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“As the Wheel Turns”

Purpose

In this lab you will measure the rotational inertia (or moment of inertia) of the CD wheels of your mousetrap car.
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Materials

· small mass (20 – 50 g)

· stop watch

· meter stick

· light string (approximately 50 cm long)

· mousetrap car

· tape covering for CD wheels

· strip of paper and tape (if no electrical tape on drive axle)

Discussion
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Rotational inertia is the resistance an object has to changing its state of rotation.  The more rotational inertia a wheel has, the more torque that will be required to change its state of rotation.  As you can observe by doing what is suggested in the box below, the resistance to rotation is not solely based on the total mass.  The distribution of that mass also counts.  In your mousetrap car, the torque is generated from the mousetrap’s lever arm.  More torque means shorter lever arms which translates into less pulling distance.  With distance cars you want the longest possible pulling distance; therefore, you want a long lever arms.  In most cases, whether you are building a speed or distance car it is best to have wheels with as little rotational inertia as possible.  The less rotational inertia that a wheel has, the easier it will be to accelerate the wheel and get the car moving.  Rotational inertia is equal to the amount of torque acting on a system divided be the angular acceleration.  The angular acceleration is equal to the linear acceleration divided by the radius of the wheel.  The torque is equal to the tension on the string times the radius of the drive axle.  Putting this together you get Formula (9) given in the Analysis section below. 
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In this lab a weight is tied to a string and then wrapped around the axle of each wheel.  The weight is allowed to fall causing the wheel(s) to spin.  As the weight falls it is also timed.  Based on the time it takes the weight to reach the tabletop or floor, you can calculate the rotational resistance of your wheel(s). The weight, as it falls, is being pulled downwards by gravity and upwards by the resistance of the wheel(s).  The greater the rotational resistance or inertia, the longer it will take the weight to fall.  The acceleration of the falling weight is found by Formula #5.  Combine Formula #4 and #5 to get one formula that will be used for this lab to calculate the rotational inertia, based on the time of fall for the hanging mass.  The total rotational inertia is the combination of all wheels added together. 

Procedure

1. Make a loop in the string so that one end can be secured to the hook on your drive axle.  Tie the other end to the small mass.

2. Wind the string directly around your drive axle – not any electrical tape you may have wrapped around the axle.  Do not double up the string – only one layer of string should be wound around the axle.

3. Place the mousetrap car over the edge of a lab bench.  Measure the distance from the bottom of the mass to the floor

4. Time how long it takes the mass to fall from rest.  Repeat 3 times.  Re-measure the height each time.

5. Put the balloon covering on your CD wheels and repeat above procedure.

6. Tape the strip of paper to your drive axle and wrap it around tightly.  Tape it in place.

7. Repeat the above procedure using the part of the axle covered with the paper.
Brief summary:  You are testing 3 situations:  

1) bare axle with bare wheels

2) bare axle with covered wheels

3) thick axle with covered wheels
Data Table

You will need to record: mass you are dropping, radius of the axle (bare metal has a diameter of 4.9mm), radius of the axle with the paper wrapped around it, height the mass is dropped, time for the mass to fall, and the description of the CD wheels (with or without the balloon).  The radius of the axle with the paper will be measured using a vernier caliper – this measurement will be provided to you.



Analysis

To find the inertia of your CD wheels – or their “moment of inertia” – you will be using the rotational equivalent for Newton’s 2nd Law of Motion.  For linear or translational motion: Fnet=ma; for rotational motion: (net = I (, where (net is the net torque acting on an object with rotational inertia I causing it to accelerate around at (.  To find I, we will need to measure the torque that makes your wheels spin and the resulting angular acceleration.

First consider the angular acceleration of the wheels.  The string is attached to the axle and it will move at the same rate as the axle and the wheels – since they are all attached together.  The mass at the end of the string, likewise, will move at the same rate.  The difference is only that the wheel/axle will spin around, while the mass falls down.  
In the end, we want to find I When you rearrange the Torque equation you get:

I = 
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(1)
As the axle turns 2π radians, the amount of string that unwinds will be 2πr (r = radius of the axle).  If this takes a time (t, then we have:


( = angular velocity of wheel/axle = 2π/(t
(2)


v = linear velocity of mass = 2πr/(t = (2π/(t) r = ( r
(3)

The relationship between the linear acceleration of the mass and angular acceleration of the wheel/axle is the same:


a = ( r  so rearranging, ( = a/r
(4)
We have the time it took the mass to fall a distance h from rest, vi = 0.  Using basic kinematics:


d = vo t + 1/2 a t2  ( solve for a = 2 d/t2
(5)

Next consider the torque acting on the axle to make it spin.  The force involved in the torque is the force of tension, which can be found by using Newton’s 2nd Law for the falling mass:


Fnet  = Ft – mg = – ma ( solve for Ft = m(g – a)
(6)

The tension acts at a distance r = radius of axle from the axis of rotation (the exact center of the axle).  The torque is then:


( = Ft r = m(g – a) r
(7)

Substitute (5) and (7) into (1):


I = 
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While the expression may be messy, all of the variables on the right-hand-side can be measured and the moment of inertia of the wheels plus drive axle can be found.

Calculations

Find the average acceleration for the falling mass for each data set: (1) CD wheels alone, (2) CD wheels with the balloon, (3) paper taped to the drive axle.  Then use the above formula to find the moment of inertia for the wheels/axle for each.

Conclusions:

1. Discuss how the moments of inertia for each data set compare.  Why are they different or the same?  These numbers measure the resistance to changes in rotational motion of your wheel/axle.  Which ones might you expect to be the same; which ones might you expect to be different; which should be the largest, smallest?  Explain.

2. What are the units for a moment of inertia?  Use Newton’s 2nd Law for rotation to determine what units I must have given that torque has units of N m, angular acceleration has units of rad/s2 – but a radian is just a ratio of two lengths (circumference to diameter of a circle).  A radian is not really a unit, but a dimensionless ratio of two lengths.

3. Compare the angular acceleration of the last data set to the previous ones.  In this case, did the wheels/axle accelerate faster or slower?  Why?

4. When you added the balloon to the wheels, what effect did this have on the moment of inertia?  What effect can be predicted theoretically?  Discuss the pros/cons of adding rubber to the edge of the wheels of your King of the Hill cars.
5. Compute the theoretical value for the moment of inertia of a CD about its center using the appropriate formula in the textbook and the following data: mass of a CD-ROM = 16 g, diameter of a CD-ROM = 12 cm.  (Since the wheels in the packages are ½ thickness, 2 wheels equals the mass of 1 normal CD-ROM)  How does your experimental data compare with this theoretical value?  Explain whether this makes sense.
6. What did you learn about Moment of Inertia from this lab, and how will it apply to your own mousetrap car?  (Connect theory to practice)
Lab Report:

Turn in the following:

· data table (5)
· calculations and values for the moment of inertia of your wheels/axle (10)
· answers to the questions in the conclusions (15)
· Presentation will be counted across all items (5)

· Total:  35
Try It!


Just as an object at rest tends to stay at rest and an object in motion tends to stay in motion, an object in a state of rotation about an axis tends to remain in that state of rotation about the same axis unless an external force or torque acts on it.  Try an experiment to learn about rotational inertia. Try twisting a barbell with the weight spaced close together and then far apart.  You will definitely get a good feel for rotational inertia after this experiment.  We have a meter stick with  a 1kg mass in the middle and another meter stick with two 0.5 kg masses on the ends.








Variables


I = moment of inertia for wheels/drive axle


r = radius of drive axle


d = distance mass falls


m = mass falling at end of string


t = time for mass to fall distance (x


T = tension on string


( = torque acting on drive axle


( = angular acceleration of wheel/drive axle


a = linear acceleration of falling mass





In this lab, a mass is tied to a string and then the string is wound around the axle.  Based on the time it takes the mass to fall to the floor, the rotational inertia of your wheels can be found.  The greater this resistance, the longer it will take the mass to reach the floor.  The smaller the resistance, the less time it will take. 
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