
Activity 15 – Conservation of Angular Momentum

Studio Physics I
When a car with manual transmission shifts gears, one of the gear assemblies is brought into connection with another one that drives the car’s wheels.  Thinking about a car starting up, you decide to calculate how the angular speed of a spinning object changes when it is brought into contact with another object at rest.  To keep your calculation simple, you decide to use a disk for the initially spinning object and a ring for the object initially at rest.  Both objects will be able to rotate freely about the same axis that is centered on both objects.  To test your calculation you decide to build a laboratory model of the situation.
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What is the final angular velocity of a disk with an initial angular velocity
 after being connected with a ring initially at rest?

You will use the equipment shown below.  A computer-interfaced sensor will be used to measure angular velocity.  You will be given the rotational inertia of the ring, disk, etc..
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Predictions

We want a mathematical expression for the final angular velocity of the disk (after the ring is dropped on it) in terms of the initial angular velocity of the disk (before the ring is dropped) and the physical characteristics of the system.  Use the following strategy:

1.
Make two drawings of the situation, one with the disk already spinning and the ring  being dropped, and one after the ring lands on the disk.  Label all the angular velocities and rotational inertias on your picture – assigning variable names to each quantity.

2.
What basic principle of physics will you use to solve this problem?  Discuss the steps one goes through when solving a problem using this principle.

3.
You should have decided that you are going to use conservation of angular momentum to determine the final angular speed of the rotating objects.  What are you going to take as your “system”?

4.
Are any objects from outside your system interacting with your system?  Are there any external forces (torques) acting on the system?  If so, label them.  Write down any assumptions that you are making in applying conservation of angular momentum to the system that you named in #3 above.  Would your answers change if you were to place the ring on the disk rather than dropping it?  (That is, suppose you are holding on to the ring when it hits the disk.)

5.
What is the angular momentum of the system as the ring is released (before that ring hits the disk)?  What is its angular momentum of the system after the ring connects with the disk?  Write the conservation of angular momentum equation for this situation.  

6.
Solve for the angular velocity after dropping the ring.  (Use algebra and symbols for rotational inertia and rotational velocity, not numerical values yet.)  Does your expression make physical sense?  Consider whether the system slows down (as expected) and what happens if the ring has a lower rotational inertia, the same, or greater than the disk.

Measurements

Get the file AngularMomentum.xmbl from the course web site.  You will find it on the Activities page under Class 15 — Conservation of Angular Momentum as LoggerPro File A.  You can also find it on the Studio Physics CD in the Physics 1 folder.
7.
Practice dropping the ring onto the disk as gently as possible and straight down over the center cylinder to ensure the best data.  You will notice that the rings have little protrusions on one side that fit into holes in the disk.  When you drop the ring, the protrusions need to be up so they do not contact the disk.

You will get better data if you have a large angular velocity for the disk to start with.
8.
Practice taking data with the disk spinning.  Do your data show the effects of friction in the bearings of the rotational motion sensor?  (Hint: Yes.)  How can you minimize the effects of friction in the rotational motion sensor on your calculations?  (Hint: What time steps in the data should you use to get values of  before and after dropping the ring?)

9.
Perform the experiment and record your values of initial and final angular velocities here.  What are your estimates of the uncertainties in your measurements?

Analysis and Conclusions

10.
The rotational inertia of the disk+cylinder+spool+shaft is 2.6 × 10-4 kg m2 and the rotational inertia of the ring is 5.1 × 10-4 kg m2.
Using your prediction equation from #6, and your measured initial angular velocity, calculate the final angular velocity of the disk.  If your calculation incorporates any assumptions, make sure you justify these assumptions based on data that you have analyzed.

11.
Did your measurement of the final angular velocity agree with your calculated value?  If you are not within 10%, repeat the measurement and/or speak to your instructor.  What are the limitations on the accuracy of your measurements and analysis? 

12.
IMPORTANT CONCEPT: Could you have used conservation of mechanical energy to solve this problem?  Why or why not?  Use your data to check your answer by comparing rotational kinetic energy before and after.

Exercise for Activity 15

13.
A metal ring initially at rest is dropped onto a rotating metal disk.  This is similar to the activity we just did.  The first figure below shows the rotation speed of the ring as a function of time.  From 0.0 to 0.1 s, the ring is dropping straight down and not rotating.  From 0.1 to 0.2 s, the ring has contacted the disk and is speeding up its rotation.  After 0.2 s, both the ring and disk are rotating together at 10. rad/s.  Ignore the friction of the bearings of the disk and ignore all forces external to the system consisting of the ring and disk.

The rotational inertia of the ring is 5.2 × 10-4 kg m2.  (this makes the numbers easier)
The rotational inertia of the disk is 2.6 × 10-4 kg m2.

Plot rotation speed of the disk from 0.0 to 0.3 s.  Make sure to put a scale on the vertical axis and clearly show the values at t = 0.0 and t = 0.3 s, as well as the shape of the graph.
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You can remove this page and staple it to your write-up when complete.

Equipment
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