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Rotational Inertia

	


Introduction

The purpose of this experiment is to measure the rotational inertia of a point mass, a ring, and a disk experimentally and compare the values to the theoretical value.

Theory  

A. Geometrical:  The rotational inertia of an object depends on its mass and how that mass is distributed about the axis of rotation.  In this section you need to derive the expressions for the rotational inertia of the three systems to be tested in this experiment starting with the definition
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Let each system have mass M.  The disk has radius R and the ring radii R1 and R2.  Use the above equation to derive the expressions for the moments of inertia of a disk of radius R and mass M, and a ring of radii R1 and R2 and mass M. Then write an expression for the moment of inertia of two point masses a distance R3 and R4 from the pivot point.

B. Experimental:  To measure the rotational inertia of our systems we will use the apparatus shown on the following page.  Using free-body analysis and Newton’s 2nd Law for rotating systems derive an expression for the experimental value of the rotational inertia.  Your final expression should involve only quantities that you have measured, or well known numerical constants.
Apparatus 



Procedure

Part 1: Rotational Inertia of a Point Mass

1. In this experiment you will use the apparatus shown above.  First weigh the two “point” masses.  Next attach the masses on each end of the rod and measure the distance from the center of each mass to the middle of the rod (center of rotation).  Record the data in the appropriate location in the Data section.

2. With the rod mounted on the 3-step pulley, tie one end of the string to the mass hanger and the other end to one of the levels of the 3-step pulley.  Using Vernier calipers, measure the diameter of the pulley about which the thread is wrapped and calculate the radius and record the value in Table 1. Drape the string over the super pulley and adjust the super pulley height so the thread is level with the 3-step pulley.  Also the clamp-on super pulley must be adjusted at an angle so the thread runs in a line tangent to the point where it leaves the 3-step pulley, and straight down the middle of the groove on the clamp–on super pulley. Make sure the support rod does not interfere with this rotation of the accessory rod.

3. Put a 50-g mass on the mass hanger and measure and record their mass in Table 1.

4. Open the file named RotIntia on the computer desktop.  Click on the Record button; then release the 3-step Pulley, allowing the mass to fall.  Click the Stop button to end the data collection before the mass reaches the floor.

5. Highlight the portion of the graph, which represents constant acceleration.  Select linear curve fit.  The slope of the linear fit represents the angular acceleration (and should be recorded in Table 1 (record   to three decimal places???).

6. Remove the point masses from the rod and repeat the steps 2 to 5 for the apparatus alone.  It may be necessary to decrease the amount of the hanging mass so the apparatus does not accelerate too fast for the computer’s data collection rate.  Record the data in Table 1.

Part 2: Rotational Inertia of a Disk and Ring

1. Weigh the ring and disk separately.  Measure the inside and outside diameters of the ring with Vernier calipers and calculate the radii, R1 and R2.  Measure the diameter of the disk with Vernier calipers and calculate the radius R.  Record all these data in the Data section.

2. Take off the accessory rod from 3-step pulley.  Place the disk directly on the pulley.  Place the ring on the disk and insert the ring pins into the holes in the disk.

3. Put a 50-g mass on the mass hanger and repeat steps 3 to 5 in Part 1.  Record the data in Table 2. 

4. Remove the ring and reduce the hanging mass, repeat steps 3 to 5 in Part 1. Record the data in Table 2. 

5. Remove the disk and reduce the hanging mass (just leave the mass hanger on), repeat steps 3 to 5 in Part 1. Record the data in Table 2.

Data

Part 1: Rotational Inertia of a Point Mass

Point Mass 1,



M1 = _________________________(g)


Point Mass 2,



M2 = _________________________(g)


Rotational Radius of Mass 1,

R1 = _______________________(cm)


Rotational Radius of Mass 2,

R2 = _______________________(cm)


Table 1

	
	Mass Hanger with Mass (g)
	Radius of Pulley 

(cm)
	Angular Acceleration (rad/s2)

	Point Mass and Apparatus
	
	
	

	Apparatus Alone
	
	
	


Part 2: Rotational Inertia of a Disk and ring

Mass of Ring,



M1 = ________________________(g)


Mass of Disk,



M2 = ________________________(g)


Radii of Ring, inside,


R1 = _____________________(cm)




outside,


R2 = ______________________(cm)


Radius of Disk,

   

R = ______________________(cm)

Table 2

	
	Mass hanger with Mass (g)
	Radius of Pulley

(cm)
	Angular Acceleration (rad/s2)

	Ring, Disk, and Apparatus
	
	
	

	Disk and Apparatus
	
	
	

	Apparatus Alone
	
	
	


Analysis and Results

Part 1: Rotational Inertia of a Point Mass

1. Use the data recorded in Table 1 and the equation derived in the Theory section, and follow the steps below to calculate the experimental value of rotational inertia of the point masses.  (Note:  The rotational inertia measured is the superposition of the point masses and the apparatus itself.  To find the rotational inertia of the desired system it is necessary to determine the rotational inertia of the apparatus itself to subtract it from the total, leaving only the rotational inertia of the point masses.)  

a) Calculate the experimental value of the rotational inertia of the point masses and apparatus together.

b) Calculate the experimental value of the rotational inertia of the apparatus alone.

c) Subtract the rotational inertia of the apparatus from the combined rotational inertia of the point masses and apparatus.  This will be the rotational inertia of the point masses alone.

2. Calculate the geometric value of the rotational inertia of the point masses using the equation from Theory section.

Results:




I (Experimental) = ___________________ (kg m2)




I (Theoretical) = ____________________ (kg m2)




% Difference = _______________

Part 2: Rotational Inertia of a Disk and Ring

1. Use the data you recorded in Table 2 and the equation you derived in the Theory section and follow the steps below to calculate the experimental value of rotational inertia of the Ring and the Disk.

a) Calculate the experimental value of the rotational inertia of the ring, disk, and apparatus together.

b) Calculate the experimental value of the rotational inertia of the disk and apparatus.

c) Subtract the rotational inertia of the disk and apparatus from the total rotational inertia of the ring, disk, and apparatus.  This will be the rotational inertia of the ring alone.

d) Calculate the experimental value of the rotational inertia of the apparatus alone.

e) Subtract the rotational inertia of the apparatus from the rotational inertia of the disk and apparatus.  This will be the rotational inertia of the disk alone.

2. Calculate the geometric values of the rotational inertia of the ring and the disk separately.

Ring:

Disk:

Results:

Ring:

I (Experimental) = ___________________ (kg m2)





I (Theoretical) = ____________________ (kg m2)





% Difference = _______________



Disk:

I (Experimental) = ___________________ (kg m2)





I (Theoretical) = ____________________ (kg m2)





% Difference = _______________

Please write a formal conclusion to this experiment. Include the sources of error in the experiment.  Comment on the largest contributor to the error and suggest ways to improve the experiment by eliminating, minimizing or compensating for this source.

Experiment 
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