Lab Activity Phy223	                 Rotational Mechanics, Moment of Inertia	
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Rolling Motion: Moment of inertia


Introduction

In this lab activity you will find the moment of inertia of a heavy hollow hoop in two different ways: r1
r2

· Method 1: by integration/table lookup, and
· Method 2: by experiment 

You will then compare and discuss the results.




Method 1: Finding  by Integration / Table Look-Up

1a. Derive a formula for the moment of inertia of the hollow hoop 
· by finding the appropriate formula from the table of moments of inertia in your textbook, and modifying it so that it has only quantities in it that you can measure, or
· 
by starting with  and doing the integration from scratch (this might actually be easier). 

Hint: the correct answer is NOT .

1b. Measure any quantities that are needed and determine the resulting value for the hoop’s moment of inertia. Call this value . 



1a. Derivation: Draw a sketch of the hoop that has all the relevant quantities properly labeled. Derive an equation that only depends on quantities that you measure and known constants (like g). Clearly present your derivation and put the final equal in the box provided . Don’t put in numbers for the measured quantities yet.



































Symbols only, no measured values.
 

1b. Data and numerical result

Copy your equation for  below:





What quantities are you measuring?



In the table below, write the quantities you measured and their values:

	
	

	
	

	
	

	
	



Calculate  and copy your answer in the box provided:














Numerical answer.
 _________________ units _______________

Method 2: Incline Experiment 
2A. Experiment and Data Acquisition

· Let the hoop roll down the incline and record the motion with the motion detector. Use LoggerPro to find the acceleration (slope of v-t). Repeat the experiment several times and take the average to get an accurate measurement of the acceleration acm. 
· Measure and record the angle of the incline , inner radius , outer radius , and the hoop’s mass M. 

Include a screenshot of v-t for one of your runs. Your graph should have a linear fit that you use to find .



















Put your measured data in the table below.

	Quantity
	Measured value (include units)

	Angle of incline: 
	

	Inner hoop radius: 
	

	Outer hoop radius: 
	

	Hoop mass M
	

	Average center of mass acceleration 
	





2B. Derivation of using translational and rotational dynamics and kinematics.



You can derive an equation for using dynamics or energy considerations. You will do both. In this section you will use dynamics (and kinematics), in the next section you will use conservation of energy (and kinematics). Note that your result for  should be exactly the same for both!

1. Draw an extended FBD for the hoop. Include a coordinate system and a positive direction for the rotation and label all quantities.

 
r1
r2


















Use your FBDs to set up your equations of motion. Don’t solve here:








List the acceleration constraint (how are  and  related?):

Solve your equations for the moment of inertia about the center of mass. Call this quantity IM2. Note: you should only have measured quantities on the right hand side, i.e. mass, acceleration (from experiment), radius, angle.




































Final answer: 

Note: put your final formula here (symbol form, NOT numbers or numerical result).


2C. Derivation of using conservation of energy and kinematics.


You can find an equation for using dynamics or by using energy considerations. You will do both. In the previous section you used dynamics (and kinematics), in this section you will use conservation of energy (and kinematics). Note that your result for  should be exactly the same as in the previous section.

In the figure, add any variables you might need in your derivation.

 
 
 
d
h

A
B









Take A to be the moment the hoop is at rest and begins its motion. Take B to be some point during the downhill motion. 

Set up the equation for conservation of energy:






In the above equation, express the angular velocity and the linear velocity in terms of measured quantities (acceleration, angle, etc.). Then solve the equation for the moment of inertia.







































Final answer: 

Note: put your final formula here (symbol form, NOT numbers or numerical result).


2D. Numerical result for IM2
Plug your experimental data from part 2A into the equation from part 2B or 2C to find the hoop’s moment of inertia.
Show your calculation with your experimental data from 2A:



 _______________ units _______

E. Discussion and Conclusion
E1. Compare the values  and  that you obtained with your two methods. Compute the relative percentage difference between the two results, using .










E2. Which method is more accurate? Explain your reasoning.
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