
Physics 2: Motion 

Final Project: Roller Coaster Design. 

This is an individual project, due on finals prep day. You may work with one another 
throughout the trimester as you plan and work on this, but the specific work done on 
your own design should be your own. 

You are to design a roller coaster with the following components. For simplicity, your 
ride does not have to begin and end at the same point. Assume that there is no friction. 
Be sure to show the calculations needed and explain the rationale for your choices.  
• The basic method here is trial and error. Develop a method for calculating the g’s or 

the perpendicular force at each location, and make the adjustments necessary to 
obtain safe but exciting values.  

• Since this step involves repetitive calculations, you should present your work in the 
form of a table of values with sample calculations - i.e. show one example of each 
calculation performed.  

• An efficient way to perform the necessary calculations is to set up an Excel 
spreadsheet. Due to the complexity of the calculations involved, it is a good idea to 
check one of the calculations by hand to make sure that the spreadsheet formulas are 
correct. 

 
Components: 

1. An initial hill: 
a. Select an appropriate height 
b. Select an appropriate radius of curvature for the bottom of the hill 
c. The only input of energy to the ride must occur on the way up the initial 

hill. Determine the amount of energy required, as well as the force the 
motor must provide and the power rating of the motor. 

2. A zero-g hill 
a. Select an appropriate height 
b. Design the specific shape to match a projectile path with the appropriate 

speed. 
3. A vertical loop 

a. Select an appropriate height 
b. Select an appropriate radius of curvature at the top of the loop 
c. Select an appropriate radius of curvature for the bottom of the loop 

 
Project Extensions: You should complete at least one of these extensions. Completion 
of two extensions will qualify you for extra credit. A third extension will not be scored. 
See back of this sheet for extensions. 
 



Extension 1: Theoretical Defense: Answer the following questions. 

1. What are “g’s of acceleration”? How does it relate to the value of the 
perpendicular force exerted by the seat upon the rider? What range of "g's" is 
necessary for a safe ride? What variation in the number of "g's" is desirable for a 
fun and exciting ride? Cite your sources of information, and explain your 
conclusions in terms of physics and biology. 

2. The ideal loop shape for a roller coaster is the “clothoid.” What is a clothoid? 
Why is this shape essential for a safe ride? Explain in terms of g’s and 
perpendicular force. 

3. The idea hill shape for a roller coaster is a parabola. Explain why. What effect 
does this have in terms of “thrill factor?” 

Extension 2: Add a banked curve to your design. Research why turns and horizontal 
loops are typically banked, and describe briefly. (My help is available.) Select a proper 
radius and banking angle. Be sure to check the g’s. 
 
Extension 3: Working Model. You will use tubing and a marble. You will have to adjust 
your calculations to accommodate rolling kinetic energy, and you will also have to 
figure out how much energy become thermal per cm of your material, and factor this 
into your calculations as well. I can give you guidance on cheap and easy materials, and 
possibly help to obtain them. 

 
 


