LESSON 1
Roller Coaster Physics

Introduction:  There are many different types of engineers with many different skill sets.  However, all engineers have one common concern in the design of a new product, SAFETY.  It is an engineer’s responsibility to ensure that their product will cause no harm to the individual that will be using it.  For example, this is specifically obvious for thrill ride engineers.  Roller coasters have to be carefully designed as to ensure that when the passenger is barreling down the track at 60 miles per hour, taking sharp turns and completing death-defying loops their safety is of first priority.  Amusement park ride design uses the laws of physics to ensure proper velocities are met to complete any and all obstacles.  This is important in both maintaining a high enough velocity to travel through the loops as well as ensuring that velocities stay within the limits of the average human body.  In this lesson you will find in more detail the physic’s concepts that make roller coasters work, and will be given the chance to test your own math skills to see if your passengers will ride with the confidence of a professionally engineered coaster.
What you may not realize as you're riding down the track at 60 miles an hour is that the coaster has no engine. The car is pulled to the top of the first hill at the beginning of the ride, but after that the coaster must complete the ride on its own. You aren't being pushed around the track by a motor or pulled by a hitch. The change of potential energy (stored energy) to kinetic energy (active energy) is what drives the roller coaster, and all of the active energy you need for the ride is there once the coaster falls from the first hill.

How it Works:  Roller coasters use stored mechanical energy instead of an engine.  A lift motor from a roller coaster yields stored energy when lifting the train to the top of the hill. The higher the train is lifted by the motor the more stored energy is built up, forming a larger amount of active energy when the train is dropped. At the top of the hills the train has a large quantity of stored energy, but it has very little active energy.  

Kinetic energy is the energy of motion. The faster the body moves the more of this active energy is produced.  As the train accelerates down the hill the stored energy is converted into active energy. There is very little stored energy at the bottom of the hill, but there is a large amount of active energy.  The active energy at the bottom of the hill gives the roller coaster enough speed to safely make it around a loop.  If the acceleration at the bottom is too low the train will fall out of the loop, if it is too high the physical limits of the body are pushed posing a threat to the overall safety of the passengers as well as causing damage to the ride itself.

 Math Concepts:

A roller coaster found at any amusement park is created to give a rider a feeling of danger using a few physics laws. The basic law that changes stored energy to active energy is what pushes the coaster along the track, without any help from an engine. 

To find the lowest speed that the coaster needs to make it around the loop, we use the equation:
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The “V” in this equation represents the smallest speed that the car needs, ”critical velocity”,  while “r” is the radius of the loop.  The letter “g” is the acceleration due to gravity, which is 9.8 m/s2.  

After we find this value, we can use the law of conservation of energy that says that the maximum gravitational potential energy (U) will be equal to the maximum kinetic energy (K). The equation that can represent this is:

U = K

mgh = ½ mv2

In this equation, “m” represents the mass that can be canceled from the equation since it is on both sides.  In order to gain a larger amount of stored energy, the roller coaster cart must start at a higher location along the track to gain enough velocity to make it through the loop.  The ideas of this experiment include finding the lowest height at which the cart will make it around a roller coaster loop. 

Demonstration:  Roller Coaster Physics

· Hand out a race car set to each team.  Have the students set up the loops of each of the sets, and measure the radius of the loop.  Then have the students think about the physics behind a roller coaster loop, and the equations of energy that are used to calculate the minimum velocity that the car must have to make it around the loop.

· Have the students make a prediction of how high the car must be released from to make it around the loop using the equations of energy given on the worksheet.  Have them try letting go of the car at the predicted height, and observe how it acts.  Did it make it around the loop?  If not, why?

· Explain the effect of friction on the car, and why friction may cause the height that you found to be too small to give the car the needed velocity to make it around the loop.  Have the students make small changes to the height to compensate for friction, and try the demonstration again.
Materials:
Small toy car

Loop de loop track

Meter stick

Resources:
Amusement Park Physics:  http://www.learner.org/exhibits/parkphysics/
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The Physics of Roller Coasters
Have you ever wondered how a roller coaster car can make it around a loop without coming off the track?  It all has to do with a few simple laws of physics.  When constructing and designing structures such as buildings, water systems, and roller coasters, it is often necessary to build a model to make sure that the idea is safe and practical.  By calculating the velocity and height a model roller coaster car needs to have in order to successfully complete a loop, engineers can then determine what speed and height the real life project needs to have.  

Equations
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(1)


g=9.8m/s^2
mgh = ½ * mv2

(2)
r = radius of loop
v = the lowest velocity the car needs to go
g = gravitational force
m = mass of the coaster cart
Since mass is on both sides of the equation, it can be simplified into the equation:

gh = ½ *  v2 


(3)
First, calculate the lowest speed, “critical velocity”, that the car needs to travel to successfully complete the loop using equation 1.  Then take that speed to find the appropriate height the car needs to be dropped from to safely complete the loop.  Test the coaster and see how accurate your predictions are.                                                                                        
Diameter= _____________cm=____________m                                  
Radius=______________cm=____________m

Critical Velocity=___________m/s

Determined Critical height=_____________m=____________cm

Experimental Critical Height=_____________cm

Does the coaster make the loop at the height you determined?  If not, why?  How do you think other forces such as friction affect the speed of the car?
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