Mechanics of rotation
Part 1: moment of inertia
Procedure:

Select one of the rings at the front of the room.  Compute its moment of inertia in two ways.

1. Use geometry. But, don’t just use the formula I = mR2, which assumes that the thickness of the ring can be neglected. On the contrary, take into account that the ring has some thickness.  Measure any quantity that is needed (namely mass and radii). 
2. Measure the time it takes for the ring to roll a certain distance down an incline.  Repeat several times to get an accurate measurement.  Show that the time, the distance, the angle of the incline, and the mass and radius of the object allow you to find its moment of inertia (without using any formula for the moment of inertia!). 
Write up:

Abstract

Data


Give the mass, radii, distance, angle of the incline, and time (write down all of your measurements, and the average).

Theory

1. Draw the extended free body diagram of the object rolling down the incline.
2. Apply Newton’s laws to find the acceleration of the center of mass of the object.
3. Relate the time of travel to the acceleration, and solve for the moment of inertia.
Conclusion

1. Compare the two approaches: compute the relative percentage difference between the two results.
2. Which method is more accurate?

Part 2: The Swinging Stick Lab
Procedure:

1. Gather data to graph the period of the swinging stick vs. the distance the axis of rotation is away from the center of mass. 

2. Use every hole drilled in half of the stick so you get as much data as possible.  

3. Take two-three trials and average the results.  

4. Don’t allow the stick to rub against the dowel that supports it.  

5. Keep the amplitude low – less than 10 degrees.  

Write-up

Abstract

Data:

1.  Organize your data in a table.

2.  Make a graph of the “period” as a function of “distance” the axis of rotation is away from the center of mass.

Theory:

1. Create a force diagram of the forces on the swinging stick at a point half-way through an oscillation (maximum amplitude).

2. Use the “parallel axis theorem” to create an equation for the moment of inertia for your stick as a function of  “x” where “x” is the distance the axis of rotation is away from the center of mass. 

3. Write out the equation for about the axis of rotation not the center of mass) using information from #1 and #2 above.  (What force is exerting the torque to speed up and slow down the stick?)

4. Rewrite this equation to determine a function for the angular frequency and consequently the period  (Solve for T). 

5. Use calculus to predict the position for the minimum period and the value for the minimum period.

Conclusion:

1.  Compare - using a graph overlay - your theoretical function for the period to your data version.  

2.  Compare your theoretical and empirical values for the position and minimum period. (Calculate the percentage difference).  

3.  Calculate (either all or for significant differences) percentage differences between your data and the theory and discuss their significance.  Justify this significance.  

4.  Discuss and quantify possible origins of error.  (Ask for help on this if you don’t know what to do.)
5.  Discuss the physical meaning of the minimum of the period.  That is, what’s happening physically that reduces the period and then increases it again?

