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Circular 

motion 

Objectives 

•  Describe the accelerated motion of objects 
moving in circles. 

•  Use equations to analyze the accelerated 

motion of objects moving in circles. 

 

1.  Describe in your own words what this equation means: 

 
 

 

Assessment 

2.  A bicycle moves with a speed of 30 km/h.  If the wheels of the 
bicycle have a radius of 30 cm, what is the angular velocity of 

the wheels?  Give your answer in radians/second. 
 

 

Physics terms 

•  angular velocity 

•  radian 

Equations 

A turning wheel, a spinning top 
and the Earth orbiting the Sun are 

all examples of circular motion. 
 

Just like objects moving in 
straight lines, objects in circular 

motion have position, velocity 

and acceleration. 
 

Circular motion 
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Linear velocity 

If you whirl a yo-yo in a circle over 
your head at a constant rate, how 

can you figure out its speed? 
 

 
 

 

Linear velocity 

If you whirl a yo-yo in a circle over 
your head at a constant rate, how 

can you figure out its speed? 
 

 
 

 

What distance d do you need to 

know? 

If you whirl a yo-yo in a circle over 
your head at a constant rate, how 

can you figure out its speed? 
 

 
 

 

What distance d do you need to 

know? 
 

the circumference: 

Linear velocity 

r 

 
 

 

What time t do you need to know?  

Linear velocity 

r 

 
 

 

Linear velocity 

the time it takes go once around 
the circle: 

 
      This called the period, T. 

What time t do you need to know?  

r 

For an object moving in uniform 
circular motion, its speed is: 

 
 

 
 

 

What is the direction of the velocity 
vector?  Can you describe it? 

 

 
 

Linear velocity 

r 
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Linear velocity 

The velocity vector is always tangent 
to the circle and perpendicular to the 

radius vector. 
 

r 

v 

For an object moving in uniform 
circular motion, its speed is: 

 
 

 
 

 

What is the direction of the velocity 
vector?  Can you describe it? 

 

A Ferris wheel at the fair rotates 
once every 10 seconds, and has a 

radius of 7.0 m.   
 

What is the speed its riders?   
 

 

 
 

 
 

Test your knowledge 

r 

v 

A Ferris wheel at the fair rotates 
once every 10 seconds, and has a 

radius of 7.0 m.   
 

What is the speed its riders?   
 

 

 
 

 
 

v 

Test your knowledge 

r 

You can also use angle measures 
to describe circular motion. 

 
Position in circular motion is 

given by an angle. 
 

The Greek letter θ is used to 

represent angles. 

Angular velocity 

Angular velocity 

The rate at which a rotating object 

spins is called angular velocity (ω). 

 

 

Angular velocity 

If θ is measured in radians, 

ω is in radians/second. 

 

The rate at which a rotating object 

spins is called angular velocity (ω). 
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Angular velocity 

If θ is measured in radians, 

ω is in radians/second. 

 

But what is a radian? 
 

The rate at which a rotating object 

spins is called angular velocity (ω). 

 

 

What is a radian? 

How many “radius lengths” does it 
takes to cover the full circumference 

of any circle? 
 

 
 r 

r 

r 

What is a radian? 

How many “radius lengths” does it 
takes to cover the full circumference 

of any circle? 
 

 
 r 

The circumference equals 2π radii: 

 

         C = 2π r ≈ 6.28 r  
 
 

r 

1r 

2r 

3r 

4r 

5r 

6r 

What is a radian? 

One radian is the angle formed by 
wrapping one radius of length 

around the circumference of a 
circle. 

 

There are 2π radians in a full circle. 

 
 

Take a guess:  How many degrees 
do you think is in one radian?  

 

One radian equals about 57.3° 
 

One radian is equal to this ratio: 
 

 

What is a radian? Units for angular velocity 

Angular velocity has units of radians 
per second. 

 
An object that makes one complete 

rotation each second has an angular 
velocity of . . .    

 



5/22/14 

5 

Click this 
interactive 

calculator on 
page 208.   

Exploring the ideas Engaging with the concepts 

What is a wheel's angular 
velocity if it rotates by 

57.3° every second?  
 

      
 

 

 

Angular velocity 

1 

1 

(1 radian= 57.3° ) 

Engaging with the concepts 

What is a wheel's angular 
velocity if it rotates by 

57.3° every second?  
 

 
  

 

 
 

Angular velocity 

1 

1 

1 

Click [Run] to 
observe the motion. 

Engaging with the concepts 

What is a wheel's angular 
velocity if it rotates 

through six complete 
turns in two seconds?  

 
  

 

 
 

Angular velocity 

2 

37.7 

Engaging with the concepts 

What is a wheel's angular 
velocity if it rotates 

through six complete 
turns in two seconds?  

 
  

 

 
 

Angular velocity 

2 

37.7 

18.8 

Click [Run] to 
observe the motion. 

How can you make a 
negative angular velocity? 

Other units for angular velocity 

Other ways to express the units for angular velocity:   
 

 
 

 

 

 
An object making one complete rotation each second has an 

angular velocity of . . .    

 

•  radians per second 

•    degrees per second 

•    cycles per second  OR 

•    revolutions per minute (rpm) 
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The Earth rotates once every 24 hours.  
What is its angular velocity in radians 

per second? 
 
Hint:  First, convert hours to seconds. 

Test your knowledge Test your knowledge 

The Earth rotates once every 24 hours.  
What is its angular velocity in radians 

per second? 
 

Test your knowledge 

The Earth rotates once every 24 hours.  
What is its angular velocity in radians 

per second? 
 

Rolling wheels 

A rolling wheel is moving forward AND spinning.      
It has linear AND angular velocity.  These two 

velocities are related by geometry.                 

linear velocity: 
 

 
 

 
 

                        

Rolling wheels 

linear velocity: 
 

 
 

 
angular velocity: 

 

 
 

 

 
                        

Rolling wheels 
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linear velocity: 
 

 
 

 
angular velocity: 

 

 
 

 

therefore:  
 

                        

Rolling wheels 

The larger the radius of a bicycle wheel, 
the higher the linear velocity of the bike.   

 
 

Old bicycles 

The larger the radius of a bicycle wheel, 
the higher the linear velocity of the bike.   

 
Problem:  Large wheels make bicycles 

fast, but unstable. 
 

Old bicycles 

The larger the radius of a bicycle wheel, 
the higher the linear velocity of the bike.   

 
Problem:  Large wheels make bicycles 

fast, but unstable. 
 

Solution:  Modern bicycles uses gears and 

chains so that the pedals can turn at a 
different angular velocity than the wheels. 

Old bicycles 

Click the 
interactive 

calculator on 
page 209 

Exploring the ideas 

The wheels on a covered 
wagon are 1.6 meter in 
diameter, and turn once 
every two seconds.   
 

a)   What is ω? 

b)  How fast is the wagon    
traveling? 

Engaging with the concepts 

0 0 

Linear velocity 
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The wheels on a covered 
wagon are 1.6 meter in 
diameter, and turn once 
every two seconds.   
 

a)   What is ω? 

b)  How fast is the wagon    
traveling? 

Engaging with the concepts 

3.14 0.80 

Linear velocity 

3.14 

Click [Run] to observe 
the motion. 

Your bicycle has wheels with 
a radius of 30 cm.  As you 
ride, the wheels spin around 
five times each second. 
 

a)   What is ω? 

 
 

 

b) How fast are you riding? 

Engaging with the concepts 

0 0.30 

Linear velocity 

Your bicycle has wheels with 
a radius of 30 cm.  As you 
ride, the wheels spin around 
five times each second. 
 

a)   What is ω? 

 
 

 

b) How fast are you going? 

Engaging with the concepts 

31.4 0.30 

Linear velocity 

Click [Run] to observe 
the motion. 

9.4 

1.   Describe in your own words what this equation means: 

 
 

 

Assessment 

1.  Describe in your own words what this equation means: 

 
 

 

Assessment 

This is the equation for angular velocity.  It measures 
the rate at which an object rotates.  The angular velocity 

equals the angle Δθ (in radians) through which the 
object turns, divided by the elapsed time Δt. 

 
  

2.  A bicycle moves with a speed of 30 km/h.  If the wheels of the bicycle 
have a radius of 30 cm, what is the angular velocity of the wheels? 

 Give your answer in radians/second. 
 

 

Assessment 
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2.  A bicycle moves with a speed of 30 km/h.  If the wheels of the bicycle 
have a radius of 30 cm, what is the angular velocity of the wheels? 

 Give your answer in radians/second. 
 

 

Assessment 

Asked:  ω 
                                        convert velocity to m/s: 

Given:  v, r 

 
 

 

2.  A bicycle moves with a speed of 30 km/h.  If the wheels of the bicycle 
have a radius of 30 cm, what is the angular velocity of the wheels? 

 Give your answer in radians/second. 
 

 Asked:  ω 
                                        convert velocity to m/s: 

Given:  v, r 

 
 
Relationship:    
 

 

Solution: 
 

Assessment 


