Exploration Guide: Roller Coaster Physics
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Collisions play an important role in physics research, especially in probing the inner structure of the atom. The majority of this type of research takes place in huge machines called, appropriately enough, colliders. 

Within colliders, subatomic particles are accelerated to tremendous speeds, nearing the speed of light, and then are crashed into one another. Scientists then use sophisticated detectors to examine the subatomic "debris." This debris reveals a great deal of information about the inner structure of atoms. 

Though this approach has been compared to trying to "learn about music by listening to a piano fall down a flight of stairs," it is the only approach available to us. It is likely that larger and more powerful colliders will continue to be built. 

The Effects of Speed and Mass

In this activity, you will choose a toy car and roll it along a track to collide with an egg. You will discover what factors influence whether or not the egg breaks when the toy car runs into it. 

1. In the Gizmotm, click Reset (
1. Click Play ([image: image1.png]


). Watch as the car rolls down the hill and collides with the egg. What happens to the egg? 

2. Click Reset and leave all of the values set as they are. Click Play and watch the Speed value as the car descends the hill. When the car reaches the horizontal part of the track, click Pause. What is the speed of the car? Click Play to resume the simulation. What happens to its speed as it rolls across the horizontal section of the track? How fast is the car traveling when it strikes the egg? 

3. In the  data table shown below. Record the mass of the car, the height of Hill 1, the speed of the car when it strikes the egg and whether or not the egg was broken. 
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4. Click Reset and change the height of Hill 1 to 50 cm. Click Play. 
5. What is the speed of the car as it strikes the egg? 
6. What happens to the egg?
7.  Record your data as you did for the previous trial.
8.  What effect does the speed of the car appear to have on whether or not the egg breaks? 

2. Click Reset. Select the 35 g car. Be sure that all other values remain set the same - height of Hill 1 = 50 cm, height of Hill 2 = 0 cm, height of Hill 3 = 0 cm, Coefficient of friction = 0.00. Click Play. 

1. What is the speed of the 35 g car as it reaches the egg?
2. How does this compare to the speed of the 50 g car as it reached the egg? 
3. Does the mass of the car affect its speed when it reaches the egg? 

4. Did the car break the egg? 
5. Does the mass of the car affect whether or not the egg breaks? Explain how you know. Be sure to record your data for this trial. 

6. 
Momentum and the Egg

1. Click Reset. Be sure the height of Hill 2, height of Hill 3, and Coefficient of friction are all set to 0. 

1. Select the 35 g car. By trial and error, find the minimum height of Hill 1 that will result in the egg being broken. 
2. What is that minimum height?
3.  At what speed is the car traveling when it strikes the egg in this situation? Record this information in a table like the one you used earlier. 

4. With Hill 2, Hill 3 and Coefficient of friction still set to 0, change to the 50 g car. Again, use trial and error to find the minimum height of Hill 1 that will result in a broken egg.
5.  What is the height?
6.  At what speed is the car traveling when it strikes the egg? 
7. Record this data in your table. 

8. Multiply the mass of the car by the minimum speed required to break the egg, for the 35 g car and the 50 g car. Compare these two values. This quantity is called the momentum of the car and in this case has units of: 
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It is the momentum of the car that determines whether or not the egg will break - not the speed alone or the mass alone. 
9. What is the approximate minimum momentum required in order to break the egg? 

2. Click Reset and select the 100 g car. Change the height of Hill 1 to 20 cm, and leave all of the other values set to 0. Click Play, and then click Pause ([image: image4.png]


) when the car reaches the horizontal section of the track. 

1. What is the speed of the car at this point?
2.  What will be the speed of the car when it reaches the egg? 

3. What will be the momentum of the car when it reaches the egg? 
4. Do you expect that the egg will break? 
5. Why or why not? 
6. Confirm your expectations by clicking Play to continue the simulation. 

7. Hill 1 cannot be set any lower than 20 cm, but the car can be further slowed before striking the egg by increasing the height of Hill 3. Set Hill 3 to 15 cm and play the simulation.
8.  What is the speed of the 100 g car as it strikes the egg in this situation? Did the egg break? 
9. Explain this result based on the momentum of the car when it struck the egg. 

10. Adjust Hill 3 until you find the maximum height for Hill 3 at which the egg will break. 
11. What is the speed of the 100 g car when it strikes the egg under these conditions?
12.  What is its momentum?
13.  How does this value for momentum compare to the minimum values needed to break the egg for the other two cars? 

3. Click Reset. Set up different experiments in the Gizmo using values of your own choosing to answer the questions below. 

1. Experiment with different heights for Hill 2. 
2. Under what conditions is the car unable to roll past Hill 2? 
3. Explain. 

4. When the car does roll past Hill 2, how does the height of Hill 2 affect the speed with which the car hits the egg? 
5. Explain. 

