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Objective
The goal of this project is to build a roller coaster for marbles using foam pipe insulation and to investigate how much of the gravitational potential energy of a marble at the starting point is converted to the kinetic energy of the marble at various points along the track.

Introduction
You can investigate the conversion of potential energy to kinetic energy with this project. You'll use foam pipe insulation (available at your local hardware store) to make a roller coaster track. For the roller coaster itself, you'll use marbles. By interrupting the track and allowing the marble to continue on a smooth, level surface, you'll measure the velocity of the marble at different points along the track. >From the velocity and the mass of the marble, you'll be able to calculate the marble's kinetic energy at the different track locations. 

For each track configuration, you should try at least 10 separate tests with the marble to measure the kinetic energy. How much of the marble's gravitational potential energy will be converted to kinetic energy? A foam roller coaster for marbles is easy to build, so try it for yourself and find out!

Terms, Concepts and Questions to Start Background Research
To do this project, you should do research that enables you to understand the following terms and concepts: 

· Potential energy (stored energy) 

· Kinetic energy (energy of motion) 

· Conservation of energy (basic law of physics) 

· Gravity 

· Velocity 

· Friction 

· Slope (rise/run) 

Questions
· What is the equation for calculating an object's gravitational potential energy? 

· What is the equation for calculating an object's kinetic energy? 

· The marble has its maximum gravitational potential energy when it is at the starting point: the highest point on the roller coaster. How much of this potential energy is converted to the marble's kinetic energy? 

Bibliography
· Here's a good webpage on kinetic and potential energy applied to roller coasters:
Merritt, T., M. Lee and B. Colloran, 1996. "The Physics of Amusement Parks: Kinetic and Potential Energy," ThinkQuest Library [accessed August 23, 2007] http://library.thinkquest.org/2745/data/ke.htm. 

· Here are some more quantitative explanations of kinetic and potential energy: 

· Henderson, T., 2004. "Work, Energy, and Power," The Physics Classroom and Mathsoft Engineering & Education, Inc. [accessed August 23, 2007] http://www.physicsclassroom.com/Class/energy/u5l1c.html. 

· Nave, C.R., 2001a. "Kinetic Energy," HyperPhysics, Department of Physics and Astronomy, Georgia State University [accessed August 23, 2007] http://hyperphysics.phy-astr.gsu.edu/hbase/ke.html. 

· Nave, C.R., 2001b. "Potential Energy," HyperPhysics, Department of Physics and Astronomy, Georgia State University [accessed August 23, 2007] http://hyperphysics.phy-astr.gsu.edu/hbase/pegrav.html#pe. 
Experimental Procedure
	Note: use the utility knife with care. A fresh, sharp blade will make cutting the insulation easier. 
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Do your background research so that you are knowledgeable about the terms, concepts, and questions, above. 

2. Cut the foam pipe insulation in half (the long way) to make two U-shaped channels. 

a. The illustration below shows the foam pipe insulation, end-on. 

b. The insulation comes with one partial cut along the entire length. Complete this cut with the utility knife (yellow circle in the illustration above). 

c. Make a second cut on the other side of the tube (yellow line in the illustration above), along the entire length of the tube. 

d. You'll end up with two separate U-channel foam pieces. You can use masking tape to attach pieces end-to-end to make the roller coaster track as long as you want. 

3. To make a roller coaster track, tape two (or more) lengths of the foam U-channel together, end-to-end. The joint between the two pieces should be as smooth as possible. 

You will be required to add the following features to your roller coasters: hills (2). Curve (1), and a special feature (1). 
4. In order to measure the velocity of the marble, you'll need a way to measure how much distance the marble travels during a measured time interval. 

a. A good way to do this is to measure the distance on the track with something removable like a string.
b. Mark the string with 5 or 10 cm long stripes in contrasting colors (e.g., red and white or black and white) so that you can use it to measure distances. 

c. Use the stopwatch to measure the time it takes for the marble to travel a certain length along the track. 

5. Measure the height of the starting point for the track. 
6. Measure the mass of the marble. 

7. Calculate the gravitational potential energy of the marble at the starting point. 

8. Run a single marble down the track 10 separate times. 

a. For each run, use your striped measuring stick and stopwatch to measure the velocity of the marble as it completes the track. 

b. Calculate the average of your 10 measurements. 

9. From your velocity measurement and the mass of the marble, calculate the kinetic energy of the marble. 

10. Repeat the velocity measurement at various points on the track by cutting the track and allowing the marble to continue on in a straight line on a smooth surface. Use your striped measuring stick and stopwatch to measure the velocity of the marble. 

11. Does the marble's kinetic energy ever equal or exceed its initial gravitational potential energy? 
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