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Terms to know: rotational kinetic energy, conservation of energy, work, angular momentum, conservation of angular momentum

Learning Objectives from the beginning of the chapter in OpenStax College Physics 
10.4. Rotational Kinetic Energy: Work and Energy Revisited
• Calculate rotational kinetic energy.
• Demonstrate the Law of Conservation of Energy.
10.5. Angular Momentum and Its Conservation
• Understand the analogy between angular momentum and linear momentum.
• Observe the relationship between torque and angular momentum.
• Apply the law of conservation of angular momentum.
10.7. Gyroscopic Effects: Vector Aspects of Angular Momentum  PHY161 only
• Describe the right-hand rule to find the direction of angular velocity, momentum, and torque.
• Explain the gyroscopic effect.
• Study how Earth acts like a gigantic gyroscope.
10.4 Rotational Kinetic Energy: Work and Energy Revisited
When an external force acts on an object to produce rotation the work done is:

Work = torque * θ             This is similar to Work = force * distance.

If the work is delivered to an object that has a fixed axis, the object will gain rotational kinetic energy instead of linear kinetic energy.   Linear kinetic energy exists if the center of mass is moving.  e.g. The wheel of the tire of a car has both rotational KE and linear KE as the car goes down the road.

rotational kinetic energy     (1/2)I ω2
Q1.  TRUE or FALSE  Conservation of Energy principles cannot be used in problems that involve rotation.

Translational, or linear, kinetic energy is computed with ½ m V2  where V is the velocity of the center of mass.  The center of mass of an object which is rotating on a fixed axis does not move but the object does have rotational kinetic energy  (1/2)I ω2.

Q2.  TRUE or FALSE The rotational kinetic energy of an object cannot be larger than the translational kinetic energy of the object.

Q3.  A hoop and a solid disk are placed at the same height above a table on a ramp.  The objects have the same mass and the same radius.  When the objects are released from rest, the disk will reach the bottom of the ramp first.
10.5 Angular Momentum and Its Conservation 
Angular momentum, L, is calculated as follows:    L = I ω     Use radians/sec for ω.  You will need to use the table of shapes to find the correct calculation for I.

The rotational equivalent of Newton’s Second law for linear motion is

F = Δ p / Δt
The rotational equivalent of Newton’s Second Law is
τ   =   Δ L / Δt


L = I ω    

Both I and ω may change.
For linear motion, momentum was conserved if there was no net external force.  Angular momentum is conserved if there is no net external torque.  You should understand why this is true by inspecting the equation for the rotational equivalent of Newton’s Second Law.

If the net external torque is zero and 1 denotes before some event and 2 denotes after the event, then


L1 = L2     or   I1 ω1 = I2 ω2
What questions do you have for these topics?

10.6 Collisions of Extended Bodies in Two Dimensions

We are skipping this section.

10.7 Gyroscopic Effects: Vector Aspects of Angular Momentum

There are some interesting and unexpected results for gyroscopic effects.  Question to Ponder: Has Polaris always been the North Star?
---------------------------------------------- 

Answers:  Try to answer the questions on your own first.

Q1. False  We will include a term for the rotational kinetic energy.  The sum of KE + PE will be the same at the start and end of a problem if there is no work by friction or some other outside force.  If there is some external force we would need to know the value of the work it performs on the object of interest to proceed with the energy analysis to the problem.

Q2.   False  If the object spins on a fixed axis the translational KE is zero while the rotational KE is not zero.

Q3. True   The disk has a smaller value for I.  You should write down the statement of conservation of energy for this situation.  The masses of the objects are not important.  If you use just symbols for the KE and PE you will see that m cancels.  There is a fixed supply of initial energy, mgh.  The object with the larger I has more energy tied up in the rotational KE form and less energy available for translational KE, ½ m V2  .   This means that the V value will be smaller and the object takes longer to get down the ramp.

Q4. True
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