ROTATIONAL INERTIA
1. Object:


The purpose of this experiment is to measure the rotational inertia of a disk and a ring experimentally and compare it with the theoretical value and to experimentally test the parallel axis theorem. 

2. Equipment: 

Science workshop interface, PC, Smart pulley, rotational apparatus, mass set and hanger, balance, caliper, string.

3. Theory:

The rotational inertia of a homogenous disk of radius R and mass M about an axis perpendicular to its surface and passing through the center of the disk is given by:
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The rotational inertia of a ring of mass M and radiuses R1 and R2 is given by:
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To  find the rotational inertia of the disk (or ring) experimentally, a known torque is applied to the disk and the resulting angular acceleration is measured :
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Where, (  is the angular acceleration in (rd/s2) and  is the torque in (N.m).
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By definition the torque is equal to:
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Where r is the distance from the center of the ring to the point where the force is applied. If 
[image: image7.wmf]r

r

 and 
[image: image8.wmf]F

r

 are perpendicular, then:


[image: image9.wmf]F

.

r

=

t






(6)

In our experiment, the force is the tension T in a string that is tied to a step pulley that is part of the rotational apparatus. The string is pulled by a hanging mass m. The value of r is the radius of the step pulley on the apparatus (See figure 1). The radius is perpendicular to the tension. Therefore, the torque is:
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Figure 1. Rotational inertia apparatus.



Applying Newton’s second law for a hanging mass result in:
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Where a is the tangential acceleration of the rotating apparatus and m is the hanging mass.
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thus, Using Equations (3), (8) and (9) we obtain:
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4. Procedure and Analysis:

For this activity, the smart pulley measures the motion of a hanging mass that is connected by a string to a step pulley on the rotational apparatus. The Science Workshop program calculates and displays velocity versus time, the slope of this curve is the acceleration.   

1. Set up the rotational accessory, first mount the disk only.

2. Connect the science workshop interface to the computer and turn it on.

3. Connect the stereo phone plug of the smart pulley to Digital Channel 1 on the interface.

4. Open the file titled P26_ROTA.SWS, found in the hard disk c:/Phys105. The document opens with a graph display of Velocity (m/s) versus time.

5. Measure the diameter of the smallest step pulley on the main plotter of the rotational apparatus measure the radius of the disk.

6. Use a string that is about 10cm longer than the distance needed to reach from the spindle of the rotational apparatus over the smart pulley and down to the floor. Tie one end of the string to the edge of the smallest step pulley of the rotational apparatus. Then put the string in the groove of smart pulley adjust leveling.

7. Attach 500g to the string and wind the string around the step pulley of the disk by rotating the disk until the mass hanger is raised almost to the smart pulley. Hold the system in this position.

8. Click the REC bottom to begin recording data and then release the disk.

9. Click STOP bottom just before the mass hanger reaches the floor. Note RUN#1 will appear in the DATA list in the experiment set up window.

10. Repeat steps 7 to 10 for the acceleration of the disk. RUN#2 will appear in the DATA list in the experiment set up windows.

11. Record in both cases the value of slope by opening the statistic mode.

12. Determine the rotational inertia of the disk and compare it with the theoretical value. 

13. Add the ring on the top of the disk and repeat 7,8,9,10, 11. Deduce finally the value of rotational inertia of the ring and compare it to the theoretical value using Equation (2). Note that the rotational inertia of the system disk plus ring is : Itotal = Idisk +Iring
14. Perform the same experiment using the disk, but this time change the rotation axis to be passing through the plane of the disk. 
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