Roller Coaster — Conservation of Energy

http://www.mhhe.com/physsci/physical/giambattista/roller/roller_coaster.html

Purpose: To investigate conservation of energy and the amounts of kinetic and potential
energy in different parts of a rollercoaster and to design a rollercoaster with two hills and
one loop that will get the cart safely to the end.

Background: (From “Funderstanding Roller Coaster”)
Energy is the ability of a body (for example, the roller coaster) to do work.

Kinetic energy - energy that is being used, the energy caused by motion.
Potential energy - energy that is stored for later use.

Law of Conservation of Energy - Energy can change from one form to another
but cannot be created or destroyed.

When you ride a roller coaster a motor does the work to get you up the first hill. As the
coaster is being pulled up the hill by the motor it is storing more and more potential
energy. That potential energy is turned into kinetic energy as gravity pulls you down the
first hill. The farther you go down the hill, the more potential energy is changed into
kinetic energy, which you feel as speed. The ride goes fastest at the bottom of the hill
because more and more of the potential energy has been changed to kinetic energy.

As you go up the next hill, kinetic energy is changed into potential energy and the ride
slows down. The higher you go, the more energy is changed and you feel the car slow
down. This conversion of kinetic energy to potential energy and vice versa continues as
you go up and down hills for the rest of the ride. The total energy does not increase or
decrease; it just changes from one form to the other. Notice that the first or lift hill is the
highest point in the coaster. Why is that?

However, some of the energy is changed into friction. Wind resistance, the rolling of the
wheels, and other factors all use some of the energy. Coaster designers know that friction
plays a part in the ride. Therefore, they make each successive hill lower so that the
coaster will be able to make it over each peak.

A roller coaster works because of two things: gravity and the law of conservation of
energy. A roller coaster is similar to a slide except it is longer and you ride in a train car
rather than on the seat of your pants. The wheels reduce friction: it's easier to let
something roll than to let it slide.


http://www.mhhe.com/physsci/physical/giambattista/roller/roller_coaster.html

Procedure: (Let’s design a rollercoaster!)
1. Goto

http://www.mhhe.com/physsci/physical/giambattista/roller/roller_coaster.html

2. Use the construction tools to build a rollercoaster with two hills and a loop. At least
one point on your rollercoaster should reach the bottom. To remove a section, click it (it
should turn red) and then press the “delete section” button.

3. Choose a mass and an initial velocity. Leave gravity at 9.8 m/s” because that is what it
is on earth.

4. Click “Start” to test your rollercoaster. If the cart does not make it to the end, press
“Reset”. You may then modify your rollercoaster by adding and removing sections. If
you wish to start from scratch, click “Clear All”.

5. Continue to test and rebuild your rollercoaster until you have one that works. Draw
this rollercoaster below.
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6. Describe what happened to your rollercoaster on unsuccessful tests and what you had
to do to change it.

7. What are the equations for (“google” this)

a. kinetic energy?

b. potential energy?



8. Let’s take a look at the kinetic, potential and total energy at different points along the
track. Press “Reset”. Lower the simulation speed and press “start”. By pressing “pause”
every so often, find the following places on your rollercoaster. Label these spots with a,
b, ¢, d, e, respectively, on your rollercoaster drawing. You may need to run the
simulation a few times to find these places.

a. the highest amount of potential energy

b. the highest amount of kinetic energy

c. more potential energy than kinetic energy and both are greater than zero

d. more kinetic than potential energy and both are greater than zero

e. half kinetic and half potential energy.

9. As the cart goes down a hill, what kind of energy decreases? What kind of energy
increases?

10. As the cart goes up a hill, what kind of energy increases? What kind of energy
decreases?

11. In this simulation what is always true about the sum of potential and kinetic energy?
What law does this illustrate?



12. In arollercoaster such as Excalibur at Funtown, USA, where does the cart get all the
initial energy it will need to get it to the end of the rollercoaster?

13. In this simulation, there is no friction, but there is, of course, in a real rollercoaster.
This means that some of the energy of the cart is given off as heat energy and is no longer
useful to the cart. If this is so, why must the first hill of a rollercoaster always be the
highest? (Think of the law of conservation of energy.)

14. Time to play! Build a rollercoaster of any design of your choosing. Record your
successful design below. Label your rollercoaster according to spots of varying amounts
of kinetic and potential energy as you did in question #8.
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