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AEX Introduction 
 
Do you desire to take learning to new heights?  Do you want to bring excitement, 
interest, and meaningful educational experiences into your classroom, squadron, or 
other educational setting?  If so, you’re viewing just one of several CAP aerospace 
education resources to fulfill your needs.  CAP’s Aerospace Education Excellence 
(AEX) books are filled with hands-on, minds-on aerospace education activities that 
are correlated to national academic standards.  The AEX program is designed to 
provide instructors with meaningful cross-curricular, interactive aerospace 
activities that support science, technology, engineering, and math (STEM) 
education.  Educators are welcome to present the lessons step-by-step according 
to the thorough lesson presentation directions; however, instructors are 
encouraged to modify lessons as needed according to available resources, time, 
and/or student abilities.  For additional information about CAP’s AEX program, 
including how to sign up for the free awards program, visit www.capmembers.com/ae. 
 
Did you know… 

• As a member of CAP, you can receive complimentary AEX certificates for 
your students or cadets if they have the opportunity to participate in at 
least six aerospace lessons and a two-hour aerospace related activity (or 
additional lessons that total two hours)?  You also receive an AEX plaque as 
the instructor.  Go to eServices at https://www.capnhq.gov to sign up to 
participate in this free program! 

• There is no penalty if you sign up to participate in the AEX awards program 
but fail to complete it. 

• You are not restricted to AEX lessons in order to achieve the AEX program 
requirements to receive certificates and a plaque.  You can use aerospace-
related lessons from other sources, including non-CAP sources. 

• You need to submit your AEX awards report in eServices at least three 
weeks prior to needing certificates. 

• Adams State University in Colorado offers graduate credit to instructors 
who complete the AEX Program.  For more information, contact their 
extended studies department at pd@adams.edu.    

• You can sign up each year to participate in the AEX award program, provided 
your membership to CAP is current. 

 
 

http://www.capmembers.com/ae�
https://www.capnhq.gov/�
mailto:pd@adams.edu�
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Flingshot 
 
Lesson Reference: CAP’s AEX I, vol. 1;  AEX II, vol. 1; and 
http://www.nasa.gov/pdf/295787main_Rockets_Foam_Rocket.pdf  
 
Objectives: 

• Students will investigate the trajectory relationship between launch angle and 
range in a controlled investigation. 

• Students will identify independent and dependant variables. 
• Students will experiment with different variables that could affect the flight of 

the rocket such as weather, weight, angle of arc, stretch of rubber band, etc. 
• Students will analyze and interpret their tested variables using their measured and 

observational data. 
• Students will draw a reasonable conclusion from the evidence collected on the Data 

Collection Form. 
 
National Standards:    
Math 

• Numbers and Operations 
• Algebra 
• Geometry 
• Measurement 
• Data Analysis and Probability 
• Reasoning and Proof 
• Communication 

o Organize and consolidate 
mathematical thinking through 
communication 

• Connections 
o Recognize and apply 

mathematics in contexts outside of mathematics 
 

Science 
• Unifying Concepts and Processes  

o Evidence, models, and explanation 
o Change, constancy, and measurement 

• Content Standard A:  Science as Inquiry 
o Abilities necessary to do scientific inquiry 
o Understandings about scientific inquiry 

• Content Standard B:  Physical Science 
o Positions and motion of objects 
o Motions and forces 

• Content Standard E:  Science and Technology 
o Abilities of technological design 

Lesson 1 

http://www.nasa.gov/pdf/295787main_Rockets_Foam_Rocket.pdf�
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o Understandings about science and technology 
• Content Standard G:  History and Nature of Science 

o Science as a human endeavor 
o History of science 

 

ISTE NETS Technology Standards 
• Creativity and Innovation 

o Use models and simulations to explore complex 
systems and issues 

• Communication and Collaboration 
o Develop an understanding of engineering design 
o Ability to apply the design process 

• Critical Thinking, Problem Solving, and Decision Making 
 
Background Information:   
(from http://www.nasa.gov/pdf/295787main_Rockets_Foam_Rocket.pdf) 
 
The foam rocket flies ballistically.  It receives its entire thrust from the force produced 
by the elastic rubber band.  The rubber band is stretched.  When the rocket is released, 
the rubber band quickly returns to its original length, launching the foam rocket in the 
process.  Technically, the foam rocket is a rocket in appearance only.  The thrust of real 
rockets typically continues for several seconds or minutes, causing continuous acceleration, 
until propellants are exhausted.  The foam rocket gets a quick pull and thrusting is over.  
Once in flight, it coasts.  Furthermore, the mass of the foam rocket doesn’t change in 
flight.  Real rockets consume propellants and their total mass diminishes.  Nevertheless, 
the flight of a foam rocket is similar to that of real rockets.  Its motion and course is 
affected by gravity and by drag or friction with the atmosphere.  The ability to fly foam 
rockets repeatedly (without refueling) makes them ideal for classroom investigations on 
rocket motion.   
 
The launch of a foam rocket is a good demonstration of Newton’s third law of motion.  The 
contraction of the rubber band produces an action force that propels the rocket forward 
while exerting an opposite and equal force on the launcher.  In this activity, the launcher is 
a meter stick held by the student. 
 
In flight, foam rockets are stabilized by their fins.  The fins, like feathers on an arrow, 
keep the rocket pointed in the desired direction.  If launched straight up, the foam rocket 
will point upward until it reaches the top of its flight.  Both gravity and air drag act as 
brakes.  At the very top of the flight, the rocket momentarily becomes unstable.  It flops 
over as air catches the fins and becomes stable again when it falls back nose forward.   
 
When the foam rocket is launched at an angle of less than 90 degrees, it generally remains 
stable through the entire flight.  Its path is an arc whose shape is determined by the 
launch angle.  For high launch angles, the arc is steep, and for low angles, it is broad.   

http://www.nasa.gov/pdf/295787main_Rockets_Foam_Rocket.pdf�
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When launching a ballistic rocket straight up (neglecting air currents), the rocket will fall 
straight back to its launch site when its upward motion stops.  If the rocket is launched at 
an angle of less than 90 degrees, it will land at some distance from the launch site.  How 
far away from the launch site is dependent on four things.  These are: gravity, launch 
angle, initial velocity, and atmospheric drag.  
 
Gravity causes the foam rocket to decelerate as it climbs upward and then causes it to 
accelerate as it falls back to the ground.  The launch angle works with gravity to shape the 
flight path.  Initial velocity and drag affects the flight time.  In the investigation, 
students will compare the launch angle to the range or distance the foam rocket lands 
from the launch site.  Launch angle is the independent variable. Gravity can be ignored 
because the acceleration of gravity will remain the same for all flight tests.   
 
Atmospheric drag can be ignored because the same rocket will be flown repeatedly. 
Although students will not know the initial velocity, they will control for it by stretching 
the rubber band the same amount for each flight.  The dependent variable in the 
experiment is the distance the rocket travels.  Assuming student teams are careful in 
their control of launch angles and in the stretching of the launch band, they will observe 
that their farthest flights will come from launches with an angle of 45 degrees. They will 
also observe that launches of 30 degrees, for example, will produce the same range as 
launches of 60 degrees. Twenty degrees will produce the same result as 70 degrees, etc. 
(Note: Range distances will not be exact because of slight differences in launching even 
when teams are very careful to be consistent. However, repeated launches can be 
averaged so that the ranges more closely agree with the illustration. ) 
 
Materials (for each rocket):  

• Styrofoam food tray (can also use stiff cardboard) 
• 30 cm-long piece of polyethylene foam pipe insulation (for ½” size pipe) 
• 3 8” plastic cable wraps 
• 75 cm piece of string 
• Rubber band (size 64) 
• Scissors or Exacto knives to cut the foam pipe and tray 
• Meter stick (one per group) 
• Push pin with flat top (push tack) (one per group) 
• Washer or nut (one per group) 
• Quadrant plans printed on card stock (one per group) 
• Copies of rocket construction instructions (optional) 
• Data Collection Form 
• Masking tape 
• Trundle wheel or measuring tape (for use by class) 
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Advance Lesson Preparation: 
Arrange the students into cooperative groups of 3.  Make copies of the rocket 
construction instructions (if desired).  Make copies of the Launcher Quadrant Pattern.  It 
may also be helpful to have the pipe foam precut into 30 cm pieces.  Identify a large room 
with high ceilings for the launch range.  This can be a cafeteria or a gymnasium.  Place 
markers on the floor at 1 meter intervals starting at 5 meters and continuing to 20 
meters.  You can also set up to conduct this experiment outside if it is a calm day.  The 
rockets can be launched on a windy day, but the wind then becomes an uncontrollable 
variable and will invalidate the results.  It would also be helpful to prepare some sample 
rocket fins in advance. 
 
It is also important to review the concept of control in this experiment.  The control is 
how much the rubber band is stretched when launching the rockets.  The experimental 
variable will be the angle of launch.  The students will be looking at the distance traveled 
compared to the launch angle. 
 
Lesson Presentation: 

1. Engage the students by showing them the interactive animated rocket launch game 
(http://www.sciencenetlinks.com/interactives/gravity.html ) that has different 
challenges related to launching a rocket.  Experiment with different launch angles 
and allow students to see how the flight path of the rocket is changed when 
different launch angles are used.  Be sure to keep the thrust the same when 
showing the students how angles change the flight path. 

2. Show students an example of a completed foam “flingshot” rocket.  Inform the 
students that they are each going to create a rocket today and experiment with 
changing the launch angle to have the rocket travel the greatest distance. 

3. Divide the class into groups of three and distribute to each group the variety of 
materials needed to construct both the rocket and launcher. 

4. Guide the class in the procedures for constructing a foam rocket. 
1.) Taking the 30 cm length of pipe foam, cut four equally spaced slits at one 

end of the tube.  The slits should be 8-10 cm long.  The fins will be mounted 
through the slits. 

2.) Take a 75 cm length of string and make a loop that when tied measures 
about 30 cm long. 

3.) Slip one end of the cable wrap through the string loop and through the 
rubber band. Join the cable wrap to form a loop and tighten it down to a 
circle that is approximately 1 – 2 cm in diameter. Trim the end of the wrap 
with scissors. 

4.) Thread the cable wrap with the string and rubber launch band through the 
hold in the foam tube.  The string should stick out the rear of the rocket 

http://www.sciencenetlinks.com/interactives/gravity.html�
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and the rubber band should be protruding from the nose.  Position the 
plastic loop about 3 cm back on the inside of the nose. 

 
Source:  http://www.nasa.gov/pdf/295787main_Rockets_Foam_Rocket.pdf 

 

5.) Tighten the second cable wrap securely around the nose of the rocket.  The 
cable wrap needs to be cinched down with force.  It should be placed so that 
the cable wrap loop inside the rocket is not able to be pulled out through the 
nose when the rubber band is stretched.  Remind students not to pull on 
the string. The string should only be pulled during launches when the rubber 
band is held from the other end. Again, trim the excess cable wrap. 

6.) Cut the fin pairs from the foam food 
tray or stiff cardboard. Refer to the 
fin diagram.  Both fin pairs should be 
notched so that they can be slid 
together as shown in the diagram.  
Different fin shapes can be used, but 
they should still “nest” together. 

7.) Slide the nested fins into the slits cut 
in the rear end of the rocket.  Make 
sure the string loop still hangs out the 
engine end. 

8.) Tighten the third cable wrap around 
the rear of the rocket.  This will work 
to hold the fins in place.  Make sure to 
cinch it down with force and keep it 
tight.  Finally, trim off the excess 
cable wrap end.  The rocket is now 
finished. 

 
 
 

http://www.nasa.gov/pdf/295787main_Rockets_Foam_Rocket.pdf�
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5. The next step is to lead the students in constructing the launcher. You only need 
one launcher per group. 

1.) Using the quadrant pattern that was copied on cardstock paper, have the 
students cut out the pattern and fold it on the dashed line. 

2.) Tape the quadrant to the group’s meter stick so that the black dot is 
directly over the 60 cm mark on the meter stick. 

3.) Press a push tack into the black dot and tie a string to the push tack.  Hang 
the washer (or small weight) on the string.  The washer should swing freely. 

4.) Model for the students how the launcher is used referring to the diagram. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source:  http://www.nasa.gov/pdf/295787main_Rockets_Foam_Rocket.pdf 
 

6. Explain to the students how the jobs will rotate during the experiment.  One 
student will be the launcher. The second student will confirm the launch angle and 
give the command to launch.  The third student will measure the launch distance, 
record it, and return the rocket to the launch site for the next flight.  The 
procedures will be repeated with the students switching roles. TIPS:  Remind the 
students to pick one student’s rocket for the experiment and to use that same 
rocket for all of the trials. Also, be sure the range-measuring student measures 
where the rocket initially touches down and not where the rocket ends up after 
sliding or bouncing along the floor.  

7. The distances gathered on the Data Collection Form will be averaged and the 
students will predict what the best launch angle should be to obtain the greatest 
distance from the launch site. 

http://www.nasa.gov/pdf/295787main_Rockets_Foam_Rocket.pdf�


 

11 
 

8. Allow the students to follow the Data Collection Form to conduct the experiment 
testing launch angle and the distance the rocket travels. 

9. Remind the students to complete the chart on the Data Collection Form, as well as 
to answer the follow up questions. 

10. When the students have finished the initial experiment of distance generated from 
the different launch angles, inform the students that they will now be 
experimenting with different variables that could affect the flight of the rocket 
such as weather (humid vs. dry), weight, stretch of rubber band, etc.   

11. Using the chart provided on the Data Collection Form, have the students record the 
conditions for each flight and only change one variable several times.  The students 
also need to record the distance the rocket traveled and any problems that were 
encountered with the tests.   

12. At the conclusion of the flight trials, have the students share and compare their 
results with the other group members explaining what variables they were testing 
along with what they discovered through data collecting.   

13. Allow the students time to test and modify the rocket trials.  

14. Make sure that the students are recording the information for rocket trial, 
including weight, rubber band stretch distance, weather conditions, distance 
traveled, and most importantly any problems that were encountered on the Data 
Collection Form. 

15. Discuss the Data Collection Form as a class. 
 
Summarization: 
Discuss the experiment results with the class making sure to emphasize how the angle of 
the launch was related to the distance the rocket traveled. Talk about how additional 
modifications could be made to rocket designs.   In the first part of the experiment, the 
independent variable was the launch angle and the dependent variable was distance 
traveled.  Point out the similarities and differences in the test trials where variables were 
manipulated.  Also, this would be the time to discuss other factors that affected the 
flight of the rocket (trees, wind, etc.). 
 
Explain to the class that the experiment did not call for launching at 0 and 90 degrees 
because a rocket launched straight upwards should, in theory, return exactly to the launch 
pad.  Any variation in the impact site would be due to air currents and not to the launch 
angle.  A rocket that is launched horizontally will only travel as far as the time it takes to 
drop to the floor.  The students may also inquire as to why the rocket is not launched from 
the floor for the experiment.  Ideally, this would be how to launch the rocket; however, it 
is awkward to do so.  Since the student teams will be measuring the total distance the 
rocket travels and consistently launching from above the floor, the outcome will not be 
affected. 
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Source:  http://www.nasa.gov/pdf/295787main_Rockets_Foam_Rocket.pdf 

 
Career Connection: (from http://stemcareer.com/topcareers/ and 
http://www.onetonline.org/) 
 

Aerospace Engineer – engineering duties to include designing, constructing and testing 
aircraft, missiles, and spacecraft. Sample job titles include Aerospace Engineer, Flight 
Test Engineer, Design Engineer, Systems Engineer, Structures Engineer, Test Engineer, 
Aeronautical Engineer, Aerospace Stress Engineer, Avionics Engineer, and Flight Systems 
Test Engineer.  

Scientist – plan, direct, or coordinate activities in such fields as life sciences, physical 
sciences, research and development in these fields. Sample job titles include Natural 
Science Manager, Water Team Leader, Fisheries Director, Health Sciences Manager, 
Laboratory Manager, Natural Resources Planner, Research and Development Director, 
Coastal Management Planner, Environmental Manager, Mineral and Aggregate Resources 
Planner.  

Physicist - conduct research into physical phenomena, develop theories on the basis of 
observation and experiments, and devise methods to apply physical laws and theories. 
Sample job titles include Health Physicist, Scientist, Research Scientist, Physicist, 
Research Consultant, Research Physicist, and Biophysics Scientist. 

Mechanical Engineer - research, design, develop, manufacture, and test tools, engines, 
machines, and other mechanical devices.  Mechanical engineers also design tools that other 
engineers need for their work.  
 
Evaluation:   

• Data Collection Form 
• Teacher Observation:  Specifically the construction of the Goddard rocket and 

student’s ability to explain the connection between launch angle and distance, 
referring to data collected. 

http://www.nasa.gov/pdf/295787main_Rockets_Foam_Rocket.pdf�
http://stemcareer.com/topcareers/�
http://www.onetonline.org/�
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Lesson Enrichment/Extension:  
• Graph the class results of the experiment. 
• Hold an accuracy competition and have the students aim the rockets at a target like 

a bucket or a paper bulls-eye. 
• Calculate the average distance traveled for the class by finding the mean of the 

distance traveled for all of the flights. 
• Have the students conduct another trial measuring the time aloft versus the 

rubber band stretch distance.  This can also be graphed. 
• Have the students measure the height of the rocket based on the different launch 

angles.  
• Have the students write about potential practical uses for the foam rocket. (e.g., 

delivering messages) 
• For advanced students, the following equation can be used for estimating ranges.  

(g is the acceleration of the gravity on Earth) 
Students will have to determine the initial velocity. 
Challenge students to derive a method for estimating 
initial velocity.  One idea may be to launch the rocket 
horizontally from a table top and measure the 
horizontal distance the rocket travels as it falls to the 
floor.  Using a stopwatch, measure the time the rocket 
takes to reach the floor.  For example, if the rocket 
takes 0.25 seconds to reach the floor and traveled 3 

meters horizontally while doing so, multiply 3 meters by 4.  The initial velocity will 
be 12 meters per second. The measurement should be repeated several times and 
averaged to ensure accuracy. (This method assumes no slowing of the rocket in 
flight due to air drag.) 

• Challenge the students to create different kinds of fins for the foam rocket. Ideas 
could be a space shuttle orbiter or future rocket planes. 

 
Associated Websites: 

• Rocket Science for Kids:  More information on Goddard and how rockets work 
http://www.squidoo.com/RocketScience4Kids  

• NASA Rockets Educator Guide 
http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/Rockets.
html  

• Physics lessons using rocketry 
http://www.teamohiorocketry.com/pdf/how%20high%20did%20it%20go.pdf  

• Newton’s Laws of Motion lesson plans 
http://www.purdue.edu/discoverypark/gk12/downloads/Rockets.pdf  

 
 

http://www.squidoo.com/RocketScience4Kids�
http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/Rockets.html�
http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/Rockets.html�
http://www.teamohiorocketry.com/pdf/how%20high%20did%20it%20go.pdf�
http://www.purdue.edu/discoverypark/gk12/downloads/Rockets.pdf�
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Source:  http://www.nasa.gov/images/content/617389main_atk_artistconcept.jpg  
 

http://www.nasa.gov/images/content/617389main_atk_artistconcept.jpg�
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Source:  http://www.nasa.gov/pdf/295787main_Rockets_Foam_Rocket.pdf 

. 

http://www.nasa.gov/pdf/295787main_Rockets_Foam_Rocket.pdf�
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Source:  http://www.nasa.gov/pdf/295787main_Rockets_Foam_Rocket.pdf 
 

http://www.nasa.gov/pdf/295787main_Rockets_Foam_Rocket.pdf�
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Name:  ____________________________ 
 
 

1. Assign duties for your team using the following positions:  Launch Director, Launcher, and Range 
Officer. Remember you will switch jobs during the experiment. 

2. For the first three trial launches: 
a. Launcher:  Attach the rocket to the launcher and pull back on the string until its tail 

reaches the 60 cm mark.  Tilt the launcher until it is pointing upwards at any angle between 
10° and 80°.  Select an angle between 10° and 80°.  (Use the same angle for all three trials.) 
Release the rocket when the launch command is given. 

b. Launch Director:  Record the angle on the data table.  Give the launch command.  Record the 
distance the rocket travels for each of the three trial launches. 

c. Range Officer:  Measure the distance from the launcher to the spot where the rocket 
initially hits the floor (NOT where it slides or bounces to) for each trial launch.  Report the 
distance to the launch director and return the rocket to the launcher for the next launch. 

3. Repeat the process four more times using different angles between 10° and 80°.  
4. Compare your data for the three trials and find an average distance for each launch angle. 

 

Part 1: Launch Angle versus Distance 
Launch Angle Trial #1 

Distance 
Trial #2 
Distance 

Trial #3 
Distance 

Average 
Distance 

 
 

    

 
 

    

 
 

    

 
 

    

 
 

    

 

Identify the dependent and independent variable(s) in the experiment.  _________________ 
 

_______________________________________________________________________ 
 

Based on your data, what launch angle should you use to achieve the greatest distance from the 
launch site?  Test your conclusion. 
_______________________________________________________________________ 
 

_______________________________________________________________________ 
 

_______________________________________________________________________ 
 

Why didn’t the instructions ask you to test for 0° and 90°? ___________________________ 
 

________________________________________________________________________ 
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Part II: Test a Different Variable 
Select the same variable to change for each rocket launch. 
 

Flight Description of Variable Manipulated  
(e.g., Weight, Rubber Band Stretch Distance, 

Weather – such as humidity or wind, etc.) 

Distance Traveled 
Conduct 2 flight trials.  
Use the 3rd column to 
record the average. 

Comments or 
Issues Discovered 

1 
 

 Trial 1 Trial 2 AVE.  

2 
 

 Trial 1 Trial 2 AVE.  

3 
 

 Trial 1 Trial 2 AVE.  

4 
 

 Trial 1 Trial 2 AVE.  

5 
 

 Trial 1 Trial 2 AVE.  

 
Follow-up Questions 
 

Compare and contrast the variables that were tested in your group.  What results were similar?  
What results were different? 
 
_______________________________________________________________________ 
 

_______________________________________________________________________ 
 

_______________________________________________________________________ 
 
Draw a reasonable conclusion based on the data collected during the testing of one of your 
variables.  Identify the variable and the results. 
 
_______________________________________________________________________ 
 

_______________________________________________________________________ 
 

_______________________________________________________________________ 
 
Based on your knowledge from this experiment, how could engineers design and launch rockets to 
reduce drag and the affect of gravity, thereby resulting in a rocket traveling the greatest distance 
possible? 
 

_______________________________________________________________________ 
 

_______________________________________________________________________ 
 

_______________________________________________________________________
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        Source:  NASA’s  
  Rockets Educator Guide    

        Source:  NASA’s  
  Rockets Educator Guide    

                 Stomp and Launch  
 
Lesson Reference:  NASA Aerospace Education Services 
Program’s lesson “Industrial Strength Paper Rockets” by 
Gregory Vogt/ NASA JSC and developed by Pete Abramovs 
NASA KSC ERC/ES; additional information from 
http://www.northropgrumman.com/pdf/Rocketry_Guide.pdf  
 
Objectives: 

• Students will observe and predict the effects of 
Newton’s laws of motion. 

• Students will design, construct, and launch a stomp rocket to demonstrate Newton’s 
laws of motion. 

• Students will understand how the laws of motion relate to the flight of real 
rockets. 

• Students will predict how changing the design of the rocket (such as the number of 
fins, the shape of fins, or increasing or decreasing the mass) will affect the 
rocket’s flight. 

• Students will measure the stomp rocket’s length, mass, flight time, and distance 
traveled. 

• Students will calculate the rocket’s velocity. 
• Students will record and collecting data, analyze results, and draw conclusions.  

  
National Standards    
Math 

• Communication 
o Organize and consolidate mathematical thinking through communication 

• Connections 
o Understand how mathematical ideas interconnect and build on one another to 

produce a coherent whole 
o Recognize and apply mathematics in contexts outside of mathematics 

• Patterns, functions, and algebra 
• Geometry and spatial sense 
• Measurement 
• Data analysis, statistics, and probability  

 

Science 
• Unifying Concepts and Processes  

o Evidence, models, and explanation 
o Change, constancy, and measurement 

• Content Standard A:  Science as Inquiry 
o Abilities necessary to do scientific inquiry 
o Understandings about scientific inquiry 

Lesson 2 

http://www.northropgrumman.com/pdf/Rocketry_Guide.pdf�
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• Content Standard B:  Physical Science 
o Motions and forces 
o Transfer of energy 

• Content Standard E:  Science and Technology 
o Abilities of technological design 
o Understandings about science and technology 

• Content Standard F:  Science in Personal and Social Perspectives 
o Science and technology in society 

 
ISTE NETS Technology Standards 

• Creativity and Innovation 
o Use models and simulations to explore complex systems and issues 

• Communication and Collaboration 
o Develop an understanding of engineering design 

• Critical Thinking, Problem Solving, and Decision Making 
 
Background Information: (The information below is from 
http://www.grc.nasa.gov/WWW/K-12/airplane/newton.html, 
http://exploration.grc.nasa.gov/education/rocket/rktsflght.html, 
http://exploration.grc.nasa.gov/education/rocket/rktstomp.html, and 
http://microgravity.grc.nasa.gov/education/rocket/rktstomp.html.) 
 

Newton’s Laws of Motion:  The motion of an aircraft through the air can be explained and 
described by physical principals discovered over 300 years ago by Sir Isaac Newton. 
Newton worked in many areas of mathematics and physics. He developed the theories of 
gravitation in 1666, when he was only 23 years old. Some twenty years later, in 1686, he 
presented his three laws of motion in the "Principia Mathematica Philosophiae Naturalis."  

 

 

 

 

 

 

 

 

 

http://www.grc.nasa.gov/WWW/K-12/airplane/newton.html�
http://exploration.grc.nasa.gov/education/rocket/rktsflght.html�
http://exploration.grc.nasa.gov/education/rocket/rktstomp.html�
http://microgravity.grc.nasa.gov/education/rocket/rktstomp.html�
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Newton's first law states that every object will remain at rest or in uniform motion in a 
straight line unless compelled to change its state by the action of an external force. This 
is normally taken as the definition of inertia. The key point here is that if there is no net 
force acting on an object (if all the external forces cancel each other out) then the object 
will maintain a constant velocity. If that velocity is zero, then the object remains at rest. 
If an external force is applied, the velocity will change because of the force. This is 
shown in a stomp rocket by it staying on the launch pad unless acted upon by a force.  
The air pressure is the force that is used to launch it.  The stomp rocket continues 
in the direction that it was launched unless it is acted on by another force.  In this 
case, gravity will make it come back down to Earth. 

The second law explains how the velocity of an object changes when it is subjected to an 
external force. The law defines a force to be equal to change in momentum (mass times 
velocity) per change in time. Newton also developed the calculus of mathematics, and the 
"changes" expressed in the second law are most accurately defined in differential forms. 
(Calculus can also be used to determine the velocity and location variations experienced by 
an object subjected to an external force.) For an object with a constant mass (m), the 
second law states that the force (F) is the product of an object's mass and its 
acceleration (a):  

F = ma 

For an external applied force, the change in velocity depends on the mass of the object. A 
force will cause a change in velocity; and likewise, a change in velocity will generate a 
force. The equation works both ways. The second law is illustrated with the stomp 
rockets because the more thrust that is applied to the rocket, the greater its 
acceleration.  Also, the lighter the rocket is, the greater its acceleration, if not 
acted upon by other forces. 

The third law states that for every action (force) in nature there is an equal and opposite 
reaction. In other words, if object A exerts a force on object B, then object B also exerts 
an equal force on object A. Notice that the forces are exerted on different objects. The 
third law can be used to explain the generation of lift by a wing and the production of 
thrust by a jet engine. The third law, using the stomp rockets, is shown by the 
compressed air exiting from the rear of the rocket.  This causes an equal and 
opposite reaction resulting in the rocket leaving the launcher, traveling in the opposite 
direction from the expulsion of the compressed air. 

Flight of an Air Rocket:   Flying model rockets is a relatively safe and inexpensive way 
for students to learn the basics of forces and the response of a vehicle to external 
forces. A model rocket is subjected to four forces in flight; weight, thrust, and the 
aerodynamic forces, lift and drag. There are many different types of model rockets. The 
first and simplest type of rocket that a student encounters is the compressed air, or 
stomp rocket.  
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Prior to launch, a hollow launch tube is inserted into the open end of the rocket. The 
launch tube is connected to an air pump which pressurizes the inside of the rocket body 
tube.  For many air rockets, the pump is simply a cylinder which can be collapsed by 
striking with your hand or foot, which is where the "stomp" rocket got its name.   

At launch, the thrust produced by the air pump is greater than the weight of the rocket 
and the net force accelerates the rocket away from the pad. All of the thrust of an air 
rocket is expended as the rocket leaves the launch tube. During the flight, the weight of 
the rocket is constant and there is no thrust since the air rocket has no engine. The 
constant weight of an air rocket is very different from full scale rockets or water rockets 
in which the vehicle weight changes as the propellant is expelled through the nozzle. The 
lack of thrust is also different from full scale rockets which provide thrust during the 
entire ascent, and unlike full scale rockets, air rockets rely on aerodynamics for stability. 
The launch tube provides stability during launch since the low velocity makes the 
aerodynamic fins ineffective.  Fins are attached to the bottom of the body tube to provide 
stability during the flight. 

Leaving the pad, the air rocket begins a coasting ascent. The flight of a compressed air 
rocket is similar to the flight of a ballistic shell or a bullet fired from a gun.  Unlike a 
model rocket, bottle rocket, or full scale rocket for which the thrust force is applied to 
the rocket for a large portion of the flight, the thrust of a stomp rocket is completely 
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        Source:  NASA’s  
  Rockets Educator Guide    

expended in the first instance of flight. During the entire flight, only the weight and 
aerodynamic forces act on the rocket. The launch of a compressed air rocket proceeds in 
three stages; the pressurization of the body tube, the initial acceleration along the launch 
tube, and the expulsion of the compressed air from the rear of the rocket. 

On the graphic on the previous page, the flight path is shown as a large arc through the 
sky. Ideally, the flight path would be straight up and down; this provides the largest 
maximum altitude.  Air rockets, however, often turn into the wind during flight because of 
an effect called weather cocking. The effect is the result of aerodynamic forces on the 
rocket and causes the maximum altitude to be slightly less than the optimum. The 
parabolic arc trajectory also occurs if the launch platform is tilted and the rocket is 
launched at an angle other than vertical. 

After launching, the vehicle slows down under the action of the weight and drag and 
eventually reaches some maximum altitude which can be measured using some simple length 
and angle measurements and geometry or trigonometry. The rocket then begins to fall 
back to the earth under the power of gravity. Air rockets usually do not include a recovery 
system like a parachute. After recovering the rocket, it can be flown again. 

The flight characteristics of an air rocket can be studied by using the NASA Rocket 
Modeler II simulation program. (http://exploration.grc.nasa.gov/education/rocket/rktsim.html)  

Rocket Building Materials: (per student)  
• 8 ½ “ x 11” colored construction paper (2 pieces) 
• 12” sections of ½” PVC pipe (helps form rocket fuselage/body) 
• Small plastic cups (can be used as nose cone forms) 
• Cellophane tape 
• Scissors 
• Metric ruler  
• Markers 
• Paperclips or modeling clay 
• 3” x 5” index cards 
• Safety glasses 
• Pencil  
• Pencil  
• Data Collection Sheet 

 
Materials: (per group or to share as a class) 

• Trundle wheel or measuring tape (at least 100’ feet long) 
• Triple beam balance (can also substitute postal scale for weight) 
• Sidewalk chalk 
• Stopwatch 
• Calculator (optional) 

 

http://exploration.grc.nasa.gov/education/rocket/rktsim.html�
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    Source:  http://www.nasa.gov/offices/education/ 
    centers/kennedy/home/bgth_event.html    

*PVC Pipe Stomp Rocket Launcher Materials: (per launcher) 
• 9” piece of ½” PVC pipe (2) 
• 12” piece of ½” PVC pipe (1) 
• 3 ½’ piece of ½” PVC pipe (1) 
• ½” PVC pipe 4-way cross connector (1) 
• ½” PVC end caps (2) 
• 2” piece of ½” PVC pipe (1) 
• ½” 45 degree elbow (1) 
• Electrical tape 
• Empty 2-liter plastic soda bottle 
• Copy of the $3.00 Stomp-a-Rocket 

directions (provided near end of lesson) 
*Optional directions for constructing an air pressure launcher are included at the end of 
the lesson plan. 

 
Advance Teacher Preparation: 
Collect empty 2-liter soda bottles in advance of the lesson.  It works best if each student 
has his/her own bottle to use for the launches.  The students should be familiar with 
Newton’s laws of motion.  Arrange the students into groups of 2, 3, or 4 to conduct the 
experiment. Identify rocket launch areas in advance. Choose a large clear launch area that 
is at least 200’ long and 20‘ wide.  There should be 5’ of width per launcher used.  All 
launchers should be lined up at one end of the launch area and facing the same direction.  
Be sure to go over proper safety procedures for rocket launching by demonstrating how to 
use the launcher in the classroom.  If you are launching on concrete, you can use the 
measuring tape and the chalk to mark distances in advance.  You could also have the 
students do this with you to enforce math skills.  Another idea, if launching on grass, is to 
use cones or wooden stakes to mark the distance intervals. 
 

WARNING: Remind the students to always wear their safety goggles and not to walk in 
front of a rocket launcher. 
 
Lesson Presentation: 

1. Engage the students by using the website from Discovery Science, 
http://science.discovery.com/interactives/literacy/newton/media/newtonfinal415.swf, 
to explore Newton’s laws of motion in an animated and fun way. You can also use the 
background information if needed to add to the lesson. 

2. After reviewing the three laws of motion, have the students take the physics quiz 
from the above website to test their knowledge.  You can do this as a class or in 
teams.  This is a great review of the laws of motion.  Inform the students that they 
will need this knowledge later in the experiment. 

3. Next, ask the students if they can think of a way to use air to fuel a rocket.  Allow 
them to discuss their ideas.  If you need to prompt them, mention the term 
“compressed air” and see if that sparks any thoughts on the topic. 

http://science.discovery.com/interactives/literacy/newton/media/newtonfinal415.swf�
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4. When you have discussed this, display an example of a stomp rocket.  Make sure to 
mention to the students that the rocket that you are showing them is just one 
example of the many different options that they will have in designing their own.   

5. Demonstrate how to use the launcher by placing the empty 2-liter bottle on the 
straight end of the launcher and placing the rocket on the end that it at a 45 
degree angle.  You can chose to either have the students jump on the bottle, or 
press down as hard as possible with one foot. 

6. After the students have seen the rocket launch, talk about why and how the system 
works (refer to the background information).  Put your model stomp rocket away 
after the demonstration because many students will want to recreate your rocket. 

7. Talk about ways to change the appearance of the rocket as a class (number of fins, 
fin shape, size of rocket, cone shape, etc.)  Also mention how to physically change 
the rocket’s mass by adding modeling clay or paperclips inside the nosecone.  

8. Once you have discussed all of the ideas for creating an innovative stomp rocket, 
allow the students to brainstorm their creation. 

9. Inform them you will take them through the steps to construct the stomp rocket, 
but there will be room for their personal touches as the rocket is built.  

10. Explain to the students that they are going to design and construct a stomp rocket 
that will be tested for optimal distance, flight time, and velocity.  In order to have 
the rocket launch effectively, remind students that they will also need to consider 
Newton’s laws of motion. 

11. Pass out the materials needed to construct a stomp rocket along with the Data 
Collection Form. 

12. Allow the students to list ideas for their rocket on the Data Collection Form before 
you instruct them on the building process. Have them explain their design prior to 
building and testing the stomp rocket. 

13. Instruct the students using the directions below to make the stomp rocket, 
allowing students to apply their active listening skills. 

1.) Take a piece of 8 ½” x 11” paper and roll it lengthwise around the 12” section 
of ½” PVC pipe.  Make sure to roll the paper firmly, but not too tightly or too 
loosely.  It should easily slide back and forth on the section of PVC pipe, but 
be close to the diameter of ½”.  This will be the body of the rocket, also 
known as the fuselage or body tube. 

2.) Tape the edge of the rolled paper securely to itself and remove the PVC pipe 
by sliding it out of the fuselage/body tube. 

3.) Tape a piece of tape across the top of the tube and along both sides of the 
rocket body.  Tape a second piece of tape at 90 degrees to the other piece 
at the top of the tube.  This seals one end of the tube so that no air will 
escape during the launch.  Remind students to use enough tape so that the 
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end is sealed, but that too much tape will add unnecessary weight to the 
rocket. 

4.) Allow students to adjust the length of their body tubes (being sure to use 
the sealed end as the starting point for measuring the length of the tube).  

5.) Draw and cut out a circle. (A small cup placed upside down can be used to 
create a circle.) 

6.) Fold the circle in half and then in half again.  When you open it back up, the 
fold lines will identify the center of the circle.  Make one cut from the 
outside edge of the circle to the center point (the radius of the circle). 

7.) Curl the circle into a 
nose cone and tape the 
edge.  The size will vary 
based on the starting 
size of the circle.  You 
can make this uniform 
or allow the students to 
manipulate the size. 

8.) Tape the nose cone 
securely to the end of 
the rocket body that 
has been sealed shut.  
(Payload or weight can 
also be added inside the 
nosecone using paper- 
clips, modeling clay or 
other small objects.) 

9.) Discuss the possible 
shapes of fins, such as 
triangular, rectangular, 
tubular, or a custom 
design.  Then, have the 
students design and cut out fins using the 3” by 5” index card. Students can 
determine the number of fins they want to use.  (A fin template can be 
created and used if preferred.)   

10.) Mark the fin placement with a pencil on the body of the rocket.  Suggest 
equal spacing between fins for optimal performance.  Tape the fins to the 
rocket body using the marks on the fuselage.  The fins should be securely 
taped on both sides. 

11.) Have students add their name, graphics, and/or designs to the rocket. 



 

27 
 

14. Have the students get into groups of 4.  These can be predetermined or the 
students can count off by fours. 

15. The students are going to use each of the four rockets to conduct launch trials.   
Label each rocket with a letter (A, B, C, D) to record data. 

16. Instruct the students to complete the following as a group: 

1.) Measure each rocket’s length to the nearest millimeter and record the 
measurements on the Data Collection Form. 

2.) Measure each rocket’s mass to the nearest milligram. (You can also 
determine weight using a postal scale to the nearest ounce.)  Record the 
measurements on the chart. 

3.) Indicate the number of fins for each rocket and sketch a rough image of the 
shape of each fin.  Also, sketch an illustration of each complete rocket on 
the Data Collection Form, making sure to note fin placement. 

17. Briefly demonstrate how to use the stomp rocket launcher again and remind them 
how to use the stopwatch and measuring tape (trundle wheel).  They need to 
understand that they are measuring with seconds for time and meters for distance. 

 

 

 

 

18.  Show the students how to again inflate the soda bottle by wrapping your hand 
around the top of the bottle and blowing through your hand into the bottle to refill 
it with air.  Depending on how hard the students stomp on the bottle, the bottle can 
be used repeatedly until it gets a hole.  For the validity of the data collection, if 
the bottle does not inflate all the way, a new bottle should be used.  

19. The rockets are ready for test launches after a safety briefing about wearing 
safety goggles at all times and not walking in front of the launcher.  Remind the 
students to record the distance that each rocket travels along with the length of 
time from when it launches to when it hits the ground.  This data will be used later 
for calculating velocity and height. 

20. Allow the students to conduct the stomp rocket trials testing each rocket twice 
and filling in the data collection chart. Make sure that they rotate the jobs of 
stomping, retrieving, measuring, and timing so that each student in the group does 
each job twice. 

21. After all 4 rockets have been tested 2 times each, have the students find the 
average time in the air and well as the distance for each rocket launch.  You can 
determine whether or not students are allowed to use calculators. 

Note:  Measuring the distance along the ground is shorter than the true arc 
length the rocket flew.  The distance measured on the ground is a simplification 
of the true distance for this experiment in which the students launched their 
rockets at a 45° angle.  Calculus and a formula that represents the true flight 
path would be the most accurate measure of the length of the flight. 
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22. Inform the students that they are now going to find the velocity or how fast the 
rocket was traveling.  Write the following equation on the board: 

 
Have the students use the average distance divided by the average time to find the 
average velocity for each of the four rockets. 

23. Allow the groups to work through finding the velocity of the rockets. 

24. Have each individual student analyze the data and decide how to improve upon their 
rocket design. 

25. Instruct the students to create one final stomp rocket and to repeat the 
measurements and data trials that were conducted for the group rockets.  This is 
to be done individually. Mention that the mass of the rocket could possibly be 
changed as well by adding modeling clay or paperclips into the nose cone.  Also, the 
number of fins, the shape of the fins, and the size of the cone are more 
modifications to consider. 

26. REMIND THE STUDENTS TO FOLLOW SAFETY PROCEDURES, ESPECIALLY 
WHEN LAUNCHING ROCKETS! 

27. Allow them to test the revised design and record data.   

28. The students should work through the follow-up questions on the Data Collection 
Form when they have completed all of their trials and filled in all of the charts.  

29. Discuss the Data Collection Form as a class. 
 

Summarization: 
Discuss the experiment results with the class making sure to compare the time, distance, 
altitude, and velocity of each rocket.  Also, have the students discuss and analyze launch 
success by using the questions on the Data Collection Form to guide the conversation.  
Allow time for the students to talk about the success and failure of each rocket design.  
Talk about the factors that contributed to the longest flight distance, shortest flight 
time, highest altitude, and fastest and slowest velocity.  Make sure to discuss the factors 
of mass, weight, stability, and design.  Relate each factor to how it demonstrates Newton’s 
laws of motion.   
 
Discuss design and how the fins need to be formed so that they create the least amount 
of drag in the direction the rocket is traveling.  The fins also need to be put on the rocket 
so that they don’t throw off the center of gravity, which should be above the center of 
the body tube (in the direction of the nosecone).   
 
Challenge the students to determine if the results were related to design or to the amount 
of force that they used when stomping on the bottle.  Did students find it easy or 
difficult to replicate the amount of force used to launch the rockets?   
 

Velocity (average) = Distance / Time 
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Based on the data collected, the students should be able to draw logical conclusions.  
Results will vary depending on the design and construction of the stomp rockets, as well as 
the amount of force used when stomping on the plastic bottle. 
 
Career Connection: (from http://stemcareer.com/topcareers/ and 
http://www.onetonline.org/) 
 

Aerospace Engineering and Operations Technicians – Operate, install, calibrate, and 
maintain integrated computer/communications systems, consoles, simulators, and other 
data acquisition, test, and measurement instruments and equipment, which are used to 
launch, track, position, and evaluate air and space vehicles. May record and interpret test 
data. Sample job titles include Electronics Technician, Spacecraft Systems Engineer, 
Instrumentation Technician, Avionics Technician, Engineering Technician, Systems Test 
Technician, Test Technician, Avionics Test Technician, Calibration Technician, and 
Communication Technician. 

Physicist – conduct research, develop theories on the basis of observation and 
experiments, and devise methods to apply physical laws and theories.  Sample job titles 
include Health Physicist, Scientist, Research Scientist, Physicist, Research Consultant, 
Research Physicist, and Biophysics Scientist 

Astronomers - observe, research, and interpret astronomical phenomena to increase basic 
knowledge or apply such information to practical problems.  Sample job titles include 
Astronomer, Astronomy Professor, Research Scientist, Associate Professor, Physics and 
Astronomy Professor, Scientist, Assistant Professor, Astrophysicist, Lunar and Planetary 
Institute Director 

Artillery and Missile Crew Members - Target, fire, and maintain weapons used to destroy 
enemy positions, aircraft, and vessels. Field artillery crew members predominantly use 
guns, cannons, and howitzers in ground combat operations, while air defense artillery crew 
members predominantly use missiles and rockets. Naval artillery crew members 
predominantly use torpedoes and missiles launched from a ship or submarine. Duties 
include testing, inspecting, and storing ammunition, missiles, and torpedoes; conducting 
preventive and routine maintenance on weapons and related equipment; establishing and 
maintaining radio and wire communications; and operating weapons targeting, firing, and 
launch computer systems. This is a military occupation. 
 
Evaluation:   

• Data Collection Form 
• Teacher observation 
• Other possible assessments:  altitude, velocity, distance traveled, 

accuracy, creativity, time aloft 
 
Lesson Enrichment/Extension:  

• Experiment with the type of paper used to construct the rocket. 
• Experiment with different rocket lengths. 

http://stemcareer.com/topcareers/�
http://www.onetonline.org/�
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• Experiment with different types and sizes of soda bottles. 
• Experiment with different launch angles (using the air pressure launcher). 
• Experiment with different types/numbers of fins and/or shapes of nosecones. 
• Add weight to the rocket (e.g., clay on the inside of the cone) and see how it 

affects the distance and time of the rocket’s flight. 
• Discuss the role of gravity in the rocket launches and how real rockets overcome 

the Earth’s gravity. 
• Construct a bar or line graph to illustrate data collected on the charts. 
• Hold a competition for the highest altitude, fastest velocity, longest time and/or 

farthest launch distance. 
 
Associated Websites: 

• NASA lesson: Industrial Strength Paper Rockets by Greg Vogt (more specific for 
using an air pressure launcher) 
http://www.colmanweb.com/Assets/PDF/Rockets/LauncherInstructions.pdf 

• Stomp Rocket Lab 
http://www.energyforeducators.org/sscienceofenergy/Stomp%20Rocket%20Lab%
20on%20Template.pdf 

• NASA Air Rockets: Interactive simulator and information 
 http://exploration.grc.nasa.gov/education/rocket/rktstomp.html  

• Air Rocket Launch Formulas 
http://exploration.grc.nasa.gov/education/rocket/rktslaunch.html  

• Experimental Aviation Association Stomp Rocket Lesson 
http://www.eaa.org/chapters/resources/cookbook/activities/elementary/STOMP%
20ROCKETS.pdf  

• NASA Rockets Educator Guide 
http://www.nasa.gov/pdf/280754main_Rockets.Guide.pdf  

• Northrop Grumman Rocket ‘Round the Clock 
http://www.northropgrumman.com/pdf/Rocketry_Guide.pdf  

• Forces of Motion:  Rockets 
http://download.micron.com/pdf/education/k12_pdf_lessons/forces.pdf  

• Newton’s Laws of Motion in an animated fashion 
http://teachertech.rice.edu/Participants/louviere/Newton/ 

• PowerPoints and Interactive Games on Newton’s Laws of Motion 
http://science.pppst.com/newtonmotion.html 

http://www.colmanweb.com/Assets/PDF/Rockets/LauncherInstructions.pdf�
http://www.energyforeducators.org/sscienceofenergy/Stomp%20Rocket%20Lab%20on%20Template.pdf�
http://www.energyforeducators.org/sscienceofenergy/Stomp%20Rocket%20Lab%20on%20Template.pdf�
http://exploration.grc.nasa.gov/education/rocket/rktstomp.html�
http://exploration.grc.nasa.gov/education/rocket/rktslaunch.html�
http://www.eaa.org/chapters/resources/cookbook/activities/elementary/STOMP%20ROCKETS.pdf�
http://www.eaa.org/chapters/resources/cookbook/activities/elementary/STOMP%20ROCKETS.pdf�
http://www.nasa.gov/pdf/280754main_Rockets.Guide.pdf�
http://www.northropgrumman.com/pdf/Rocketry_Guide.pdf�
http://download.micron.com/pdf/education/k12_pdf_lessons/forces.pdf�
http://teachertech.rice.edu/Participants/louviere/Newton/�
http://science.pppst.com/newtonmotion.html�
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**Do not pump the launcher up to a pressure greater than half the rated pressure of the weakest 
part.  The PVC pipes and the valve come with pressure ratings.  If the lowest rating is 150 psi, do 
not pressurize the launcher to greater than 75 psi.  This provides a significant safety margin.  
Also, inspect the launcher before use and discard a launcher that shows signs of cracking. 
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Name:_________________________ 
List ideas for your stomp rocket design and explain your thinking. 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
 After getting into groups of four, assign each rocket a letter (A, B, C, or D).  Fill in 

the measurements and data on the chart according to the corresponding letter.  
This should be completed as a group. 

Rocket Length 
(mm) 

Mass (mg) # of Fins Fin Sketch Rocket 
Sketch 

 
 

A 
 

     
 
 
 
 

 
 

B 
 
 

     

 
 

C 
 
 

     

 
 

D 
 
 

     

 
 

*Revised* 
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Data Collection Chart for Stomp Rocket Flight Trials 
Rocket Time 

Trials(sec) 
Average 

Time 
Distance 

Trials 
(m) 

Average 
Distance 

Velocity 
(m/sec) 

A      
  

B      
  

C      
  

D      
  

*Revised*      
  

Look at the above data regarding the four rockets that you tested in your group.  Which 
rocket had the greatest velocity? Greatest altitude? 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
 
You are now going to design a revised rocket based on analyzing the data you collected.  
What are you going to change on your new rocket and why? 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
 
Is there anything that you are going to keep the same?  Explain. 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
 
Identify a trend or draw a conclusion from your trials.  Support your explanation using 
specific data from the chart relating to distance and time. 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
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Follow-up Questions 
 
Relate Newton’s First Law of Motion to the stomp rockets. 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
 
Relate Newton’s Second Law of Motion to the stomp rockets. 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
 
Relate Newton’s Third Law of Motion to the stomp rockets. 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
 
How did the fins help the rocket? 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
 
Which stomp rocket had the greatest velocity?  Relate this to the design. 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
 
Which stomp rocket had the greatest altitude?  Relate this to the design. 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
 
If you could design a third rocket, what would you change and why? 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
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Source: http://www.nasa.gov/images/ 
content/245959main_launch-lg.jpg 

Hypergolic Hype 
 
Lesson Reference: http://solarsystem.nasa.gov/docs/Alka_Seltzer_Rockets_508FC.pdf  
 
Objectives: 

• Students will identify a chemical reaction. 
• Students will define the law of conservation of mass. 
• Students will define the terms propellant and hypergolic. 
• Students will gain a basic understanding of rocket propulsion. 
• Students will construct a film canister rocket. 
• Students will predict how increasing or decreasing the baking soda and/or vinegar 

will affect the rocket’s flight. 
• Students will conduct an experiment relating to a chemical reaction, collect data, 

record data, and analyze the results to draw 
conclusions about creating a “rocket” that 
produces the most thrust.  

 
National Standards:    
Math 

• Communication 
o Organize and consolidate mathematical 

thinking through communication 
• Connections 

o Understand how mathematical ideas 
interconnect and build on one another to 
produce a coherent whole 

o Recognize and apply mathematics in 
contexts outside of mathematics 

 

Science 
• Unifying Concepts and Processes  

o Evidence, models, and explanation 
o Change, constancy, and measurement 

• Content Standard A:  Science as Inquiry 
o Abilities necessary to do scientific inquiry 
o Understandings about scientific inquiry 

• Content Standard B:  Physical Science 
o Motions and forces 
o Transfer of energy 
o Changes of property in matter 

• Content Standard E:  Science and Technology 
o Abilities of technological design 
o Understandings about science and technology 

 

Lesson 3 

http://solarsystem.nasa.gov/docs/Alka_Seltzer_Rockets_508FC.pdf�
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A rocket carries a fuel tank. Fuel and oxygen are mixed 
together and ignited in the combustion chamber. Hot 
gasses shoot out the exhaust and force the rocket in 
the opposite direction. 
 

Source:  http://www.nasa.gov/audience/ 
forstudents/k-4/home/F_Why_Fly_Plane.html 

• Content Standard F:  Science in Personal and Social Perspectives 
o Science and technology in society 

 

ISTE NETS Technology Standards 
• Creativity and Innovation 

o Use models and simulations to explore complex systems and issues 
• Communication and Collaboration 

o Develop an understanding of engineering design 
• Critical Thinking, Problem Solving, and Decision Making 

 
Background Information: (The information below is from 
http://www.nasa.gov/pdf/466750main_AP_ST_Chem_ShuttlePROP.pdf, 
http://exploration.grc.nasa.gov/education/rocket/combst1.html, 
http://www-pao.ksc.nasa.gov/nasafact/count2.htm,  and 
http://quest.arc.nasa.gov/qna/questions/FAQ_Flying_the_Shuttle.htm#How_can_you_change.)  
 
To launch a rocket or to move a rocket through space, a propulsion system must be used to 
generate thrust. Thrust is generated through an application of Newton's third law of 
motion; a working gas is accelerated to the rear of the rocket engine, and the reaction is a 
thrust force applied to the engine in the forward direction. In solid and liquid fueled 
rocket engines, the working gas is produced through the burning of a fuel to produce 
power. Burning a fuel is called combustion.  
 
Because combustion is so important for rocket propulsion, the fundamentals are in need of 
reviewing. Combustion is a chemical process in which a fuel reacts with an oxidizer to 
release energy and gas. The original substance is called the fuel, and the reacting agent 
(the source of oxygen) is called the oxidizer. The fuel and oxidizer can be a solid, liquid, or 
gas. For rocket propulsion, the fuel and 
oxidizer are usually stored as either a 
liquid or a solid.  
 
During combustion, new chemical 
substances are created from the fuel 
and the oxidizer. These substances are 
called exhaust which take up more volume 
than the original components.  This new 
product is forced through a nozzle to 
create thrust for the rocket. 
 
Many combustion reactions result from 
chemical combinations of the fuel and 
oxygen. When a hydrogen-carbon-based 
fuel (like gasoline) burns, the exhaust includes water (hydrogen + oxygen) and carbon 
dioxide (carbon + oxygen). But the exhaust can also include chemical combinations from 
the oxidizer alone. If gasoline is burned in air, which contains 21% oxygen and 78% 

http://www.nasa.gov/audience/%0bforstudents/k-4/home/F_Why_Fly_Plane.html�
http://www.nasa.gov/audience/%0bforstudents/k-4/home/F_Why_Fly_Plane.html�
http://www.nasa.gov/pdf/466750main_AP_ST_Chem_ShuttlePROP.pdf�
http://exploration.grc.nasa.gov/education/rocket/combst1.html�
http://www-pao.ksc.nasa.gov/nasafact/count2.htm�
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  Space Shuttle Discovery’s  
   OMS Engines Firing (STS-51) 

 

      Source:  http://apod.nasa.gov/ 
                     apod/ap960101.html  

nitrogen, the exhaust can also include nitrous oxides (NOX, nitrogen + oxygen). The 
temperature of the exhaust is high because of the heat that is transferred to the 
exhaust during combustion. Because of the high temperatures, exhaust usually occurs as a 
gas, but there can be liquid or solid exhaust products as well. Soot, for example, is a form 
of solid exhaust that occurs in some combustion processes. 
 
During the combustion process, as the fuel and oxidizer are turned into exhaust products, 
heat is generated. Interestingly, some source of heat is usually necessary to initiate 
combustion. Gasoline and air are both present in your automobile fuel tank; but combustion 
does not occur because there is no source of heat. Since heat is both required to start 
combustion and is itself a product of combustion, we can see why combustion takes place 
very rapidly. Also, once combustion gets started, the heat source is not needed because 
the heat of combustion will keep things going. (We don't have to keep lighting a campfire, 
it just keep burning.) 
 
To summarize, three things must be present for combustion to occur: a fuel to be burned, 
a source of oxygen, and a source of heat. As a result of combustion, exhausts are created 
and heat is released. The combustion process can be controlled or stopped by controlling 
the amount of the fuel available, the amount of oxygen, or the source of heat. 
 
There are some unique liquid rocket propellants, called hypergolic propellants, which do 
not require an external heat source to begin combustion.  (Propellant is a general term for 
either of the two part chemical constituents, fuel or oxidizer, that is required to support 
the combustion process and deliver thrust in a rocket engine.)   Hypergolic propellants 
burn on contact with one another without a heat source. The advantage of using hypergolic 
propellants is that the engine design is simplified because no igniter is required, and the 
engine "fires" every time. The disadvantage is that the propellants are highly toxic and 
must be kept separate at all times to prevent unwanted combustion.  
 
Hydrazine (fuel) and nitrogen tetroxide (oxidizer) are hypergolic propellants.   Hydrazine 
is a clear, nitrogen/ hydrogen compound and it has a “fishy” smell.  It is similar to ammonia.  
Nitrogen tetroxide is a reddish fluid with a pungent sweetish smell.  Both of these liquids 
are highly toxic and have to be handled under very strict safety conditions. 
 
Hypergolic propellants have been used on missiles like 
the Titan series and were used to help the orbiter of 
the Space Shuttle maneuver in space.  Unlike the 
propellants that were used for the shuttle’s three main 
engines that required an electronically produced spark 
to ignite the propellant while sitting on the launch pad, 
the hypergolic fuel of the shuttle’s OMS engines 
ignited on contact, without an extra ignition source.  
Hypergolic fuels are still used today in some rockets, 
such the second stage of Delta rockets.    

http://apod.nasa.gov/%0b%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20apod/ap960101.html�
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In this experiment, students will use baking soda and vinegar to propel a plastic canister 
across the floor.  The canister will move due to a chemical reaction from the combination 
of baking soda and vinegar. 
 
This lesson also relates to Newton’s third law of motion: For every action, there is an 
opposite and equal reaction.  Students should have a basic understanding of this law prior 
to engaging in this experiment. 
 
*Materials: (per group)  

• Meter stick 
• Measuring tape (several feet long) 
• Baking soda 
• Vinegar 
• Graduated cylinder or measuring cups (to measure vinegar) 
• Measuring spoons (to measure baking soda) 
• Clear plastic film container (lid snaps closed from inside lip of canister); can be 

purchased from http://www.sciencebobstore.com/products/Bulk-Film-Canisters-
for-Rockets.html (The black and gray canisters do not work well.) 

• Large garbage bags (or a roll of construction/painters plastic) 
• Duct tape 
• Paper towels 
• Brick or block (or similar item to prevent backward motion of film canister) 
• Safety glasses 
• Stopwatch 
• Calculator (optional) 
• Hypergolic Hype Data Collection Form 

* See materials for optional rocket activity toward the end of this lesson plan if making 
plastic bottle rockets instead of the film canister rockets.  
 
Materials for Teacher Demonstration: 

• Balloon (approximately 9 in.) 
• Small funnel or paper rolled into funnel shape 
• Baking soda 
• Vinegar 
• Clean, empty 16-17 oz. water bottle 
• Triple balance beam 

 
Advance Teacher Preparation:  
Use a small funnel to place about a ½ teaspoon of baking soda into a 9-
inch (28 cm) balloon.  Rinse the funnel and then use it to pour about a ½ 
cup of vinegar into the empty 16-17 oz. plastic water bottle.  Carefully 
place the lip of the balloon over the opening of the water bottle so that 
NO baking soda enters the bottle.  (Adjust the baking soda and vinegar 
amounts accordingly for the size and shape of your bottle and balloon.) 

http://www.sciencebobstore.com/products/Bulk-Film-Canisters-for-Rockets.html�
http://www.sciencebobstore.com/products/Bulk-Film-Canisters-for-Rockets.html�
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The students should be familiar with Newton’s third law of motion.  Arrange the students 
into groups of four. Identify several open floor spaces in the classroom where a “runway” 
can be created for each group to perform the experiment.  You can choose to build and 
create the “runway” (see instructions below) in advance, or have the students help in the 
setup depending on the amount of time that you have available for the experiment.  Be 
sure to go over proper safety procedures. 
 
WARNING: If the film canister rockets are launched vertically, there is an increased risk 
of injury to the face or eyes.  Also, the canisters can sometimes “pop” earlier than 
anticipated.  Students need to wear safety glasses at all times and be supervised. 
 
If making plastic bottle rockets instead of film canister rockets:   Follow steps 1-12 
below, but allow students to work in groups of 2-3 members.  Explain that the students will 
construct a plastic bottle rocket that uses baking soda and vinegar to launch.  They can 
experiment with the amounts of each “propellant” to determine what combination yields 
the highest or longest (in terms of air time) launch.  Consider using the altitude tracking 
instructions available at http://quest.arc.nasa.gov/space/teachers/rockets/act9.html.  
Supervise closely.  Since the plastic bottle rockets will launch vertically, stress to the 
students NEVER to have their face or other parts of their body directly above the rocket! 
 
Lesson Presentation: 

1. Engage the students by showing them the plastic water bottle with the attached 
balloon that was prepared ahead of time.  Do NOT mention that the liquid is vinegar 
or that baking soda is inside the balloon.   

2. Use a triple beam balance to determine the mass of the closed system of the 
plastic bottle and provide the result to the class. 

3. Have the students predict what will happen when you hold the top of the balloon 
above the opening of the bottle.  Ask students to think about such changes as size, 
shape, color, weight, etc. (Most will say nothing will change except the location of 
the top of the balloon being above the bottle instead of lying to the side.) 

4. Hold up the balloon and allow the baking soda to fall into the 
vinegar.  The students will watch as the balloon inflates.   

5. Ask students to explain why they think the mass of the plastic 
bottle system did or did not change.  Measure the bottle’s mass 
again.  The mass should be the same.   

6. Discuss why the students think the balloon inflated and why the 
mass remained the same. 

7. Inform them that they observed a chemical reaction.  When the 
clear liquid, vinegar, mixed with the baking soda (that had been 
inserted into the empty balloon before the experiment); a chemical 

http://quest.arc.nasa.gov/space/teachers/rockets/act9.html�
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reaction took place and produced carbon dioxide gas.  The gas, trapped inside the 
water bottle, blows up the balloon as it tries to escape. 

8. Explain that a chemical reaction results in a chemical change where a new substance 
is created.  Also, energy is either produced or absorbed.  Characteristics of a 
chemical reaction can include the formation of gas, a color change, change in odor, 
or the release or absorption of energy (such as heat).  In the example of the baking 
soda and vinegar, it is easy to see the formation of bubbles and observe that the 
gas being released inflates the balloon.   

Explain that another sign of a chemical change is that the process to reverse a 
chemical change would be very difficult, if even possible.   A chemical change 
involves the rearrangement of atoms to form of a new substance.  A physical 
change, however, does not form something new.  A physical change may alter the 
size, shape, or state of an object.  For example, cutting paper is a physical change.  
Burning paper is a chemical change.  Heating an ice cube is a physical change as only 
the state of matter is changed (from a solid to a liquid), and it can easily be 
reversed.  Adding water to eggs, flour, and other ingredients of a cake, for 
example, results in a chemical change.  

9. Regarding mass, explain that chemical reactions result in no loss of mass (the 
measure of the amount of matter in an object).  In fact, the law of conservation of 
mass states that regardless of how substances within a closed system are changed, 
the total mass remains the same.  This is why the mass of the closed plastic bottle 
system did not change.  Although a chemical change results in a new substance, 
mass is not created or destroyed.  In this example, some of the mass inside the 
bottle took a new form as the vinegar and baking soda reacted with one another. 
When the vinegar and the baking soda came into contact with one another, atoms 
rearranged to form carbon dioxide. 

10. Explain to the students how chemical reactions occur when fuel is burned to launch 
rockets.  (See background information.)   

11. Explain that some fuels are hypergolic, meaning that they ignite instantly upon 
contact with one another, which is different from fuels that require an external 
heat source to begin combustion.  Compare the vinegar and baking soda to 
hypergolic fuels in that they instantly reacted with one another.  Refer to the 
background information and explain the advantages and disadvantages of hypergolic 
fuels used in rockets.   

12. Inform the students that they are going to be aerospace engineers and experiment 
to discover the correct amounts of “propellant” to produce a “rocket” that travels 
the greatest distance (and stays in motion for the longest amount of time).  The 
chemical reaction that the students will be creating is the same one they witnessed 
in the beginning of the lesson.  The challenge is to determine the measurements of 
the vinegar and baking soda that yield the best results. 
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13. Divide the class into the predetermined groups of 4 members per group, distribute 
the materials, and strategically place the students around the classroom.  Make 
sure that you provide copies of the data sheet as well. 

14. Following the diagram below, instruct the groups to create a runway by taping 
several large garbage bags to the floor (this can also be done in advance to save 
time). 

 

 

 

 

 
 

15. On the narrow side of the garbage bags, tape a meter stick to the floor.  This will 
be the start line for the launch track.  (Place a block or brick firmly on the start 
line to prevent the top of the canister from shooting backwards and thus wasting 
energy that would otherwise launch the film canister forward.) 

16. Demonstrate the directions for a proper launch with the groups.  For the initial 
demonstration, the amount of baking soda and vinegar will not be measured. This 
ensures that the students have to use inquiry skills to figure out the correct 
specific amounts. 

17. Instruct the group to put a small amount of baking soda into the canister and to 
add enough vinegar to just cover the baking soda.  (If you prefer to provide a 
starting point for the measurements, tell students to use 1 tbsp of vinegar and a 
big pinch of baking soda – less than ¼ tsp.) Tell them to quickly replace the lid and 
set the rocket on the start line, the meter stick, with the cap placed firmly against 
the brick/block.  REMIND THE STUDENTS TO FOLLOW SAFETY PROCEDURES!   

18. Have the students practice timing by seeing how long it takes from the launch of 
the canister until it comes to a complete stop. 

19. Next, place a marker along the side of the runway where the rocket stopped and 
measure the distance from the start line to the end point. 

20. Ask the students if the amount of baking soda and vinegar used changes the 
distance that the rocket goes.  Allow them to begin the experiment by trying 
different amounts and recording the results on the Data Collection Form.  (To slow 
down the reaction time of the vinegar and baking soda, students can place the 
baking soda on top of 2 squares of toilet paper and wrap it so that it does not 
unfold easily.)   Remind them to complete the measurement section of the Data 
Form before beginning the experiment.  

21. The students should complete the chart as they work through the activity. 

22.  Discuss the Data Collection Form as a class. 
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Summarization: 
Discuss the experiment results with the class, making sure to emphasize the chemical 
reaction between the vinegar and the baking soda.  Relate the reaction to hypergolic fuels.   
 

Allow the students to explain how propulsion was generated.  The students should 
understand that when the vinegar and baking soda are mixed together, carbon dioxide gas 
is produced.  With the lid of the canister fitting tightly to the body of the canister, the 
gas is trapped in a small enclosed space.  As more and more gas is created, the pressure 
inside the canister continues to grow until there is enough force to overcome the seal of 
the lid and the canister.  The built up pressure contains enough force to shoot the canister 
forward or into the air.  This is how a rocket is launched due to a chemical reaction that 
results in a rapid and controlled release of energy.  Finally, be sure to include Newton’s 
third law of motion into the rocket launch explanation. 
 

Based on the data collected, the students should be able to come up with an optimal 
combination for their experiment.  The students should be able to replicate the results 
using the detailed measurements recorded during the experiment.  Results will vary 
depending on the combination of measurement that the students used.  Draw logical 
conclusions from the data collection chart.  This experiment easily becomes a contest to 
see who can find the best combination to propel the rocket the farthest distance and/or 
the longest amount of time.     
 
Career Connection: (from http://stemcareer.com/topcareers/ and 
http://www.onetonline.org/) 
 

Chemist - Conduct qualitative and quantitative chemical analyses or experiments in 
laboratories for quality or process control or to develop new products or knowledge. 
Sample job titles include Chemist, Research Chemist, Air Quality Chemist, Analytical 
Chemist, Scientist, Sanitary Chemist, Product Development Chemist, Quality Control 
Chemist, Analytical Specialist, and Environmental Chemist. 

Materials Scientist - Research and study the structures and chemical properties of 
various natural and synthetic or composite materials, including metals, alloys, rubber, 
ceramics, semiconductors, polymers, and glass. Determine ways to strengthen or combine 
materials or develop new materials with new or specific properties for use in a variety of 
products and applications. Includes glass scientists, ceramic scientists, metallurgical 
scientists, and polymer scientists.. Sample job titles include Materials Scientist, Research 
Scientist, Engineer, Materials Research Engineer, Development Engineer, Product 
Development Manager, Technology Officer, Textile Technologist, Metallurgical Engineer, 
Metals Research Engineer. 

Aerospace Engineer – engineering duties to include designing, constructing and testing 
aircraft, missiles, and spacecraft. Sample job titles include Aerospace Engineer, Flight 
Test Engineer, Design Engineer, Systems Engineer, Structures Engineer, Test Engineer, 
Aeronautical Engineer, Aerospace Stress Engineer, Avionics Engineer, and Flight Systems 
Test Engineer. 

http://stemcareer.com/topcareers/�
http://www.onetonline.org/�
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Physicist – conduct research, develop theories on the basis of observation and 
experiments, devise methods to apply physical laws and theories.  Sample job titles include 
Health Physicist, Scientist, Research Scientist, Physicist, Research Consultant, Research 
Physicist, and Biophysics Scientist. 
 
Evaluation:   

• Data Collection Form 
• Teacher observation: Was the student able to get the canister to travel using the 

baking soda and vinegar propulsion system? Was the student ale to record the 
results, answer questions, and draw conclusions about the amount of baking soda 
used and the distance the canister rocket traveled?   

 
Lesson Enrichment/Extension:  

• Conduct this experiment using Alka-Seltzer tablets and water.  
• Add weight to the canister (ex. clay on the outside) and see how it affects the 

distance and time the rocket was propelled. 
• Discuss the role of gravity in the rocket launches and relate that to the way that 

real rocket’s overcome the Earth’s gravity. 
• Calculate the velocity of the rocket canister using the time and distance traveled. 
• Construct a bar or line graph to illustrate data collected on the charts. 
• Challenge the students to find the best combination of baking soda and vinegar and 

hold a competition for the longest time and/or farthest launch distance. 
 
Associated Websites: 

• Rocket Propellants: More specific information on hypergolic and other propellants 
http://www.braeunig.us/space/propel.htm 

• Space Shuttle Propulsion System: Explains the chemistry behind the launch 
http://www.nasa.gov/pdf/466750main_AP_ST_Chem_ShuttlePROP.pdf   

• Facts from NASA on propellants  
 http://www-pao.ksc.nasa.gov/nasafact/count2.htm  

• Law of Conservation of Matter lesson using vinegar and baking soda 
http://atlantis.coe.uh.edu/texasipc/units/changes/conservation.pdf  

• Rocketology:  Baking Soda + Vinegar = Lift Off! 
http://www.sciencebuddies.org/science-fair-
projects/project_ideas/Chem_p086.shtml  

• Bubble Bomb: Use baking soda and vinegar to pop a plastic bag via the power of fizz. 
http://www.exploratorium.edu/science_explorer/bubblebomb.html  

• Baking soda and vinegar rocket videos (use discretion in viewing) 
http://wn.com/Baking_soda_rocket  

• Alka Seltzer Rocket: An alternative to the vinegar and baking soda 
http://www.physics.org/interact/physics-to-go/alka-seltzer-rocket/index.html    

• Build a Film Canister Rocket 
http://www.sciencebob.com/experiments/filmrocket.php  

http://www.braeunig.us/space/propel.htm�
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http://www-pao.ksc.nasa.gov/nasafact/count2.htm�
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http://www.exploratorium.edu/science_explorer/bubblebomb.html�
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Name: ________________ 
 

 

Use the same amount of baking soda and vinegar for the first 4 trials and average the distance 
traveled and time of each launch.  Next, test the rockets with different amounts of baking soda 
and vinegar and record the results. 
 

Rocket Trial # Amount of 
Baking Soda 

Amount of 
Vinegar 

Distance 
Traveled (cm) 

Time (seconds) 

1     
2     
3     
4     

Average of 
Rows 1-4 

 
 

   

5     
6     
7     
8     

 

How do your last four trials compare to the first trials? 
 

__________________________________________________________________________ 
 

__________________________________________________________________________ 
 

__________________________________________________________________________ 
 

What did you decide to do differently and why? 
 

__________________________________________________________________________ 
 

__________________________________________________________________________ 
 

__________________________________________________________________________ 
 

Were there any other factors that you needed to keep constant? 
 

__________________________________________________________________________ 
 

__________________________________________________________________________ 
 

__________________________________________________________________________ 
 

Draw a conclusion from your trials.  Support your explanation using specific data from the chart 
relating to distance and time. 
 

__________________________________________________________________________ 
 

__________________________________________________________________________ 
 

__________________________________________________________________________ 
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Follow-up Questions 
 

1. Define the following: 
 

• Chemical reaction _________________________________________________________ 
 

______________________________________________________________________ 

• Law of conservation of mass _________________________________________________ 

     ______________________________________________________________________ 

• Propellant _______________________________________________________________ 

• Hypergolic fuel ___________________________________________________________ 
 

2. Based on what you learned today about propellants, what do you think was happening inside 
the canister with the baking soda and vinegar? 

 

__________________________________________________________________________ 
 

__________________________________________________________________________ 
 

__________________________________________________________________________ 
 
3. Why do you think the canister cap popped off? 
 

__________________________________________________________________________ 
 

__________________________________________________________________________ 
 

__________________________________________________________________________ 
 
4. Explain how this is both similar and different compared to a real rocket. 
 

__________________________________________________________________________ 
 

__________________________________________________________________________ 
 

__________________________________________________________________________ 
 
5. How did using the different amounts of baking soda effect the time and distance traveled 

by the canister? 
 

__________________________________________________________________________ 
 

__________________________________________________________________________ 
 

__________________________________________________________________________ 
 
6. Relate Newton’s third law of motion to the rocket launching. 
 

__________________________________________________________________________ 
 

__________________________________________________________________________ 
 

__________________________________________________________________________
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Plastic Bottle Rocket (Powered with Vinegar & Baking Soda)   
(alternative to film canister rocket) 

 

Materials: (per rocket group) 
• Styrofoam take-out (to-go) box 
• Clay (at least 2 rectangular blocks) 
• 4 long (12 inch) wooden skewers (or similar objects) 
• Empty, plastic water or soda bottle with cap (about 16-17 oz.) 
• Cork to fit/seal the opening of the empty bottle 
• Toilet paper squares 
• Small funnel (or rolled paper) 
• Measuring spoons and cups 

• Safety glasses 
• Baking soda 
• Vinegar 

 
Directions to make launch platform and rocket: 

1. Fill a 16 - 17 oz. plastic drink bottle with a ½ cup of vinegar and then replace the cap.   
2. Place the plastic bottle upside down on top of the Styrofoam take-out box.  Determine where 

to insert the skewers into the box such that it supports the plastic bottle.  Press the tips of the 
skewers completely to the bottom of the box. 

3. Open the take-out box and arrange the clay in such a way that 
blocks of clay cover the holes in the bottom of the take-out box 
made by the skewers. 

4. Close the box and reinsert the skewers, pressing the tips down 
into the clay so that the clay acts as an anchor for the skewers.   

5. Place the plastic bottle upside down again within the area 
marked by the skewers to ensure the plastic bottle feels stable 
on the newly created launch platform.  Make any necessary 
adjustments.    

6. Remove the plastic bottle from the top of the box. 
7. Place 2 tsp of baking soda in a line on top of two attached 

square pieces of toilet paper, leaving about ¾ to 1 inch from 
each end.  Fold/roll the toilet paper over the baking soda.  Fold 
one end of the roll inward toward the middle of the roll and the 
other end outward toward the middle of the roll, as if 
making a collapsible letter “Z.”   

8. Remove the cap from the plastic drink bottle.  
9. Place the baking soda packet into the bottle carefully and 

quickly place the cork in the opening of the bottle. 
10. Quickly, extending your arm slightly away from your body 

and holding the rocket vertically with the cork facing the ground, 
shake the bottle up and down 2 times. 

11. Quickly place the bottle (upside down with cork facing down) on the 
launch platform. (NEVER place any part of your body over the rocket.) 

 

Data Collection:  The Hypergolic Hype data sheet can be used, measuring 
for height instead of distance.  Consider using the altitude tracker material at 
http://quest.arc.nasa.gov/space/teachers/rockets/act9.html.  Recorded data 
may also include the amount of time that passed before the rocket actually launched.  Identify 
variables that may result in inconsistent results (such as baking soda packet construction, insertion 
of packet into bottle, force used to shake bottle, etc.). 
 

For additional experiments:  Students can continue to experiment with different amounts of baking 
soda and vinegar with an adult’s supervision and approval of the amounts being tested.  They 
can experiment with different shapes and sizes of bottles (larger bottles may require a more sturdy 
launch platform).  Students can add a nosecone and experiment with different fin shapes and sizes. 
 

NOTE: Always wear safety glasses during this experiment!  If a bottle fails to launch after 5 minutes, 
hold the bottle vertically and away from your body.   Then, carefully and slowly loosen the cork.  
There may still be a lot of pressure inside the bottle!

http://quest.arc.nasa.gov/space/teachers/rockets/act9.html�
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Force Factors 
 
Lesson Reference: Space Day Toolkit at http://spaceday-
cert.donet.com/media/documents/SpaceDayToolkit.pdf and CAP’s AEX I, vol. 1 
 
Objectives: 

• Students will identify the four forces influencing an aircraft’s flight, including the 
direction of each force and its opposing force. 

• Students will construct a balloon powered aircraft. 
• Students will conduct an activity, examine data, and evaluate how landing gear 

position influences drag. 
• Students will predict how increasing or decreasing each of the four forces will 

affect an aircraft’s flight. 
• Students will conclude that increased lift is required for flight if the weight of an 

aircraft increases. 
• Students will conclude that increased thrust is required for flight if the drag of an 

aircraft increases. 
 
National Standards:    
Math 

• Communication 
o Organize and consolidate mathematical thinking through communication 

• Connections 
o Understand how mathematical ideas interconnect and build on one another to 

produce a coherent whole 
o Recognize and apply mathematics in contexts outside of mathematics 

• Representation 
o Create and use representations to organize, 

record, and communicate mathematical ideas 
 

Science 
• Unifying Concepts and Processes  

o Evidence, models, and explanation 
o Change, constancy, and measurement 
o Form and function 

• Content Standard A:  Science as Inquiry 
o Abilities necessary to do scientific inquiry 
o Understandings about scientific inquiry 

• Content Standard B:  Physical Science 
o Motions and forces 
o Transfer of energy 

• Content Standard E:  Science and Technology 
o Abilities of technological design 
o Understandings about science and technology 

Lesson 4 

http://spaceday-cert.donet.com/media/documents/SpaceDayToolkit.pdf�
http://spaceday-cert.donet.com/media/documents/SpaceDayToolkit.pdf�
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• Content Standard F:  Science in Personal and Social Perspectives 
o Science and technology in society 

• Content Standard G:  History and Nature of Science 
o Science as a human endeavor 
o Nature of science 

 

ISTE NETS Technology Standards 
• Creativity and Innovation 

o Use models and simulations to explore complex systems and issues 
• Communication and Collaboration 

o Develop an understanding of engineering design 
• Critical Thinking, Problem Solving, and Decision Making 

 
Background Information: (The information below is from Space Day Toolkit at 
http://spaceday-cert.donet.com/media/documents/SpaceDayToolkit.pdf.)  
 
Do you know what planes, birds, bees, and even some fish and seeds have in common? They 
can fly! However, before you can understand how it happens, you must first learn about 
four very important forces. 
 
What is a force?  
It is a push or a pull affecting an object’s movement. 
 
What are the forces that influence an airplane’s flight?  
Lift: Force pushing a plane upward, away from Earth 
Thrust: Force pushing a plane forward 
through the air 
Weight: Force pulling a plane downward, 
caused by Earth’s gravity 
Drag: Force resisting a plane’s forward 
motion, caused by air molecules hitting 
the plane 
 
What affects the strength of each 
force? 
Lift: The aircraft’s wings (shape, size, and location) 
Thrust: The system used to create the forward movement (propellers, jet engines, or 
rockets) 
Weight: The aircraft’s mass (a measurement of the material that makes up the aircraft 
and its contents) 
Drag: The aircraft’s design (shape, surface, and speed) 
As you now know, a plane’s forward motion (thrust) is slowed if drag (push of air against 
the plane) is too strong. To reduce drag, engineers design planes that are aerodynamic 
(streamlined). For example, a plane’s smooth surface and rounded nose help reduce drag. 
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Materials: (per group)  
• Fishing line or nylon thread/line 

(monofilament) 
• 6 small rubber balloons (about 6 

cm long when deflated) 
• 5 straws (nonflexible) 
• Masking tape  
• Paper or foam cup 
• Scissors 
• Paperclips (large size) 

• Handheld hole punch 
• Binder clip 
• Metric ruler 
• Stopwatch 
• Calculator (optional) 
• Copies of Landing Gear Diagram 

(reproduced on card stock) 
• Data Collection Form 

 
Advance Teacher Preparation: 
Arrange the students into partners or cooperative groups of no more than 4.  Make copies 
of the landing gear template for each group.  Identify an open space vertically and 
horizontally for test flights.  You will need to tie one end of a piece of the fishing line to 
the ceiling (or an object that is high off the ground) and leave the other end lying on the 
floor. This is for the vertical launches of the balloon jet.  Each group will need this set up 
for launching if you wish each group to conduct the experiment as opposed to whole group 
instruction. Make sure that the launching line(s) reach from the ceiling (or top of high 
object) to the floor completely. Horizontal space needs to be identified for the landing 
gear experiment, but the students will set up the experiment. The anchors for the landing 
gear experiment can be doorknobs, chairs, etc.  

 
Lesson Presentation: 

1. Engage the students by showing them a balloon.  Ask the students to identify the 
object.  (They will respond by telling you that it is a balloon.) 

2. Inform them that it is definitely NOT a balloon, but a jet engine. Illustrate this by 
blowing up the balloon and pinching it shut to capture the air inside. 

3. Ask the students what will happen when you let go of the bottom of the balloon.  
Release the balloon and observe what happens. 

4. Have the students explain how the balloon is like a jet engine. (The air provides 
thrust to propel the balloon around the classroom.)  From this conversation, discuss 
the other forces that influence an aircraft (see background information).  This 
could be a review or an introduction to the four forces, depending on the prior 
knowledge of the class. 

5. Inform the students that they will be experimenting with the four forces of flight 
through two activities involving “jet engines.”  (You may wish to conduct Part I: Lift 
versus Gravity as a class experiment rather than by individual groups.) 

 
Part I:   Lift versus Gravity (Vertical Travel) 
6. Divide the class into groups of four and distribute the materials along with the 

Data Collection Form. 
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Source: Space DayToolkit at http://spaceday-
cert.donet.com/media/documents/SpaceDayToolkit.pdf 

7. Ask the students to choose a balloon, inflate it, and clamp the bottom of it with the 
binder clip. Now, measure the length of the inflated balloon and record it on the 
Data Collection Form.  For consistency, use this length for each of the trials. 

8. Next, have two group members tape a straw to the side of the balloon. The other 
two group members need to take the foam cup and use the hole punch to make 
three holes in the top of the cup. 

9. Using the fishing line, each group needs to measure out three pieces of line (string) 
that are each 30 cm long and attach them to the cup.  Each hole in the top of the 
cup should have one end of one piece of string tied it. 

10. Finally, using the masking tape, attach the ends of the fishing line (string) coming 
from the cup to the balloon so that the cup hangs straight below it. Remind the 
students to use minimal tape. When asked why, the 
students should be able to identify that excess tape 
adds unnecessary weight. 

11. Demonstrate to the students how to launch the 
balloon jet. Thread the bottom of the vertical 
fishing line through the straw.  Have one of the 
students hold the end of the line taut to the floor.  

12. Release the binder clip and the balloon will climb the 
fishing line towards the ceiling. Direct the students’ 
attention to the Data Collection Form and have them 
follow the activity chart by timing how long the 
balloon jet lifted and measuring the distance climbed by the balloon jet. Repeat this 
adding the paper clip weights.  Observe how the weights change the performance, 
fill in the chart, and answer the questions on the Data Collection Form. 

13. After the groups have conducted the first part of the experiment with the three 
trials of the vertical lifting balloon jet, introduce the next part of the activity.  

 
Part II:  Thrust versus Drag (Horizontal Travel) 
14. Ask the students if the position of a plane’s landing gear during flight affects drag 

and, if so, how? Tell them that they will examine the drag produced when the 
landing gear is up (retracted) or down. 

15. Direct the groups that they will again 
choose a balloon and measure the length of 
it inflated. Next, tell the students that 
they will cut out the landing gear and attach 
it to one side of the balloon.  On the 
opposite side, tape a straw to the balloon. 
Point out the horizontal test track area 
(where to attach the fishing line to create horizontal travel).  Inform the groups 
that it is their responsibility to create the horizontal track by finding two anchors 
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(doorknobs, chairs) to stretch the fishing line (or group members can hold the ends 
of the fishing line if they hold it level).  Allow them to construct the new balloon jet 
and complete the experiment following the Data Collection Form which measures 
time of travel and distance traveled.  Remind them to complete the prediction 
section of the data form before beginning the experiment. Point out that both 
charts need to be filled simultaneously.  The students should assign group members 
specific jobs for the recording of data. Also, a new balloon should be used after 
completing three trials due to the fact that the elastic of the balloon structure 
becomes weaker and could affect results. 

16. The students should work through the experiment completing the chart as they 
work through the activity. 

17. Discuss the Data Collection Form as a class. 
 

Summarization: 
Discuss the experiment results with the class making sure to emphasize the opposing pairs 
of the four forces:  lift/weight and thrust/drag.   Based on the data collected, the 
students should conclude that height and length of time traveled decreased when extra 
weight was added. This leads to the conclusion of more weight needs more lift. This should 
be evident in the data by the lift time and height decreasing when more paper clips were 
added. The discussion on thrust versus drag should have similar results as there is more 
thrust needed when drag is increased.  This can be seen in data by the distance traveled 
and the time in motion decreasing when the landing gear is down. Again, the conclusion that 
the students draw should be proven from data they collected.  
 

Talk about the concept that if the balloon jet were longer and skinnier, it would be more 
aerodynamic and drag would be reduced.  Also, mention the fact that most birds carry 
their legs close to their body when flying to reduce drag.  When discussing adding pennies 
to the inside of the horizontal balloon jet, students need to identify that the increased 
payload would affect weight, not drag; however, students could argue that the pennies 
would cause the balloon to stretch where they were located and this could create a bumpy 
surface producing drag.  Finally, discuss the students’ ideas to design a plane to reduce 
drag (rounded front, smooth surface, etc). 
 
Career Connection: (from http://stemcareer.com/topcareers/ and 
http://www.onetonline.org/) 
 

Aerospace Engineer – engineering duties to include designing, constructing and testing 
aircraft, missiles, and spacecraft. Sample job titles include Aerospace Engineer, Flight 
Test Engineer, Design Engineer, Systems Engineer, Structures Engineer, Test Engineer, 
Aeronautical Engineer, Aerospace Stress Engineer, Avionics Engineer, and Flight Systems 
Test Engineer.  

Aircraft Mechanic – diagnose, adjust, repair or overhaul aircraft engines and assemblies, 
such as hydraulic and pneumatic systems. Sample job titles include Aircraft Mechanic, 

http://stemcareer.com/topcareers/�
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Aircraft Maintenance Technician, Aircraft Technician, Aircraft Maintenance Director, 
Aircraft Maintenance Supervisor, Aircraft Restorer, Aviation Maintenance Technician, and 
Helicopter Mechanic. 

Pilot – pilot and navigate the flight of fixed-wing, multi-engine aircraft usually for the 
transport of passengers and cargo. Must have pilot certificate and rating for aircraft type 
used.  Sample job titles include Airline Captain, First Officer, Pilot, Airline Pilot, Check 
Airman, Co-Pilot, Airline Transport Pilot, and Commuter Pilot.  

Physicist – conduct research, develop theories on the basis of observation and 
experiments, devise methods to apply physical laws and theories.  Sample job titles include 
Health Physicist, Scientist, Research Scientist, Physicist, Research Consultant, Research 
Physicist, and Biophysics Scientist. 
 
Evaluation:   

• Data Collection Form 
• Teacher observation 

 
Lesson Enrichment/Extension:  

• Experiment with the design of the balloon jet to construct one that lifts the most 
weight (paperclips) vertically. 

• Experiment with the design of the balloon jet to construct one that has the most 
thrust horizontally. 

• Calculate the speed of the balloon jet using the average time and distance traveled. 
• Use other forms of payload in the vertical balloon jet. 
• Add pennies to the inside of the horizontal balloon jet to see how this affects drag. 
• Construct a bar or line graph to illustrate data collected on the charts. 
• Challenge the students to construct a multi-stage rocket to compete for the 

longest or highest flight distance. 
 

Associated Websites: 
• “Dynamics of Flight” by NASA 

http://www.ueet.nasa.gov/StudentSite/dynamicsofflight.html  
• ”How Things Fly” - An exhibition at the National Air and Space Museum 

www.nasm.si.edu/exhibitions/gal109/gal109.html  
• “Understanding Flight” - Includes descriptions and teaching transparencies on 

thrust, lift, weight, and drag (from the Web site 100 Years of Aviation, YES I Can! 
Science) 
 http://resources.yesican-science.ca/100_years/unit2_flight1g06.html  

• “How Planes Fly” - An interesting Web page with lots of information (from the Web 
site Live Science) 
www.livescience.com/technology/060828_how_planes_fly.html  

• “Your Own Flight” - Descriptions and in-depth information (from the Website 
Flights of Inspiration, Franklin Institute Science Museum) 
www.fi.edu/flights/own2/forces.html  

http://www.ueet.nasa.gov/StudentSite/dynamicsofflight.html�
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Reproducible template retrieved from: 
http://spaceday-cert.donet.com/media/documents/SpaceDayToolkit.pdf  

http://spaceday-cert.donet.com/media/documents/SpaceDayToolkit.pdf�
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Name:  ____________________________ 
 
 
 

 
Explain how a balloon is like a jet engine. 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 

 
Part 1: Lift versus Gravity (Vertical Travel)  Length of balloon:____ cm 

 Height (in cm) Lift Time (seconds) 
 

Trial 1 
 

Trial 2 
 

Trial 3 
Average 
Height 

 
Trial 1 

 
Trial 2 

 
Trial 3 

Average 
Lift Time  

No Paper 
Clips 

        

1 Paper 
Clip 

        

3 Paper 
Clips 

        

5 Paper 
Clips 

        

7 Paper 
Clips 

        

 
How does weight affect lift? Use specific evidence from the data table in your 
explanation. 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
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Source:  Space DayToolkit at http://spaceday-
cert.donet.com/media/documents/SpaceDayToolkit.pdf   

Prediction:  Based on our understanding of drag, we 
predict the jet will travel 
  ________ cm when the landing gear is up 
           ________ cm when the landing gear is down 

 
Part 2:  Thrust versus Drag (Horizontal Travel) 
 Distance Traveled (cm) 

Trial 1 Trial 2 Trial 3 Average Distance 
(cm) 

Jet 
Length 
(cm) 

Gear 
up 

Gear 
down 

Gear 
up 

Gear 
down 

Gear 
up 

Gear 
down 

Gear 
up 

Gear 
down 

 
 

        

 
 

        

 
 

        

 
 Thrust Time (seconds) 

Trial 1 Trial 2 Trial 3 Average Thrust 
Time (seconds) 

Jet 
Length 
(cm) 

Gear 
up 

Gear 
down 

Gear 
up 

Gear 
down 

Gear 
up 

Gear 
down 

Gear 
up 

Gear 
down 

 
 

        

 
 

        

 
 

        

 
Explain how the position of the landing gear affected thrust and drag. Support 
your explanation using specific data from the chart relating to distance and time. 
______________________________________________________________
______________________________________________________________
______________________________________________________________ 
______________________________________________________________ 

http://spaceday-cert.donet.com/media/documents/SpaceDayToolkit.pdf�
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Follow-up Questions 
 
Identify the opposing forces studied in this activity. 
______________________________________________________________
______________________________________________________________
______________________________________________________________ 
 
Describe two ways the balloon jet (vertical and horizontal) was a model of a real 
jet airplane. 
______________________________________________________________
______________________________________________________________
______________________________________________________________ 
______________________________________________________________ 
 
Suppose your balloon jet were longer and skinnier.  How would this difference in 
shape have affected drag? 
______________________________________________________________
______________________________________________________________
______________________________________________________________ 
 
Where do birds hold their legs when flying?  How does this position affect the 
force of drag on the bird’s body? 
______________________________________________________________
______________________________________________________________
______________________________________________________________ 
______________________________________________________________ 
 
Suppose you added payload (something being carried) to the horizontal balloon jet 
by putting pennies in the balloon before it was inflated.  How would this have 
affected drag?  Would it matter if the landing gear was up or down? 
______________________________________________________________
______________________________________________________________
______________________________________________________________ 
 
Based on your knowledge from this experiment, how could engineers design planes 
to reduce drag and the affect of gravity? 
______________________________________________________________
______________________________________________________________
______________________________________________________________ 
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Target 
 
Lesson Reference: NASA at http://connect.larc.nasa.gov/connect_bak/pdf/flightd.pdf 
and a CAP ACE academic lesson 
 
Objectives: 

• Students will define and demonstrate roll, pitch, and yaw. 
• Students will experiment with surface controls to adjust flight paths. 
• Students will convert fractions to decimals. 
• Students will calculate percentages and determine probability from data. 

 
National Standards: 
Math 

• Number and Operations 
o Work flexibly with fractions, decimals, and percents to solve problems 

• Understand and apply basic concepts of probability 
o Use proportionality and a basic understanding of probability to make and 

test conjectures about the results of experiments and simulations 
• Communication 

o Organize and consolidate mathematical thinking through communication 
• Connections 

o Understand how mathematical ideas interconnect and build on one another to 
produce a coherent whole 

o Recognize and apply mathematics in contexts outside of mathematics 
• Representation 

o Create and use representations to organize, record, and communicate 
mathematical ideas 
 

Science 
• Unifying Concepts and Processes  

o Evidence, models, and explanation 
• Content Standard A:  Science as Inquiry 
• Content Standard B:  Physical Science 

o Motions and forces 
o Transfer of energy 

• Content Standard E:  Science and Technology 
o Abilities of technological design 

 

ISTE NETS Technology Standards 
• Creativity and Innovation 

o Use models and simulations to explore complex systems and issues 
• Communication and Collaboration 

o Develop an understanding of engineering design 
• Critical Thinking, Problem Solving, and Decision Making 

Lesson 5 

http://connect.larc.nasa.gov/connect_bak/pdf/flightd.pdf�
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Background Information: (from NASA Quest at 
http://quest.arc.nasa.gov/aero/planetary/atmospheric/control.html) 
 

An airplane has three control surfaces: ailerons, elevators and a rudder. These control 
surfaces affect the motions of an airplane by changing the way the air flows around it.  
 
 

 

 

 
The ailerons are flap-like structures on the trailing edge of the wings - one on each side. 
When the pilot moves the control stick to the right, the right aileron will tilt up and the 
left aileron will tilt down. This will cause the airplane to roll to the right. When the pilot 
moves the control stick to the left, the left aileron tilts up, the right aileron tilts down 
and the airplane rolls to the left. This happens because as the aileron tilts downward 
(effectively increasing camber) more lift is created and the wing rises. As it tilts upward, 
less lift will be created and the wing will lower. If the wing of one side of the airplane 
rises and the other descends, the airplane will roll towards the side with the decrease in 
lift.  

 

 
 

 

The elevators are also flap-like structures that are mounted on each side of the horizontal 
stabilizer. As an airplane flies in its proper orientation and level to the horizon the pilot 
uses the elevator to control the pitch of the nose. That means the elevator controls the 
nose's motion of up and down. When the pilot pushes the control stick forward, the 
elevators tilt downward -this is called pitching down. When the pilot pulls the control stick 
back, the elevators tilt upward, the tail goes down and the fuselage pitches nose-up. When 
the elevator tilts downward more lift is created (like the ailerons) and the tail rises. When 
the elevator tilts upward, less lift is created and the tail descends.  

 

 

 

http://quest.arc.nasa.gov/aero/planetary/atmospheric/control.html�
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 Source: NASA at http://www.ueet.nasa.gov/StudentSite/dynamicsofflight.html  

 

The rudder is located on the vertical fin. The rudder controls the motion of yaw. Yaw 
causes the airplane's nose to move sideways to the left or right. The two rudder pedals 
are located at the pilot's feet. When the pilot pushes on the right rudder pedal, the 
rudder tilts to the right and the airplane yaws nose-right. When the pilot pushes on the 
left rudder pedal, the rudder tilts to the left and the airplane yaws nose-left. Again this is 
due to lift. However, the direction of this lift force is different than the lift force that 
causes the airplane to ascend. When the rudder tilts to the right, more lift is created on 
the right, which lifts or pushes the vertical stabilizer to the left. This, in turn, causes the 
airplane to yaw nose-right. The opposite motion occurs when the rudder tilts to the left.  
 
 
 
 
 
 
 
 
 
The thinner the atmosphere the slower the reaction of 
the airplane to its control surfaces. Airplanes flying at fast speeds in the lower 
atmosphere react more quickly to a change in the control surfaces than airplanes flying at 
extremely high altitudes at the same speed. That's because there are fewer air molecules 
to disturb. This becomes even more important when flying airplanes on planets with 
atmospheres that are less dense than Earth's atmosphere. 
 
In summary  (from http://spacedaycert.donet.com/media/documents/SpaceDayToolkit.pdf)  
 

Pilots use different terms to describe the particular ways an aircraft moves forward: 
 

 Pitch:  Aircraft nose moves up or down 
 Roll:  One wing of aircraft tips up while the other tips down 

Yaw:  Nose of the airplane moves left or right while remaining level with the ground 
 

Pilots use several control surfaces (moveable sections on the aircraft’s surface) to better 
direct an aircraft’s movement.  These include: 
  

 Elevator:  Section on horizontal part of tail that controls pitch 
 Aileron:  Section at rear edge of wing near tip that controls roll 
 Rudder:  Section attached to vertical part of tail that controls yaw 
 
 

 
 
 
 
 

 

http://www.ueet.nasa.gov/StudentSite/dynamicsofflight.html�
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A B 

C D 

Source: NASA  
 

Materials:  
• 5 pieces of green construction paper 
• 5 pieces of blue construction paper 
• 5 pieces of yellow construction paper 
• 5 pieces of orange construction paper 
• 1 piece of red construction paper 
• Tape 
• Scissors 
• Paper airplane 
• Data collection sheet 

 
Optional: 

Rather than using paper to construct paper airplanes 
to use with this activity, you may wish students to 
construct foam plate gliders (FPGs) using foam plates, 
masking tape, and pennies.  This will allow the ability 
to experiment with a rudder.  The complete directions 
for constructing the gliders are available online at 

http://www.modelaircraft.org/education/fpg-9.aspx 
(AMA web page), courtesy of the Academy of Model 

Aeronautics (AMA) and Jack Reynolds.  (Making the elevons, the moveable control 
surfaces along the wings that act as the elevators and aeilerons, longer than the pattern 
indicates for these gliders will improve their flight performance.  A construction video is 
available at the AMA web page and http://www.youtube.com/watch?v=pNtew_VzzWg, but 
again, make the slits for the elevons farther apart than what is shown.)  
 
Prerequisite: 
Students need to understand how to convert fractions to decimals and decimals to 
percentages.  This lesson will provide additional practice towards these math skills in an 
entertaining and motivating manner. 
 

Prior to engaging in the lesson, ask the students to construct 
their optimal paper airplane.  If they do not know how to 
make a paper airplane, allow them to research designs on the 
computer or provide instructions on how to make a “Simple 
Paper Airplane” included in this lesson. Have the students 
make the paper airplane for homework and inform them that 
they will need it during class on the next day. 
 

Have 5 target areas set up before class begins the next day.  
To make the targets, attach 4 different colored pieces of 
construction paper together using tape to make a large 
rectangle.  Cut out a large red circle or square and place it in the middle of the 4 pieces of 
construction paper to act like a bull’s-eye.  Label the colored squares: A, B, C, and D. 

http://www.modelaircraft.org/education/fpg-9.aspx�
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Lesson Presentation: 
1. Engage the students by having them show off their paper airplanes.  Ask if anyone 

wants to share their individually engineered airplane with the class.  Allow the 
students to showcase their aeronautical vehicle. 

2. Next, inform the students that they will be using their paper airplane, along with 
science and math, to determine how effectively they can hit a target.  

3. Before the students begin, review with them the ways that an airplane can travel, 
besides just forward.  This may be new information or it may be recall of a prior 
lesson.  Adjust the level of information accordingly, making sure to highlight pitch, 
yaw, and roll. Use the paper airplane to demonstrate pitch, yaw, and roll. (Tip: You 
can use a plastic straw to represent each imaginary axis mentioned below.) 

• Pitch:  Tell the students to imagine a line running through the plane from 
wingtip to wingtip.  If the airplane rotates up or down on this imaginary line, 
it is pitching.  Holding the wings level, pitch the nose up (move the nose up 
and the tail will go down).  Tell the students that when the nose goes up, the 
plane is pitching upward.  Tip the nose down and inform the students that 
when the nose of the plane goes down, the tail will pitch up and the plane is 
said to be pitching down.  Have the students demonstrate pitch with you. 

• Yaw:  Tell the students to imagine a vertical line stabbing the plane right in 
its midsection.  If the plane twists left or right along this imaginary axis, it 
is yawing.  Have the students picture a swivel chair.  Turn the nose of the 
airplane to the left and inform them that this is an example of yawing to the 
left.  Repeat the demonstration yawing to the right.  Have the students 
demonstrate yaw with their paper airplane. 

• Roll:  Tell the students to imagine an imaginary horizontal line running 
through the nose of the airplane to the back end of the plane.  If the 
airplane rotates left or right on this imaginary line, it is rolling.  
Demonstrate roll by tipping one wing down which will make the opposite wing 
automatically go up.  Make sure to keep the fuselage (body) of the airplane in 
the same place.  Again, ask the students to demonstrate roll. 

4. To ensure that the students fully understand pitch, yaw, and roll, have them 
demonstrate the three movements with their paper airplane as you call out the 
movement.  For example, when you say pitch, the students should pitch the nose of 
their airplane up and down. Additionally, you can reach your kinesthetic learners by 
having the students move their bodies accordingly. Have them roll by leaning at 
their waist to the left or right.  Pitch can be shown by bending forward or 
backward at the waist. Finally, yaw can be illustrated by having them spin on one 
foot to the left or right, like you would turn in a swivel chair. 

5. Get more specific and have the students orient their planes appropriately.  Use the 
terms: pitch up, pitch down, yaw left, yaw right, roll left, roll right. 
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     elevons 

6. Inform or remind the students that an airplane has control surfaces or moveable 
sections on the airplane’s surface that affect how the plane moves.  The rudder, 
aileron, and elevator move to make the plane yaw, roll, and pitch respectively.  (See 
background information for more details). 

7. Instruct the students to make 2 small cuts a few centimeters apart 
at the rear of each wingtip.  Tell them that these movable parts 
are called elevons because they are a combination of the elevators 
and the ailerons. (See background information.) Show the students 
that they can bend the elevons slightly up or down and that this will 
change the flight path of their airplane. (Teachers:  You have the 
option of letting the students experiment with moving the elevons 
and seeing how the plane reacts, or if time is a factor, you can provide specific 
instructions.  For example, if the plane is pitching down or flying low, slightly bend 
both elevons up and the plane will move up.  If it is flying too high, do the opposite 
and pitch the elevons down.  If the students have one elevon up and one down, it will 
cause the airplane to roll left or right.)  Ask the students which control surface is 
missing (rudder) as well as which motion the will not be able to control (yaw). 

8. Distribute the data collection sheet and divide the students into 5 groups.  Inform 
the students that they will line up in front of the target area, which is the 
construction paper taped to a wall.  The students should be instructed to take turns 
throwing their airplane toward the red bull’s-eye.  After each toss, they will move 
to the back of the line and make a tally mark on their data sheet in the correct box 
to indicate where the nose of their airplane hit the target area.  For example, if 
they toss it and it hits the “B” area of the target, they should place an “X” on their 
data sheet exactly where the plane hit in that “B” box. Tell the students that they 
have 7 times (or another amount determined by the teacher to use in fractions) to 
toss the plane at the target.  Once all of the throws have been completed, the 
students should answer the remaining questions on the Data Collection Form.  
Provide an example of how to fill in the chart by throwing the plane and marking the 
results on a chart drawn on the board if necessary. 

9. Position groups in their assigned target area and let them begin.  Make sure that 
the targets are spaced out around the room for safety.  Students need to be aware 
of others and warned in advance of the consequence should they intentionally hit 
another student with their plane. 

10. Depending on time, allow the students to discuss the results documented on their 
data sheet.  Talk about who has the best aim. 

11. Have the students explain how they used math and science to determine how well 
they can hit a target with a paper airplane. Topics of discussion can include how the 
scientific method was utilized; Newton’s laws of motion (inertia, F=MA, 
action/reaction); using math by counting and creating percentage of accuracy; and 
even how important it is to have specific information in science.  For example, it is 
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better to say, “I can hit the bull’s-eye with 65% accuracy,” than to say, ”I am good 
at hitting a target with a paper airplane.” 

 
Summarization: 
Ask the students to summarize what they learned in today’s lesson.  The students should 
explain pitch, yaw, and roll, in addition to being able to demonstrate the movements with 
their paper airplane.  Make sure to emphasize that science and math helped to explain the 
experiments and to provide a better understanding of what happened during the lesson. 
Also, remind students that they can improve their target skills through practice; 
furthermore, practice will also help the students in the area of math.  The more they 
practice at anything in life, the better they will become. 
 
Career Connection: (from http://stemcareer.com/topcareers/ and 
http://www  .onetonline.org/) 
 

Aerospace Engineer – engineering duties to include designing, constructing and testing 
aircraft, missiles, and spacecraft. Sample job titles include Aerospace Engineer, Flight 
Test Engineer, Design Engineer, Systems Engineer, Structures Engineer, Test Engineer, 
Aeronautical Engineer, Aerospace Stress Engineer, Avionics Engineer, and Flight Systems 
Test Engineer.  
 

Air Traffic Controller – control air traffic on and within a vicinity of an airport according 
to established procedures and policies to expedite and ensure flight safety. Sample job 
titles include Air Traffic Control Specialist (ATCS), Air Traffic Controller, Certified 
Professional Controller (CPC), Air Traffic Controller (Enroute Option), and Air Traffic 
Controller (Tower Option). 
 

Scientist – plan, direct, or coordinate activities in such fields as life sciences, physical 
sciences, research and development in these fields. Sample job titles include Natural 
Science Manager, Water Team Leader, Fisheries Director, Health Sciences Manager, 
Laboratory Manager, Natural Resources Planner, Research and Development Director, 
Coastal Management Planner, Environmental Manager, Mineral and Aggregate Resources 
Planner.  
 

Pilot – pilot and navigate the flight of fixed-wing, multi-engine aircraft usually for the 
transport of passengers and cargo. Must have pilot certificate and rating for aircraft type 
used.  Sample job titles include Airline Captain, First Officer, Pilot, Airline Pilot, Check 
Airman, Co-Pilot, Airline Transport Pilot, and Commuter Pilot.  
 
Evaluation:   

• Data Collection Form 
• Teacher observation 

 
 
 

http://stemcareer.com/topcareers/�
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Lesson Enrichment/Extension:  
• Have the students figure the overall percentage of girls hitting the target versus 

boys hitting the target. 
• Have the students create a graph to illustrate their data (pie graph/bar graph). 
• Complete the included NASA worksheet(s):  Flight Direction Challenge Point. 
• Challenge the students to create their own Flight Direction Challenge Point 

worksheet based on their personal data from the Data Collection Form. 
• Repeat the lesson by having the students throw a different number of times to 

increase work with fractions, decimals, and percentages. 
• If using the foam plate glider, have students complete the activity sheet available 

at http://www.modelaircraft.org/education/fpg-9.aspx.  (Click “Activity Sheet.”) 
 

Associated Websites: 
• Dynamics of Flight: provides more background information and graphics 

http://www.ueet.nasa.gov/StudentSite/dynamicsofflight.html  
• How a Plane is Controlled with Animations 

http://www.allstar.fiu.edu/aero/fltmidcont.htm  
• Amazing Paper Airplanes   

http://www.amazingpaperairplanes.com/Simple.html 
• World Record Paper Airplane Story and Design   

http://www.paperplane.org/  
• Create a Graph Website   

http://nces.ed.gov/nceskids/index.asp 
• Additional Paper Airplane Lessons  

http://teams.lacoe.edu/documentation/projects/math/airplane_sites.html  
• Take Off with Paper Airplanes 

http://www.teachengineering.org/view_lesson.php?url=http://www.teachengineering
.org/collection/cub_/lessons/cub_airplanes/cub_airplanes_lesson06.xml 

 
 
 
 

 

http://www.modelaircraft.org/education/fpg-9.aspx�
http://www.ueet.nasa.gov/StudentSite/dynamicsofflight.html�
http://www.allstar.fiu.edu/aero/fltmidcont.htm�
http://www.amazingpaperairplanes.com/Simple.html�
http://www.paperplane.org/�
http://nces.ed.gov/nceskids/index.asp�
http://teams.lacoe.edu/documentation/projects/math/airplane_sites.html�
http://www.teachengineering.org/view_lesson.php?url=http://www.teachengineering.org/collection/cub_/lessons/cub_airplanes/cub_airplanes_lesson06.xml�
http://www.teachengineering.org/view_lesson.php?url=http://www.teachengineering.org/collection/cub_/lessons/cub_airplanes/cub_airplanes_lesson06.xml�
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Name:  ____________________________ 
 

 
Total number of times that you were instructed to toss the airplane: 
    _________ 
 
After you toss your airplane, make sure to place an “X” in the 
corresponding area inside of the section (A, B,C, or D) to indicate 
where your airplane hit on the target. Repeat after each throw. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Total in each section (should add up to the total throws) 
 

 A:_____ B:_____ C:_____ D:_____  Bull’s-eye:______ 

A B 

C D 
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Complete the chart below using the data from the front side. 
  

 
# of times 

plane hit this 
area 

 
Total # of 
times you 
threw the 

plane 

 
Write a 

fraction for # 
of times you 
hit this area 

Write a 
decimal for 
number of 

times you hit 
this area 

 
What % of 

the time did 
you hit this 

area? 

A      
B     
C     
D     

Bull’s-eye     

 
Which section did the plane hit the most? _______ the least? ______ 
 
Did you notice any patterns?  Explain why you think the patterns 
occurred. 
_____________________________________________________
_____________________________________________________
_____________________________________________________ 
How can you tweak your airplane to better hit the target?  What would 
the adjustment do to the flight pattern? 
_____________________________________________________
_____________________________________________________
_____________________________________________________ 
_____________________________________________________ 
 

 
Source:  NASA at http://www.ueet.nasa.gov/StudentSite/dynamicsofflight.html  

http://www.ueet.nasa.gov/StudentSite/dynamicsofflight.html�
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Source: CAP  
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Source:  http://www.nasa.gov/centers/dryden/ 
multimedia/imagegallery/F-15ACTIVE/index.html 

Vectoring Variants 
 
Lesson Reference: NASA’s Exploring the Extreme   
http://www.nasa.gov/pdf/62553main_Exploring.the.Extreme.Guide.pdf 

 
Objectives: 

• Students will identify the movements of pitch, 
yaw, and roll. 

• Students will construct an F-15 ACTIVE with a 
balloon “engine.” 

• Students will understand the term vector and 
that changing the vector controls the aircraft’s pitch, yaw, and roll. 

• Students will predict how changing the angle of the engine (straw attached to 
balloon) or vectoring will change the aircraft’s flight path. 

• Students will hypothesize, conduct an experiment, collect and analyze data, and 
draw conclusions related to vectoring. 

• Students will calculate and graph variations in thrust and drag of the F-15 ACTIVE 
when the tail sections are in place and removed. 

• Students will draw conclusions from the graph regarding fuel efficiency. 
 
National Standards:    
Math 

• Communication 
o Organize and consolidate mathematical thinking through communication 

• Connections 
o Understand how mathematical ideas interconnect and build on one another to 

produce a coherent whole 
o Recognize and apply mathematics in contexts outside of mathematics 

• Geometry  
• Making Graphs  
• Controlling Variables 

 

Science 
• Unifying Concepts and 

Processes  
o Evidence, models, and 

explanation  
o Change, constancy, and 

measurement 
o Form and function 

• Content Standard A:   
Science as Inquiry 

o Abilities necessary to do scientific inquiry 
o Understandings about scientific inquiry 

Lesson 6 

http://www.nasa.gov/pdf/62553main_Exploring.the.Extreme.Guide.pdf�
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Source:  http://www.nasa.gov/centers/dryden/multimedia/ 
              imagegallery/F-15ACTIVE/index.html 

SURFACE CONTROLS 
 

                         Source: NASA Quest 

• Content Standard B:  Physical Science 
o Motions and forces 
o Transfer of energy 

• Content Standard E:  Science and 
Technology 

o Abilities of technological design 
o Understandings about science and 

technology 
• Content Standard F:  Science in Personal 

and Social Perspectives 
o Science and technology in society 

• Content Standard G:  History and Nature of Science 
o Science as a human endeavor 
o Nature of science 

 

ISTE NETS Technology Standards 
• Creativity and Innovation 

o Use models and simulations to explore complex systems and issues 
• Communication and Collaboration 

o Develop an understanding of engineering design 
• Critical Thinking, Problem Solving, and Decision Making 

 
Background Information:  
(from http://www.nasa.gov/pdf/62553main_Exploring.the.Extreme.Guide.pdf) 
 

 The F-15 ACTIVE, the highly modified F-15 fighter, was just one of the aircraft used by 
NASA to explore the extreme limits of aerospace technology. The aircraft was built in 
1972, and modified for the U.S. Air Force’s Short Takeoff and Landing Maneuvering 
Technology Demonstrator (STOL/ MTD) flight research program which lasted from the 

mid-1980s until 1991. Beginning in 
1993 it was involved in a NASA, U.S. 
Air Force, and private industry flight 
research program called Advanced 
Control Technology for Integrated 
Vehicles (ACTIVE). The F-15 ACTIVE 
program concluded in 1999. Since 
then, the aircraft has been used as a 
test bed for “intelligent flight 
control systems” that enable a pilot 
to maintain control and safely land an 
aircraft that has suffered a major 
systems failure or combat damage. 

http://www.nasa.gov/pdf/62553main_Exploring.the.Extreme.Guide.pdf�
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                          Source:  NASA’s Exploring the Extreme 

Pilots can maneuver an 
airplane about each of its 
three axes, producing motions 
called pitch (nose of plane up 
or down), roll (one wing dips 
down, the other up), and yaw 
(plane “swivels” toward the 
left or right).  Pilots steer the 
airplane’s flight path as 
desired by controlling pitch, 
roll, and yaw with a control 
wheel (or stick) and foot 
pedals located in the cockpit.  
These cockpit controls are in 
turn connected to movable 

panels, called flight control surfaces, attached to the airplane’s structure.  These surfaces 
are named the elevator, ailerons, and rudder. 
 
The elevators, located 
on a plane’s horizontal 
tail section, produce 
pitch up or down when 
the pilot moves the 
control stick backward 
or forward.  Ailerons, 
located on the wings, 
cause the airplane to 
roll right or left 
corresponding to the 
right or left movement 
of the control stick.  
The rudder, located on 
the vertical part of 
the tail, produces 
right or left yaw 
corresponding to the 
right or left rudder pedal movement.  
 
A flight control design incorporated in the F-15 ACTIVE is the use of thrust vectoring to 
also produce pitch, roll and yaw.  “Vectoring” for jets simply means pointing the engine 
exhaust in various directions (direction + magnitude = vector) to change the direction of 
the aircraft’s flight path. It’s much the same idea as driving a small boat by pointing an 
outboard motor to steer the boat. 



 

76 
 

Source: NASA’s Exploring the Extreme 

Thrust is the force that generates forward motion.  
Controlling and directing the angle of the thrust that 
comes out of an engine is called thrust vectoring. This is 
the purpose of the F-15 ACTIVE research project. Thrust 
vectoring will make future aircraft more maneuverable and 
more fuel efficient. Currently thrust can be vectored at a 
20° angle in any direction. Also, the two engines can work 
independently of each other, meaning the nozzle thrust can 
be angled different directions at the same time. Thus the 

airplane’s roll, yaw, and pitch can be controlled in this way. This is an application of 
Newton’s third law of motion: for every action there is an equal but opposite reaction. 

 
One of the benefits of the thrust vectoring concept 
is the potential financial savings from increased fuel 
efficiency. Thrust vectoring may allow for the 
partial or complete removal of the vertical and 
horizontal tail. Doing this will reduce the weight of 
the aircraft and also reduce the amount of drag.  
Drag is the force that is resistant to forward 
motion.   When drag is reduced, the amount of 
thrust needed to fly the aircraft is also reduced, 
which reduces the amount of fuel required. Drag is 
calculated using the formula:  
 

Drag = K x CD x V2  
 

K = 1.06 (a constant calculated for flight at sea level. 
This number varies as wing area of the aircraft 
changes.) 
 

CD = drag coefficient (assuming 0.02 with tails on, 
0.01 without tails)  
 

V = velocity of plane in feet per second  
 
For straight and level flight under ideal conditions, when no wind is present and there is no 
acceleration or deceleration, thrust is equal to drag. 
 
Materials: 

• Balloons (one per student) 
• 1 inch sections of ¼ inch rubber tubing (fish tank tubing) (one per student) 
• Small rubber bands (one per student) 
• Flexible straws (one per student)  
• Scissors 
• Tape 
• 8-inch pieces of string (three per student) 
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• 8 x 10 inch F-15 ACTIVE template (reproduced on cardstock) 
• Data Collection Sheet 
• Graph paper (or the Bar Graph 

template) 
• Colored pencils 
• Ruler or straight edge 
• Calculators 

 
Advance Teacher Preparation: 
Arrange the students into partners or 
allow them to work individually.  Make 
copies of the F-15 ACTIVE template on 
cardstock so that each student can construct the aircraft. It would also be helpful to have 
the ¼ inch rubber tubing precut into 1 inch sections.  The students should be familiar with 
using formulas. Also, the students should understand the four forces of flight, specifically 
thrust and drag.   
 

This lesson is in two major parts.  First, after building the F-15 ACTIVE, the students will 
control the direction of the thrust from the balloon by bending the straw in different 
directions.  The second part involves exploring the formula for drag to calculate the 
differences in drag between an F-15 ACTIVE with the tail sections attached to the plane 
and again with the tail sections removed.  Students will make conclusions about fuel 
efficiency with tails and without tails based on the graphs that are constructed.  

 
Lesson Presentation: 
Part I:  Building the F- 1 5 ACTIVE and experimenting with thrust 

1. Engage the students by showing them a video of the F-15 ACTIVE in flight 
(http://www.youtube.com/watch?v=GTC_AxZ9gqo) .  If you cannot access YouTube, 
use the link http://www.nasa.gov/centers/dryden/multimedia/imagegallery/F-
15ACTIVE/index.html to provide pictures of the F-15 ACTIVE.  Ask the students 
what they notice about this aircraft.   

2. Talk to the students about pitch, roll, and yaw using the background information 
provided.  Make sure the students understand the movements of an airplane and 
how the movements are normally achieved (using the control surfaces of the 
elevators, ailerons, and rudder).   

3. Tell students they will make a F-15 ACTIVE paper model to conduct experiments. 

4. Distribute the Data Collection Form, the F-15 ACTIVE template, and the supplies 
needed to construct the aircraft. 

5. Instruct the students to cut out the F-15 ACTIVE picture and then set is aside. 

6. Have the students cut the straw so that there is about 1 inch between the flexible 
section and each end of the straw.  (One inch of straw should extend beyond both 
ends of the flexible part of the straw). 

http://www.youtube.com/watch?v=GTC_AxZ9gqo�
http://www.nasa.gov/centers/dryden/multimedia/imagegallery/F-15ACTIVE/index.html�
http://www.nasa.gov/centers/dryden/multimedia/imagegallery/F-15ACTIVE/index.html�
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7. Tell the students to cut a ½ inch slit in one end of the straw and gently push one 
end of the rubber tubing into the end of the straw with the slit. The purpose of 
this is to keep the straw from collapsing when the rubber band is wrapped around 
it. 

8. Slide the neck of the balloon over the end of the straw with the rubber tubing in it 
and wrap the rubber band around the balloon, straw and rubber tubing.  This 
creates an airtight seal and allows the balloon to be inflated.  

 

 

 

 

 

 

 

9. Position the balloon engine on the plane so that the flexible part of the straw 
extends beyond the edge of the plane.  The balloon should rest on the plane.  Tape 
the engine to the plan across the section with the rubber band. 

10. Have the students take the scissors and carefully poke a hole in the plane at the 
spot where the cockpit is and two more holes near the tip of each wing.  The holes 
are marked on the template. 

11. Tell students they need to thread one end of each piece of string through the holes 
and tie a knot in each string underneath the plant to keep it from slipping off. 

12. Finally, have the students gather the free ends of the strings.  They need to adjust 
them so that the plane hangs level and then tie or tape the ends together. The 
aircraft is now complete! 

13. Now that the F-15 ACTIVE is ready for action, tell the students that they are 
going to perform an experiment to find out how the plane will react when the 
direction of the thrust from the balloon is changed. 
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14. Draw the students’ attention to the Data Collection Form that was provided and 
instruct the students to follow the form, making sure to record their detailed 
hypotheses before they conduct the experiments. 

15. Demonstrate the first part of the experiment with the students so that they have 
a model as to how it should be conducted.  Have the students first predict what will 
happen if the balloon is inflated and pinched shut, the straw is pointed at a 20 
degree angle left, and then the straw is released so the air is forced out of the 
balloon through the straw.  Give them time to record their hypothesis and then 
conduct the experiment. 

16. Instruct the students to continue the experiment with the straw bent 20 degrees 
to the right, then 20 degrees up, and then 20 degrees down.  Hint:  When the straw 
is pointed up or down, the students will need to hold the plane with their thumb and 
finger near the cockpit and not use the strings at all. Tell the students to pay 
attention to how the paper plane bends before inflating the balloon and while the 
balloon is deflating.  The movement for the two experiments is extremely small, but 
you can see it if it is watched closely. 

17. Allow the students time to work through the Data Collection Form.  Make sure to 
rotate around the room during the experiments and ask questions for clarity. 

 
Part II:   Calculating thrust and drag 

18. When the students are finished with the vectoring activity, tell them that they are 
now going to explore how thrust and drag are calculated.  They will make conclusions 
about fuel efficiency. 

19. Review the concepts of thrust (force that propels an object forward) and drag 
(force that slows an object or pushes backwards; opposes forward motion).  Discuss 
how thrust and drag are physically demonstrated in the F-15 ACTIVE. 

20. The students have observed the concepts subjectively, and now they will explore 
further from a mathematical standpoint.  NOTE:  The number used for the drag 
coefficient is much larger for this activity than it is in actuality. This is so the 
students can draw conclusions based on the graph. The actual number is 2 percent 
of what is used here. Scientific calculations must be extremely precise and 2 
percent is enough to make a difference to NASA engineers and scientists; it is 
simply too small for seventh and eighth grade students to notice a real difference. 
Precision in this activity is being sacrificed in order for the students to grasp more 
easily the concepts being presented. 

21. Explain that in order for a plane to fly at a steady state, the amount of thrust put 
out by the engines must be equal to the amount of drag created by the plane 
(thrust = drag).  Discuss what would happen if the amount of thrust was larger than 
the amount of drag and vice versa. 
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22. Write the following equation on the board :   

Drag = K x CD x V2 where:  
K = 1.06 (a constant calculated for flight at sea level.)  
CD = drag coefficient  
V = velocity of plane in feet per second 

The drag coefficient of the F-15 ACTIVE is assumed to be 0.02 with tails on and 
0.01 without tails. 

23. Provide the students with several examples at various velocities and changing 
between the drag coefficient with tails and without tails so that they fully 
understand the algebra involved. 

24. Tell the students that the focus will be on straight and level flight, meaning the 
amount of thrust is equal to the amount of drag.  This means that the same 
equation can be used for drag and thrust. 

25. Direct the students’ attention back to the Data Collection Form and have them 
calculate the thrust needed for the three different velocities provided.  The 
thrust should be found for both tails on and tails off.  Remember the drag 
coefficient of 0.02 is used for tails on and 0.01 for tails off.  You can also have 
them convert from feet per second to miles per hour and miles per hour to feet per 
second.  The equations to do so are included in the lesson enrichment section. 

26. Demonstrate how to set up a set of axes for a bar graph using their ruler to draw 
their lines.  You can have them construct their own graph using the graph paper, or 
you can provide the bar graph with intervals already determined (included with this 
lesson plan). The y-axis (vertical axis) is the thrust and the x-axis (horizontal axis) 
is the label for each bar.  The double bar graph should be done using one set of 
axes and differentiating with two different colors for the bars.  One will indicate 
tails on and one for tails off.  Remind the students to set the intervals for the 
vertical axis based on the calculations that they have made. 

27. Have the students complete the bar graph using the ruler.  There should be one 
pair of bars for each of the different velocities with adequate spacing between 
each set.  Also, there should be a legend that tells which color was used for which 
condition. 

28. Once the graphs have been completed, have the students look at the graphs and 
draw conclusions by answering the questions on the Data Collection Form. 

29. Discuss the Data Collection Form and the Double Bar Graph as a class. 
 

Summarization: 
Discuss the experiment results with the class making sure to emphasize the questions 
from the Data Collection Form.  Allow the students to discuss their predictions related to 
the thrust vectoring versus the results that were obtained during the experiment.  Also, 
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discuss the conclusions that were drawn from the double bar graph.  The thrust 
calculations for the provided velocities are: 
 

Answers to the double bar graph are included as well. 
 
Career Connection: (from http://stemcareer.com/topcareers/ and 
http://www.onetonline.org/) 
 

Aerospace Engineer – engineering duties to include designing, constructing and testing 
aircraft, missiles, and spacecraft. Sample job titles include Aerospace Engineer, Flight 
Test Engineer, Design Engineer, Systems Engineer, Structures Engineer, Test Engineer, 
Aeronautical Engineer, Aerospace Stress Engineer, Avionics Engineer, and Flight Systems 
Test Engineer.  

Mechanical Engineer - engineering duties in planning and designing tools, engines, machines, 
and other mechanically functioning equipment. Oversee installation, operation, 
maintenance, and repair of equipment such as centralized heat, gas, water, and steam 
systems.  Sample job titles include Mechanical Engineer, Design Engineer, Product 
Engineer, Mechanical Design Engineer, Process Engineer, Equipment Engineer, Design 
Maintenance Engineer, Systems Engineer, Chassis Systems Engineer, and Commissioning 
Engineer. 

Engine Mechanic – Construct, assemble, or rebuild machines, such as engines, turbines, and 
similar equipment used in such industries as aerospace, construction, extraction, textiles. 
Sample job titles include Assembler, Machine Assembler, Assembly Line Worker, Fitter, 
Cell Technician, Engine Assembler, Engine Builder, Field Service Technician, Fuel Injection 
Technician, and Jet Engine Assembler. 

Pilot – pilot and navigate the flight of fixed-wing, multi-engine aircraft usually for the 
transport of passengers and cargo. Must have pilot certificate and rating for aircraft type 
used.  Sample job titles include Airline Captain, First Officer, Pilot, Airline Pilot, Check 
Airman, Co-Pilot, Airline Transport Pilot, and Commuter Pilot.  
 
Evaluation:   

• Data Collection Form 
• Double Bar Graph 
• Teacher observation 

http://stemcareer.com/topcareers/�
http://www.onetonline.org/�
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Source:  http://www.nasa.gov/centers/dryden/multimedia/imagegallery/F-15ACTIVE/index.html  

Lesson Enrichment/Extension:  
• Construct two balloon engines and attach them to the model to simulate the 

directional independence of two F-15 ACTIVE engines. 
• Design an experiment to test the thrust vectoring of the two engines. 
• Have the students design their own aircraft that has the thrust vectoring engine 

attached and perform tests. 
• Allow the students to vector the thrust at more dramatic angles and see how it 

affects pitch, yaw, and roll. 
• Have the students provide each other with velocities and calculate the thrust 

needed. 
• Use the formulas below to convert velocity: 

 

            
 
Associated Websites: 

• Exploring the Extreme Guide by NASA 
http://www.nasa.gov/pdf/62553main_Exploring.the.Extreme.Guide.pdf 

• NASA F-15 Active Photo Collection 
http://www.dfrc.nasa.gov/gallery/photo/F-15ACTIVE/index.html    

• Flight research on the F-15 ACTIVE 
 http://www.allstar.fiu.edu/aero/NTTC3.htm  

• How Things Work: Thrust Vectoring 
http://www.airspacemag.com/flight-today/Thrust_Vectoring.html  

• NASA Vectored Thrust Diagram 
http://www.grc.nasa.gov/WWW/k-12/airplane/vecthrst.html  

• Article on Thrust Vectoring 
http://www.allbusiness.com/professional-scientific/scientific-research-
development/359237-1.html  

• Surface controls and pitch, roll, and yaw 
http://quest.arc.nasa.gov/aero/planetary/atmospheric/control.html  
 
 

http://www.nasa.gov/centers/dryden/multimedia/imagegallery/F-15ACTIVE/index.html�
http://www.nasa.gov/pdf/62553main_Exploring.the.Extreme.Guide.pdf�
http://www.dfrc.nasa.gov/gallery/photo/F-15ACTIVE/index.html�
http://www.allstar.fiu.edu/aero/NTTC3.htm�
http://www.airspacemag.com/flight-today/Thrust_Vectoring.html�
http://www.grc.nasa.gov/WWW/k-12/airplane/vecthrst.html�
http://www.allbusiness.com/professional-scientific/scientific-research-development/359237-1.html�
http://www.allbusiness.com/professional-scientific/scientific-research-development/359237-1.html�
http://quest.arc.nasa.gov/aero/planetary/atmospheric/control.html�
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Name:  ____________________________ 
 
 

 
 

Part 1: Thrust Vectoring 
 

Describe the movements of pitch, roll, and yaw. 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
 
Experimenting with Thrust Vectoring 
 

Thrust vectored 20 degrees left 
Describe the experiment: 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
State your hypothesis: 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
 Record your observations as to why the experiment worked as it did: 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
 
Thrust vectored 20 degrees right 
Describe the experiment: 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
State your hypothesis: 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
 
 Record your observations as to why the experiment worked as it did: 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
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Thrust vectored 20 degrees up 
Describe the experiment: 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
State your hypothesis: 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
 Record your observations as to why the experiment worked as it did: 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
 
Thrust vectored 20 degrees down 
Describe the experiment: 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
State your hypothesis: 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
 Record your observations as to why the experiment worked as it did: 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
 
Conclusion 
Explain how thrust vectoring works on the F-15 ACTIVE using the data you collected. 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
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Part 2:  Fuel Efficiency and Thrust Vectoring 
 

Formula for the Amount of Thrust Needed 
 

Drag = K x CD x V2 where: 
 

K = 1.06 (a constant calculated for flight at sea level)  
CD = drag coefficient (0.02 with tails on / 0.01 with tails off) 
V = velocity of plane in feet per second 

 
Please fill in the chart below using the given. You will use the blank spaces later in 
the experiment. 
 

Velocity Thrust Needed Tail On Thrust Needed Tail Off 
 
35,200  ft/sec 
 

1.06 (K) x 0.02 (CD) x 
35,200 (V2) =  

 

______________lbs 

 

 
44,000  ft/sec 
 

  

 
52,800  ft/sec 
 

  

 
 
 

  

 
 
 

  

 
Create a double bar graph using the data on the chart with the provided velocities and 
calculated thrust needed.  The y-axis (vertical) is thrust and the x-axis (horizontal) is for 
the labels for each bar.  Make sure to include a key and allow adequate space between sets 
of double bars. 
 
Choose two more reasonable velocities to add to the chart above and calculate the thrust 
needed.  Draw a conclusion using the data on the chart. 
______________________________________________________________
______________________________________________________________
______________________________________________________________ 
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Follow-up Questions on Fuel Efficiency Using the Double Bar Graph 
 

Which situation, with tails on or without tails, needs the most thrust? 
 

______________________________________________________________ 
 
Which situation creates the least amount of drag? 
 

______________________________________________________________ 
 
How would an increase in thrust affect the amount of fuel needed? 
______________________________________________________________ 
 

______________________________________________________________ 
 

______________________________________________________________ 
 
Which situation would be the most fuel efficient?  Least fuel efficient? 
______________________________________________________________ 

 

______________________________________________________________ 
 

______________________________________________________________ 
 

______________________________________________________________ 
 
Which situation would need thrust vectoring to ensure controlled flight? 
______________________________________________________________ 
 

______________________________________________________________ 
 

______________________________________________________________ 
 
What conclusions can be drawn regarding the fuel efficiency of thrust vectoring 
based on your graph and answers to the previous questions? 
 

______________________________________________________________ 
 

______________________________________________________________ 
 

______________________________________________________________ 
 

______________________________________________________________ 
 

______________________________________________________________ 
 
______________________________________________________________
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            Get a Lift - Air and Angles 
 
Lesson Reference: CAP’s AEX II, vol.1; NASA; and 
http://www.nationalmuseum.af.mil/shared/media/document/AFD-090710-023.pdf 
 
Objectives: 

• Students will make 
predictions and use 
critical thinking skills. 

• Students will see 
Bernoulli’s principle in 
action. 

• Students will illustrate 
the movement of air 
molecules. 

• Students will explain 
Bernoulli’s principle and 
angle of attack. 

• Students will investigate 
Bernoulli’s principle and angle of attack by building and testing an airfoil (wing) using 
a hair dryer. 

• Students will experiment with different variables that could affect the lift of the 
airfoil. 

• Students will analyze and interpret their data. 
• Students will draw a reasonable conclusion(s) from the evidence collected on the 

Data Collection Form. 
 
National Standards:    
Math 

• Geometry 
• Measurement 
• Reasoning and Proof 
• Communication 

o Organize and consolidate 
mathematical thinking 
through communication 

• Connections 
o Recognize and apply 

mathematics in contexts outside of mathematics 
 

Science 
• Unifying Concepts and Processes  

o Evidence, models, and explanation 
o Form and function 

     Source: http://www.nasa.gov/images/content/ 
                  417773main_AirfoilLift.jpg  

Lesson 7 

http://www.nationalmuseum.af.mil/shared/media/document/AFD-090710-023.pdf�
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• Content Standard A:  Science as Inquiry 
o Abilities necessary to do scientific inquiry 
o Understandings about scientific inquiry 

• Content Standard B:  Physical Science 
o Motions and forces 
o Transfer of energy 

• Content Standard E:  Science and Technology 
o Abilities of technological design 
o Understandings about science and technology 

• Content Standard G:  History and Nature of Science 
o Science as a human endeavor 
o Nature of scientific knowledge 

 

ISTE NETS Technology Standards 
• Creativity and Innovation 

o Use models and simulations to explore complex systems and issues 
• Communication and Collaboration 

o Develop an understanding of engineering design 
o Ability to apply the design process 

• Critical Thinking, Problem Solving, and Decision Making 
 
Background Information:  
Lift is the force that holds an airplane in the air.  The wings create most of the lift used 
by airplanes.  Both Newton’s laws of motion and Bernoulli’s principle help explain lift.   
 
Lift and Angle of Attack 
Lift is created due to angle of attack (the angle that the wings make against oncoming air).  
The angle of attack is the angle at which relative wind (oncoming air) meets the airplane’s 
wings (whose shape is that of an airfoil).   It is the angle that is formed by the chord of 
the airfoil and the direction of the relative wind or between the chord line and the flight 
path.   Angle of attack relates to Newton’s third law of motion.  Depending on how the air 
is “hitting” and moving away (deflected) from the wing affects the altitude of the plane. 
The angle of attack changes during a flight as the pilot changes the direction of the 
aircraft.  It is one of the factors that determines the aircraft's rate of speed through 
the air.  
  
 

 

 

 
 

 

The angle of attack is the angle between the chord of the airfoil and the relative wind. 

Source:  NASA Quest 

     Source: Civil Air Patrol 
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Source: Cessna 
Airplane Company 

Source:  NASA Quest 
 

Notice the clouds in the picture to the right.  The 
positive angle of attack of the wings pushed air down 
into the clouds behind the airplane, thus pushing the 
airplane up.  The airplane did not create the trail by 
flying through the clouds.  The trail was created by 
the deflected relative wind bouncing off the bottom 
of the wing. 
 

The increase in angle of attack increases lift up to a 
point.  The angle of attack forces the relative wind hitting the 
airfoil down.  By Newton's third law of motion (equal and 
opposite reaction), the wing is pushed up (lift).  Lift is not created without a trade off.  
The relative wind also pushes the wing backward (induced drag).  At some point, the force 
of drag is greater than lift as the angle of attack increases.  The aircraft will stall (stop 
flying and start falling) without enough lift. 
 

Depending on the angle of attack, there will be a force backward (induced drag) and a 
force upward (lift). The amount of force depends on the angle of attack. If the angle of 
attack is small, the drag and lift are comparatively small. 
 
Lift and Bernoulli’s Principle (from NASA and Hiller Aviation Museum’s Four to Soar: The 
Wing’s the Thing at http://www.hiller.org/files/docs/TheWingsTheThing_v2.pdf) 
 

Bernoulli’s law states that fluids (such as 
air) exert less pressure at higher speeds 
than at lower speeds. Most airplanes 
have wing shapes (airfoils) that force air 
to move over their top surfaces more 
quickly than their bottom surfaces. 
When a wing is designed in this way, air 
presses on the bottom of the wing 
harder than on the top. This difference 
in pressure results in lift that helps keep 
the airplane in the air. 
 

The Bernoulli Effect increases at higher 
airspeeds when the airplane is flying at a 
smaller angle of attack. When airspeed is low 
and the angle of attack is high, or in an airplane with airfoils that are not curved properly, 
or that may be curved the wrong way (as is the case when an airplane flies upside down), 
there may be little or no lift generated by Bernoulli’s law.  
 

Lift is a mechanical force. It is generated by the contact of a solid body with a gas such as 
air.  For lift to be generated, the solid body must be in contact with the air—no air, no lift. 
A spacecraft in Earth orbit like the Space Shuttle does not stay in space because of lift 

http://www.hiller.org/files/docs/TheWingsTheThing_v2.pdf�
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from its wings but because it is traveling at a velocity sufficient to keep it in orbit around 
the planet. Space is nearly a vacuum, and the shuttle’s wings cannot generate lift until the 
shuttle re-enters Earth’s atmosphere. Without air, there is no lift. 
 

Lift is generated by the velocity difference between a solid object and the air. There 
must be some relative motion between the object and the air; without motion, there is no 
lift. It makes no difference whether the object moves through a calm air or wind moves 
past a stationary solid object. For example, airplane wings generate lift when they move 
forward, pushing their fixed wings through the air. A kite, on the other hand, is tied to 
the ground (or someone standing still on the ground), and on a windy day air is forced over 
the kite’s structure to create lift. There must be some relative motion between the air 
and the object to be lifted for lift to be created.  
 

There are two main approaches in explaining the physics and mechanics of flight; these are 
Newton’s third law of motion and Bernoulli’s principle. In this lesson, students will explore 
the concepts involving Bernoulli’s principle; they will explore how the motion of air (a fluid) 
affects pressure. Additionally, they will observe Newton’s third law of motion by 
experimenting with an airfoil’s angle of attack.  
 

Keep in mind some important terms and definitions. A fluid is a substance that can flow 
easily; gases and liquids are fluids. Pressure is the force per unit area applied to the 
surface of an object. In general, the motion of a fluid affects the pressure of a fluid. 
Bernoulli’s principle states that an increase in the speed of the motion of a fluid decreases 
the pressure of the fluid. The faster the fluid moves, the less pressure it exerts on the 
surface over which it flows. 
 
Materials: 

• Scissors 
• Science books (or similar books) 
• Notebook paper 
• Computer with Internet and projector 

             Airfoil Experiment Materials 
• Index cards (4” x6”) or cardstock 
• Sturdy soda straws  
• Fishing line or string  
• Hair dryer 
• Masking, duct, or scotch tape 
• Metric ruler 
• Protractor 
• Data Collection Form 

 
Advance Lesson Preparation: 
 
 

Source:  NASA’s  
The Courage to Soar 

 

Make copies of the Data Collection Form for each student. Also, group the 
students in predetermined groups of 3-4 members for the experiment.  Make 
sure that each group of students is positioned at separate tables so that they 
can set up the experiment. 
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Source:  NASA’s  
The Courage to Soar 

 

Source:  NASA’s  
The Courage to Soar 

 

 
Source:  NASA’s   

The Courage to Soar   
 
 

                 Source:  NASA’s The Courage to Soar 

Faster moving air has less pressure. 

Slower moving air has more pressure. 

Lesson Presentation:  
1. Ask students to cut a sheet of notebook paper in half vertically.  

Then, ask them to place one strip of paper about 2 inches (5 
centimeters) inside the top of their science (or similar) book.  
(The paper should be inserted toward the middle of the book.)  
The rest of the paper should hang over the book.   

2. Ask students to predict what they think will happen if air is 
blown over the top of the paper.  

3. Ask each student to hold his/her book to his/her mouth and 
blow hard across the top of the paper strip.  Ask the students 
to observe happens to the paper strip. 

4. Ask students if they can explain why the strip of paper 
seemed to defy gravity and move upward.  

5. Explain to the students that faster 
moving air has a lower pressure compared 
to air moving more slowly.  Low pressure 
created by faster moving air creates a 
suction-like effect, although air 
molecules cannot pull, only push.  Slower 
moving air has a higher pressure, which 
pushes.  High pressure prefers to follow 
low pressure.  

Tell the students that this information 
about air pressure was discovered by 
scientist Daniel Bernoulli in the early 
1700s, and this information became 

known as Bernoulli’s principle:  As a 
fluid in motion (air in this case) 
accelerates, the pressure within 
drops.  Faster moving air has a lower 
pressure than slow moving air.     

6. Ask the students if they can explain 
how Bernoulli’s principle relates to how 
an airplane flies.  Use the background 
information to explain how Bernoulli’s 
principle helps an airplane stay aloft. 

 
7. Using the background information, discuss how 

Newton’s third law of motion also explains lift 
through angle of attack.   
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8. Show the short video animations to further explain airfoils, Bernoulli’s principle, 
and angle of attack. 

http://quest.nasa.gov/aero/planetary/atmospheric/Aero_movies/airfoil01.mov 
http://quest.nasa.gov/aero/planetary/atmospheric/Aero_movies/angle01.mov 

9. Distribute the Data Collection Form and ask students to complete #1. 

10. Tell the students that they will conduct an experiment involving lift.  Distribute the 
directions for making an airfoil, along with the other airfoil experiment materials, 
and arrange the students into groups of 3-4 members per group.   

11. Have each group follow the directions to set up the experiment.  Emphasize the 
information at the bottom of the Airfoil Directions page regarding angle of attack, 
measuring lift, and operating the blow dryer.  Explain that each group will 
experiment to find the best combination to create the most lift.  This can include 
changing the size and shape of the airfoil, moving the hair dryer closer and farther 
away from the airfoil (but not changing the angle of the hair dryer; moving air 
should be parallel to the floor), changing the angle of attack, etc.  Remind the 
students to keep copious notes so that their optimal lift can be replicated.   

12. Have students experiment and complete the Data Collection Form, allowing groups 
sufficient time to experiment for optimal results. 

13. Discuss the Data Collection Form as a class.  Ask a student volunteer to replicate 
his/her drawing for question #1 on the board and to explain Bernoulli’s principle.  
(Confirm correct information; redirect incorrect information.)  Discuss question 
#4, allowing groups to replicate their answer in front of the class.  Discuss question 
#5, and provide the students with this explanation from the background 
information:  “The Bernoulli Effect increases at higher airspeeds when the airplane 
is flying at a smaller angle of attack. When airspeed is low and the angle of attack 
is high, or in an airplane with airfoils that are not curved properly, there may be 
little or no lift generated by Bernoulli’s law.”  Lead students to conclude the 
following regarding angle of attack:  The steeper the angle of attack (up to the 
point of stalling), the more lift (but also more drag - force opposing forward 
motion).  A small angle of attack generates less lift, but less drag.  Ask students 
why a pilot might desire a negative angle of attack.  (to descend)   

 
Summarization: 
Review Bernoulli’s principle.  Talk about how air is pretty “pushy.”  It does not pull; it 
pushes, even though low pressure seems to have a “suction” effect (like a vacuum cleaner).  
Remind the students that air is pushing on them from every direction.  We are used to air 
being around us, so we often don’t notice it.  On Earth, we have about 14.7 pounds of air 
pressure per square inch pushing on our bodies at sea level.   
 
 

 
Discuss the experiment results with the class, discussing airfoil design and angle of 
attack.  Talk about how additional modification could be made to existing airfoils to 
improve performance.  Encourage students to conduct additional experiments on their 
own. 
 
 
 

http://quest.nasa.gov/aero/planetary/atmospheric/Aero_movies/airfoil01.mov�
http://quest.nasa.gov/aero/planetary/atmospheric/Aero_movies/angle01.mov�
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Career Connection: (from http://stemcareer.com/topcareers/ and 
http://www.onetonline.org/) 
 

Aerospace Engineer – engineering duties to include designing, constructing and testing 
aircraft, missiles, and spacecraft. Sample job titles include Aerospace Engineer, Flight 
Test Engineer, Design Engineer, Systems Engineer, Structures Engineer, Test Engineer, 
Aeronautical Engineer, Aerospace Stress Engineer, Avionics Engineer, and Flight Systems 
Test Engineer.  

Scientist – plan, direct, or coordinate activities in such fields as life sciences and physical 
sciences; conduct research and development in these fields. Sample job titles include 
Natural Science Manager, Water Team Leader, Fisheries Director, Health Sciences 
Manager, Laboratory Manager, Natural Resources Planner, Research and Development 
Director, Coastal Management Planner, Environmental Manager, and Mineral and Aggregate 
Resources Planner.  

Physicist - conduct research into physical phenomena, develop theories on the basis of 
observation and experiments, and devise methods to apply physical laws and theories. 
Sample job titles include Health Physicist, Scientist, Research Scientist, Physicist, 
Research Consultant, Research Physicist, and Biophysics Scientist. 
 
Evaluation:   

• Data Collection Form 
• Teacher observation 

 
Lesson Enrichment/Extension:  

• Have each student hold 2 sheets of notebook paper parallel and about 2 inches 
apart.  Ask each student to blow between the 2 sheets of paper.  Like magnets 
attracting each other, the 2 pieces of paper will come together.  Bernoulli’s 
principle is at work causing the papers to come together. 

• Prior to this balloon experiment, ask students about Bernoulli’s principle and what 
they hypothesize should happen based on the following:  Blow through two inflated 
balloons that are about 6 inches apart and suspended by string from a meter stick, 
edge of table, or other similar arrangement.  Observe and discuss what happens.  
(Balloons should come together instead of moving farther apart.) 

• Using a hair dryer (cool setting), suspend a ping-pong ball in the airflow.  Tilt the 
blower until the ball falls.  Measure the angle.  Increase the speed of the hair 
dryer from a low to a high setting and repeat.  Does the angle at which the ball 
drops differ? (For a larger version, use a lawn leaf blower and a beach ball.) 

• Conduct the “stem on a string with the aero wing experiment” at  
http://www.iteea.org/Publications/TandC/Dec10.pdf 

• Experiment with different wing designs 
http://www.nasa.gov/pdf/136206main_X.Gliders.pdf  
 
 

See stem on a string activity in  
Lesson Enrichment/Extension 

http://stemcareer.com/topcareers/�
http://www.onetonline.org/�
http://www.iteea.org/Publications/TandC/Dec10.pdf�
http://www.nasa.gov/pdf/136206main_X.Gliders.pdf�
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Other examples of Bernoulli’s principle and angle of attack at work:  
• Racecars:  use airfoil to create downward lift to increase traction (help the car 

stay on the road) 

• Boating:  use hydrofoils, a submerged airfoil (wing) attached beneath a boat, 
which generates lift in the water as the boat picks up speed.  This acts the 
same way as a wing generates lift in the air.  The lifting force raises the boat’s 
hull out of the water, which reduces drag and allows the boat to move faster.  A 
sailboat has a sail that acts like a wing, creating lift in a forward direction like 
an airplane wing creates lift in an upward direction. 

• Pitching in baseball: When the baseball is given a spin as it is pitched, also called 
a curveball, the rough surface of the ball causes the layer of air near the 
rawhide to spin the ball.  This causes the relative velocity to be higher on the 
bottom and lower on the top, which results in a higher pressure on the top and a 
lower pressure on the bottom.  This pressure deflects the ball and makes it 
curve downward. 

 
Associated Websites: 

• Lift explanation 
http://quest.arc.nasa.gov/aero/virtual/demo/aeronautics/tutorial/wings.html  

• Learn more about impact lift and view other experiments at 
http://www.hiller.org/files/docs/TheWingsTheThing_v2.pdf. 

• Correct and Incorrect Explanations for Lift 
http://www.grc.nasa.gov/WWW/k-12/airplane/bernnew.html  

• NASA’s Bernoulli and More Bernoulli Experiments 
http://www.nasa.gov/pdf/543568main_PS1_Bernoulli_More_Bernoulli_C6.pdfTeach  

• Simple Bernoulli’s principle demonstration 
http://www.siue.edu/SIPDC/Library/lesson%20plan/science1.pdf  

• Engineering lesson on Bernoulli’s principle 
http://www.teachengineering.org/view_lesson.php?url=collection/cub_/lessons/cub
_airplanes/cub_airplanes_lesson02.xml 

• Bernoulli’s Principle and the Physics of Flight Lesson Plans  
http://www.spice.centers.ufl.edu/Bernoulli's%20Principle/Morales_Module_04_28_
11.pdf  

• Bernoulli’s principle explanation 
 http://www.scienceclarified.com/everyday/Real-Life-Chemistry-Vol-3-Physics-Vol-
1/Bernoulli-s-Principle.html  

• Animation of Bernoulli’s Principle 
http://mitchellscience.com/bernoulli_principle_animation  

• Airfoil Experiment   
http://www.allstar.fiu.edu/aero/Experiment1.htm  
 

http://quest.arc.nasa.gov/aero/virtual/demo/aeronautics/tutorial/wings.html�
http://www.hiller.org/files/docs/TheWingsTheThing_v2.pdf�
http://www.grc.nasa.gov/WWW/k-12/airplane/bernnew.html�
http://www.nasa.gov/pdf/543568main_PS1_Bernoulli_More_Bernoulli_C6.pdfTeach�
http://www.siue.edu/SIPDC/Library/lesson%20plan/science1.pdf�
http://www.teachengineering.org/view_lesson.php?url=collection/cub_/lessons/cub_airplanes/cub_airplanes_lesson02.xml�
http://www.teachengineering.org/view_lesson.php?url=collection/cub_/lessons/cub_airplanes/cub_airplanes_lesson02.xml�
http://www.spice.centers.ufl.edu/Bernoulli's%20Principle/Morales_Module_04_28_11.pdf�
http://www.spice.centers.ufl.edu/Bernoulli's%20Principle/Morales_Module_04_28_11.pdf�
http://www.scienceclarified.com/everyday/Real-Life-Chemistry-Vol-3-Physics-Vol-1/Bernoulli-s-Principle.html�
http://www.scienceclarified.com/everyday/Real-Life-Chemistry-Vol-3-Physics-Vol-1/Bernoulli-s-Principle.html�
http://mitchellscience.com/bernoulli_principle_animation�
http://www.allstar.fiu.edu/aero/Experiment1.htm�
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• For advanced students:  Design of Airfoil for Given Lift  
http://www.grc.nasa.gov/WWW/k-12/problems/Lorri/Design_Airfoil_int.htm  

• Learn more about wing design at 
http://quest.arc.nasa.gov/aero/virtual/demo/aeronautics/tutorial/wings2.html  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The airfoil's ability to create lift is dependent on the airflow remaining smooth. Think of a 
stream flowing gently around a rock. The water's flow changes direction to go around/over the 
rock, but it remains smooth - it doesn't get jumbled or choppy - and it hugs the rock as it flows 
around it. Now, if that rock were a larger rock, the water would hit it, get all jumbled up and 
then eventually move on. The flow around that rock would not be smooth. The same thing 
happens with a wing. Up to a certain angle of attack the air will flow smoothly along the surface. 
The wing acts like a small rock. If the angle of attack becomes too great, an effect similar to 
throwing a big rock in a stream is created. The air will get all jumbled up and not flow smoothly 
around the airfoil. If this happens, lift will not be generated. We say the wing "loses its lift" or 
"stalls." 
 
 
 
 

Source:  http://quest.arc.nasa.gov/aero/virtual/demo/aeronautics/tutorial/wings.html  

http://www.grc.nasa.gov/WWW/k-12/problems/Lorri/Design_Airfoil_int.htm�
http://quest.arc.nasa.gov/aero/virtual/demo/aeronautics/tutorial/wings2.html�
http://quest.arc.nasa.gov/aero/virtual/demo/aeronautics/tutorial/wings.html�
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Pull a piece of string (or fishing line) through the straw.  Tape the string in place between the table and floor, 
leaving excess string at the top.  You will be moving the top of the string backwards and forwards to 
experiment with the airfoil’s angle of attack.  To get started, though, tape the string between the table and the 
floor, making sure it is perpendicular (90°) to the floor and table.  The airfoil should be able to slide freely up 
and down the line. 
 

When changing the angle of attack, move the top of the string.  Moving the top of the string away from the 
blow dryer will increase the airfoil’s angle of attack.  Moving the top of the string towards the blow dryer will 
decrease the airfoil’s angle of attack (negative angle of attack).  For example, if you move the string toward 
the blow dryer creating an angle of 70° (angle formed by the string and floor), the airfoil’s angle of attack will 
be -20° (negative angle of attack). 

For this experiment:  Airfoil Angle of Attack = Angle formed by string and floor minus 90° 
 

Aim the blow dryer directly toward the leading edge (front) of the airfoil for the first test.  For tests involving 
angles of attack greater or less than 0°, do NOT angle the blow dryer.  Keep the blow dryer straight, pointing it 
toward the airfoil.  Remember that lift is measured from the bottom of the starting position of the straw (with 
the blow dryer off) to the bottom of the ending position of the straw after the blow dryer is turned on. 
   

BEWARE:  You can eventually increase angle of attack to the point that it looks like the airfoil immediately 
lifts to the top of the string.  Is this lift, or are you just blowing the airfoil away?  Probably, you have reached 
the “stall” angle wherein drag is greater than lift.  Your airfoil is being blown backward instead of being lifted 
upward.   

Reference:  http://www.nationalmuseum.af.mil/shared/media/document/AFD-090710-023.pdf  

Leading edge of airfoil 

(curve) 

http://www.nationalmuseum.af.mil/shared/media/document/AFD-090710-023.pdf�
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Data Collection Form 
                   Name:________________________ 

 

1. Draw an illustration of the paper strip demonstration in the box below (include air molecules).  
Explain Bernoulli’s principle on the lines provided. 

_________________________________

_________________________________

_________________________________

_________________________________

_________________________________

_________________________________

_________________________________

_________________________________

_________________________________

_________________________________ 
 
 

2. Follow the directions (separate sheet) to build an airfoil and set up the experiment similar to the 
picture below.    NOTE:  The starting position for the airfoil and blow dryer should be lower than 
what is pictured below. 

 

3. Fill in the chart on the next page as you experiment to create optimal lift.   When changing the 
angle of attack, move the top of the string; keep the blow dryer straight.  Although angle of attack 
is the angle formed by the airfoil and oncoming air, it will be easier to calculate the angle of attack 
for this experiment using the angle created by the string and the floor minus 90°.  Refer to the 
information toward the bottom of the Airfoil Directions page.  Remember that lift is measured 
from the bottom of the starting position of the straw (with the blow dryer off) to the bottom of 
the ending position of the straw after the blow dryer is turned on.  (Make sure to always use the 
cool setting on the hair dryer if available.  Aim the hair dryer straight at the airfoil.) 
BEWARE:  You can eventually increase angle of attack to the point that it looks like the airfoil 
immediately lifts to the top of the string.  Is this lift, or are you just blowing the airfoil away?  
Probably, you have reached the “stall” angle wherein drag is greater than lift.  Your airfoil is being 
blown backward instead of being lifted upward.  

or string 

trailing edge of airfoil leading edge of airfoil 
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Draw an additional chart if needed.   
 

Size of 
cardstock 

 
Placement 
of fold 

 
Placement 
of straw 

 
Angle of 
attack  

 

 
Shape 
Sketch 

Hairdryer 
distance 

(from leading 
edge of airfoil)  
& setting 

 
Lift 
(cm) 

4” X 6” 
 

(Original 
construction) 

2 ¾”  from 
front edge 
on 6” side 

 

Middle of 
airfoil 

 

0° 
 

(90° angle formed 
by floor & string) 

  

_____ cm 
 

High 

 

 
 
 

      

 
 
 

      

 
 
 

      

 
 
 

      

 
 
 

      

 
 
 

      

 
 
 

      

 

4. What combination achieved the greatest lift?  Explain why you think this happened.  
___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________ 

5. Based on your results, do you think angle of attack or Bernoulli’s principle has a greater impact on 
lift?  Explain your answer. 
 

____________________________________________________________________________ 
 

____________________________________________________________________________ 
 

____________________________________________________________________________ 
 

____________________________________________________________________________
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                     Gliding into the Future 
 
Lesson Reference: CAP’s AEX II, vol. 2; NASA lesson, Getting the Drop on Flight with the 
“X” Planes, at http://www.nasa.gov/pdf/546442main_E1_GettingTheDropOnXPlanes_C4.pdf  
 
Objectives: 

• Students will compare past flying machines to flying machines of today and the 
future, identifying similarities and differences using a Venn diagram. 

• Students will discuss how engineers use models in research, design, development, 
and testing. 

• Students will construct and fly an aircraft using an approved pattern and discuss its 
advantages to full-scale testing. 

• Students will use measurement tools to determine the dimensions to build an 
experimental model. 

• Students will construct a flying machine and conduct an experiment with it 
following the scientific method. 

 
National Standards: 
Math 

• Understand and apply basic concepts of 
probability 

o Use proportionality and a basic 
understanding of probability to 
make and test conjectures about 
the results of experiments and 
simulations 

• Communication 
o Organize and consolidate 

mathematical thinking through 
communication 

• Connections 
o Understand how mathematical ideas interconnect and build on one another to 

produce a coherent whole 
o Recognize and apply mathematics in contexts outside of mathematics 

• Representation 
o Create and use representations to organize, record, and communicate 

mathematical ideas 
 

Science 
• Unifying Concepts and Processes  

o Evidence, models, and explanation 
• Content Standard A:  Science as Inquiry 
• Content Standard B:  Physical Science 

o Properties and changes of properties in matter 

Lesson 8 
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• Content Standard E:  Science and Technology 
o Abilities of technological design 
o Understanding about science and technology 

• Content Standard G: Science in Personal and Social Perspectives 
o Science and technology in society 

• Content Standard H: History and Nature of Science 
o History of Science 

 

ISTE NETS Technology Standards 
• Creativity and Innovation 

o Use models and simulations to explore complex systems and issues 
o Develop an understanding of the core concepts of technology 

• Communication and Collaboration 
o Develop an understanding of engineering design 

• Critical Thinking, Problem Solving, and Decision Making 
• Technology Operations and Concepts 

o Understand and use technology systems 
o Troubleshoot systems and applications 

 
Background Information: (based on the Ring Wing lesson from AEX II, vol. 2, and 
http://www.nasa.gov/pdf/546442main_E1_GettingTheDropOnXPlanes_C4.pdf)  
 
From the very beginning, man has had some pretty strange thoughts of what a flying 
machine should look like.  The original idea was that if it looked like a bird and flapped like 
a bird, it just had to fly.  They quickly learned that flapping did not work with their 
current technology.  In fact, it was not until the early Nineteenth century that someone 
actually came up with the idea that wings did not necessarily have to flap in order to fly.  
An English nobleman, Sir George Cayley, created a glider that looked very similar to 
aircraft of today.  It consisted of a wing in the front, a stick fuselage, and a horizontal 
and vertical stabilizer in back. 
 
Over time, the scientific method of coming up with a hypothesis, testing, and arriving at a 
conclusion was what worked.  The credit belongs to men like Samuel Langley, Otto 
Lilienthal, Octave Chanute, and the Wright Brothers for finally making it all come 
together.  Everyone followed, for the most part, Cayley’s concept of how an aircraft 
should look; however, conventional wings, fuselage and tail are not the only way to fly.  This 
activity stretches the students’ thinking to an unconventional means of flying. 
 
X-Planes (the “X” designation originally “XS” or eXperimental Supersonic) are a family of 
experimental aircraft created by NASA.  There are a limited number of X-Planes created 
due to the fact that they are built solely for flight research.  These planes have a cutting-
edge design and are often not what you would expect of a conventional airplane. 
 

http://www.nasa.gov/pdf/546442main_E1_GettingTheDropOnXPlanes_C4.pdf�
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The X-33 was a proposed engineering 
concept design created to replace the 
space shuttle using a single stage to 
orbit and be fully reusable as well.  The 
goal was to decrease the cost of putting 
equipment into orbit by 10.  It was the 
first step to see if the larger vehicle, 
“VentureStar,” was possible.  Many 
companies worked together to build this 
½ scale spacecraft.  It was almost 
totally finished when the project was 
cancelled after a long string of 
technical difficulties that proved more 
engineering work was needed. 
 
It is important for students to remember that in the design process, engineers use small 
models to gather data and test designs.  The choices that the engineers make have an 
effect on the overall outcome of the final system.  Engineers often use math, specifically 
ratio and proportion, to predict how designs will function.  These models are used to give 
engineers an idea of how the full scale design will work.  The final part of the design 
process is always testing the final design.  As a side note, students need to understand 
that other factors, including funding and national policy, can often play into whether or not 
projects are completed. 
 
Materials:  

• Plastic soda straw 
• Paper 
• Scissors 
• Scotch tape 
• Ruler 
• Cotton 
• Data Collection Form 

 
Lesson Presentation: 

1. Engage the students by showing the NASA clip, NASA’s Experimental Plane: What 
It Is and What It Does.  The clip is available online at 
http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/NASAs_
Experimental_Plane.html. 

2. Explain to the class that the design of aircraft has come a long way.  Show and 
discuss a NASA PowerPoint, The Invention Process, at 
http://www.grc.nasa.gov/WWW/k-12/airplane/Talks/KidstoWork.ppt.   Discuss 
similarities in the design of early aircraft.  You can also use photographs of early 
aircraft if technology is not available. 

http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/NASAs_Experimental_Plane.html�
http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/NASAs_Experimental_Plane.html�
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3. Discuss airplanes that are currently being produced and designed by NASA at the 
Dryden Research Center on Edwards Air Force Base in California. Mention that 
these planes are referred to as “X Planes.” (See background information.)  Share 
the website that shows pictures of these more current aircraft: 
http://www.nasa.gov/centers/dryden/history/HistoricAircraft/X-
Planes/1980/index.html. 

4. Distribute the Data Collection Form and have the class compare past airplanes and 
current/future airplanes using the Venn diagram provided.  Similarities go in the 
shared space and differences in the opposing sides of the circles. 

5. Tell the students that today they are going to create and fly two different 
unconventional looking aircrafts. 

6. Provide students with an 8.5” x 11” piece of paper and have students build the ring 
wing glider following the instructions provided on the page that precedes the Data 
Collect Form in this lesson plan.  You may guide students through the process of 
constructing the glider, make copies of the instructions for students, or project 
the instructions onto a classroom wall/screen. 

7. Perform flight tests of the ring wing glider as a class. 

8. Discuss with the class the importance of being creative, but also following 
guidelines to ensure safety when creating new aircraft. Talk about how the use of 
models helps the design process. 

9. Inform the students that they will be individually creating another new model, the 
Double Ring Wing aircraft, following the same principles of the ring wing glider.   

10.  Distribute the supplies ensuring that each student has a ruler, scissors, plastic 
soda straw, tape, and two sheets of paper. 

11. Instruct the students to draw a rectangle that measures 9.5 cm long and 1.5 cm 
wide.  Then, measure a rectangle that measures 15 cm long and 1.5 cm wide. Cut out 
the rectangles. 

12. Instruct the students to overlap the ends and tape them inside and 
outside of the loop.  

13. Next, have them separate the overlapped ends so that a pocket is 
formed where the straw can slide through and slip the loops over 
the straw. 

14. Guide the students to follow the instructions and answer the questions on the Data 
Collection Form. 

15. Go over the Data Collection Form as a class and discuss the answers.  Discuss what 
combination made the longest flight distance and students’ explanations for the 
result.   

 
 

http://www.nasa.gov/centers/dryden/history/HistoricAircraft/X-Planes/1980/index.html�
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Summarization: 
The students should discover that aircraft do not need to look like the conventional glider 
in order to be able to fly.  Students should also learn the importance of writing down 
information as they experiment. They will discover that the glider flies the best when it is 
released from the center of gravity. Also, the cotton will affect the airflow which will 
make the glider fly less effectively.  The experimental results will vary as far as producing 
the optimal Double Ring Wing aircraft. 
 
Career Connection: (from http://stemcareer.com/topcareers/ and 
http://www.onetonline.org/) 
 

Aerospace Engineer – engineering duties to include designing, constructing and testing 
aircraft, missiles, and spacecraft. Sample job titles include Aerospace Engineer, Flight 
Test Engineer, Design Engineer, Systems Engineer, Structures Engineer, Test Engineer, 
Aeronautical Engineer, Aerospace Stress Engineer, Avionics Engineer, and Flight Systems 
Test Engineer.  
 

Air Traffic Controller – control air traffic on and within a vicinity of an airport according 
to established procedures and policies to expedite and ensure flight safety. Sample job 
titles include Air Traffic Control Specialist (ATCS), Air Traffic Controller, Certified 
Professional Controller (CPC), Air Traffic Controller (Enroute Option), and Air Traffic 
Controller (Tower Option). 
 

Scientist – plan, direct, or coordinate activities in such fields as life sciences, physical 
sciences, research and development in these fields. Sample job titles include Natural 
Science Manager, Water Team Leader, Fisheries Director, Health Sciences Manager, 
Laboratory Manager, Natural Resources Planner, Research and Development Director, 
Coastal Management Planner, Environmental Manager, and Mineral and Aggregate 
Resources Planner.  
 

Pilot – pilot and navigate the flight of fixed-wing, multi-engine aircraft usually for the 
transport of passengers and cargo. Must have pilot certificate and rating for aircraft type 
used.  Sample job titles include Airline Captain, First Officer, Pilot, Airline Pilot, Check 
Airman, Co-Pilot, Airline Transport Pilot, and Commuter Pilot.  
 
Evaluation:   

• Data Collection Form 
• Construction of Double Ring Wing Glider 
• Teacher observation 

 
 
 
 
 
 

http://stemcareer.com/topcareers/�
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Lesson Enrichment/Extension:  
• Extend the experiment by having the students determine the circumference of the 

circle made by each loop.  Next, have them determine the radius of each loop used. 
• Hold a class design competition to create the Double Ring Wing Glider with the 

longest flight duration. Make sure that the students have the data collected so 
that their prototype is replicable. 

• Future Flight Design at http://futureflight.arc.nasa.gov/ is a web-based 
interactive, problem-based 
learning environment where 
students in grades 5-8 learn 
about forces of flight and 
design air transportation and 
aircraft systems of the future. 
Biographies highlight careers in 
aeronautics and aerospace 
engineering. 
 

 
 
 

 
 
 
 

Associated Websites: 
• NASA’s Experimental Plane: What It Is and What It Does (video clip) 

http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/NASAs_
Experimental_Plane.html  

• NASA Power Points http://www.grc.nasa.gov/WWW/k-12/airplane/topics.htm  
• Getting the Drop on Flight With the “X” Planes 

http://www.nasa.gov/pdf/546442main_E1_GettingTheDropOnXPlanes_C4.pdf  
• NASA: The Process Involved in Aircraft Design (Video Clip) 

http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/The_Pro
cess_Involved_in_Aircraft_Design.html  

• NASA Engineering Resource 
http://www.nasa.gov/offices/education/programs/national/summer/education_reso
urces/engineering_grades7-9/E_x-planes.html 

• Consider showing students how the commercial aerospace company, Scaled 
Composites, worked on new and interesting air and space vehicles by showing the 
students the engaging flight video at http://vimeo.com/37318941.  Play the video 
on full-screen, turn up the speakers, and enjoy.    
 

 

http://futureflight.arc.nasa.gov/�
http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/NASAs_Experimental_Plane.html�
http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/NASAs_Experimental_Plane.html�
http://www.grc.nasa.gov/WWW/k-12/airplane/topics.htm�
http://www.nasa.gov/pdf/546442main_E1_GettingTheDropOnXPlanes_C4.pdf�
http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/The_Process_Involved_in_Aircraft_Design.html�
http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/The_Process_Involved_in_Aircraft_Design.html�
http://www.nasa.gov/offices/education/programs/national/summer/education_resources/engineering_grades7-9/E_x-planes.html�
http://www.nasa.gov/offices/education/programs/national/summer/education_resources/engineering_grades7-9/E_x-planes.html�
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21st Century Aerospace Vehicles 
 
NASA research in nanotechnology, information technology, and biologically inspired technology is opening the door to a new era in aircraft 
development.  It is envisioned that aerospace vehicles in the 21st century will employ sensors that act like a bird’s “nervous system” to 
measure air pressure over the surface of an airplane’s wings. Actuators will respond to the sensors like a bird’s “muscles,” and change the 
shape of the wings to maintain optimal flight characteristics. 
 
These aircraft of the future will be built of self-healing materials. They will monitor their own performance, their environment, and even their 
operators, in order to improve safety, increase fuel efficiency, and minimize airframe noise. 
 
Source:  http://teacherlink.ed.usu.edu/tlnasa/OtherPRINT/Bookmarks/21stAerospaceVehicle.pdf 

 
Ring Wing Glider 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source:  http://history.nasa.gov/SP-09-511.pdf 

http://teacherlink.ed.usu.edu/tlnasa/OtherPRINT/Bookmarks/21stAerospaceVehicle.pdf�
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                                                                       Name:  ____________________________ 
 

 

Data Collection Form 
 

Historical Aircraft    Present/Future Aircraft 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The point where the glider balances on your finger is the center of gravity.  Find the 
center of gravity.  Try holding the glider at different places when you throw it to see how 
it performs. How does the center of gravity affect the flight of the Double Ring Wing?  
Explain your answer. 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
 
Try plugging the straw with cotton so air cannot pass through.  Throw your glider. Does 
this make a difference?  Why? 
___________________________________________________________________  
___________________________________________________________________
___________________________________________________________________ 
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Draw what you think a real aircraft using this design would look like. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Change variables on the Double Ring Wing such as the loop materials, size of loops, 
placement of loops on straw, and straw length to determine how each affects flight 
performance.  Record your findings on the chart provided and expand as necessary. 
 

 
Trial # 

 
Material Used 

 
Size of Loops 

 
Placement of 

Loops 

 
Straw Length 

Results 
(Distance 
Traveled) 

1 
 

     

2 
 

     

3 
 

     

4 
 

     

5 
 

     

6 
 

     

7 
 

     

8 
 

     

9 
 

     

10 
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Source:  http://www.nasa.gov/news/budget/Budget_Gallery_Aero.html  

http://www.nasa.gov/news/budget/Budget_Gallery_Aero.html�
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Source:  www.geobat.com   
 

Geobat 
 
Lesson Reference: www.geobat.com and a CAP ACE academic lesson 
 
Objectives: 

• Students will construct a model of Geobat.  
• Students will experiment with flight. 
• Students will discuss future aircraft and spacecraft. 

 
National Standards: 
Science 

• Content Standard A:  Science as Inquiry 
• Content Standard B:  Physical Science 

• Motion and forces 
• Transfer of energy 

• Content Standard E:  Science and Technology 
• Abilities of technological design 
• Understandings about science and technology 

• Content Standard G: History and Nature of Science 
• Science as a Human Endeavor 

 

ISTE NETS Technology Standards 
• Creativity and Innovation 

o Use models and simulations to explore complex systems and issues 
o Develop an understanding of the core concepts of technology 

• Communication and Collaboration 
o Develop an understanding of engineering design 

• Critical Thinking, Problem Solving, and Decision Making 
• Technology Operations and Concepts 

o Understand and use technology systems 
 
Background Information: 
The idea of circular aircraft, better known today as UFO’s 
(unidentified flying objects) or flying saucers, has been around for a long time.  Swedish 
inventor Emanuel Swedenborg is known for the earliest design of a “flying saucer” as his 
idea was documented in an article entitled “Sketch of a Machine for Flying in the Air” in 
1716.  Since then, many people have continued to dream and work on developing a circular 
flying machine.  During World War II, it is reported that the German scientists developed 
and built some circular flying aircraft.  Even the U.S. military has developed and flown 
circular aircraft, but details about the designs, flights, and performance are vague.  
Today, aerospace enthusiasts still work on designs, such as Paul Moller, who is working to 
make a “flying saucer” a “car” of the future. 
 

Lesson 9 
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Geobat is one of several current flying saucer designs.  It was designed by an artist, Jack 
Jones.  He derived the name Geobat from its geometric design (geo) and a bat he 
remembered from childhood (bat).  Geobat may look futuristic, but in reality, it is a flying 
machine.  One distinct difference in its design compared to other flying saucer designs is 
that part of its center area has been removed.  This helps reduce unnecessary weight.   
 

Geobat can be made as a flying remote control aircraft, and the military is experimenting 
with its possible uses and effectiveness as a military aircraft.  Could it someday be used to 
carry passengers, like a jet liner?  Could it be used to explore other planets?  Are “flying 
saucers” already being used by beings from other solar systems? 
 
Materials: 

• Geobat pattern for each student printed on cardstock  (pattern is included, but can 
also be obtained from http://www.geobat.com/Paper.html)  

• Scissors 
• Tape 
• 2 pennies per student 
• computer with Internet (optional) 

 
Lesson Presentation: 

1. Show students the flying disk and ask them if they know what it is.  If students 
suggest it is a flying saucer, ask them what characteristics/properties of the 
object lead them to believe it is a flying saucer. 

 

2. Ask students if they believe flying saucers are real.  Provide some background 
information (see “background information”) as time allows. 

 

3. Show the 5-minute Geobat video available at www.geobat.com.  Some of the 
terminology and explanations may be a bit advanced, but the visual images will be 
helpful.  

 

4. Tell the students that they will make a paper airplane model of Geobat and 
experiment with the flight of the glider. 
 

5. Distribute the Geobat pattern and guide students through the process of cutting 
out the pattern and assembling the fuselage to the disc according to the directions 
printed in the cut-out portion of the disk.  Tape can be used to attach the pennies 
to the disk. 

 
 
 
 
 
 
 
 

http://www.geobat.com/Paper.html�
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6. Before allowing the students to experiment with the flight of the Geobat model, 
provide the following information: 

• Ask students to record, on their own paper, the flight performance of the 
Geobat.  Tell them to include descriptions of the angle at which they tossed 
the model, the amount of force (thrust) used to launch the model forward, 
position of the surface controls, flight path, and distance.  

• Instruct the students to test the flight of the model without first adjusting 
the surface controls .  After they have recorded and evaluated the 
performance of the Geobat with no adjustment of the surface controls, then 
ask them to begin experimenting by manipulating the surface controls. 

• Remind students to be courteous of others who are test flying their models.  
Ask them to make sure they have a clear path before tossing the model 
forward.  Remind the students to be aware of others who may be flying their 
model as they make their way to retrieve their Geobat after a test flight. 
 

7. Ask students to return to their seats to write what they like and dislike about the 
model, as well as what (if any) surprises they encountered while flying their model.   

 
Summarization: 
Ask students to share what they wrote about the Geobat and its performance.  Ask the 
students why they do or do not think Geobat will be a reality for aviation and/or space 
travel some day.  Share with students the quote from Robert Goddard:  “Every vision is a 
joke until the first man accomplishes it; once realized, it becomes commonplace.”  Robert 
Goddard was an early rocket scientist in the early 1900’s.  In 1929, he became the first 
person to launch a rocket using liquid fuel.  He was ridiculed because of his belief and 
expression of the idea that traveling to places beyond Earth, such as the moon, was 
possible.  This was not a popular or realistic idea in his time.  Ask the students what they 
think his quote means.  Ensure that students understand that an idea that is perceived as 
unrealistic doesn’t mean that the idea is impossible.  People tend to make fun of something 
or discount someone’s idea until someone actually accomplishes it, and once people get used 
to the new invention, it becomes normal.  Remind students that dreaming and trying to 
invent new things is a great adventure.   
 
Career Connection: (from http://stemcareer.com/topcareers/ and 
http://www.onetonline.org/) 
 

Aerospace Engineer – engineering duties to include designing, constructing and testing 
aircraft, missiles, and spacecraft. Sample job titles include Aerospace Engineer, Flight 
Test Engineer, Design Engineer, Systems Engineer, Structures Engineer, Test Engineer, 
Aeronautical Engineer, Aerospace Stress Engineer, Avionics Engineer, and Flight Systems 
Test Engineer.  
 

Air Traffic Controller – control air traffic on and within a vicinity of an airport according 
to established procedures and policies to expedite and ensure flight safety. Sample job 
titles include Air Traffic Control Specialist (ATCS), Air Traffic Controller, Certified 

http://stemcareer.com/topcareers/�
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Professional Controller (CPC), Air Traffic Controller (Enroute Option), and Air Traffic 
Controller (Tower Option). 
 

Scientist – plan, direct, or coordinate activities in such fields as life sciences, physical 
sciences, research and development in these fields. Sample job titles include Natural 
Science Manager, Water Team Leader, Fisheries Director, Health Sciences Manager, 
Laboratory Manager, Natural Resources Planner, Research and Development Director, 
Coastal Management Planner, Environmental Manager, and Mineral and Aggregate 
Resources Planner.  
 

Pilot – pilot and navigate the flight of fixed-wing, multi-engine aircraft usually for the 
transport of passengers and cargo. Must have pilot certificate and rating for aircraft type 
used.  Sample job titles include Airline Captain, First Officer, Pilot, Airline Pilot, Check 
Airman, Co-Pilot, Airline Transport Pilot, and Commuter Pilot.  
 
Assessment: 

• Student construction of Geobat 
• Student answers to class discussion questions 
• Student flight performance documentations 

 
Lesson Enrichment/Extension:  

• Ask students to design an airplane or spacecraft that might be used in the future.  
Ask them to label the parts and explain how the craft would operate. 

• Allow students to construct the Geobat using cardboard or a foam plate and to 
compare and contrast flight performance. 

• Allow the students to make 20-inch Geobats using the instructions provided at the 
end of this lesson plan. 
 

Associated Websites: 
• www.geobat.com  
• Learn more about the history of UFO’s  

http://science.howstuffworks.com/ufo-history.htm.  
• Read about military UFO’s as early as 1942 and related science 

http://www.unmuseum.org/realsauc.htm.  
• Article about flying saucers posted on November 2008 

http://www.popsci.com/cars/article/2008-10/flying-saucers-come-home. 
• Video of the Moller M200x 

http://www.youtube.com/watch?v=3MwxVAZuFOs&feature=related. 
• Read about and see pictures of 7 real-world adventures in flight 

http://www.msnbc.msn.com/id/30967909/ 
• Historical versions of circular wing aircraft 

http://discaircraft.greyfalcon.us/World%20Disc%20Development.htm.  
• Flying saucer design that has NASA and military interested (as of June 2008) 

http://www.sciencedaily.com/releases/2008/06/080611135049.htm  
 

http://www.geobat.com/�
http://science.howstuffworks.com/ufo-history.htm�
http://www.unmuseum.org/realsauc.htm�
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Copy onto 
cardstock 
(sturdy) 
paper! 

adhesive to 
 

http://www.geobat.com/Paper.html  
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Geobat  20-inch Foam Glider Instructions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     
                                                     
                                                                                 Picture not to scale. 
 

 
You can make 4 Geobats from a 4’ x 4’ piece of Dow blue foam (or similar foam 
insulation board). 

 
1.) Cut the 4’ x 4’ foam sheet into 4 equal parts. 

2.) Trace the outline of the Geobat onto the blue foam, leaving enough room on 
one edge to use for the boom (horizontal, rectangular piece that attaches 
underneath the Geobat disk). 

3.) Draw an outline of a boom on the smooth, blunt outer edge of the blue foam.   

4.) Cut out the Geobat disk shape. 

5.) Carve rounded leading edges and taper trailing edges. 

6.) Sand to a smoother shape. 

7.) Cut the boom from the blue foam. 

8.) Center the boom underneath the Geobat disk and use tape or epoxy to attach 
it. 

9.) Add ballast (heavy material applied to the front of the aircraft to provide 
stability) to the nose (front) of the Geobat model. (Add clay, coins, or other 
materials to add weight.  Eleven pennies or 5nickels equals 1 once of ballast 
weight.) 

10.) Add more weight if balance point is not at 5 1/2 inches from the nose. 

11.) Test fly your Geobat inside a building first. Try to trim it to glide at least 30 
feet. Customize your model with plastic fins or winglets. 

 
5.5 inches = distance from nose to 
                     inner edge 

 
20 inches = diameter of circular disk 

2.75 inches = width of rim 

8.5 inches = length of diagonal 
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Parachute Pi 
 
Lesson Reference: National Museum of the Air Force at 
http://www.nationalmuseum.af.mil/shared/media/document/AFD-090710-041.pdf 
 
Objectives: 

• Students will find the diameters and circumferences of different sized circles. 
• Students will explore the relationship between diameter and circumference 
• Students will develop a formula to find the circumference with a given diameter. 
• Students will construct several circular parachutes with different diameters. 
• Students will test the parachutes. 
• Students will record and organize data and results. 
• Students will analyze and interpret their design solution using their measured and 

observational data. 
• Students will draw a reasonable conclusion regarding the relationship between the 

diameter of a parachute and time of descent from the evidence collected on the 
Data Collection Form. 

 
National Standards:    
Math 

• Connections 
o Recognize and apply mathematics in contexts outside of mathematics 

• Communication 
o Organize and consolidate mathematical thinking through communication 

• Measurement 
o Understand measurable attributes of objects and the units, systems, and 

processes of measurement 
o Apply appropriate techniques, tools, and formulas to determine 

measurements 
• Representation 

o Create and use representation to organize, record, and communicate 
mathematical ideas 

o Connections 
 

Science 
• Unifying Concepts and Processes  

o Evidence, models, and explanation 
o Change, constancy, and measurement 

• Content Standard A:  Science as Inquiry 
o Abilities necessary to do scientific inquiry 
o Understandings about scientific inquiry 

• Content Standard E:  Science and Technology 
o Abilities of technological design 
o Understandings about science and technology 

Lesson 10 
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• Content Standard G:  History and Nature of Science 
o Science as a human endeavor 
o Nature of scientific knowledge 

  

ISTE NETS Technology Standards 
• Creativity and Innovation 

o Use models and simulations to explore complex systems and 
issues 

• Communication and Collaboration 
o Develop an understanding of engineering design 
o Ability to apply the design process 

• Critical Thinking, Problem Solving, and Decision Making 
 
Background Information:  (from Project SOAR: Science in Ohio through Aerospace 
Resources, 1997-1999 curriculum guide, Parachutes, by the U.S. Air Force Museum, 
Wright-Patterson AFB, OH) 
 

Parachute comes from the French word meaning “go guard against falling.”  A parachute 
slows an object’s fall from a great height.  This device is affected by two forces:  gravity 
pulling it down toward the center of the Earth and air resisting that movement.  
Ultimately, the pull of gravity is greater than air resistance so the parachute is slowed 
down but not stopped.  The larger the parachute’s surface or canopy, the slower the fall.  
A person with a parachute falls at about 5.5 meters per second.  Older parachutes had a 
round shaped canopy, but now they are more like arches or boxes.  They have fabric 
compartments called cells in which the air can be trapped.  These new parachute designs 
can descend more slowly than the older designs. Modern parachute can be steered by 
pulling on guide lines.  Whereas older parachutes were made of silk, today most parachutes 
are made of nylon because it is stronger and cheaper.   
 
In the fifteenth century, Leonardo da Vinci is credited with designing the first parachute, 
but his idea never left the drawing board.  In 1783, the Montgolfier brothers developed 
the hot air balloon as a means of manned flight.  Parachuting became a practical method of 
escape.   
 
During the 1900’s, Charles Broadwick, a famed balloonist, developed a body harness which 
in many ways is similar to those used by modern parachutists.  His daughter, Tiny, is 
reported to have made the world’s first free-fall jump with a manually operated parachute 
in 1913.  Although Tiny greatly impressed military personal in 1915 with her courage and 
skill as she demonstrated a pack parachute, military officials took no real interest in the 
Broadwick design as an aerial life preserver.  The Allied aviators fought World War I 
without parachutes. 
 
Balloon-type parachutes were available, but the pilots refused to use them for a variety of 
reasons.  When released from a speeding airplane, a parachute could rip in the wind blast 
or snag in the airplane’s tail.  Falling at the same rate of speed as the pilot, the plane could 
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collide with the falling man.  It was also possible for the parachute to get tangled in the 
propeller blades.  Many pilots considered it their duty to go down with the ship or to ride 
the crippled airplane in for a crash landing. 
 
In 1917, an Allied pilot witnessed a German pilot using a parachute after his (the German’s) 
plane had been attacked.  The German waved to the Allied pilot.  This escape was of great 
interest to the Allies, and following the armistice (temporary agreement to end fighting to 
discuss terms for peace), the United States Congress set up a Parachute Board at McCook 
Field in Dayton, Ohio, to work out a practical parachute for emergency escape from 
aircraft.  Many designs from various countries were considered and tested with dummies.  
The most promising was designed by Floyd Smith.   
 
It was not until October 1922 that a young U.S. Air Corps test pilot, Lt. Harold Harris, was 
dramatically saved from death by using a manually operated parachute when his aircraft 
failed.  It was after this that the U.S. Air Corps began insisting that pilots carry 
parachutes with them on flights and know how to use them. 
 
Parachute Design: (For this information and more, including the history of sport 
parachuting, visit http://www.aero.com/publications/parachutes/parachute_history.htm.) 
 

A parachute designed for human use is typically a canopy about 7.3 m (24 ft) in diameter, 
composed of about 25 panels, or gores, of nylon or silk (the canopy of a heavy-equipment 
parachute may measure up to 30 m (100 ft) in diameter). The canopy has a small vent hole 
in its center, which is normally held closed by elastic bands but which expands when the 
canopy opens, so as to lessen the initial shock of deceleration. So-called shroud lines are 
sewn into the seams between the panels, passing over the top of the canopy, and are 
connected at their ends to two metal rings. The parachutist is equipped with a harness of 
strong webbing that passes over the shoulders, around the body, and between the legs; 
this harness, in turn, is attached to the rings. When not in use, the parachute is folded 
compactly into a canvas container worn by the parachutist. The pack is so arranged that it 
flies open with the aid of rubber bands and metal springs when a metal closing line called 
the rip cord is pulled. The parachute is also equipped with a smaller parachute, which is 
ejected from the pack when the rip cord is pulled and which drags the main parachute out 
of the container.   
 
Mathematical Information: (from Project SOAR, available online at 
http://www.nationalmuseum.af.mil/shared/media/document/AFD-090710-041.pdf) 
    

Circumference: The circumference of a circle can be found by multiplying π times the 
diameter of a circle. What is π? It is the ratio between the circumference and diameter 
of a circle (commonly referred to as the value 3.14). Pi (π): The value of π was first 
established around 2000 BC as 3.160493827... Various Babylonian and Egyptian writings 
suggest that each of the values 3, 3 1/6, 3 1/7, 3 1/8 were used in different 
circumstances. Many mathematicians throughout history worked and improved on the 
notion of π. Ludolph van Ceulen (c. 1610) gave an estimate that was accurate to 34 decimal 

http://www.aero.com/publications/parachutes/parachute_history.htm�
http://www.nationalmuseum.af.mil/shared/media/document/AFD-090710-041.pdf�
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places. The digits were later used to adorn his tombstone. Today, in the age of 
supercomputers, hundreds of millions of digits are known. In part two of this lesson, 
students will be using π to calculate the area of a circle. The formula for the area of a 
circle is: area= πr², where r=radius. 
 
Materials: (per group)  

• A variety of different sized circles 
• Metric or standard graph paper (Large, chart-sized sheets work best and make a 

great display) 
• White plastic garbage bags (Kitchen bags work well) 
• Sticky dots (usually used for garage sale price markings) 
• Pencil 
• Permanent markers  
• Ruler 
• Masking tape 
• Scissors 

• Kite string 
• Paper clips 
• Stopwatch 
• Calculator (if needed) 
• Data Collection Form 

 
Advance Lesson Preparation: 
Prior to the experiment, have the students gather and bring in some cylindrical objects 
(not sphere shapes) that could be easily traced.  A good example would be a roll of masking 
tape, a paper cup, a coffee jar, etc.  As an alternative, you could cut out some different 
sized circular templates out of cardstock or cardboard.  Each group needs 4 circles, each 
with a different diameter.  Arrange the students into cooperative groups of four.  Make 
copies of the Data Collection Forms.  Also, identify an open space where the parachutes 
can be dropped from a predetermined height.  Indoors is preferred to avoid the variable 
of the wind, but that creates a height restriction.  A ladder or the top of a desk is ideal. 
 
Lesson Presentation: 

1. Engage the students by asking them to share what they know about parachutes.  
Allow students to discuss how they think parachutes work, along with how 
parachutes are used in real life.  Try to broaden the students thinking beyond 
skydiving.  

2. After gauging prior knowledge and sparking the students’ interest, show them the 
video of the record set in 2012 for the heaviest payload supported by a parachute 
being dropped by a C-17. The C-17 dropped a 77,000 pound payload.  A quick clip of 
the NASA drop is located online at 
http://www.youtube.com/watch?v=oGkYlHNjZpA&feature=related.  There is also a 
more in-depth explanation of the process and why it was important to history on 
http://www.youtube.com/watch?v=whPBctYHtNg.  Discuss the video and things that 
students noticed about the parachute that was featured. If you cannot access 
YouTube, use the article and video at http://www.yumasun.com/news/crew-77138-
mpcv-parachute.html. 

http://www.youtube.com/watch?v=oGkYlHNjZpA&feature=related�
http://www.youtube.com/watch?v=whPBctYHtNg�
http://www.yumasun.com/news/crew-77138-mpcv-parachute.html�
http://www.yumasun.com/news/crew-77138-mpcv-parachute.html�
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3. Divide the class into groups of four and pass out the Data Collection Form, along 
with cardstock to trace and cut the circles made from objects that the students 
brought (or use premade circle templates).  Also, the students will need the graph 
paper, ruler, and markers. 

4. Inform the students that they will be exploring circles by finding the diameter, 
circumference, and eventually the area of the circles.   Then, they will transform 
the circles into parachutes to test for the longest descent time related to the 
dimensions that were measured. 

5. A the students to arrange the circles in order from smallest to largest and to print 
a number on each circle with #1 being the smallest and #4 being the largest. 

6. On the graph paper, have the students draw an x and y axis and label the x-axis 
“Diameter” and the y-axis “Circumference.”   

Diameter and Circumference 
7. The students will first work with the smallest circle.  Have them find the diameter 

by placing the smallest of the circles on the graph paper so that the diameter of 
the circle falls across the x-axis.  With one end of the diameter at 0, place a mark 
on the x-axis to show the length of the diameter. Measure and record the diameter 
on the chart. 

8. Allow the students to find the circumference of the circle on the y-axis.  Instruct 
the students to make a mark with a pencil on the edge of the circle so that the 
students will know where to begin and end.  The student will hold the circle 
template “standing up” on the y-axis so that it can be rolled along the axis.  Place 
the mark that you made on the circle at 0 and roll the circle up the axis until the 
circle has made one full turn.  Mark the y-axis there. Make sure to measure and to 
record the circumference on the data chart. 

9. Using a marker and a ruler, have the students draw a straight line up from the point 
on the x-axis and over from the point on the y-axis until the two lines intersect. 

10. Have each group repeat the process of measuring and recording results for each of 
the remaining 3 circles. 

11. Draw a line connecting the intersecting points for all 4 circles. 

12. Discuss why all of the points fall on or very close to that line.  Allow the students 
time to hypothesize.  When a good discussion has taken place, tell the students 
that the reason they all fall on or very close to the line is because every circle has 
the same ratio between its diameter and circumference.  The circumference is 
always approximately 3 times the length of the diameter.  The actual formula is:  π 
x diameter (3.14 is a good estimate for π). 

13. Provide the groups with another circle (a fifth circle) of a different diameter and 
allow them to measure the diameter but predict the circumference.  Check the 
prediction by recording the 5th circle diameter and circumference on the graph. 
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14. Have each student pick a different circle from the above experiment with which to 
work for the next part.  This will be a pattern for constructing a parachute. 

Area 
15. The students will need to again find the diameter and circumference of the circle 

to ensure accuracy.  Have the students also add the radius to the chart.  Next, 
propose to the class the question of how to find the area of a circle.  (Ideas:  Trace 
the circle onto graph paper and count the number of squares that are covered by 
the circle. Break down the circle into rectangles using a ruler. Find the area of each 
rectangle and estimate what is leftover.) 

16. Allow each group to pick a method to estimate the area of the circle. 

17. After the estimations have been completed, provide the students with the formula 
for area:  area = πr², where r=radius.  Students should calculate the area of the 
circle using this formula and add it to the chart.  Have them compare this to their 
estimate. 

Making the Parachutes 
18. Provide the students with a white plastic garbage bag, a marker, scissors, string 

and sticky dots, and instruct them to cut a piece of string equal to the radius of 
their circle.  This string is going to be used as a compass to draw a circle on the 
garbage bag.  Have a partner hold down one end of the string and hold the marker 
at the other end.  Move the marker in a circular motion keeping the string taut.  
This will make a perfect circle if done correctly.  (The students can also simply 
trace the circle onto the garbage bag if time is a factor.) 

19. Cut out the circle and label it with the student’s name or add decorations if time 
permits. 

20. Fold the circle in half and in half again.  Pinch the folds along the circumference of 
the circle.  Open the circle again. 

21. Cut 2 pieces of string that are each 4 times the circumference of the circle that 
was chosen.  (Refer to the chart.) Attach one end of one string to a pinch mark and 
attach the other end to the direct opposite side of the circle, where another pinch 
mark should be.  Repeat this process for the other two pinch marks.  Use the sticky 
dots to attach the string to the points on the garbage bag.  Curl the end of the 
string under the sticky dot for structural durability. 

22. Gather both strings and hang them from your finger.  Take the ends (loops over 
your finger) and tie them in the same fashion as closing (tying off) a balloon.  This 
should make a loop for you to attach a paperclip. 

Testing the Parachutes 
23. Allow the student groups to drop the parachutes and record the time of descent 

for each parachute.  Show the students how to hold the parachute for the drop by 
pinching the top of the parachute between the thumb and forefinger and then 
simply releasing. Make sure to stress that the parachutes must all be dropped from 
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the same predetermined height.  For example, the same student should drop the 
parachute each time while holding it straight out from the body at arm’s length or a 
meter stick should be used to measure. Also, the students should complete three 
trials of each parachute and then calculate an average to ensure accuracy. 

24. As the students are working in groups, rotate around the classroom to ensure 
accuracy of the experiment, as well as understanding of the concepts. 

25. Discuss the Data Collection Form as a class. 
 

Summarization: 
Discuss the experiment results with the class and determine which student’s parachute 
had the slowest time of descent.  Discuss what factors influence the time of descent.  The 
parachute with the largest surface area should have the longest descent time because it 
traps the most air molecules on the way down to the ground.  Also, talk about modifications 
that could be made to the parachute design to increase or reduce drag.  Make sure to 
mention why it is important to conduct the parachute descent test indoors (wind 
variations).    
 
Career Connection: (from http://www.onetonline.org/ and 
http://www.goarmy.com/reserve/jobs/browse/transportation-and-aviation/parachute-
rigger.html ): 
 

Fabric Menders - Repair tears, holes, and other defects in fabrics, such as draperies, 
linens, parachutes, and tents.  Sample job titles include Seamstress, Mender, Sail Maker, 
Sail Repair Person, Perch Mender, Tarp Repairer, Awning Craftsman, Custom Marine Canvas 
Fabricator, Fabric Worker, Hand-Woven Carpet and Rug Mender. 
 

Special Forces - Implement unconventional operations by air, land, or sea during 
combat or peacetime as members of elite teams. These activities include 
offensive raids, demolitions, reconnaissance, search and rescue, and 
counterterrorism. In addition to their combat training, Special Forces 

members often have specialized training in swimming, diving, parachuting, 
survival, emergency medicine, and foreign languages. Duties include 
conducting advanced reconnaissance operations and collecting intelligence 

information; recruiting, training, and equipping friendly forces; conducting 
raids and invasions on enemy territories; laying and detonating explosives 

for demolition targets; locating, identifying, defusing, and disposing of ordnance; and 
operating and maintaining sophisticated communications equipment. 
 

Parachute Rigger – duties are to repair textile and canvas items, webbed equipment and 
clothing; rig supplies, equipment and vehicles for airdrop; perform technical, routine and 
in-storage rigger-type inspection on cargo, extraction and personnel parachute as well as 
other airdrop equipment before, during and after each use; inventory, clean, receive, store 
and issue all airdrop equipment used in airdrop operations; use and maintain machines and 

http://www.onetonline.org/�
http://www.goarmy.com/reserve/jobs/browse/transportation-and-aviation/parachute-rigger.html�
http://www.goarmy.com/reserve/jobs/browse/transportation-and-aviation/parachute-rigger.html�
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tools for fabrication, modification, and repair to parachute and other airdrop equipment; 
inspect, test, and install extraction and release systems. 
 
Evaluation:   

• Teacher observation 
• Data Collection Form  
• Student construction of parachute and ability to explain relationship between the 

diameter of a parachute and time of descent 
 
Lesson Enrichment/Extension:  

• Graph the class results of the experiment. 
• Try adding weight to see how this affects the time of descent. 
• Turn the parachute into a system that will gently deliver an egg (unbroken) to the 

ground.  A small basket or cup would be helpful to hold the egg.  Aim for the 
lightest weight possible. 

• Experiment with tying multiple parachutes together to an object and see how this 
affects the time of descent. 

• Test different shapes with the same area to see if the parachute falls faster or 
slower.  For example, test the circular parachute against a rectangular one with the 
same area. 

• Cut a small hole in the top center of the parachute.  See if this affects the 
accuracy of the landing or the time of descent.  Discuss how this changes the area 
of the parachute. 

• Additional parachute lesson plan from the National Museum of the Air Force 
http://www.nationalmuseum.af.mil/shared/media/document/AFD-090710-044.pdf  

• Chutes R Us Lesson Plan  
http://apbrwww5.apsu.edu/wilsona/mathed/Wilson/Conferences/ParachuteLessonPl
ans.pdf  

 
Associated Websites: 

• United States Parachute Association World Record List 
http://www.uspa.org/USPAMembers/RecordsAwards/ExistingRecords/World/tabid
/143/Default.aspx  

• Parachute World Records  http://recordsetter.com/parachute-world-records  
• Parachute History 

http://www.uspa.org/AboutSkydiving/SkydivingHistory/tabid/118/Default.aspx 
http://inventors.about.com/od/pstartinventions/ss/Parachute.htm 

• Parachutes   http://www.aero.com/publications/parachutes/parachut.htm  
• Skydiving and Parachute Associations  

http://www.skydivingjobs.com/skydivingparachuteassociations.html  
• On Million Digits of Pi   http://www.piday.org/million.php  
• Pi Day Activities and Resources  

http://www.exploratorium.edu/pi/pi_activities/index.html  
• The Joy of Pi  http://www.joyofpi.com/pilinks.html  

http://www.nationalmuseum.af.mil/shared/media/document/AFD-090710-044.pdf�
http://apbrwww5.apsu.edu/wilsona/mathed/Wilson/Conferences/ParachuteLessonPlans.pdf�
http://apbrwww5.apsu.edu/wilsona/mathed/Wilson/Conferences/ParachuteLessonPlans.pdf�
http://www.uspa.org/USPAMembers/RecordsAwards/ExistingRecords/World/tabid/143/Default.aspx�
http://www.uspa.org/USPAMembers/RecordsAwards/ExistingRecords/World/tabid/143/Default.aspx�
http://recordsetter.com/parachute-world-records�
http://www.uspa.org/AboutSkydiving/SkydivingHistory/tabid/118/Default.aspx�
http://inventors.about.com/od/pstartinventions/ss/Parachute.htm�
http://www.aero.com/publications/parachutes/parachut.htm�
http://www.skydivingjobs.com/skydivingparachuteassociations.html�
http://www.piday.org/million.php�
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Name:  ______________________ 
 

 
 

 
 
 
 
 
 
 
Find and fill in the diameter and the circumference for each circle on the chart according to the 
directions given.  You will fill in the radius and area section later. 
 
 

Circle # Radius (cm) Diameter (cm) Circumference (cm) Area (square 
cm) 

1     
2     
3     
4     
5     

 
 
Explain the relationship between the diameter and the circumference of a circle.  Use 
information from the chart above as proof in your explanation. 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 
 
After completing the above chart by adding the radius and the area, how does your estimate of 
the area of the circle compare to the actual area that was calculated? 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 
 
Have each member of your group pick a different circle to use as a template and construct a 
parachute.  From the parachutes (circles) chosen, hypothesize which parachute number will 
have the slowest descent time and provide your reasoning. 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 
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Fill in the chart as you complete your experiment. 
 

Circle #          Time Trial #1           Time Trial #2          Time Trial #3        Average 
 
 

    

 
 

    

 
 

    

 
 

    

 
Follow-up Questions 
 
Which parachute number had the slowest descent time? ________________________ 
 
Was your hypothesis supported? Explain why or why not. 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 
 
What modifications could you make to the parachute with the slowest descent time to increase 
drag (slowest amount of time to hit the ground)? 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 
 
What modifications could you make to the parachute to reduce drag (faster time to the 
ground)? 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 
 
Design another experiment involving parachutes and explain the variable that is being tested. 
Also, tell why it is important to aerospace research. 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 
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Credit:  NASA 

            Fighting the Force (of Gravity) 
 
Lesson Reference: Space Day Toolkit at http://spaceday-
cert.donet.com/media/documents/SpaceDayToolkit.pdf and a NASA lesson at 
http://www.nasa.gov/pdf/205711main_Rotor_Motor.pdf 
 
Objectives: 

• Students will identify the four forces affecting an aircraft’s flight. 
• Students will explain how rotor movement is responsible for creating the lift 

needed to overcome gravity. 
• Students will construct a rotary wing model. 
• Students will understand that increased lift is required for flight if the weight of 

an aircraft increases. 
• Students will experiment to show that both rotor speed and blade angle will affect 

a helicopter’s lift. 
 
National Standards:    
Math 

• Number and Operations 
o Work flexibly with fractions, decimals, and 

percents to solve problems 
• Communication 

o Organize and consolidate mathematical thinking 
through communication 

• Connections 
o Understand how mathematical ideas interconnect and build on one another to 

produce a coherent whole 
o Recognize and apply mathematics in contexts outside of mathematics 

• Representation 
o Create and use representations to organize, record, and communicate 

mathematical ideas 
 

Science 
• Unifying Concepts and Processes  

o Evidence, models, and explanation 
o Change, constancy, and measurement 
o Form and function  

• Content Standard A:  Science as Inquiry 
o Abilities necessary to do scientific inquiry 
o Understandings about scientific inquiry 

• Content Standard B:  Physical Science 
o Motions and forces 
o Transfer of energy 

Lesson 11 

http://spaceday-cert.donet.com/media/documents/SpaceDayToolkit.pdf�
http://spaceday-cert.donet.com/media/documents/SpaceDayToolkit.pdf�
http://www.nasa.gov/pdf/205711main_Rotor_Motor.pdf�


 

130 
 

Credit:  NASA 

• Content Standard E:  Science and Technology 
o Abilities of technological design 
o Understandings about science and technology 

• Content Standard F:  Science in Personal and Social Perspectives 
o Science and technology in society 

• Content Standard G:  History and Nature of Science 
o Science as a human endeavor 
o Nature of science 

 

ISTE NETS Technology Standards 
• Creativity and Innovation 

o Use models and simulations to explore complex systems and issues 
• Communication and Collaboration 

o Develop an understanding of engineering design 
• Critical Thinking, Problem Solving, and Decision Making 

 
Background Information: (from http://www.nasa.gov/pdf/205711main_Rotor_Motor.pdf  
and http://spaceday-cert.donet.com/media/documents/SpaceDayToolkit.pdf)  
 
Can you guess how long helicopters have been around? For a long, long time! 
As far back as 1486, Leonardo da Vinci designed a very simple helicopter. Some scholars 
say his wasn’t the first; around AD 320 in China, Ko Hung described a “Chinese Flying Top.” 
Today, his design is thought to be the earliest known example of a helicopter. Now we 
know that four important forces (push or pull affecting an object’s movement) influence a 
helicopter’s flight. So, what are they? Just keep reading! 
 
What forces affect a helicopter’s flight?  
Lift:  Force pushing up on a helicopter, caused by 
horizontal rotor and blades. 
Lift is produced by the pressure differences 
caused by the shape of rotating blades; this is the 
same way lift is produced by aircraft wings. The 
rapidly moving air over the top of the blade 
creates low pressure; the air beneath the blade is 
moving slower, so it creates higher pressure. High 
pressure under the rotor blades creates lift 
which causes the aircraft to rise. Since the paper models have no motor, they only have 
one source of lift. As the paper models fall, they will spin, imitating the rotation of the 
rotor blades of a helicopter. Because there is no thrust to produce upward movement, the 
helicopter will not fly upward, but the spin will reduce the rate of fall by producing lift, 
resisting the force of gravity. 
 
Weight:  Force working against lift; caused by gravity’s downward pull on helicopter; 
affected by kind and amount of material present 

http://www.nasa.gov/pdf/205711main_Rotor_Motor.pdf�
http://spaceday-cert.donet.com/media/documents/SpaceDayToolkit.pdf�
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Source:  NASA 

Thrust:  Force pushing a helicopter forward through the air, caused by tail rotor and 
blades 
 
Drag:  Force working against thrust; caused when air molecules hit surface of helicopter, 
slowing it down 
 
What are the differences in the way helicopters and airplanes fly? 
Helicopters:  
• Gain lift as moving air passes over horizontal rotor 
• Gain thrust as air moves over vertical (tail) rotor blades 
• Can hover (stay in one place) and rise and land vertically (up and down) 
• Can take off and land in tight spaces 
• Fly at slow speeds, compared with airplanes 
• Unstable by nature; require constant pilot monitoring; can’t easily correct course 
 
Airplanes:  
• Gain lift as moving air passes over fixed wings or propellers 
• Receive thrust from jet engines, rockets, or propellers 
• In most cases, can’t hover or rise and land vertically 
• Cannot take off and land in restricted spaces 
• Fly at high speeds, compared with helicopters 
• Stable by nature; do not require constant pilot monitoring; often correct course 
themselves 
 
 
 
 
 
 
 
 
 
 
 
 
 
As mentioned, a helicopter uses lift to overcome gravity, which acts on a helicopter’s 
weight by constantly pulling it downward. To create lift, a helicopter uses a horizontal 
rotor and attached rotor blades (usually two). Because of a helicopter’s unique properties 
(see above), it is used in a variety of situations: search and rescue, firefighting, law 
enforcement, and medical evacuation, to name a few. One important consideration for 
engineers designing new helicopters is to examine the effect of weight on a helicopter’s 
performance. The rotor must be able to create enough lift to overcome the downward pull 
of gravity on the combined weight of the cargo and helicopter. 
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Materials: 
• Plastic toy helicopter or model helicopter (optional) 
• Copies of Rotor Diagram (3 copies per student) 
• Scissors  
• Measuring tape  
• Small paper clips  
• Stopwatches  
• Calculators  
• 3 meters of lightweight paper ribbon (can use a strip of cassette tape or videotape) 
• Scotch tape  
• Data Collection Form 

 
Advance Teacher Preparation: 
Make copies of the rotor template so that each student can construct a helicopter.  Also, 
obtain old audio or videotape cassettes.  You will need to open them to access the tape 
inside that will be used for the activity. The students will enjoy seeing where the tape 
came from, especially since both of these mediums have been replaced by CDs, DVDs, and 
Blu-Rays. 

 
Lesson Presentation: 

1. Engage the students by flying a plastic toy helicopter or a remote control 
helicopter.  (If this item is not available, show students a picture of a helicopter.) 
Ask the students how a helicopter is like an airplane. 

2. Discuss that the helicopter experiences four forces of flight, with gravity being 
the most difficult to overcome.  (If students are unfamiliar with the forces of 
flight, explain as needed using the background information.)  Provide specific 
details about how a helicopter achieves lift (refer to the background information). 

3. Inform the students that they are going to be acting as engineers designing a new 
helicopter.  The students will need to run a series of tests to see if cargo 
placement inside a helicopter affects the rotor’s ability to create lift, if increased 
weight will affect the rotor’s ability to lift the helicopter, and the difference in 
the number of blade rotations with increased weight and placement of cargo. 

4. In order to perform the necessary experiments, tell the students that they will 
need to build a helicopter.  Pass out the Data Collection Form and the Rotor Motor 
template, and make sure that each student has scissors.   

5. Have the students build the helicopter. 
1.) Cut along the solid lines of the template. 
2.) Next, fold on the dotted lines.  The blades of the helicopter should be 

folded in opposite directions.  Panel X and Y fold to the center and then 
Panel Z will be folded up to help make the body more sturdy and lower the 
center of gravity.  

3.) Repeat the steps so that each student has 3 helicopters. 
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Source:  NASA 

6. Allow the students to begin the experiment as a class.  
Make sure that all of the  students have Wing A bent 
towards the outside and Wing B bent towards the body 
or fuselage of the helicopter. Also, have the students 
turn the helicopter sideways and make sure that the 
shape of the fuselage and the wings looks like a “Y.”  If 
not, instruct the students to fluff the wings up so that 
the wings are at an angle forming what is called a dihedral wing. This is called the 
angle of incidence. 

7. Model for the students how to release the helicopter by dropping it straight down, 
not tossing it. Tell the students to stand and drop the helicopter while making 
observations.  Repeat this as a class and have the students record the direction 
that the helicopter is rotating, clockwise or counterclockwise, on the Data 
Collection Form. 

8. Ask the students to switch the blades of the helicopter by flipping the Wing A 
towards the fuselage and Wing B away from it.  Remind them to fluff the wings 
once more before dropping.  Have them predict as a class how the flight will change.  
Have them drop the helicopter and record their observations, specifically noting 
whether or not the helicopter is rotating clockwise or counterclockwise. Discuss 
why this is happening with the students (air flow and the position of the blades). 

9. Ask the students if they can accurately count the number of rotations that the 
helicopter made as it descended. (This is not possible as it is going very quickly, 
which would make accurate counting difficult.) 

10. Brainstorm with the students ideas 
as to how they could accurately 
count the number of rotations.  
After some discussion, show them 
the cassette/video ribbon.   To 
determine the number of rotations, 
inform the students that they need 
to tape the cassette ribbon to the 
bottom of the fuselage.  Before they 
drop the helicopter, they need to 
stand on the loose end of the tape. 
Make sure that when the students hold the helicopter 
at arm’s height to the ground, there are no twists in the ribbon.  Then, when they 
drop the helicopter as usual, the ribbon will twist, which will count the number of 
rotations. Each twist in the ribbon represents one rotation of the helicopter.  When 
you count the number of twists, it will be the total number of rotations.  It is 
important to demonstrate this because the students will be using this technique on 
the Data Collection Form. (see form) 
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11. After testing the helicopter as a class, direct the students’ attention to the Data 
Collection Form.  In Part 1 on the Data Collection Form, tell the students that they 
will be recording the affect of increased weight on lift and rotation of the blades. 
They will start by recording the lift time (how long it stays in the air) and rotation 
with no added weight (paper clips) by running three trials and calculating the 
average lift time.  This test will be repeated, but the weight will be changed by 
adding one paper clip to the bottom of the fuselage (demonstrate how to attach the 
paperclip) and conducting three trials for an average.  Finally, add additional weight 
by attaching a second paperclip to the bottom.  Again, perform three trials, record 
the times, and calculate the average lift time.  

In Part 2, inform the students that they will be deciding if the location of the 
weight (paperclips) affects the lift time and rotation.  An example would be if the 
paperclip was positioned near the top of the rotor or on the blades and how it would 
affect the flight of the helicopter.  On each of the three diagrams provided, make 
sure to show the location of the paperclips. 

Tell the students to answer the questions on the Data Collection Form concerning 
the experiment. 

12. Allow the students to begin the experiment and move at their own individual pace.  
(You may allow students to work with a partner.)  Make sure to circulate during the 
activity in case of any questions or to provide support if needed. 
 

Summarization: 
Discuss the experiment results with the class making sure to emphasize that the two 
forces being studied in this experiment were lift and gravity.  Based on the data collected, 
the students should conclude that the effect of gravity increased when extra weight was 
added, as well as the number of rotations. This should be evident in the data by the lift 
time decreasing when more paper clips were added and the number of rotations getting 
greater. The discussion on how lift was affected regarding the placement of the paper 
clips will vary depending on where the students chose to place the weight. Again, the 
conclusion that the students draw should match the data that was collected. Finally, 
discuss the reason that it is difficult and, even in some instances, impossible to take a 
helicopter in for a high-altitude rescue.  (There would not be enough air molecules under 
the rotor blades to lift the helicopter safely.)    
 
Career Connection: (from http://stemcareer.com/topcareers/ and 
http://www.onetonline.org/) 
 

Aerospace Engineer – engineering duties to include designing, constructing and testing 
aircraft, missiles, and spacecraft. Sample job titles include Aerospace Engineer, Flight 
Test Engineer, Design Engineer, Systems Engineer, Structures Engineer, Test Engineer, 
Aeronautical Engineer, Aerospace Stress Engineer, Avionics Engineer, and Flight Systems 
Test Engineer. 
 

http://stemcareer.com/topcareers/�
http://www.onetonline.org/�
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Helicopter Mechanic – diagnose, adjust, repair or overhaul aircraft engines and assemblies, 
such as hydraulic and pneumatic systems. Sample job titles include Aircraft Mechanic, 
Aircraft Maintenance Technician, Aircraft Technician, Aircraft Maintenance Director, 
Aircraft Maintenance Supervisor, Aircraft Restorer, Aviation Maintenance Technician, and 
Helicopter Mechanic. 
 

Helicopter Pilot – pilot and navigate the flight of rotary wing aircraft usually for the 
transport of passengers and cargo. Must have pilot certificate and rating for aircraft type 
used.  Sample job titles include Airline Captain, First Officer, Pilot, Airline Pilot, Check 
Airman, Co-Pilot, Airline Transport Pilot, and Commuter Pilot.  
 
Evaluation:   

• Data Collection Form (especially the questions describing the relationship between 
the number of twists and the weight and placement of cargo) 

• Teacher observation 
 
Lesson Enrichment/Extension:  

• Have students run additional trials to see if the blade angle 
affects lift by changing the angle (angle of incidence) of the 
two folded blades. Ask them to create a chart to collect data. 

• Experiment with different weights of paper for the helicopter 
and graph the results. 

• Have the students formulate an experiment to explore the 
relationship of height to number of rotations. 

• Compare the flight of the paper helicopter to that of a maple 
seed or dandelion. 

• Construct a bar or line graph to illustrate data collected on 
the charts. 

• Have the students create helicopters of differing size and compare the results. 
 

Associated Websites: 
• “Helicopter Development in the Early Twentieth Century,” U.S. Centennial of 

Flight Commission 
www.centennialofflight.gov/essay/Rotary/early_20th_century/HE2.htm  

• “History of Gravity,” Adler Planetarium 
www.adlerplanetarium.org/education/resources/gravity/5-8_cb1-1.shtml  

• Rescue Mission Game 
www.bbc.co.uk/drama/rockface/game/main.swf 

• NASA Quest 
www.quest.nasa.gov/index.html  
 
 

http://www.centennialofflight.gov/essay/Rotary/early_20th_century/HE2.htm�
http://www.adlerplanetarium.org/education/resources/gravity/5-8_cb1-1.shtml�
http://www.bbc.co.uk/drama/rockface/game/main.swf�
http://www.quest.nasa.gov/index.html�
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Source:  http://www.centennialofflight.gov/essay/Dictionary/helicopter/DI27.htm  

http://www.centennialofflight.gov/essay/Dictionary/helicopter/DI27.htm�
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Source:  http://www.nasa.gov/pdf/205711main_Rotor_Motor.pdf  

http://www.nasa.gov/pdf/205711main_Rotor_Motor.pdf�
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Name:  ____________________________ 
 

 
 
Observations from first flight (please include if the rotation is 
clockwise or counterclockwise): 
_____________________________________________________
_____________________________________________________
_____________________________________________________ 
 
Observations after switching the rotor blades (please include if the 
rotation is clockwise or counterclockwise): 
_____________________________________________________
_____________________________________________________
_____________________________________________________ 
 
Part 1:  Study of Increased Weight 

 Lift Time (seconds) Number of Rotations 
 

Trial 1 
 

Trial 2 
 

Trial 3 
Average 

Lift 
Time 

 
Trial 1 

 
Trial 2 

 
Trial 3 

Average 
Number 

of 
Rotations 

Weight 1:  
No weight 
added 

        

Weight 2:  
One paper 
clip 

        

Weight 3:  
Two paper 
clips 
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Part 2:  Study of Weight Location – Placement on Rotor 
Draw where you 
placed the paper 

clips 

Lift Time (seconds) Number of Rotations 
 

Trial 1 
 

Trial 2 
 

Trial 3 
Average 

Lift 
Time 

 
Trial 1 

 
Trial 2 

 
Trial 3 

Average 
Number 

of 
Rotations 

Weight Location 
1:   

 

        

Weight Location 
2:   

 

        

Weight Location 
3:   
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Follow-up Questions 
 
What two forces were being studied in this activity? 
______________________________________________________________
______________________________________________________________
______________________________________________________________ 
 
Based on your data, was the effect of gravity increased when extra weight was 
added?  What was your evidence? 
______________________________________________________________
______________________________________________________________
______________________________________________________________ 
______________________________________________________________ 
 
How was the number of rotations affected?  Why do you think this happened? 
______________________________________________________________
______________________________________________________________
______________________________________________________________ 
 
Based on your evidence, was lift affected by the location of the paper clips?  What 
was your evidence? 
______________________________________________________________
______________________________________________________________
______________________________________________________________ 
______________________________________________________________ 
 
Did the placement of the paperclips affect the number of rotations?  Explain. 
______________________________________________________________
______________________________________________________________
______________________________________________________________ 
 
High altitude rescue is often hard, and sometimes impossible for a helicopter to 
perform.  How could this difficulty be related to the force of lift?  Hint:  The 
number of air molecules decreases at elevations above sea level (higher altitudes). 
______________________________________________________________
______________________________________________________________
______________________________________________________________ 
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Handy Hovercrafts 
 
Lesson Reference: CAP’s AEX II, vol. 2; the “Energy and Control – Energy from Wind and 
Water” by the Quinte School Group, WOW Science Initiative – May 2001 
 
Objectives: 

• Students will define friction. 
• Students will explain the overall concept of how a hovercraft operates. 
• Students will build a simple and inexpensive hovercraft and calculate speed. 
• Students will experiment with different surfaces to discover which produces the 

fastest optimal speed of the constructed hovercraft.  
• Students will calculate averages. 

 
National Standards:  
Science  

• Unifying Concepts and Processes  
o Evidence, models, and explanation 

• Content Standard A:  Science as Inquiry 
• Content Standard B:  Physical Science 

o Motions and forces 
o Transfer of energy  

• Content Standard E:  Science and Technology 
o Abilities of technological design 

 

Math 
• Select and use appropriate statistical methods 

to analyze data 
o Find, use, and interpret measures of center and spread, including mean and 

interquartile range 
• Communication  

o Organize and consolidate mathematical thinking through communication  
• Connections  

o Understand how mathematical ideas interconnect and build on one another to 
produce a coherent whole  

o Recognize and apply mathematics in contexts outside of mathematics 
  

ISTE NETS Technology Standards 
• Creativity and Innovation 

o Use models and simulations to explore complex systems and issues 
o Develop an understanding of the core concepts of technology 

• Communication and Collaboration 
o Develop an understanding of engineering design 

• Critical Thinking, Problem Solving, and Decision Making 
 

Lesson 12 
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Background Information: 
(from http://inventors.about.com/library/inventors/blhovercraft.htm) 
 
A hovercraft travels on a layer of compressed air that keeps it floating just above the 
Earth’s surface.  It can also be called an ACV which stands for “air cushion vehicle”.  The 
compressed air acts as an invisible cushion that works to eliminate the friction that 
naturally occurs between the vehicle and the ground.   
 
The first hovercraft was invented in 1956 by Christopher Cockerell.  It was tested using 
an empty cat food tin can inside a coffee tin with an air blower and a pair of kitchen 
scales.  The smaller can was placed in the larger can and a hairdryer was used to blow air 
into them.  The downward thrust produced was greater with the one can inside the other, 
rather than if air was just being blown into one can.  This simple experiment led to the 
design of a hovercraft using a layer of air to reduce friction.  Hovercrafts are used today 
for civilian and military purposes around the world such as transporting large amounts of 
cargo from water to land, working as rescue vessels and ferries, and even recreational use 
in the professional racing circuit. 
 
Materials:  

• Toy balloons of the same size and shape 
• Pop-up lids from a water bottles 
• Hot glues gun 
• Used CDs or DVDs  
• Stopwatches or timers 
• Pencils 
• Rubber bands 
• 3 different surfaces such as: 

o Open flat paved surface of at least one meter 
o Kiddie pool with a diameter of at least one meter filled with sand (can 

substitute a section of sand paper) 
o Kiddie pool with a diameter of at least one meter filled with water (can 

substitute a section of wax paper) 
• Handy Hovercrafts Data Collection Form 

 
Lesson Presentation:  

1. Ask the students if they have ever heard of the term friction.  As a class, develop 
a definition for this word.  Have the students also provide examples of where 
friction is seen in the real world (tires on the road, dragging your hand across the 
desk, shoes on the floor, etc.) 

2. Provide the students with the definition that friction is the rubbing of one surface 
or object against another where resistance can be felt. 

3. Discuss ways to reduce friction (oil, grease, water, etc.). 

http://inventors.about.com/library/inventors/blhovercraft.htm�
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4. Show the students a photo of a hovercraft.  (Pictures are easily accessible from 
the websites provided near the end of this lesson plan.)  Ask if anyone can identify 
what the vehicle is called in the picture. (a hovercraft) 

5. Probe the students to explain how hovercrafts work and use the background 
information to fill in gaps in the students’ prior knowledge. Make sure to point out 
that a hovercraft uses a pocket of air to reduce friction. 

6. Inform the students that they are each going to create their own personal 
hovercraft from supplies that are in the classroom. 

7. Pass out the supplies to the students and lead them 
through the construction process. Make sure that all of 
the students have the same size and shape balloon. 

a. Glue the pop-up lid onto the middle of the CD 
where the hole is located.   Make sure that the 
glue is only applied to the edge of the lid and that 
it makes an air-tight seal against the CD. 

b. Place the lid in the closed position. 

c. Inflate the balloon and twist it so that the air 
doesn’t leak out. 

d. Attach the bottom of the balloon onto the bottle 
lid.  

8. With the pop-up lid still in the closed position, try to slide  
the balloon attached to the CD along the ground.  Friction will be felt. 

9. Carefully pull open the lid (ensuring that the inflated balloon remains attached to 
the lid).   Notice that the hovercraft rises a bit above the surface of the ground. 

10. Remove the balloon from the pop-up lid, inflate it again, up and repeat the 
procedure in #9.  When you release the air pressure this time, flick the balloon 
with your finger and watch what happens.  It will glide away! 

11. Explain to the students that their challenge is to find the optimal surface that 
produces the fastest speed.  

12. Pass out the data collection sheet and the predetermined questions to clarify 
understanding.  

13. Remind them to make observations and record data like a scientist. 

14. Assemble a universal launcher using two pencils and a rubber band.  
Place the pencils on either end of the rubber band and separate them 
a designated distance to create a slingshot. (The measure of distance 
depends on the size of the rubber band. The teacher should 
determine this ahead of time.)   Pull back on the rubber band, placing the 
hovercraft inside the curve of the rubber band.  Make sure to stress that the 

Source:  http://spaceflight.nasa.gov/ 
brainbite/rocketscience/minihovercraft/ 
index.html 
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students need to use a ruler to measure both the distance between the pencils and 
how far to pull the rubber band back to ensure consistency.  Either provide the 
measurements for the students or let them experiment to find a distance and 
remind them to use it throughout the experiment. 

15. Allow the students to experiment with different surfaces to find the one that 
provides the fastest speed of the hovercraft (distance divided by time). (Surface 
suggestions are provided in the list of materials, such a sand, water, wax paper, 
etc.) 

16. The students need to measure the distance across each surface initially and then 
measure the time of how long it takes for the hovercraft to travel from side to 
side when using the slingshot. (It works best if the students are in groups of three 
or four and rotate to the different surfaces.) 

a. Use the data collection sheet, the ruler, and the timer to record the trials. 
b. Remind the students to do at least three trials and then calculate the mean 

or average speed to have accurate proof of the results. Do this calculation 
by adding together all of the speed trials and dividing the answer by three. 

17. Tell students to analyze the data and draw conclusions on their data sheet by 
answering the questions. 
 

Summarization: 
Have the students discuss trends and conclusions as a class.  The students should have 
discovered that the surface that produces the least amount of friction results in the 
fastest speed.  This could vary depending on your paved surface. Conduct this experiment 
prior to doing it with the students to determine your best surface for optimal hover 
speed. 
 
Optional:  Talk about the suggestion of a different quantitative test using the hovercraft. 
Propose using different size and shape balloons. Discuss ways to scientifically measure the 
volume of air inside of the balloon. 

1. Water displacement method – Place the balloon in a large water-filled 
measuring container. Take the final water height and subtract the initial 
water height.  This will tell you the volume of the balloon. 

2. Air displacement method – Place a large graduated cylinder into a large tub 
filled with water.  Turn the cylinder so that it is upside down (bottom up) 
and filled with water.  Keep it under the water and place the pinched end of 
the balloon into the opening of the cylinder.  Release the air in the balloon so 
that the air travels up and into the cylinder.  The balloon will fill the cylinder 
with air and you can then record the volume of the air that was trapped 
inside the balloon. 

 Reflect on the results relating to volume of air and the effect on the hover speed. 
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Career Connection: (from http://www.onetonline.org/) 
 

Manufacturing Engineer – duties include identifying ways to improve products and reduce 
costs; determining root causes of failures using statistical methods and recommending 
changes; designing, installing, or troubleshooting manufacturing equipment.  Sample job 
titles include Process Engineer, Facility Engineer, and Plant Engineer. 
 

Mechanical Engineer – duties include reading and interpreting blueprints and technical 
drawings; assisting with the development of the structural design of products using 
computer technology; and investigating equipment failures and make recommendations to 
maintenance crew.  Related occupations include electronic drafters, mechanical drafters, 
and civil engineering technicians.  Sample job titles include Design Engineer, Product 
Engineer, Process Engineer, and Systems Engineer.  
 
Evaluation:   

• Data Collection Sheet 
• Teacher observation 

 
Lesson Enrichment/Extension: 

• Create a graph of the data.  Make a scale on one side of the graph that shows the 
average hover speed and create a bar for each surface that was tested. 

• Contemplate if the volume has an effect on the speed of the hovercraft.  Students 
can design an experiment to test their hypotheses. 

• Research different hovercrafts and investigate their specific design and the 
relationship to the designated purpose of the vehicle.  Students can create 
PowerPoint presentations to share findings with the class. 

• Provide the students with random classroom materials and allow them to engineer 
their own individual hovercraft ideas to test speed. Hold a contest to find the 
fastest hovercraft. 

• Build a real, low flying hovercraft.  Directions are available in CAP’s AEX for Senior 
Members or online at http://www.gawg.cap.gov/aerospace/docs/seniors/build_low-
flying_hovercraft.pdf.  

 
Associated Websites: 

• Information on hovercrafts in the real world 
http://www.hoverclubofamerica.org  

• Background information on the inventor of the hovercraft 
http://www.design-technology.info/inventors/page11.htm 

• Hovercraft history and more information on how they operate 
http://www.jameshovercraft.co.uk/hover/index.htm 

• Additional hovercraft experiment:  http://www.sciencebuddies.org/science-fair-
projects/project_ideas/Aero_p033.shtml

http://www.onetonline.org/�
http://www.gawg.cap.gov/aerospace/docs/seniors/build_low-flying_hovercraft.pdf�
http://www.gawg.cap.gov/aerospace/docs/seniors/build_low-flying_hovercraft.pdf�
http://www.hoverclubofamerica.org/�
http://www.design-technology.info/inventors/page11.htm�
http://www.jameshovercraft.co.uk/hover/index.htm�
http://www.sciencebuddies.org/science-fair-projects/project_ideas/Aero_p033.shtml�
http://www.sciencebuddies.org/science-fair-projects/project_ideas/Aero_p033.shtml�
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CAP Cadets Construct Hovercraft 
 

Source:  CAP 
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Name:  ____________________________ 
 

 
 

 
 
 

 
1.  Define friction. 

___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
 
2. How does a hovercraft work? 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
 
3.  Name uses for hovercrafts in the real world. 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
 
4. Complete the information and data collection charts below following lesson introduction: 
 
Length to stretch slingshot initially before pulling back on ALL trials: _________cm 
Measured length to pull back slingshot on ALL trials: ________cm 
 

Surface 
(Record surface used.) 

Distance Traveled 
(centimeters) 

Travel Time 
(seconds) 

Speed 
(Distance / Time) 

: Trial 1    

“                 :Trial 2    

“                 :Trial 3    

: Trial 1    

“                 :Trial 2    

“                 :Trial 3    

: Trial 1    

“                 :Trial 2    
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“                 :Trial 3    

Surface Tested Speed of 
Trial #1 

Speed of 
Trial #2 

Speed of 
Trial #3 

Mean Speed 
(Trial #1 + Trial #2 

+ Trial #3) / 3 
1:     

2:     

3:     

 
 
5.  Discuss trends from the data collection chart. What do you notice about the surface 
area and the speed that the hovercraft traveled? 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
  
6.  Is the surface on which a hovercraft operates important for how fast it can travel? 
Explain. 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
 
7.  Why do you think hovercrafts are designed to travel on land and sea? What are the 
benefits of this feature? 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
 
8.  Do you think that the speed of a hovercraft is influenced by the volume of air 
expressed during travel? Explain. 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
 
9.  Design an experiment to test your hypothesis. 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
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Touchdown Challenge 
 
Lesson Reference: http://www.nasa.gov/pdf/418011main_OTM_Touchdown.pdf  
 
Objectives: 

• Students will design and construct a shock-absorbing system out of paper, straws, 
and mini-marshmallows. 

• Students will evaluate and improve their design based on testing results. 
 
National Standards:    
Science  

• Content Standard A:  Science as Inquiry 
o Abilities necessary to do scientific 

inquiry 
o Understandings about scientific inquiry 

• Content Standard B:  Physical Science 
o Structure and properties of matter 
o Motions and forces 
o Interactions of energy and matter 

• Content Standard E:  Science and Technology 
o Abilities of technological design 

 

ISTE NETS Technology Standards 
• Creativity and Innovation 

o apply existing knowledge to generate new ideas, products, or processes 
o create original works as a means of personal or group expression 
o use models and simulations to explore complex systems and issues 
o identify trends and forecast possibilities 

• Communication and Collaboration 
o develop an understanding of engineering design 
o ability to apply the design process 

• Critical Thinking, Problem Solving, and Decision Making 
o Identify and define authentic problems and significant questions for 

investigation 
o Plan and  manage activities to develop a solution or complete a project 
o Collect and analyze data to identify solutions and/or make informed 

decisions 
 

Background Information:  
Key science terms related to this lesson: 

• Potential and kinetic energy — When the lander hits the surface, its motion 
(kinetic) energy is changed into stored (potential) energy, which gets stored in the 
shock absorbers. 

Lesson 13 

sample lander 

http://www.nasa.gov/pdf/418011main_OTM_Touchdown.pdf�
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• Acceleration due to gravity — The lander accelerates (speeds up) as it falls due to 
Earth’s gravitational pull. 

• Air resistance — Air exerts a force on the lander as it falls, slowing it down. 
 
Materials: (per group)  

• piece of stiff paper or cardboard approximately 4 x 5 in (10 x 13 cm) 

• 3 index cards that are 3 x 5 in (8 x 10 cm) 

• small paper or plastic cup 

• 2 regular marshmallows 

• 10 miniature marshmallows 

• 3 rubber bands 

• 8 plastic straws 

• Scissors 

• Tape 

• (optional) paper and pencil for journaling 
   

Advance Lesson Preparation: 
You may wish to consider pre-arranging the students 
into cooperative groups of 3 or 4 members per group.  
Identify work areas for the small groups.  Fold an index 
card accordion-style to show the students if needed.  Regarding step #6 below, you may 
wish to practice dropping the cup containing the marshmallows in order to help ensure the 
drop results in the marshmallows ejecting from the cup upon impact with the floor.  
Finally, you may wish to place the materials for each group in sealable bag for easy 
distribution to each group.  
 
Lesson Presentation: 

1. Place students in pre-determined groups (or allow them to select a partner or work 
in a small group of up to 4 members per group). 

2. Engage the students by asking them to think about what design work has to be 
considered for astronauts landing on the moon, another planet, and/or returning to 
Earth.  Show a video clip of a Soyuz space capsule (a Russian manned spacecraft) 
landing.  (An animation is available at http://www.bbc.co.uk/news/science-
environment-15831296.  Actual landing footage is available at the following sites: 
http://www.nasa.gov/multimedia/videogallery/index.html?media_id=90508051, 
http://www.bbc.co.uk/news/science-environment-14946556, and 
http://www.reuters.com/video/2011/09/16/safe-landing-for-soyuz-space-
capsule?videoId=221598288.   

3. Allow students to share their reaction to the landing and discuss design 
considerations.  Tell the students that although soft landing rockets help reduce 
acceleration of the Soyuz capsule right before it hits the ground (which helps to 
explain much of the dust that flies through the air), it is still a rather rough 
landing.  NASA astronaut Mike Fossum, who was part of the International Space 

http://www.bbc.co.uk/news/science-environment-15831296�
http://www.bbc.co.uk/news/science-environment-15831296�
http://www.nasa.gov/multimedia/videogallery/index.html?media_id=90508051�
http://www.bbc.co.uk/news/science-environment-14946556�
http://www.reuters.com/video/2011/09/16/safe-landing-for-soyuz-space-capsule?videoId=221598288�
http://www.reuters.com/video/2011/09/16/safe-landing-for-soyuz-space-capsule?videoId=221598288�
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Station (ISS) crews of Expedition 28 and 29, said that landing in a Soyuz is 
"definitely like a car crash. It's like getting rear ended - your head is spinning." 

4. Ask the students if the landing design and process used for the Soyuz space 
capsule to land on land here on Earth would work for astronauts to land on the 
moon.  Confirm that the answer is no because there is no atmosphere on the moon.  
Due to the lack of atmosphere, there is no air, which is required for a parachute to 
operate successfully. 

5. Re-confirm or explain that one consideration for design involving landings of 
aircraft or spacecraft, whether on Earth or the moon, is shock absorbers.  
Although the moon has no air for a parachute to work, it does have gravity, which 
creates a need for shock absorbers.  Discuss the term “shock absorber” with the 
students.  Merriam Webster defines shock absorber as “any of several devices for 
absorbing the energy of sudden impulses or shocks in machinery or structures.”  As 
explained at wordIQ.com, a shock absorber “is a mechanical device designed to 
smooth out or dampen a sudden shock impulse and dissipate kinetic energy.  In a 
vehicle, it reduces the effect of traveling over rough ground.  Without shock 
absorbers, the vehicle would have a bouncing ride.” 

6. Show students 2 large marshmallows.  Tell the students that the marshmallows 
represent astronauts.  Show the students the small cup.  Tell the students that the 
cup represents the astronauts’ lander.  Place the 2 marshmallows in the cup.  Ask 
the students to predict the result of simulating a landing by holding the cup about 
eye level and dropping it.   

7. Drop the “lander” containing the “astronauts.”  Discuss what happened and why.  
(Gravity caused the lander to fall to the floor.  The rate at which the object falls 
to the floor increases as it descends.  The shock of the landing transferred too 
much energy to the astronauts, causing them to be ejected from their lander.) 

8. Explain to the students that they will participate in a design challenge today.  Their 
challenge is to modify the lander in such a way that it helps absorb the shock of the 
landing and results in the astronauts staying inside the cup. 

9. Provide the details and restrictions for the project: 

• The 2 large marshmallows must be placed inside the cup; nothing else may be 
placed inside the cup. 

• Nothing can be placed over any portion of the top of the cup. 

• (Display the individual materials as you mention them.)  The additional 
materials that the students have available to use to help construct the 
lander are 1 piece of stiff paper/cardboard, 3 index cards, 10 miniature 
marshmallows, 3 rubber bands, 8 plastic straws, scissors, and tape. 

• Test drops must be made from about eye level (or other designated distance 
from the floor). 
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• (optional) Instruct groups (or individual students) to keep a journal page 
during the activity.  Explain that journaling is a valuable tool for engineers as 
they prepare and test designs to solve complex problems and meet 
challenges.  Students/groups should record their initial brainstorming ideas, 
sketch their actual designs, and include test results of each landing attempt 
on their journal page.  They should indicate (with both sketches and words) 
the modifications they make to address problems with a previous lander’s 
performance. 

10. While distributing the materials, give the students some tips/clues as they get 
ready to begin their challenge: 

• Think springs and cushions.  What kind of shock absorber can you make from 
these materials that can help soften the landing? 

• If you make the shock absorber device(s) too “springy,” it might cause too 
much bouncing that would result in causing the astronauts to bounce out of 
the cup. 

• How will you make sure the lander doesn’t tip over as it falls through the 
air? 

11. Designate the amount of time the students have to design and test.  Tell them that 
if they test a design that proves successful, they need to make sure it can be 
successful at least 3 times in a row.   

12. Designate the amount of time the students have to work and monitor the class 
during the activity.  If needed, show the students the accordion-style index card to 
give them an idea of how to create a shock absorbing device. 

13. After the designated time, allow partners and/or groups to share their design with 
the class and explain why it was or was not successful in meeting the challenge. 

14. Facilitate a class discussion using some or all of the following discussion questions 
(or provide each group with a discussion question to answer): 

• What kind of shock absorbers were or could be made from the materials to 
help soften a landing? (Mini-marshmallows can serve as soft footpads. Cards 
can be folded into springs. Straws can provide a flexible structure. Rubber 
bands can flex and hold things together.) 

• How did you make sure the lander didn’t tip over as it fell through the air? 
(Making the parts below the platform weigh more than the parts on the top 
helps the lander fall straight down. Also, it helps to evenly distribute the 
weight on top of the platform.) 

• What forces affected your lander as it fell? (It accelerated [sped up] as it 
fell due to the pull of gravity. Air also pushed on it, and this air resistance 
slowed it down.) 
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• After testing, what changes did you make to your lander? Did your 
modifications improve the lander design and enable your design to meet the 
challenge? (Answers will vary.) 

• Engineers’ early ideas rarely work out perfectly. How does testing help them 
improve a design? (Testing helps you see what works and what doesn’t. 
Knowing this lets you improve a design by fixing the things that aren’t 
working well or could work even better.) 

• What did you learn from watching others test their landers? (Answers will 
vary.  In general, students will see that there are many ways to successfully 
tackle a challenge.) 

• The moon is covered in a thick layer of fine dust. How might this be an 
advantage? A disadvantage? (If the dust layer is soft, it would help cushion 
a landing; however, if it is too soft, a lander could sink into it and get stuck. 
Also, the lander’s rocket engine could send up clouds of dust, which could get 
into the machinery and cause it to jam or malfunction.) 

• The moon has no atmosphere.  Do you think you would need to modify your 
lander to land softly on the moon’s surface?  Why or why not?  If you think 
you would need to modify your lander to land softly on the moon’s surface, 
what modifications might you make?   (Answers will vary.) 

 
Summarization: 
Use the background information to review key science terms, and discuss lessons learned 
from this activity.  Explain that landing on the moon or another planet is tricky.  There are 
many factors to consider.  A spacecraft can go as fast as 18,000 miles per hour (29,000 
km/hour) on its way to another celestial body, and to land, it needs to slow down.  Then, it 
needs to land gently.  Gathering information, planning, testing, and making modifications 
based on test results are crucial in the process of designing successful landers, as well as 
any other type of machinery. 
 
Career Connection: (from http://www.onetonline.org/ and http://www.careerbuilder.com) 
 

Aerospace Engineer – engineering duties to include designing, constructing and testing 
aircraft, missiles, and spacecraft. Sample job titles include Aerospace Engineer, Flight 
Test Engineer, Design Engineer, Systems Engineer, Structures Engineer, Test Engineer, 
Aeronautical Engineer, Aerospace Stress Engineer, Avionics Engineer, and Flight Systems 
Test Engineer. 
 

Materials Scientist – researches and studies the structures and chemical properties of 
various natural and synthetic or composite materials, determines ways to strengthen or 
combine materials or develop new materials with new or specific properties for use in a 
variety of products and applications.  Sample job titles include Research Scientist, 
Materials Research Engineer, Development Engineer, and Product Development Manager.   
 

http://www.onetonline.org/�
http://www.careerbuilder.com/�
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Aerospace Stress Engineer – leads structural analysis activities to support the design and 
certification of the aerospace structure, evaluates structural integrity using established 
analysis methods and computer tools, coordinates with other engineering groups, provides 
formal documentation of analysis, ensures product meets specific requirements, develops 
solutions to a variety of complex technical problems.  This position typically requires a 
degree in aerospace, mechanical, or civil engineering (or a similar discipline). 
 
Evaluation:   

• Teacher observation 
• Construction of lander 
• Individual student or group journal sheet (optional) 

 
Lesson Enrichment/Extension:  

• Have a “how high can you go” contest.  Have kids drop their landers from 2 feet. 
Eliminate all landers that bounce out their “astronauts.” Next, raise the height to 3 
feet. Continue in this fashion until a winner emerges. You can also increase the 
challenge by having kids add a third marshmallow “astronaut” to their cups. 

• Test springs of different sizes.  Have kids see if the number of folds in an index 
card makes a difference in the amount of force the spring can absorb. Have them 
fold index cards with 2, 4, and 6 folds. Have them test to see how much of a 
difference these different springs make in how softly a lander touches down. 

• Compare and contrast the Russian and American manned spacecraft landings on 
Earth by showing students how the American capsules landed in the 1960s and 
1970s.  (They landed in the ocean.)  Video footage of Mercury 9 splashing down is 
available at http://www.gettyimages.co.uk/detail/video/mercury-atlas-9-capsule-
splashdown-into-ocean-with-stock-video-footage/143575398; Gemini 11 splashdown 
footage is available at http://www.youtube.com/watch?v=yPAYLg7TPrs; and go to 
http://www.youtube.com/watch?v=E-Vd75Ptg9I to view Apollo 15’s splashdown.   
 

Associated Websites: 
• NASA astronaut Mike Fossum recalls his ISS experiences (to include landing in the 

Soyuz spacecraft) 
http://www.nasa.gov/centers/dryden/news/X-
Press/fossum_recalls_iss_experiences.html  

• Details about the Soyuz capsule and landing 
http://www.nasa.gov/mission_pages/station/structure/elements/soyuz/landing.html  

• Animation of Apollo 11 mission (about 4.5  minute video) 
http://www.youtube.com/watch?v=8VvfTY-tVzI  

• Lunar Reconnaissance Orbiter (LRO) Mission Page 
http://www.nasa.gov/mission_pages/LRO/main/  

• Lunar Crater Observation and Sensing Satellite (LCROSS) Mission Page 
http://www.nasa.gov/mission_pages/LCROSS/main/  

http://www.gettyimages.co.uk/detail/video/mercury-atlas-9-capsule-splashdown-into-ocean-with-stock-video-footage/143575398�
http://www.gettyimages.co.uk/detail/video/mercury-atlas-9-capsule-splashdown-into-ocean-with-stock-video-footage/143575398�
http://www.youtube.com/watch?v=yPAYLg7TPrs�
http://www.youtube.com/watch?v=E-Vd75Ptg9I�
http://www.nasa.gov/centers/dryden/news/X-Press/fossum_recalls_iss_experiences.html�
http://www.nasa.gov/centers/dryden/news/X-Press/fossum_recalls_iss_experiences.html�
http://www.nasa.gov/mission_pages/station/structure/elements/soyuz/landing.html�
http://www.youtube.com/watch?v=8VvfTY-tVzI�
http://www.nasa.gov/mission_pages/LRO/main/�
http://www.nasa.gov/mission_pages/LCROSS/main/�
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Sample marble carriers showing 
parts and two possible solutions: 
1) An opening  2) a platform 

 

On Target Challenge 
 
Lesson Reference: http://www.nasa.gov/pdf/418005main_OTM_On_Target.pdf   
 
Objectives: 

• Students will modify a paper cup to zip down a 
line and drop a marble onto a target.  

• Students will apply the engineering design 
process. 

• Students will evaluate and improve their design 
based on testing results. 

 
National Standards:    
Science  

• Content Standard A:  Science as Inquiry 
o Abilities necessary to do scientific inquiry 
o Understandings about scientific inquiry 

• Content Standard B:  Physical Science 
o Structure and properties of matter 
o Motions and forces 
o Interactions of energy and matter 

• Content Standard E:  Science and Technology 
o Abilities of technological design 

 

Math 
• Expressions and Equations 

o Solve real-life and mathematical problems 
using numerical and algebraic expressions and equations 

o Understand the connections between proportional relationships and lines 
 

ISTE NETS Technology Standards 
• Creativity and Innovation 

o apply existing knowledge to generate new ideas, products, or processes 
o create original works as a means of personal or group expression 
o use models and simulations to explore complex systems and issues 
o identify trends and forecast possibilities 

• Communication and Collaboration 
o develop an understanding of engineering design 
o ability to apply the design process 

• Critical Thinking, Problem Solving, and Decision Making 
o Identify and define authentic problems and significant questions for 

investigation 
o Plan and  manage activities to develop a solution or complete a project 

Lesson 14 

http://www.nasa.gov/pdf/418005main_OTM_On_Target.pdf�
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o Collect and analyze data to identify solutions and/or make informed 
decisions 

 
Background information: 
Key science terms related to this lesson: 

• Newton’s First Law — As the delivery system travels down the zip line, the marble 
builds up a forward speed. Once launched, it will keep going at that speed until a 
force acts on it, such as hitting the ground. 

• Acceleration — Due to Earth’s gravitational pull, the marble’s speed increases as it 
falls. 

• Vectors — Marble’s motion has both a horizontal and a vertical component, and 
these motions can be represented in a vector diagram. 

• Trajectory — When an object that is already moving horizontally is dropped (like a 
marble dropped from a cup moving down a zip line), it travels in a curved path, called 
a trajectory. 

• Potential and kinetic energy — Marble’s stored (potential) energy changes to motion 
(kinetic) energy as it falls. 

 
The most common misconception of Newton’s first law is the idea that sustaining motion 
requires a continued force. Students should have opportunities to investigate the effects 
of net forces on objects prior to or after the challenge. A net force (an unbalanced force) 
causes an acceleration of an object; the acceleration is in the same direction as the net 
force. For example, slide a book across a table and watch it slide to a rest position. The 
book in motion on the table top does not come to a rest position because of the absence of 
a force; rather it is the presence of a force―that force being the force of friction―that 
brings the book to a rest position. In the absence of a force of friction, the book would 
continue in motion with the same speed and direction 
forever (or at least to the end of the table top). 
 
Materials: 

• (optional) computer with Internet access and 
projector  

per group 
• Index card 
• Marble 
• Masking tape 
• 2 paperclips 
• 1 medium-sized paper cup 
• Scissors 
• String (amount TBD by group) 

 
• (optional) paper and pencil for 

journaling 
per zip line 

• 9 feet (3m) of smooth line (e.g., 
fishing line of kite string) 

• Target (drawn or printed on a piece of 
paper) 
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Artist’s rendering of the LCROSS 
spacecraft and Centaur separation 

 

Source:  NASA 

Advance Lesson Preparation:  
You may wish to consider pre-arranging the students into 
cooperative groups of 3 or 4 members per group.  Identify work 
areas for the small groups.  Have several zip lines set up in the 
room.  Consider a ratio of 1 zip line per 3 groups.  You may use 2 
chairs (as shown in the illustration to the left) or a table and a 
chair to help secure the ends of the zip line.  Make sure the line 
is stretched tight and that one end is about 20 inches (50 cm) 
below the other.  Place the target at least a few inches from the 

end of the zip line.  Modify a cup using tape and a paper-clip so that it will slide down a zip 
line.  (See the illustration on the first page of this lesson.)  Finally, you may wish to place 
the design materials for each group in sealable bag for easy distribution to each group.  
 
Lesson Presentation: 

1. Ask students to brainstorm reasons why 
spacecraft would need to land at a specific place on 
a moon, planet, or asteroid.  (safety, financial 
limitations, research, rescue, etc.) 

2. Tell the students that in 2009, NASA launched the 
Lunar Crater Observation and Sensing Satellite 
(LCROSS).  The purpose of the LCROSS mission 
was to confirm the presence or absence of water 
ice in a permanently shadowed crater near a lunar 
polar region.   Ultimately the upper stage of the 
Atlas-Centaur rocket that launched LCROSS 
impacted the moon in a dark crater (as planned), 
resulting in a plume of dust and gas over 6 miles (10 
km) high.   The LCROSS spacecraft flew through the debris to collect and transmit 
information before finally also impacting the lunar surface.  When it impacted the 
moon, the Lunar Reconnaissance Orbiter (LRO), which had also been launched with 
LCROSS, flew over both impact sites to collect and transmit scientific information. 
   

Mission Results for LCROSS and LRO: Water molecules were discovered on the 
moon.  The missions found evidence that the lunar soil within shadowy craters is 
rich in useful materials, and the moon is chemically active and has a water cycle.  
Scientists also confirmed the water was in the form of mostly pure ice crystals in 
some places. 

 

(Optional) Show the students an animation and explanation of the mission at 
http://science.kqed.org/quest/video/lcross-animation-web-only/.  The video is 
about 5 minutes in length. 

 

3. Explain that in order to accomplish missions such as LCROSS or other missions that 
require a landing, a specific target is needed.  For example, the selected impact site 

http://science.kqed.org/quest/video/lcross-animation-web-only/�


 

158 
 

for the LCROSS mission had to meet criteria such as: permanently shadowed crater 
with flat and smooth terrain, ability of lunar ejecta to be illuminated by the sun, 
and ability to observe from Earth.  (The chances of finding ice at the bottom of a 
deep, dark, cold place were much better than finding it at the moon’s surface, 
where the sun shines brightly on the soil, vaporizing any ice.) 

4.  Turn students’ attention to a zip line in the room.  Hang the cup on the zip line 
(assembled as shown on the first page of this lesson plan).  Show the students how 
the cup can travel down the zip line. 

5. Introduce the design challenge by telling the students that they will turn a paper 
cup into something that can travel down a zip line and drop a marble onto a target.  
Just as the success of LCROSS depended on hitting the crater exactly, success in 
today’s activity depends on being able to hit the target accurately and consistently.  
Tell the students that as they test their design, they will find ways to make it work 
better.  Improving a design based on testing is called the engineering design 
process. 

6. Arrange students in groups (or allow students to form small teams of 3-4 members 
per team) and distribute the materials to the students.  Review the materials 
available to the students for the challenge. 

7. Go over some design tips and questions that the groups need to consider: 
• Your group can design the cup to travel down the zip line like the one 

demonstrated, but you are not limited to that design. 

• How will your group modify the cup so it can carry the marble down the zip 
line?  Will the marble “ride” inside the cup or outside the cup on its way 
toward the target? 

• Depending on where you choose to place the marble, that will determine 
other modifications you will make to the cup. 

• All delivery systems will most likely need a way to tip the cup at the right 
instant.  You may attach string to the cup to tip the cup at some point as it 
travels down the zip line.  A member of your team will stand near the top of 
the zip line, holding one end of the string.  When you think your cup needs to 
be tipped, you will jerk the string. 

• (optional) Instruct groups (or individual students) to keep a journal page 
during the activity.  Explain that journaling is a valuable tool for engineers as 
they prepare and test designs to solve complex problems and meet 
challenges.  Students/groups should record their initial brainstorming ideas, 
sketch their actual designs, and include test results of each target landing 
attempt on their journal page.  They should indicate (with both sketches and 
words) the modifications they make to address problems with a previous 
delivery system’s performance. 
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8. Designate the amount of time the students have to design and test.  Tell them that 
if they test a design that proves successful, they need to make sure it can 
successfully complete the challenge at least 3 times in a row.   

9. Designate the amount of time the students have to work and monitor the class 
during the activity.     

10. After the designated time, allow partners and/or groups to share their design with 
the class and explain why it was or was not successful in meeting the challenge. 

11. Facilitate a class discussion using some or all of the following discussion questions 
(or provide each group with a discussion question to answer): 

• What parts of your design were most important in getting the marble to hit 
the target?  (Getting the marble to eject cleanly from the cup and the 
timing of release are important.) 

• After testing, what changes did you make to your cup? (Answers will vary.) 

• Describe the way your marble moved after you ejected it. (It moved both 
downward and forward. This combination produced a curved path called a 
trajectory.) 

• Newton’s First Law states that an object in motion continues in straight-line 
motion until acted on by a force. How did today’s activity demonstrate 
Newton’s First Law? (As it traveled down the zip line, the marble built up 
speed. Once launched, it kept going at that speed until a force, such as 
gravity pulling it down or the floor stopping it, acted on the marble.) 

 
Summarization: 
Review the science terms related to this lesson.  (See background information.)  Explain to 
the students how this challenge is similar to NASA’s LCROSS mission to the moon.  (Both 
the student groups and NASA devised a system that caused something to crash into a 
surface.  Also, both setups had a remote triggering device, although LCROSS’s was radio 
controlled. Finally, both the marble and the spacecraft have a forward and downward 
component to their motion.) 
 
Career Connection: (from http://www.onetonline.org/  and 
http://www.egyptianspaceman.net/want-to-be-a-space-scientist/various-job-descriptions/) 
 

Aerospace Engineer – engineering duties to include designing, constructing and testing 
aircraft, missiles, and spacecraft. Sample job titles include Aerospace Engineer, Flight 
Test Engineer, Design Engineer, Systems Engineer, Structures Engineer, Test Engineer, 
Aeronautical Engineer, Aerospace Stress Engineer, Avionics Engineer, and Flight Systems 
Test Engineer. 
 

Materials Scientist – researches and studies the structures and chemical properties of 
various natural and synthetic or composite materials, determines ways to strengthen or 
combine materials or develop new materials with new or specific properties for use in a 

http://www.onetonline.org/�
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variety of products and applications.  Sample job titles include Research Scientist, 
Materials Research Engineer, Development Engineer, and Product Development Manager.   
 

Planetary Scientist – conducts scientific analysis of data acquired from space missions, 
acts as an important member in designing space missions, and assists with designing 
instruments by cooperating with the space engineers.  A planetary scientist usually grasps 
the basics of all of the following fields, with a strong background in at least one:  geology, 
chemistry, physics, biology, and computer science. 
 
Evaluation: 

• Teacher observation 
• Construction of lander 
• Individual student or group journal sheet 

(optional) 
 
Lesson Enrichment/Extension: 

• Analyze an object’s motion as it follows a trajectory.  To show that an object’s 
speed is constant as it follows a trajectory (a curved path), take a video of the 
marble falling from the cup. Play it back on a TV or computer one frame at a time. 
Tape a transparency to the TV or computer screen, and make marks from frame to 
frame, measuring the horizontal distance traveled by the marble each time. Kids 
will see that the distance traveled in each frame is constant. Alternatively, have 
your kids try the Projectile Motion interactive at www.teachersdomain.org. Type 
“projectile motion” into the Teachers’ Domain ‘search’ box. 

• Place the target in a different location underneath the zip line or a little to the left 
or right of the zip line and allow students to try the challenge again with the new 
target location. 

 
Associated Websites: 

• LCROSS Overview 
http://www.nasa.gov/mission_pages/LCROSS/overview/index.html  

• LCROSS and LRO mission results 
http://www.nasa.gov/centers/ames/news/releases/2010/10-89AR.html  

• Additional LCROSS and LRO resources (including music, posters, and fact sheets) 
http://lcross.arc.nasa.gov/impactkit/index.htm  

 
 
 
 
 
 
 

 
Source:  http://lcross.arc.nasa.gov/impactkit/downloads/2-Impact/Poster.pdf 
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          From Slinkys® to Spaceships    
              Sensing Sound Waves 
 
Lesson Reference: CAP’s AEX I, vol. 2 
 
Objectives: 

• Students will interpret and draw a visual image of how sound travels. 
• Students will define compression and rarefaction. 
• Students will experiment with sound travel. 
• Students will design an experiment related to sound. 
• Students will explain the overall concept of sound energy. 

 
National Science Standards: 
Science  

• Unifying Concepts and Processes  
o Evidence, models and explanation 

• Content Standard A:  Science as Inquiry 
• Content Standard B:  Physical Science 

o Transfer of energy  
• Content Standard E:  Science and Technology 

o Abilities of technological design 
 

ISTE NETS Technology Standards 
• Critical Thinking, Problem Solving, and Decision Making 

 
Background Information: 
Sound is produced when a force causes an object or substance to vibrate.  Students often 
have difficulty visualizing how sound travels. It is particularly tricky to picture the series 
of compressions (molecules closer together) and rarefactions (molecules farther apart) 
that occur as the sound moves away from its source at a rate of 1100 feet per second. The 
speed of sound, at sea level, on a standard day is close to 761 miles per hour (1100 feet 
per second), and it changes with temperature and altitude.   
 
Sound waves are longitudinal waves (the motion of the medium is in the same direction as 
parallel to the motion of the wave).  Sound waves are produced by variations in air 
pressure. A vibrating source pushes molecules in air back and forth, creating areas of 
compression (regions where air particles are compressed together) and rarefaction 
(regions where air particles are spread apart).  When a molecule moves, it collides with the 
next molecule and makes it move too.  The energy of a sound wave travels away from the 
source through a series of molecule collisions parallel to the direction of the wave.  As a 
sound wave moves through a substance, the energy of the wave diminishes as the distance 
traveled increases.   
 

Lesson 15 
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A sound wave’s speed depends on the material through which it travels.  Sound travels 
faster through liquids and solids than through gases.  The denser the medium (material or 
substance) through which sound travels, the faster the sound wave travels.  This is 
because molecules in dense matter are closer together.  Sound travels slowest through a 
gas medium because the molecules are farther apart. Unlike light waves, sound cannot 
travel through a vacuum, such as the vacuum of space. 
 
The International Space Station’s Expedition 7 crew studied sound by conducting an 
experiment using a bamboo musical instrument from Hawaii called a Pu’ili.  The Pu'ili is a 
piece of bamboo split into narrow strips that vibrate when the instrument is tapped 
against its surface. On orbit, the crew members played the Pu’ili to see if the vibrations 
and sounds produced in a microgravity environment are similar to the vibrations and sounds 
produced on Earth.  This demonstration will be used in future educational products from 
NASA. 
 
A great way to demonstrate how sound travels is to use a Slinky toy.  Hold the Slinky in 
two hands while the Slinky rests on a table.  With either the left or right hand, snap it and 
you will see a compression (coils close together) followed by a rarefaction (coils spread 
out).  To make an even better image, have another person hold the other end of the Slinky 
at least two or three feet away while the Slinky rests on a table.  The compressions and 
the rarefactions will continue to follow each other until all of the energy is expended. This 
is a great visual demonstration of how sound travels and makes a lasting impression on 
students.   
 
Materials:  

• Slinky toy 
• Metal coat hanger 
• 2 pieces of heavy string  

(60 cm long) 
• Metal spoon 
• Plastic spoon 
• Wooden spoon 
• Triple beam balance (or pan balance) 
• Spool of heavy string to experiment with different lengths 
• Data collection sheet 

 
Lesson Presentation: 

1. Ask the students the engaging question, “Would you hear a spaceship fly by?” 

2. Discuss this as a class and let the students share their background knowledge of 
how sound travels. 

Show the short NASA Brain Bite, “Would You Hear A Spaceship Fly By?” (available 
at http://brainbites.nasa.gov/#/hear-spaceship-fly-by), to provide students with 
background information regarding how sound travels. 

compression 
rarefraction 

http://brainbites.nasa.gov/#/hear-spaceship-fly-by�
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3. Use the Slinky to demonstrate the visual aspect of sound traveling following the 
directions described in the Background Information of this lesson. 

4. Discuss with the students the terms compression and rarefaction and point out the 
examples of both using the Slinky. 

5. Explain that the students are going to experiment to see how sound travels, as well 
as what material produces the loudest sound. 

6. Divide the students into partners. 

7. Have each pair take a metal coat hanger and tie a piece of heavy 
string to each side so that the curved hook hangs down. 

8. Instruct one of the students to wrap one end of a piece of the string around 
his/her index finger and the other end of the other piece of string around the 
index finger of the other hand.  Then, let the hanger swing back and forth and hit 
against a desk or table. Have the students listen to the sound produced. 

9. Have the student put the index fingers that the string is wrapped around in his/her 
ears and hit the hanger against a desk or table again.  Then, that student should 
allow his/her partner to do the same. 

10. Have them record how the sound is different as well as what they think causes the 
sound to be different on their data collection sheet. 

11. Pass out a metal, wooden, and plastic spoon to each of the pairs. Ask the students 
to create a hypothesis as to which type of spoon will produce the loudest sound. 

12. Have the students find the mass of each one of the spoons using a triple beam 
balance scale and record it on the chart provided. 

13. Next, repeat the above steps (steps 7-10) using a metal spoon instead of the 
hanger.  Compare the sounds of the spoon with the hanger stating how they were 
alike and different as a class. 

14. Again, repeat steps 7-10 using a plastic spoon and then a wooden spoon.  Create a 
chart to compare the loudness of the sounds made with each of the spoons: metal, 
plastic, and wooden. 

15. Next, write a conclusion by choosing the spoon that made the loudest sound in the 
above experiment explaining the relationship discovered between mass and sound. 

16.  Use that type of spoon (loudest sound) to continue the experiment and determine 
if the length of string impacts the sound produced.  Design an experiment and 
record the findings by attaching it to the data collection sheet. 

17. Finally, have the students share their results with the class. Be sure to connect the 
lesson to the real world by discussing how sound relates to airplanes (sonic booms) 
and rockets.  See suggested website links (listed in the Associated Websites 
section) for short video clips to connect back to aerospace. 
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Summarization: 
 Because sound travels faster in solids than in gases (such as air), the sound is faster and 
louder when you put your fingers in your ears.  The sound traveling through the string is 
much louder because most of the wave energy is directed through the string only and not 
dissipated in the surrounding air. The more rigid a substance, the faster sound travels 
through it; therefore, the sound should be the loudest with the metal spoon of the three 
spoon types.  The length of the string changes the pitch of the sound.  The shorter the 
string, the higher the pitch produced and the longer the string, the lower the pitch.  This 
relates to how a stringed instrument is played, like a guitar or a violin. 
 
Career Connection: 
Acoustical Engineer - The term acoustics is defined as “the scientific study of sound and 
how the qualities of space affect sound to transmit well or poorly.”  Acoustical engineers in 
the field of aerospace use science and math to research and develop methods to control 
noise, such as noise caused by propellers, engines, and rockets.  Acoustical engineers must 
have good communication and teamwork skills.  For more information, visit 
http://www.ehow.com/how_5955892_become-acoustical-engineer.html and http://education-
portal.com/articles/Acoustic_Engineer_Job_Description_and_Requirements_for_a_Career_in
_Acoustic_Engineering.html.   
 
Evaluation:   

• Data Collection Sheet 
• Teacher observation 

 
Lesson Enrichment/Extension:  

• Try having the sound travel through different types of materials.  Replace the 
string with yarn, metal wire, or thinner string.  Remember to keep the amount of 
force that you exert to strike the object the same each time as this is a controlled 
variable.  You should also keep the length of the string the same and only choose 
one type of spoon to conduct the experiment. 

• Have the students experiment to find out what happens if a person touches the 
string after the object hanging from it has been tapped.  Why does this happen? 

• Students can calculate the speed of sound and Mach number for different planets, 
altitudes and speed. The link connects to a calculator where the students can 
determine the Mach number of a rocket at a given speed and altitude on Earth or 
Mars.  http://www.grc.nasa.gov/WWW/K-12/airplane/sound.html  (Advanced) 

• Engage in a sound experiment using a ruler.  The lesson plan is available at 
http://www2.gi.alaska.edu/volcanoes_alive/Lessons/VA%20Unit%207/7_13Waves_
We_Measure.pdf.  

• Students could investigate a career in noise mitigation, which is the reduction of 
“noise pollution.”  The class could divide into teams and each try to solve a common 
noise pollution issue decided upon by the class.  An example may be to assist 
homeowners with reduction in noise pollution caused by a nearby busy highway, train 

http://www.ehow.com/how_5955892_become-acoustical-engineer.html�
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system, airport, or concert hall.  Another example would be to assist in solving a 
medical condition called tinnitus, wherein a person has constant ringing in the ears. 
The teams would have to research the exact problem to determine the best path 
toward solving the problem.  Each team could decide whether or not they would use 
the process of sound masking or soundproofing.  After completion of the project, 
either by report and/or by model, the teams should share their research and 
outcome with the rest of the class, describing the process and materials they used 
to abate the noise pollution problem.  

• Allow students to investigate the sound insulating properties of different 
materials. Thinking and acting like engineers, students use the design process to 
find the most effective and cost efficient combination of materials to suppress 
sound.  The complete lesson plan, which includes using NASA eClips video segments, 
is available at http://www.nasa.gov/pdf/460831main_RW4-PolyimideFoam_508.pdf.     

 
Associated Websites: 

• NASA Brain Bites: Would You Hear a Spaceship Fly By?  
http://brainbites.nasa.gov/#/hear-spaceship-fly-by  

• NASA Brain Bites: What Is A Sonic Boom?  
 http://brainbites.nasa.gov/#/sonic-boom 

• NASA Brain Bites:  How Is A Guitar Like A Rocket? 
http://brainbites.nasa.gov/#/guitar-like-rocket 

• The NASA SCIence Files: Sound Waves  
http://scifiles.larc.nasa.gov/kids/Problem_Board/problems/sound/sound_waves2.html 

• NASA Connect:  Quieting the Skies  (This almost 30-minute video explores the 
research and study efforts applied towards acoustics and noise, especially that 
related to aircraft.  It introduces the students to the science of sound and involves 
students in observing, measuring, and interpreting data to determine what sound is, 
how it travels, and how to control sound.  Students will see how NASA engineers 
and scientists are designing airplanes to run as quietly as cars.  There is also an 
educator guide available to download.)  
http://nasa.ibiblio.org/details.php?videoid=6293&start=0&query=quieting&acti 

http://www.nasa.gov/pdf/460831main_RW4-PolyimideFoam_508.pdf�
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Source:  http://nasa.ibiblio.org/details.php?videoid=6293&start=0&query=quieting&acti 
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Name:  ____________________________ 
 

 
 

 
 
 

 
1.  Define the following. 
compression:  
___________________________________________________________________
___________________________________________________________________ 
rarefaction:  
___________________________________________________________________
___________________________________________________________________ 
 
2. Draw an illustration of a sound wave and label a compression and a rarefaction. 
 
 
 
 
 
 
 
3.  Describe the sound produced. 
Sound from hanging hanger from finger:  
___________________________________________________________________
___________________________________________________________________ 
Sound from hanging hanger against ear: 
___________________________________________________________________
___________________________________________________________________ 
 
4. What causes the sound to be different? 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
 
5. Create a hypothesis for which type of spoon will produce the loudest sound: metal, 
wooden, or plastic. 
___________________________________________________________________
___________________________________________________________________
__________________________________________________________________ 
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4. Complete the data collection chart below: 
 

Type of Spoon Mass (g) 
Metal  

Wooden  

Plastic  

 
5.  Create a chart in the space below to compare the loudness of the different types of 
spoons.  Be sure to include a rating scale. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6.  Discuss trends from the data collection charts. What do you notice about the mass of 
an object and the sound that it produces? Does the type of material matter in sound 
quality? 
___________________________________________________________________
___________________________________________________________________
__________________________________________________________________ 
  
7.  Write a conclusion for the experiment explaining the relationship discovered between 
mass and sound. 
___________________________________________________________________
___________________________________________________________________ 
 
8. On an attached sheet of notebook paper:  Design an experiment using the type of 
spoon you found to be the loudest to test out if the length of string impacts the sound 
produced.  Make sure to create a hypothesis, list materials and procedures, record and 
analyze data, and draw a conclusion. 
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Wiggly Wave Wonderings 
 
Lesson Reference: University of Virginia, Department of Physics and CAP’s AEX II, vol. 2 
 
Objectives: 

• Students will define and describe transverse and longitudinal waves. 
• Students will create a visual image of how waves travel. 
• Students will compare and contrast transverse and longitudinal waves. 
• Students will conduct an experiment exploring the two types of wave motion. 
• Students will identify examples of transverse and longitudinal waves. 

 
National Science Standards: 
Science  

• Unifying Concepts and Processes  
o Evidence, models, and explanation 

• Content Standard A:  Science as Inquiry 
• Content Standard B:  Physical Science 

o Properties and changes of properties in matter 
o Transfer of energy 

  

ISTE NETS Technology Standards 
• Critical Thinking, Problem Solving, and Decision Making 

 
Background Information:  
 

A wave is a disturbance that travels and transports energy through matter from one 
location to another without actually transporting matter itself.  Waves can be classified 
according to their ability (or inability) to transmit energy through a vacuum (empty space - 
no gas, liquid, or solid matter).  Another way to classify waves is by the direction the wave 
is traveling compared to the motion of the particles of the matter through which the wave 
is traveling.   
 
Mechanical and Electromagnetic Waves  
 (from http://missionscience.nasa.gov/ems/02_anatomy.html)  
 

Energy, a measure of the ability to do work, comes in many forms and can transform from 
one type to another.  Mechanical waves and electromagnetic waves are two important ways 
that energy is transported in the world around us.  Mechanical waves are caused by a 
disturbance or vibration in matter, whether solid, gas, liquid, or plasma. Matter that waves 
are traveling through is called a medium.  Electromagnetic waves differ from mechanical 
waves in that they do not require a medium to propagate. This means that electromagnetic 
waves can travel not only through air and solid materials, but also through the vacuum of 
space. 
 

Lesson 16 

http://missionscience.nasa.gov/ems/02_anatomy.html�
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Waves in water and sound waves in air are two examples of mechanical waves. Water waves 
are formed by vibrations in a liquid, and sound waves are formed by vibrations in a gas 
(air). These mechanical waves travel through a medium by causing the molecules to bump 
into each other, like falling dominoes transferring energy from one to the next. Sound 
waves cannot travel in the vacuum of space because there is no medium to transmit these 
mechanical waves.   
 
Longitudinal Waves (from http://www.physicsclassroom.com/class/waves/u10l1c.cfm) 
 A longitudinal wave is a wave in which particles of the medium move in a direction parallel 
to the direction that the wave moves. Suppose that a Slinky® is stretched out in a 
horizontal direction across the classroom and that a pulse is introduced into the slinky on 
the left end by vibrating the first coil left and right. Energy will begin to be transported 
through the Slinky from left to right. As the energy is transported from left to right, the 
individual coils of the medium will be displaced leftwards and rightwards.  In this case, the 
particles of the medium move parallel to the direction that the pulse moves. This type of 
wave is a longitudinal wave. Longitudinal waves are always characterized by particle motion 
being parallel to wave motion. 
 
 
 
 
 
 
 
 
 

http://stargazers.gsfc.nasa.gov/pdf/activities/science_activities/science_students/science_activity_02_sa.pdf 
 
 
Transverse Waves (from http://www.nasa.gov/pdf/468311main_9-
12HamPostActivities.pdf and http://saturn.jpl.nasa.gov/files/Waves.pdf) 
 

Transverse waves cause the particles of a medium to move perpendicular to the direction 
of the wave. In a Slinky, the spring is displaced up and down at right angles to the motion 
of the wave. Waves in piano and guitar strings are examples of transverse waves.  
 
 
 
 
 
 

 

 
 

http://stargazers.gsfc.nasa.gov/pdf/activities/science_activities/science_students/science_activity_01_sa.pdf 

http://www.physicsclassroom.com/class/waves/u10l1c.cfm�
http://stargazers.gsfc.nasa.gov/pdf/activities/science_activities/science_students/science_activity_02_sa.pdf�
http://www.nasa.gov/pdf/468311main_9-12HamPostActivities.pdf�
http://www.nasa.gov/pdf/468311main_9-12HamPostActivities.pdf�
http://saturn.jpl.nasa.gov/files/Waves.pdf�
http://stargazers.gsfc.nasa.gov/pdf/activities/science_activities/science_students/science_activity_01_sa.pdf�


 

171 
 

Simple, transverse waves travel through many different media. Examples include water 
waves, S-type earthquake waves, and all electromagnetic waves, from radio signals through 
light to x-rays and gamma rays. Similarly, longitudinal waves are common, from P-type 
earthquake waves to the sound waves we detect with our ears. These two types of waves 
can be easily demonstrated with a Slinky or equivalent coiled spring toy.  
 
Materials:  

• Slinky toys (enough for one per pair of students) 
• Data Collection Sheet 

 
Lesson Presentation: 

1. Engaging activity:  Have the students perform a “stadium wave” across the room.   

Wave directions: Start with all students seated.  Have one student 
(or row of students) begin by standing up, raising his/her arms, 
and then quickly sitting again.  As soon as the person (row) next to 
that student (that row) sees the former student (row) begin to be 
seated, he/she (or the next student row) should immediately 
repeat the process.  This continues until the wave reaches the last 
student (or row of students) or until you instruct the students to 
stop the wave action.    

Discuss if anyone is in a new position after the wave (they should not be).  Ask them 
how they moved during the wave (up and down). Discuss how the wave moved (either 
through a line of students or down/across each row of students). 

2. Choose 5 students to come to the front of the classroom and line up next to one 
another. Have the student on the end begin by bumping hips with the person next to 
him/her and passing it down the line. Again, discuss if anyone is in a new position 
after bumping (they should not be). The only difference is in the motion (side to 
side instead of up and down). 

3. Explain to students that a wave, in science terms, is defined as a disturbance that 
travels through a medium (material or substance/matter) and transfers/transports 
energy.  An energy transfer takes place when molecules transfer the energy of 
motion to other molecules and then return to their state of rest.  Refer to the 
demonstration of the 5 students who bumped hips.  Energy was transferred, but 
the students did not end up at a new location.  The medium through which the 
energy was transferred was the line of students, and each student made up an 
individual part (a molecule, for example) of the medium (the line of students).  
(Remind students that energy is the ability to do work or make change, and a few 
examples of different forms of energy include light, heat, sound, mechanical, and 
electrical.  Energy is at work whenever you detect motion, heat, light, or sound.  
Matter is defined as something that takes up space and has mass, which is the 
amount of material in an object.  Matter can be in the form of a solid, liquid, or 
gas.)   
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4. Tell the students that their demonstrations of the stadium wave and bumping hips 
demonstrate two different types of waves. 

Transverse:  Students (molecules in matter) moved up and down; wave moved 
forward across the row (perpendicular to up and down motion). 

Longitudinal: Students (molecules in matter) moved side to side; wave moved down 
the row (in the same direction as motion of matter). 

Reiterate that neither wave changed the original position of the students. 

5. Explain that the students are going to experiment to explore the two types of wave 
motion.  Divide the students into pairs or groups of 3 and distribute the data 
collection sheets. Also, give one Slinky to each group.  Instruct them to follow the 
directions on the form.  Monitor student activity and assist as needed.  (You may 
wish to discuss the terms pulse, frequency, and wavelength prior to the students 
experimenting with the Slinky.  The terms are discussed on the data sheet.) 

6. As a class, discuss student results or allow the partners to form small groups with 
other sets of partners to review and discuss their results. 
 

Summarization: 
The students should discover that when the Slinky is moved in an up and down fashion, it is 
demonstrating a transverse wave.  When the Slinky moves side to side, it is showing a 
longitudinal wave. The number of pulses (crests/compressions) generated will vary 
depending on how vigorously the Slinky is moved. In conducting the experiment, the 
students should discover that when the Slinky is moved rapidly, more pulses should occur, 
meaning that a higher frequency is achieved.  The more slowly someone moves the Slinky, 
the longer the wavelength and the lower the frequency.  As the frequency of a wave 
increases, the wavelength decreases. 
 

There are similarities between the production of a transverse wave and a longitudinal 
wave.  They each need some outside source of energy (hand movement in this experiment) 
to create the wave.  The energy of an outside source gets transferred into the material 
that carries the wave (the springs in this experiment).  The waves travel away from the 
source of energy creating them. 
 

There are differences between transverse and longitudinal waves.  The waves do not look 
the same.  The particles (coils) that carry the waves move in a different manner 
(perpendicularly vs. parallel to the direction that the wave is traveling).   
 

Sound waves and tsunami waves are examples of longitudinal waves.  If a guitar string is 
“played,” transverse waves are created in the string.  Dropping a rock into a pond creates 
transverse waves.  Earthquakes, on the other hand, can produce both transverse and 
longitudinal waves.  Another interesting example is light waves.  Light waves are transverse 
waves.  They do not need any particles through which to travel.  While sound waves cannot 
travel through space because it is a vacuum, light waves can.   
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Source: http://missionscience.nasa.gov/ems/02_anatomy.html  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Career Connection: 
Seismologist – A seismologist studies earthquakes caused by wave movements through the 
earth.  These vibrations may be caused naturally or by man-made explosions.  A 
seismologist uses math and science knowledge, and he/she must have excellent research 
and computer skills.  Some seismologists provide seismic surveys to help oil companies know 
where to drill for oil.  (Learn more about this at http://www.wisegeek.com/what-is-a-
seismic-survey.htm and http://www.ehow.com/how_5605041_job-seismic-oil-exploration-
company.html.)  A seismologist falls into the broader category of geophysicist careers; 
however, more specific seismologist job titles include marine seismologist and deep earth 
seismologist.  To learn more, visit http://www.marinecareers.net/field_seismology.html, 
http://www.winentrance.com/career_courses/Seismology-Earthquake-Engineering.html, 
and http://www.seismosoc.org/society/education/careers.php. 
  
Evaluation:   

• Data Collection Form 
• Teacher observation 

 
Lesson Enrichment/Extension:  

• Extend the experiment by having the students count the pulses for longer amounts 
of time and divide to find the frequency accordingly. 

• Investigate transverse waves more thoroughly with this NASA lesson 
http://stargazers.gsfc.nasa.gov/pdf/activities/science_activities/science_student
s/science_activity_01_sa.pdf 

• Investigate longitudinal waves more thoroughly with this NASA lesson 
http://stargazers.gsfc.nasa.gov/pdf/activities/science_activities/science_student
s/science_activity_02_sa.pdf 
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Source: CAP’s AEX II, vol. 2  

Associated Websites and/or Literature: 
• Information about mechanical and electromagnetic waves, as well as transverse, 

longitudinal, and surface waves 
http://www.physicsclassroom.com/class/waves/U10L1c.cfm 
http://www.differencebetween.net/science/difference-between-mechanical-and-
electromagnetic-waves/   

• Slinky Physics- incorporating waves with physics in toys 
http://www.reachoutmichigan.org/funexperiments/agesubject/lessons/newton/slin
k.html 
http://stargazers.gsfc.nasa.gov/pdf/activities/science_activities/science_teacher
s/science_activity_02_t.pdf  

• Great background information on sound 
http://www.explainthatstuff.com/sound.html 

• Interactive lessons from the University of Salford explaining sound waves and 
showing how they behave through animated videos 
http://www.acoustics.salford.ac.uk/feschools/index.htm 

• The Science of Sound  by Thomas D. Rossing, Paul A. Wheeler, and F. Richard 
Moore. Addison Wesley, 2002.  

 
 
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

wavelength 

compression 
rarefraction 
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Name:  ____________________________ 
 

 
 

 
 
 
 

1.  Have one person hold one end of the Slinky® on the floor (or table).  The person 
at the other end should take his/her end of the Slinky and quickly move it up 
(keeping it in contact with the floor or table) and back to its original position. 
What kind of wave is generated? Explain your thinking. 
______________________________________________________________ 
 

______________________________________________________________ 
 

2.  Place the Slinky on the floor (or table).  Have one person hold one end of the 
Slinky on the floor while the other pushes his/her end of the Slinky toward his/her 
partner and pulls it back to its original position.  What kind of wave is generated? 
Explain your thinking.  
______________________________________________________________ 
 

______________________________________________________________ 
 

3. Make transverse or longitudinal waves for 10 seconds.  Make the waves such that 
they move slowly down the Slinky.  How many pulses (compressions or crests – 
refer to pictures on the next page) were felt/seen at the other end? ________ 
 

4. Make transverse or longitudinal waves for 10 seconds such that they move more 
quickly down the Slinky.  How many pulses were felt/seen at the other end?  ____ 
 

5. Describe the scenario (slowly or rapidly moving the end of the Slinky) that 
produces the most pulses (compressions or crests ) in the Slinky in the 10-second 
time limit. Explain why you think this happens. 
______________________________________________________________ 
 

______________________________________________________________ 
 

______________________________________________________________ 
 

6. The number of crests (or compressions) that move past a certain point in one 
second is called the frequency (f) of the wave.  Calculate the frequency of the two 
waves generated in # 3 and #4.  To do this, divide the number of pulses 
(compressions or crests) by 10 for each wave.  
 

     Frequency of slow traveling transverse waves: ___________ 
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     Frequency of fast traveling transverse waves: ___________ 
 

7.  Which had the higher frequency (slow or fast traveling waves)? ____________ 
 
8.  The distance between two consecutive crests (or troughs) is called the 
wavelength.  Which had a longer wavelength:  slow traveling transverse waves or 
fast traveling transverse waves?  ________________________________ 
 
9.  Which had a longer wavelength:  the wave with the higher or lower frequency? 
_____________________________ 
 
10.  Write a conclusion stating the definition of the two types of waves: 
longitudinal and transverse.  Make sure to identify the difference between the two 
kinds of waves and include the terms frequency and wavelength in your answer. 
 

______________________________________________________________ 
 

______________________________________________________________ 
 

______________________________________________________________ 
 

______________________________________________________________ 
 

 
11.  Are longitudinal or transverse waves created by the following: 

 

a. plucking a guitar string _________________________________ 
 

b. singing a song ________________________________________ 
 

c. tsunami ____________________________________________ 
 

c. earthquakes _________________________________________ 
 

d. dropping a pebble into the water __________________________ 
 

 
 

Sources:  http://nasa.ibiblio.org/video/NASAConnect/NASAConnect-QuietingTheSkies/related_content/quieting.pm.pdf  
and http://missionscience.nasa.gov/ems/02_anatomy.html  

compression rarefraction 
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