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November 27, 2007

Mathematics of Roller Coasters

1. ______________ Energy (    ) is the energy at rest. Its formula is __________________.

2. ______________ Energy (    ) is the energy of motion. Its formula is __________________.

3. The Conservation of Energy says that energy cannot be created or destroyed. The amount of energy remains constant throughout the ride.
4. Develop the Conservation of Energy equation. 

5. Label the diagram with the things mentioned in class. 
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6. Going down the first hill.








A. What is the initial velocity? _________________

B. Where is the final height of the hill? 

     (Draw an arrow on the diagram)

C. What is the final height on the first hill equal to? ________

D. Plug the initial velocity and final height into the Conservation of Energy equation and resolve the equation.

E. Using the terms Potential Energy and Kinetic Energy explain what the new equation is saying about going down a hill. 
F. What would the final velocity be if the initial height was 100 m and the mass of the 
     
     cart was 15 kg?
G. What is the initial height of the hill if the mass was 10 kg and the final velocity 70 
   
      m/hr?
7. Using a measuring stick, measure the distance from the top of the masking tape to the top of the table on the black ramp. 

A. What will the final velocity of a ball be if it is released from this height?

B. Choose a different height that is less than half of the original height. What would the 
 
     new velocity be if the ball is released here?

C. Place the ball near the top of the masking tape and release it. Pick up the ball and 
   
     release it from the height chosen in part B. Can you tell a difference in the two 
   
  
     velocities? What should the difference be? 
8. The Second Hill
A. Predict if a second hill can be tall as or taller than the first hill. Write a small explanation why it can or cannot be as tall. (Hint:  look at the conservation of energy equation)

B. Go to http://www.funderstanding.com/k12/coaster/. Make the height of the second hill larger than the first hill. Do not adjust any of the other controls. Run the coaster. What happened? Did this support your prediction? 

C. Make the second hill smaller than the first hill. Does the roller coaster now work?

D. Go to www.saintjoe.edu/~mam5870/rollercoaster.html and read about why the second hill cannot be as tall as the first hill. 
E. Go to the roller coaster set up in the back of the room. Pick up the two cars. Start them on the left side of the track. Release the two cars at the same time. Make sure you catch the cars at the end. Do both of the cars reach the end of the track? 

E. Measure the height from top of the track to where the track is the lowest. What should the velocity be at the bottom of the first hill? (Measure in cm)
F. Make sure the smart timer is set at One Gate and Speed. (If unsure ask Crystal or Michelle.) Have one person hold a car at the top of the track and someone else ready to start the smart timer. At the same time start the car and the timer. (To start the timer hit the “start” button) After the car has gone through the track the timer will tell the velocity of the car. 

What did the timer read? _________ cm/s
Find the percent error of your run. 
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Is this a good percentage? Explain why it is or isn’t. Also, what factors could cause a high percent error. 
9. Loops
A. Do you think that loops follow the same rules as the second hill? (Mainly height) Give a short explanation.

B. Go to http://www.funderstanding.com/k12/coaster/. Make the loop different heights. Explain the one that works best compared to the height of the first and second hills. 

10. Mass

A. Does the mass of the roller coaster change?

B. Go to www.saintjoe.edu/~mam5870/rollercoaster.html. What does the site say about how mass effects the roller coaster? 
C. Rewrite the Conservation of Energy without mass.
D. Go to http://www.funderstanding.com/k12/coaster/. Set up the roller coaster where it can be completed. Change the mass to the smallest that it can be. What is the final velocity of the coaster? _______________ Change the mass to as high as it can go. Run the coaster. What is the final velocity? __________________

E. Do your numbers above correlate with the idea that mass does not effect how the roller coaster runs? 

11. Go to http://www.learner.org/interactives/parkphysics/coaster/ and complete the directions. How did you do? Explain some of the safety hazards you encountered. 
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