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7.13 KINEMATICS OF RoraTtionaL Mortion ABOU‘I:A Fixep Axis

A rigid body is one in which the distance between
any two pair of particles remains constant.

Consider a rigid body capable to rotate about an
axis AB as shown in fig. 28. When a force is applied on
it, each particle of the body revolves on a circular path -
of radius equal to its distance from the axis. Now the
rigid body is in rotational motion and the physical quan-
tities needed for explaining its motion are angulér dis-
placement 8, »angular velocity @ and angular accelera-

tion .
These quantities were related with the transla-

tional motion as,
x=r0 ; - V=ro; a=ra

‘Equations of Rotational Motion

+ Just as the equations of translatory (line
tions of rotational motion. Here the angular acce
taken as a constant.
a. Angular velocity after any time
mass m rotating about an axis with uniform

be its initial angular velocity. After any time t,
ar acceleration, by deﬁnition

ar) motion, we can derive equa-
leration of the rotating bedy is

Consider a rigid body of

angular acceleration o - Let o,
let o, be its angular velocity. Now its angul
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b. Angular displacement after any time
Let a rigid body capable of rotation about an axis, revolves with a uniform
angular acceleration a . Let o, be its initial angular velocity. Aft'g:r-any time t,
let it has an angular displacement of g, and its angular velocity becomes o, .

Angular displacement = Average angular velocity x time

o=
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i.e., 6=mot+-2—at ...................
Angular velocity after some angular displacement
Let a rigid body rotate about an axis with umniform angular acceléraﬁm
a. Let o, be its initial. angular velocity. After an angular displacement g "
its angular velocity becomes o, . ‘ o

Now from (1) equation, (®, —®,)=at
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Also, Average angular velocity time = angular displacement

{o,+0 R 20
i.éz.,v"('_‘t—_ro_)t=9 . or (mt+mg)=—t- ........ (2)

Multiplying (1) and (2), we get

' 2
(o, + 0 ) (O, -0)0)=Txoct

ie., o’ — o =200
0 =0F +200 e
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d Kinetic energy of rotation ‘
Consider a rigid body, consisting of n particles, executing rotational

motion (See fig 28). The first particle of mass m, is at a distance r, from AB,
second particle of mass m,-is at a distance r, from AB etc. Also the velocity of

first particle is v, that of second particle is v, etc.

Kinetic energy of first particle = ]Emlvlz

. Kinetic energy of’ 2n particle = —m,V3
'Kingﬁc énérgy of n* pai'tiéle = —m,V}
Total KE = lznr;,v,z +—MyVi...e. +—m, v’
But v,=ro, v,=no ¢tc. Substimtjng'
~ Total KE of rotation = %m,r,zmz_ +5mzr22m2 Foob b =M 120
2] = 1o

= Ecoz[m,r,2 FMIE 4 i M,



TABLE 2

lel to the diameter

SI.KNO: Body - Axis M1 .
s
1. | Circular Ring . Through its centre and MR? &
perpendicular to its plane (@ )
. About any diameter B B ®
. About any tangent paral-
lel to the diameter
2. Ercﬁlar Disc . Through its centre and
| c perpendicular to its plane
. About any diameter
. Aboutany tangent paral- |

. Through its centre ang

3. | ThinRod y
perpendicularto itslength
B . Through one end of the :
rodand | *toits length - : :
— /’ 2 A
4. | Solid Sphere . Aboutany diam_ﬁter SMR 5 % |
: - >
5. | HollowSphere(Shell) |a- About any diameter Sure | _@-
: ' , A
6. | Rectangular lamina| 3. Throug]? its c,erftre and M o) -
- perpendiculartoitsplane | 1 . |
’ M 2' 2 A 3
. Through one side —3“(1 +b%) *’—[____-J
B
. : 1 —Tr__
7. | Solidcylinder . About the axis S MR A I8
——1- 4
) Abonfttheceqtreandpefﬁ M R +L2 O ‘ A \
pendiculartoitsownaxis | 4 3 7 - )
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Solved Examples

acceleration, assuming the
acceleration to be uniform? (ii) -
How many revolutions does the -
engine make during this time?

10. The angular speed of a motor
wheel is increased from 1200 rpm
to 3120 rpm in 16 _seconds. [—
(i) What is. its, angular



Sol.
i. We shall use o=w,+at
w, = initial angular speed in rad/s
= 2n x angular speed in rev/s
2 x angular speed in rev/min
) 60s/min

= -2-72;—:)—%92 = 407 rad/s |
Similarly @ = final angular speed
in rad/s :

- SZXUN | s
60

1047 rad/s

~.Angular acceleration
m_t% = 4nrad/s?
The angular acceleration of the
engine = 4z rad/s? .
ii. The angular displacement in time
‘tis given by

a=

(-)=m(,t+lc1t2
2
= (401tx16+—;—x41tx162) .

= (6407 +512n) = 1152 rad

1152n
ﬂ.

Number of revolutions =

=576 :
11. The angular speed of a motor wheel

is increased from 1200 rpm to 3120
rpm in 16 seconds.

1. What is its angular acceleration,

assuming the acceleration to be |

uniform? '

ii. How many revoluftions does the

engine make during this time?

Sol. We shall use ® =@, +ot

®, = initial angular speed in

rad/s =27 x angular speed. in
rev/s

2n x angular speed in rev/min
60 s/min ‘
2nx1200

radfs =
60

40 rad/s

ii.

12.

Sol.

L=

Similarly ¢ = fin
speed in rad/s
2nx3120

rad/s =
| 60 ad/s 2n x 32 rad/s
= 104 rad/s

al angul&r

Angular

w —
(00 = 41‘ rad/sz

The angular acceleration of

accelcrati()n
o =

the

engine = 4 rad/s?
The angular displacement P
time t is given by .
- g+t
0 = O 2
= (40nxl6+%x41tx162)rad
= (640n+512n) rad = 1152, rad
Number of revolutions = 1-1—2-2-11
T
= 576

An electron of mass 9 x 10 kg
revolves in a circle of radius
0.53 A® around the nucleus of hy-
drogen with a velocity of 2.2 x 108
ms. Show that its angular mo-

mentum is equal to 5, where h
is Planck’s constant.

Given,m = 9 .x ]10Q-3!

r=0.53 A° =0.53 x 109
v = 2.2 x 10° ms!

h=6.6 x 103 Js

L = mvr ,

=9 x 103! x 2.2 x 10 x 0.53 x 101

= 1.0494 x 10 Jg (1) |

kg,

We. have
h ' 66 x1 0—34 34
= =1.0504x107"" Js __.
2n 2x3.14 WS —(

From eqns. (1) and (2), we get,
l : S
2n



