3. ROTATIONAL MOTION

1. KINEMATICS OF SYSTEM OF PARTICLES It is always along the axis of the motion.

(¢) Angular Acceleration

1.1 System of particles can move in different ways as observed Angular acceleration of an object about any point is rate of

by us in daily life. To understand that we need to understand change of angular velocity about that point.

few new parameters.
(@ Angular Displacement A A
' B
Consider a particle moves from A to B in the following figures. B »
A !f‘\ A B
e o ®
o 0 . @
v Y
do do
4 o o=— o=—
0 0 dt dt
Angle is the angular displacement of particle about O. Units — Rad/s’
Units — radian It is a vector quantity. If o is constant then similarly to
() Angular Velocity equation of motion (i.e.)
The rate of change of angular displacement is called as o, a0, tare related = o + at
angular velocity.
1
A A = o,t+—at’
1 A B
B L et L REREEEE

o, —®, =206

1.2 Various types of motion

.
.
.
.
\Q
‘\
.

0 ) (@ Translational Motion
Yy : System is said to be in translational motion, if all the particles

lying in the system have same linear velocity.

L

O Example

dt dt

Units — Rad/s ® ol — |e@ —_ —_ e

It is a vector quantity whose direction is given by right

hand thumb rule. P ® ®
|| Ax L] || |

According to right hand thumb rule, if we curl the fingers of

right hand along with the body, then right hand thumb gives
us the direction of angular velocity.

Motion of a rod as shown.
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Example

Ax
""""""""""""""" i (I
o= = tor 9"

b)

Motion of body of car on a straight rod.

In both the above examples, velocity of all the particles is
same as they all have equal displacements in equal intervals
of time.

Rotational Motion

A system is said to be in pure rotational motion, when all the

points lying on the system are in circular motion about one
common fixed axis.

B
-
A TS N ‘\‘\\‘
LAY
0 A

©

For example :

In pure rotational motion.

Angular velocity of all the points is same about the fixed
axis.

Rotational + Translational

A system is said to be in rotational + translational motion,

when the particle is rotating with some angular velocity
about a movable axis.

1.3

Mahesh Tutorials Science

v = velocity of axis.

® = Angular velocity of system about O.

Inter Relationship between kinematics variable

In general if a body is rotating about any axis (fixed or
movable), with angular velocity ® and angular acceleration
o then velocity of any point p with respect to axis is

v=oxT and § = Gx7—o’T -

ie.,

A |le—>

L2 ||
4 L) ®
(0]

() .
vy=olLand v, = B with directions as shown in figure.

Now in rotational + translational motion, we just superimpose
velocity and acceleration of axis on the velocity and
acceleration of any point about the axis. (i.e.)

P

A Q
J
A
-------------- > 1
Vpo = ORI
v, = Vi
V, =V, =V

oR +vi

Similarly ¥, = R]
v, = vi

Vo = vi+oR 3

Inter-relation between v of axis and ® or a of axis and o
depends on certain constraints.
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General we deal with the case of no slipping or pure rolling.

No slipping

7}) Platform

The constraint in the above case is that velocity of points
of contact should be equal for both rolling body and
playfrom.

(ie)v-ro=v,

Ifplatformis fixed then

Y= =

An differentiating the above term we get

dv _rdo
dt  dt -
Nowifg:a

dt

-

do
—=Q
dt

then

Remember if acceleration is assumed opposite to velocity

hen =~ ingicad of a ="
then dt nstead o dat

Similary : If o and w are in opposite direction the & = — a

Accordingly the constraints can change depending upon
the assumptions.

2. ROTATIONAL DYNAMICS

2.1 Torque

Similar to force, the cause of rotational motion is a physical
quantity called a torque.

Torque incorporates the following factors.
—  Amount of force.
— Point of application of force.
—  Direction of application of force.

Combining all of the above.

Torque t = rf sin 0 about a point O.

Where r = distance from the point O to point of application
of force.

f=force

0 = angle between T and

A 7
—_—

=

Torque about O.
A is point of application of force.

Magnitude of torque can also be rewritten as

t=r1f or t=rf where
f = component of force in the direction L to ¢ .

r, = component of force in the direction L to .

Direction :

Direction of torque is given by right hand thumb rule. If we

curl the fingers of right hand from first vector (f) to second

vector (f) then right hand thumb gives us direction of their
cross product.
Torque is always defined about a point or about an axis.

When there are multiple forces, the net torque needs to be
calculated, (i.e.)

All torque about same point/axis.

If >t =0, then the body is in rotational equilibrium.

If > F =0 along with 3 1 =0, then body is in mechanical
equilibrium.

If equal and opp. force act to produce same torque then
they constitutes a couple.

For calculating torque, it is very important to find the eff.
point of application of force.

Mg — Acts at com/centre of gravity.

v

N — Point of application depends upon situation to
situation.
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2.2 Newtwon’s Laws

>t =1o.
— I=moment of Inertia
— o =Angular Acceleration.
2.3 Moment of Inertia
%
- I=Xmr’
—  Always defined about an axis.
[=Mr +M,; + M1} + M1}
—  Slunits — kgm’
9
mass.
(@
axis
=M1’ +M,1; + M1}
(b)
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Gives the measure of mass distribution about on axis.

. . th .
r, =1 distance of thei " mass from axis.

Gives the measure of rotational inertia and is equavalent to

Moment of Inertia of a discreet particle system :

Continuous Mass Distribution

For continuous mass distribution, we need to take help of
integration :

2m

axis

I.= Irzdm

3. MOMENT OF INERTIA

3.1 Moment of inertia of Continuous Bodies

When the distribution of mass of a system of particle is continuous,

the discrete sum I:Zmiri2 is replaced by an integral. The

moment of inertia of the whole body takes the form

I:jrzdm

Keep inmind that here the quantity r is the perpendicular distance
to an axis, not the distance to an origin. To evaluate this integral,
we must express m in terms of r.

sa A

Comparing the expression of rotational kinetic energy with
1/2 mv’, we can say that the role of moment of inertia () is
same in rotational motion as that of mass in linear motion. It
is a measure of the resistance offered by a body to a change
in its rotational motion.

3.2 Moment of Inertia of some important bodies

1. Circular Ring

Axis passing through the centre and perpendicular to the plane
ofring.
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2

I=MR

axis |———»i

2. Hollow Cylinder
1=MR’

i hollow

axis

3. Solid Cylinder and a Disc

About its geometrical axis :

I:lMR2
2

! solid
:

axis

4. (a) Solid Sphere

Axis passing through the centre :

1=2/5MR’

(b) Hollow Sphere

Axis passing through the centre :

1=2/3 MR’

5. Thin Rod of length /:

(a) Axis passing through mid point and perpendicular to the

length :
[
2
I- M/
12

(b) Axis passing through an end and perpendicular to the
rod:

M2
3

I

3.3 Theorems on Moment of Inertia

1. Parallel Axis Theorem : LetI _be the moment of inertia
of a body about an axis through its centre of mass and Let L be
the moment of inertia of the same body about another axis which
is parallel to the original one.

If d is the distance between these two parallel axes and M
is the mass of the body then according to the parallel axis theorem :

=1, +Md
2. Perpendicular Axis Theorem :

Consider a plane body (i.e., a plate of zero thickness) of mass M.
Let X and Y axes be two mutually perpendicular lines in the plane
of the body. The axes intersect at origin O.

Z

Y

%BX

LetI =moment of inertia of the body about X-axis.

Let Iy = moment of inertia of the body about Y—axis.

The moment of inertia of the body about Z—axis (passing through
O and perpendicular to the plane of the body) is given by :

I=1+1
z X y

The above result is known as the perpendicular axis theorem.
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3.4 Radius of Gyration

If M is the mass and I is the moment of inertia of a rigid body, then
the radius of gyration (k) of a body is given by :

k:

M

4. ANGULAR MOMENTUM (L) AND IMPULSE

4.1 Angular Momentum

(@ For a particle
Angular momentum about origin (O) is given as :

L=xp = fx(my)

where 1 = position vector of the particle ; v = velocity

<l

= L=mvrsin®=mv (OA) sin 0= mvr,

where r, = perpendicular distance of velocity vector from O.

®) For a particle moving in a circle

Fora particle moving in a circle of radius r with a speed v, its linear
momentum is mv, its angular momentum (L) is given as :

L =mvr, =mvr

mv

(© For arigid body (about a fixed axis)
L = sum of angular momentum of all particles

=mpyvr, + myv,r, + m,v.r, + .
2 2 2
=m I ®+m,r,O+mro+.... (v=rm)

_ 2 2 2
—(mlr1 +m,r; +myry +..... )m

(compare with linear momentum p =mv in linear motion)

L is also a vector and its direction is same as that of @ (i.e. clockwise
or anticlockwise)

We knows,
L=1&

or
dt dt net

4.2 Conservation of angular momentum

Ift, =0

net
dL
2% o
= dt

= [ = constant

f:L.

1

—

=

4.3 Angular Impulse

izj% dt=AL

5. WORK AND ENERGY

5.1 Work done by a Torque

Consider a rigid body acted upon by a force F at perpendicular
distance r from the axis of rotation. Suppose that under this force,
the body rotates through an angle AB.

Work done = force x displacement
W=Fr. A8
W=1A0
Work done = (torque) x (angular displacement)

dw do
T =

Power=—=1—=10
dt dt

5.2 Kinetic Energy

Rotational kinetic energy of the system

Mahesh Tutorials Science
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1
= E(mlrz2 + ML ML F o, ) o’

1
Hence rotational kinetic energy of the system = By I’

The total kinetic energy of a body which is moving through space
as well as rotating is given by :

K=

translational rotational

1 1
K= EMVCZM + [oy®°

where V= velocity of the centre of mass
I.,,= moment of inertia about CM

o = angular velocity of rotation

6. ROLLING

1. Friction is responsible for the motion but work done or
dissipation of energy against friction is zero as there is
no relative motion between body and surface at the point
of contact.

2. In case of rolling all point of a rigid body have same angular
speed but different linear speed. The linear speed is
maximum for the point H while minimum for the point L.

H v H o vH®
v + = v
v r® V—T®
Translation Rotation Pure Rolling
3. Condition for pure rolling : (without slipping)

_\(D
Ven
W

v

I B I

general (when surface is moving)

in terms of velocity : V_ —oR =V

in terms of rotation:a_ —aR =a,

special case (when V= 0)

in terms of velocity : V= R

in terms of acceleration:a_ =a R
(i) Total KE of Rolling body :

() K =%1pm2 OR

(i) K = llcm o + lefm
2 2

M NN

Vem

P

where (a) I, =1_ + MR? (parallel axes theorem)
(b) V_ = ®R [pure] rolling condition.
Forward Slipping

H
\% o v+1m
v + _ v Here
V> 1o
vV o — V—T®
s v=0

Translation Rotation Rolling (Sliding)

The bottom most point slides in the forward direction w.r.t.
ground, so friction force acts opposite to velocity at lowest
point i.e. opposite to direction of motion e.g. When sudden
brakes are applied to car its ‘v’ remain same while ‘cor’
decreases so its slides on the ground.

Backward Slipping
v ro VIO
Here
v - W >V
v o ro—v f
v=0
Translation Rotation Rolling (Sliding)

The bottom most point slides in the backward direction
w.r.t. ground, so friction force acts opposite to velocity
i.e. friction will act in the direction of motion e.g. When
car starts on a slippery ground, its wheels has small ‘v’
but large ‘or’ so wheels slips on the ground and friction
acts against slipping.

6.1 Rolling and sliding motion on an inclined plane

5

/) /)

Pure Rolling Sliding
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Physical Quantity Rolling Sliding Falling
Velocity V. =+/(2gh)/pB Vi =+/2gh V, =4/2gh
Acceleration a, = gsin 0/ a,=gsin0 a=g
Time of descend t, =1/sin0,/B(2h/g) tg =(1/sin6)y2h/g ty =+2h/g

(where B=[1+1/Mr?))

Velocity of falling and sliding bodies are equal and is more than rollings.

14 Acceleration is maximum in case of falling and minimum in case of rolling.

14 Falling body reaches the bottom first while rolling last.

SOLVED EXAMPLES

Example - 1

A flywheel of radius 30 cm starts fromrest and accelerates
with constant acceleration of 0.5 rad/s’. Compute the
tangential, radial and resultant accelerations of a point on
its circumference :

(a) Initially at 6 =0°

(b) After it has made one third of a revolution.

Sol. (a) Atthe start:
a=0.5rad/s’
R=03m
o= =0rad/s
Radial acceleration =ar= o’ R =0 m/s
Tangential acceleration=a =Ra=(0.3) (0.5)=0.15 /s’

Net acceleration = a,

— Ja?+a =4/0>+0.15> =0.15 m/s’
b)  After0=120°(2n/3):

o? = o’ +200 = 0+2(0.5)(21/3)

= ©; :1/2?11 rad/s

a, =o’R =21/3(0.3)=n/5 m/s?

Mahesh Tutorials Science

a, =Ra=(0.3)(0.5)=0.15 m/s?

2

T 2 2
T (0157 =
> +(0.15) =0.646 m/s

Example - 2

A wheel mounted on a stationary axle starts at rest and is
given the following angular acceleration :
o=9—12t(in ST units)

where t is the time after the wheel begins to rotate. Find

the number of revolutions that the wheel turns before it
stops (and begins to turn in the opposite direction).

Sol.  The kinematic equations do not apply because the angular
acceleration a is not constant.

We start with the basic definition : o. = dw/dt to write

t t
O—0, :.[0 ocdt:J-0 (9—12t)dt:9t—6t2 (in ST units)

We find the elapsed time t between

®, = 0 and ® = 0 by substituting these values :
0-0=9t—6t

Solving for t, we obtaint=9/6 =1.50 s

From o= d0/dt, we have

0-6,
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t t
:J- mdt:J- (9t—6t2)dt:4.5t2 -2t
0 0

Substituting 6= 0 and t = 1.5 s, we obtain
0—0=4.5(1.5"-2(1.5)=3.375rad

Example -3

In the given figure, calculate the linear acceleration of the
blocks.

Mass of block A= 10 kg
Mass of block B = 8 kg
Mass of disc shaped pulley = 2 kg (take g =10 m/ sz)

Sol.  Let R be the radius of the pulley and T, and T, be the
tensions in the left and right portions of the string.

Letm =10kg;m,=8kg; M=2kg.

Let a be the acceleration of blocks.

T, T,
mlg mZg

For the blocks (linear motion)

()] T,-mg=ma

(i) mg-T,=ma
For the pulley (rotation)
Net torque = I

1 2
(iii) TzRleR:EMR a

The linear acceleration of blocks is same as the tangential
acceleration of any point on the circumference of the pulley
which is Ra.

(iv) a=Ra

Dividing (iii) by R and adding to (i) and (ii),

M
m,g—mg= m2a+m1a+?R(x

(moeme)
= m,g—mg= m2+m1+7 a

4= mz_mlM g = (10_8)23 =£m/s2
m2+m1+7 10+8+5 19

Example - 4

Auniformrod oflength L and mass M is pivoted freely at
one end.

(a) What is the angular acceleration of the rod when
it is at angle O to the vertical ?

(b) What is the tangential linear acceleration of the
free end when the rod is horizontal ? The moment of
inertia of a rod about one end is 1/3 ML’.

Sol.  The figure shows the rod at an angle 0 to the vertical. If we
take torques about the pivot we need not be connected
with the force due to the pivot.

The torque due to the weight is mgL/2 sin 0, so the second
law for the rotational motion is

L . ML? i
% sinf = o Thus o = M
2 3 2L

When the rod is horizontal 8 = /2 and oo = 3g/2L.

The tangential linear acceleration of the free end is

a‘:otL::J'—g
2

Example -5

A turntable rotates about a fixed vertical axis, making one
revolution in 10 s. The moment of inertia of the turntable
about the axis is 1200 kg m’. Aman of mass 80 kg initially
standing at the centre of the turntable, runs out along a
radius. What is the angular velocity of the turntable when
the man is 2m from the centre ?
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Sol. Sol
N /1000 . Before Collision After Collision
M
% VCM
m Vv m v, o
—> —  «
There is no external impulse on the system.
I = initial moment of inertia of the system Linear momentum is conserved and Angular momentum
0 . .
=1 +1 about any point is conserved.
0 man table (1) Pi — Pf

1,=0+1200=1200 kg m’

(I,,, = 0 as the man is at the axis)

I = final moment of inertia of the system
=1 +1..

I=mr + 1200

N

w1

1=80(2)°+1200=1520kgm’

By conservation of angular momentum :
[ o,=Io

Now w, =2n/T, = 2n/10 = 7t/5 rad/s

_ Lo, 1200xm
I 1520%5

Example -6

=0.51rad/s

A meter stick lies on a frictionless horizontal table. It has
amass M and is free to move in any way on the table. A
hockey puck m, moving as shown with speed v collide
elastically with the stick.

M

centre

m v

(a) What is the velocity of the puck after impact ?

(b) What is the velocity of the CM and the angular velocity
of the stick after impact ?

mv =mv, +MV_, (1)

(i)  (Loy)= (L) about CM ofrod.

Il’lV£+O= my; ¢
2

+Iley o ..(1)

(iii) At colliding points

1
(VCM +Em—V1]=eV ...(iii)

e =1 (Elastic collision)

Solving (i), (ii) and (iii) we get :

(4m—M] 2m
v, = v. Voy =——=V
dm+M ) (4m+M)

o~ )

Example -7

A solid sphere of radius r and mass m rolls without slipping
down the track shown in the figure. At the end of its run

atpoint Q its center—of—mass velocity is directed upward.

(a) Determine the force with which the sphere presses
against the track at B.

(b) Upto what height does the CM rise after it leaves
the track ?
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Sol. (a) FromAtoB
Loss in GPE = gain in KE

| , 1 2
mg (10 R) = Em Vem, +E I.,0;
For rolling without slipping on a fixed surface.

Vem, =Ro®

1 1
The CM follows a circular path of radius R —r

2
cm

AT B, net force towards centre = N —mg = R
-

N+ m,

~ m(100 gR) mg(107R-7r)
STT9R-r) T 1(R-1)

(b) FromAto Q, mg (9R +1)

2
Vv
:lmvim +llcm o
2 2 r

(chz =r,, at Q)

f?-.@ L

10R+r ®,

AN

From Q to P, ® does not change because about C.M torque
is zero in air.

gain in GPE =loss in KE

T S
= mg X gain in height = Em emy

v? 5
h=—""2==(9R +r
= 2e =7 OR*T)
) 52R Sr
= helghtabovethebase:R+h:T+7

Example -8

A rigid body of radius of gyration k and radius R rolls
(without slipping) down a plane inclined at an angle 6
with horizontal. Calculate its acceleration and the frictional
force acting on it.

Sol.  When the body is placed on the inclined plane, it tries to
slip down and hence a static friction f acts upwards. This
friction provides a torque which causes the body to rotate.
Let A, be the linear acceleration of centre of mass and o
be the angular acceleration of the body.

From force diagram :

For linear motion parallel to the plane

mg sin 0 —f=ma

For rotation around the axis through centre of mass

Nettorque=Ia = fR= (mkz) a

As there is no slipping, the point of contact of the body
with plane is instantaneously at rest.

= v=RwandA_,=Ra
Solve the following three equations for a and f':

mgsin0—f=m

fR=mk o
A, =Ra
Agy = g s1n29 and f = M8 s1r26
k
e e

We can also derive the condition for pure rolling (rolling
without slipping) :

To avoid slipping, f<u N

g sin 0

—=——— <. mg cos0
IRk e

This is the condition on p_ so that the body rolls without
slipping.
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Example -9

A particle of mass m is subject to an attractive central
force of magnitude k/r’ where k is a constant. At the
instant when the particle is at an extreme position in its
closed elliptical orbit, its distance from the centre of force

/ k
is ‘a’ and its speed is Tma Calculate its distance from

force-centre when it is at the other extreme position.

Sol.

Mahesh Tutorials Science

Let P be the particle and C be the force—centre. P and P,
are its extreme positions at distance r, and r, from C.

Wehaver =aand v, =
1 1 2ma

As the force is directed towards C, torque about C is zero.

Hence we will apply conservation of angular momentum
about C and conservation of energy.

F=ki’

Potential energy (U) =—k/r
(Compare the expression of force with gravitational force)
From conservation of energy,

total energy at P, = total energy at P,

I 5, (=-k)_ 1 _ , [-k
—mv; +| — |=—mv; +| —
2 I, 2 I,

From conervation of angular momentum about C,
mv r,=mv,r,

‘We have to find r,. Hence we eliminate V.

2
lmvg_kzlm(vl_ﬁJ K
Iy} )

f k
Substituting v, = Tma andr, =a

3t; —4ar, +a’ =0
r,=a,a/3

The other extreme position is at a distance of a/3 from C.
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EXERCISE - 1 BASIC OBJECTIVE QUESTIONS

Discreet Particles

1.

The moment of inertia of a body does not depend on:
(a) the mass of the body

(b) the angular velocity of the body

(c) the axis of rotation of the body

(d) the distribution of the mass in the body

Three point masses m,, m, and m, are located at the vertices
of an equilateral triangle of side ‘a’. What is the moment of
inertia of the system about an axis along the altitude of the
triangle passing through m ?

2 2

(a) (m “nz)aj (b) (m2+m3)%

(c) (m, +m3)§ (d) (m, +m, +m3)§

Continuous Body

3.

A circular disc X of radius R is made from an iron plate of
thickness t, and another disc Y of radius 4R is made from an
iron plate of thickness t/4. Then the relation between the
moment of inertial, and [ is :

(@1,=321, (b)I,=161,

©IL,=1 (dI,=641,

The ratio of the squares of radii of gyration of a circular
disc and a circular ring of the same radius about a tangential
axisis:

(a)l:2 (b)5:6

(©)2:3 (d2:1

Moment of inertia of a uniform annular disc of internal radius

r and external radius R and mass M about an axis through its
centre and perpendicular to its plane is:

(a) lM(Rz—rz) (b) lM(R2+r2)
2 2
M(R*+r")

1 MR +r)
2(R* +r7%)

© )2 (R =)

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

(a) A disc of radius a

(c) A square lamina of side 2a

(b) Aring of radius a

(d) Four roads forming square of side 2a

10.

11.

If the radius of a solid sphere is 35 cm, calculate the radius
of gyration when the axis is along a tangent:

(@) 74/10cm (b) 7+/35¢cm
7 2
(c) gem (d) gem

The moment of inertia of a straight thin rod of mass M,
length L about an axis perpendicular to its length and passing
through its one end is:

(a) 5 M (b) M2

1
() ML’ (d) mr2
A closed tube partly filled with water lies in a horizontal
plane. If the tube is rotated about perpendicular bisector,
the moment of inertia of the system:

(a) increases (b) decreases

(c) remains constant (d) depends on sense of rotation

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

(a) 5 (bymr’

(0) Jmr (d)2me*

What is the moment of inertia I of a uniform solid sphere of
mass M and radius R, privoted about an axis that is tangent
to the surface of the sphere?

I
| Sphere
|
2 \R? 3MR?
(a) MR (b) TMR
[ -
(c) SMR (d) sMR
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Parallel axis theorem

12.  The moment of inertia of a solid cylinder of mass M, radius
R and Length L about its axis

(a) ML? (b) MR?
MR? MR?
(©) L (d >

13. The moment of inertia of a metre stick of mass 300 gm, about an
axis at right angles to the stick and located at 30 cm mark, is:

(a) 8.3x10°g —cm’ (b) 5.8g—cm’

(¢) 3.7x10° g—cm’ (d) none of these

14. The moment of inertia of a solid sphere about an axis passing

o 2 o :
through centre of gravity is gMR ; then its radius of gyration

about a parallel axis at a distance 2R from first axis is:

(@)5R (b) v22/5R
(c) %R (d) ~12/5R

15. Four spheres of diameter 2a and mass M are placed with
their centres on the four corners of a square of side b. Then
the moment of inertia of the system about an axis along one
of the sides of the square is:

(a) %Ma2 +2Mb* (b) %Ma2 +2Mb*

(c) %Ma2 (d) %Ma2 +4Mb’

Perpendicular axis theorem

16.  For the given uniform square lamina ABCD, whose centre

isO
| F
D L4 C
#6
A E B
B
(@) \/E Lic = 1gr (b) I, =31

(C) IAC = IEF (d) IAC = \/E IEF

17.

18.

19.

20.

21.

22,

Moment of inertia of a circular wire of mass M and radius
R about its diameter is :

(a) MR22
(c)2 MR?

(b)MR?
(d) MR?/4

One solid sphere A and another hollow sphere B are of
same mass and same outer radii. Their monents of inertia
about their diameters are respectively I, and I, such that

@1,=1, b1, >1,
Iy _ds
(C) IA < IB (d) IB dB

Three point masses, each of mass m, are placed at the corners
of an equilateral triangle of side. /. Then the moment of
inertia of this system about an axis along one side of the
triangle is:
(a) 3m/’ (b)ym/°

3 3
~ml’ —ml’
© @5

Moment of inertia of a uniform circular disc about a diameter
is I. Its moment of inertia about an axis perpendicular to its
plane and passing through a point on its rim will be:

()51 (b) 37
(c)6! (d)4/
The moment of inertia of a circular ring of radius R and mass

M about a tangent in its plane is:

(@) Mr? (b) 1/2)MR?

(c) 3/2)MR’ (d) 2mR?

A wheel comprises of a ring of radius R and mass M and
three spokes of mass m each. The moment of inertia of the
wheel about its axis is :

@) [M%jRZ (o) M+ m) R’

M
(d)( ;m]RZ

(¢)(M+3m)R’
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23.

Four identical rods are joined end to end to form a square.
The mass of each rod is M. The moment of inertia of the
square about the median line is:

M/? M¢?
(a) ®) =,

M2 2M ¢?
© (d) =~

Point of application

24,

25.

26.

When a steady torque or couple acts on a body, the body:

(a) continues in a state of rest or of uniform motion by
Newton’s 1st law

(b) gets linear acceleration by Newton’s 2nd law
(c) gets an angular acceleration
(d) continues to rotate at a steady rate.

A uniform rod is kept on a frictionless horizontal table and
twoforoesF, and F, are acted as shown in figure. The line of

action of force Fy (which produces same torque) is at a
perpendicular distance ‘C’ from O. Now F, and F, are
interchanged and F is reversed. The new forces Fy, (which

produces same torque in the present case) has its line of
) ) C ) .
action at a distance B} from O. If the £y : £%, intheratio

2:1, then a:b is (assume F,a> Fb):

F 4
0
| |
a b
"Fz

2F, - F, F+4F,

@ 4r—F ®4r —F
3 1 2 1
F,-3F, R+
© kT E D 2F 13F

What is the torque of force F =27 —3}'+4/€ acting at a
point 7 =37 + 2] + 3k about the origin?
(a) 6i —6] +12k (b)—6i +6)—12k

(c) 17i -6 —13k (d)-17i +6] +13k

Rotational Equilibrium

27.

28.

29.

A cubical block of mass M and edge a slides down a rough
inclined plane of inclination § with a uniform velocity. The

torque of the normal force on the block about its centre has

amagnitude:
(a) zero (b) Mga

. Mgasin6
(c) Mgassin 9 (d) — 5,

A T-shaped object with dimensions shown in the figure, is
lying on a smooth floor. A force 7 is applied at the point P

parallel to AB, such that the object has only the translational
motion without rotation. Find the location of P with respect
to C:

(b)!

4]
(@) 3

21 3/
©3 @
An equilateral prism of mass m rests on a rough horizontal
surface with cofficient of friction u . Ahorizontal force F is
applied on the prism as shown in the figure. If the coefficient
of friction is sufficiently high so that the prism does not
slide before toppling, then the minimum force required to

topple the prism is:
F
a a
mg
@ 7 7
pmg
© 5 (d) 5%
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Rotational Kinematics

30. The driving side belt has a tension of 1600 N and the slack
side has 500 N tension. The belt turns a pulley 40 cm in
radius at a rate of 300 rpm. This pulley drives a dynamo
having 90% efficiency. How many kilowatts are being
delivered by the dynamo ?

(a)124 (b)6.2
(c)24.8 (d13.77

31. The angular velocity of a wheel increases from 100 rps to
300 rps in 10 s. The number of revolutions made during that

time is:
() 600 (b) 1500
(c) 1000 (d)2000

32. When aceiling fan is switched off, its angular velocity falls
to half while it makes 36 rotations. How many more rotations
will it make before coming to rest?

(2)24 (b)36
(c)18 (d)12

33. Arigid body rotates about a fixed axis with variable angular
velocity equal to oo — [ at time t where o and 3 are constants.

The angle through which it rotates before it comes to rest is:

(X,_z a2 _BZ
@ 55 ) 5
©" 5 @ 2P

34. A wheel is subjected to uniform angular acceleration about
its axis. Initially, its angular velocity is zero. In the first 2s, it

rotates through an angle 0, , in the next 25, it rotates through
an angle 0, . The ration of 0,/6, is:

@1 (b)2

©3 (d)5

35. The linear velocity of a particle on the equator is nearly
(radius of the earth is 4000 miles):

(a) zero (b) 10 mile/hr
(c) 100 mile/hr (d) 1000 mile/hr

36. A stone of mass mis tied to a string of length L and rotated
in a circle with a constant speed v; if the string is released
the stone files:

(a) Radially outward

(b) Radially inward

(c) Tangentially

(d) Withan accelerationmv’/L
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37.

38.

A disc of radius  rolls on a horizontal ground with linear
acceleration a and angular acceleration o as shown in
figure. The magnitude of acceleration of point P shown in
figure at an instant when its linear velocity is v and angular
velocity is o will be:

, A

)

v
<
[

§<o_

ar
(a) \/(a + r()L)2 + (ro)z)2 (b) E

© Vr2a? + o’ (d) ra

An electric fan has blades of length 30 cm as measured from
the axis of rotation. If the fan is rotating at 1200 rpm, the
acceleration of a point on the tip of a blade is about:

(a) 4740 m/sec’ (b) 5055 m/sec’
(¢) 1600 m/sec’ (d) 2370 m/sec’

Rotational Dynamics

39.

40.

41.

A flywheel of mass 50 kg and radius of gyration about its
axis of rotation of 0.5m is acted upon by a constant torque
of 12.5 Nm. Its angular velocity att =5 sec is:

(a) 2.5rad/sec (b) 5 rad/sec
(c) 7.5rad/sec (d) 10 rad/sec

A uniform metre stick of mass M is hinged at one end and
supported in a horizontal direction by a string attached to
the other end. What should be the initial acceleration (in
rad/secz) of the stick if the string is cut?

3
@ ¢ OF

(c)3g (d)4g

A thin hollow cylinder is free to rotate about its geometrical
axis. It has a mass of 8 kg and a radius of 20 cm. A rope
is wrapped around the cylinder. What force must be

exerted along the rope to produce an angular acceleration of
3 rad/sec™?

(a)8.4N (b)5.8N
(c)4.8N (d) None of these
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42. Inthe pulley system shown, if radii of the bigger and smaller
pulley are 2 m and 1m respectively and the acceleration of
block A is 5m/s” in the downward direction, then the
acceleration of block B will be:

A B
(a) 0 m/s’ (b) 5m/s’
(¢) 10 /s’ (d) 5/2 m/s’

43. Figure shows a uniformrod of length £ and mass M which is
pivoted at end A such that it can rotate in a vertical plane. The
free end of the rod ‘B’ is initially vertically above the pivot
and then released. As the rod rotates about A, its angular

acceleration when it is inclined to horizontal at angle 0 is

B[]~ X

[ ]
N
s‘ ‘\‘
.
,—/ NN,
D N,
X
.
.

3g g
—=cosH =tan0
(a) 20 (b) /

S5g . g .
—=sin 6 =sin O
©3; @

Rotational Energy

44. In the above quesiton, the end B of the rod will hit the
ground with a linear speed :

(a) \22f OINEY
2
(©) \Bel (d) \/%

45. Auniform rod of mass M and length L lies radially on a disc
rotating with angular speed o in a horizontal plane about its
axis. The rod does not slip on the disc and the centre of the
rod is at a distance R from the centre of the disc. Then the

kinetic energy of the rod is :

2

LY (N & 1
(a) Emm (R +Ej (b) Emmsz

1 2712
(©) 2q MO L (d) none of these
46. Auniformrod of length L is free to rotate in a vertical plane
about a fixed horizontal axis through B. The rod begins
rotating from rest from its unstable equilibrium position.
When it has turned through an angle 0 its average angular
velocity o is given as :

A 0]
A _""m
N
L 0
v
AVVLRTTARRRRRNRARNANNANANA
B B
6g . 6g . O
—sin O b) ,/[—sin—
ONE (b) || sin
6g 0 6g
— cos— d) ,/—cosO
© |7 03 @ 7

Kinematics (Rigid Body)

47. A string of negligible thickness is wrapped several times
around a cylinder kept on a rough horizontal surface. A man
standing at a distance from the cylinder holds one end of
the string and pulls the cylinder towards him. There is no
slipping anywhere. The length of the string passed through
the hand of the man while the cylinder reaches his hands is:

()1
©3

(b)2
(d)4

Lakshya Educare



96

ROTATIONAL MOTION

48.

49.

50.

A solid sphere of mass M and radius R is placed on a rough
horizontal surface. It is pulled by a horizontal force F acting
through its centre of mass as a result of which it begins to
roll without slipping. Angular acceleration of the sphere
can be expressed as:

3F 5F

@) 7k )y
7F 5F

©) g @ 2z

A sphere cannot roll on :

(a) a smooth horizontal surface
(b) arough horizontal surface
(c) a smooth inclined surface
(a) a rough inclined surface

A hoop rolls on a horizontal ground without slipping with
linear speed v. Speed of a particle P on the circumference of
the hoop at angle 0 is :

. 0 .
(a) 2vsin 5 (b) vsin 0
0
(© 2VCOSE (d)vcosO
Dynamics
51. A sphere of mass m rolls without slipping on an inclined

52.
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plane of inclination 0. The linear acceleration of the sphere is:

1 2
— gsin© — gsin®
(@8 (b) -

3 5
— gsin© — gsin®
(©) 7 g (d) 5 g

In the above question, the force of friction on the sphere is:

() % Mgsin 6 (b) % Mgsin 0

(c) % Mgsin6 (d) % Mgsin 6

53.

54.

In the above question, the minimum value of coefficient of
friction so that sphere may roll without slipping is :

2 . 2
—sin0 = cos0
@ (b) 5

(c) % tan 0 (d) % cotO

A hoop rolls without slipping down an incline of slope 30°.
Linear acceleration of its centre of mass is

@3 05

©*% @ ¢

Total Energy

5S.

56.

57.

58.

A 6 kg ball starts from rest and rolls down a rough gradual
slope until it reaches a point 80 cm lower than its starting
point. Then the speed of the ball is :

(a)1.95ms ' (b)2.5ms "'
(¢)3.35ms ' (d)4.8ms"

A uniform solid sphere rolls on a horizonal surface at 20 ms .
It then rolls up an incline having an angle of inclination at 30°
with the horizontal. If the friction losses are negligible, the
value of height h above the ground where the ball stops is :

(a)14.3m (b)28.6m
(€)57.2m (d)9.8m

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

@2 reh (b) >2gh

(c)2¢gh

(d) % gh

A disc is rolling on an inclined plane. What is the ratio of its
rotational K.E. to the total K. E. ?

(a)1:3 (b)3:1

(c)1:2 (d)2:1
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59.

60.

61.

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

(a)40m/s (b) 20 m/s
(c)10m/s (d) 104/30 m/s

Figure shows a hemisphere of radius 4R. A ball of radius R is
released from position P. It rolls without slipping along the
inner surface of the hemisphere. Linear speed of its centre
of mass when the ball is at position Q is :

30gR 24 gR
@ ®) "5
40gR
@y (@ oeR

Ifa spherical ball rolls on a table without slipping, the fraction
of its total energy associated with rotation is

OF (b) 2
© @3
Particle

62.

63.

A particle of mass m is projected with a velocity v making an
angle of 45° with the horizontal. The magnitude of angular
momentum of the projectile about an axis of projection when
the particle is at maximum height h is :

mv’
(a) zero (b) 4 \/Eg
mv’
@Nﬁg (d) m4/2gh’

A particle of mass m = 5 units is moving with a uniform
speed v = 342 m inthe XOY plane along the line Y =X +4.

The magnitude of the angular momentum of the particle
about the origin is :

64.

65.

(a) zero (b) 60 unit

(d) 4042 unit

A particle is moving along a straight line parallel to x—axis

(c) 7.5 unit

with constant velocity. Its angular momentum about the
origin :

(a) decreases with time  (b) increases with time
(c) remains constant (d)is zero

If a particle moves in the X—Y plane, the resultant angular
momentum has :

(a) only x—component
(b) only y—component
(c) both x & y component

(d) only z—component

Torque relation and Angular Impulse

66.

67.

A constant torque acting on a uniform circular wheel changes
its angular momentum from A to 4A in 4 seconds. The
magnitude of this torque is :

(a)3A /4 b A,

(c)4A, (d) 124,

A particle moves ina force field givenby : F = £F(r), where
T is a unit vector along the position vector, T, then which
is true ?

(a) The torque acting on the particle is not zero

(b) The torque acting on the particle produces an angular
acceleration in it

(c¢) The angular momentum of the particle is conserved

(d) The angular momentum of the particle increases

Rigid Body in fixed axis rotation

68.

69.

A rigid body rotates with an angular momentum L. If its
rotational kinetic energy is made 4 times, its angular

momentum will become :
(a)4L (b)16L
(© 2L (d2L

The diameter of a flywheel is 1 m. It has a mass of 20 kg. It is
rotating about its axis with a speed of 120 rotations is one
minute. Its angular momentum (in kg—mz/ s)is:

(a)13.4 (b)31.4
(c)41.4 (d)43.4
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70.

The position of a particle is given by : T =1 + 23' —k and its

linear momentum is given by : P =3i+ 4] —2k . Then its
angular momentum, about the origin is perpendicular to :
(a) YZ plane (b) z—axis

(c) y—axis (d) x—axis

Angular Momentum Conservation

71.

72.
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1
If the radius of earth contracts — of its present day value,
n

the length of the day will be approximately :

24 24
il “h
@ h ®)

(c)24nh (b)24n’h

A disc of moment of inertia I, is rotating freely with angular
velocity @, when a second, non-rotating disc with moment
of inertia I, is dropped on it gently the two then rotate as a
unit. Then the total angular speed is :

Lo, Lo,
b
(a) 1, (b) I
©) Lo, (d) (Il +1, )w1
L +1 I,

73.

74.

75.

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

angular velocity :
oM b ®(M-2m)
@ Vm ® = om
oM q ®(M+m)
© M+2m @ =N

If a gymnast, sitting on a rotating stool with his arms
outstretched, suddenly lowers his arms :

(a) the angular velocity increases

(b) his moment of inertia increases
(c) the angular velocity remains same
(d) the angular momentum increases

A thin uniform circular disc of mass M and radius R is
rotating in a horizontal plane about an axis passing through
its centre and perpendicular to the plane with angular
velocity . Another disc of same mass but half the radius is
gently placed over it coaxially. The angular speed of the
composite disc will be :

5 4
(@ 50 (b) 5©

£ 3
© 5 @ 5
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EXERCISE - 2 PREVIOUS YEAR COMPETITION QUESTIONS

OBJECTIVE QUESTIONS (Only one correct answer)

1.

A Couple produces : (CBSE 1997)
(a) no motion

(b) linear and rotational motion

(c) purely rotational motion

(d) purely linear motion

O is the centre of an equilateral ABC. F , F, and F, are
three forces acting along the sides AB, BC and AC as
shown in figure. What should be the magnitude of F, so

that the total torque about O is zero ? (CBSE 1998)
A
FS
(0]
B >F
¥ F, C 2
(F1 +F )
@ (b) (F,—F)
(c)(F,+F) (d)2(F +F)

ABC is aright angled triangular plate of uniform thickness.
The sides are such that AB > BC as shown in figure. I, L,
[, are moments of inertia about AB, BC and AC respectively.
Then which of the following relation is correct ?

(CBSE 2000)
A
L L
B C
IZ
@1,=1,=1, (b)L,>1,>1,
©L<L<I, (d)L,>1>1,

A wheel of bicycle is rolling without slipping on a level

road. The velocity of the centre of mass is v_ ; then true

statement is : (CBSE 2001)
A

(@) The velocity of point Ais 2v_ and velocity of point B
is zero

(b) The velocity of point A is zero and velocity of point B
is2v_

(c) The velocity of point Ais 2v__and velocity of point B
is —v

(d) The velocities of both Aand B are v

n

A disc is rotating with angular velocity . If a child sits on

it, what is conserved ? (CBSE 2002)
(a) Linear momentum (b) Angular momentum
(c¢) Kinetic energy (d) Moment of inertia

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 2002)

(a) aluminium at interior and iron surround it
(b) iron at interior and aluminium surrounds it
(c) aluminium and iron layers in alternate order

(d) sheet of iron is used at both external surfaces and
aluminium sheets as inner material

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 2002)

(a)h=R
(c)h=0

(d) the acceleration will be same whatever h may be

(b)h=2R

P is the point of contact of a wheel and the ground. The
radius of wheel is 1 m. The wheel rolls on the ground
without slipping. The displacement of point P when wheel
completes half rotation is : (CBSE 2002)

(a)2m () Va? +4m
(c)tm (d Ve’ +2m

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 2003)

K? R?
a) ————— b) ————
()K2+R2 ()K2+R2
K? +R? K?
(©) —RT (d e
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10. A solid cylinder of mass M and radius R rolls without 3
slipping down an inclined plane of length L and height h. (a) (Zj m/? (b) 2m¢>
What is the speed of its centre of mass when the cylinder
reaches its bottom ? (CBSE 2003) 5 3
= |me? = |m¢?
. ©|q)m @{2)™
a) 47 &h b) \/4gh
(@ 3 (b) Vg 15. A drum of radius R and mass M, rolls down without
slipping along an inclined plane of angle 0. The frictional
force (CBSE 2005)
(© y2eh @ ¢ . .
(a) converts part of potential energy to rotational energy
11.  The ratio of the radii of gyration of circular disc about a (b) dissipates energy as heat
tangential axis in the plane of the disc and of a circular (c) decreases the rotational motion
ring of the same radius about a tangential axis in the plane (d) decreases the rotational and translational motion
of the ring is : (CBSE 2004) L .
16. A tube of length L is filled completely with an
(@2:3 (b)2:1 incompressible liquid of mass M and closed at both the
(©) \/g . \/g @1: \/E ends. The tube is then rota.ted in a horizontal pilane about
one of its ends with a uniform angular velocity . The
12. A round disc of moment of inertia I, about its axis force exerted by the liquid at the other end is :
perpendicular to its plane and passing through its centre (CBSE 2006)
is placed over another disc of moment of inertia I, rotating ) 2
. . . MLw ML o
with an angular velocity o about the same axis. The final (a) (b)
angular velocity of the combination of discs is : 2 2
(CBSE 2004) MI 202
®
Lo (c) ML (d)
2 2
(@) L+1 (b)o
o2 17. A uniform rod of length / and mass m is free to rotate in a
Lo (I1 +Iz)m vertical plane about A. The rod initially in horizontal
(©) I +1, (d) I, position is released. The initial angular acceleration of the
) o ) ] rodis: (CBSE 20006)
13. A wheel having moment of'inertia 2 kg—m? about its vertical A
axis, rotates at the rate of 60 rev/min about its axis. The %
torque which can stop the wheel’s rotation in 1 min would
be: (CBSE 2004) (a)3g/2¢ (b) 2g/¢
o TC (c) g/2¢ (d)3g/¢
(a) ——N-m (b) =N-m = . . . . .
15 12 18. If F isthe force acting on a particle having postion vector
T and 7 be the torque of this force the origin, then
T T
(c) s N-m (d) T N-m (CBSE 2009)
(@fi#0and FT=0 (b)F.7>0and F.%<0
14. Three particles, each of mass m grams situated at the
vertices of an equilateral triangle ABC of side / cm (as (©)f.i=0and F.i=0 (d) F.t=0and F.720
shown in the figure). The moment of inertia of the system . . .
19. Fouridentical thin rods each of mass M and length /, form
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about a line AX perpendicular to AB and in the plane of

ABC, in gram—cm? units will be : (CBSE 2004)
X m
l l
Afn i mB

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 2009)
4. 2 202
—M/ g\ 14
@ 3 (b) 3
13 2 1 2
—M/ —M/
© @ 3
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20.

21.

22,

23.

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 o. 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 2009)
o(M-2m) b oM

@ M+2m ()M+2m
o(M+2m) oM

O @D M

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 axis is (CBSE 2008)

@32 (b) 1:42
©+2:1 V23

A thin rod of length L and mass m is bent at its midpoint
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 2008)
ML? ML?
b) ——
@ 24 ® 12
© ML2 @ J2Mmr?
c) ——
6 24

A particle of mass m moves in the XY plane with a velocity
v along the straight line AB. If the angular momentum of
the particle with respect to origin O is L, when it is A and
L, wheniitis at B, then (CBSE 2007)

(@L,>L,

(b)L, =L,

(c) the relationship between L, and L, depends upon the
slope of the line AB

(dL, <L,

24.

25.

26.

27.

28.

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 length is I. Its moment of inertia about
an axis passing through one of its ends and perpendicular

to its length is : (CBSE 2010)
(a)I,+ML*4 (b)1,+2ML*
() I,+ML? (d) I,+ML*/2

When a mass is rotating in a plane about a fixed point, its
angular momentum is directed along : (CBSE 2012)

(a) the tangent to the orbit

(b) a line perpendicular to the plane of rotation

(c) the line making an angle of 45° to the plane of rotation
(d) the radius

The moment of inertia of uniform circular disc is maximum
about an axis perpendicular to the disc and passing

through (CBSE 2012)
¢
i
¥
(a)A (bB
(cC (dD

Arod PQ of mass M and Length L is hinged at end P. The
rod is kept horizontal by a massless string tied to point Q
as shown in figure. When string is cut, the initial angular

acceleration of the rod is : (CBSE 2013)
Y77
P
| Q
~ L Cd
2g 3g
@3p ® 30
g 2g
= d —_—
© @

A small object of uniform density rolls up a curved surface
with an initial velocity “v’. It reaches upto a maximum height

3v?
of g with respect to the initial position. The object is
(CBSE 2013)

(a) Disc
(c) Solid sphere

(b)Ring
(d) Hollow sphere
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29. A body rolls down an inclined plane. If its kinetic energy | 36.  The radius of gyration of a body depends upon :
of rotational motion is 40% of its kinetic energy of (ATIMS 1995)
translation motion, then the body isa: (AFMC 1996) (a) translation motion (b) axis of rotation
(a) solid sphere (b) spherical shell (c) area of the body (d) all of these
(c) cylinder (d) ring ASSERTION REASON
30.  Acylinder of 500 g and radius 10 cm has moment of inertia: | (A)  Statement-1 is True, Statement-2 is True; Statement-2 is
(about its natural axis) (AFMC 1997) a correct explanation for Statement-—1.
(a) 3.5 kg—m> (b) 5 x 103 kg—m? (B)  Statement-—1 is True, Statement—2 is True; Statement—2 is
NOT a correct explanation for Statement—1.
(¢)2 x 103 kg—m? (d)2.5 x 10°kg—m?
. . . . . (©) Statement-1 is True, Statement—2 is False.
31. A nparticle performs uniform circular motion with an angular ] ]
momentum L. If the frequency of the particle motion is (D)  Statement-1 is False, Statement-2 is True.
doubled and its kinetic energy is halved the angular | 37.  Statement 1 : Arigid disc rolls without slipping on a fixed
momentum becomes : (AFMC 1998) rough horizontal surface with uniform angular velocity.
(a)L/4 (b)L2 Then the acceleration of lowest point on the disc is zero.
(©)2L (d)4L Statement 2 : For arigid disc rolling without slipping on a
fixed rough horizontal surface, the velocity of the lowest
32. A cord is wound round the circumference of the wheel of point on the disc is always zero.
radius r. The axis of the wheel is horizontal and the moment @A (b)B
of inertia about its centre is I. A weight mg is attached to
the cord at the end. The weight falls from rest after falling ©C (@D
through a distance h, the angular velocity of the wheel | 38.  Statement 1 : A uniform thin rod of length L is hinged
will be : (AFMC 1998) about one of its end and is free to rotate about the hinge
without friction. Neglect the effect of gravity. A force F is
(a) [ gh (b) 2m g112 applied at a distance x from the hinge on the rod such that
I+mr force always is perpendicular to the rod. As the value of x
is increased from zero to L, the component of reaction by
© lZm—ghz () /Lhz hinge on the rod perpendicular to length of rod increases.
I=2mr [+ 2mr Statement 2 : Under the conditions given in statement 1
33.  The moment of inertia of a regular circular disc of mass 0.4 as x is increased from zero to L, the angular acceleration of
kg and radius .100 cm ab01.1t the axis pe-rpendiculgr to the rod increases.
plane of the disc and passing through its centre is: () A (b)B
AFMC2
( C2000) ©C (@)D
(a) 0.002 kg—m? (b) 0.02 kg—m? ) )
, , 39. Statement 1 : I[ftwo different axes are at same distance from
(©) 2kg-m (d)0.2kg-m centre of mass of a rigid body, then moment of inertia of the
34.  Acircular disc is rotating with angular velocity ®. Ifa man given rigid body about both axis will always be same.
standing at the edge of the disc wglks towards its centre, Statement 2 : From parallel axis is theorem 1 =1_+m &,
then the angular velocity of the disc : (AFMC2002) where all terms have usual meaning.
(a) is not changed (b) be halved (a)A (b)B
(c) decreases (d) increases (©)C @D
35.  The moment of inertia of a rigid body depends upon : 40. Statement 1 : Angular momentum of a system of particles

Mahesh Tutorials Science

(AFMC2002)
(a) distribution of mass from axis of rotation

(b) angular velocity of the body
(c) angular acceleration of the body

(d) all of the above

is always conserved.

Statement 2 : Torque = time rate of change of angular

momentum. (AIIMS 1996)
(@A (b)B
(©C (dD
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41.

42.

43.

44.

45.

46.

47.

A constant torque of 31.4 Nm s exerted on a pivoted wheel.
If the angular acceleration of the wheel is 47 rad/s?, then

the moment of inertia, will be : (AIIMS 2001)
(a)4.8kg—m? (b) 6.2 kg—?
(¢) 5.6 kg—m? (d)2.5 kg—m?

If the equation for the displacement of a particle moving
on a circular path is given as 8 = 2t* + 0.5 where 0 is in
radians and t is in second. Then the angular velocity of

the particle after 2 s will be : (AIIMS 1998)
(a)36rad/s (b) 8 rad/s
(c)48rad/s (d) 24 rad/s

The angular speed of a body changes from w, to o, without
applying a torque but due to change in its moment of
inertia. The ratio of radii of gyration in the two cases is :

(BHU 2002)
(@ o,: o b oo,

© Yo, : o, (A Yo, : o

Five particles of mass 2 kg are attached to the rim of a
circular disc of radius 0.1 m and negligible mass. Moment
of inertia of the system about the axis passing through
the centre of the disc and perpendicular to its plane is :
(BHU 2003)

(a) 1 kgm? (b) 0.1 kgm?
(c) 2kgm? (d) 0.2 mgm?

A sphere of diameter 0.2 m and mass 2 kg is rolling on an
inclined plane with velocity v= 0.5 m/s. The kinetic energy

of the sphere is : (BHU 2003)
(2)0.10J (b)0.35J
(©)0.507 (d)0.421J

A solid sphere and a spherical shell both of same radius
and mass roll down from rest without slipping on an inclined
plane from the same height h. The time taken to reach the
bottom of the inclined plane is : (CPMT 2000)
(a) more for spherical shell

(b) more for solid sphere
(c) same for both

(d) depends on coefficient of friction
A body is rotating with angular velocity @ = (3 i-4j+ 12)
The linear velocity of a point having position vector

= (5 i—6j+ 612) is : (CPMT 2002)

(@) 6i+2j-3k (b) 18i+3j-2k

(c) —181-3j+2k (d) 61-2j+8k

48.

49.

50.

51.

52.

53.

A coin, placed on a rotating turn—table slips, when it is
placed at a distance of 9 cm from its centre. If the angular
velocity of the turn table is tripped, it will just slip at a
distance r from centre. The value of ris : (CPMT 2001)
(b)3cm

(d)27cm

(a) lcm
(¢)9cm

A fan is moving around its axis. What will be its motion

regarded as ? (CPMT 2003)
(a) pure rolling

(c) skidding

(b) rolling with slipping
(d) pure rotation

Angular momentum of a body with moment of inertia I

and angular velocity o is equal to : (DPMT 2003)
(a) Vo (b) Ie?
(©)lo (d) none of these

A small disc of radius 2 cm is cut froma disc of radius 6 cm.
If the distance between their centres is 3.2 cm, what is the

shift in the centre of mass of the disc ? (AFMC 2006)
(2)0.4cm (b)2.4cm
(c)1.8cm (d)1.2cm

A solid sphere is rolling on a frictionless surface, shown
in figure with a translational velocity v m/s. If it is to climb

the inclined surface then v should be :  (AIIMS 2005)

7\ h

—»V

(a)z\/ggh

(c)2gh

(b)>4/2gh

10
—gh
ORet

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

(AIIMS 2005)
(a) decreases continuously

(b)decreases initially & increases again
(c) remain unaltered

(d) increases continuously
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54.

55.

56.

57.

58.

59.
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The moment of inertia of a rod about an axis through its

1
centre and perpendicular to it is B ML? (where M is the

mass and L the length of the rod). The rod is bent in the
middle so that the two halves makes an angle of 60°. The
moment of inertia of the bent rod about the same axis

would be : (ATIMS 2006)
1. 5 1. >
— ML — ML
@ %8 ® 1
LR . ML?
© 5 (g NG

The angular momentum of a rotating body changes from
A, to 4 A in 4 min. The torque acting on the body is :

(BHU 2005)
3
m)[z]Ao

(©)3A,

(b)4A,

3

— A
@ (3)a0
Five particles of mass 2 kg are attached to the rim of a
circular disc of radius 0.1 m and negligible mass. Moment
of inertia of the system about the axis passing through
the centre of the disc and perpendicular to its plane is :

(CPMT 2004)
(a) 1kgm? (b) 0.1 kgm?
(c)2kgm? (d) 0.2 kgm?
A solid sphere is rotating about a diameter at an angular
velocity o. If it cools so that its radius reduces to 1/n of its

original value, its angular velocity becomes :(CPMT 2005)
(a) o/n (b) w/n?

(d) n*w

A solid sphere rolls down two different inclined planes of
same height, but of different inclinations. In both cases :
(CPMT 2006)

(a) speed and time of descent will be same

(c)nw

(b) speed will be same, but time of descent will be different
(c) speed will be different, but time of descent will be same
(d) speed and time of descent both are different

The angular momentum of a system of particles is not
conserved : (DPMT 2004)

(a) when a net external force acts upon the system
(b) when a net external torque is acting upon the system
(c) when a net external impulse is acting upon the system

(d) none of the above

60.

61.

62.

63.

64.

65.

66.

A coin placed on a rotating turntable just slips if it is
placed at a distance of 8 cm from the centre. If angular
velocity of the turntable is doubled, it will just slip at a

distance of : (DPMT 2005)
(a)lcm (b)2cm
(c)4cm (d)8cm

The distance between the sun and the earth be r then the
angular momentum of the earth around the sun is
proportional to : (DPMT 2005)

@ Jr
©r

What is moment of inertia in terms of angular momentum

(b) I.3/2

(d) none of these

(L) and kinetic energy (K) ? (DPMT 2006)
L v
(@) ) 5
L L
(©) Hk2 d5x

A disc of mass 2 kg and radius 0.2 m is rotating with angular
velocity 30 rad/s. What is angular velocity, if a mass of
0.25 kg is put on periphery of the disc ? (DPMT 2006)

(a)24 rad/s (b) 36 rad/s
(c) 15rad/s (d) 26 rad/s
A diver in a swimming pool bends his head before diving,
because it : (PPMT 2004)

(a) decreases his moment of inertia
(b) decreases his angular velocity

(c) increases his moment of inertia
(d) increases his linear velocity

A disc revolves in a horizontal plane at a steady rate of 3
rev/s. A coin placed at a distance of 2 cm from the axis of
rotation remains at rest on the disc. The minimum value of
coefficient of friction between the coin and disc will be :

(g=9.8 m/s?) (BHU 1997)
(2)0.43 (b)0.26
(©)0.72 (d) none of these

Under a constant torque the angular momentum of a body
changes from A to 4 A in 4 s. The torque on the body will

be: (BHU 1998)
(a)1A (b) %A

4 3
(© 34 (d) A
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67.

68.

69.

70.

71.

72.

73.

A thin uniform circular ring is rolling down an inclined
plane of inclination 30° without slipping. Its linear

acceleration along the inclined plane is:  (BHU 1998)
2g g

@ 5 ®)
g g

© 3 @

A meter stick is held vertically with one end on the floor
and is the other end is allowed to fall. Assuming that the
end on the floor of the stick does not slip, the velocity of
the other end when it hits the floor, will be : (BHU 2000)

(a) 10.8 m/s (b) 5.4 m/s
(c)2.5m/s (d) none of these

The moment of inertia of a body about a given axis is 1.2
kg—P. To produce a rotational kinetic energy of 1500 J an
angular acceleration of 25 rad/s? must be applied for :
(BHU 2001)
(a)8.5a

(c)2s

(b)5s
@d)1s

A sphere of diameter 0.2 and mass 2 kg is rolling on an
inclined plane with velocity v=0.5 m/s. The kinetic energy

of the sphere is : (BHU 2003)
(2)0.10J (b)0.3517
(©)0.50J (d)0.421J

A body of moment of inertia 3 kg m? rotating with an
angular velocity of 2 rad/s has the same kinetic energy as
the mass of 12 kg moving with a speed of :(CPMT 1997)
(a)1m/s (b) 1.41 m/s

(c)2m/s (d)4 m/s

A particle of mass 0.5 kg is moving in the X—Y plane with

uniform speed of 3 m/s parallel of Y—axis and crosses the
X—axis at 2 m from origin. The angular momentum about

origin s : (CPMT 2000)
(a) zero (b) 3 kgm?/s
(c) 1.5kgm?s (d) changing with time

A long frictionless horizontal rod is set into rotation about
a vertical axis passing through its centre. Two beads placed
on the rod on either side of the axis, are released from rest.
The angular speed of the rod : (CPMT 2000)

(a) decreases with time
(b) increases with time due to work done by the beads
(c) increases with time due to work done by centrifugal force

(d) remain unchanged

74.

75.

76.

77.

78.

79.

What is the angular momentum of a body whose rotational
energy is 10 J, if the angular momentum vector coincides
with the axis of rotation and its moment of inertia is
8 g—cm?: (DMPT 1998)
(a)4 x 10 kg—m?/s
(b) 8 x 10 kg—m?/s
(c)2 x 10 kg—m?/s

(d) none of these

An automobile engine develops 100 kW when rotating at
a speed of 1800 rev/min then the torque produced is :
(DPMT 1998)

(2) 628 Nm (b) 531 Nm

(¢)330Nm (d) none of these

The radius of gyration of a disc of mass 100 g and radius
5 cm about an axis passing through its centre of gravity

and perpenedicular to plane is : (DPMT 1998)
(a)6.54cm (b)3.54cm
(c)1.52cm (d)2.57 cm

A wheel is rotating at the rate of 33 rev/min. If it comes to
stop in 20 s. Then the angular retardation will be :

(DPMT 2000)

(a) zero (b) 11 wrad/s?

T 2 11w 2
——rad/s ——rad/s
© %00 @ 200

The angular velocity of the wheel increases from 1200 to
4500 rev/min in 10 s with constant angular acceleration.
Then the number of revolutions made during this time is :

(DPMT 2000)
() 575

(©)875

(b) 675
(d)475

Three point masses, each of mass M are placed at the
corners of an equilateral triangle of side L. The moment of
inertia of this system about an axis along one side of the

triangle is (BHU 2009)
| 32
—ML —ML

OF (b) 3
3.2

(© ;ML @mL?
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80.

81.

82.

83.

84.

8s.
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A thin and circular disc of mass m and radius R is rotating
in a horizontal plane about an axis passing through its
centre and perpendicular to its centre and perpendicular
to its plane with an angular velocity . If another disc of
same dimensions but of mass M/4 is placed gently on the
first disc co—axially, then the new angular velocity of the

system is (BHU 2008)
2 W 2

O () 3

© 3 @ S

A door 1.6 m wide requires a force of 1 N to be applied at
the free end to open or close it. The force that is required
at a point 0.4 m distance from the hinges for opening or

closing the door is (KCET 2009)
(a)1.2N (b)3.6N
(c)2.4N (4N
The moment of inertia of a circular ring of radius r and
mass M about diameter is (KCET 2009)
2 2 MI'2
a) =M b) —
(a) S Mr (b) 1
Mr? Mr?
- d R
(© 2 (d) B

Radius of gyration of disc of mass 50 g and radius 2.5 cm
about an axis passing through its centre of gravity and

perpendicular to the plane is (CPMT 2009)
(a)6.54 cm (b)3.64cm
(¢)1.77cm (d)0.88 cm

The radius of the rear wheel of bicycle is twice that of the
front wheel. When the bicycle is moving, the angular speed
of the rear wheel compared to that of the front is

(DUMET 2009)

(a) greater (b) smaller

(c) same (d) exact double

A uniform rod of length L and mass 18 kg is made to rest
on two measuring scale at its two ends. A uniform block of
mass 2.7 kg is placed on the rod at a distance L/4 from the
left end. The force experienced by the measuring scale on

the right end is (DUMET 2009)
(a) 18N (b)96 N
(©)29N (d)45N

86.

87.

Four point masses, each of value m, and placed at the
corners of square ABCD of side /. The moment of inertia
of'this system about an axis passing through A and parallel

toBDis (AIIMS 20008)
(a) 2 m?* (b) V3m/?
(¢)3m~ (d) mP
For the given uniform square lamina ABCD, whose centre
isO (AIIMS 2008
' F
D ‘- C
N B
E!

(@ \/EIAC =Ip (b) Lp= 3 I

©L =L (d) Iyc = \/EIEF

Assertion and Reason

(A)
B)
©

D)
88.

89.

90.

If Statement—I is true, Statement—II is true; Statement—II is
the correct explanation for Statement—I.

If Statement—1I is true, Statement—II is true; Statement—II is
not a correct explanation for Statement—I.

If Statement—I is true; Statement—II is false.
If Statement—I is false; Statement—II is true.

Assertion : The velocity of a body at the bottom of an
inclined plane of given height is more when it slides down
the plane, compared to, when it rolling down the same plane.

Reason : In rolling down a body acquires both kinetic

energy of translation and rotation. (AIIMS 2008)
(@A (b)B
©C (d)D

Assertion : Aladder is more apt to slip, when you are high
up on it than when you just begin to climb.

Reason : At the high up on a ladder, the torque is large

and on climbing up the torque is small.  (AIIMS 2007)
(A (b)B

(©C (dD

Assertion : The speed of whirlwind in a tornado is
alarmingly high.

Reason : If no external torque acts on a body, its angular
velocity remains conserved. (AIIMS 2007)
(A (b)B

(©)C (dD
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91.

92.

93.

A force of —F k acts on O, the origin of the coordinate
system. The torque about the point (1, —1) is

(CPMT 2008)

@ F(i-]) (b) ~F(+3)

© Fli+]) (@ -F(i-3)
A uniform rod AB of length / and mass m is free to rotate

about point A. The rod is released from rest in the horizontal
position. Given that the moment of inertia of the rod about

2
Ais mT , the initial angular acceleration of the rod will be

(CPMT 2008)

2g !
(@ 73 (b) mg—

3. 3g
© ¢ (d 5,

If radius or earth is reduced (DUMET 2008)
(a) tide duration is reduced

(b) earth rotates slower

(c) time period of earth decreases

(d) duration of day increases

94.

9s.

96.

97.

98.

A cylinder is rolling down an inclined plane of inclination
60°. What is its acceleration ? (DUMET 2008)

(@ gv3 (b) g/3

2
oF

Two spheres of unequal mass but same radius are released
on inclined plane. They rolls down with slipping. Which
one will reach the ground first ? (DUMET 2008)

(d) None of these

(a) Light sphere

(b) Heavier sphere

(c) Both will reach at the same time
(d) None of the above

Two identical concentric rings each of mass M and radius
R are placed perpendicularly. What is the moment of inertia

about axis of one of the rings ? (DUMET 2008)
3 p2
(a) EMR (b) 2 MR?
|
(c)3 MR? (d) ZMR

A body is rolling down an inclined plane. If KE of rotation
is 40% of KE in translatory state, then the body is

(DUMET 2008)
(a)ring (b) cylinder
(c) hollow ball (d) solid ball

A ball rolls without slipping. The radius of gyration of the
ball about an axis passing through its center of mass is K.
If radius of the ball be R, then the fraction of total energy
associated with its rotational energy will be(BHU 2007)

(a) K (b) R
Q) —— R
K2 +R? K2 +R?
K2 +R? K>
© @
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ANSWER KEY

EXERCISE -1 : BASIC OBJECTIVE QUESTIONS

1.(b) 2.(b) 3.(d) 4.(b) 5.(b) 6.(d) 7.(b) 8.(b) 9. (a) 10. (c)
11. (d) 12.(d) 13.(c) 14.(b) 15.(b) 16. (c) 17. (a) 18.(c) 19. (c) 20. (c)
21.(c) 22.(b) 23.(d) 24. () 25.(b) 26. () 27.(d) 28. (a) 29. (a) 30. (a)
31.(d) 32.(d) 33.(a) 34.(c) 35.(d) 36.(c) 37.(a) 38.(a) 39, (b) 40. (a)
41.(c) 42.(d) 43.(a) 44. (c) 45. (a) 46. (b) 47.(b) 48. (b) 49. (c) 50. (a)
51.(d) 52. (b) 53.(c) 54.(c) 55.(c) 56. (b) 57.(a) 58.(c) 59. (a) 60. (a)
61. (b) 62. (b) 63. (b) 64. (c) 65. (d) 66. (2) 67.(c) 68. (d) 69. (b) 70. (d)
71. (b) 72.(c) 73.(c) 74. (a) 75. (b)

EXERCISE -2 : PREVIOUS YEAR COMPETITION QUESTIONS

1. (c) 2.(c) 3.(b) 4.(a) 5.(b) 6. (2) 7.(d) 8.(b) 9. (a) 10. (2)
11.(c) 12. (c) 13. (c) 14. (c) 15. (a) 16. (a) 17. (a) 18. (c) 19. (a) 20. (b)
21. (b) 22.(b) 23.(b) 24. (a) 25.(b) 26. (b) 27.(b) 28. (a) 29. (a) 30.(d)
31.(a) 32.(b) 33.(d) 34.(d) 35.(a) 36. (b) 37.(d) 38.(d) 39.(d) 40. (d)
41.(d) 42.(d) 43.(d) 44.(b) 45. (b) 46. (a) 47.(c) 48. (a) 49.(d) 50. ()
51.(a) 52.(a) 53.(b) 54.(b) 55. (a) 56. (b) 57.(d) 58. (b) 59. (b) 60. (b)
61. (a) 62. (b) 63.(a) 64. (a) 65.(c) 66. (d) 67.(b) 68. (b) 69. (c) 70. (b)
71. (b) 72. (b) 73.(a) 74. (a) 75. (d) 76. (b) 77.(d) 78.(d) 79. (c) 80. (c)
81.(d) 82.(c) 83.(c) 84. (b) 85. (b) 86. () 87.(c) 88. (b) 89. (a) 90. ()
91.(c) 92.(d) 93.(c) 94. (b) 95. (c) 96. (a) 97.(d) 98. (a)

Dream on !!
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