MOMENT OF INERTIA

OBJECTIVES

The purpose of this laboratory is to experimentally determine how moment of inertia depends on radius. 

APPARATUS
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Figure 1: The moment of inertia apparatus

We will use the same apparatus we used in the circular motion lab, but with a different crossbar. (Figure 1). This crossbar is a threaded rod, on which you can use wingnuts to clamp masses (Ma) at different radii (R). A string is attached to, and wrapped around the vertical shaft (SH). The other end of the string passes over a pulley, and a falling mass (Mf) is attached. As the falling mass descends, the string will unwrap from the shaft, exerting a torque on the shaft, and the shaft will rotate.

INTRODUCTION

The basic physical principle we will be applying is conservation of energy. The gravitational potential energy of the falling mass is converted into kinetic energy. We will assume that the acceleration of the falling mass is constant. By measuring the time it takes for the mass to fall a height, h, under this constant acceleration, we can determine its final linear velocity, v. From the linear velocity v we can determine the angular velocity, 

PROCEDURE

1. Unlike previous labs, the equations to use will not be directly listed here, but they should still be included in your lab summary. To make the lab less computationally repetitive, I suggest entering formulas into a spreadsheet as you will be making the same calculations many times over. Of course, the first time through, you will want to verify by hand that the spreadsheet formulas are giving the answers you want. Feel free to ask any Excel questions you want if you still aren’t an expert.

2. We want to measure how the moment of inertia depends on radius. To do this, place a 100 g mass between two wingnuts on one side of the threaded rod crossbar.

3. Measure the radius, from the center of the rotating shaft to the center of the mass on the crossbar. Place another 100 g mass on the opposite side of the crossbar at the same radius.

4. Attach the loose end of the string to a mass hanger with the falling mass on it. The falling mass can be any value you wish – between 50 and 500 g works well. 
5. Wrap the string around the vertical shaft until the falling mass has been raised up near the table level. Again, the exact height can be varied over the experiment, but needs to be recorded for each run.

6. Release the falling mass from rest and measure the time it takes to reach the floor.

7. 
8. 
9. 
10. 
11. The difference between the gravitational potential energy that the falling mass began with, and the translational kinetic energy that it ends with must be equal to the rotational kinetic energy of the shaft/crossbar/rotating mass arrangement since that is the only other thing moving and energy must be conserved.  Use this information, plus your experimental data, to 
12. determine I, the moment of inertia, for the shaft/crossbar/rotating mass arrangement.  You will need to derive an expression for I in terms of quantities such as Mf, h (height of mass above floor), t (time to fall to floor), and r (the radius of the spinning shaft.  Make sure you include this derivation in your summary.
13. Perform this measurement a total of five times with the same rotating mass (100 g), but each time choosing a different radius for them.

14. You will now want to plot the values you have for I, versus the radius squared.  Make a best fit line. In your lab summary, indicate what the slope and intercept of this best fit line represent. Hint: What is the moment of inertia for 2 point masses a distance R from the axis of rotation?  Calculate the difference between what you expected the slope to equal and the value you got.  Make sure you include a table with the raw data and calculated quantities (i.e. I) for each run.  
