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[ Chapter 9 J

Chapter Nine
Rotation of Rigid Bodies

=  Angular Velocity and Acceleration

- Relating Linear and Angular Kinematics
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Angular Velocity and Acceleration

ANGULAR VELOCITY AND ACCELERATION

Angular coordinate

The angle 6 from the

A car’s speedometer needle : :
+x-axis specifies the

rotates about a fixed axis. P A
position. K

Units of angles . itestion
of needle’s| A& 1/ .. 77

One complete revolution is rotation

360° = 2it radians. ol

Axis of rotation passes through

( origin and points out of page.
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Angular Velocity and Acceleration

s s=r

One radian is the angle

_ 360° . o at which the arc s has ™4

| rad = = 37.3 the same length as the
2w :
radius r.

§ R
9 ==

r
s =r6

s=r6
6 = 60° = /3 rad
% s =r6
0
X . In any equation that relates linear quantities As anale gl '
gle 6 in radians
(ﬂ m I'ﬂdlﬂ“S) to angular quantities, the angles MUST be is the ratio of the arc
expressed in radians ... length s to the radius r.

RIGHT!» s = (7/3)r
... never in degrees or revolutions.

WRONG > 5 = 60r
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[ Angular Velocity and Acceleration J

Example 1:

A turbine blade of radius 5 cm rotates an angle of 60°. Find
the angle of rotation in radians:

Solution:
(A)
(A)m/3 rad
(B)m/2 rad
(C) /4 rad
(D) 60 rad

4

b Physics Department




[ Angular Velocity and Acceleration J

Example 2:

A turbine blade of radius 5 cm rotates an angle of 60°. Find
the length of scanned arc:

Solution:
(B)
(A)2.74 cm
(B)5.23 cm
(C)3.21 cm
(D)10.48 cm
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[ Angular Velocity and Acceleration J

Example 3:

The angular position 6 of a 0.18 m radius flywheel is given
by 8 =2 t3rad. Find finradiansatt=2s.

Solution:
(C)
(A)4 rad
(B) 8 rad
(C) 16 rad
(D)24 rad

4
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[ Angular Velocity and Acceleration J

Example 4:

The angular position 6 of a 0.18 m radius flywheel is given
by 8 =2 t3rad. Find 8 in degreesatt=2s.

Solution:
(A)
(A)920°
(B) 180°
(C) 360°
(D)720°

4
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[ Angular Velocity and Acceleration J

Angular Velocity

The average angular velocity of
a body is given by

6, —6; A6 Angular displacement
Wav-z — H—1t At y A0 of the rotating needle
over a time interval Af:

A0 =6, —0
where z means that the , e

rotation is about the z-axis. | Patt,
_ Direction Patr,
The instantaneous angular of totation -
velocity is
de X
W, ==
Fil {ff 0

NG

o> d ool >
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[ Angular Velocity and Acceleration J

Counterclockwise Clockwise
rotation: rotation:

0 increases, so angular 6 decreases, so angular

velocity 1s positive. velocity 1s negative.

AG > 0, so AB < 0, so

Wy, = AO/At > 0 w,,., = AG/At < 0

Axis of rotation (z-axis) passes through
I\!‘ origin and points out of page.
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Angular Velocity and Acceleration

. If 1 th
Angular Velocity As a Vector ﬁnyg?rlscsfryofr

right hand in the
: direction of
), rotation ...

Angular velocity is defined as a vector whose
direction is given by the right-hand rule.

o points in the o points in the . )
positive z-direction:  negative z-direction: .. your right thumb ¥
w.>0 Sow <0 points in the |

: direction of .

The sign of w, for rotation along
the z-axis

.. w
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[ Angular Velocity and Acceleration J

Example 5:

The angular position 6 of a 0.18 m radius flywheel is given

by § = 2 t3rad. Find the distance that a particle on the
flywheel rim moves fromt, = 2s tot, = 5s.

Solution:
(B)
(A)48 m
(B)42 m
(C) 24 m
(D)28 m
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[ Angular Velocity and Acceleration J

Example 6:

The angular position 6 of a 0.18 m radius flywheel is given

by 6 = 2 t3rad. Find the average angular velocity over that
Interval fromt; = 2s tot, = 5s.

Solution:
(C)
(A)24 rad/s
(B)150 rad/s
(C) 78 rad/s
(D)12 rad/s
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[ Angular Velocity and Acceleration J

Angular Acceleration

The average angular acceleration is the change in angular velocity
divided by the time interval and given by

wy, — w; Aw;

(1 g
e h— 4 At W), W),

At At t,

\-J
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[ Angular Velocity and Acceleration ]

Angular Acceleration As a Vector

a and w in the same & and w in the opposite
direction: Rotation directions: Rotation
speeding up. slowing down.

x,
a
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[ Angular Velocity and Acceleration J

Example 7:

The angular position 6 of a 0.18 m radius flywheel is given

by & = 2 t3rad. Find the average angular acceleration over
that interval fromt, = 2s tot, = 5s.

Solution:
(C)
(A) 24 rad/s?
(B) 60 rad/s?
(C) 42rad/s?
(D)12 rad/s?
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[Relating linear & angular kinematics}

RELATING LINEAR AND ANGULAR KINEMATICS

Distance through which point P on
the body moves (angle 6 is in radians)

Linear Speed in Rigid-Body Rotation
Linear speed of point P _
, _ : 1 d w is in rad/s)
A point at a distance r from the axis (anguyar RIS s ra o
of rotation has a linear speed of ‘w/ S oo
s = r@ I//Ci>cle fsllomed =
/' by point P 4
II 0
ds db g /< .
—| = r|— . J :
dt dt \ i
\\ /
\ /,
\\ /
V=ro. % e
ey pai ¥4

fa> d ool > 0
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[Relating linear & angular kinematics}

Example 8:

A turbine blade has a radius of 80 cm. At a certain instant,

the blade is rotating at 10 rad/s and the angular speed is
increasing at 50 rad/s?. Find the linear speed.

Solution:
(A)
(A)8 m/s
(B)4 m/s
(C)5m/s
(D)20 m/s

n“
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Relating linear & angular kinematics

Linear Acceleration in Rigid-Body Rotation

For a point at a distance r from the axis of

rotation:
y atan = ra
— its tangential acceleration is ‘“’/,/—---—71\\: ro
// ’//&) \\
/’/ Linear — | " \P
atan =Tra Py acceleration| N N 5
N Ay = O°F
/I of point P =
1 r S
— its centripetal (radial) accelerationis 1 = '.
\\ h
\ I
/
v?  réw? > R )
arad — — — r(,() \\\ //
r r N ///
\5_"'/’4

R a_i.ola.
University of Jeddah 19



[Relating linear & angular kinematics}

Example 9:

A turbine blade has a radius of 80 cm. At a certain instant,
the blade is rotating at 10.0 rad/s and the angular speed is

increasing at 50.0 rad/s?. Find the tangential component of
the acceleration.

Solution:
(B)
(A)80 m/s?
(B) 40 m/s?
(C) 50 m/s?
ﬁ) 20 m/s?
_\
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[Relating linear & angular kinematics]

Example 10:

A turbine blade has a radius of 80 cm. At a certain instant,
the blade is rotating at 10.0 rad/s and the angular speed is

increasing at 50.0 rad/s?. Find the centripetal component of
the acceleration.

Solution:

(A)

(A)80 m/s?
(B) 40 m/s?
(C) 50 m/s?




