Moment Of Inertia Lab
In this lab, you will gain an understanding of torque, moment of inertia and the two equations τ = I ∙ α and τ = F ∙ r. You will do this by calculating the moment of inertia of a disc, a ring, and a disc spun around its radius, both theoretically and experimentally.

** Please measure all masses in kg and all distances in meters**

Start by setting up the apparatus as demonstrated. For this first trial, use both the disc and ring on the turntable. Make sure the string is wound around the largest of the three small pulleys under the disc.

1. First, you will need to counterbalance for the amount of friction in the rotational apparatus. Do this by attaching a few paper clips to the end of the string hanging over the edge of the pulley. Give the disc a slight spin (so that the paper clips descend toward the floor) and see if it continues to spin at the same rate. If it speeds up, you need to take away a few paper clips. If it slows down, you need to add paper clips. Once you have done this, leave the paper clips on the end of the string and add a 0.100 or 0.200 kg mass to the end of the string. Record this in the data table.
2. Unwind the string until the mass is just touching the floor. Then, wind the disc up for a total of 6 or 7 revolutions. This will give you a value for Ө when you do your motion equation. Record Ө in the data table.
3. Hold on to the disc with one hand and a stopwatch in the other. Release the disc at the same time you start the stopwatch. Stop the stopwatch when the mass hits the floor. Record this time and repeat 2 more times. Calculate an average time and record it in the data table.
4. Use one of our powerful equations to solve for α. (Hint: you know Ө, t, and ω0 ) Record this in the data table. 
5. Measure and record the radius of the wheel that the string is wrapped around in meters. 

6. Calculate a, using the equation a = r∙α. Record this in the data table.

7. Now, we know that the torque in the equation τ = I∙α  is produced by the tension in the string. We also know that 

∑F = m∙a. 

The sum of the forces on the hanging mass is just its weight minus the tension (T), or 

∑F = m∙g – T.  Combining this with the previous equation yields

m∙g – T = m∙a.  Rearranging yields

 T = m(g – a).

Use this equation to calculate T and record it in the data table.

8. Now, the torque on the disc is given by the equation τ = F ∙ r, where F is the tension (from #7) and r is the radius of the wheel the string is wrapped around. Use this equation to calculate τ. Record this in the data table. 

9. Now, we can use the equation τ = I∙α  to calculate I. Do this and record it in the data table.

10. Repeat steps 1-9 for the disc alone, and then for the disc spun about its axis.

11. Now we will calculate the theoretical moments of inertia for each object. For the disc, the MOI is given by:

I = 1/2MR2   , where M is the mass of the disc and R is the radius.

For the ring, I = 1/2M(R12   + R22), where M is the mass of the ring, R1 is the inside radius of the ring, and  R2  is the outside radius of the ring.

For the ring spun along its radius, I = 1/4MR2  .

Calculate these three MOI values and enter them in the data table.

12. Calculate the Experimental MOI for the ring alone by taking the experimental MOI for the ring and disc and subtracting the experimental MOI for the disc from this.

13. Now you can calculate the percent errors for each object. Remember that:

Percent Error = |Theoretical - Experimental| x 100%
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Questions:

1. What errors may be present in this experiment? Which ones do you think are most responsible for your % error?
2. Why did we have to add paper clips to the string in step #1?

3. Why don’t we figure an experimental value for the ring until right at the end?

4. What improvements could you make to this experiment?

5. How is torque exerted on the disc? (Explain how the torque is transferred through the apparatus.)

6. Conceptually, explain why the moment of inertia for the disc spun along its radius is less than for the disc spun about its axis.

Individual reports are due. 

For a 3 – Fill in all data and answer all questions correctly on this handout and pass in.

For a 4 – Full lab write up format, or design your own above & beyond.
