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Conservation of angular momentum experiment.
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Power up the LabPro interface box and plug the rotational sensor into the DIGSONIC1 slot. Then plug the LabPro USB cable into your computer and launch Logger Pro. Use the Logger Pro toolbar to select Experiment/ Set Up Sensors/ Show All Interfaces. Scroll down the interfaces on the right side and select 4x angular rotational sensor and drag it back to DIGSONIC1. Then go to the clock icon on the toolbar and set the data taking for 20 seconds at 200 samples/sec. (It may say this is more that the recommended 100 samples/sec for the rotational sensor, but leave it at 200/sec.)

Tie the string to the middle hole on the disc spindle, then run the string over the middle radius on the rotational sensor (don't use the smallest radius or the string will probably slip.) Rotate the disc so as to wind up the string on a spindle radius. Hang a mass M of some 5 to 10 g on a paper clip hooked to the end of the string. Let the disc rotate and start collecting data. After the mass has descended for about 10 seconds, carefully drop one of two objects onto the axis of the rotating disc. (One object is a disc of the same general size as the rotating disc, but without the spindle. The other object is a flat rectangular iron bar.) After the drop, another 10 sec or so of rotational data will be collected.

We expect with a clean drop there will be very little external torque applied to the system of (disc plus object dropped) so the total angular momentum L of the system should be the same before and after the 'collision'


L = Ii (i = If (f.








(1)

You must determine the angular velocity ( in each collision just before and just after the object is dropped. I recommend you first zoom in on the region near the collision. Then drag over a small stretch of data just before the collision, which should look pretty straight. Click the slope tool (it says 'R = ' on the Logger Pro toolbar, and is two icons to the left of the clock icon), and it will give you the slope and uncertainty of the line. Then you can drag over a small straight region just after the collision and get the slope there. These angular velocities are those of the sensor and not of the disc. Since the two angular velocities (sensor and disc) are proportional, we can take their ratio for the sensor, and this will also be the correct ratio for the disc. Then from Eq. (1)


(i/(f = If/Ii.









(2)

You do not precisely know the initial rotational inertia Ii of the disc and spindle, but you will have a fair idea, since almost all of it is due to the disc, and not much from aluminum spindle near the center.

Do two runs for each object dropped, and obtain an average and uncertainty for (i/(f   .

Measure the radius, thickness, and mass of the objects that you drop. From this information you can calculate the moment of inertia I of each of these objects (ID for the disc, and IR for the rectangular piece).  

When the disc is dropped, you should be able to give the upper limit of (i/(f from Eq. (2). Obtain the experimental value of (i/(f and find its uncertainty. (If this ratio is above your estimated upper limit, you know there is a problem somewhere.)

Because If is the sum of Ii and I of the object, you can rewrite Eq. (2) for the ratio ID/Ii when the disc is dropped, and IR/Ii when the rectangular metal piece is dropped. These ratios should depend only on the ratio of angular velocities and nothing else.

From your two types of drop (disc and rectangular plate) there are two ratios of angular velocity. From these two angular velocity ratios you should be able to calculate a ratio of rotational inertias  


ID/IR )(   









(3)

The subscript ( refers to the fact that this ratio is derived only from angular velocity ratios.

You should now calculate ID and IR from the masses and dimensions of the objects. Then you have


ID/IR )calc  .









(4)

Eq. (3) is derived from experimental data, assuming L to be conserved in the collision, and Eq. (4) ought to be close to the truth since it is based on mass and dimensions.

Say whether (3) and (4) agree within estimated uncertainty.

