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RIGID BODY

A rigid body that the body has a perfectly
definite and unchanging shape and size.

It is nondeformable; real-world bodies can be
very complicated; the forces that act on them can
deform them—stretching, twisting, and
squeezing them.



1. ANGULAR VELOCITY AND ACCELERATION

The angular displacement:
AO = 92 — 91 (rad) Angular displacement

Yy A# of the rotating needle

. over a time interval Az
The average angular velocity Bl o
0,—-601 A6 e e
Way =22 =22 (rad/s) .
2—11 At ‘
The instantaneous angular velocity Direction e
of rotation 5 A
do X,
w =— (rad/s) 2 ;
dt ¥ ;

The average angular acceleration

_ W2—w1 A_w 2
Py =T = (rad/s?)

The instantaneous angular acceleration

_ do 2
a=— (rad/s?)




Example 9.1:

The angular position of a wheel is given by
0 = 2t?
where 0 in rad and t in seconds.
(a) find the angular displacement over the time interval from
t=2.0sto t=4.0s?
t;=2s: 0,;=2(2)?=2x4=8rad
t,=4s: 0,=2(4)"=2x16=32rad
AO =0, —0;=32—-8=24rad



(b) Find in the average angular velocity over the time
intervals fromt=2.0sto t=4.0s?

0,-60; 32-8 24
W.o = =———=—=12rad/s
v to—tq 4-2 2 /

(c) Find in the instantaneous angular velocity at t
=4.05s?
w=2=2x2¢1=4¢
dt

w = 4t
t=4.0s: w =4(4)=16 rad/s



2. ROTATION WITH CONSTANT
ANGULAR ACCELERATION

Rotational Motion
About a Fixed Axis Translational Motion
Wy = o+ ol U=t al
6,=0,+ o+ sar’ 5= x+ yt+ yaf’
wf = mF-I]- 2a(0,— 6,) v = v -I-] 2a(x = x;)
Ef= ?, + gl[m.-+mf}.t Xp= x;+ gl(v, + ufjr.




3. RELATING LINEAR AND ANGULAR KINEMATICS

Distance through which point P on
The Iength arc and the angle. the body moves (angle @ is in radians)

s=16 (1) Linear speed of point P -
(angular speed w is in rad/s)
Linear and angular speed: y ¥
® T R ¥
v=rw (2 £ ; .-
e :.‘
Example 9.2: A racing car travels on a circular track of /éircle g =rf
radius 250 m. Assuming the car moves with a constant ¢ byipoiner r
speed of 45.0 m/s, find its angular speed? ‘,’ 0/<0
o t X
Solution: |\ l:'
\ /
V=Trw % /
\\ ,/
45 =250 w i &
4‘5 \\\~____-,¢”
w=E=0.18rad/s s




Tangential acceleration:

a,=ra (3
Centripetal acceleration:

a, =rw? (4

Linear acceleration of point P:

az\/at2+a§ =rJa? + w* (5)

Example 9.3: A racing car travels on a circular track of
radius 250 m. Assuming the car moves with an angular
speed of 0.18 rad/s, find its centripetal acceleration?

Solution:

a, =r w? =250x(0.18)*> = 8.1 m/s*

/
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/

/

w e o
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i %
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" &
7" Linear — |
acceleration
of point P

-] ———




4. MOMENT -OF-INERTIA CALCULATIONS

Moment of inertia of rigid body about an axis: ¥
I = mld% + mZd% + m3d§ + - (kg mZ) 4.00 kg d)j = 5.00 m

Here d is the distance between the mass and the P

° ° B
axis of rotation. 5 ‘} X
Example 9.4- 2.00 kg {3_1.' = —2.00 m
Rigid rod of negligible mass lying along the y axis 3.00 kg O_‘p = —4.00 m
connect three particles as in figure. The system

rotate about the x axis. Calculate the moment of
inertia about the X axis?

I, =4%x(3)*+2x(2)*+3 x (4)?* = 92 kg. m*



