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Rotational Motion Notes
(Pure Rotational Description)

1. Introduce the topic of rotational motion generally.
2. Run the Phet Ladybug Simulation: http://phet.colorado.edu/simulations/sims.php?sim=Ladybug_Revolution

• Set the simulation on the intro page tab at the top and place the larger ugly bug (beetle) on the 
outer rim of the rotating platform.

• Do not display the velocity and acceleration vectors at this point.
• Set the disk rotating at a fairly rapid rate in a counter clockwise (positive) direction.

3. Ask which is moving faster, the ladybug or the beetle bug?
• Get agreement that the rotational velocity is the same as measured in degrees per second 

on the parameters box. The beetle moves faster, but the rotational speed is the same!
• Get agreement that the rotational sense is positive and that reversing (clockwise rotation) is a 

negative number.
• θ is the symbol used for angular displacement and is similar to x or y in linear displacement. 

θ is technically a vector, but the class will use it only in a clockwise or counter clockwise (+ or -) 
sense.

• ω is the symbol for angular velocity or angular speed similar to v for linear velocity. It is also a 
vector in the sense that θ is a vector.

• The angular equations are similar to the linear equations for motion as shown.

average angular velocity:

average angular 
acceleration:

4. Indicate that for now the class is interested in uniform circular motion and only equation 1 is 
of real interest at this time. However, it is customary to use units of radians for θ rather than 
degrees when dealing with angular velocity. (If students do not know about radian measure, spend 
some time presenting that concept.) 

5. Give students the conversion factors: 1 radian = 57.3 degrees 1 revolution = 2π radians.

6. Ask the questions: 
• If a pulley rotates at 5 radians/s for 20 seconds, what angle does it go through? 
• If a tire rotates through 500 revolutions in 10 seconds, what is the angular speed in rad/s?
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A. Motion of an object in circular motion.

1. Return to the Ladybug Simulation and ask – Which is moving faster, the ladybug or the beetle 
bug? 
• Reach agreement that the beetle is moving faster and would travel a greater distance in a 

linear sense.
• Turn on the velocity vector by checking the “Show Velocity” box. Demonstrate that the faster 

the rotational speed, the larger the linear velocity. Also the larger the radius of the bug, the 
larger the linear velocity. When ω has units of radians/s, the equation for velocity is v = ω r. 

• Remind students that the equation for linear distance traveled is distance = v t.
• Indicate to students that the symbol for distance around a circular path is normally sto 

distinguish it from straight line displacement. Thus the equation for distance traveled is 
s = v t = ω r t

2. While the simulation is showing the velocity vector rotating, ask:
• Are the bugs accelerating? They move with constant speed, but are they accelerating?
• Convince the students that there is acceleration since the velocity vector direction is not 

constant and turn on the “show acceleration” feature of the simulation. Convince students that 
the acceleration vector points toward the center. Give this acceleration the name centripetal 
acceleration which means “toward the center.” This is NOT centrifugal acceleration to be 
discussed much later. 

• Show with the simulation that the centripetal acceleration is larger at larger rotational velocity 
and with a larger radius. This acceleration is considered a linear quantity although associated 
with rotation and is not a measure of “speeding up” the rotational velocityω. It is an 
acceleration that changes the direction of the velocity, but not the value. The equation for 
centripetal acceleration is ac = v2/r, where r is the radius of the motion.

3. Place the Ladybug Simulation in “Rotation” mode (top tab) and set the parameters as shown in 
the image. Run the simulation pointing out the various features emphasized above. Confirm the 
concepts developed above. Confirm to the students that the graphs are expected from the 
analogy with the linear equations and their graphs.

4. Ask: 
• If the ladybug had an angular velocity of 4 rad/s at a radius of 2 meters, what would be 

her linear velocity? 
• If the ladybug was moving at 8 m/s for 10 s, how far would she travel?
• What would be her centripetal acceleration?
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B. Rolling and Unwinding Objects (Tires and Pulleys)

Using a disk with a reference line visible along its radius, roll the disk on the table and ask: 
• What is the connection between θ and the distance moved?
• Is the distance the disk rolled the same as the distance the bug moves for the same radius and 

angle? (This may not be obvious. The center of the disk moves the same distance.)
• For a disk rolling with the same radius and angle, is the average speed of the center of the 

rolling disk the same as the speed on the disk of the simulation? (Yes, but again this may not 
be obvious.)

 
• Show the simulation at the URL: 

http://www.upscale.utoronto.ca/GeneralInterest/Harrison/Flash/ClassMechanics/RollingDisc/RollingDisc.html 
paying particular attention to the horizontal spacing of the dots, which represent the forward 
movement of the point of the wheel. We (as observers) place ourselves in a moving frame of 
reference of the wheel. The motion is simpler in that frame of reference.

Discussion:
Below is shown an image from a popular Wiley physics textbook showing that the top of the bicycle 
tire is very blurred indicating rapid movement, yet the bottom spokes are only slightly blurred 
indicating little or no movement. Some slight blurring occurs because the image is formed over a 
small time interval (shutter speed). In reality, at any instant, the bottom is in contact with the ground 
(not moving) and the top is moving twice the speed of the hub.

This is similar to when we walk. The belly button speed is an average of the speed of the two feet, 
one of which is not moving relative to the floor at any given instant and the other one which is moving 
faster to catch up and pass the belly button.

Summary:
s = d  = v t = ω r t
v = ω r for rolling object and for linear speed of rim
θ = ω t 

The hyper physics site below has good resources.
http://hyperphysics.phy-astr.gsu.edu/HBASE/hframe.html

Another simulation with the rotating wheel is: 
http://www.phys.hawaii.edu/~teb/java/ntnujava/FreeRolling/FreeRolling.html
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