
rotational motion with constant torque

Objective

To measure the moment of inertia of a system using Newton’s Second Law in rotational form and compare with a theoretical calculation. 

Equipment

A circular motion apparatus, a set of weights and weight hanger, a stop watch, ruler, and a laboratory balance. 

Procedure

1. Record the masses of the wing nuts and the threaded rod found using the balance.  Also, find the length of the threaded rod. 

2. Adjust the 200 gram masses, M, so that they are as far apart as possible. They should both be the same distance from the center. Measure the distance from the center of the shaft to the center of each of the 200 g mass. (The radius of the shaft is 0.625 cm.)

3. Tie one end of a string to the eyehook on the shaft and attach the weight hanger to the other end of the string.

4. Place 50 grams on the weight hanger (total mass of 100 grams). This will supply the torque on the system. Arrange the string to pass easily over the pulley. Wind the string around the shaft neatly, raising the base of the weight holder to a height of 1 meter. Hold the shaft so that it cannot rotate.

5. Release the shaft and start the stopwatch.  Measure and record the time required for the weight hanger to fall to the floor.  Also, count the number of revolutions the cross-arm completes to the nearest ½ revolution. 

6. Repeat steps 4 and 5, adding 50 grams to the hanger. Continue adding mass to the hanger until you reached a total of 300 grams. 

Caveat: When you wrap the string it is imperative that it form a single layer around the shaft.  That is, do not overlap the string when you wind it.
 Graphs and Diagrams
1. Plot torque (calculation 2) versus the angular acceleration (calculation 1). 

 Questions and Calculations
1. a) Using the distance traveled and time elapsed, calculate the linear acceleration of the weight hanger for each hanging mass.  Then, using this linear acceleration and the radius of the shaft, calculate the angular acceleration of the system.

b) As a check, from the number of revolutions and the time required to make them, compute the angular acceleration for each amount of mass on the hanger.

2. From the mass (including the hanger) added to the string, find the torque applied for each trial. 

3. Compute the expected moment of inertia for the rotating system. The system can be approximated as the sum of a dumbbell connected by a massless rod and a massive rod with no dumbbell. 

4. Describe the graph.  Does it show the expected relationship between torque and angular acceleration? Find the moment of inertia from your graph and compare this with the calculated value. 

211 Students
From a free-body diagram of this system, it is seen that the applied torque is less than the shaft radius times the weight on the hanger.  In fact it is given by
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where  represents torque, r is the shaft radius, m is the hanging mass, g is the acceleration due to gravity, and a is the linear acceleration of the hanging mass.

5. Show that this is the case from a free body diagram.  (Derive the above expression for torque).

6. For what value of a is this correction significant?  Support your answer.
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