06

System of Particles
and Rotational Motion

TOPIC 1

Centre of Mass, Torque
and Angular Momentum

01 A uniform rod of length 200 cm and
mass 500 g is balanced on a wedge
placed at 40 cm mark. A mass of
2 kg is suspended from the rod at
20 cm and another unknown
mass m is suspended from the rod
at 160 cm mark as shown in the
figure. Find the value of m such that
the rod is in equilibrium.
(g=10m/s?) [NEET 2021]
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Ans. (d)
Given, the length of a uniform rod,
L=200cm

The wedge is placed at the mark=40cm
The balanced mass placed at 100 cm
mark on wedge =500 g = 0.5 kg

The mass suspended from the rod at 20
cm distance from the end, M=2 kg
Another unknown mass suspended

from the rod at 160 cm distance from the
end=m

Let's draw the diagram of the uniform
rod suspended with mass.
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As we know in equilibrium net moment
of force is equals to zero.

0 0.5¢ (0.60) + mg (1.20) —2¢ (0.20) =0
0 03+1.20m-0.4=0

01.20m=0.1 O m=%kg

0_2 Three identical spheres, each of

mass M, are placed at the corners
of a right angle triangle with the
mutually perpendicular sides equal
to 2 m(see figure). Taking the point
of intersection of the two mutually
perpendicular sides as the origin,
find the position vector of centre of
mass. [NEET (Oct.) 2020]

M
Me—2m—> h
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Ans. (b)
The given situation is shown in the
figure.
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0A =2i
0B=2j
Position vector of centre of mass,
_ mlrl + erZ
M+ M,
- MOA + MOB
M+ M
=M><2Ai+MX2}=Ai+].
2M

CM

E Find the torque about the origin
when a force of 3j N acts on the

particle whose position vector

is 2k m. [NEET (Sep.) 2020]

(a)6 jN-m (b)-6iN-m

(c)6kN-m (d)6 i N-m

Ans. (b) R

Given, position vector, r=2km

Force,F=3j N

As, torque, T=r xF =2k x3j=6(-i)
=-6iN-m

Hence, correct option is(b).



0_4 Two particles of mass 5 kg and 10

kg respectively are attached to the
two ends of a rigid rod of length Tm
with negligible mass.

The centre of mass of the system
from the 5 kg particle is nearly at a

distance of [NEET (Sep.) 2020]
(a)50cm (b)87 cm

(c)80cm (d)33cm

Ans. (b)

Given, m, =5kg, m, =10kg and
r=1m=100cm
Let the centre of mass lies at origin O.

my o) mz
O P ; '®)
AT -
| r |
K |
0 mn—m,, =0
m, +m,
O 5r, =10r, =0
r
O r, 251
Also, r+r, =100
O r+ =100
2
] 3r, =200
O q=¥=67cm

Hence, correct option is(b).

05 The moment of the force,

F=4i +5j -6k at (2,0,—3), about

the point (2, -2, -2), is given by
[NEET 2018]

(a) —7i -8j -4k  (b) —4i-j -8k

(c) -8i =4j -7k (d) ~7i —4j -8k

Ans. (d)

Key Concept Moment of force is defined
as the cross product of the force and the
force arm.

Given, F=4j+5j -6k
r=2i+0j -3k
r, =2i -2j -2k
Moment of force =r xF
.. TRl xF
=[2i -2j -2k) +(2i +0j -3k)]
x [4i + 5] —6k]
=[07 +2j - 1k] x[4i +5] —6k]
ij k
=0 2 -
4 5 -8

[(-6 x2) (1 x5]]
[(=6 x0) ~(~1 x)]+K[(0 x5) ~2 x4]
=-7i-4j -5k

-

06 A rope is wound around a hollow

cylinder of mass 3 kg and radius
40 cm. What is the angular
acceleration of the cylinder, if the
rope is pulled with a force of 30 N?

[NEET 2017]
(a)25 m/s® (b)0.25 rad/s®
(c)25 rad/s? (d)5m/s?
Ans. (¢)

Thinking Process Torque (1) actingona
body and angular acceleration (a)
producedinitare related as

=1Ia
Consider a hollow cylinder, around which
arope is wounded as shown in the
figure.

rope
P s F-30N

hollow cylinder

Torque acting on the cylinder due to the
force Fis

T=Fr
Now, we have T=la
where, | =moment of inertia of the
cylinder about the axis through the
centre=mr?
o =angular acceleration

_T_ Fr Fo_ 30
0 a=—=——=—=
I mr’ mr 3x40 %107
=190 —o5rad /¢
4

0_7 A rod of weight w is supported by

two parallel knife edges A and B and
is in equilibrium in a horizontal
position. The knives are at a
distance d from each other. The
centre of mass of the rod is at
distance x from A. The normal
reaction on Ais [CBSE AIPMT 2015]

(@ ¥ () wd
X
©) w(d = x) ) w(d = x)
X d
Ans. (d)

As the weight w balances the normal
reactions.

So, w=N,+N, i)
Now balancing torque about the COM,
i.e. anti-clockwise momentum
=clockwise momentum

] N.x=N, (d=x)
Putting the value of N, from Eq. (i), we
get

Nx=(w=N,)(d-x)

O Nx=wd —wx =N.d +N x
] N.,d=w(d —x)
0 NW:W(d—x)

d

08 An automobile moves on a road

with a speed of 54 kmh™'. The
radius of its wheels is 0.45 m and
the moment of inertia of the wheel
about its axis of rotation is3 kg m?.
If the vehicle is brought to rest in 15
s, the magnitude of average torque
transmitted by its brakes to the
wheel is [CBSE AIPMT 2015]
(a)6.66kgm’ s™* (b)8.58kgm’ s~*
(c)10.86kgm” s7 (d)2.86kgm” s™°
Ans. (a)

As velocity of an automobile vehicle,

v=54km/h=54><%=15m/s

Angular velocity of a vehicle, v =w,r
O (A)O:K:E:@rad/s
R 045 3

So, angular acceleration of an
automobile,

0100
G:Aiu):wf_% =
t t 15

_ 100 rad/s”

Thus, average torque transmitted by its
brakes to wheel

1=l O 3><@=B.66kgm23'2
45

E AforceF =ai +3j +6k is acting at a

pointF =2i —Bj ~12k. The value of a
for which angular momentum

about origin is conserved is
[CBSE AIPMT 2014]

(a)=-1  (b)2 (c)zero (d)1



Ans. (a)
Key Concept When the resultant
external torque acting on a system is
zero, the total angular momentum of a
system remains constant. Thisis the
principle of the conservation of angular
momentum.
Given, forceF =a i +3]’ +6kis acting at
a point

r=2i-6j-12k
As, angular momentum about origin is
conserved.
i.e. T = constant
a Torque, =0 O rxF=0

i k
2 -8 -12|=0
a 3 6

O
(=36 +36)i (12 +12a)j +(6 +6o)k =0

O 0i-121+a)i +6(1+a)k =0
ad B(1+a) =0

g a=- 1

So, value of a for angular momentum

about originis conserved, o = — 1

ﬁ A solid cylinder of mass 50 kg and

radius 0.5 mis free to rotate about
the horizontal axis. A massless
string is wound round the cylinder
with one end attached to it and
other hanging freely. Tension in the
string required to produce an
angular acceleration of 2 rev/s” is

2
T 290087 ) p

2 2

T=50 x% x411=50 m=157N

W Arod PQ of mass M and length L is

hinged at end P. The rod is kept
horizontal by a massless string tied
to a point 0 as shown in figure.
When string is cut, the initial angular
acceleration of the rod is

[NEET 2013]
Pl Q
k L ol
@< mI (©Y 0¥
2L L L 3L
Ans. (a)

Concept Torque on therodis equal to
moment of weight of rod about P.

f—L/2—)
Pl

Lo

Torque on the rod =Moment of weight of
the rod about P

L .
T=Mg— ()
J 2
- Moment of inertia of rod
2
about P—ﬂ .(ii)
3
As =lo

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

E Two persons of masses b5 kg and

65 kg respectively, are at the
opposite ends of a boat. The length
of the boat is 3 m and weighs 100
kg. The 55 kg man walks upto the
65 kg man and sits with him. If the
boat is in still water the centre of
mass of the system shifts by

[CBSE AIPMT 2012]

(a)3m (b)2.3m
(c)zero (d)0.75m
Ans. (¢)

Here on the entire system net external
force on the systemis zero hence centre
of mass remains unchanged.

14 ABCis an equilateral triangle with 0

asits centre.F,, F, andF,
represent three forces acting along
the sides AB,BC and AC,
respectively. If the total torque

about Ois zero, then the magnitude

of F3 is [CBSE AIPMT 2012]
A
Fa
B c—F2
Fy
(a)F, +F, (b)F, —F,
F+F,
(c)‘T2 (d)2(F, + F,)
Ans. (a)

[CBSE AIPMT 2014] L M2 _3g If we take clockwise torque
(a)26N  (b)50N (c)78.5N (d)157 N Mgo=—-a b a=-r T, =T, +T, 4T,
— O=Fr+Fr+fr
12 When a mass is rotating in a plane O F=F +F,

- Fixed horizontal about a fixed point, its angular

axis momentum is directed along 15 The instantaneous angular position
[CBSE AIPMT 2012] of a point on a rotating wheel is given
Given, m=50 kg, r=0.5m, (a) aline perpendicular to the plane of by the equation 0(t)=2t* —6t2. The
a=2rev/s rotation

[0 Torque produced by the tensionin the
string

=T xr=T xO,5=£N—m i)

We know 1=ld ()

From Egs. (i) and (ii), 2210(

2
=H"R" Hx 2 x2mgrad/ ¢
02 0

_MR?
[beCaUSe ISohd cylinder _?]

(b) the line making an angle of 45° to the
plane of rotation

(c) theradius

(d) thetangentto the orbit

Ans. (a)
As we know that
Angular momentumL = m(r x v)

So, here angular momentum is directed
along aline perpendicular to the plane of
rotation.

torque on the wheel becomes zero

at [CBSE AIPMT 2011]
(a)t=0.5s (b)t=0.25s
(c)t=2s (d)t=1s

Ans. (d)

According to question, torque Tt =0
It means that,a =0
_de
a=—
dt?
Given, alt) =2t° -6t’



So, 9 gtz -2t
dt
2
=981 1
at

12t-12=0 O t=1s

16 Two particles which are initially at

rest, move towards each other
under the action of their internal
attraction. If their speeds are v and
2v at any instant, then the speed of
centre of mass of the system will

be [CBSE AIPMT 2010]
(a)2v (b)O

(c)1.bv (dv

Ans. (b)

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 constanti.e it should be
equal to zero.

F Two bodies of masres 1 kgAancAi 3 kg

have position vectorsi +2j +k and
=-3i —2} +k, respectively. The
centre of mass of this system has a
position vector [CBSE AIPMT 2009]

(a)-2i +2k (b)-2i -] +k
(c)ZE—j—ZR (d)—f+j+|2
Ans. (b)

The position vector of centre of mass
r= mlrl + erZ
m, + m,
_Wi+2j+k) +3(-30 -2] +k)
1+3

(-8i-4]j+4k)=-21-]+k

!
4

18 A thin circular ring of mass M and

radius R is rotating in a horizontal
plane about an axis vertical to its
plane with a constant angular
velocity w. If two objects each of
mass m be attached gently to the
opposite ends of a diameter of the
ring, the ring will then rotate with
an angular velocity

[CBSE AIPMT 2009, 1998]

(a)w(M -2m) (b) wM
M+2m M+2m

(@M FZm) ) o
M M+m

19

20

Ans. (b)
Concept Apply parallel axes theorem of
moment of inertia.
According to question by applying
conservation of angular momentum
IW(A)W :IZ("‘&
In the given case
I, =MR®
I, =MR” +2mR?
W =w
| M

Then, =lw= W
l, M+2m

W,

If F is the force acting on a particle
having position vectorr and T be
the torque of this force about the
origin, then [CBSE AIPMT 2009]
(a)r#0andF@ =0

(b)r@>0andF 1 <0
(c)r=0andF[@=0

(d)ri@ =0andF @ #0

Ans. (¢)
T=rxF, wherer = position vector
F=force Ot =Ir|dF|sh
Torque is perpendicular to bothrandF.
So, dot product of two vectors will be
zero.
=0 O F&@=0

A particle of mass min the
XY-plane with a velocity v along the
straight line AB. If the angular
momentum of the particle with
respect to origin OisL, when itis

at AandL, whenitis atB, then
[CBSE AIPMT 2007]

Y
B
A
0 X
(a)lL, > L,
(b)L, =Lg

(c) therelationship betweenL, andL,
depends upon the slope of the line AB

(d) L, <L,
Ans. (b)
From the definition of angular momentum,
L=r xp =rmv sin ¢ =k)
[F = position vector[]
H) =momentum H

X

Therefore, the magnitude of L is

L =mur sin @ =muvd
where,d =r sin @is the distance of
closest approach of the particle to the
origin. Asd is same for both the
particles, hencel, =L,.

E A uniform rod of length | and mass

A

mis free to rotate in a vertical
plane about A. The rod initially in
horizontal position is released. The
initial angular acceleration of the
rod is (moment of inertia of rod

- ml?
about Ais ——)
3 [CBSE AIPMT 2007]

/

[ ]
* 95
@9 o2 (@39 (@mg!
21 3g 21 2
Ans. (a)

The moment of inertia of the uniform rod
about an axis through one end and
perpendicular to length is

_ml?

[ =
3

where, mis mass of rod and [ its length.
Torque (1 = la) acting on centre of gravity
of rod is given by

T:mgi

2
As we know that 1=la
So Iot=mgi or mI2a=mgi
2 2
O q:si

2

22 A tube of length L is filled

completely with an incompressible
liquid of mass M and closed at both
the ends. The tube is then rotated
in a horizontal plane about one of
its ends with a uniform angular
velocity w. The force exerted by
the liquid at the other end is

[CBSE AIPMT 2006]

ML?w’

ME® (o) Moy (o) T2

ML’
2

(a) (b)



Ans. (a)

Let the length of a small element of tube
be dx.

Mass of this element

dm=ﬂdx
L
w
e o o .
\Z=N7//=2ra)
: ' ;

where, Mis mass of filled liquid and L is
length of tube. Force on this element

dF =dm x xof
J‘F dF=ﬂwZIL><d><
0 L 0

or =ﬂ002 D;z D_ ML(,OZ
L HH

or F=1 ML
2

23 Consider a system of two particles

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

[CBSE AIPMT 2004]

(@) g (b) Mg
ml + mZ mZ
(c)d (d) 2

mW
Ans. (b)

The system of two given particles of
masses m, and m, are shown in figure.

m mo

O @ O

I I } 2

~

Initially the centre of mass
— mer + erZ

r
CM m] + mz

When mass m, moves towards centre of
mass by a distanced, then let mass m,
moves a distanced' away from CM to
keep the CMinits initial position.

m, (r,=d)+m,(r, +d’ -
So, ry = {6 ~d)+ m,(r, +d) (i)

m, +m,

Equating Egs. (i)and (ii), we get
mr, + m,r, _m(r,=d)+m,(r, +d’)

m, +m,

m, +m,

24

25

O - mé¢ mje 0
0 dr="g.
mZ
If both the masses are equal i.e.,
m, = m,, then second mass will move a
distance equal to the distance at which first
mass is being displaced.

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 [CBSE AIPMT 2004]
[,
= (b)w
[, +1,
e (d)w
[, +1, I,
Ans. (¢)
Concept Apply conservation of angular
momentum

The angular momentum of a disc of
moment of inertial, and rotating about
its axis with angular velocity wis
L=l w

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

L, =0+,
In the absence of any external torque,
angular momentum remains conserved
i.e.,

L, =L,
Low=( +1,)
a w’=7“m
I +1,

A thin circular ring of mass M and
radiusr 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 [CBSE AIPMT 2003]
(a)(M +4m)w (b)(M -4m)w
M M+4m
(o)1 (d) T
4m M+4m
Ans. (d)

External torquet,, =0

S
e
>

&

So, at =0
dt
Angular momentum, L = constant
or lw =constant
a o=, w . A0)
So, for two different cases
Here, I, =M’ w,

=wl, =Mr* +4mr’
Hence, Eq. (i) can be written as
Mr’w=(Mr* +4mr?) o,

. o = MO
M+4m

26 Arodis of length 3 m and its mass

acting per unit length is directly
proportional to distance x from its
one end. The centre of gravity of the
rod from that end will be at

[CBSE AIPMT 2002]

(a)1.56m (b)2m (c)2.5m (d)3m

Ans. (a)

Arod lying along any of coordinate axes
serves for us as continuous body.

Suppose arod of mass Mand lengthL is
lying along the x-axis with its one end at
x =0and the otheratx =L.

Mass per unit length of the rod =%

Hence, the mass of the element PQ of
lengthdx situated at x = xisdm= % dx

The coordinates of the element PO are
(x, 0, Q). Therefore, x-coordinate of
centre of gravity of the rod will be

L L M
IUde:J’O(X)@f%Xz ! " xdx
Idm M ZIU

Xoa =

_L

2
butasgiven, L=3m

3
d Xog = 5 =15m
The y-coordinate of centre of gravity
ydm
Voo = =0 (asy=0)

Idm
Similarly, z,, =0
i.e., the coordinates of centre of gravity
of the rod are (1.5,0,0) or it lies at the
distance 1.5 m from one end.



27 A solid sphere of radius R is placed

on a smooth horizontal surface. A
horizontal force F is applied at
height h from the lowest point. For
the maximum acceleration of the
centre of mass [CBSE AIPMT 2002]
(a)h=R

the acceleration will be same
whatever h may be

Ans. (d)
The linear acceleration of centre of

mass will bea =£, wherever the force is
m

applied. Hence, the acceleration will be

same whatever the value of hmay be.

E A disc is rotating with angular

velocity w.If a child sits on it, what
is conserved ? [CBSE AIPMT 2002]
(a) Linear momentum

(b) Angular momentum
(c) Kinetic energy

(d) Moment of inertia
Ans. (b)

If no external torque is applied on the
system, then angular momentum of the
system remains constant. When a child
sits on rotating disc, then no torque is
applied (weight of child acts downward), so
angular momentum will remain conserved.

29 Three identical metal balls each of

radius r are placed touching each
other on a horizontal surface such
that an equilateral triangle is formed
with centres of three balls joined.
The centre of mass of the system is
located at [CBSE AIPMT 1999]
(a) horizontal surface

Therefore, centre of mass of the triangle
is the centre of mass of the system
which is point of intersection of the
medians of the triangle.

30 Ois the centre of an equilateral

AABC.F,, F, and F, are three forces
acting along the sides AB,BCand AC
as shown in figure. What should be
the magnitude of F_, so that the total
torque about Ois zero?

[CBSE AIPMT 1998]

A
0
B Fs F
R c ’
@ -y
(c)(F+F,) (d)2(F +F,)
Ans. (¢)

Let rbe the perpendicular distance of
F,.F, and F, from O as shown in figure.

Fi
The torque of force F, about O'is
clockwise, while torque due tof;, and F,
are anticlockwise.

For total torque to be zero about 0, we
must have

F1r+F2r—F3r =0

32 A cart of mass Mis tied to 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=0and the cart at x=10m. If the
man pulls the cart by the rope, the
man and the cart will meet at the
point [CBSE AIPMT 1997]
(a) they will never meet

(b)x=10m

(c)x=b5m

(d)x=0

Ans. ()

If the man pulls the cart by the rope, the
man and cart will meet at the centre of

mass.
0 - mX, + m,X,

XCM mw + mZ
Taking axis at the point where manis
present
_Mx0+Mx10 X =0x, =100
T MM Hn=mo=M g
_1o0M _

=——=bm
2M

33 In a carbon monoxide molecule, the

carbon and the oxygen atoms are
separated by a distance

112 x107°m. The distance of the
centre of mass from the carbon

atomis [CBSE AIPMT 1997]
(a)0.64%10"m  (b)056 %10 m
(c)051x10™m  (d)048 %107 m
Ans. (a)

Let the distance of the centre of mass
from the carbon atombe x_ .
The mass of carbon, m, =12amu

(b) centre of one of the balls o F,=F +F, The mass of oxygen, m, = 16amu
(c) linejoiningthe centres of any two balls =~ —— [atomic mass unit]
(d) point of intersection of the medians 31 A couple produces (12 amu) CM (16 amu)
[CBSE AIPMT1997] C e----———————- O Ye)
Ans. (d) . ms m
) (a) no motion 2
The whole mass of the ball will be (b) linear and rotational motion —Xem —
concentrated at the centre of the ball. All . ) — 112 x 10—/
(c) purely rotational motion r=t o m
the three balls are identical, i.e., the balls purely ) .
have same mass. On each vertex of (d) purely linear motion From definition of centre of mass
equilateral APOR, same mass is kept. Ans. (¢) Xy = mx, + m,Xx,
A couple consists of two equal and m +m,
opposite forces acting at a separation, _(12amu) x0 + (16amu) x r
so that net force becomes zero. When a - 12 amu + 16 amu
v couple acts on a body it rotates the body 16 18
but does not produce any translatory = —r=—x112%x10""m
motion. Hence, only rotational motion is 28 28
produced. =064x107"" m



3_4 Find the torque of a force

F=-3i +j +5k acting at the point
r=7i +3j +k.
(a) =211 +3] +5k (b) —14i +3j-16k
(C)4i+4]+6k  (d)14i-38]j+16k
Ans. (d) o o

Given, r=7i+3j +k F=-3i+ j+5k

O 1t =rxF=[rlIF|sif

where, Bis the angle betweenrandF

=(7i +3]‘+|}) x(-3i +]’ +5k)

[CBSE AIPMT 1997]

ik
= 731
-3 15
=i(15-1) -j(35 +3) +k (7 +9)
=147 -38j + 16k
Alternative
Ot= RAF o L .
=(7i+3j +k) x(-3i +j +5k)
=-21(i x 1) +7(i x )+35(i xk)
=9(jx D+3(3 % D+15(j xk)
=3lkx D+ (kox )+ 5(k xk)
=0+7k -35] +9K +0 +151 =3j -1 +0
=141 -38j + 16k

35 The angular momentum of a body

with mass (m) moment of inertia (/)
and angular velocity (w) rad/s is

equal to [CBSE AIPMT 1996]
(a)lw (b) lw?
(c) - (d)
) I
Ans. (a)

Consider arigid body rotating about a
given axis with a uniform angular
velocityw Let the body consists of n
particles of masses m, m,, m,,....m, at
perpendicular distancesr, r,,r,, ... T,

n

respectively from the axis of rotation.

Lo

As the body is rigid, angular velocity wof
all the particles is the same. However, as
the distances of the particles from the

axis of rotation are different, their linear

velocities are different. If v, v,, v, ... v,

are the linear velocities of the particles
respectively, then

v, =rw
v, =rw
v, = rzoq..,

The linear momentum of this particle of
mass m; is
P, =mu, =m, (re

The angular momentum of this particle
about the given axis

=p X =(mynw xr,

=myre
Similarly, angular momenta of other

particles of the body about the given axis
are

m, ;e m,rlo...m,r’ o
0 Angular momentum of the body about
the given axis

— 2 2 2 2
L=mnrw+m,r;yo+tm,r; ot . ..+mr w

- 2 2 2 2

=(mn +myry +mrl +Amr)w

or ngi minzgm

or L=lw
n

where, [ = Z1 m.r? is moment of
i=

inertia of the body about the given axis.

36 Angular momentum is

[CBSE AIPMT 1994]
)vector (axial)
)vector(polar)
)scalar
)None of these

(a
(b
(c
(d

Ans. (a)

The radial component of linear
momentum does not contribute to
angular momentum of the particle. Itis
only the transverse component of linear
momentum (perpendicular to position
vectorr), which when multiplied by
distance from the axis of rotation gives
us angular momentum.

/
’
/
’
O
o
\O‘

~1

Hence, angular momentum is axial
vector.

3_7 A particle of mass m=5kg is

moving with a uniform speed
v=3+/2in the XOY plane along the
lineY =X +4. The magnitude of
the angular momentum of the

particle about the originis
[CBSE AIPMT 1991]

(a)B0 unit
(b)40+/2 unit
(c)zero
(d)7.5 unit

Ans. (a)
The equation of the line is
Y=X+4
or X=Y +4=0
Length of perpendicular from origin on this
lineis

R:M:i

JE+17 2
0 Angular momentum

4 .
L=mvR=5x3+2 x__=60unit
J2

Alternative

Y =X +4lineis shown in the figure.
When X=0, Y =4
S0 0S =4

To find slope of this line comparing this
with equation of line

y=m'x+c

0 Slope, m'=tan6=1

O 0= 45
Length of perpendicular = OP
napso, 9P =sinase
0S
O 0P =0S sin4b°
=4 Xi :i
N

0 Angular momentum of particle going
along thisline

=muR
4
:5 X3ﬁ X___
2
=60 unit



TOPIC 2
Moment of Inertia

§ From a circular ring of mass M and

radius R, an arc corresponding to a
90° sector is removed. The
moment of inertia of the remaining
part of the ring about an axis
passing through the centre of the
ring and perpendicular to the plane
of the ring is K times MR?. Then,

the value of K is [NEET 2021]
@ ol ! !
4 8 4 8

Ans. (a)
Given, the mass of the circular ring=M
The radius of the circularring=R
We know that, the moment of inertia of
the circular ring, | = MR?
An arc corresponding to a 90° sector in
the circular ring is removed, means
one-fourth part of circular ring is
removed. Then, the remaining mass of
the circular ring,

M=_

4
The new moment of inertia,
I'= MR? = LRZ

Now, the moment of inertia of the
remaining part,
I"=]-1'= MR? -

MR? - 3MR?

4

o

Comparing with I"" = KMR?
The value of K =3/40

39 From a disc of radius R and mass

M, a circular hole of diameter R,
whose rim passes through the
centre is cut. What is the moment
of inertia of the remaining part of
the disc about a perpendicular axis,

passing through the centre ?
[NEET 2016]

(a)13MR?/32 (b)11MR?/32
(c)9MR?/32 (d)15MR?/32
Ans. (a)

Considering the information given in the
question, let us draw the figure
/

A RI2

If the above figure is considered, then
moment of inertia of disc will be given as

I :lremain + I(R/Z) 0 ,remain =1 _Iwz)
Putting the values, we get

Ov R 0

MR? B4 toH  MmRE S

= - Di + D

2 0 2 4akdo

0O a

0 O

_MR® _IMR? _ MR’D
2 Hz " H
_MR? _TMR? +2MR* O
"2 H = H
_MR? _3MR?
2 32
16MR? —3MR?

32
| _13MR?

remain ~ 7

E Alight rod of length | has two

masses m, and m, attached to its
two ends. The moment of inertia of
the system about an axis
perpendicular to the rod and
passing through the centre of

mass is [NEET 2016]
meZ /2 (b) m1+m2 /Z
m1+m2 m1m2

(c) (m,+m,)I* (d) \/mym,I°

Ans. (a)

COM of m, and m, masses lies at

r= m] rl + mQ r2
m, +m,

I I

my my

/

00 Moment of inertia of the point masses
about the given axis is

- 2 — 2 2
I‘Zm;rf 0 l_mwrw +tm,

:m]% mzl §+m2% mWI g
Hm1+m2 Hrnl-'-mZ
I? I?
= mi]mz 2(I’T72+I’T]]): mm,
(m+m,) (m +m,)

H Three identical spherical shells,

each of mass mand radiusr are
placed as shown in figure. Consider
an axis XX', which is touching to
two shells and passing through
diameter of third shell.

X'

Moment of inertia of the system

consisting of these three

spherical shells about XX" axis is
[CBSE AIPMT 2015]

(a) gmr (b) 3mr?
(c) % mr? (d) 4 mr?
Ans. (d)

The total moment of inertia of the
systemis

Here, I, =Zmr?

I, =1, =§mr2 +mr?

[From parallel axis theorem]

5
="mr?

From Eq. (i), I:%mr2 +2><§mrZ

=mr’ +E@
3

I=4mr?

42 The moment of inertia of a thin

uniform rod of mass M and length L
about an axis passing through its
mid-point and perpendicular to its
lengthis /. Its moment of inertia
about an axis passing through one
of its ends and perpendicular to its

length is [CBSE AIPMT 2011]
(all, +ML2 14 (b1, +2ML?

(c), + ML (d)I, +ML?/2

Ans. (a)

Concept Apply parallel axes theorem of
moment of inertia.



According to parallel axes theorem of
moment of inertia,

I=ly, + MR

So, I=IU+M%§
2
O 1=1, + 1Mt
4

43 Four identical 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 plane is
[CBSE AIPMT 2009]

(a)%M/Z (b)%MIZ
13 1
M]? d)=M/?
(©)% (9)=
Ans. (a)

Moment of inertia of rod about an axis
through its centre of mass and
perpendicular to rod =(mass of rod) x
(perpendicular distance between
two axes)
M2 L A M
12 3

Moment of inertia of the system

=
3

E A thin rod of length L and mass M is

bent at its mid-point into two
halves so that the angle between
them is 90°. The moment of inertia
of the bent rod about an axis
passing through the bending point
and perpendicular to the plane
defined by the two halves of the

rod is [CBSE AIPMT 2008]
ML? ML2
— b)—
(a) % ( )
ML? 2ML?
(c)— (d) f
6 24
Ans. (b)

As therodis bentinto two equal halves,
the mass and length of each half is

M .
—and —respectively.
2 2 J

The moment of inertia about an axis
passing through its edge and
perpendicular to the rod

O l-2><

L {axis

_Mass x (length)’
3
Modome
3 2 12

E 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 [CBSE AIPMT 2008]
(a)V/3:42 (b)1:4/2
(c)2:1 (d)+2 :/3
Ans. (b)
As we know that radius of gyration
k= L
m

So, for two different cases

rmg rmq MRZ
d\sc d\sc — MRZ
1

O ””Q \/’ O d\sc -
kd\sc k”nq ﬁ

E The moment of inertia of a uniform

circular disc of radius R and mass M
about an axis passing from the
edge of the disc and normal to the

discis [CBSE AIPMT 2006]
(a) % MR? (b) MR (c)% MR? (d)% MR’

Ans. (d)
Moment of inertia of disc passing
through its centre of gravity and
perpendicular toits plane is

1

ls =§MR2
A C
|
|
| .
I
I
|
B 'D
Using theorem of parallel axes, we have,
lop =1, + MR?
=1 MR? + MR? =3 MR?
2 2

47 Three particles, each of mass m

grams situated at the vertices of an
equilateral AABC of side I cm (as
shown in the figure). The moment
of inertia of the system about a line
AX perpendicular to ABand in the

plane of ABCin g-cm? units will be
[CBSE AIPMT 2004]

X
macC
/ |
B
Am | m 4
(a) @Qm/z (b)2 ml’

(C)%Qmﬂ (d)%@mlz

Ans. (¢)
Moment of inertia of the system about
AXis given by

Moment of inertia

=m(0)° + m())* +mll sin309°

2
= mlz + ﬂ :E m/z
4o 4

Alternative
Moment of inertia of a system about a
line OC perpendicular to ABin the plane
of)?BC is

| —m><0+mx[§[{g+mx%éf
O =mlz+ Izzml2



Now, by applying parallel axes theorem
Iy =leo + Mx?
where, x = distance of AXfrom CO
M =total mass of system

2 2
=ml +3ml :§mlz
2 4 4

E 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 theringis  [CBSE AIPMT 2004]
(@)2:3 (b)2:1

(c)4/5:4/6 (d)1:+2

Ans. (c)

Moment of inertia of a disc and circular
ring about a tangential axis in their
planes are respectively. Momentum
inertia of disc about tangential axis

_5 2
I, = M R
Moment of inertia of ring about a

tangential axis
3

| =M R’
2
but =Mk* O kz\ﬁ
M
O ki: IiXM'
K, M,
k, (54)M R* M, 5
of —= [——M X — = |—
k. (3R2)M, R* M, 6
O k,:k =+5:46

E A circular disc is to be made using

iron and aluminium. To keep its

moment of inertia maximum about

a geometrical axis, it should be so

prepared that [CBSE AIPMT 2002]

(a) aluminiumis at the interior and iron
surrounds it

(b) ironisat the interior and aluminium
surrounds it

(c) aluminiumand iron layers are in
alternate order

(d) sheetofironis used at both external
surfaces and aluminium sheet as
inner material

Ans. (a)

Moment of inertia depends on
distribution of mass and about axis of
rotation. Density of iron is more than

that of aluminium, therefore for moment
of inertia to be maximum, the iron should
be far away from the axis. Thus,
aluminium should be at interior and iron
surrounds it.

E ABC is a right angled triangular

plate of uniform thickness. The
sides are such that AB>BC as
shown in figure. I, 1,1, are
moments of inertia about
AB,BCand AC respectively. Then,
which of the following relations is

correct? [CBSE AIPMT 2000]
A
I fs
C

B A
(all, =1, =I,
(b)l, >1, >,
(c)l, <1, <I,
(d)I, >1, >1,
Ans. (b)

The moment of inertia of a body about
an axis depends not only on the mass of
the body, but also on the distribution of
mass from the axis. For a given body,
mass is same, so it will depend only on
the distribution of mass from the axis.

The mass is farthest from axis BC, sol,

is maximum. Mass is nearest to axis AC,

sol is minimum.

Hence, the correct sequence will be
l,>1>1

NOTE

In a rotational motion, moment of inertia is
also known as rotational inertia.

The moment of inertia of a disc of
mass M and radius R about a

tangent to its rim in its plane is
[CBSE AIPMT 1999]

2 3

Z MR? b)=MR?
(a)g ( )%

— MR? d)=MR?
(c)5 ( )4
Ans. (d)

Moment of inertia of a disc about its
diameteris
| =1 M2

4

d

Now, according to perpendicular axis
theorem, moment of inertia of disc
about a tangent passing through rim and
in the plane of disc is

1=, +MR? =1 MR? + MR? =2 MR?
4 4

ABC s a triangular plate of uniform
thickness. The sides are in the ratio
shown in the figure. /. 1., and [,
are the moments of inertia of the
plate about AB,BC and CA as axes
respectively. Which one of the
following relations is correct?
[CBSE AIPMT 1995]
(b)la >l

(d)lg, is maximum

(@)l > 150
(C)g +1ec =loy

Ans. (b)

Moment of inertia of the triangular plate
is maximum about the shortest side
because effective distance of mass
distribution about this side is maximum.
Since, distances of centre of mass from
the sides are related as

XBC < XAB < XAC

Therefore

loe >lg >lhe OF oo >l

In arectangle ABCD(BC =2AB). The

moment of inertia is minimum along
axis through [CBSE AIPMT 1993]

A r D

Ef--mmmmm- O G

B m C
(a)BC (b)BD
(c)HF (d)EG
Ans. (d)

Concept Magnitude of moment of
inertia depends on the distribution of
mass taken from the axis.

From the axis EG, the distribution of
masses is at minimum distance while
from the axis BD the distribution of
masses is at maximum distance. Hence,
the moment of inertia is minimum along
axis through EG.



TOPIC 3

Kinematics and Dynamics
of Rotational Motion

54 The angular speed of the wheel of a
vehicle is increased from 360 rpm
to 1200 rpm in 14 s. Its angular
accelerationis  [NEET (Oct.)2020]
(a)21t rad/s? (b)287trad/s?
(c)1207t rad/s? (d)1rad/s?

Ans. (a)

Initial angular speed of wheel,

w, =277, =2 x50 rad/s
60

=12nrad/s
Final angular speed of wheel,
w =271

1200

=271 X% rad/s=401rad/s

t="14s
From the equation of rotational motion,
W=, + ot
0o a=2"9
t

7401-[_ 12 1T—@T—anad/s
14 14

55 A particle starting from rest, moves
in a circle of radius 7. It attains a
velocity of v, m/s in the " round.

Its angular acceleration will be

[NEET (Odisha) 2019]
z

(a) Y0 rad/s? (b) 2 radls”
n 21mnr?
VZ 2

(c)—"—rad/s®  (d) Yo radss?
4TINr 4TINr

Ans. (c)

From third equation of motion for
circular motion
W —f =208 A0
where, w =final angular velocity of particle
W, =initial angular velocity
o = angular acceleration and
0 =angular displacement
Here, w =Y0 radss (where, rradius of
r
the circle)

w, =0(initially particle is at rest)
6 =2m(for nrounds)
Substituting these values in Eq. (i),

we get
@Log -0=2a(2m)
p

V2
| o =702rad/sz
4TINr

56 A solid cylinder of mass 2 kg and

radius 50 cm rolls up an inclined
plane of angle inclination 30°. The
centre of mass of cylinder has
speed of 4 m/s. The distance
travelled by the cylinder on the
inclined surface will be :
(Take g =10m/s?)

[NEET (Odisha) 2019]

(a)2.2m (b)1.6m
(c)1.2m (d)2.4m
Ans. (d)

When a body rollsi.e. have rotational
motion, the total kinetic energy of the
system will be

2
KE=1mv2E\+k—E
2 O R’0O

where, m=mass of body, v =velocity and
k =radius of gyration

t h

A
= BS(\%
N 30°

Given, m=2kg,0=30°v=4ms’

Lethbe the height of the inclined plane,

then from law of conservation of energy,
KE =PE

7mv HHfD mgh

Substituting the given values in the
above equation we get

1

,x2x18D] _Zx 0 xh
2 H* H

S
[~-Forcylinder —-=-]
R* 2

0 8xg=10h 0 h=12m

From the above diagram

sine=ﬁ
X
Ox=" =12 _19x2=0 4m
sin®  sin30°
a. .. 10
=+ sind0° =—
B 28

5_7 A disc of radius 2 m and mass 100

kg rolls on a horizontal floor. Its
centre of mass has speed of 20
cm/s. How much work is needed to

stop it? [NEET (National) 2019]
(a)30 kJ (b)2J
(c)1J (d)3J

Ans. (d)
Given, radiusR =2m
mass, m=100kg and
v, (velocity centre of mass)=v =20
cm/s =20 x 107 m/s.
Then, according to work energy
theorem, the work done in stopping the
discis equal to the change in its kinetic
energy, i.e.

W =KE, - KE,
As, the disc stops at the end, so final
velocity is zero. Thus,KE_ =0
Since, the discis rolling so, its initial
kinetic energy would have both
rotational and translational kinetic

energy component.

KE, = KE, +KE, =l + 1 my?
2" 2

o 2@0 1
—[mR +-mv?
=

D . 1 2O
= for disc,/ =—mR
=) H
lmsz2 +1mv
4 2
2
=1mR2V—+1mv [V =rw]
4 R? 2
:é[‘n\/2
4
=|KE,.|=§mvz
4

Substituting the given values, we get

w:% x 100 x(20 x107)?

=3 %400 x100 X107 =34

_b

5 A solid cylinder of mass 2 kg and

radius 4 cm is rotating about its
axis at the rate of 3rpm. The
torque required to stop after 21
revolutions is [NEET (National) 2019]

(a)2 x107° N-m (b)12 x107* N-m
(c)2 x10° N-m (d)2x107° N-m
Ans. (d)

Key Idea According to work-energy
theorem, the change in kinetic energy of
a particle is the amount of work done on
the particle to move, i.e.

W =-AKE =KE, —KE,
Given, mass of cylinder, m=2kg
radius of cylinder, r =4cm=4x10"7 m
rotational velocity, @ =3rpm
2 2T _ T _ .
=3 x—— =—rad/sand® =2Ttrevolution
60 10

=21 x2 =4 Tt rad.

The work done in rotating an object by an
angle@fromrestis given by W =10



As the cylinder is brought to rest, so the
work done will be negative.

According to work-energy theorem,
Work done =Change in rotational kinetic
energy

—rBz%lmf —%/mf = et - )

2
2
] 1= ) [w =0]
20
o, g
=_ mr —
2 He
1 2 ) O
=_MR”* (for cylinder)
E 2 / B
2
= I [w =0
4 0
1 - T 1
=_x2 x(4 x107%)? x@T
4 0 410
:1 x2 x16 x10™ xi xi
4 100 410
=i x10™ =2 x10° N-m

100

59 Three objects, A:(a solid sphere),

B:(a thin circular disk) and C:(a
circular ring), each have the same
mass M and radius R. They all spin
with the same angular speed w
about their own symmetry axes.
The amounts of work (W) required
to bring them to rest, would satisfy
the relation [NEET 2018]
(@) Wy>W, >W, (b) W, >W,>W,
(c) W, >W,>W, (d) W, >W, >W,
Ans. (¢

Work done required to bring an object to
restisgiven as

W= it
2

where, lis the moment of inertia andwis
the angular velocity.

Since, here all the objects spin with the
same w,this means,

w Ol
As, I, (forasolid sphere):%MR2

I, (for a thin circular disL<)=%M)'R’2

I, (for a circular ring)= MR?

O WW: W, =1,

=2Mr? . I MR? . MR?
2

1

=
2
5:

5
2
5
4:5:10

O W, <W, <W,

60 A solid sphere is rotating freely

about its symmetry axis in free
space. The radius of the sphere is
increased keeping its mass same.
Which of the following physical
guantities would remain constant
for the sphere? [NEET 2018]
(a) Rotational kinetic energy

(b) Moment of inertia

(c) Angular velocity

(d) Angular momentum

Ans. (d)

Moment of inertia of a rotating solid
sphere about its symmetrical (diametric)

axis is given as,| == mR?
5

Rotational kinetic energy of solid sphere
is
K =liy
2
=1 %2 mR2ef =L mR%ey

2 5 5
Angular velocity, w=V_ R
As, we know that external torque,
_dL
Cdt
where, L is the angular momentum.

Since, in the given condition, T, =0

O %=U or L =constant
dt

T

ext

ext

Hence, when the radius of the sphereis
increased keeping its mass same, only
the angular momentum remains
constant. But other quantities like
moment of inertia, rotational kinetic
energy and angular velocity changes.

6_1 A solid sphere is in rolling motion.

In rolling motion, a body possesses
translational kinetic energy (K, ) as
well as rotational kinetic energy
(K, ) simultaneously. The ratio
K, :(K, +K,)for the sphere is

[NEET 2018]

(a) 10:7 (b) 5:7
(c) 7:10 (d) 2:5
Ans. (b)

Translational kinetic energy of a rolling
body is

K, :%mvéM ()

Total kinetic energy of a rolling body

=K, +K, =Rotational KE +
Translational KE

1 1 "
Eloo2 +§mv§M i)

For a solid sphere, moment of inertia
about its diametric a><is,l=%MR2

Substituting the value of [ in Eq. (i), we
get

1 1
K, +K, :E%MRZ sz + oMV

TR e O 4 Ty
Z%MR Q%E+vam

[V = Rw)
=%mv§M +%mv§M
[
== +-Omv
B 2H e
=%mv§M i)
T 2
EmvCM
0  Ratio, L= 7
ﬁm‘/gm
_1,10_5
= _X_ =_
2 7 7
O K, :K, +K, =57
Alternate Method
Suppose, moment of inertia,
I = xMR? (i)
For solid sphere, moment of inertia,
1=2MR? i)
5
Thus, from Eqgs. (i) and (ii), we get
X :z
5

Since, the ratio of translational energy to
the total energy can be written as
! v
K > CcM
K rK B : 0. %H A
+
ot SmvE, O+ =0
2 MO0 RO

where, kis called the radius of gyration.

As, K:For K2 =1
m m

From Eq. (i), we get
K? = xmR?
m

=xR?

Substituting the value of K ? in Eq. (i),
we get

Kt = 1 = 1
2
K, +K, HHXRZE T+x
O RO
Here, ng
5
O K[ = ! :§
K, +K, 1+2/5 7



62 Two discs of same moment of

inertia rotating about their reqular
axis passing through centre and
perpendicular to the plane of disc
with angular velocitiesw, and w, .
They are brought into contact face
to face coinciding the axis of
rotation. The expression for loss of

energy during this process is
[NEET 2017]

(a)%l((m v ) (b)%/m @)
(0w, - )’ (d)é(ww @)
Ans. (b)

Thinking Process When no external
torque acts on system then, angular
momentum of system remains constant.
Angular momentum before contact
:IW('OW + IQ('%
Angular momentum after the discs
broughtinto contact
=l = +1,) w
So, final angular speed of system =w
— /1001 + Iz%
[, +1,
Now, to calculate loss of energy, we
subtract initial and final energies of
system.
0 Lossof energy
=Nt + 11 -1 o3
2 2 2
1

=Z‘(ww _wz)z

E Two rotating bodies A and B of

masses m and 2m with moments of
inertial, and I,(/,>1,)have equal
kinetic energy of rotation. If L , and
L, be their angular momenta
respectively, then [NEET 2016]

L
(a) L, :75
(b) L, =2L, (c) Ly>L,
(d) L, >L,
Ans. (¢)

As we know that, the kinetic energy of a
rotating body,

2,2 2
KE:J[ 2:1/(,0 :L
2 2 1 21
Also, angular momentum, L =/w
Thus, K, =K,
2
O li:lé
21, 21,

s Bfkou.f
ELBD IB LB IB
LONI
0 L, <L, oly>1,]

64 A disc 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? [NEET 2016]
(a)Sphere

(b)Both reach at the same time
(c)Depends on their masses

(d) Disc

Ans. (a)

Acceleration of an object rolling down an
inclined plane is given by

gsin®
T+ 1/mr?

where, 8 =angle of inclination of the
inclined plane

m =mass of the object

| =moment of inertia about the axis
through centre of mass

2
For disc, o_12mr” 1
mr? mr? 2
2
For solid sphere, ! :2/5er _2
mr mr 5
2
For hollow sphere, [ _2/8mr” _2
mr? mr? 3
O ag =gsme=fgsm6=066
disc ‘l 3
1+ =
2
gsinBa =M=fgsine
solid sphere 2
1+ =
5
=0.71gsin®
sin@_3 .
Qhhollow sphere — g 7 ==gsin@
1+ =
3
=0.6gsin®
Clearly, a >q  >a

solid sphere disk hollow sphere
Type of sphere is not mentioned in the
question. Therefore, we will assume the
given sphere as solid sphere.

O

= >
Osol\d sphere ahDHOW sphere Od'\sk

65 A solid sphere of mass mand

radius R is rotating about its
diameter. A solid cylinder of the
same mass and same radius is also
rotating about its geometrical axis
with an angular speed twice that of
the sphere. The ratio of their

kinetic energies of rotation
(E /E )will be [NEET 2016]

sphere cylinder
(a)2:3 (b)1:5 (c)1:4 (d)3:1
Ans. (b)

Key Idea KE of a rotating rigid body,

KE=1o?

Vi

= (given, w, =2w)

66 Point masses m, and m, are placed

at the opposite ends of a rigid rod
of length L and negligible mass.
The rod is to be set rotating about
an axis perpendicular to it. The
position of point P on this rod
through which the axis should pass,
so that the work required to set the
rod rotating with angular velocity
W, is minimum, is given by

[CBSE AIPMT 2015]

m,L m,
m, +m, m,
m,L

(a)x=

m
(c)x=—21L (d)x=—"—
mT ml + m2
Ans. (d)
As two point masses m; and m, are
placed at opposite ends of arigid rod of
length L and negligible mass as shown in
figure.
Total moment of inertia of the rod
I=mx” +m,(L —x)’
I=mx” +m,l* +m,x* =2m,Lx



x_ i (L-x)

As, lis minimumi.e.

9 = om, x+0 +2xm, =2m,L =0
dx

] x(2m, +2m,) =2m,L
‘= m,L
m, +m,

When/is minimum, then work done on
rotating arod 1/2 lw’ with angular
velocity w, will be minimum.

Shortcut Way The position of point Pon
rod through which the axis should pass,
so that the work required to set the rod
rotating with minimum angular velocity
W, is their centre of mass, we have
mx=m,(L-x) O x= M,k

m, + m,

67 The ratio of the accelerations for a

solid sphere (mass m and radius R)
rolling down an incline of angle ©
without slipping and slipping down

the incline without rolling is
[CBSE AIPMT 2014]

(a)5:7 (b)2:3
(c)2:5 (d)7:5
Ans. (a)

A solid sphere rolling without slipping
down an inclined plane

\%

)

_gsin®_  gsinb
2 2
+L ]+(2/5)R
R? R?
g] for solid sphere, k= %RZ

Inthis case, a,
1

O
B

=958 a, :Egsine
7/5 7

Fora sphere slipping down an inclined

plane
O azzgsine O &:M
a, gsin®
O &:E
a, 7

N

68 A small object of uniform density
rolls up a curved surface with an
initial velocity v'. It reaches upto a

2

maximum height of 3% with

g
respect to the initial position. The
object is [NEET 2013]
(a)ring (b) solid sphere
(c)hollow sphere  (d)disc
Ans. (d)
As, v= Zghz
1+ 1
r2
2
Given, h=3""
49
So, vt = 2gh
kZ
T+
f2
- 2g 3v* 6 gv’
20 20
4QH‘+k—ZD 4gH\+k—zD
o r°o o r°0
1= 3 —
28+5f
o rro
2 2
or ‘|+L:§ or L:§—]:l
rro2 rr2 2
1

K2 :Er2 (Equation of disc)

Hence, the object is disc.

69 A circular disc of moment of inertia
I, is rotating in a horizontal plane,
about its symmetry axis, with a
constant angular speed w, . Another
disc of moment of inertia [, is
dropped coaxially onto the rotating
disc. Initially the second disk has
zero angular speed. Eventually both
the discs rotate with a constant
angular speed w,. The energy lost
by initially rotating disc due to

friction is [CBSE AIPMT 2010]
2
1k ’ (b)l L W’
2, +1,) 2. +1,)
cllb_lr o’ d)L b W’
2, +1,) 2, +1,)
Ans. (d)
Loss of energy is given by
17 o
pE=p -1 P
20 20 +1,)
11 Ir w,z

20 +1)

t b

70 A wheel has angular acceleration of
3rad/s’ and an initial angular
speed of 2rad/s. Inatime of 2 s, it
has rotated through an angle (in

radian) of [CBSE AIPMT 2007]
(a)6 (b)10 (c)12 (d)4
Ans. (b)

By definition a = 3%
dt
dw=adt

So, ifintimet the angular speed of a
body changes fromw, tow

W t
J’ doo=IO adt

Ifais constant
w-w =at or w=w +oat ..(i)

Now, as by definition wzie

dt

i.e.

Eq.(i)becomes %? =W, +at

i.e. d8=(w, + at)dt
So, if intimet angular displacement is®.
0 1
Ia de-ID(mU + at)dt

or ezmut+%0(t2

(i)

o =3rad/s’

W, =2rad/s, t =2s

0=2 %2 +% x3 x(2)?

Given

Here

or 0=4+6=10rad
Alternative
As we know that equation of circular

motion
O=qt + - at’
2
where symbols have[J
[their usual meaning O

Putting the value of w t, a from question.

So,  8=2x2 +% x3 x2 x2 = 10rad

71 Two bodies have their moments of
inertia  and 2 | respectively about
their axis of rotation. If their kinetic
energies of rotation are equal, their
angular momenta will be in the

ratio [CBSE AIPMT 2005]
(@)1:2  (b)42:1 (c)2:1 (d)1:42
Ans. (d)
2
Concept AsforlinearmotionKE=L
2m
LZ

Similarly, for rotational motionKE , =



As said, (KE) , remains same.

rol

) 1 1
i.e. E’@f =§l2 o
O i(lwww)z :i(lzwz)z
21, 21,
O ﬁ:é
IW IZ
O LW:\/T
2 IZ
but I =11,=21
0 Lo[r-1
L, / 2
or L,:L, =1:v2

72 A ball rolls without slipping. The
radius of 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 [CBSE AIPMT 2003]

k? R?
@ b
k? + R? k?
(C) Rz (d)?
Ans. (a)

Kinetic energy of rotation is

2
K=o =k O & :FB
2 2 R° 0O MO

where, kis radius of gyration.

Kinetic energy of translation is
1

Ktrans :7MU2
2
Thus, total energy
E:Krot +Ktrans
2
=T Vg Dy
2 R* 2
2
:1 Mvz EL + ]D
2 0R* O
2
:l%(kZ + RZ)
1 2 U
_MK?
2
Hence, Koo, =722 R
)
kz
K +R?

ﬁ A wheel of bicycle is rolling without
slipping on a level road. The
velocity of the centre of mass is

Uoy then true statement is
[CBSE AIPMT 2001]

Vem

B
(a) The velocity of point Ais2v,,, and
velocity of point Bis zero
(b) The velocity of point Ais zero and
velocity of point Bis2uvg,,
(c) The velocity of point Ais2v,,, and
velocity of point Bis — vy,
(d) Thevelocities of both A and B are v,
Ans. (a)
Similarly, velocity of point A is given by
v, =velocity of centre of mass
(v, ) + Linear velocity of point A(Rw)
= Uy t Uy (vy,, = Rw)
=2ugy,
Velocity of point Bis,
Uy =gy —RW =0y, —v,, =0
Thus, the velocity of point Ais 2v,, and
velocity of point Bis zero.

74 If a flywheel makes 120 rev/min,

then its angular speed will be
[CBSE AIPMT 1996]

(a)8mrad/s (b)BTrad/s

(c)aTtrad/s (d)2mrad/s

Ans. (¢)

Angular velocity of flywheel is given by
W=2 TV

where, vis number of revolutions per

second or frequency of revolution
Here,v=120rev/min
O 0=2T120 _ 4 s

60

75 The angular speed of an engine
wheel making 90 rev/min is

[CBSE AIPMT 1995]

(b)3mrad/s

(d)6mrad/s

(a)1.51rad/s
(c)4.5mrad/s

Ans. (b)

Angular velocity of an object in circular
motion is defined as the time rate of
change of its angular displacement.

0 w:Q:QL[:va Q.-T:lg
t T

Number of revolutions made by the
engine wheel(v) =90/min.

0 Angular velocity of the engine wheel
60 60

w =31rad/s

76 A spherical ball rolls on a table
without slipping. Then, the fraction
of its total energy associated with

rotation is [CBSE AIPMT 1994]
@2 ©: o
5 7 5 7
Ans. (b)

Concept The total kinetic energy of the
ball rolling on a table without slipping is
equal to its rotational kinetic energy and
translational kinetic energy. Total kinetic
energy of spherical ball is given by

K =Kinetic energy rotational

(K,,,) + Kinetic  energy translational
(Ktrans)
=ll(.o2 + l mv*
2 2
For sphere, moment of inertia about its
. _2 9
diameter [==mr
5
0 K:l%mr2 2+lmv2
2 2
=Lt o + L me?
5
N IR R _
=_mv’ +-mv’ (asv=rw)
5 2
=L mv
10
T 2
—mu
O &: 5 :Z
K L 7
10

77 Athin uniform circular ring is rolling
down an inclined plane of inclination
30° without slipping. Its linear
acceleration along the inclined
plane will be [CBSE AIPMT 1994]

@ e ¢ ¥
2 3 4 3

Ans. (¢)
Acceleration of the centre of mass of
the rolling body is given by

gsin@

1+ @L Q
MR’

Moment of inertia of the ring about an
axis perpendicular to the plane of the
ring and passing through its centre is
given by

| = MR?

gsin@
1+ MR? /MR?
_gsin3d0° _g

1+1 4

0 a=



. . . . ’I ’I 7
78 A solid sphere, disc and solid cylinder (a) 10 gh (b)\/% 0 K=_mv’ +_-mv?=_"_mv?
all of the same mass and made of the 7 5 : 2 10
i 6 4 2
same material are aIIowgd tp roll (c).]2 gh (d).|2 gh K3 mvt
down (from rest) on the inclined 5 3 | ?f =5 =
2
plane, then [CBSE AIPMT 1993] Ans. (a) o™
(a)solid sphere reaches the bottom first When solid sphere rolls on inclined
(b)solid sphere reaches the bottom last plane, then it has both rotational as well 81 The moment of inertia of a body
(c)disc will reach the bottom first as translational kinetic energy about a given axis is 1.2 kg -m?.
(d)all reach the bottom at the same time Total kinetic energy : Initially, the body is at rest. In order
Ans. (a) K =Ko T Kigans = 5 Sl + o > mv* to produce a rotational kinetic

Let us consider that solid sphere, disc
and solid cylinder are rolling on an

energy of 1500 J, an angular

For sphere, moment of inertia about its .
" acceleration of 25rad / s* must be

inclined plane. M, and R be mass, diameter applied about that axis for a
moment of inertia and radius of the [= gm .
rolling section in each case. 5 duration of [CBSE AIPMT 1990]
(i) Solid sphere The moment of inertia of 0 1% L mv (a)4s (b)2s
asolid sphere about its diameter is given 2 (c)8s (d)0s
v, |2 =L mrie +1m02 Ans. (b)
=2 MR? or K= = 5 2 Given
5 MR? B 1 1 ven
=—mv +-mv’ (as v=ro) Moment of inertia, | =1.2 kg-m’
As from the concept, acceleration 5 2 ’
gsin@ 7 ) Rotational kinetic energy, K, =1500J
T 4K _ﬁmv Angular acceleration
gs|ne 5 0:25Iad/sz,w0 :O,t:?

So,

~gsin®
2 7
1+ : /
(ii) Dise The moment of inertia of disc
about an axis perpendicular to the plane = 2K, = |2x1500
of disc and passing through its centre is / 1.2

given by 0 =50rad/s
Onreaching sphere at 0, it has only

Kinetic energy of rotation is given by

> >
g
I
N —
e

| lMR2 L Now, from equation of rotational motion
2 kinetic energy
w=w +at
I 1 g PE =Total KE
or S == 7 (20"
MR™ 2 mgh=-—mv’ a
g sinG 2 10
O a= ~gsin® 50 -0
103 O y= 109 “5 0
2 7
(iii) Solid cylinder The moment of inertia on . . .
. . : an . . . 2 Moment of inertia of a uniform
of a cylinder about the axis passing 80 If a sphere isrolling, the ratio of the 8 ci(:culear doisc a?bojtoa (aji:me(')(er o
through its centre and perpendicular to translational energy to total kinetic . .
its plane is given by L Its moment of inertia about an axis
1 energy is given by . .
| =2 MR? [CBSE AIPMT 1991] perpendicular to its plane and
’ . ; o
| : (@)7:10 (0)2:5 (c)10:7 (d)5:7 passing through a point on its rim
or =_ will be [CBSE AIPMT 1990]
MR? 2 Ans. (d) (a)5/ (b)3/
_gsin_2 When sphere rolls, then it has both
O =Zgsind - ; o (c)6l (d)al
1413 translational and rotational kinetic
” energy Ans. (c)
So, acceleration of solid sphere is more. o K= q(rm + Kt{ans Problgm Solving Strategy
It implies that solid sphere reaches the =l + - mv? Forthis type of problem, always apply
bottom first. 2 2 parallel and perpendicular axes theorem
— -» Moment of inertia of the sphere about of moment of inertia.
79 The speed of a homogeneous solid its diameter is Moment of inertia of uniform circular disc
sphere after rolling down an =2 e aboutits diameter =/
inclined plane of vertical height h ]5 : According to theorem of perpendicular
from rest without sliding is o K=; % mr? @‘92 +—mv’ axes,
2 2 Moment of inertia of disc about its axis =2/

[CBSE AIPMT 1992] _
as v=rw) Applying theorem of parallel axes,



Moment of inertia of disc about the given
axis

=

H sZI=1 mr? Omr= 41H
SR H

E A flywheel rotating about a fixed

axis has a kinetic energy of 360 J
when its angular speed is 30 rad/s.
The moment of inertia of the wheel

about the axis of rotation is
[CBSE AIPMT 1990]

(a)0.6 kg -m? (b)0.15 kg -m?
(c)0.8 kg -m? (d)0.75 kg -m?
Ans. (c)

Aflywheel is a large heavy wheel with a
long cylindrical axle supported on ball
bearings. Its centre of mass lies on its
axis of rotation, so that it remains at rest
in any position. Rotational kinetic energy
of flywheel is given by

where, | =moment of inertia of the wheel
about the axis of rotation

w =angqular velocity of flywheel

Given, Rotational kinetic energy

K, =360J

Angular velocityw =30 rad/s

O | = 2K, _2x360
W (30)?
=0.8kg-m’

84 At any instant, a rolling body may

be considered to be in pure
rotation about an axis through the
point of contact. This axis is
translating forward with speed
[CBSE AIPMT 1989]

a)equal to centre of mass
)zero

)twice of centre of mass

)None of the above

b
c
d

Ans. (a)

Since, in this case, instantaneous axis of
rotation is always below the centre of
mass. This is possible only when point of
contact moves with a velocity equal to
centre of mass.

g A solid cylinder of mass M and

radius R rolls down an inclined
plane of height h without slipping.
The speed of its centre of mass
when it reaches the bottom is
[CBSE AIPMT 1989]

(a)2gh (b) "Si”
(c).[39" (d) %9

4 h
Ans. (b)

When solid cylinder rolls down on an
inclined plane, then it has both rotational
and translational kinetic energy

~

|
|

Total kinetic energyK =K, +K

or K=liet + ) mo?
2 2

trans

where, | = moment of inertia of solid
cylinderabout its axis

2
g 2., 1 2
O K=-—g-mr + - mv
2 Ew 2
=%mv2 + L my? (as v=rw)
4

Now, gainin KE =loss in PE

S
0 =~ mv” =mgh
4 g

0 v= %gh@

86 A ring of mass mand radiusr

rotates about an axis passing
through its centre and
perpendicular to its plane with
angular velocity w. Its kinetic

energy is [CBSE AIPMT 1988]
(a)5 mrw? (b) mrw®

(c)mr’w’ (d)% mriw’

Ans. (a)

Kinetic energy of rotation of a body is
the energy possessed by the body on
account of its rotation about a given
axis. If[is the moment of inertia of the
body about the given axis of rotation, wis
angular velocity of the body, then kinetic
energy of rotation

Moment of inertia of the ring about an
axis perpendicular to the plane of the
ring and passing through its centre is
I=mr?
So, K ='mre?
2

rot

87 A solid homogeneous sphere of

mass M and radius R is moving on a
rough horizontal surface, partly
rolling and partly sliding. During this
kind of motion of the sphere
[CBSE AIPMT 1988]
(a) total kinetic energy is conserved
(b) he angular momentum of the sphere
about the point of contact with the
plane is conserved
(c) only the rotational kinetic energy
about the centre of mass is
conserved
(d) angular momentum about the centre
of massis conserved

Ans. (b)

Angular momentum about the point of
contact, for solid homogeneous sphere
of mass Mand radius R is conservd.



