final rotational kinetic energy
;
| My + s ]‘ I

1 5 -
EI;. :E{Ef}m —EIZEH[ z -

Loss of energy AE=FE - £,

I(wy #m,)

it

/ / |
= 5““’2 +m3) — 7 (Of + w3 + 2040,)

. [mz + 03 — 20, @ ]-I L () — )"
4 I 2 =g 4 I 2
3. (*): Centre of gravity of a body 1s the pomnt at
which the total grasatational torque on body 18 zero,
Centre of mass and centre of gravity coincides only
for symmetrical bodies.
[Hence statements (1) and (2) are icorrect.
A couple of a body produces rotational motion only.
Hence statement (3) 1s incorrect,
Mechanical advantage greater than one means that
the system will require a force that 1s less than the
load in order to move 1t
Hence statement (4) 18 correct.
*None of the given options 1s correct.
4. (¢):Here.m =m.m, =2m
Both bodies A and B have equal kinetic energy of
rotation

I

|
k, =k, = E{IH‘FA= Efﬂmiﬁ

(1‘]'31 IH
= 3 T A1)
fT]H I‘.-'i.

Ratio of angular momenta,

e Iuwy Ig I, [Using eqn. (1)]

Iy
= [ <] i
IH (" ‘IH}‘{-J
L,>L,
| 2
Hoor Iy [ m*
5, (b): ot =§ -
Laglinger 1 F.o? .oy
Here,d . i ] i
Tered = _mi". ] = —mR*
£ » ¢ 2
m =20
F g-mRZ X °
Sphere 5 5 4}{] I
Eie T 54 6
EL}']lndc-r i H'IRZ K(Emj)z > 4 2
6. (a):Here / +/[,=/
Centre ol mass ol the system,
M X0+my X1 myl
: my + iy ny + 1y
nyl A
L =1-] =——
* my +m,
Required moment ol mertia "', i
of the system, — | —Plt—|—>
I=mF +miF, )
S y)
I‘-
= (mm>,+mm?)
T lfml-l-mz)z
—mymy (my +my ) ) 2
= 4 -
(my +m, ) my +n,

7. (d) : Time taken by the body to reach the bottom
when 1t rolls down on an mclined plane without
shipping 1s given by

oo
21 1+"L }
R?

£sin®
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Smce ¢ 1s constant and /, R and sin 0 are same for

both 10. (b) : d}?u
l+—= k 1+ R
m 1 ",
la _ RZ 2R? - G .
2 < ol -
‘s kl \ 1+£ X i (L -x)
L+— 2 :
R? 5R
R 7 Moment of mertia of the system about the axis of
Ky =——1k,; =,/=R rotation (through pomnt P) is
2 = ml:c2 +m,(L —x)*

3 By work energy theorem,
= tg >l Work done to set the rod refating with angular

velocity m, = Increase in fotational kinetic energy
I

Hence, lhc. ﬁ'[‘!]'IEI'L gctﬂ to the bottom first,

M W= ;fmg', = —[mlf s (L — x)7 o,
8. (d): Mass per unit area of disc= 4 2
nk” For ' to be L
, | or ' to be mimmum, —«—=
Mass ol removed portion ol disc, dx
; 2 | 2
M R M A e, —|2mge+2m, (L - x)(=1D)]ws =0
M= j:ﬂt[—] _ . E I.€ 2{3?711 2 Jthg
ik~ 2 4 % or M- My(L—x)=10 (g #0)
Moment of nertia of removed N
: ; T SR or  (my +r.u»}}x=mzﬁ or x= %
portion aboul an axis passing . 2 e

through centre of disec O and perpendicular to the

plane of disc, I1. (¢) : Here,

=1 +Md Speed of the automobile,
_i M (I_{T_FEK(ET p=54kmh™ =54x% ms' =15ms™
2 4 2 4 2 Radius ol the wheel of the automobile, X =045 m
i Moment of mertia of the wheel about 1ts axis of

_MR® MR _3MEK rotation, 7 = 3 kg m?

YD) 16 32 Time m which the vehicle brought to rest. 1 = 15 s
When portion of dise wonld not have been | The mitial angular speed of the wheel 15
removed, the moment 6f inertia of complete disc v _15m g 1500 . 4 100
about centre @ is 0 "R 045m 45 rad s T rad s

L= l MR? and 1ts linal angular speed 1s

Wy = 0 (as the vehicle comes to rest)

So, momentef inertia of the dise with removed portion The angular retardation of the wheel is

. 1 3MR* _13MR* 0- 1%
‘, ‘! —;" L MRE L - o i ﬂ]_ﬂ" ‘"[l]il . 3 = _@ rad 5_2
’ 32 32 r 15 s 45
9. (¢): Given.r=50em=05m a=20rads* m,=0 | The magnitude of required torque 1s
Al the end of 2 s, 100
Tangential acceleration, ¢ = rt=0.5x 2= 1 m s~ t=1/|a|=@3 kg m?) Erdd s ]
Radal aceeleration, a = w’r = (o, + ol)’r 20 5
=(ﬂ+2x2}:x{_}lﬁ=ﬂn]5': :Tkg]]] :ﬁ.ﬁﬁkglﬂhﬂh
Net acceleration, 12. (¢): For the conservation of angular

a _Ju +n:i '\[I +Hz I." ~8ms” nmmenllum abnul origin, the torque T acting on
the particle will be zero.
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By definition, T =7 X F

Here, f=2?—ﬁ:f~12§ and F=ai+3]+6k

ik
T=(2 -6 -12
o 3 6

= i(=36+36) — j(12+120) + k(6 + 60x)

= — (124 1201) + k(6 + 6x)
But t=0

12+ 1200=0 or
and 6 +60=0 or
13. (b) : Given situation 1s shown in [igure.
N, = Normal reaction on 4

L=-1
ot=-1

Lf—}l-'p_ﬁ

N,= Normal reaction on B Aq—

-~
V' = Weight of the rod KN
N,£€ W N

In vertical equilibrium,

N, +N,=W A1)

Torque balance about centre of mass of the rod,

Nx=N/(d-x)

Putting value of N, from equation (1)
Nx=(W-N)d-x)

= Nx=Wd-Wx-Nd+Ngx

= Nd=W(d-x)

- Wid -x)

- d

N,

14. (a) : According to law of conservation of

angular momentum
mvr =nn'r’

x
"uRn:"'[?“ y V=il (1)
lmaz “h)
Ko _2 - =(-"’u T
K & v
z.mv
2
K [ v ] 3
or —=|—| =(2) (Using (1))
Ky \W 8

K= LL&'“ = vaﬁ

15. (b) : Net moment of inertia of the system,

I=I +L+1
The moment of mertia of a shell about its diameter,
2
.|"] - Hﬂ'z

e

The moment of mertia of a shell about 1ts tangent 1s
given by

Get More Learning Materials Here : &

x>

9 2 3 j_ﬁ )

L=L=1+nmr =§mr' +mr=2mr
~ 2
IZZ?{;IHF: +:HH"1 = 1Zmr :4””‘1
L
16, @): _——,

Here. mass of the cylinder, M = S0 kg
Radius of the evlinder. R = 05 m
Angular acceleration, o =2 xew 57
=2 x 2mrad s * = 4m fad 5%
Torque, T=TR
Moment of mertia_of the sohd cylinder about its

] e
axis, [ = TZ'MRE
Angular ageeleration of the cylinder

o 2 TR
I T
> MR
MRot 50054
T= =222 02157 N

17. (a) : Acceleration of the solid sphere shpping
down the incline without rolling 1s

ﬂshp]m]_g = gﬂ_’““ _ . A1)
Acceleration of the solid sphere rolling down the
meline without shpping 1s

~gsmO  gsin®

il

rolling — 2 )
| + k__ | 4+—=
R’ 2
. k* 2
'+ For solid sphere, —=—
5 _ R* 3.
=?g5inﬁ A1)

Divide eqn. (11) by eqn. (1), we get

Qrolling 3

tslipping 7
2 O
18. (¢): »
:"'l i"{ _
l—(L/2)—lea— (1 /2)—¥

When the string 1s cut, the rod will rotate about . Let
o be mmitial angular aceeleration of the rod. Then

MI? .

Torque, t=fu= 3 (L A1)
R MI?

(Moment of inertia of the rod about one end = )

&R www.studentbro.in
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Also, tzMg% (i)

Equating (1) and (1), we get
L MI 39

Mg—=—— =
85 3 o or o 51

19. (b) : The kinetic energy of the rolling object 1s

converted into potential energy at height

4
3 '
h) =
48 | h
So by the law of conservation of '
B4

mechanical energy, we have

1Mv: + lfm: = Mgh [ W=
2 2 X
lMtr:+1 .E_".] = Mg v~
i 4¢
S LNV SV
2 R~ 4 2
1.9 1,09
2 H: 4 or I=EMR

Hence, the object 18 disc,
20. (d) : Let M and R be mass and radws of the
ring and the disc respectively. Then,
Moment of mertia of ring aboul an axis passing
through 1ts centre and perpendiculdf lo its plane 15
I =MR*
rng
Moment of nertia of disc™abott the same axis 1s

MR
J!I-h*j-.' -
2
As I = MK where & Is the radius of gyration
fmu =i'-fi?'m =\IR: or ffmg =R

MR? R

and ‘,:I.i.n:: 2 n{k?*djﬂ b T or kdl.ih: = J_E'
kl.mﬁ _ R i \[E
kyse R/N2 1

J'!fruu_.L : k-:il!(- = JEI
21. (b) : Moment of mertia of disc D about an axis
passing through its centre and normal to 1ts plane 1s

¢ - MR® _ (2 kg)02 m)’
% 2

Initial angular velocity of dise D, w = 50 rad s

Moment of inertia of dise D, about an axis passing

through 1ts centre and normal to its plane 1s

=0.04 kg m~.

67

F =

. gl kgﬁg'l M) _ 0.02 kg m?

[mitial angular velocity of dise D, m, = 200 rad s
Total initial angular momentum of the two discs is
L=lLo +1w,
When two discs are brought i contact face to lace
(one on the top of the other) and their axes of
rotation comeident, the moment of mertia / of the
system 1s equal to the sum of their individual
moment of mertia.
I=1 +I,
et w be the final angular speed 6f the system. The
final angular momentum of the system 15
Lj=1m =, +1)w
According to law of eonservation of angular
momentum, we gel

LJ=!_T
Lo + 1o = +)®
.
— lop+T505
4k

_ (oo kgm=)(50 rad s7') + (0.02 kg m=)(200 rad s7*)
(0.04 +0.02) kg m~

_2+4)

0.06
22. (a): When a mass 1s
rotating 1 a plane about a
[ixed point its angular
momentum 1s directed along
a line perpendicular to the
plane ol rotation.

rad s' = 100 rad s!

23. (c) : As no external force acts on the system,
therefore centre ol mass will not shift.
24, (b) : Here, m=1000kg, R =90 m. 6 =45°

7
(Fan

Rg
or v=,/Rgtan0 =90 x 10 x tan45° =30 m 5™

25. (a) : Let x be the distance ol centre O of
equilateral tnangle from each side.

For banking, tan0 =

Total torque about O =0

= FxXtEx=-Fx=0 or F,=F +F,

26. (d) : Force of Iniction provides the necessary
centripetal force.

H’]"Ei:
<u.N-=
f=p, -
zrzﬂ—MﬁRN
m
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v? < n.Rg ["© N

or vs ,ll'u Rg

The maximum speed of the car in circular motion 1s

m 1% \/r

27. (e) : As the system 1s imtially at rest. therefore,
mnitial angular momentum £ = 0.

=my|

According to the principle of conservation of

angular momentum, final angular momentum, L = 0.

Angular momentum = Angular momentum of

man 15 1 opposite direction ol platform,
fe, mvR=[Im
mR _S0x1x2 1
==rads™
l 00 2
Angular velocity of man relative to platform 1s

M, =m +E=l+ l:lrad =
K 2 2

ar m=

Time taken by the man to complete one revolution 1s

2rn  2n
T=—=="—=2mns
o,
28. (a) : According to the theorem of parallel axes,

I=1_ +Ma

oM
As @18 maximum for pomnt B,

Therefore I 1s maximum about B,

q[]ﬂ v 400 g
40 cm
bt g

70 cm

The distance of the centre of miass.of the system of

three masses from the origin O is

My Xy + gty R,
CM- ™ my s iy
Hﬂxﬂ+ R0 x 40 + 400 x 70

300+ 500 + 400
BON40 + 400 x 70 400 [50 + 70]
- 1200 T 1200
_80+70 120
o
30. (a): Given : (1) =28 =61

A ”'—H=m3—12r = a0
dt dt=

3

d=0
dt-

When angular acceleration (o) 1s zero, then the

=40 cm

=12¢-12

Angular acceleration. o= =12t -12

torque on the wheel becomes zero L
= 121=12=0 or t=1s

T=l1)

31. (b) : According to the theorem of parallel axes,
the moment of nertia of the thin rod of mass M and
length L about an axis passing through one of the
ends 1s

= "rr_‘-."vi +Md®
where 7, is the moment of inertia of the given rod
aboul an axis passing through its centre ol mass
and perpendicular to 1its length and ¢ 1s the distance
between two parallel axes.

[

Here, I\ =1y, d = >

“
T
IIID_FM[E] _-;'J-I-T

32. (d) : According te law o1 conservation of
angular momentum

mvr = m’#

)
2
v = JIp

A1)
1 5 :
K o Y =[ = ]h
K 111111’3 v’
[I_—] - (22 (Using (i)
K'=4K
33. (d) : As no external torque 1s applied to the

svstem, the angular momentum of the system
remains conserved,

v L=L,
According to given problem,

ITw =(+1)wo,

Ifml
or [I]Ir' = I:l}
. (rt 2 IIJ

[mitial energy, F, =% frm; H)

: 1 5
Final energy, E, = - (I, +1,)o; (1)
Substituting the value of ® from equation (1) in

equation (111)., we get

Final energy. E, . (I, +1,) 90 e o
2 1 2L +1.)
(1v)
Loss of energy. AL =E - E,
_1, 0 1 Fef (Using (ii) and (iv))
R T T
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{:]‘E “ﬂ_ mf '“3 s L1 = ”ﬂ_ 39. {a} : As the masses are added to
=? e T =9 T the ring gently, there 1s no torque and
(4, +1y) (1 + 1) angular momentum 1s conserved.
= 1 L 2 I =TIy
2(I, Hy) = MR*o» = (MR* + 2mR*)’
34. (b): Asno external force 1s acting on the system, ; MR*w , Mo
~ - = = 0= = )= .
the centre of mass must be at rest i.e. v, = 0. (M + 2m)R* M + 2m
35. (¢) : The coin will revolve with the record, 1f 40. (b) : Torque is always perpendicular to
Force of friction = Centrifugal force - "
" F as well as r.
Hieg 2 e Foi=0 aswellas F-=0,
or r< a % 41. (d) : Moment ol mertia for the god AB rotating
0 about an axis through the mids S 8
36. (a) : Mass of the disc = 9\ pomnt of 4R perpendigular _::;n d
Mass of 1‘3111-:}md' portion of dl‘-iﬂ =M the plane of the paper is _ ®
The moment of mertia of 12
the complete disc about R/ Momailt of Toeitia Sbout 2 =
an axis passing through the axis threugh theeeentre of the square and parallel
its  centre @ and to this axis;
perpendicular to its plane 2R MR
. 5 L= +Mcf1=M[ + ]: .
is I, ngR* b 12 4/ 3
» 3
Now, the moment of mnertia of the disc with For all the four rods, [ = 3 MI-.
removed portion B S .
2 42. (a): 5 =i+2j+k for M, =1 kg
I —1M[E - L vr? | Aoah D
2753 ) 718 R =—3i-2j+k for M, =3 kg
Therefore, moment of ertia of the remauiing Yo,
. gy . r o i’
portion of disc about O 1s CM. Y m,
MR®> MR™. 40MR> A A 5w
I=]-1=9 = e —— i+ 2 j+1k) X1+ (=3i-2j+ k) %3
| T4y 3 18 9 2 ﬁ:‘_m.:“ J+1k) 4[ 1= 2]+ K)
37. (d) : Time taken to reach thebott inclined A A A AL A A
(d) : Time taken to reach the'bottom of incline Al 2 1D x1+ (98- 61430
plane. = 4
25_[1+£;]  Bi-4j+4k 25 h . p
= ; R = M= 1 === F K,
£sing
, . 43. (d): ¢
Here, /15 length of incline plane
For solid cylinder K- = %
i | 5 e A B
For hollow cylinder A% = &% Total mass = M, total length = L
[ence, solid eylinder will reach the bottom first, M"’".‘ﬂ“l‘”r nertia of A about O = Moment of
, ' inertia of OB about O,
38. (d) : As no external torque is acting about the A :
axis, angular momentum of system remains | _, yry tntalz?x[ﬂ] Ly 1 _ MU
conserved - . 2. /%20 3 12
fm =1w, 2
i . 44. (d) : M.1. of a circular disc, Mk~ = it
= ), = flml = Mr7o —— Mw M1 of : lar ri = MfR? 2
2 L, T Me2m (M +2m) 1 of a circular ring = MR*.
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Ratio of their radius of gyration = Fil

or l:ﬁ )

45. (a) : F

ik v
P /’XI‘E","

A

0 » X
Moment of momentum 1s angular momentum. OF

15 the same whether the mass 15 at A or B,
L_.] = L‘H

46. (¢) : Torque about A,

[ mel
1:=mg:w:—=—g p ;
) 7

Also 1 = [u
Angular acceleration.
T mgl/2 3¢
I ml*/3 21
47. (a) : Given: Angular acceleration, o = 3 rad/sec’
[mtial angular velocity @, = 2 rad/sec
Time ¢ = 2 sec

; 1
Using, 0=wm;t+ Emz

{3:2;.:24-%}::3}::4 =4+ 6= 10 radian.

48. (d) : Moment of inertia of a wmformn eircular
disc about an axis through its eentre and

: . 3 |
perpendicular to its plane s I ZEMR: .
By the theorem of parallel axes.
Moment ol merfia of a uniform circular dise
about an axis touching the disc at its diameter and
normal to the discis L

[=1.+MF = %M‘Rz + MR’ =%MH1.
49. (b) : The centre ol the tube will be at length
L/2. Soradius r = L/2.
The force exerted by the hiquid at the other end =
centrifugal force

L

ML
Centrifugal force =Mmy'= M [E]mz =

2

| o
50. (¢) : M.1. of disc about 1ts normal = —E*MR"

Gi‘
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MR?

M.I. about its one edge = MR* +

(Perpendicular to the plane)
3

- 2
Moment of lllt”!I'IIE'L:EME .

51, (d):

|

Required frictional force converts translational
energy into rotational energy.

| = 4o
52. (¢) : KE =~ /0

| 5 1 4

— oy =—-2Im5

7 e 2 |42

w; 2 w2
- = = —— -

m; | (14 |

h

3. (¢) ¢ The moment ol mertia ol the
X m .

system = m_'_m_,: i m;,-rﬁj + mere*
= mg(O) + m(H= + m(lsin30°)*
=ml + mlF=<(1/4) = (5/4) ml

M + nsx .
54. (b): CM. = ————== (1)
_ my + my
After changing position of m, and to keep the

position of C.M. same

my(xy —d) +ma(xs +dy)

CM, = my -+ M
0= myd + mads
m o+
| Substituting value of C.M. [rom (1)]
m
— dl = I d
s

3N, (e):,=m,-ot = 0=w,- o
oo = m,/t, where o 18 retardation

The torque on the wheel 1s given by

fo  I-2mo 2x2xmx60

t=Ja=
i [ 60 % 60)
NS
15 111

This 1s the torque required to stop the wheel n
I min. (or 60 sec ).
56. (¢) : Applying conservation of angular
momentum.
L= (I, + 1),
Il

W = ———— @
] (h+1)
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System of Particles and Rotational Motion
57. (¢) : Radius of gvration of disc about a
tangential axis in the plane of disc 18 TR = K,
radius of gyration of circular ring of same radius
aboul a tangential axis in the plane ol circular ring

1S
3 K 5
Kg = . [=K = .
2 K, 6
58. (a) : The total energy at B
A = the total energy at B Horizontal
. position
1 > 1 5
= —mu” =—=mv" +mgl
2 9,
= ! s A
=% 1t = ,|||“.2 ~2pl Lowest
position

The change in magnitude of velocity = (fu? ++°

= \2u? - gI)

59. (¢) : Total energy
) S N L. Y (- A
-zh_u +21n1. —va (1+ K°/R”)
K*/R* K

R ired fract = T R y
equired fraction = =7 7 = 75 2

60. (c¢) : Potential energy ol the sohid eylinder gt
height i = Mgh
K.E. of centre of mass when reached at bottom

I 1 1 i

- i 1 A — rE 1 LA e _I
—ZML +2hu th +2M.{ = R
=leE(]+k—~;J
2 R’
For a solid evlinde ii:_l.. ¥ °E .._1 -
ora sohid cylmder 53 =7 I KT.=7M

3 s 4
Mgir—4Mm V= :3-.*3&*

61. (b) : According to conservation ol angular
momentum, £ = Jw = gonstant.
Therefore, fa@+= Ty,
—_ dw, . Mo . Mo
L (M+4mk M tdm

62. (b) : Let us consider an elementary length dx
at a distance x from one end. (\’

- = v
It’s mass = k 'x dx e T
|k = proportionality constant]

Then centre of gravity of the

rod x, 18 given by +— 3Im——»

3 5 ik
[kxdx-x [x7dx 73

¢ T3 3 5113
[kxdx  [Jxdx X

0 0 2 |,

71

27/3 _5

or, =575 =

Centre of gravity of the rod will be at distance

of 2 m from one end.
\' P P
63. (b) : Q = Q A
P T

In half rotation point / has moved horizontally.

E,}{{=nr-=nxlm=nn1. Ve

In the same time, it has moved yemcally a distance
which 15 equal to its diaméter = 2.m

Displacement of ! = -J;.-:E 2% =+m* +4m.

64. (d) : Since there 1s mo Tncuon at the contact
surface (smooth Rerizontal surface) there will be
no rolling, Hence, the acceleration of the centre of
mass of the §phere will be independent of the
position of the applied force /. Therefore, there is
no rélation between i and R.
65, (b) : When a child sits on a rotating dise, no
external torque 1s introduced. Hence the angular
momenium of the system 1s conserved. But the
momenl of nertia of the system will increase and
as a resull. the angular speed ol the disc will decrease
to mamtamn constant angular momentum.
['.* angular momentum = moment of nertia
angular velocity]

radius = 1 m|

66. (a) : A circular disc may be divided into a large
number ol circular rings. Moment of mertia of the
dise will be the summation of the moments of inertia
of these rings about the geometrical axis

Now, moment of mertia ol a circular ring about its
geometrical axis is MR>, where M 1s the mass and
K 15 the radius of the nng.

Since the density (mass per unit volume) for ron
1s more than that of alummmum, the proposed rnngs
made of 1ron should be placed at a ligher radius
to get more value of AMR= Hence to get maximum
moment of inertia for the circular dise, aluminium
should be placed at interior and 1ron at the outside

67. (a): @2 Vo
Vem
v=1)

68. (b) : As effective distance of mass from BC 1s
greater than the elfective distance of mass from
AB, therelore I, = [,
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69. (a) : Solid sphere reaches the bottom first
. . K> 1
because for sohd cvlinder F=§ .

2
_

and for hollow eylinder 22 =l

2 2
K /R
Solid eylinder has greater acceleration, so it reaches
the bottom first.

Acceleration down the inchined plane e

70. (b) : When a sphere 1s rotating 1n a vertical
circle, 1t exerts the maximum outward pull when 1t
15 at the lowest point B

mv=

R

Therefore, tension at B 1s maximum = Weight+

So, the string breaks at point B

71. (d):

Centre of mass ol each ball lies on the centre.
= Centre of mass of combined body will be at
the centroid of equilateral trnangle.

72. (a) : Moment of 1nertia of a disc abatil its
diameter
I

= — MR-
4

Using theorem of parallel axes.

1 aepi s
!—4MR + MR —4MR_.

73. (c) : Force {F]=—3?+}+5_§ and distance of

the pomnt (F)=7i+3 ]+ k

:q..,#

I
T F =0
-3
74. (d) : The resultant of all forces. on any system
ol particles, 15 zero. Therefore their centre ol mass

does not depend upon the lorces acting on the
particles

75. (d)

k
Torque || =147 -38] + 16k
s .

—_

76. (d) : The mntersection of medians 1s the centre of

mass of the tnangle. Since the distances ol centre

of mass from the sides is related as x,. < x_, <x,.
Therefore [y > 1 > 1,0t 1. > 1,0

77. (d) : Force (F)= 2i —3j+4k N and distance

of the point from origin (r) = 3i + 2}-1—3!3 m.

x>

Torque T=FxF =

ik
(37 +2j+3k)x(2i -3 +4k)=[3 2 3
2 -3 U

=171 -6 13k
L. KK
78. (d) : Linear K. L. of ball = E”H’" and rotational

K. ball ]I . ][2 Hr:]”: Imﬁ
E. ofball= =l = —| =1 n"=—my",
) 2y 5 5

T

: N . P
Therefore total K.E. = ?mv +—5nm1-* =='-I—Urm' :

And ratio of rotational KB amd fotal K E.
(l,.-"ﬁ}nn'l 2

T (710)m¢ 7
79. (d) : Theé moment of mertia 15 mmmum about
E(; becawse mass distribution 1s at mimimum
distanee from F G

3
80. (&) ; Tor solid sphere, — =%

For disc and solid cylinder, —5=75

As g;

time to reach the bottom of the mchine. dise and

for sohd sphere 15 smallest, it takes mmimum

cyhinder reach together later,

81. (a): PE. =total K.EE

mgh = %mvj oy L /lij-f—h

82. (d) : Total kielic energy =

f .
Emm + Ernl = 2”” + 3 [
|

rl l g s 12
= zﬂi‘l +2}{(5Hi‘i‘ ){IJ

-l

Lo g I a8 .
==V + =" ===
2 3 10
E I mv’
s 2 =

Eirum' 'i"?ﬁ .'HL’:

83. (a): L=7xp
Y =X + 4 line has been /”4'
shown in the figure Pl
When X' = (), s 47
=4 So0P=4 0 0 X

2
7
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System of Particles and Rotational Motion

The slope of the line can be obtamed by comparing
with the equation of line

y=mx-+c¢

= 0 =45°

ZOQOP = £0P0O =45°

II'we draw a line perpendicular to this line

m=tan =1

Length of the perpendicular = OR
= OR=0Psind5"

| 4
B . S
NN
Angular momentum ol particle going along this hine

= rxfr:';':ZﬁxSxRuE:ﬁ{]units

84. (¢): KE=%

. _2KE._ 2x360
= {ﬂj = 30 x 30

85. (b): /=12 kgm" K = 1500 J.
o= 25 rad/s®, w, =0, ="
EEr

. B Lt s 2k
As hr-zfm,m 7

Io”

=0.8 kem”

73

w = 1!@ = 50 rad/sec

From m, = ), + .

50=0+ 25¢, orf=28s,

86. (¢) : Moment of inertia of umiform circular disc
aboul diameter = /
According to theorem ol perpendicular axes.

Moment of mertia of disc about axis = 2/ =-l-mr:

2
Applying theorem of parallel axes
Moment of mertia of disc abow the given axis

= 2] + > = 21 4] =7

87. (b) : Angular momeéntum about the pont of
contact with thé surface includes the angular
momentum about the centre. Because of friction,
hnear moémentém ‘will not be conserved.

88, (@) Kinelic cnergy = lzf o* , and for ring / = m*

Henee KE = %mrzuf

¢

x>
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