Chapter 12  Rotational Motion

page 12-2 *Approximately how many degrees are equivalent to one radian?

In the formula  s = r (, does s represent a straight line distance?

What does ( represent?      

What are the correct units for (?

Calculate the arc length for a circle that has a radius of 35 cm if the central angle subtended by the arc is 1 radian.

Convert 30 degrees into an equivalent number of radians.

Angular Velocity   (   this is a lower case Greek letter,  omega , not an English w

Angular Velocity is the measure of the rate of change of the angle for an object.

It is computed by dividing the change in the angle by the time required for this change to take place.

( =  (( / (t

The direction of ( will be discussed later in this chapter.

A merry-go-round completes 2 revolutions in 12 seconds. Calculate the angular velocity in standard units.

Calculate the angular velocity of the second hand on an analog clock.

page 12-3  Angular Acceleration   (    radians/sec/sec

( =  (( / (t

page 12-4  Tangential Distance, Velocity and Acceleration

The three variables, (, ( and (  describe rotational motion in a way very similar to the way X, V and a describe linear motion.  In fact there is a direct connection between angular and linear quantities.  The relationships that show the connections are

s = r (


V = r(                      atangential = r(    this is not centripetal acceleration

There are 4 equations that can be used to predict the outcomes for rotational motion:

1. ( = (0 +  (t                       2. ( = (0 +( ( + (0 ) t/2

3. ( = (0 + (0t +  ( t2 /2         4.  (2 = (0 2     + 2  (  (( - (0  )

*When are these four equations valid?

A CD player requires 1.8 seconds to bring the CD up to a speed of  320 RPM from rest.  Calculate the angular acceleration.  Calculate the angle the CD turns in this time.

page 12-5  Radial Acceleration  (Centripetal Acceleration)

aC = V2 / r        Substitute for V using  V = r(  .     aC = r (2 
Bicycle Wheel

Why do all the masses on the rim of the bicycle wheel have the same value for angular velocity?

How does the angular velocity of a point on the spoke of the bicycle wheel compare to the angular velocity of a point on the rim of the bicycle wheel?

page 12-6  Angular Momentum

L = mVr     We assigned the direction of L by using the right hand rule.  Review your Chapter 7 notes on this material if necessary.

Angular Momentum of a Bicycle Wheel

Substitute V = r(  into  L = mVr .    L = mr2 (  Each mass has its associated L.  If all of the masses have the same value for r  then  L = Mr2 ( , where M is the total mass of the wheel.  This ignores the spokes and axle, etc.

page 12-7  Angular Velocity as a Vector

The angular velocity is a vector.  The direction of  ( is given by the right hand rule. Review your notes on this material if necessary.

 L = Mr2 (
Angular Mass or Moment of Inertia  (or Rotational Inertia)   I

Linear momentum is calculated by multiplying inertia (m) by velocity.   p = mV

Angular momentum can be calculated by multiplying the rotational inertia (I) by the angular velocity.

L = I (          I = Mr2 for the case when all of the mass is the same distance from the axis of rotation.



What object has this configuration of mass?

page 12-8  Calculating Moments of Inertia

When the shape is not a circle the value of I will not be calculated with Mr2 .  Calculus can be used to generate the formula for I for various shapes.  We will just use the results:

Circle or Cylindrical Shell I = Mr2
Solid Cylinder       I = (1/2) Mr2  
Spherical Shell     I = (2/3) Mr2   

Solid Sphere   I = (2/5) Mr2 

page 12-9  Vector Cross Product            C = A cross B
Review the Chapter 2 material on this subject.    A cross B  =  A B sin (  with the direction given by the right hand rule.  Describe the direction of C in relation to the plane formed by A and B

page 12-11 Cross Product Definition of Angular Momentum
The cross product of the radius vector and the velocity vector gives the direction of the angular momentum, L .

page 12-12 The r cross p Definition of Angular Momentum

You can skip this section

page 12-14  Angular Analogy to Newton’s Second Law

PHY151 students can skip the calculus derivation.

Torque  τ = r cross F      or   τ = r F sin (  with direction given by the Right Hand Rule
Calculate the magnitude of the torque when a 140 Newton force is applied at an angle of 70 degrees at a point of a door 45 cm from the hinges.

Torque is equal to the rate of change of the angular momentum.

τ = dL / dt       or    τ = ΔL  / Δt     This equation should remind you of the general form of Newton’s Second Law.

Suppose a bicycle wheel has a radius of 32 cm and a mass of 1.8 kg, all in the rim (massless spokes and axle).  A force of 12 Newtons is applied tangentially to the rim.  Calculate the angular velocity of the wheel after two seconds.   
page 12-15  About Torque

For Figure 17  Describe the magnitude of the torque for a)

Is torque into the paper or out of the paper for b)?                             for c)?

page 12-16  Conservation of Angular Momentum

What will cause the value of the angular momentum to change?

a) internal torque
b) external torque

* When will angular momentum be conserved?

page 12-18  Gyroscopes

Demo:  gyroscope   You will see a toy gyroscope and a bicycle wheel gyroscope.  There is a movie of the bicycle gyroscope on your CDROM.

page 12-19 Precession

Make your own version of  Figure 21.  

Make sure you understand the meaning of each 

vector before you draw the vector in your sketch.

What creates torque on this bicycle wheel?

What is the direction of the torque?

What is the direction for ΔL ?
Predict the direction the bicycle wheel will rotate around the supporting rope when the wheel is not longer supported by a human hand at the axle near the wheel.

Now let the wheel spin in the opposite direction to the case shown above.

Predict the direction for  ΔL for the case of the bicycle wheel spinning in the opposite direction.
Now that you have made your prediction, read page 12-20.  Let me know if you have a question on the discussion of precession given in the text.

Predict the direction the bicycle wheel will rotate around the supporting rope when the wheel is no longer supported by a human hand at the axle near the wheel.

page 12-21  Skip the discussion of precessional velocity.
page 12-22  Moment of Inertia and Kinetic Energy

linear KE   ½ mV2         Rotational KE  ½ I ω2
page 12-24  Combined Translation and Rotation

When the center of mass of an object moves and the object is rotating then 

KE =  ½ mV2   +  ½ I ω2    We have to keep track of both linear and rotational KE.

page 12-25  Objects Rolling Down an Inclined Plane

Conservation of Energy applies for this motion.
How does the object obtain potential energy?

page 12-26  Which object in exercise A2 will reach the bottom of the plane first?
Demo:  We will do this activity in class.

Skip the proof.
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