


Objective of this lesson

&

Gain knowledge and understanding of the
fundamental concepts rotational motion.

Define basic terms in rotational motion.

state law of conservation of angular
momentum.

Develop skills and techniques of solving
theoretical problems concerning rotational
motion.




What is angular motion?

NOTE Angular Motion is also known as
. rotational motion. can be defined as the
study of rotation of a rigid body about a given axis.
Here we deal with the rotation of rigid
body.

Rigid body is a body which is non-

deformable, that is the relative position
between every particles on it remains
constant.




There are several

examples of objects

in rotational motion

Among those are

» vehicles wheel,

»swinging objects,

»planets rotating around

their orbits,

»ice skaters ,

»gears ,

» connecting roads of
engine.

Key points
— axis of rotation

— radius of rotation: distance from axis to
point of interest




The main points we need to focus on this
topic are

Rotational kinematics

Rotational dynamics

Rotational work , energy and power
Rotational / angular/ momentum




Terms Used in rotational or angular kinematics

Suppose an object shown below follows a rotational motion about a given

axis. All the points around the axis follow a circular rotational motion.

A compact disc rotating about a fixed axis through O perpendicular to the

plane of the figure.

(a) In order to define angular position for the disc, a fixed reference line 1s
chosen. A particle at P1s located at a distance r from the rotation axis
at 0.

(b) As the disc rotates, point P moves through an arc length son a
circular path of radrus 1.

1, Angular Displacement (6)

% [t 15 the measure of displacement along circular path,
Mathematically it can be defined as the ratio of arc length (S) to
radus (R|

|0]= — = radian (rad)

m
m




* Angular displacement 1s a dimension-less quantity, but it can be
measured by terms degree (deg), radian (rad), and revolution (rev).

1 rev=3600= 27 rad

» Oneradian 1s the angle subtended by an arc length equal to the

radius of the arc.
it._Angular Velocity (@)

#[t 18 a rotating velocity which 1s the rate of change of

angular displacement. L.e.

A6

= d
Y [M]=%

1ii._Angular Acceleration (o)

# [t is the rate of change of angular velocity.

1v,_Tangential velocity (linear velocity) /V: or V/

# It 1s a velocity tangent to the circle. V=i—i

il
but AS=rA0 V=— =T(E) = r(
B At At

V=rw l

Basic Rotational Quantities

§ = arc length

Since for a full circle S=2nr,
then 2r radians = 360° and
one radian = 180/x degrees
=57.3°,

in addition taany tangential acceleration, thers

i byt Uhee Coninipetal acoebenilon ;

FI

a=—
r

The standard angle of a drected quantity i3

taken tobe counterclockwise fromthe positive x

A




v._langential acceleration (linear acceleration) /a: or a/

* [t 1s acceleration tangent to the circle.
== but V=Ro = AV = RAo

a=@=R(£)=Ra a=ra
At At

Vi_Centripetal acceleration/ radial acceleration / ac/

* [t 18 acceleration due to the change of direction of velocity which is
directing towards the center of the circle. Centripetal acceleration is due to

the change of velocity.
(AV = V-Vj)




Vii_Centripetal Force (Fe)

[t 15 a force which 1s acting towards the center of a
circle. This force 1s due to the centripetal acceleration.

F.=ma.
VZ

Fc =m (T) —

Velocity




What is the direction of the angular
velocity?
The direction of angular velocity and angular
acceleration is always along the direction of the
axis of rotation. We may use right hand rule or




Note: - for fast moving rotating objects angular acceleration and
angular speed are acting in the same direction along the axis of
rotation. But for slow moving objects the (rotating objects which
decrease its angular velocity) angular acceleration and angular

velocity are acting in opposite direction along the axis of rotation.

wheel rotating
faster

wheel rotating
slower







NOTE: - In translational /linear/ motion, depending on
acceleration we have categorized motion in to three as
P& uniform motion,
P& uniformly accelerating motion and

P& accelerating motion.

analogous to translational motion we may tocus on rotational

motion of uniformly angular acceleration.

rotational motion

+» When a rigid object 1s rotating about a fixed axis, every

particle on the object rotates through the same angle in a
oiven time mterval and has the same angular speed and the
same angular acceleration. That means, the quantities 0, w
and a characterize the rotational motion of the entire rigid
object as well as mdividual particles in the object.




" ®This means that the quanti©~-=
0, w, and o characterize th
rotational motion of the ent

rigid object as well as indivi
particles in the object.
If we take points (A), (B) at

which are found at differeri.
positions on a rotating CD have
the same angular quantities i.e (angular

displacement, angular velocity and angular
acceleration).




Average and Average and
instantaneous instantaneous

. Wy —
Aips = lim

At—0 tZ — tl




Example-1

Suppose a toy car rotates 4 times with in 10
seconds clockwise when seen from top of a
horizontal table making a radius of 20 cm from
the center of the table.

Find (a) the angular displacement in rad

(b) the magnitude and direction of
angular

velocity?



Answer

.- 0= 4 rev (revolution )
= Aat= 10 s(seeonds) =
=2 gle Q=27 ) agy=2
- a) 1 rev= 2n rad, therefore 4
rev= ? (rad)
A= rred. o
DA e N =R == O |
10= 0.8z rad/s downward of the horizontal
table since the direction of angular velocity

and angular acceleration is always along the
axis of rotation, it is downward !



Right—h:md rule

Top view of the table

Axis of rotation

Angular velocity is
acting downward







Given

et B

Soln

- 0,(4)=(3(4)2+4(4)) = &
C 6W=EEReHN=

- S Ther~"—— 5>, =
‘average 2







Given: - 0(t) = 3t% + 4t
Req: - w at t= 5 second
Sol* lett,=t+ Atand t,=t the

corresponding angular displacements are
6(t,) and 6(t,)1.e.

6(t,) = 3(t+ At)* + 4(t+ At)
0(t,) =3(t)° +4() ,
Theretore from our definition of

instantaneous angular velocity



. 8,—64
Wins = hm&tﬁo t,—ty —
3(t+At)? +4(t+At)—3(t)% +4(t)

t+At—t
L do
derivative, Wins = —

limp;,g Use limit or

de

w(t) =2 = o) =%(3t2+4t) — 6t+ 4

Therefore,

Wi, @t =551 w;,, =6(5)+4 =34rad/s

Wine =34 rad/s




Equation of linear
kinematics

Equation of rotational
kinematics

s VitV
2

(U‘|‘(Ui
2

) =

Vf:VI‘l‘at

W= w; T+ at

sz =V;* + 2as

w? = w;* +2ab

1
S = Vit+§at2

1
6 = wit+zat2




When a car is heading North a man see the
wheel of the car at a distance, the driver stamp
on the break 72 km/hr to 36 km/hr with in 2
seconds. The radius of the wheel is 40 cm. What
is the

(a) magnitude and direction of the angular
velocities?

(b) magnitude and direction of the angular
acceleration?

(c) angular displacement of the wheel in this
time interval?



Answer
V.=72 km/hr = V,=72/3.6= 20 m/s
Vf 36 km/hr = V 36/3 b= 10 m/s
=40 cm=0.4m "

t= 2 seconds

~ Req:- (a) Magnitude and direction w; =?, oy
ERnLeveTeT T

| Given:-

(b) Magnitude and direction a="?
- (c) angular displacement 6=7
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=D rad/s due west
0=V, /r = o= (20 m/s)/(0.4m)=50 rad/s

- - - w;=50 rad/s due west
b) Wf = ; + ot = a= (wr - w; )/t= a= (25- 50)/5

a= (-25)/5=-5 rad/s2 = a= -5 rad/52
o= 5 rad/s2z due east

C) use 0= mt+ 1/20ct2 or mfz —mlz + zae or

0=s/r ‘ |

- 0= (50)(5)+ Y(-5)(5)2= 187.0 m= 6=
Eo% 9




Top view of the car



-

Rotational dynamics
Basic terms used in rotational dynamics are
moment of inertia and torque.

Moment of Inertia (I) :- is the measure of

distribution of mass of particles around a given
axis of rotation.

Key point:- radius (r) can be expressed in two
ways

1) for point particles system it is the distance
between

the particle and the axis.

i1) For rigid object it is the actual radius of the
solid

bodies i.e spare, cylinder, hoop, disk.

— j————r ——— ~ -._ e —ie
¢ b

. e T LT 0 T e W herpw e
i
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Moment of Inertia

Moment of 1nertia

Moment of 1nertia of

of particles solid rigid body
Moment of inertia of
1 — mTZ common solid bodies as

For a particle at a distance of
(r) from a given axis.

| = Ymr?

For several particles found at
different distances of (r) from
a given axis.

the axis of rotation is
through their center of
Mass IS given as




Hoop or thin
cylindrical shell
Icy = MR?

Moment of
Inertia (I) of

L-.:mg thin. rod |
mOSt Common with rotation axis

through center

solid bodies | -

Solid sphere

%M=%Mﬁg

Solid cylinder
or disk

%M:%@mz

Long thin
rod with
rotation axis

through end

1 9
= — ML
3

Thin spherical
shell

2
%m=§ﬂm2
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How do we determme the
a solid body?

1) if the center of the mass is found at
some point shifted from the

geometrical center?
11) If the axis of rotation is found at
different location from geometrical

center ?




Long thin rod
with rotation axis
through center

L a2
Iﬂle_q .!.'ﬁ'IL

-

the center of mass and the
axis of rotation are along
the geometrical center.

I= mk?

where K = radius
of gyration




narallel axis theorem.

Axis
-through

New axis of

I=1__+ md?

where d is the distance
between the two axis.




What is the moment of inertia of
of length (/) and mass (m) , if the axis
of rotation is found at (1/3 ) rd of length (I)?

i Exercise

~ What is the moment of inertia of a
of radius (r) and mass (m), if the
axis of rotation is found at the rim ?




Answer

I= (1/12)mI°+ m(1/6)1"

d=(1/2)1-(1/3)1
d=(1/6)1




?xF = Frsin@
Frsiné




Exersice-1

What is the moment of inertia of the point-mass
system shown and the rod is (a) mass-less and
(b) has a mass of 2 kg; if the axis of rotation is
about

The center of the rod
Through m;

I




(a) Without mass on the rod (b) with mass on the rod

Axis of rotation through center

. . 1
1) [ = mlle + mzrzz — y [ = ICTH + mlf‘lz + sz"zZ — ICTH =

[ = (4)(4)2 + (6)(4)? = (4 +6)(4)* [==mi2+mn? +myn?

[ =160 kgm? [ = %(2)(8)2 +(4)(4)? + (6)(4)? =170.7

[ =170.7kgm?




Axis of rotation through m;

i) [ = m,r,? > i) [=1+mn?+myr,?=1=ml’

I=(6)(4)%=(4+6)(4) I = ng +m,r?

[ =96 kgm? [ = %(2)(8)2 +(6)(8)2 = 426.7

[ =426.7 kgm?




Axis of rotation through ms»

i) [ = mynr? = iji)I=I+m1TE:>I=§mI2

1

[ = (4)(4)? [ =-ml*+myr?

[ = 64 kgm? [=-(2)(8) + (4)(8)?

[ = 298.7 kgm?




{l

0 W=mg= (10)(10)= 100N




Given: - F=W= mg= (10} (10} =100N
r=[E=4m
b= 379

Req:- 7 =7

Solution:- 7 = 7xF

The magnitude of the torque 7= Frsinf =

1=(100)(4)sin37 = 1=240Nm
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