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CH 1 : ROTATIONAL DYNAMICS

Q. 1 : Define following terms : 1) Linear
displacement 2) Linear velocity 3) Linear
acceleration 4) Angular displacement 5)
angular velocity & 6) angular acceleration.
Ans : 1) Linear displacement : It is the distance
travelled by a body in given time.
It is a vector quantity & is denoted by §.

S.I. Unit => metre (m) Dimensions =>[L'M°T°]

2) Linear velocity : It is defined as the distance
travelled by a body per unit time in a given
direction.

1—7) — Ig
- at In 01
Dimensions =>[L'M"T]

It is a vector quantity.
S.l. Unit =>m/s

3) Linear acceleration : It is defined as rate of
change of linear velocity.

. . v
It is a vector quantity. d—:

S. 1. Unit=>m/s*> Dimensions =>[L'M°T?]

a=

4) Angular displacement: It is defined as the E V)

angle described by radius vector in a given tim
at the center of circle. QS
It is a vector quantity. 6 = — g)

S. I. Unit => radian (rad), It has No& nsions.

Arclength

5) Angular velocity : It is defined as the rate of
change of angular displacement.

. .. — _df
It is a vector quantity. ® = ™
S.I.unit => rad/s, Dimensions => [L°M°T?]

Q. 3 : Show that linear speed of particle
performing circular motion is the product of
radius of circular and angular speed of
particle.

o

Prove the relation, ¥ = @ x 7
symbols have their usual meanings.
OR

Find the relation between linear velocity &
angular velocity. [2M - Mar’12]

Ans : Consider a particle performing circular
motion in a circular path of radius ‘r' in
anticlockwise sense with centre O. Suppose the
particle moves from point A to point B in short
time Ot. The distance travelled is 6s & angular
displacement is 80. Let, ¥ = position vector. @

= angular velocity & ¥ = Linear velocity.

a
»
Q@

where

Linear displacement in vector from is given by -
5s =086 x 7

Dividing both sides by 6t & Taking limit as

ot -0

lim 5_

6) Angular Acceleration : It is defined as the St—>0 3t St—>0 ot * r
rate of change of angular velocity.

. . —  do ds _add _
It is a vector quantity. « = ’r T w X’
S.I.Unit => rad/s’, Dimension => [L°M°T”]

V=0oxT
Q. 2 : What are the characteristics of circular
motion? ds a6
Ans : 1) Itis an accelerated motion — Here Direction ( praaiid & at @)
of velocity changes at every instant. In magnitude, the relation is —
2) It is a periodic motion - Here particle repeats the
same path in the motion. V=rao
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Q. 4 : State right hand thumb rule which gives
direction of angular velocity.

Ans : If the curled fingers of the right hand
gives the direction of motion of particle, then
outstretched thumb gives direction of angular
velocity.

Q. 5 : Define uniform circular motion with
example.
Ans : It is defined as the motion of particle
along circumference of circle with constant
speed.
eg. 1) Motion of earth around the sun

2) Motion of moon around the earth.

Q.6 : Define period & frequency of particle
performing uniform circular motion. Obtai
expression for it. State their S.I. Units.

Ans : Period : The time taken by a %e
performing uniform circular motion ) to
complete one revolution is callex eriodic

time or period (T).
circumference of circle

Period = : :
Linear velocity
21T
T=

v

21
T =— (vv=rom)
[Q]
S.l.unit => second

Dimension => [L°M°T}]

Frequency : It is defined as the number of
revolution performed by particle performing
uniform circular motion in unit time.
It is reciprocal of period of revolution.

S.l.unit => hertz (Hz)
Dimension => [L°M°T?)

Q. 7 : Obtain the relation between magnitude
of linear acceleration & angular acceleration
in circular motion. [2M — Mar’15]

Ans : Consider a particle performing uniform
circular motion (U.C.M) with constant angular
velocity ‘@’ with path radius ‘r'.

Magnitude of linear acceleration is given by

_ W
T ode
—i(r(o) [“v=ro ]
Tdt T
—rd—w+a)(ﬂ)
T dt dt
. d
v oris constant,—r=0
ddt
(0]
ana=r ()
‘/ do
> = re w—_=
Q a=r [ " ]
vector from,
- — -
a =« X 1

Q. 8 : Obtain an expression for linear
acceleration of a particle performing uniform
circular motion.

OR
Find the expression for linear acceleration or
radial acceleration or centripetal acceleration
in uniform circular motion. [3M - Mar’12]
Ans:

Suppose a particle is performing U.C.M. of

radius ‘r’. In time 8t it moves from P to Q.
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let PA= 7; &QB = 7,.
In AQCB,
Uy + 8V =7,
" 8V =Ty -V
From the figure,
£BQC=46
If 56 is very small, CB is considered as an arc of
circle of radius vi = Vo = v.

50=2
v
~ov=v.60 - (i)
Now a= lim v
! T St—> 0 6t
_ lim wvse .
N .... From (i)
Y
T at
a=vo | ..1) [+ =0
=(ro)o [“v=ro]
a=rw ..(2)
-r(%)2 .
S et

Equations (1), (2) & (3) are expressions for
linear acceleration.

Q 9 Define centripetal force. Give its
example. [1M - Mar’24]
Ans : It is the force acting on particle

performing circular motion, which is along
radius of circle & directed towards the centre

of circle.
2

Q. 10 Define centrifugal force. Give its
example.
Ans : It is a pseudo force in U.C.M, which acts
along radius & directed away from the centre
of circle.

It has same magnitude as that of centripetal

force but direction is opposite.

2
mv 2
Fcr = — = mro® =

mv o
e.g. When a moving car along a horizontal
curved road takes a turn, passengers in the car
experience a force in outward direction. This
force is centrifugal.

Q. 11 : Distinguish between centripetal &
centrifugal force. [2M — Mar’18]
Ans :

Centripetal force Centrifugal force

1) It can be\defined as | 1) It always tries to

the forc t causes | push a body away

abo move in a from the center or

cir r motion. circular motion.
(2)it is real force. 2) It pseudo force.

) It is directed
towards the centre of
circular path.

3) It is directed away
from the centre of
circular path.

4) It is considered in
inertial frame of

3) It is considered in
non-inertial frame of

reference. reference.

Q. 12 : Derive an expression for maximum
safety speed with which vehicle should move
along a curved horizontal road.
OR

Derive an expression for maximum speed
of a vehicle moving along a horizontal
circular track. [2M — Mar’24]

Ans : Consider a vehicle of mass ‘m’ moving

. _ _ 2 _ mv
“Fp=mvo=mro® = — with speed v along horizontal curve of radius r.
S.l.unit => newton (N) N
Dimension => [L'M'T?]
e.g. Centripetal force for circular motion of an
artificial satellite is provided by gravitational c f
force between earth & satellite. - 7z Z
vy Mg
< r >
Rotational Dynamics | Locus Academy | 3
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Forces acting on the vehicle are —
1) Weight (mg) - vertically downward
2) Normal (N) - Vertically upwards
3) Force of static friction (fs) between road and
tyres.

Normal balances weight of vehicle & f;
provides necessary centripetal force.

N =mg (1)

2
fo= = . (2)
Equation (2) + Equatlon (1) =
m: _ VZ

fs
N mg rg
Maximum value of f; = pg N
where, 1 = > Coeff. of static faction

ug N - Viax
N rg
2
- Vmax
Us g
Y —
“ Umax = Us'8

Vimax = 4/ ﬂsrg

Q. 13 : Find the expression for minimum spee
with which vehicle should move in a we

death (wall of death). g Q
of

Ans : Consider a vertical cylindric

radius r inside which a vehicle V iven in

horizontal circles.

Forces acting on the vehicle are —

1) Normal reaction (N) - horizontally towards
centre

2) Weight (mg) - Vertically downwards

3) Force of static friction (fs) - Vertically
upwards.

Force of friction balances weight of vehicle.

Normal provides necessary centripetal force.
2
mv

N = T & mg = fs
fs is always less that or equal to ps N
" fs <= usN

. mv?
-mg <= s (—)

_ lus v rg 2
r U

rg

Hs

Vmin =

Q. 14 : What is banking of roads? Why is it
necessary?

Ans : The process of raising outer edge of road
over its inner edge through certain angle is
known is banking of road.

A &icle moving along a curved road
ircular motion. Therefore it must be
with centripetal force. Centripetal
is provided by force of friction between
rface of road & tyres. Sometimes centripetal
force provided by force of friction may not be
sufficient. Therefore, there is danger of
skidding of vehicle. To avoid this danger,
banking of road is done.

Q. 15 : Obtain an expression for maximum
safety speed with which vehicle can be safely
driven along curved banked road. On what
factors Angle of banking depends.
[3M - Mar’12]

OR
Draw a diagram showing all components of
forces acting on a vehicle moving on a curved
banked road. Write the necessary equation for
maximum safety speed & state the
significance of each term involved in it.
[3M - Oct’'12]
Ans : Suppose a vehicle of mass ‘m’ moving
with speed ‘v’ on a banked road of radius r
banked at angle 6 as shown.
Forces on vehicle are -
1) Weight (mg) - vertically downward

Rotational Dynamics | Locus Academy | 4
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2) Normal reaction (N) - Perpendicular to
Surface of road.

Normal reaction N can be resolved as -
1) Vertical component = N. cosf

2) Horizontal component = N. sin@
N Ncos6

NsinO

mg

o
N.cos 8 balances weight (mg) & N. siné@
provides the necessary centripetal force to
vehicle.

As there is no term of mass of vehicle (m) in
above equation then angle of banking is
independent of mass of (or type of) vehicle.

Q. 17 : Show that the maximum speed or
optimum speed of a vehicle along a curved
road is independent of mass of vehicle.
Ans : Write complete Q. no. (13).

+
As there is no term of mass of vehicle (m) in
above equation, the maximum speed of vehicle
is independent of mass of (or type of) vehicle.

Q. 18 : Find the expression for speed Limits for
a vehicle on a banked road. OR

Find the expression for maximum & minimum

speed of a vehicle on a banked road.

Ans : Suppose a vehicle of mass 'm' moving
with speed 'v' on a banked roads of radius r

“Ncosf=mg ... (1) banked atan angle 8 as shown.
~Nsin@ = mv? (2) 1) Ban oad (lower speed limit) :
r ‘/ N Ncos0
Equation (2)= Equation (1) => Q *
mv?2 :
. Nsind _ — ”V
" Ncosf ~ myg #
V2 % To Centre Nsiné
tan 0 = E —-(3) Qg)o of motion + T ) 0sO
1) Most safe speed (Optimum SM) : For a
particular road r & 0 are fixed. Thus vy gives

most safe speed on this road.

Vs =,/rg tand

2) Angle of Banking : From equation (3) =>
0 = tan‘l( )

Thus angle of banking depends on —
1) Speed of the vehicle
2) Radius of curvature of the road
3) Acceleration due to gravity

v2

rg

Q. 16 : Show that the angle of banking is

independent of mass of vehicle.

Ans : Write complete Q. no. (14) upto equation (5).
+

Nsiné

To Centre _
of motion

Rotational Dynamics | Locus Academy | 5
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If vehicle moves with most safe speed ie.

Vs = ,/rg tanb, the forces acting on the vehicle
are —

1) Weight (mg) - Vertically downwards

2) Normal reaction (N) - Perpendicular to
surface of road.

Nsin@ component provides necessary
centripetal force. But in practice, vehicles never
travel exactly with this speed. For other speeds
component of force of static friction (fs) should
be considered.

1) Minimum speed :

V; < ,/rgtand
mv? .
< Nsinf
Here, direction of f; between road & tyres
is directed along the inclination of the rood,
upwards. It’s horizontal component f; cosO is
parallel & opposite to N sinf. These 2 forces
take care of necessary centripetal force.
~mg = fgsin@ + N cosf

mv?

. =Nsin 0 -f;cos 8
Equation (2)= Equation (1) =>

mv? ) ‘/
~ _Nsin6 - fscos@

) mg _fssine + N cos@

The frictional force fs=pN

. vi _  Nsinf- pgNcoso

” rg - ugN sin @ + N cosé

Dividing Numerator & Denominator by N.cosf@

L Vi tan® +
” rg - ug tanb +1
tanf— ug+
Vi= Vmin= [T9|T——————=
! min \] ‘g[1+ustan9]

2) Maximum speed :
V, > /rgtand
mvZ .
> N sinO

r
Here direction of f, is directed along
inclination of the road, downwards. It's

horizontal component f,cos0 is parallel to N
sinf. These 2 forces take care of necessary
centripetal force.
~mg = N cosO - f; sinf
mv?

=N sin0 + f; cosO

r
On solving these equations —

tan@+
V= v = \/rg[u]

1—-ug tané

Q. 19 : What is conical pendulum? Define
period of conical pendulum and obtain
expression for its period.

Ans Conical pendulum It is a simple
pendulum, which is given such a motion that
bob describes a horizontal circle & the string
describes a cone.

Period :i\me taken by the bob of a conical
to complete on horizontal circle is

pend I@
ca@me period of conical pendulum.

@0 : Obtain expression for period of conical
p

endulum.
Ans : Suppose the bob of mass ‘m’ of conical
pendulum with string of length L. Bob performs
circular motion in a horizontal circular path of
radius r & Centre C. At B, string makes angle 0

with vertical.
A

mg
The forces acting on bob are -
1) Weight (mg) - vertically downward
2) Force Ty due to Tension- upward along string

The force Tg can be resolved as -
i) Vertical component =T, Cosf

Rotational Dynamics | LocusAcademy | 6
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ii) Horizontal component = Ty Sinf

To Cos@ is balanced by weight & T, Sinf
provides necessary centripetal force.
To Sin@ = mro’
& TpCosO =mg v
Dividing equation (1) by equation (2) =>
Tosinf _ mro?
To cos @ mg

_gsiné
- r;:ﬂose
From figure, sin@ = C > o= L sin®

gsin@
" L sin@cos@

_/ g
© = L cosf

Period, T = zz
2]

T= 2n\/LcosB
g

(*)

magnitude from maximum at bottom (lowest)
point to minimum at the top (highest) point.
Hence motion of an object revolving in vertical
circle is non-uniform circular motion.
eg. In a roller coaster, car slows down &
speeds up as it moves around vertical loop.

Q. 24 : What is the difference between
uniform circular motion & non uniform
circular motion ( or V.C.M.) ? give examples.
Ans :

U.C.M Non U.C.M. (V.C.M.)

1) Circular motion
with variable angular
speed is called as
non- uniform circular

1) Circular motion
with constant
angular speed is
known as uniform

circular motion motion.
2) ForU.C.M, x=0 2) For non-UCM, «
#0.

\

3) eg. I'd?tion of the | 3) eg. Motion of a
body in vertical circle

(Roller coaster).

ea@und the sun.

. 25 : Derive expressions for linear velocity at

| —

Q. 21 : Derive an expression for angular sp emwest point, midway & top position for a

of the bob of conical pendulum.
Ans. : Write upto (*) of Q. No. (20)

“
=

Q. 22 : Find the expression for Muency of
revolution of a conical pendulum.
Ans : Write complete Q. No. (20)
+
Frequency of revolution
1 1

O S
Lcos@

T 2

Q. 23 : What is vertical circular motion? Show
that the motion of an object revolving in
vertical circle is non-uniform circular motion.
Ans : A body revolving in a vertical circle such
that its motion at different points is different
then the motion of the body is said to be
vertical circular motion.

Consider an object of tied at one end of an
inextensible string & whirled in a vertical circle.
Due to influence of earth’s gravitational field,
velocity & tension of the body vary in

particle revolving in a vertical circle & it has to
just complete circular motion without string
slackening at top. [4M - Mar’23]

Ans:

Va

B

Consider an object of mass ‘m’ tied at the end
of string & moves in vertical circle of radius ‘r’.
Let va=velocity at highest point A

Vg = velocity at lowest point B

& v = velocity at midway point C
Let Tp & T are Tensions at the highest & lowest
point respectively.

Rotational Dynamics | Locus Academy | 7
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1) Velocity at highest point (A) : At the
highest point A, the tension in the string
together with weight provides necessary
centripetal force.

muv 4?2

oo TA + mg =
For velocity v, at A, string becomes slack ie.

Tension vanishes (T;=0).
mv 42

.'.O+mg=

oo VA2 = rg

Va =\/§

2) Velocity at lowest point (B) : The energy
possessed by a body at point A is totally K.E.

Using law of conservation of energy -
[K.E. at B] + [P.E. at B] = [K.E. at A] + [P.E. at A]

+ mg(2r)
& PE =mgh }

0 % I'ﬂV,/_\2
{ Total height = 2r
Multiplying by %

1 2
o E mvpg +

2vgt = vah +4 rg
=rg +4rg (v va= %
“vg =5rg \\>
Vg = 4/ 5 rg \/Q

3) Velouty at midway point (C):
Using law of conservation of energy -
[K.E. at B] +[P.E. at B] = [K.E. at C] +[P.E. at C]

+ 0

1 2 1 2
o E mvg E mvc + mgr

Multiplying by%

svg = v+ 2rg
V(:2 = VBZ— 2rg
(+ve= 4/51g)

. v =5rg—2rg
=3rg

= /3rg

Q. 26 : Derive an expression for difference in
tension at highest & lowest point for a particle
performing vertical circular motion.

Vc

| —

B
&/’ @ Tg= mT”é

‘ ’

Ans Consider an object of mass ‘m
performing vertical circular motion in a vertical
circle of radius ‘r’

Va

B

v

Let va, Vg & vc be velocities at points A, B & C
resp. Let T & Ty be Tensions at A & B resp.

At highest point A,

2

TA+mg_w
_%-mg ............... (1)
Atl &om
% P _mvg

2
g- 4~ mg]

mv
- rA+2mg

~Tg—Ta=
By law of conservation of energy,
[K.E. at B] + [P.E. at B] = [K.E. at A] + [P.E. at A]
0 + mg(2r)

™ (43-v3) + 2mg

L1 2 _ 1 2
S~ mve + : = S MVa
Multiplying by;

~vE =v? + 4rg

LVE - Vi o= 4rg

put this value in equation (3) =>

S Tg—Ta = ?(4rg)+2mg
=4mg +2mg
TB—TA = 6mg

Rotational Dynamics | Locus Academy | 8
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Q. 27 : Obtain expressions for the tensions at
highest position, midway position & bottom
position for an object revolving in vertical
circle.

Ans : Write upto equation (2) from Q. No. 25.

At midway point C,

mvé

Tc=

r

For the limiting case, when the body is just able
to reach to the top of the path & complete the

circular motion.
V3rg

VA=\/E,VB=w/5rg & vc =

Put va in equation (1) =>
CTa = m(9)
aTa = -

r mg

LN e —— (4) (Highest point)

Put vg in equation (2) =>
s~ Tg = mrg) (ir‘g) +mg

= 5mg+mg

Tg = bmg

.......... (5) (Lowes’%@t)

QQ

\ %

-------- (6) (Midway point)

Put vc in equation (3) =>
m (3rg)
WTe =—2
r

Tc = 3mg

Equations (4), (5) & (6) are the tensions at
Highest Point, Lowest & Midway point resp.

Q. 28 : Derive an expression for maximum

velocity of a vehicle at the top of a convex

over bridge.

Ans : Consider a vehicle of mass ‘m” moving at

the top of a convex over bridge during it's

motion. Forces acting on vehicle are —

1) Weight (mg) - vertically downward

2) Normal reaction (N) — Vertically upwards
The resultant of these two must provide

necessary centripetal force. If v is speed at this

point then —

mv?

mg—N=T

">, Convex
over bridge

As speed goes on increasing, N goes on
decreasing. Normal reaction is indication of
contact. Thus, for just maintaining contact,
N=0.

..Maximum speed can be found as -

mg-0-=

. 2 -
- Umax =18

Vmax = \/E

ine moment of inertia. Explain the
significance of it. [2M-Mar’18]

¥ Moment of Inertia : M.I. of a rigid body
out an axis of rotation is defined as the sum

%f product of the mass of each particle & the

square of its perpendicular distance from the
axis of rotation.
- 2
I'=Yio myr;

Physical significance of M.I. :
To produce linear motion in a body, the
unbalanced force is applied to overcome its
inertia. Here inertia of body is called the mass.
The force is -
F=ma .,

To produce rotational motion, torque is applied
to overcome its inertia. Here, inertia of body is
called moment of inertia (l). The torque is -

T=lx (2)
From equations (1) & (2) it is clear that M.I.
plays same role in rotational motion as the
mass of the body does in linear motion.

Q. Define moment of inertia of a rotating rigid

body. State its Sl unit and dimensions.
[2M-Mar’22]

Ans : Definition — Q. No. 29

Rotational Dynamics | LocusAcademy | 9
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S.l. unit = kgm2 , Dimensions = [L> M* T°]
It is a scalar quantity.

Q. 30 : What do you mean by radius of
gyration of a body? Write it’s S.I. unit &
dimensions.

Ans : The radius of gyration of a body about an
axis of rotation is the distance of axis of
rotation from a point where whole mass of
body is supposed to be concentrated so as to
possess same M.I. as that of body.

Radius of gyration of a body depends on
distribution of mass of body about axis of
rotation & independent of mass of body. It is
denoted by K.

S.I. unit m
Dimensions = [M°L* T9)

Q. 31: State & explain physical significance of
radius of gyration. OR

Why is it useful to define radius of gyration.
Ans : 1) If the particles of the body are
distributed close to the axis of rotation, the
radius of gyration is less.

1
V K.E.3 =E
2) If the particles are distributed away from the .

axis of rotation, the radius of gyration is more.
The knowledge of mass and radius of;)‘)
gyration of the body about a given axis of
rotation gives the value of its moment of
inertia about the same axis, even if we do not
know the actual shape of the body.
= YL, mr? = MK

Q. 32 : Derive an expression for kinetic energy
of a rotating body (Rotational K.E.) moving
with uniform angular velocity. OR
Derive an expression for kinetic energy of a
rotating body. [3M = July’22, 3M — Mar’22]
Ans : Suppose a rigid body is rotating with
constant angular velocity ‘@’ about an axis
passing through point ‘O’. The axis of rotation
is perpendicular to plane of paper.

Suppose the body is made of n particles
of masses m;, m; , ms, my situated
at distance ri, ry, r3 ry resp. from the
axis of rotation.

| —

All the particles perform circular motion
with same angular velocity ‘o’. The linear
velocities of particles are different. Suppose vy,
V\ are their linear velocities.

1
K.E.1 = E m1v12
1

Translational K.E. of first particle is -

o -

Simik{ ‘E. of remaining particles are -

S

my 7 o (v=ro)

1
KE2=>m; i’

m3 rim’

K.E., = % Mn 1,20
The Rotational K.E. of body is -

KE otational =K.E.1 + K.E., + K.E.3 + ............ + K.E.,,
2 2
=-m; 2o +Em2r22(o + o, +-m, 2o
2
=E[m1r12+ M2 T2+ e + myZ] o
1 n 2
= E [lel mlrl ] ()
KE otation = = | ©° [+ Y™ mr2=1]
rotation = 5 i=1 "4 =

Q. 33: State & prove principle of parallel axes.
[4M - Mar’'14, 4M - July’23]

Ans : The M.l of object about any axis is the
sum of its M.I. (Ic) about a parallel axis passing
thro’ its centre of mass & the product of its
mass & square of the perpendicular distance
between the two parallel axes (Mh?).

lo = I + Mh?

Rotational Dynamics | Locus Academy | 10
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Proof :

[ B
Consider an object of mass ‘M’. Axis MOP is any
axis thro’ O. Axis ACB is passing through the
centre of mass C of the object, parallel to axis
MOP & at distance h from it.
Consider a mass element dm located at point
D. Perpendicular on OC produced from point D
is DN.
M.l. of object about the axis ACB is —
~le=[ (DC)%.dm

M.l. of object about the axis MOP is —
~lo= [ (DO)%.dm
= [ [(DN)*+(N0)*.dm
= [ [(DN)*+(NC + C0)*].dm
= [ [(DN)*+(NC)*+2(NC)(CO) + (

QU
= [ [(DC)* +2(NC)(h) + h’].d

{ (DN)*+(N€)"= (DC)*

=[ (DC)’dm +2h [ NC.dm +h2[ dm

Now, [ (DC)’dm = Ic & [dm=M
NC is the distance of a point from the

centre of mass. Any mass distribution is

symmetric about the centre of mass. Thus,

from definition of centre of mass -
[NC.dm=0

lo = .+ Mh?2

Q. 34 : State & prove principle of
perpendicular axes.

Ans : The M.I. (I,) of a laminar object about
an axis perpendicular to it's plane is the sum of
it's moment of inertias about two mutually

perpendicular axes (x & y) in it's plane, all the
three axes being concurrent.
Iz = Ix + Iy

Proof :
z

.(
/

X

Consider a rigid laminar object able to rotate
about 3 mutually perpendicular axes x, y & z.
Axes x & y are in plane of the object while z-
axis is perpendicular to it & all are concurrent
at 0.

Considd\a mass element dm located at any
poin M =y & PN = x are perpendicular
dr rom P resp. on x & y axes.

| —

wvhc Iy, 1y & Iz are respective Moment of
I

nertias about x, y & z axes resp.
l,=f PM*.dm = [ y*.dm

l,=f PN%.dm = [ x*.dm

I, = [ OP”.dm
= [ (y*+x%).dm
= [y*.dm+ [ x*.dm

IZ=1x+1y

Q. 35 : State theorem of parallel axes &
theorem of perpendicular axes about moment
of Inertia. [2M — Mar’15]

Ans: Write only statements of two theorems.

Q. 36 : Define angular momentum of a body.
Obtain an expression for angular momentum
of a rigid body rotating with uniform angular
velocity. State it’s Sl Unit & dimensions.
OR

Derive an expression that relates angular
momentum with the angular velocity of a rigid
body.

Rotational Dynamics | 11
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Ans : Angular momentum of a body is product
of M.I. of body about the axis & it's angular
velocity.

L=1lo
S.I. unit = kg.m?/s, Dimensions = [L> M* T7]

Expression for angular momentum :

Pw

Suppose a rigid object is rotating with
constant angular speed ® about an axis
perpendicular to the plane of paper.

Suppose the object is made of a n particles
of masses mi, my, ms my situated at
distances r1, ry , 3 ry resp. from the
axis of rotation.

As the object rotates, all these part?s
perform UCM with same angular spe
with different linear speeds vy, v, v3
VN.

The linear momentum of first particle -
P1=miVvy
Pi1=mMir o
The angular momentum -
~Li=pixn
=ML OXr;
slhi=m o
Similarly, angular momentum of remaining
particles are -
L=m; T'22 ®
Lz =m31i ®

Ly=mn1? ®
Angular momentum of body is sum of angular
momentum of all particles.
S Ll=Li+L+L3

=M 720+ My TED + e +m,
2o
_ 2 2
=(Myry+mMaTy + e, +my
%) o
—_ [y 2
=[RLimir] o
= ..y 2_
L=lo| ... [+ Yieymiri=1]
Q. 37 : Obtain an expression relating the

torque with angular acceleration for a rigid
body.

Ans : Suppose a rigid object is rotating with
constant angular acceleration o about an axis
perpendicular to ploa(ne of paper.

&
Y
h VSuppose the object is made of a n particles
of masses mi, my, ms my situated at
distances ry, ry, r3 ry resp. from the
axis of rotation.

As the object rotates, all these particles
perform circular motion with same angular

acceleration o but with different linear
accelerations a, @z, @3 ceeeeeveenennne. an.
The force experienced by first particle is —
f1=m1a1
=mirio -—-(a=ra)
Torque experienced by it is -
T1=f1xrq

ST Emy T &
Similarly, the torque on remaining particles are -
T,=my 17 &
T3=ma1ri &

Ty = My T2 &
The resultant torque on body is
T=T1+To+ T3+ it + TN

Rotational Dynamics | Locus Academy | 12
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=myr? <+ my T K+
T8 o«

=[MurE + M7 e +my g

= [Z?:lmlrLZ] X

. 2_
| x [. 2?=1miri —I]

Q. 38 : State & prove principle of conservation
of angular momentum. Explain it with
examples. OR

State & prove the theorem of conservation of
angular momentum. [3M-Mar’18, 2M-0Oct’14]
Ans : The angular momentum of a rotating
body is conserved or remains constant, if the
resultant external torque acting on the body is
zero.

. - ﬂ 7
i.e. If T =0then o =0 or L =constant.

Proof : Consider a particle rotating about an
axis with torque 1. Let p be the linear
momentum of the particle of mass ‘m’ & 7 be
its position vector.

Angular momentum of body is -

- -

~L=7xp \\>S
Diff. w.r.t.time ‘)
@—E(Fxﬁ) Q
Tdt dt p _)\/
- dpP - dr
ST X— + PX— (1)
= 7xF +mbx7?

a; 2 > - EZ -
(.E_F,p-mv &E—v
=7 xF +m (¥ x D)
=7 xF +0 (+¥ x $=0)
=7 (w7 x F=73)

. @
o

—

r L = constant.

Thusif = 0then %t =0
dt

Y

Thus if no unbalanced external torque
acts on a body then angular momentum of
body remains constant.

e.g. A spinning (gyrating) skater, acrobat etc.
increases the speed of rotation by folding his
hands & legs close to his body.

Q. 39 : Deduce an expression for kinetic
energy when a body is rolling on a plane
surface without slipping.
Ans : The rolling object possesses two types of
kinetic energies, rotational and translational.
Sum of these two is Total K.E.
Consider an object of Moment of Inertia |,
rolling uniformly.
Let v = Linear speed of centre of mass

R = Radius of body

. 14
o = Angular velocity = =

dius of gyration of body = MK?

M =
Toé)%ling K.E.=Translational K.E. +Rotational
E = M2 + -l
2 2 5
E=2MV2 42 (MK?) =
2 2 R
1 MK?V?

E=-MV+
2 2 R?

v KB
E=_MV(1+ )

Q. 40 : A rigid object is rolling down an
inclined plane. Derive expressions for the
acceleration along the track and the speed

after falling through a certain vertical
distance.
Ans : Consider a rigid object of mass ‘M’ &

radius ‘R’ rolling down an inclined plane of
inclination 0.

As the object starts rolling down, it’s
gravitational P.E. is converted into K.E. of
rolling. Starting from rest, let v be the speed of
centre of mass as the object comes down

through a vertical distance h.

Rotational Dynamics | LocusAcademy | 13
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From law of conservation of energy,
{K.E.initial} + {P. E. initial} =
{K.E.final} + {P.E. final}

2
= M+ lMKZ.(Z)
2 2 R ,
(~1=MK* & ®=2)
2,,2
~ Mgh = 1 Mv? +3MKZU
2 2 R

EERVI RO
Mgh —2|\/|V [1+R2]

2_ 2gh

Vo= 1+K2/ R2 S
O

_ [z O
A 1+K?/R? \/

. . h
From figure, sin 6 =3 Sos=

Now, v2 = u?+2as
2as = v:—u?

h

) _ 2gh
sin 0

2a ( " 1+K2/ R2

_ gsinb
" 1+K2/R2
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FORMULAE
1) Motion:
Displacement Velocity Acceleration
Linear s _as 3= av
PT; o
Angular 0 ® = o=
Relation S=r0 V=ro a=ro

2) Acceleration :

Tangential Centripetal (Radial) Total
ar = ro ) ~Jar ¥ &
(In UCM, a; =0) r
3) Period: T= It 1
(0] n 2
4) Centripetal force: F,, = % = mro’
5) Speed:
Horizontal curved Well of Convex Banked Road Banked road to avoid
road Death Brldge slipping [Max]
v =, /urg v= |*2 =, /urg Wrg tan@ V= [Ltane]
H § ) g 1-pgtan®
6) M.L.:
Basic Rod Vmg (Cylinder) Disc Sphere
(Flywheel)
=Y mr? = MK? _ M | = MR? _ MR? _ 2MR?
v 12 ‘/ = 2 = 5
7) Conical Pendulum : T =27 ’L C; I
8) V.C.M.:
Point Velocity Tension Energy
Highest =/r
Mid g mv? E= 2mgr
ldway v =,/3rg T:T+mgc059 =T
Lowest v =,/5rg (6 => Zero at lowest)
9) K.E.:
Rotation Translation Rolling
KEyor = = |’ KEyran = = MV 12 2 1y, K2
rot — , ® tran = , v KEroIIing: E[MV +lw ] = 5 Mv [1 + F]
10) M.I. about axes :
Parallel Perpendicular
o= 1. + Mh® L=1+1,
11) Torque: 1=l
12) Angular Momentum: L=1®

OO XXXXXXXXXXXXXX
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Q.1: A motorcyclist performs stunt along the cylindrical wall of a ‘Well of Death’ of inner radius 4
m. Coefficient of static friction between the tyres and the wall is 0.4. Calculate the
maximum period of revolution. [Use g = 10 m/s’] [2M — July’23]

Q.2 : Calculate the moment of inertia of a uniform disc of mass 10 kg and radius 60 cm about an
axis perpendicular to its length and passing through its centre. [2M — Mar’22]

Q. 3 : A motor cyclist ( to be treated as point mass) is to undertake horizontal circles inside the
cylindrical wall of well of inner radius 4m. The co-efficient of static friction between tyres and wall
is 0.2. Calculate the minimum speed and period necessary to perform this stunt. [2M — Mar’21]

XXX XAXXXXXXXXXX
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