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The Science Behind Roller Coasters 
 

Original Program Date:  April 19, 2018 
Grade Levels: 7-10 
 
Program Description: 
How does energy apply to the design of roller coasters? How do roller coaster designers and engineers use 
the hills, loops, curves, twists, and turns to take advantage of potential energy, kinetic energy, and 
dissipating energy to create a thrill ride like no other?  View this program archive and find out. 
 
More details on the topics explored in the program and the order they will be explored are included in the 
Program Format section later in this document.   
 
Program Objectives: 
The participant will: 
1  interact with engineers and designers working in the field of roller coaster design.. 
2. use energy principles to explain the changes in speed of a car that traverses a roller coaster track. 
3.  use kinetic and potential energy observations to predict the speed of a roller coaster car at a particular 
height on the track when given the initial height of the first drop. 
4.  gain a greater understanding of the nature of energy and the Law of the Conservation of Energy. 
5.  The participant will explore methods to design and build roller coasters 
6.  The participant will engage in critical thinking and creative thinking. 
 
Program Format: 
The agenda below provides you the topics explored in the program as well as the order of that exploration.  
 

I. Welcome and Introduction—Program guests and students are welcomed to the program and 
we cover necessary background information to set up the rest of the program.  That information 
includes mentioning “Big Picture Question:  How does energy apply to the design of roller 
coasters?” and reminding everyone of the Law of Conservation of Energy.   
 

II. Examples of the Law of Conservation of Energy Put in Practice in Roller Coaster Design 
A. Energy Principals 

1. Potential energy—what it is 
2. Kinetic energy—what it is 
3. Dissipating energy—what it is 
4. Example of real roller coaster in action 

 
B. Potential Energy and Kinetic Energy 

1. Examples of student roller coaster with student/teacher explanation 
2. Interaction with expert on student roller coaster 
3. Examples of real roller coaster applying the same principle 
4. Questions for students and expert from participating students 

 
C. Dissipating Energy 

1. Example of student roller coaster with student/teacher explanation 
2. Interaction with expert on student roller coaster 
3. Relationship to roller coaster safety 
4. Example of real roller coaster applying the same principle 
5. Questions for students and expert from participating students 
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III. Summary and Closing—In this segment we summarize what we’ve learned, thank everyone 
who participated, and close the show.  
 

Featured National Standards: 
 
Next Generation Science Standards 
Middle School Physical Science 

• MS-PS3-1. Construct and interpret graphical displays of data to describe the relationships of kinetic 
energy to the mass of an object and to the speed of an object.  

• MS-PS3-2. Develop a model to describe that when the arrangement of objects interacting at a 
distance changes, different amounts of potential energy are stored in the system.  

• MS-PS3-5. Construct, use, and present arguments to support the claim that when the kinetic energy 
of an object changes, energy is transferred to or from the object.  

 
Next Generation Science Standards  
Grades 9-12  
Performance Expectations – Forces and Interactions •  

● HS-PS2-1 Analyze data to support the claim that Newton’s second law of motion describes 
the mathematical relationship among the net force on a macroscopic object, its mass, and its 
acceleration.  

Performance Expectations – Energy •  
● HS-PS3-1 Create a computational model to calculate the change in the energy of one 

component in a system when the change in energy of the other component(s) and energy 
flows in and out of the system are known.  

Disciplinary Core Ideas – Motion and Stability: Forces and Interactions •  
● HS-PS2.A.i Newton’s Second Law accurately predicts changes in the motion of 

macroscopic objects. •  
● HS-PS2.A.ii Momentum is defined for a particular frame of reference; it is the mass times 

the velocity of the object. 
 Disciplinary Core Ideas – Energy: Conservation of Energy and Energy Transfer •  

● HS-PS3.B.i Conservation of energy means that the total change of energy in any system is 
always equal to the total energy transferred into or out of the system. •  

● HSPS3.B.iii Mathematical expressions, which quantify how the stored energy in a system 
depends on its configuration and how kinetic energy depends on mass and speed, allow the 
concept of conservation of energy to be used to predict and describe system behavior 

Energy and Matter • High School: Changes of energy and matter in a system can be described in 
terms of energy and matter flows into, out of, and within that system.  

● High School: Energy cannot be created or destroyed – it only moves between one place and 
another place, between objects and/or fields, or between systems.  

Structure and Function  
● High School: Investigating or designing new systems or structures requires a detailed 

examination of the properties of different materials, the structures of different compounds, 
and connections of components to reveal its function and/or solve a problem. 

 
Science Standards 
Unifying Concepts and Processes - Unifying concepts and processes help students think about and 
integrate a range of basic ideas which builds an understanding of the natural world 

1. Systems, order, and organization 
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2. Evidence, models, and explanation 
 
Science as Inquiry - Science as inquiry requires students to combine processes and scientific knowledge 
with scientific reasoning and critical thinking to develop their understanding of science. 

1.  Abilities necessary to do scientific inquiry 
2.  Understandings about scientific inquiry 

 
The following Common Core Standards for English/Language Arts and Literacy in History/Social 
Studies, Science and Technical Subjects are referenced in this program: 
 
College and Career Readiness Anchor Standards for Reading 

7. Integrate and evaluate content presented in diverse media and formats, including visually and 
quantitatively, as well as in words. 

 
College and Career Readiness Anchor Standards for Writing 

6. Use technology, including the Internet, to produce and publish writing and to interact and 
collaborate with others. 

7. Conduct short as well as more sustained research projects based on focused questions, 
demonstrating understanding of the subject under investigation. 

 
College and Career Readiness Anchor Standards for Speaking and Listening 

1. Prepare for and participate effectively in a range of conversations and collaborations with diverse 
partners, building on others’ ideas and expressing their own clearly and persuasively. 

2. Integrate and evaluate information presented in diverse media and formats, including visually, 
quantitatively, and orally. 

3. Evaluate a speaker’s point of view, reasoning, and use of evidence and rhetoric. 
4. Present information, findings, and supporting evidence such that listeners can follow the line of 

reasoning and the organization, development, and style are appropriate to task, purpose, and 
audience. 

5. Make strategic use of digital media and visual displays of data to express information and enhance 
understanding of presentations. 

 
College and Career Readiness Anchor Standards for Language 

6. Acquire and use accurately a range of general academic and domain-specific words and phrases 
sufficient for reading, writing, speaking, and listening at the college and career readiness level; 
demonstrate independence in gathering vocabulary knowledge when encountering an unknown term 
important to comprehension or expression. 

 
Featured State Standards (Missouri): 
Schools from across the country are invited to join in the program.  Missouri state standards are provided 
for Missouri schools since partial funding for this program comes from various Missouri organizations. 
 
Missouri Grade Level Expectations 
Strand 7: Scientific Inquiry 
Science understanding is developed through the use of science process skills, scientific knowledge, 
scientific investigation, reasoning, and critical thinking 
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Program Activity Suggestions: 
Consider using any of the activities prior to having your students view the program to help provide a frame 
of reference for the program’s content or as post-program activities providing students the opportunity to 
explore the program topics in more depth. 
 
1.  Learn More about Energy and Roller Coasters—Share the web resources below with your students so 
they can learn more about energy and roller coasters.  Consider showing the video to your entire class with 
discussion or have students work in small groups and share what they learn with each other.   
 
https://www.youtube.com/watch?time_continue=17&v=LlM1pIefpBM 
 
https://www.youtube.com/watch?time_continue=3&v=Jnj8mc04r9E 
 
https://www.youtube.com/watch?v=J8pJiV44hVM 
 
https://www.youtube.com/watch?v=3sS4nT5odP4 
 
https://www.youtube.com/watch?v=06jLTR6NVrM 
 
https://www.youtube.com/watch?v=0JMlWMiObrw 
 
2.  Do a Roller Coaster Lab—Use the materials provided in Student Tool 60:  Conservation of Energy 
(Roller Coaster Lab) to give student the opportunity to work in simulations dealing with roller coasters, 
potential energy and kinetic energy.  The student tool is available on our Educate.Today website at 
https://educate.today/edvideos/physics-9-the-science-behind-roller-coasters/ as well as on the last page of 
this document. 
 
Vocabulary: 
Law of Conservation of Energy 
Dissipating Energy 
Kinetic Energy 
Potential Energy 
 
Supplemental Resources: 
For students interested in learning more about the topics explored in this program, consider sharing the 
following web resources with them. 
 
https://www.youtube.com/watch?time_continue=17&v=LlM1pIefpBM 
https://www.youtube.com/watch?time_continue=3&v=Jnj8mc04r9E 
https://www.youtube.com/watch?v=J8pJiV44hVM 
https://www.youtube.com/watch?v=3sS4nT5odP4 
https://www.youtube.com/watch?v=06jLTR6NVrM 
https://www.youtube.com/watch?v=0JMlWMiObrw 
 
 
 
 
 
 

©2018Educate.Today 
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          Student Tool 60:  Conservation of Energy 
         Roller Coaster Lab 

 
 
Student Name______________________________________________________ 
 
Directions: The following questions can be answered by looking at the websites that are located 
above the question.  Follow the links and discover the answers to become a roller coaster expert.   
 
http://d3tt741pwxqwm0.cloudfront.net/WGBH/conv16/conv16-int-rollercoaster/index.html 
 

What is the potential energy at the top of the first hill? 
 

What is the kinetic energy at the top of the first hill? 
 

How are potential and kinetic energy related? 
 

 
http://www.fearofphysics.com/Roller/roller.html 
 

Make the rollercoaster on track 3 start at Level B, what happens?  Why 
does that happen? (Use PE and KE in your answers) 

Make the roller coaster on track 2 starting at level B, what happens?  Why 
does that happen? (Use PE and KE in your answers.) 

Make the roller coaster on track 1 starting at level B, what happens?  Why 
does this happen? (Use PE and KE in your answers.) 

 
https://science.howstuffworks.com/engineering/structural/roller-coaster3.htm 
 
http://www.physicsclassroom.com/mmedia/energy/ce.cfm 
 

What % energy is Potential Energy (PE) and what percent is Kinetic 
Energy (KE) when a roller coaster is at its highest point? 

 

What percent energy is Potential Energy (PE) and what percent is 
Kinetic Energy (KE) when a roller coaster is at its lowest point? 

 

©2018Educate.Today 
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http://www.learner.org/interactives/parkphysics/coaster/section1.html 
 

Make a roller coaster that works (meaning 2 thumbs up), and tell me how 
to recreate it. (Tell me the height of the first hill, the shape of the first hill, 
the exit path, the height of the second hill, and the loop.) 

 

Potential Energy is directly related to what two things?  
 

KE is directly related to what two things?  
 

 
http://content3.jason.org/resource_content/content/digitallab/4859/misc_content/public/coaster.htm
l 
 
Try and beat this game!!! 
 
 
 
 
 
 
 
Lab created by: 
Jennifer Hejlik, Intervention and Enrichment Teacher—Hancock Place Middle School 
Hancock Place School District, MO 
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