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Objectives


· To learn to extract data from a video to answer a question

· To apply the law of conservation of energy to a new situation
Introduction

[image: image1.wmf]One of the assumptions we often make when applying the law of conservation of mechanical energy is that no mechanical energy is converted to thermal energy when objects roll. Of course, friction does cause mechanical energy to be converted to thermal energy when object roll. In this activity, we’ll look at three video clips to see how much energy is converted to heat when kids roll down a hill on a driveway.

[image: image2.wmf]Let’s start by thinking about a cart sitting stationary at the top of a ramp. When the cart is released, it begins to roll.  As it rolls down the ramp,  the gravitational potenital energy is converted to kinetic energy as the cart speeds up. Often, we’ll assume that the increase in kinetic energy is exactly equal to the decrease in gravitational potential energy – that is, that mechnical energy is conserved.

But is this ever true in real life? In this activity, we’ll analyze video clips of a boy rolling down a hill on three different devices: roller blades, a small bicycle, and a large bicycle. In each case, we’ll look at his velocity when he reaches the bottom of the hill. Since we know the height of the hill, we can calculate the ratio of gravitational potential energy at the top of the hill to the kinetic energy at the bottom of the hill. 

Method

To analyze the conservation of mechanical energy, let’s consider the boy at two instants in time: when he begins rolling at the top ofo the hill, and when he arrives at the bottom of the hill. Since his velocity is nearly zero at the top, we can assume that all his mechanical energy is in the form of gravitaional poential energy. We’ll choose the bottom of the hill as our zero-reference level for caclulating height. As he rolls down the hill, his gravitational potential energy is transformed into kinetic energy.  We can say that his mechanical energy is the top of the hill is:
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Since his velocity is essentially zero:
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Where h is the height of the hill above our zero reference level.

At the bottom of the hill, he has reached the zero-reference level, so h=0. But he is now rolling with final velocity vf. Now his mechanical energy is:
[image: image6.wmf]
[image: image7.wmf]
[image: image8.wmf]
Next, we’ll calculate the ratio to compare the energy at the top and the energy at the bottom. If we take the height of the horizontal section of track as our reference height at which gravitational potential energy is zero, then we need only consider the kinetic energy. Further, since the mass of the train is constant, we can find a ratio of initial to final kinetic energy:

[image: image9.wmf]
Where h is the height of the hill and vf is the final velocity at the bottom of the hill. Note that if mechanical energy was conserved, and no mechanical energy was converted to thermal energy by friction, then this ratio would always be equal to one. If mechanical energy is lost due to friction, this ratio will be less than one. We can use this ratio as a measure of how much mechanical energy is converted to thermal energy due to friction.

[image: image10.wmf]To calculate the velocities, we’ll use frame counting. We’re given a video that shows the boy rolling past a ladder. To determine the velocity, we need how long it takes the boy to travel some known distance:


Consider the interval during which boy rolls past one leg of the ladder. We can determine the elapsed time by counting the number of video frames it takes for the boy to pass that point and dividing by the frame rate at which the video was filmed, 60 frames per second.  The distance the boy has traveled during this interval is the length of his bicycle, which we know (because we measured it) is 1.397 meters. Specifically, this is the distance from the front most edge of the front wheel, to the rear most edge of the rear wheel.

[image: image11.wmf]For example, if it takes 16 frames for the bicycle to pass a specific location, we know the time is

This gives a velocity of:
[image: image12.jpg]



Equipped with this method, we can analyze the mechanical energy of the boy rolling down the hill.




Procedure

[image: image13..pict][image: image14..pict]Let’s compare the following intervals:

1. When the front edge of the front wheel of the boy’s bicycle passes right leg of the ladder.

2. [image: image15..pict] When the back edge of the back wheel of the boy’s bicycle passes right leg of the ladder.

Open the video using Quicktime, or another viewer that allows you to advance the video on frame at a time. Use frame counting to determine the time for these intervals, calculate the velocities and determine the ratio of initial to final mechanical energy. 

There are three videos included here. One shows the boy rolling past the ladder on roller blades. He is carrying a yellow bar, which we can use as our reference length, the same way we used the length of the bicycle in the analysis described above. Another video shows the boy rolling on an adult bicycle with larger wheels

In your lab report, show your measurements and calculations and answer the questions below.
Questions

1. Describe your findings. Rank the vehicles (large bike, roller blades, small bike) in order of which had the least friction to greatest friction.

2. Develop a hypothesis that would explain your results. 

Sample results
	
	frames
	Distance
(m)
	Velocity
(m/s)
	
[image: image23..pict]

	Carl on roller blades
	14
	1.22 
	5.23
	0.49

	Carl on small bike
	15
	1.397
	5.6
	0.56

	Carl on large bike
	19
	1.87
	5.9
	0.63


Note: sometimes it is easier to use the interval during which the object enters the field of view of the video. That is, begin counting frames when the front-most edge of the object first becomes visible, and stop counting when the object is has entered the frame completely.

The trend shown in the table suggests that larger wheels have lower friction.
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Figure � SEQ Figure \* ARABIC �2�. These two images show the interval during which the bicycle passes the right leg of the ladder. The bicycle travels its own length (1.397 meters) during this time.
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Figure � SEQ Figure \* ARABIC �1�.  A boy rolls down a hill on a bicycle. As he does, the gravitational potential energy he had at the top of the hill is converted to kinetic energy at the bottom. From a video clip, we can see how much energy is converted to thermal energy due to friction.
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