
Rotational Motion
Chapter 9

Going around in circles
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Goals for Chapter 9 

• To study angular velocity and angular acceleration.

• To examine rotation with constant angular acceleration.

• To understand the relationship between linear and angular quantities.

• To determine the kinetic energy of rotation and the moment of 
inertia.

• To study rotation about a moving axis.
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Quantities in Rotational Kinematics

• Angle of rotation θ

• Angular displacement Δθ

• Angular velocity ω

• Angular acceleration α
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Rotation 
of rigid 
bodies
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Radians
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Angular 
Displacement
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Angular Velocity
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Angular Velocity

• Useful conversions
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Early records 
about 78 rpm

LP 331/3 rpm
Single 45 rpm

CD 7200 rpm
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Angular Acceleration
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Angular Acceleration
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Example 1
 A compact disk (CD) rotates at high speed while a laser reads data encoded in a spiral pattern. The disk has radius R = 6.0 

cm; when data are being read, it spins at 7200 rev/min.

a)    What is the CD’s angular velocity in radians per second?

b)     How much time is required for it to rotate through 90°?

c)     If it starts from rest and reaches full speed in 4.0 s, what is its average angular acceleration?
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Solution……
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Solution cont…
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Solution cont…

(c) If it starts from rest and reaches full speed in 4.0 s, what is its 
average angular acceleration?

Starting Speed = 0 rads-1 Full speed = 753.98 rads-1 

Angular Acceleration (ave) = 

Change in Angular Velocity / Change in time

Ang. Accel.=(753.98 rads-1 – 0)/(4 – 0) = 188.50 rads-2

16



Sign 
Convention
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Rotation with constant angular acceleration
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Rotation with constant angular acceleration
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The angular velocity of the rear wheel of a stationary exercise bike 
is 4.00 rad/s at time t = 0, and its angular acceleration is constant 
and equal to 2.00 rad/s2.

A particular spoke coincides with the +x axis at time t = 0.

(a) What angle does this spoke make with the +x axis at time t = 
3.00 s?

(b) What is the wheel's angular velocity at this time?
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Solution…
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Solution continued…

22PTO for question
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The angular velocity of the
rear wheel of a stationary
exercise bike is 4.00 rad/s at
time t = 0, and its angular
acceleration is constant and
equal to 4.00 rad/s2.
A particular spoke coincides
with the +x axis at time t = 0.

(a) What angle does this
spoke make with the +x
axis at time t = 3.00 s?

(b) What is the wheel's angular velocity at this time?



Your  Solution…?
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Period

The time taken to go around a complete circle is known as the 
period (T).

The period is also equal to 1/frequency.
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For part d take the airplane propeller to be at 1900 rpm.
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Radians



Relationship between linear and Angular Quantities
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A discus thrower turns with angular acceleration a = 50 rad/s2, moving the 
discus in a circle of radius 0.80 m. Find the radial and tangential components of 
acceleration of the discus (modeled as a point) and the magnitude of its 
acceleration at the instant when the angular velocity is 10 rad/s.
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Solution……
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Kinetic Energy and Moment of Inertia
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Moment of Inertia of a particle
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For a particle of mass m, rotating at a radius r 
from the center of rotation, the moment of 
inertia is

I=mr2

and the KE is

𝐾𝐸 =
1

2
𝑚𝑣2 =

1

2
𝑚 𝑟𝜔 2 =

1

2
𝑚𝑟2𝜔2 =

1

2
𝐼𝜔2

r



Kinetic Energy of Rotation
 An artist is designing a part for a kinetic sculpture. The part consists of three massive 

disks connected by light supporting rods that can be considered massless. Find the 
moment of inertia about an axis passing through disk A and is perpendicular to the 
plane of that disk. If the object rotates about the axis through disk A with angular 
velocity 4.0 rad/s, find its kinetic energy.
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𝐼 = 𝑚𝑟2

𝐾𝐸 =
1

2
I𝜔2
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𝐼 = 𝑚𝑟2

𝐾𝐸 =
1

2
I𝜔2

𝜔=4.0 rad/s



Solution…..

Our moment of inertia is for the whole system so we must include all of the 
masses. But as the system rotates about axis A, then A has zero inertia as it has 
zero radius.

So we have:

IA =mbrb
2 + mcrc

2 =(0.10 * 0.502)+(0.20 * 0.402)

IA = 0.057 kgm2

K.E. = ½ * I * ω2 = ½ * 0.057 * 42 = 0.46 Joules

You try for the M.o.I and K.E. through the B-Axis…… 36



Moment of Inertia of rigid bodies
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For the end caps we used I = mr2, since they are treated as point particles.
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Moment of Inertia of rigid bodies
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( work = Fs)
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Starts from rest
Find 𝜔 and v

hint
Work done > energy 
transferred
Fs = KErot

Ans 𝜔=20 rad/s
v= 1.2 m/s



Solution…
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K.E. = ½ * I * ω2 
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Relationship between linear and Angular Quantities
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Race of the Rolling Objects – Example 9.10

Prove the solid cylinder will beat the cylindrical shell
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cm is center of mass



Energy method
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