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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

We’ve been applying the law of conservation of mechanical energy to fictitious situations, like a ball rolling up or down a frictionless ramp. While these situations serve to help us understand the concepts, they do not represent real-life situations. In this activity, we’ll use videos of the Steel Venom roller coaster in Shakopee MN to determine how conservation of energy helps explain how this ride works.
[image: image1.wmf]Consider a block sliding along a frictionless surface as it approaches a frictionless ramp. The block slides up the ramp, stops, and slides back down.  We know that its speed when it returns to the bottom is the same as its speed at when it began sliding up. Because we assume that due to the lack of friction, no mechanical energy is lost. This means the kinetic energy of the block must be the same when it returns to the bottom of the ramp as it was when the block began sliding up the ramp.

[image: image2.wmf]But can we assume the same for a roller coaster? Steel Venom is a u-shaped track. The train is accelerated along the horizontal straightaways and launched around a curve to a vertical section of track. The train cars have no means of propulsion while on the vertical section of track. We might safely assume that aside from the work done by the force of friction of the track against the train wheels, that mechanical energy is conserved. This means that the train should be travelling the same speed when it launches up the track as it does when it returns to the bottom. Further, if we assume that friction is the only means by which the mechanical energy of the system could change, we can see how much mechanical energy is lost to friction by comparing the initial and final speeds of the train on the vertical section of track

Method

[image: image3.wmf]To analyze the conservation of mechanical energy, let’s consider the system at two instants in time: when the train begins travelling up the vertical section of track, and when it returns to the horizontal section on its way down. 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:

Where m is the mass of the train and vf and vi are the final and initial velocities of the train.

[image: image4.wmf]To calculate the velocities, we’ll use frame counting. We’re given a video that shows the train as it passes the vertical corner three times. To determine the velocity, we need how ling it takes the train to travel some known distance:


Consider the interval during which one car of the train to passes a specific point on the track. We can determine the elapsed time by counting the number of video frames it takes for the train car to pass that point and dividing by the frame rate at which the video was filmed, 210 frames per second.  The distance the train has traveled during this interval is the length of one train car, which we know (because we measured it) is 2.9 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: image5..pict]For example, if it takes 23 frames for a car to pass a specific location, we know the time is

This gives a velocity of:
[image: image6.jpg]



Equipped with these ideas, we can analyze the mechanical energy of the train.

Procedure
[image: image7..pict][image: image8..pict]Let’s compare the following intervals:

1. When the first car in the train passes the blue vertical support post (see images at right) on the way up.

2. When the same car passes the same post on the way down.

[image: image9..pict]Use frame counting to determine the time for these intervals, calculate the velocities and determine the ratio of initial to final kinetic energy. 

Next, let’s compare two more intervals:

3. When the last car in the train passes the vertical support post on the way up.

4. When the same car in the train passes the vertical support post on the way down.

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

1. Based on your analysis, was mechanical energy conserved between the time that the first car started up the vertical curve and the time when that same car returned to the horizontal section of track? Did the mechanical energy increase or decrease? Can you give a plausible explanation for this result? 
2. Based on your analysis, was mechanical energy conserved between the time that the last car started up the vertical curve and the time when that same car returned to the horizontal section of track? Did the mechanical energy increase or decrease? Can you give a plausible explanation for this result?

Sample results
	
	frames
	Velocity
(m/s)
	Ratio of final KE to initial KE

	Interval 1 first car on way up
	39
	15.62
	1.31

	Interval 2 first car on way down
	34
	17.9
	

	Interval 3 last car on way up
	37
	16.45
	0.845

	Interval 4 last car on way down
	39
	17.9
	


Note: this shows that the mechanical energy increased between the time the first car made its round trip. This is due to the fact that motors on the horizontal portion of the track apply a force to the train while it is on the horizontal portion of the track.

As expected, friction slows the train while it is on the vertical section of track, so the mechanical energy decreases during this interval.









Figure � SEQ Figure \* ARABIC �2�. These two images show the interval during which the front car passes the vertical support post. The train travels a distance of 2.9 meters during this time.
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Figure � SEQ Figure \* ARABIC �1�.  Steel Venom is a u-shaped track. The train is launched up the vertical section of track, stops, and rolls back down. Is mechanical energy conserved when the train is on the vertical section of the track?
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