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Pledge Of Allegiance, Scout Oath, and Scout Law 
 
Prior to every meeting, have a Scout volunteer lead the group in the Pledge of 
Allegiance, the Scout Oath, and the Scout Law. 
 
 

Pledge of Allegiance (In uniform, Scout salute; 
Non-uniform, hand over heart) 

I pledge allegiance to the Flag of the United States of America 
and to the Republic for which it stands, one Nation under God, 
indivisible, with liberty and justice for all. 
 

 
Scout Oath (Scout sign) 

On my honor I will do my best to do my duty to God and my 
country and to obey the Scout Law; to help other people at all 
times; to keep myself physically strong, mentally awake, and 
morally straight. 
 

 
Scout Law (Scout sign) 

A Scout is— 
Trustworthy 
Loyal 
Helpful 
Friendly 
Courteous 
Kind 
Obedient 
Cheerful 
Thrifty 
Brave 
Clean  
Reverent 
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MODULE OVERVIEW 
Structural engineers spend their careers designing buildings and structures that can 
withstand the pressures and forces of their environment. In fact, structural engineering 
is one of the oldest engineering disciplines, and without it, where would we be?  
 
In this module, Scouts are going to build on their knowledge of structural foundations, 
symmetrical balance, tension, compression, and gravity. Starting with various materials, 
Scouts will design and engineer their own bridge and tower structures. They will then 
apply their knowledge to build more complex bridges and towers from a kit that requires 
team collaboration and communication, resilience, and critical thinking.  

Grades 3–5  
Next Generation Science Standards:   

MS-ETS1-2, 1-3, 1-4  
 
MODULE COAUTHORS  
Some lessons in this module were developed for STEM Scouts 
by Eduporium. Eduporium (www.eduporium.com) is an all-
encompassing partner of schools, districts, and educational 
organizations, specializing in creating innovative educational and computer technology 
solutions to enhance the meaningful use of STEM technology in education and to help students 
develop crucial 21st-century skills. Their experts creatively combine technology tools into 
custom solutions for use in classrooms, makerspaces, libraries, and after-school programs. 
Eduporium encourages early exposure to invention, problem-solving, coding, and 
collaboration in an effort to inspire lifelong STEM learning for our educators and future 
generations in the classroom! 
 
Meeting 6: This meeting was written by STEM Scouts based on the 
Fluor® Friendly Engineering Challenge, which is held once a year 
with the engineers at Fluor. 
Founded in 1912, Fluor Corporation is a global engineering, procurement, fabrication, 
construction, and maintenance company that transforms the world by building prosperity and 
empowering progress. Fluor serves its clients by designing, building, and maintaining safe, 
well-executed, capital-efficient projects around the world. With headquarters in Irving, Texas 
and more than 53,000 employees worldwide, Fluor invests in programs that inspire and 
prepare students to excel in science, technology, engineering, and math (STEM) subjects and 
disciplines, and is committed to the development of our next-generation workforce.  
 
 
Meeting 1: Compete for Wind Speed! (85–90 minutes) 
Scouts will build on their knowledge of renewable energy and will experiment with Newton’s 
third law of motion to test the power of wind and thrust. They must create enough thrust to 
power a car that they will creatively design and engineer out of various materials.  
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Meeting 2: Solar Race Car (75–90 minutes) 
Scouts will follow the instructions in the Thames & Kosmos Solar Mechanics manual, replicated 
in their Scout Notebook, to build a race car that runs on solar power. Using various components, 
they’ll work together to build a car complete with an innovative motor—a solar panel that is 
connected to axles and tires and can receive power from a flashlight. After each Scout team has 
constructed their car, light from their flashlight will act as solar energy (if you cannot go outside 
for the lab), and provide the car with the power it needs to move.  
 
Meeting 3: Solar Fan (75–90 minutes) 
Scouts will work in teams to build a more complete solar machine, the Solar Fan project from 
the Thames & Kosmos Solar Mechanics manual. This will increase their knowledge of how light 
can provide the energy needed to power machines like their fan. Through collaboration, they 
will construct this model and test its fan power from slightly different distances to replicate the 
effects of cloud cover on a windmill.  
 
Meeting 4: The Glider Games (75–90 minutes) 
After exploring the four forces of aerodynamics (lift, thrust, drag, and weight), Scouts will 
experiment with glider design and weight to observe three of those forces in action and create a 
glider that can travel the farthest. Then, they will step up their glider game by adding the force of 
thrust (propellers and a motor) and building a PowerUp 2.0 glider! 
 
Meeting 5: Zip Lines! (75–90 minutes) 
Scouts will build on their knowledge of Newton’s three laws of motion by exploring the physics 
behind zip lines. By collaborating to engineer a zip line that safely travels at the fastest speed, 
Scouts will learn about the three main forces that impact a zip line and its rider: gravity, speed, 
and friction.  
 
Meeting 6: The Fluor® Project (75–90 minutes) 
STEM Scouts has been awarded the project “Got to Get Moving!” by Fluor® Corporation. Under 
this contract, STEM Scouts engineers will be responsible for developing a device that can deliver 
5 valuable items (paper clips) from Point A on the ground into a container at Point B (in “the 
mountains”) in the shortest time possible. Scouts will practice using the engineering design 
process and must keep track of a budget with the goal of making the largest profit they can from 
their project. Leaders, please complete the survey at end of module; pg. 107. 
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Weekly Meeting Prep at a Glance 
The following are lists of kit materials as well as council- and unit-supplied materials for this 
module. Unit-supplied materials can often be supplied by parents if requested well in advance. 
PLEASE USE PACKING SLIP to check kit contents one week prior to first meeting. Slip 
can be found in the Kit Shipment email and/or the STEM Scouts Portal (where this guide was 
downloaded). Please DO NOT skip this part! 
 
Scouts will be divided into teams of FOUR for this module. Material quantities are defined 
below for EACH TEAM. 
Meeting 1 
Materials From Kit

• 6 skewers 
• 3 balloons 
• 5 shake straws  
• 4 feet of masking tape 
• 5 flexible straws 
• 2 16-ounce cups 
• 4 cardboard sheets 

• 10 Styrofoam balls 
• 5 mints 
• 1 pair of scissors 
• 1 stopwatch 
• 1 measuring tape (All teams will share at 

the end of the race to measure the 
distance their cars traveled.) 

 
Printed Materials 

• Meeting 1 handout sheets from Scout Notebook 
 
Materials Needed But Not Provided in Kit 

• 1 balloon for leader demonstration during discussion 
• 1 laptop (council-supplied) for watching the following videos: 

- During the opening discussion—www.youtube.com/watch?v=T4xKThjcKaE 
- During the STEM Innovator Moment—  

•  vimeo.com/270536351 (STOP at minute 1:30.) 
 

•  vimeo.com/240762436 (Only 45 seconds; does not have sound.) 
 

•  vimeo.com/240722075 (Only 49 seconds.) 
 

Meeting 2 
Materials From Kit

• Solar Mechanics Kit and manual 
• 1 index card 
• 1 flashlight 

• 3 AAA batteries 
• 1 stopwatch 
• 1 measuring tape 

 
Printed Materials  

• Meeting 2 handout sheets from Scout Notebook 
 
Materials Needed But Not Provided in Kit 

• Access to 1 calculator for simple calculations
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Meeting 3 
Materials From Kit

• 1 Solar Mechanics Kit and manual 
• 1 measuring tape 
• 1 stopwatch 
• 1 flashlight 

• 3 AAA batteries 
• 1 pair of Scissors 
• 2 sheets of paper 

 
Printed Materials  

• Meeting 3 handout sheets from Scout Notebook 
 
Materials Needed But Not Provided in Kit 

• Access to water 
 

 
Meeting 4 
Materials From Kit 
 
Activity 1: The Glider Games 

• 20 paper clips 
• 5 sheets of paper 
• 10 sheets of cardstock 
• 1 measuring tape 
• 1 stopwatch 
• 1 pair of scissors  
• Access to masking tape as needed 

 
Activity 2: PowerUp 2.0  

• 1 PowerUp 2.0 kit 
• 3 AA batteries 
• 5 sheets of paper 
• 1 Phillips screwdriver (Scouts will share) 

 

Printed Materials  
• Meeting 4 handout sheets from Scout Notebook 

 
Materials Needed But Not Provided in Kit 

• None 
 



Technology Lab: Things That Go  
Weekly Meeting Prep at a Glance 

 

ã 2019 Boy Scouts of America. All rights reserved. No portion of this publication may be reproduced, stored in a retrieval system, or 
transmitted in any form by any means without the proper written permission of the Boy Scouts of America or as expressly permitted by 
law. The design of a circle divided into four quadrants with wavy lines along the perimeter (the “BSA STEM logo”) is a trademark of the 

Boy Scouts of America. 

9 

Meeting 5 
Materials From Kit

• 5 yards of string 
• 1 coffee filter 
• 1 brown paper bag 
• 3 balloons 
• 2 16-ounce cups 

• 10 marbles 
• 1 pulley 
• 4–5 feet of masking tape 
• 1 stopwatch  
• 1 pair of scissors 

 
Printed Materials  

• Meeting 5 handout sheets from Scout Notebook 
 
Materials Needed But Not Provided in Kit 

• Access to 1 calculator for simple calculations
• 1 laptop (council-supplied) for watching the following STEM Innovator video: 

-  “Adrenaline Constructions: A Zip Line Story”— 
www.youtube.com/watch?v=7jU1mC9U3_E 

 
 

Meeting 6 
Materials From Kit
• 4 feet of masking tape 
• 6 feet of string 
• 10 paper clips 
• 10 index cards 
• 1 sheet of cardstock 
• 5 regular craft sticks 
• 5 jumbo craft sticks 

• 1 16-ounce cup 
• 5 flexible straws 
• 10 rubber bands 
• 1 pair of scissors 
• 1 measuring tape 
• 1 stopwatch

 
Printed Materials  

• Meeting 6 handout sheets from Scout Notebook 
 
Materials Needed But Not Provided in Kit 

• None 
 

 
Service Project Idea: Giving Back! 

After Scouts complete this six-week module, Scouts can research and meet with a local 
solar corporation and discuss the opportunities to provide solar panels at their school, 

at a cross walk, or even lights in the nearest park! 
Check the STEM Scout Portal download files for more service project ideas! 
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Meeting Facilitation Tips  
• Choose an attention getter with your Scouts. This is a “call and response” 

technique used to capture the Scouts’ attention for a focused moment.  
 

Step 1: Have Scouts vote on an attention getter. For example, you could use 
 
Making the Scout salute, you say: Making the Scout salute, they respond: 
One, two, three!     All eyes on me! 
Scouts honor!     Scouts duty! 
Potential energy!    Everybody freeze! 
Holy moly!     Guacamole! 
 
Step 2: Have Scouts decide with you what is expected when this attention getter 
is used.  
For example, the expectations may be to have mouths closed, hands still, ears open, and 
eyes on you. (Post the expectations, if possible.) 

Step 3: Practice!  
 

• For a calming moment at any point during the activity, get the Scouts’ 
attention by using the attention getter, then have them take two or three deep 
breaths together to reset or refocus.  
 

• “Guide by the side.” Walk around the space to guide Scouts through the 
activity. Instead of giving the answers, ask open-ended, leading questions to help 
them think through the challenges. 
Note: This is a safe time for Scouts to discover, experiment, and even possibly fail. This helps 
build a growth mindset and resilience. What matters is how much effort we put into our work, not 
our ability to get it right the first time. That’s what STEM is all about—failure is a part of the 
process!  
 

• To help the various types of learners, use the Key Terms page in each meeting 
plan for Scouts to pass around, hold, and read. Note: If possible, post these terms 
in the room. 
 

• Meet the Scouts where they are. Use the Activity Adaptations section in the 
meeting plan to adjust activities based on each Scout’s behavior and/or ability. If 
you notice a Scout struggling with an activity or a Scout who has finished early, 
use these adaptations to continue to keep the Scout engaged and excited about 
learning.  
 

• Team dynamics. If teams are too rowdy, or you notice some unhealthy team 
behavior, feel free to move members to different teams at any time. This will help 
to establish a healthy learning environment, and it will support you in facilitating 
and “guiding by the side.”  

 
• Remember, it’s OK if you don’t know the answer to something. Discover with 

the Scouts and learn together!  
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MEETING PREVIEW AND SETUP 

Meeting 1: Compete for Wind Speed! STEM Focus: Physics and Engineering 
After this meeting, Scouts will be able to 

• Explain Newton’s third law of motion 
• Describe thrust 
• Creatively engineer a wind-powered car 

 
Scout Law Character Focus 

Thrifty 

Total Meeting Time  
85–90 minutes 

Opening (Pledge, Oath, Law):  

5 minutes 

Discussion and Activity 

Introduction:  

15–25 minutes 

Safety Moment:  

1 minute 

Activity:  

45 minutes 

Reflection:  

3–5 minutes 

STEM Innovator Moment: 

2 minutes 

Announcements/Cleanup:  

5–10 minutes 

Meeting Prep Time: 25 minutes 
Activity Prep  

• Collect supplies needed for the meeting. 
• Print the Scout Notebook. Distribute the 

Meeting 1 handout sheets from the Scout Notebook 
(one set per team). 

 
Space Needed 
Tables or a space for Scouts to design and race cars 
 
Teams of Four  
There will be four engineering roles in each team for this 
module. Have the Scouts decide who will take each role 
before the lesson begins: 

Wind Energy Engineer—Oversees team collaboration on the wind 
energy design of the car. 
 
Automotive Engineer—Oversees team collaboration on the body 
and construction of the car. 
 
Director of Operations—Oversees team collaboration on the overall 
project design/look and prepares all drawings and observations needed 
in the Scout Notebook. 
 
Materials Specialist—Collects all materials and ensures that all team 
members have the opportunity to participate, share ideas, and work 
together to meet the challenges.  
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Materials From Kit Per Team 
• 1 balloon for Leader for 

demonstration at the 

beginning of the discussion 

• 6 skewers 

• 3 balloons 

• 5 shake straws  

• 4 feet of masking tape  

• 5 flexible straws 

• 2 16-ounce cups 

• 4 cardboard sheets 

• 10 Styrofoam balls 

• 5 mints 

• 1 pair of scissors 

• 1 stopwatch 

• 1 measuring tape (All teams 

will share when they have 

finished racing, to measure 

the distance their cars 

traveled.) 

 
 

Materials Needed But NOT Included in Kit 
NONE 
 

Lab Leader’s Optional Notes Section 
(This section is for YOU! List notes, reminders, and/or responsibilities and 
roles of the Scouts. You may also create a list of successes and challenges you 
experience during this activity and send it our way!) 
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MEETING PLAN 
 Meeting 1: Compete for Wind Speed! 

 
STEM Focus: Physics and Engineering 

 Activity Overview 
Scouts will build on their knowledge of renewable energy and will experiment with Newton’s third law of motion 
to test the power of wind and thrust. They must create enough thrust to power a car that they will creatively 
design and engineer out of various materials.  
 

PART 1 

Introduction/Background Information 
 

Use the questions and background information below to engage Scouts. (Typical answers 
are in italics.) 

Prior to starting the discussion below, break Scouts up into teams of four. Each team will be listening 
for key-term definitions and writing them in their Scout Notebook. 

• Over the next six meetings, we will be focusing on various things that GO—from cars to planes to 
zip lines and pulleys! Today, we are going to talk about cars and renewable energy.  
 

• What is renewable energy? (Energy that is collected and used from replenishable natural 
resources.) 

 
•  What are some examples of renewable energy? (Energy from wind, moving water, and tides; 

biomass fuel developed from organic material; solar energy; and geothermal energy—which uses 
the internal heat from the Earth.) 

 
• Wind is a form of renewable energy because it is a natural resource and is naturally replenished. 

Engineers have figured out a way to use wind to power generators that provide energy people can 
use.  
 

• This field is called a wind energy engineering. Wind energy engineers work on designing and 
building wind farms and wind turbines. They are very passionate about our environment and 
typically have a background in math, science, and physics.  
 

• Today, we are going to build a wind powered car, but we are going to make the wind ourselves! 
However, before we begin, you need to understand Newton’s third law of motion. Can anyone 
describe this law of physics?  
 

• Newton’s third law of motion states that for every action there is an equal and opposite 
reaction.  
 

• What would be an example of this? (The action of kicking a soccer ball and the reaction of the ball 
moving; the action of pedaling a bike and the reaction of the wheels turning and the bike moving; 
the force and action of a bat hitting a ball, and the ball reacting and flying across the field, etc.). 
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Demonstration: Newton’s Third Law of Motion (2 minutes) 
Materials: Balloons (1 for the Lab Leader) 

- Blow some air into the balloon and hold it closed.  
- Ask the Scouts to make a hypothesis (an educated guess) about what will happen to the 

balloon when you let the air out. (Allow a moment for this.) 
- To test their hypotheses and let the air out of the balloon.  
- What happened? Was anyone’s hypothesis correct?  

 
• The balloon was filled with air, or energy. When the air was released, the energy blew out in one 

direction, creating a reaction of the same amount of energy but in the opposite direction—which 
sent the balloon flying across the room. This is what we call thrust! It was thrust that propelled the 
balloon forward.  
 

• If we had put in just a little bit of air, the balloon wouldn’t have traveled as far. This is Newton’s 
third law of motion: For every action, there is an equal and opposite reaction.  
 

• We are going to use Newton’s third law to power a car that your team must design and build. To 
build your car, you must think like an automotive engineer.  
 

• An automotive engineer is someone who designs cars—things like braking systems, steering, 
safety, speed, and engine power. These engineers also must be able to solve engineering problems 
along the way.  
 

• The main parts of a car that we are going to focus on today are the chassis, the axle, the wheels, 
and the engine—which is where Newton’s third law of motion will come in.  
 

• Can anyone describe those four parts we just mentioned? 
• Chassis—This is the skeleton, or frame, of the car. Every other part of the car is bolted to 

the chassis (wheels, axles, cabin, engine, etc.). 
• Axle—This is the rod on which the wheels spin or rotate.  
• Wheels—As the wheels spin, the car is propelled forward. 
• Engine—This is a machine that uses energy (typically fuel) to power a car. 

 
• You and your team will have access to various materials and will be able to choose how you want to 

design and build your car. You must design a chassis, axles, and wheels.  
 

• Your “engine” is going to be a balloon filled with air that, when released, will create the thrust to 
propel the car forward. Get creative with it!  

 
• As a guide in this project, you will be using the engineering design process. This is a series of 

steps that engineers follow to guide them in solving problems as they work on a project.  
 
 
See the image on page 23 of this guide and page 3 in the Scout Notebook. Then, review the steps 
below: 
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- Define the problem. 
- Conduct background research and specify the requirements. 
- Brainstorm solutions of all kinds. 
- Choose a solution.  
- Build a prototype. 
- Run a test.  
- Make an evaluation. 
- Communicate what you learned. 
- Redesign and repeat! 

 
• This process is different than the steps in the scientific method because it is used when a product is 

being developed to meet certain criteria or accomplish a specific task—whereas, the scientific 
method is used when you are making observations and doing experiments to form conclusions. 
 

• This process is all about learning from failure. Engineers research, build prototypes, test them, and 
rebuild to improve. They are consistently looking at where they might have failed and trying again 
to make it better. This is called iteration. It’s very common for engineers to go through the 
engineering design process several times, and not necessarily going in the same order of steps we 
listed just now. 
 

• The more times an engineering team iterates through the engineering design process, the better the 
final solution will be! 

 
 

 
 

 
PART 3 

Safety Moment 
• Do NOT run, point, or play with the scissors. Be mindful of your movements when holding the 

scissors. When the scissors are not being used, they must be kept on the table or work area. 
• Do NOT eat the mints! These are your project materials and are not meant for consumption. 

 
 
 
 
 
 
 

PART 2 
Discuss the Scout Law Character Focus 

Today we are focusing on the character point Thrifty.  
What does it mean to be thrifty? (To use resources carefully and creatively, not wastefully.)  

 How can we practice being thrifty while we are building our cars?  
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Activity Steps 
LEADER NOTES 

• Find an open area and use the masking tape to create a starting line.  
- Race 1: Whose car travels the farthest (with no finish line)? 
- Race 2: Whose car travels the fastest (with a finish line taped down)? 
 

• Give the Scouts 45 minutes to build, and “guide by the side” as needed! 
 
• Use the engineering tips on page 25 if you find the Scouts are getting stuck in their designs. 
 
• Have each team discuss their designs before they race. 
 
• Race 1: Distance—Have them blow air into their “engines,” line the cars up on the start line, and 

count to three to release the air. 
 

• Race 2: Speed—Have them repeat the race, but this time with a taped finish line. 
 
• Finally, circle everyone up for reflection (page 20, Part 5 of this meeting).  
 

Scouts will be following the procedure below, which can be found on pages 4–5 in their Scout 
Notebook. 

Scout Roles  
Wind Energy Engineer—Oversees team collaboration on the wind energy design of the car. 
Automotive Engineer—Oversees team collaboration on the body and construction of the car. (Remember, you need at 
least one axle, a chassis, and wheels. Get creative!) 
Director of Operations—Oversees team collaboration on the overall project design/look and prepares all drawings and 
observations needed in the Scout Notebook. 
Materials Specialist—Collects all materials and ensures that all team members have the opportunity to participate, share 
ideas, and work together to meet the challenges.  
 
Materials  

• 6 skewers 
• 3 balloons 
• 5 shake straws  
• 4 feet of masking tape 
• 5 flexible straws 
• 2 16-ounce cups 
• 4 cardboard sheets 
• 10 Styrofoam balls 
• 5 mints 
• 1 pair of scissors 
• 1 stopwatch 
• 1 measuring tape (All teams will share when they have finished racing, to measure the distance their cars traveled.) 

Shutterstock.com—©Salim 
Nasirov 
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Engineering Design Process 

 
Define the Problem: Design and engineer a wind-powered car that will compete in two races: Fastest speed and longest 
distance traveled. 
 
Background Research and Requirements: 
 

 
- Must use at least one balloon for wind power 
- Must have at least one axle, a chassis, and wheels  
- Compete in two races: The first race to see which team’s car travels the farthest (with no finish 

line), and the second race to see which one travels the fastest (with a finish line taped down). 
 

 
Brainstorm Solutions: 

• Examine all of your materials and discuss what you think you will use, and how. 

 
Choose a Solution and Build a Prototype: 

• Decide on the best solution and build the car. 
 

Test and Evaluate; Redesign as Needed: 
• Test your car at least once before the race. (Observe things like speed, direction, engine placement, and the 

structural integrity of the car.) 
 

• Make any changes needed for improvement. 

Circle up with your Lab Leader to race your cars!  
 
 
 
 

Activity Adaptations for Scouts, as Needed  
If Scouts finish early … 
• Have them build a second car using a new design. 
• Challenge them to use the fewest components or to remove an obvious one. 

 
If Scouts are too challenged … 
• Use the Engineering Tips sheet on page 25 of this guide to help a team with areas where they are 

struggling.  
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PART 5 

Circle Up for Reflection Questions 
 

• Choose one or two of the cars to discuss what worked, what didn’t work, and why. 

• How did you feel when you were designing your car? What were the challenges? What things 
succeeded? 

• What was it like working in your team? How did your team practice our character point, Thrifty? 

• What is one thing you would do differently if you built your car again?  
 

 
PART 6 

STEM Innovator Moment: Tesla, Inc. 
 

Today, we used a source of wind energy to power our cars. Cutting down on the use of fuel helps to 
reduce the amount of air pollution in our environment, and Tesla Motors is trying to do just that. 
 
Tesla is an all-electric car company, manufacturing cars that don’t use fuel. Since the cars run on 
electricity, Tesla has built more than 3,800 Superchargers across the country—similar to service 
stations but with batteries that charge the car, instead of gasoline. Owners can use them to charge 
their car for free!  
 
Also, different models of Tesla vehicles are available, based on how much battery power (in kilowatt-
hours) a customer needs. 
 
Tesla is also investing in developing solar panel roofs for homes. These roofs collect solar energy and 
then store it in a battery called a Powerwall that provides electricity to a home. 
 
And they haven’t stopping there. They also have “renewable microgrids” which, according to the 
Tesla website, “combine renewable energy and storage to provide communities with clean, resilient 
and affordable power. … (This can lead to) long-term savings by reducing expensive diesel and utility 
costs, and eliminate interruptions from blackouts.” 
 
Source: www.tesla.com/energy 
 

PART 7 

Leaving It Better Than We Found It! 
• Have Scouts help clean up supplies, return scissors to the Lab Leader, and throw away trash.  
• Make any needed announcements. 
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Key Terms 

• RENEWABLE ENERGY: Energy 
that is collected and used from a 
replenishable natural resource like 
wind, water, and sunlight. 
 

• NEWTON’S THIRD LAW OF 
MOTION: For every action, there is 
an equal and opposite reaction.  
 
• THRUST: The force that makes an 

object move. 
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• ENGINEERING DESIGN 
PROCESS: A series of steps that 
engineers follow to guide them in 
solving problems on a project. 

Shutterstock.com—©arka38 
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Engineering Tips—A Reference for the Lab Leader 
 

Please DO NOT hand these tips out! This is a challenged-based activity, and there are 
multiple pathways to success.  
 
Engineering is all about teamwork, planning, possibly failing, reevaluating, and 
trying a new approach. These tips are for the Lab Leader to offer if the Scouts are 
absolutely, positively stuck! 
 
 

1. A simple axle: Place a skewer inside a straw. You should have the ends of the 
skewer sticking out. Trim the straw as needed.  
 

2. Wheels:  
a. Stick the ends of the axle (the skewer and straw) in the Styrofoam balls 

(tape to secure in place if needed). 
 

b. If Scouts want to use a straw without the skewer, they can use mints for 
wheels! Place a mint on each end of a straw.  

- NOTE: The wheel must be able to spin, so the Scouts must get 
creative on how to keep the wheel in place without taping it 
directly to the straw (otherwise, it won’t be able to spin).  

 
3. Repeat steps 1–3 to create a second axle (or more, depending on a team’s design).  

 
4. Now build the chassis. This can be made out of anything (a cup, cardboard, or 

more straws).  
 

5. Secure the axles to the chassis using tape to hold it in place.  
 

6. Engine: Balloon(s)!  
 

- The wind energy engineer can lead a discussion about where to put the 
balloon(s) on the chassis (closer to the ground, higher and taped to 
something, extended out on the sides, etc.)



Technology Lab: Things That Go 
Meeting 1: Compete for Wind Speed! 

 ã 2019 Boy Scouts of America. All rights reserved. No portion of this publication may be reproduced, stored in a retrieval system, or 
transmitted in any form by any means without the proper written permission of the Boy Scouts of America or as expressly permitted by 
law. The design of a circle divided into four quadrants with wavy lines along the perimeter (the “BSA STEM logo”) is a trademark of the 

Boy Scouts of America. 

26 

 

 



Technology Lab: Things That Go 
Meeting 2: Solar Race Car 

 ã 2019 Boy Scouts of America. All rights reserved. No portion of this publication may be reproduced, stored in a retrieval system, or 
transmitted in any form by any means without the proper written permission of the Boy Scouts of America or as expressly permitted by 
law. The design of a circle divided into four quadrants with wavy lines along the perimeter (the “BSA STEM logo”) is a trademark of the 

Boy Scouts of America. 

27 

 
MEETING PREVIEW AND SETUP 

Meeting 2: Solar Race Car STEM Focus: Solar Energy 
After this meeting, Scouts will be able to 

• Understand how solar cells can be used to operate machines 
• Design a vehicle that runs on energy supplied by a light source 
• Learn what makes something a machine, no matter what energy source it requires  

Scout Law Character Focus 
Clean 

Total Meeting Time: 
80–90 minutes 

Opening (Pledge, Oath, Law):  

10 minutes 

Activity Introduction:  

5–10 minutes 

Safety Moment:  

1–2 minutes 

Activity:  

45–55 minutes 

Reflection:  

5–10 minutes 

STEM Innovator Moment: 

2 minutes 

Announcements/Cleanup:  

5–10 minutes 

Meeting Prep Time: 60 minutes 
Activity Prep 

• Scout Notebook: Meeting 2 (one per team) 
• Build a sample test car by following the instructions 

on page 11 of the Solar Mechanics manual.  
- Complete ONLY steps 1–5.  
- The rest of the car will be completed as a 

demonstration for the Scouts. 
• Ensure all teams will have access to 1 calculator 

for simple calculations 
• Get familiar with the kit components that Scouts will 

need for this lab on page 26 of the manual. Refer to 
page 2 of the manual for more information.  

 
Space Needed 
Large table space for construction and space for driving cars. 
Optional: Outdoor space in direct sunlight for driving cars.  
 
Teams of Four 
There will be four roles in each team. Have Scouts get into 
teams and decide who will take each role before the lesson 
begins: 

Project Manager (PM)—Gathers and manages all materials 
for the team. Oversees overall success of the project. 
 
Principal Investigator (PI)—Leads observation and 
documents findings in the Scout Notebook. 
 
Co-Principal Investigator (Co-PI)—Assists the PI and 
helps with materials. 
 
Remaining Scout—Ensures that all team members have the 
opportunity to participate, share ideas, and work together to 
meet the challenges. 
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Materials From Kit Per Team 
• 1 Solar Mechanics Kit and 

manual 

• 1 index card 

• 1 flashlight 

• 3 AAA batteries 

• 1 stopwatch 

• 1 measuring tape 

• Access to masking tape (to 
mark a start and finish line) 

Materials Needed But NOT Included in Kit 
• Access to 1 calculator for simple calculations 

 
 

Lab Leaders Optional Notes Section 
(This section is for YOU! List notes, reminders, and/or responsibilities and roles of 
the Scouts. You may also create a list of successes and challenges you experience 
during this activity and send it our way!) 
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MEETING PLAN 
 Meeting 2: Solar Race Car                  

 
STEM Focus: Solar Energy 

 Activity Overview 
Scouts will follow the instructions in the Thames & Kosmos Solar Mechanics manual, replicated in 
their Scout Notebook, to build a race car that runs on solar power. Using various components, they’ll 
work together to build the car with an innovative motor—a solar panel that is connected to axles and 
tires and can receive power from a flashlight. After each Scout team has constructed their car, light 
from their flashlight will act like solar energy (if you cannot go outside for the lab), and provide the car 
with the power it needs to move.  
 

PART 1 

Introduction/Background Information 
 

Use the questions and background information below to engage Scouts. (Typical answers 
are in italics.) 

• This meeting is called Solar Race Car. Before we start, we need to learn more about solar energy, 
exactly what it is, and how it is used. 
 

• What is solar energy? (Solar energy is a natural resource provided by sunlight and other lights 
that are strong enough to produce large amounts of energy. This energy can be used to run many 
machines and devices.) 
 

• Energy from the sun comes in the form of solar radiation, which makes solar electricity possible. 
This means that we can use the sun’s energy to power electric cars, lights, drones, and even solar-
paneled homes. 

 
• What are some of the benefits of using solar energy? (Solar energy is renewable and can be 

replenished naturally. It is also considered clean energy, meaning that it does not harm our 
environment or atmosphere.) 

 
• What is considered a machine? (A machine is any object that has a source of power and a way to 

transmit power from one place to another.) 
 
• How do we harness the sun’s natural resource—solar energy—to convert it to electricity and power 

these machines and devices? (A solar cell that is capable of converting light energy into power can 
be installed in a machine or device. Then, a light source like the sun or the flashlight you will be 
using—anything that gives off a large enough amount of solar energy—can be used to provide the 
power.) 
  

• Today you are going to build a solar-powered car. What makes a car a “machine,” based on our 
definition of the word? (It converts light into solar energy to transmit power and to create 
movement.) 
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• What piece of equipment do we need to capture solar energy and get our car to move? (A solar cell, 
which will convert light into energy and give the car the power it needs to move.) 

 
• The brighter the location, the faster your car will run. How can you ensure the car is in the brightest 

place possible? (Make sure the car is directly under your team’s flashlight, which will produce 
enough light to do the job, although it could never be as powerful as the sun.) 

 
• Once all our teams’ cars are moving, we will calculate each car’s speed.  
 
• Instead of just watching to see which car is the fastest, we are going to run our cars one at a time 

and calculate the actual speed of each one. Does anyone know how speed is defined? (Distance 
divided by time or, in other words, the amount of time it takes for something to travel a particular 
distance.) 

 
S = D/T 

 
• When you calculate the speed of your cars, measure the distance in inches and measure the time in 

seconds. 
 

• Let’s practice calculating speed by doing a quick experiment. (Have Scouts follow the steps below, 
which are also printed on page 8 of the Scout Notebook.) 

 
 

Practice Calculating Speed 
Materials: Access to a calculator from the Lab Leader.  

1. Co-PI: Measure a distance of 10 feet using the tape measure. In the table below, record this distance in inches. 
 

2. PI: Use the stopwatch for timing. 
 
3. The other two team members will walk the 10-foot distance, one at a time, and their speed will be calculated. 
 
4. First Scout: Walk quickly from the start line to the finish line. 

 
5. Record the time in the table below and calculate the Scout’s speed in seconds, using the S = D/T formula. 

 
6. Repeat with the second Scout. 

 
 
 
 
 
 
 
 
 

Which Scout was faster? _____________________________________ 
 

 
 

Scout Test Distance Time Speed 
S = D (inches) / T (seconds) 

Scout 1    

Scout 2    
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• Today, you are going to be using a device called a solar motor unit. This simple piece of technology 

takes light and converts it into motion.  
 

Demonstration: Finish Building the Test Car (5 minutes) 
 

• Using the test car built prior to this meeting, start with Step 6 on page 12 of the Solar Mechanics 
manual to show the Scouts:  
 

• How to snap pieces together 

• How to match the part number to the parts list 

• How to attach the solar cell 

• How to properly attach the wheels to ensure a smooth ride 

• How energy can be transferred from a flashlight when it is turned to its brightest 
setting and held 1 inch above the panel. (The panel itself doesn’t hold a charge.) 

- As an option, if you can easily go outside, you might also show Scouts how light 
from the sun can provide the power the car needs to move. 

• When you’re finished, take the car apart so that one of the teams can use the parts to 
construct their model during the lab. (You can ask a volunteer to help.) 
 

 
PART 2 

Discuss the Scout Law Character Focus 
Today we are focusing on the character point Clean. 

What does it mean to be clean? (To keep your body and mind fit. To take good care of your home and 
your community.) 

For today’s meeting, how can we practice being Clean?  
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PART 3 

Safety Moment  
Working the Flashlight:  

• There are FIVE modes to the flashlight. The highest mode will activate the solar panel but 
remember, this is a low performance car so do not expect the car to speed off! 

• Let’s demonstrate the flashlight modes. Add the batteries, find a wall, and holding it one 
inch from the wall, begin clicking through the five modes to find the brightest one for the car.  
 

• NEVER shine the flashlight in your own eyes or anybody else’s. It is extremely bright. 
• When cycling through the different modes of the flashlight, NEVER leave the strobe function 

activated. 
• Do not put any small pieces in or near your mouth.  
• Do not jam or bang pieces of your model because they could bend, snap, or break.  
• Do not expose the solar motor continuously to sunlight or light from the flashlight. 
• Only touch the flashlight on its handle to avoid burning your hands. The part that lights up could 

be hot—even when the flashlight is off. 
 
 

PART 4 

Activity Steps 
LEADER NOTES  

• While Scouts are building their models, use the masking tape to mark a start line and a finish 
line. Both lines should be 10–20 feet long (but can be longer, if you space allows). 
 

• The flashlight in each kit has five different modes. One mode is a strobe light. Remind Scouts to 
NOT use this mode at any time as it could potentially be dangerous.  
 

• To activate the solar panel, the flashlight has to be on the brightest of the five settings. Have 
Scouts practice cycling through the different brightness levels, so that they’ll know how to switch 
between them.  

 
• OPTIONAL: If the Lab is able to meet outside, you can use natural sunlight instead of the 

flashlight. 
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Materials 

• 1 Solar Mechanics Kit and manual 
• 1 index card 
• 1 stopwatch 
• 1 measuring tape 
• 1 flashlight 
• 3 AAA batteries 

 
 
 
Procedure 
Open to the manual to page 26. Then do the 
following: 

1. Gather the parts needed to build the race 
car, and go to Step 1 in the manual. 

2. Connect the solar motor to one end of the 
long rod, and connect the 3-hole rod to the 
other end of the long rod (see images 
below).  
 

 
 
 
 
 
 
 

 
3. Place an anchor pin (#12) in the other end of the 3-hole rod. 
4. Connect the second long rod to the other side of the solar motor. 
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5. Connect this long rod to the second anchor pin (see image to the 
right). Be sure it is secure. 
 

6. Insert a short axle in the solar motor unit in the hole below the 
long rod. The short axles have two sections separated by a divider. 

7. Make sure the shorter section goes all the way into the hole. 
8. Refer to Step 3 in the manual.  

 
 

9. Attach a wheel from the box to each short axle. with the 
silver side of each wheel facing outward.  

10. Silver side facing out. 
 

11. Make sure all of the wheels snap in.  
 

12. Your car should look like the one to the right.  
 
 

13. Take the long axle and place a small gear around it.  
 

14. Slide the gear down as far as it will go. 
 

 
 
 
 

15. Slide the other end of the axle through the second set of holes in the long rods. Model will run 
better with a 1mm gap between the gear and frame. See page 28 of the manual 

16. Remember, the anchor pins are filling the first set of holes. 
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17. Attach a second small gear the opposite side of the long rod. This will hold the rod in place.  
 
 
 
 
 
 
 
 

 
18. Attach each of the two remaining wheels to the front axle, with the silver sides facing outward. 

One wheel will be wider than the other. That’s OK—it will help the model run better. 
 
 
 
 
 
 
 
 
 
 
 
 
 

19. Attach each of the two 3-hole dual rods to the nubs at the back of the solar motor (Step 6 on 
page 27 of the manual). Rotate them so that they point upward. 
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20. Connect a 5-hole rod to both 3-hole dual rods.  
21. Slide it in, and fasten it with two anchor pins. These pins will go about halfway in and stick out 

at the top. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
22. Place the last anchor pin in the center hole of the 3-hole rod at the front of the car.  

 
23. Attach your final piece, the square frame, to the anchor pin so that the side with the nubs is 

facing forward.  
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It’s Driving Time! 

 
1. Measure the exact length of the track that your Lab Leader taped down, and write it in the blocks 

under Distance in the table below. (Remember to convert the number to inches!) 
 

2. Once ready, shine your flashlight on the solar motor, just 1 inch above it, and your car should begin 
moving. If the car does not move, keep pressing the button on the flashlight until you 
find the brightest mode. Remember to hold your flashlight about 1 inch away from the panel. 

 
3. Time your car from start to finish. Then, calculate and record its speed below. 

- Take turns with the other teams using the calculator from your Lab Leader. 
 

 
 
 
 
 
 

Tests Distance Time 
Speed 

S = D (inches) / T 
(seconds) 

Test 1    

Test 2    

Test 3 (optional)    

Activity Adaptations for Scouts, as Needed 
If Scouts finish early … 
• Extend the track even further to see how far the car can travel, and calculate the new speed.  
• If Scouts are able to use light from the sun, have them restrict the amount of light that the solar 

panel receives by partially covering it with the index card. If they are doing this activity indoors, 
they can still cover part of the solar panel with the card and then shine the flashlight on it to 
determine if the car’s speed and power are affected. (The speed should be slower if part of the solar 
motor is covered.) 

• Place a small, lightweight object across the car to see if the added weight also has an effect on the 
speed.  

 
If Scouts are too challenged … 
• You can stop after Step 18 in the Scout Notebook and use your solar car without the final two 

sections attached. (This will reduce the construction time, and the car will still be able to move.) 
 
 
 
 
 
 



Technology Lab: Things That Go 
Meeting 2: Solar Race Car 

 ã 2019 Boy Scouts of America. All rights reserved. No portion of this publication may be reproduced, stored in a retrieval system, or 
transmitted in any form by any means without the proper written permission of the Boy Scouts of America or as expressly permitted by 
law. The design of a circle divided into four quadrants with wavy lines along the perimeter (the “BSA STEM logo”) is a trademark of the 

Boy Scouts of America. 

38 

 
PART 5 

Circle Up for Reflection Questions 
• How did you feel, and what did you think, when the car was able to move just because light was 

shining on it?  
 

• How did you practice being, Clean?  
 

• Why is this an efficient way of getting a car to drive? What resource(s) can be conserved when 
replaced by solar power? (Solar power helps us save energy, money, and the environment. When 
we waste too much energy and natural resources like gas, it can be bad for the environment. 
Using solar energy also reduces pollution. Because solar cars do not need gas to operate, people 
who own them can save money.) 

 
• Today, we have solar-powered cars, houses, cell-phone chargers, and lots more!  

- If you could invent something that was solar-powered, what would it be?   
 

PART 6 

STEM Innovator Moment: Solar Energy 
Solar energy has advanced significantly in the last two decades and has certainly become more 
important to the environment. However, did you know that people were using solar energy as far 
back as 700 B.C.? That’s almost 3,000 years ago! Back then, humans would commonly use sunlight to 
light fires because the energy that the sun gave off was strong enough to create a spark when paired 
with a magnifying glass. 
 
The first solar panels were invented by scientists in the 1950s. The panels used the same concept of 
harnessing energy from the sun, but they were much more powerful, capable of running a machine 
or powering electronic devices for several hours at a time. 
 
Today, we continue to use the sun as an alternative source of energy. Sunlight can help us save 
electricity and reduce costs in a number of ways because it increases the electricity that is generated 
when two metal electrodes come together.  
 
For more information about solar energy, watch the following video at home:  

The History of Solar Technology – www.youtube.com/watch?v=bZvJh_hAltg 
 

PART 7 

Leaving It Better Than We Found It! 
• Have Scouts help clean up supplies. 
• Have Scouts disassemble the models, and make sure that all parts have been placed back in the 

plastic covering and returned to the Solar Mechanics box.  
• Be sure flashlights are turned off. 
• Make any needed announcements. 
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Key Terms 

 

• SOLAR ENERGY: Energy released by the sun 
that can be used to power objects and machines 
with solar panels, like homes or cars.  
 

• MACHINE: Anything that has a source of 

power and a way to transmit power from one 
place to another.   

 

• SPEED: The measurement used to determine 
how fast an object is moving. It can be 
calculated using the formula “distance divided 
by time” (or “distance over time”) and written 
like this: S = D/T. The unit we use to measure 
speed is meters per second (m/s).
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MEETING PREVIEW AND SETUP 

Meeting 3: Solar Fan STEM Focus: Solar Energy 
After this meeting, Scouts will be able to 

• Understand key terms related to science and physics, including distance and time 
• Build a solar-powered fan that uses light to provide the energy it needs to spin 
• Understand how gears work within a machine and ultimately help get it moving  

Scout Law Character Focus 
Helpful 

Total Meeting Time:  
 80–90 minutes 

Opening (Pledge, Oath, Law):  

10 minutes 

Activity Introduction:  

5–10 minutes 

Safety Moment:  

1–2 minutes 

Activity:  

45–55 minutes 

Reflection:  

5–10 minutes 

STEM Innovator Moment: 

2 minutes 

Announcements/Cleanup:  

5–10 minutes 

Meeting Prep Time: 60 minutes 
Activity Prep  

• Scout Notebook: Meeting 3 (one per team) 
• Build Test Car A, which can be found on page 11 of 

the Solar Mechanics manual. This car will be used 
during the demonstration. 

- Practice switching the blue and red gears of the 
test car so that you can quickly swap them out 
(pages 18–19 of the manual).  

- Read over Experiment 9 on pages 18–19 of the 
manual and prepare to demonstrate this 
experiment to Scouts before the activity begins.  

 
Space Needed 
Large table space for 
construction. If possible: 
Outdoor space in direct 
sunlight (ideal for running 
the fan). 
 
Teams of Four 
There will be four roles in each team. Have Scouts get into 
teams and decide who will take each role before the lesson 
begins: 

Project Manager (PM)—Gathers and manages all materials for the 
team. Oversees overall success of the project. 
Principal Investigator (PI)—Leads observation and documents findings 
in the Scout Notebook. 
Co-Principal Investigator (Co-PI)—Assists the PI and helps with 
materials. 
Remaining Scout—Ensures that all team members have the opportunity 
to participate, share ideas, and work together to meet the challenges. 
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Materials From Kit Per Team 
 
• 1 Solar Mechanics Kit and 

manual 

• 1 measuring tape 

• 1 stopwatch 

• 1 flashlight 

• 3 AAA batteries 

• 1 pair of Scissors 

• 2 sheets of paper 

Materials Needed But NOT Included in Kit 
NONE 
 

Lab Leaders Optional Notes Section 
(This section is for YOU! List notes, reminders, and/or responsibilities and roles of 
the Scouts. You may also create a list of successes and challenges you experience 
during this activity and send it our way!)  
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MEETING PLAN 

 Meeting 3: Solar Fan                  

 
STEM Focus: Solar Energy 

 Activity Overview 
Scouts will work in teams to build a more complete solar machine, the Solar Fan project from the 
Thames & Kosmos Solar Mechanics manual. This will increase their knowledge on how light can 
provide the energy needed to power machines like their fan. Through collaboration, they will construct 
this model and test its fan power from slightly different distances to replicate the effects of cloud cover 
on a windmill. 
 

PART 1 

Introduction/Background Information 
 

Use the questions and background information below to engage Scouts. (Typical answers 
are in italics.) 

• This meeting is called Solar Fan. Before we start, we need to learn more about how solar energy can 
be used to power fans and some of the benefits it provides.  
 

• Why do we use fans? (To cool down things like engines, houses, cars, etc.) 
 
• As we discussed in our last meeting, machines need energy to run. What energy source did we talk 

about last time? (Solar energy from sunlight).  
 
• Who can list the benefits of using solar energy? (Solar energy is a renewable resource—meaning 

that it won’t run out, it cuts down on oil and natural gas usage, it lowers electricity bills, it cuts 
down on the use of batteries, etc.) 
 

• Like the cars we built, some fans can also be powered by solar energy from the sun or light from a 
flashlight or lightbulb. Solar fans are powered mechanically by solar panels that are either mounted 
on the fan itself or somewhere else.  
 

• Usually, these fans get all the energy they need from solar power and do not require secondary 
power sources.  
 

• Large solar-powered fans are often used to keep hot places cool throughout the day during the 
summer months.  
 

• The solar fans you build in this meeting will have multiple gears in them. Gears are sets of toothed 
wheels that work together to alter the speed of a driving mechanism (like an engine) and the speed 
of the parts being driven (like the tires).  
 

• How do you think the moving gears work together to supply energy? (One gear spins, which causes 
the other gear to spin. The second gear is often connected to an output source, which will allow the 
energy produced from the gears to set something in motion—a car, for example.) 
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• As you learned in the previous meeting, light can be converted into energy and used to power 

machines. This is known as the photovoltaic effect.  
 

• The photovoltaic effect is the creation of voltage or an electric current after electrons have been 
exposed to the energy created by light.  
- When electric currents are created and gain strength, the presence of electrodes is more 

powerful. This principle states that, under certain circumstances, light can be converted into 
electrical energy.  

 
• How will you use the photovoltaic effect to power your fan in this experiment? (You will build a 

solar motor that can convert light from the sun into the electrical energy needed to power the 
fan.) 

 
• In order for electricity to be transferred from an energy source (in this case, the flashlight) to an 

object (a solar-powered fan), electrodes need to be activated.  
 

• Electrodes are conductors through which electrons are able to enter or leave an object. When they 
are activated by higher levels of light, they produce a greater amount of energy to power a solar-
powered object. The brighter the light is, the more energy is produced. 
 

• How are electrodes related to producing solar energy? (The solar energy present in an object is 
greater when there are higher levels of light because that means there are more electrodes being 
activated.) 
 

• Now let’s talk about torque. Torque is a force that acts on an object and causes it to move in a 
twisting motion.  
o This kind of twisting force generally results in an object picking up momentum and moving with 

a greater amount of power. Like gears! 
 
Lab Leader Note: Remember, these solar panels cannot be “charged,” and the energy is transferred 
best when the flashlight is held about 1 inch from the panel. 
 
 
Demonstration: Speed Test (5 minutes) 

• Using the test car assembled prior to the meeting (Test Car A), follow the steps on pages 18–19 
of the Solar Mechanics manual.  
 

• After measuring a distance of 10 feet, mark the start line and finish line of the course. Then, 
record the distance in your notes: 120 inches (10 feet). 

 
• Place Test Car A at the start of this course, shine the light on it, and time how long it takes for it 

to get to the finish line.  
 

• Record the time and have a Scout volunteer to calculate the speed (S = D/T).  
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• Now, switch the red and blue gears as shown on page 19 of the manual and reconstruct the car. 

This will be Test Car B. 
 

• Place Test Car B at the starting point and time how long it takes to travel the same distance.  
 

• Record the time and have a different Scout volunteer to calculate the speed.  
 
Discuss 

• How did switching the gears affect the car’s speed? (It slowed the car down.) How much did the 
speed decrease? 

 
• Why do you think this happened? (The solar panel can only provide so much energy, and the 

position of the gears controls how much torque the car receives. With less torque, there will be 
more speed.) 
 

• The torque of Test Car B (after the gears were switched) was greater than that of Test Car A. 
However, in a gear system, torque and speed have an inverse relationship, meaning that since 
the torque in Test Car B was greater, its speed was lower. 
 

• There is also a relationship between torque and the number of teeth in a gear. A gear with more 
teeth—a larger-sized gear—can provide a greater amount of torque.  
 
 

 
PART 3 

Safety Moment 
• NEVER shine the flashlight in your own eyes or anybody else’s. It is extremely bright. 
• When cycling through the different modes of the flashlight, NEVER leave the strobe function 

activated. 
• Do not put any small pieces in or near your mouth.  
• Do not jam or bang pieces of your model because they could bend, snap, or break.  
• Do not expose the solar motor continuously to sunlight or light from the flashlight. 
• Only touch the flashlight on its handle to avoid burning your hands. The part that lights up could 

be hot—even when the flashlight is off.  
 

PART 2 
Discuss the Scout Law Character Focus 

Today we are focusing on the character point Helpful. 
What does it mean to be helpful? (To give service or assistance to others.) 

How can we practice being helpful to others as we build our solar fans?  
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PART 4 

Activity Steps 
LEADER NOTES 

• OPTIONAL: If the Lab can easily be moved outside, you can use natural sunlight instead of the 
flashlights provided in the kit. 
 

• Remind Scouts to NOT use the strobe light mode at any time as it could potentially be 
dangerous.  
 

• Remind Scouts that they will also need to point the flashlights very close to the solar panel 
(about 1 inch away from it). 

 
Materials 

• 1 Solar Mechanics kit and manual 
• 1 stopwatch 
• 1 measuring tape 
• 1 pair of scissors  
• 1 sheet of paper 
• 1 flashlight 

 
1. Go to page 42 of the manual. Then do the following: 
2. Gather the parts needed to build the fan (see image at right). 
3. Find Step 1 in the manual. Place the 3-hole dual rod in the 

center hole of the large frame. The sides with three holes should 
be facing the front and back of the large frame. 
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4. Insert two anchor pins in the long rod: one in the second hole and one in the sixth hole. 
5. Connect the long rod to the dual rod. 

 
 
 

View from front      View from back 
 
 
 
 
 
 
 

6. Attach a 3-hole dual rod to a curved elbow rod. 
7. Connect the curved elbow rod to the front corner of the large frame. Then, 

repeat this step on the other side. 
8. Connect both sides to the large frame. (See image at right; be sure the holes 

in the rods are facing the same direction as shown in the photo.) 
 

9. Take a 3-hole rod and two anchor pins, and place one anchor pin in both 
outer holes of the 3-hole rod. 

 
10. Spin the pins around so that the grooves are on the left and right sides instead of the top and bottom.  
11. Connect one of the anchor pins to the bottom hole of the 11-hole rod. 

 
 
 
 
 
 
 
 
 
 
 

12. Connect this structure to the top hole of the 11-hole rod in your main structure. 
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13. Go to Step 5 in the manual. Place two joint pins in the two outer holes of a 3-hole rod. 
14. Then, connect this rod to the two 11-hole rods in your main structure—directly outside each of the anchor pins that 

are already in there. 
 

 
15. Go to Step 6 in the manual. Take the medium axle, and slide it through the 11-hole rod as the Step 6 image in the 

manual shows.  
 
16. Put the long side in first—it should go through the second-highest hole of the 11-hole rod. 

 
 
 

17. Place the three gears on the medium axle: yellow, blue, and then red. 
Push them in firmly but gently. 
 
 
 

 
 
 
 
 
 

18. Go to Step 7 in the manual. Connect the square frame to the top of the 11-hole 
rod, and use the 90-degree converters to secure it (see image at right). 
 

 
 

19. Slide the long side of the long axle through the 90-degree converter. 
 

20. Connect the wheel to the other side of the long axle, with the silver side facing 
outward. 

 
21. Connect the solar motor to the side of the square frame, and make sure it is right side up, as shown in the manual. 

 
 
 

22. Push the long axle into the slot of the solar motor. It should click right in. 
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23. Build the structure shown below. You’ll need: 
• 2 11-hole flat rods (perpendicular in the image) 
• 2 7-hole flat rods (parallel in the image) 
• 4 anchor pins 

 
 
 
 
 
 
 
 
 

  
24. Once built, slide this structure onto the long axle through the middle holes of both 11-hole flat rods (where they 

overlap). Secure it to the main structure by sliding the small red gear onto the axle, and push it in tight. 
 

25. Leave some space between the wheel and the vertical 11-hole rod. Your fan should now look like the one in the 
image below. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
26. For now, do NOT shine the flashlight on your fan. When it is time to do this, you will need to make sure the light is 

shining directly on the solar motor from about an inch away. 
Scout Observations  

• As the fan starts to rotate, be aware that the speed at which it spins is directly related to the amount of light the solar 
panel is receiving. 

• Try moving the flashlight a little bit farther from the solar panel.  
How does this affect the fan’s speed? 
 
________________________________________________________ 
 
How far away from the solar panel did you need to move the flashlight before the fan stopped spinning completely? 
 

• When you moved the flashlight slightly farther away, the panel received less light energy. This is similar to what would 
happen on a cloudy day. When there is less direct sunlight hitting the solar panel, the device won’t have as much power. 
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Activity Adaptations for Scouts, as Needed 
If Scouts finish early … 
• Challenge them to find a way to make the propellers of their fans longer using materials from the 

Solar Mechanics kit. 
o If the propellers are longer, will more energy be needed to make the fan spin at the same 

speed?  
o Is it even possible to add more weight to the fan?  
o Can you engineer the base using different parts from the kit to support the extra weight? 

• Shine the flashlight on the solar panel from varying distances (1, 2, and 3 inches). Measure how 
many times the blades of the fans rotate in one minute while the light is held from each distance. 
Count the number of times one of the propellers rotates and then record the differences in the 
speeds based on the distance of the light shining on the panel. You can create a table to document 
the results, including distance and the number of rotations.  

• Disassemble your fan model and select another model from the Solar Mechanics kit to build as a 
team. 

 
If Scouts are too challenged … 
• Skip Step 3 in the Solar Mechanics manual and have them build the fan model without the curved 

rods to anchor it.  
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PART 5 

Circle Up for Reflection Questions 
• Why do you think the instructions required you to place the curved rods on either side of the 

structure you built? (To offer support to the structure. Since it’s tall and thin, these pieces help keep 
it anchored.) 
 

• When would it be beneficial to have a solar-powered fan? Think about what happens during 
summer storms. (If you lose power during a summer storm, the air becomes even hotter. Having a 
solar fan could help you remain cool until the power comes back.)  

 
• You built a small model out of plastic parts, but some solar fans and windmills are very large and 

use much more powerful parts to generate a lot more energy.  
 

- What similarities does your model have to these more powerful models? Think about the parts 
you used and the shape of the model. (The model they built is a scaled-down version of a 
windmill. It also runs on solar energy and generates wind that provides power.) 

 
• What would happen if we didn’t have the gears? Why are the gears so important? (The gears are 

connected to the solar motor and the axles. Once the motor receives solar energy, it powers the 
axle, but without the gears turning, the energy received by the motor would mean nothing.)  

 
 

Social and Emotional Connection 
• Who remembers what the photovoltaic effect is? (Voltage that is created after electrons are 

exposed to light.)  
• People get energy in a lot of ways, including food and exercise. But what about our moods? And our 

mental energy?  
- Whatever you put into your mind is the energy you will get. Pretend your minds are solar 

panels! 
- Ask yourself, “What am I charging my mind with?”  
- If you always think about the negative side of things, you will be powering your mind with 

negative energy!  
- Surrounding yourself with friends who aren’t a good influence will also power your mind 

and drive your decisions with negative energy.  
- The shows you watch on TV, what you read online, and even the music you listen to are 

all sources of energy.  
- Remember, you have a “photovoltaic” mind! Charge it with positive energy so that you 

can live out a positive and empowered life.  
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PART 6 

STEM Innovator Moment: Roger Riehl 
Roger Riehl was an inventor who created the first solar-powered watch back in 1968. Like the solar 
models you have built, the watch had the ability to power itself by harnessing energy from the sun or 
from artificial light sources. The watch contained a solar cell that, like the solar motors in your 
models, makes it possible to transform light energy into energy.  

When the solar-powered watch was released on the market in the early 1970s, the face of the watch, 
where the time would normally be displayed, was actually a pair of solar cells that gave it power. 
Since then, countless digital watches, tiny watches, and even cellphones with clocks have been 
released. The original solar watch—known as the Synchronar—was produced until 2007.  

To learn more about Riehl’s solar-powered watch, watch the following video at home:  

Riehl Synchronar Mk3 Sunwatch LED Vintage Digital Watch — 
www.youtube.com/watch?v=3LyDWs4nYDI 

PART 7 

Leaving It Better Than We Found It! 
• Have Scouts help clean up supplies. 
• Have Scouts disassemble the models, and make sure that all parts have been placed back in the 

plastic covering and returned to the Solar Mechanics box.  
• Be sure flashlights are turned off.  
• Throw away any trash. 
• Make any needed announcements. 
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Key Terms 

• GEARS: A set of toothed wheels that work 
together to alter the relationship between 
the speed of a driving mechanism (like an 
engine or a supplier of energy) and the 
speed of the parts being driven (like a tire 
or wheel).  

 

 

• TORQUE: A twisting force that causes the 
object it’s acting on to move in a twisting 
motion. 
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• PHOTOVOLTAIC EFFECT: The 
creation of voltage or an electric 
current after electrons have been 
exposed to the energy created by light.  

 
 

• ELECTRODES: A conductor that 
allows electricity to enter or leave an 
object. When using light energy, the 
more electrodes that are present, the 
greater the energy output will be.
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MEETING PREVIEW AND SETUP 

Meeting 4: The Glider Games                    STEM Focus: Aerodynamics 
After this meeting, Scouts will be able to 

• Describe the four forces of aerodynamics: thrust, lift, weight and drag 
• Design and engineer two gliders 

Scout Law Character Focus 
Friendly 

Total Meeting Time:  
80–90 minutes 

Opening (Pledge, Oath, Law):  

3 minutes 

1. Activity Introduction:  

5 minutes 

2. Safety Moment:  

1 minute 

3. Activity 1: Paper Gliders 

30 minutes 

4. Activity 2: PowerUp 2.0 kit 

5. 30 minutes 

6. Reflection:  

5 minutes 

7. STEM Innovator Moment: 

10 minutes 

8. Announcements/Cleanup:  

5–10 minutes 

Meeting Prep Time: 30 minutes 
Activity Prep  

• Collect supplies needed for the meeting. 
• Scout Notebook: Meeting 4 (one set per team)  
• Watch the instructional videos that come with the 

PowerUp 2.0 kit and can be accessed via a QR code. As 
needed, you should also refer to the instruction 
manual in the kit. 

• Have access to 1 laptop (from the council) to show 
the following videos:  
- PowerUp folding video (if needed)  

• www.youtube.com/watch?v=Am9HxLY_WYU 
- Aerospace Engineering at Georgia Tech 

• www.youtube.com/watch?v=X9Jaxt6flt4 
- What Is Aerospace Engineering and What Do Aerospace 

Engineers Do? 
• www.youtube.com/watch?v=gwFuYWth8NA  

                        (Stop after 3:26. If time allows, Scouts can finish 
watching this video at the end of the lab.) 

 
Space Needed 
Tables and space for Scouts to build and test gliders 
 
Teams of Four  
There will be four roles in each team. Have Scouts get into 
teams and decide who will take each role before the lesson 
begins: 

Aerospace Engineer—Facilitates team discussion about glider design. 
Director of Operations—Prepares all drawings and observations 
needed in the Scout Notebook. 
Materials Specialist—Collects all materials and ensures that all team 
members have the opportunity to participate, share ideas, and work 
together to meet the challenges.  
Remaining Scout—Assists the team as needed and participates in 
experiments. 
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Materials From Kit Per Team 
 
Activity 1: The Glider Games 
 

• 20 paper clips 

• 5 sheets of paper 

• 10 sheets of cardstock 

• 1 measuring tape 

• 1 stopwatch 

• 1 pair of scissors  
 

• Access to masking tape as 
needed 

 
Activity 2: PowerUp 2.0  
 

• 1 PowerUp 2.0 kit 

• 3 AA batteries 

• 5 sheets of paper 

• 1 Phillips screwdriver 
(Scouts will share.) 

 

Materials Needed But NOT Included in Kit 
1 laptop (council-supplied) for watching the YouTube videos 
listed above. 

Lab Leader’s Optional Notes Section 
(This section is for YOU! List notes, reminders, and/or responsibilities and roles 
of the Scouts.  You may also create a list of successes and challenges you 
experience during this activity and send it our way!) 
 

 



Technology Lab: Things That Go 
Meeting 4: The Glider Games  

ã 2019 Boy Scouts of America. All rights reserved. No portion of this publication may be reproduced, stored in a retrieval system, or 
transmitted in any form by any means without the proper written permission of the Boy Scouts of America or as expressly permitted by 
law. The design of a circle divided into four quadrants with wavy lines along the perimeter (the “BSA STEM logo”) is a trademark of the 

Boy Scouts of America. 

59 

 
MEETING PLAN 

 Meeting 4: The Glider Games                    

 
STEM Focus: Aerodynamics 

 Activity Overview 
After exploring the four forces of aerodynamics (lift, thrust, drag, and weight), Scouts will experiment with glider 
design and weight to observe these three of those forces in action and create a glider that can travel the farthest. 
Then, they will step up their glider game by adding the force of thrust (propellers and a motor) and building a 
PowerUp 2.0 glider! 
 

PART 1 

Introduction/Background Information 
 

Use the questions and background information below to engage Scouts. (Typical answers 
are in italics.) 

Break Scouts up into teams of four. 

• What is aerodynamics? (The study of how air flows around solid, moving objects.) 
 

• Can anyone list the four forces of aerodynamics that work together to make an object fly? (Weight, 
lift, drag, and thrust.) 

 
• Each of these four forces of aerodynamics affects how an object moves through the air. (As you 

discuss the following, use the image on page 71 in this guide as a visual reference for the Scouts. A 
smaller version of the image is on page 23 of the Scout Notebook.) 

 
1. Weight: What is weight? (Weight is the force caused by gravity. Everything has weight.)  

 
2. Lift: Lift is the force that opposes weight and keeps an object in the air. Lift is produced by the 

continued motion in the air.  
 

- For example, the wings of an airplane in motion create lift underneath, keeping the airplane 
in the air. The force of its lift is stronger than the force of its weight pulling it down to Earth, 
which makes it fly! 

 
- To create strong lift, engineers can focus on the shape of the wings. The more curve to the 

wings, the more the air can flow around them. 
 

3. Drag: Drag is the force of air resistance pushing in the opposite direction from the motion of 
the object. Drag slows objects down. Every object that is moving, or has air moving around it, 
has drag. (Show the images on page 73 as you discuss the following points.) 

 
- Imagine you’re in a car going down a highway at 60 mph and you roll the window down to 

put your hand out in the air. What do you feel? 
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- Your hand out of the window creates drag. The more surface that the air has to move around, 
the more drag is created (a higher opposing force is slowing the airflow down).  

 
- In these pictures, which hand has MORE drag? Why? (The one with the flat palm facing out 

toward the road; it has more surface area that the wind has to travel around, so it has 
more drag.) 

 
- The hand that is level and curved has LESS drag because there is less surface that the air has 

to move around.  
 

- The next time you’re riding in a car, ask your parent or guardian if you can experiment with 
this. You will feel the difference!  

4. Thrust: Thrust is the opposing force to drag. Thrust pushes an object to move forward—like big 
jet engines or a small propeller that pulls air in and pushes it out again.  

- If an object is very large in size, it will need more thrust to oppose the drag and probably lots 
of curves to its shape.  

 
- If an object is very small, there will be less need for thrust. 

 
• Take about 1–2 minutes to match each of these forces to their correct definition on page 18 of your 

Scout Notebook.  
 

• In order for an airplane to fly, it must use the four forces of aerodynamics: lift, weight, thrust, and 
drag.  
 

• Does anyone know what a glider is? (A glider is a lightweight aircraft that is designed to fly 
without an engine, like a paper airplane or hang glider.) 
 

• In order to fly, a glider relies on only three of the four forces of aerodynamics. Can you list which 
three? (Lift, weight, and drag.)  
 

• Since there is no thrust from an engine, the glider needs initial velocity to move through the air (like 
running with a hang glider or throwing a paper airplane).  
 

• Once the glider begins to glide through the air, there is no opposing force of thrust to fight against 
the drag and lift, so the glider will eventually come to a stop. 

 
• Today, you are going to design three gliders to observe drag, weight and lift. Each of your gliders 

will compete in “The Glider Games” for longest flight!  
 

• After the games, we’ll be adding the force of thrust to build a PowerUp 2.0 airplane with a propeller 
and a motor. 
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PART 3 

Safety Moment 
• Do NOT run, point, or play with the scissors. Be mindful of your movements when holding the 

scissors. When the scissors are not being used, they must be kept on the table or work area.  
• Use care when handling the parts of the PowerUp 2.0.  

 
 

PART 4 

Activity Steps 
Activity 1: Paper Gliders and the Glider Games 

Leader Notes for Activity 1: 

• Teams of four 
• Each team must create TWO different glider designs to compete in “The Glider Games.” 

- One glider designed to fly the longest distance 
- One glider designed to stay in the air the longest time 

• Give Scouts about 15 minutes to build their gliders, leaving at least 10 minutes for competitions.  
 

For Activity 1, Scouts will be following the procedure below, which can be found on pages 24–25 of 
their Scout Notebook. 

Activity 1: The Glider Games  
 
Your team will have 15 minutes to design two gliders to compete in the Glider Games. 
One glider will compete for longest distance traveled. The other glider will compete for longest flight time. 
May the odds be in your favor, and let the games begin! 
 
Materials:  

• 20 paper clips to experiment with weight 
• 5 sheets of paper 
• 10 sheets of cardstock 
• 1 pair of scissors 
• 1 measuring tape 
• 1 stopwatch 
• Access to masking tape as needed 

 
 

PART 2 
Discuss the Scout Law Character Focus 

Today we are focusing on the character point Friendly.  
What does it mean to be friendly? 

(To be a friend to everyone, even people who are very different from you.) 
  We should remember to be friendly to others as we explore something new together—designing and 

engineering our gliders! 
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Procedure: You have 15 minutes to build your two gliders.  

1. Use your materials to design and engineer both gliders: one for distance and one for flight time. Experiment with 
things like weight (by adding paper clips), drag, wing shape, etc. 

2. After each design is finalized, use the two tables to draw a sketch of each glider and give it a name! 
3. Be sure to test each glider. 

- For the glider competing for distance, test to make sure that it glides straight and doesn’t “nose down.” 
4. Circle up with your Lab Leader to compete in the Glider Games. 

 
 
 
 
 
 

 
LEADER NOTES: The Glider Games 

Use the Glider Games scoreboard on page 75 to host the Glider Games and record the details of 
the competition. 

 
 

Distance 
• Use the masking tape to create a start line for the Scouts. When throwing a glider, the thrower’s arm 

cannot cross over this line.  
• Teams can compete one at a time or two at a time, depending on space. Use the measuring tape to 

measure the distance traveled.  
 

Flight Time 
• Use the same start line and follow the same rules. Have teams compete one at a time.  
• Use the stopwatch to record the flight time of each glider. The glider may fly around the room, fly in 

circles, or nose dive—any direction is fine! 
 
 

Discussion: After the Glider Games, gather everyone together to discuss the reflection questions 
below before moving on to Activity 2: 
• How did you feel when you were building your gliders?  
• What did you find that worked? What didn’t work?  
• Which aerodynamic force did you find it harder to engineer around? Lift, drag, or weight? Why? 
• Did anyone experiment with weight (paper clips)? What was the outcome?  
 
 
 
 

SAMPLE TABLE (duplicated in the Scout Notebook) 

Glider Name:                                                         Made for: Distance OR Flight Time 

 



Technology Lab: Things That Go 
Meeting 4: The Glider Games  

ã 2019 Boy Scouts of America. All rights reserved. No portion of this publication may be reproduced, stored in a retrieval system, or 
transmitted in any form by any means without the proper written permission of the Boy Scouts of America or as expressly permitted by 
law. The design of a circle divided into four quadrants with wavy lines along the perimeter (the “BSA STEM logo”) is a trademark of the 

Boy Scouts of America. 

63 

 
Activity 2: PowerUp 2.0 (OPTIONAL: This activity may be done outside.) 

Leader Notes for Activity 2: 

• Same teams of four 
• Each will build a glider from the PowerUp 2.0 Electrical Airplane kit. 
• Give Scouts about 10–15 minutes to build, leaving at least 10 minutes to test and experiment.  
• See the Activity Adaptations for this meeting if needed.  

 
For Activity 2, Scouts will be following the procedure below, which can be found on pages 27–28 of 

their Scout Notebook. 
 

Activity 2: PowerUp 2.0 
Let’s see what happens when you add thrust to your paper gliders. Your first launch may not be successful. Learn from 
each launch, identify where adjustments are needed, and try again.  
 
Materials 

• 1 PowerUp 2.0 kit 
• 3 AA batteries 
• 5 sheets of paper 
• 1 Phillips screwdriver (Scouts will share) 

 
 
Procedure: You will have 10–15 minutes to build the Nakamoro airplane using the 
steps in the instruction manual. Then, start your tests. 
 

1. Carefully open your glider kit. 
2. Using one of the red templates from the PowerUp kit, follow steps A and B 

in the instruction manual. (The two red templates are the same; one is extra.) 
3. Test your airplane.  
4. If it is flying correctly, complete steps C, D, and E in the manual.  

- If it is not flying correctly, see the Folding Tips box at right. 
5. Charge the PowerUp port (step F):  

- Insert the charger rod into the PowerUp port labeled “START.” 
- Do not hold the rod in the port longer than 10 seconds. 
- To stop the propeller from running, insert the charger rod into the PowerUp port labeled “STOP.” 

6. Find an open space away from the other teams to test your glider.  
7. See step H in the manual if your airplane has trouble flying straight.  
8. Once you have completed a successful flight, turn off your propeller using the charger as instructed.  
9. Next, build at least TWO more gliders: 

- You can use one of the red templates provided in the PowerUp kit. 

Folding Tips  
Check for symmetry in your 
folds.  

 
Correct the fold if needed, 
instead of trying repeatedly 
with the same one. 

 
Avoid making too many 
adjustments to the same fold. 
When all else fails, fold a new 
airplane! 
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- Or, you can follow the instructions for the Kamikaza, Phantom, or Invader airplane provided in the manual 
using one of your blank sheets of paper.  

10. Use the stopwatch to see how long your PowerUp gliders can fly! Record the details in the table below:  
 

 
 
 
 
 
 
 
 
 
Observation Questions 

1. Which glider template flew the longest? Why do you think that is? 
_______________________________________________________ 

2. What were the adjustments you had to make? 
               _______________________________________________________ 

3. How do you think your gliders were affected by the elevator flaps? 
               _______________________________________________________ 

 
 

Glider Name Flight 
Time Adjustments Made 

New 
Flight 
Time 

    

    
    

Activity Adaptations for Scouts, as Needed  
If Scouts finish early … 
 
Activity 1: 
• Have them create a fourth design.  
• Challenge them to design a glider that can fly the longest but not necessarily the farthest.  
 
Activity 2:  
• Have Scouts use the laptop to view additional flying templates provided by PowerUp. Make sure to 

check that the template is for their 2.0 version: 
www.poweruptoys.com/pages/free-downloads 
 
If Scouts are too challenged … 
 
Activity 1:  
• Have them create only two designs for the Glider Games. 
• See if one of the teams that built a successful glider can assist the challenged team in building the 

same one, step by step, instead of competing. 
 
Activity 2:  
• Use the laptop to view all the tutorial videos provided by PowerUp for the 2.0 kit.  
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PART 5 

Circle Up for Reflection Questions 
 

• Who can list the four forces of aerodynamics? (Weight, lift, drag, and thrust.) 
 

• Where did you see each of these forces in action today with your gliders? Describe what you saw. 
(More power, or thrust, when the motor was attached. Perhaps a difference in lift with different 
wing designs or a shorter flight time when the glider had more weight.) 

 
• How did you use our character today, Friendly?  

 
• There were a lot of forces acting upon your gliders to keep them in the air. Other forces were 

working against that goal, like weight and drag. However, with lift and thrust, a glider is able to stay 
in the air.  

- Until our next meeting, make a mental note of all the things in your life that feel like 
“weight” or “drag”—things that seem to be pulling you down. This could be someone at 
school who has a negative influence on you, conflict with friends, or trouble passing a 
class.  

 
- After you identify these “forces,” list or think of things that could oppose them like lift and 

thrust oppose weight and drag. Maybe you feel lifted up when you play sports or when 
you go to bed early to get more sleep. Maybe it’s easier to move forward (get some 
“thrust”) when you share what you’re feeling with a trusted friend or when you put hard 
effort into studying for a test.  

 
- Remember to oppose the “drag” in your life with something that “lifts” you up!  
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PART 6 

STEM Innovator Moment: Aerospace Engineering 
Watch the following videos on the council-supplied laptop: 
 
Video 1 
Aerospace Engineering at Georgia Tech 
 
 www.youtube.com/watch?v=X9Jaxt6flt4 (2:41 minutes) 
 
Video 2 
What Is Aerospace Engineering and What Do Aerospace Engineers Do? – 
 
www.youtube.com/watch?v=gwFuYWth8NA (Stop the video at 3:26; or, if time allows, Scouts can 
watch all of it (6:39). 
 

PART 7 

Leaving It Better Than We Found It! 
• Have Scouts help clean up supplies, return scissors to the Lab Leader, and throw away trash.  
• Make any needed announcements. 
• Put all of the parts for the PowerUp kit back in the box. Scouts can take turns checking this kit out 

for experiments, if desired.  
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Key Terms 
 

• AERODYNAMICS: The 
study of how air flows 
around solid, moving 
objects. 
 
 
• GLIDER: A light aircraft 

designed to fly for long 
periods of time without 
using an engine.
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Four forces of aerodynamics: 

 
• Weight—The force caused by 

gravity. 
 
• Lift—The force that keeps an 

object in the air; the opposing 
force to weight. 

 
• Drag—The force of air 

resistance pushing in the 
opposite direction from the 
object’s motion; the force that 
slows an object down. 

 
• Thrust—The force that pushes 

the object to move forward; the 
opposing force to drag. 
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The Glider Games Scoreboard: Distance Traveled 
 

Glider Name Distance traveled 
 

  

  

  

  

  

  

 
The Glider Games Scoreboard: Flight Time 

 

Glider Name Flight Time 
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MEETING PREVIEW AND SETUP 

Meeting 5: Zip Lines!  STEM Focus: Physics and Engineering 
After this meeting, Scouts will be able to 

• Explain Newton’s third law of motion 
• Calculate the speed of an object 
• Understand and describe the physics behind a zip line 

 
Scout Law Character Focus 

Cheerful 

Total Meeting Time  
85–90 minutes 

Opening (Pledge, Oath, Law):  

5 minutes 

Discussion and Activity 

Introduction:  

15–25 minutes 

Safety Moment:  

1 minute 

Activity:  

45 minutes 

Reflection:  

3–5 minutes 

STEM Innovator Moment: 

2 minutes 

Announcements/Cleanup:  

5–10 minutes 

Meeting Prep Time: 25 minutes 
Activity Prep  

• Collect supplies needed for the meeting. 
• Scout Notebook: Meeting 5 handout (one set per 

team) 
• Ensure all teams will have access to 1 

calculator for simple calculations 
• Have access to 1 laptop (council-supplied). Check 

for WiFi and preload the following STEM Innovator 
video:  

• “Adrenaline Constructions: A Zip Line Story”—
www.youtube.com/watch?v=7jU1mC9U3_E 
 

 
 
Space Needed 
Tables or a space for Scouts to design and build bridges 
 
Teams of Four  
There will be four roles in each team. Have Scouts get into 
teams and decide who will take each role before the 
lesson begins: 

Zip Line Engineer—Facilitates team discussion about zip 
line design. 
Director of Operations—Prepares all drawings and 
observations needed in the Scout Notebook. 
Materials Specialist—Collects all materials and ensures 
that all team members have the opportunity to participate, 
share ideas, and work together to meet the challenges.  
Remaining Scout—Assists the team as needed and 
participates in experiments. 
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Materials From Kit Per Team 

• 5 yards of string 

• 1 coffee filter 

• 1 brown paper bag 

• 3 balloons 

• 2 16-ounce cups 

• 10 marbles 

• 1 pulley 

• 4–5 feet of masking tape 

• 1 stopwatch  

• 1 pair of scissors 

 
 

 

Materials Needed But NOT Included in Kit 
• Access to 1 calculator for simple calculations 
• 1 laptop (council-supplied) for watching the 

YouTube video listed above. 
 
 

 

Lab Leader’s Optional Notes Section 
(This section is for YOU! List notes, reminders, and/or responsibilities and 
roles of the Scouts. You may also create a list of successes and challenges you 
experience during this activity and send it our way!) 
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MEETING PLAN 

 Meeting 5: Zip Lines!  

 
STEM Focus: Physics and Engineering 

 Activity Overview 
Scouts will build on their knowledge of Newton’s three laws of motion by exploring the physics behind zip lines. 
By collaborating to engineer a zip line that safely travels at the fastest speed, Scouts will learn about the three 
main forces that impact a zip line and its rider: gravity, speed, and friction.   
 

PART 1 

Introduction/Background Information 
Use the questions and background information below to engage Scouts. (Typical answers are in 
italics.) 

Prior to starting the discussion below, break Scouts up into teams of four. Each team will be listening 
for key-term definitions and writing them in their Scout Notebook. 

• Today, we are going to explore and engineer zip lines! All zip lines are different. They vary in speed, 
length, and height. Zip lines are affected by weather, temperatures, and even the people that ride 
them. Riders may come in too fast on some rides, and too slow on other rides.  
 

• There are four key factors that make a zip-line work:  
 

• How would you describe gravity? (The force that pulls every object toward the center of the 
Earth.) The pull of gravity is constant, meaning it doesn’t change.  
 

• Who remembers what speed is and what formula is used to calculate speed? (The distance 
traveled during a specific unit of time—for example, 60 miles per hour.) 

- S (speed) = D (distance) / T (time) 

• What is friction? (The resistance to the motion of an object moving in relation to another object. 
For example, suppose you are trying to push a couch over the floor. A couch is a heavy object, and 
it takes a lot of force to push it because of the friction between the couch and the floor as it slides.) 

- Some zip-line builders take advantage of friction by building automatic braking systems that 
increase the amount of pressure around the cable. This causes an increase in friction, which 
can slow down a rider who is coming in too fast.  

 
• A zip line uses all three of those aspects of physics: gravity, speed, and friction.  

 
• The weight of the rider—and the gravity that is constantly acting upon every object—will affect the 

speed at which the rider travels!  
 

• A heavier rider might go faster, but isn’t the only thing affecting the rider’s speed. 
 

• The angle of the line itself will also have a huge impact on how fast the rider travels.  
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• How would you describe the word slope? (The steepness of a line.) 

 
• How would the slope of a line affect the speed of the rider’s speed? (The steeper the slope, the faster 

the rider will go.) 
 

• Today, we will be able to see Newton’s three laws of motion in action in our zip line.  

Newton’s Three Laws of Motion 

1. An object in motion stays in motion, and an object at rest stays at rest unless otherwise acted 
upon by an outside force (like friction). 

2. The more mass something has, the more force you will need to make it move. (The slope of the 
line, or its steepness, helps reduce the friction so that the rider can move along.) 

3. For every action, there is an equal and opposite reaction. (When you jump off the platform, 
gravity has the reaction of pulling you down the line. The more force you put into your jump, the 
faster you will glide down the line.)  

• You are going to use various materials to create zip lines. You will be calculating speed (S = D/T) 
and experimenting with the slope of your line and the weight of the rider. In this case, the “rider” 
will be marbles in a cup!  
 

• As a guide to engineering your project, you will use the engineering design process.  
 
• As a reminder, the engineering design process is a series of steps that engineers follow to guide 

them in solving problems as they work on a project.   
 
Review the following steps with the Scouts, using the image on page 88 of this guide and page 30 
of the Scout Notebook as a visual reference: 

 
- Define the problem. 
- Conduct background research and specify the requirements. 
- Brainstorm solutions—of all kinds!  
- Choose a solution.  
- Build a prototype. 
- Run a test.  
- Make an evaluation. 
- Communicate what you learned. 
- Redesign and repeat! 

 
• Remember, this process is all about learning from failure. Engineers research, build prototypes, test 

them, and rebuild to improve. They are consistently looking at where a test might have failed so that 
their next design will be better.  
 

• The more times an engineering team iterates through this design process, the better the final 
solution will be! 



Technology Lab: Things That Go 
Meeting 5: Zip Lines! 

 

 ã 2019 Boy Scouts of America. All rights reserved. No portion of this publication may be reproduced, stored in a retrieval system, or 
transmitted in any form by any means without the proper written permission of the Boy Scouts of America or as expressly permitted by 
law. The design of a circle divided into four quadrants with wavy lines along the perimeter (the “BSA STEM logo”) is a trademark of the 

Boy Scouts of America. 

81 

 
PART 3 

Safety Moment 
• Do NOT run, point, or play with the scissors. Be mindful of your movements when holding the 

scissors. When the scissors are not being used, they must be kept on the table or work area. 
 
 

PART 4 

Activity Steps 
 

LEADER NOTES:  

• Give Scouts 45 minutes to build, and “guide by the side” as needed. 
 

• When time is up or when all the zip lines have been completed, have each team, one at a time, 
describe their design to the Lab and then release and time their cup. Each team should test with five 
marbles, and then test again with 10, calculating the speed both times. 

 
• After all teams have competed both rounds, circle everyone up for reflection (page 83, Part 5 of this 

meeting plan).  
 

Scouts will be following the procedures below on pages 30–31 of their Scout Notebook: 
 
Materials 

• 5 yards of string 
• 1 coffee filter 
• 1 brown paper bag 
• 3 balloons 
• 2 16-ounce cups 
• 10 marbles 
• 1 pulley 
• 4–5 feet of masking tape 
• 1 stopwatch 
• 1 pair of scissors 

 
 
 
 

PART 2 
Discuss the Scout Law Character Focus 

Today we are focusing on the character point Cheerful.  
What does it mean to be cheerful? (To be optimistic as we do tasks that come our way and to try to 

help others be happy.)  
 How can we practice being cheerful while we are building our zip lines?   

 

Shutterstock.com—©dovla982 
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Engineering Design Process 

 
Define the Problem: Use the string, one pulley, and a cup to build a zip line where the rider (your marbles) will travel at a 
fast speed but still come to a low-impact stop at the end. 

Background Research and Requirements 
• Everyone receives the same amount of materials. No one can work with more. 
• The zip line must be a minimum of 5 feet long.  
• The cup must come to a low-impact stop at the end of the line while also traveling securely at the fastest speed you 

can manage. 
• There will be two rounds: first with five marbles in the cup and, then, with 10 marbles.   
• All marbles must still be in the cup when it reaches the end, and the cup must easily come to a stop without 

crashing.  
Brainstorm Solutions 

• Examine all of your materials, and discuss what you think you will use and how. 

Choose a Solution and Build a Prototype 
• After discussion, choose the best solution. Then, draw a blueprint of the design and list the materials you plan to 

use.  
 

 
Test and Evaluate, Redesign as Needed 

• Test your zip line at least once with five marbles, and then with 10 marbles.  
 

• Make any changes needed for improvement.  
- Remember, the “rider” must slowly come to a safe stop at the end of line and all of the marbles must stay 

inside the cup. 
- You will take turns using the calculator provided by your Lab Leader. 
- Formula for speed: S = D/T 

 
Circle up for your zip line demonstration with your Lab Leader. Log your ride details below. 

 

 
 
 

 

 

Rounds Time Distance Speed 

5 marbles    

10 marbles    
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Activity Adaptations for Scouts, as Needed  
If Scouts finish early … 
• Have them build a second zip line using a new design. 
• Have two teams combine their design for a second iteration. 
• Challenge them to use the fewest components or to remove an obvious one. 

 
If Scouts are too challenged … 
• Have them use only five marbles. 
• Don’t calculate the speed.  

 
PART 5 

Circle Up for Reflection Questions 
 

• Let’s compare our speeds. (Have each team share their calculations.) 

• Choose one or two of the zip lines to discuss what worked, what didn’t work, and why.  

• What were the challenges? What things succeeded? 

• What was it like working in your team? How did your team practice our character point, Cheerful? 

• What is one thing you would do differently if you built your zip line again?  
 

 
PART 6 

STEM Innovator Moment: Adrenaline Constructions 
 

Watch the following four-minute video about two gentlemen who fell in love with zip lining and 
decided to build a zip-line park. It wasn’t easy! 
 
Adrenaline Constructions: A Zip-Line Story — www.youtube.com/watch?v=7jU1mC9U3_E 

 
 

 

PART 7 

Leaving It Better Than We Found It! 
• Have Scouts help clean up supplies, return scissors to the Lab Leader, and throw away trash.  
• Make any needed announcements. 

 



Technology Lab: Things That Go 
Meeting 5: Zip Lines! 

 

 ã 2019 Boy Scouts of America. All rights reserved. No portion of this publication may be reproduced, stored in a retrieval system, or 
transmitted in any form by any means without the proper written permission of the Boy Scouts of America or as expressly permitted by 
law. The design of a circle divided into four quadrants with wavy lines along the perimeter (the “BSA STEM logo”) is a trademark of the 

Boy Scouts of America. 

84 
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Key Terms 

• GRAVITY: The force that pulls 
every object to the center of the 
Earth. 
 

• SPEED: Distance traveled during a 
specific unit of time (miles per hour); 
S = D/T. 
 

• FRICTION: The resistance to the 
motion of an object moving in 
relation to another object.  

 

• SLOPE: The steepness of a line. 
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• ENGINEERING DESIGN 

PROCESS: A series of steps that 
engineers follow to guide them in 
solving problems as they work on a 
project.

Shutterstock.com—©arka38 



Technology Lab: Things That Go 
Meeting 5: Zip Lines! 

 

 ã 2019 Boy Scouts of America. All rights reserved. No portion of this publication may be reproduced, stored in a retrieval system, or 
transmitted in any form by any means without the proper written permission of the Boy Scouts of America or as expressly permitted by 
law. The design of a circle divided into four quadrants with wavy lines along the perimeter (the “BSA STEM logo”) is a trademark of the 

Boy Scouts of America. 

88 



Technology Lab: Things That Go 
Meeting 6: The Fluor® Project  

ã 2019 Boy Scouts of America. All rights reserved. No portion of this publication may be reproduced, stored in a retrieval system, or 
transmitted in any form by any means without the proper written permission of the Boy Scouts of America or as expressly permitted by 
law. The design of a circle divided into four quadrants with wavy lines along the perimeter (the “BSA STEM logo”) is a trademark of the 

Boy Scouts of America. 

89 

 
MEETING PREVIEW AND SETUP 

Meeting 6: The Fluor® Project                    STEM Focus: Engineering and Math 
After this meeting, Scouts will be able to 

• Describe what it means to make a profit  
• List the steps in the engineering design process 

Scout Law Character Focus 
Obedient 

Total Meeting Time:  
80–90 minutes 

Opening (Pledge, Oath, Law):  

3 minutes 

Activity Introduction:  

5 minutes 

Safety Moment:  

1 minute 

Activity: 

45 minutes 

Device Demonstration: 

15 minutes 

Reflection:  

5 minutes 

STEM Innovator Moment: 

5 minutes 

Announcements/Cleanup:  

5–10 minutes 

Meeting Prep Time: 30 minutes 
Activity Prep  

• Collect supplies needed for the meeting. 
• Scout Notebook: Meeting 6 (one set per team)  

 
Space Needed 
Tables and space for Scouts to engineer device 
 
Teams of Four  
There will be four roles in each team. Have Scouts get into 
teams and decide who will take each role before the 
lesson begins: 

Engineer—Facilitates team discussion about device 
design. 
 
Engineering Manager—Oversees the overall 
construction of the project and writes all needed details in 
the Scout Notebook. 
 
Materials Specialist—Collects and manages the 
planning and costs of all materials.  
 
Remaining Scout—Ensures that all team members have 
the opportunity to participate, share ideas, and work 
together to meet the challenges.  
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Materials from Kit Per Team 
 

• 4 feet of masking tape 

• 6 feet of string 

• 10 paper clips  

• 10 index cards 

• 1 sheet of cardstock 

• 5 regular craft sticks 

• 5 jumbo craft sticks 

• 1 16-ounce cup 

• 5 flexible straws 

• 10 rubber bands 

• 1 pair of scissors 

• 1 measuring tape 

• 1 stopwatch 

Materials Needed But NOT Included in Kit 
NONE 
 

Lab Leader’s Optional Notes Section 
(This section is for YOU! List notes, reminders, and/or responsibilities and 
roles of the Scouts. You may also create a list of successes and challenges you 
experience during this activity and send it our way!) 
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MEETING PLAN 

 Meeting 6: The Fluor® Project 

 
STEM Focus: Engineering 

 Activity Overview 
STEM Scouts has been awarded the project “Got to Get Moving!” by Fluor® Corporation. Under this 
contract, STEM Scouts engineers will be responsible for developing a device that can deliver 5 valuable 
items (paper clips) from Point A on the ground into a container at Point B (in “the mountains”) in the 
shortest time possible. Scouts will practice using the engineering design process and must keep track of 
a budget with the goal of making the largest profit they can from their project. 
 

PART 1 

Introduction/Background Information 
 

Use the questions and background information below to engage Scouts. (Typical answers 
are in italics.) 

Break Scouts up into teams of four. 

• So far during this module, we have explored wind-powered cars, solar-powered machines, gliders, 
and zip lines!  
 

• Let’s review: What does an engineer do? And what types of engineers have we explored? (An 
engineer is someone who designs, builds, and maintains engines, machines, and public works. 
We’ve explored mechanical engineers, aerospace engineers, and auto engineers.) 

 
• In real life, each of these engineering projects that we’ve worked on in our labs would have very 

strict guidelines and a detailed budget.  
 

• Clients pay engineers to find solutions to engineering problems and to design various projects. The 
work must be done within a budget so that, after the engineering company has paid all the expenses 
for labor and materials, they can make a profit from the client. 

 
• What is a profit? (Financial gain—the difference between the amount of money earned and the 

amount of money spent on and during a project.) 
 

• But a budget isn’t the only requirement engineers have to follow. They also have to work within 
specific project requirements and, typically, very tight deadlines.  

 
• In order to complete a project under all these requirements, engineers use the engineering design 

process.  
 

• Who remembers the steps in the engineering design process?  
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Engineering Design Process Steps (Use the image on page 99 of this guide and page 33 of the 
Scout Notebook as a visual reference.) 

- Define the problem. 
- Conduct background research and specify the requirements. 
- Brainstorm solutions—of all kinds!  
- Choose a solution. 
- Build a prototype. 
- Run a test.  
- Make an evaluation. 
- Communicate what you’ve learned. 
- Redesign and repeat! 

 
• Remember, this process is all about learning from failure. Engineers research, build prototypes, test 

them, and rebuild to improve. They are consistently looking at where a test might have failed so that 
their next design will be better. It’s very common for engineers to go through the engineering design 
process several times, and not necessarily in the same order of steps that we listed just now.  
 

• The more times an engineering team iterates through this design process, the better the final 
solution will be. 

 
• Today we are going to work on a project called “Got to Get Moving,”, contracted from Fluor 

Corporation! Founded in 1912, Fluor Corporation is a global engineering, procurement, fabrication, 
construction and maintenance company that transforms the world by building prosperity and 
empowering progress. 

 
• You are going to follow the steps in your Scout Notebook, but it’s going to get intense! You will also 

need to follow all the requirements specific to this job and cover all the details while trying to make 
the highest profit possible.  

 

 
PART 3 

Safety Moment 
• Do NOT run, point, or play with the scissors. Be mindful of your movements when holding the 

scissors. When the scissors are not being used, they must be kept on the table or work area.  
 

 
 
 

PART 2 
Discuss the Scout Law Character Focus 

Today we are focusing on the character point Obedient. 
What does it mean to be obedient? (To follow the rules of your family, school, and troop. To obey the 

laws of your community and country.) 
How can we practice obedience as we follow the project requirements and design our devices? 
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PART 4 

Activity Steps 
Leader Notes 

• Each device will have 3 minutes to transport all five valuable items, one at a time. 
 

• The device can start from anywhere, as long as it’s at least 8 inches away from the cup. 
 

• Teams will want to have the highest amount of profit possible at the end of their project.  
 

• Give Scouts at least 45 minutes to engineer, leaving at least 15 minutes for demonstrating their 
device.  
 

• See the Activity Adaptations in this meeting plan if Scouts feel too challenged or if they finish 
early. 

 
• When design time is up, have each team demonstrate their device performing the assigned task, 

and use the stopwatch to time 3 minutes. 
 

• Scouts should take detailed notes of materials used so that they can calculate quickly with the 
calculator (unit-supplied).  

 
Start by reading aloud to the Scouts the following background information about their project:  
 

STEM Scouts has been awarded the project “Got to Get Moving!” by Fluor Corporation. Under this 
contract, STEM Scouts will be responsible for developing a device capable of delivering five extremely 
valuable items—paper clips—from point A, on the ground, into point B, a container in the mountains. 

The delivery has to take three minutes or less— the fast time possible! 
 

Because all the items are extremely valuable, they must be transported one by one. That means each 
lift can only carry one item at a time. Perhaps you should consider a simple pulley system or a ramp.  

 
Due to the importance of this project, Fluor Corporation is calling upon every STEM Scout 

engineering team around the nation to come up with the best solution that for fulfilling the contract 
while also maximizing the profit. 

 
 

• As a whole class, read through the materials, budget, and device requirements for the project on 
pages 36–38 of the Scout Notebook (pages 101—103 of this guide). 
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Scouts will now follow the below steps in their Scout Notebook. 
 
Objective 

• Develop a device capable of delivering five extremely valuable items (paper clips), one at a time.  
• Start at point A (at least 8 inches away from the cup) and deliver to point B (in the cup). 
• Deliver all five valuable items in three minutes or less. 
• Maximize the profit! 

Materials: Maximum amount of each item allowed (See table below.) 
• 4 feet of masking tape 
• 6 feet of string 
• 10 paper clips (five are the client’s “valuable items,” and five you can build with) 
• 10 index cards 
• 1 sheet of cardstock 
• 5 regular craft sticks 
• 5 jumbo craft sticks 
• 1 16-ounce cup (used as point B) 
• 5 flexible straws 
• 10 rubber bands 
• 1 pair of scissors 
• 1 measuring tape 
• 1 stopwatch (Lab Leader will time at the end.) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Procedure  

1. Using the table above as a reference, read through the Materials Planning Details on pages 36-37 of the Scout 
Notebook to see how to calculate your expenses and income, and calculate your profit.  

2. Use the engineering design process on page 38–39 of the Notebook to construct your device, and fill in the 
appropriate details.  

3. When construction time is up, circle up for your project demonstration with your Lab Leader! 

Material Description Unit Unit Price 
Per ($) 

Max 
Quantity 
Allowed 

String 1 foot $100 6 

Masking tape 1 foot $40,000 4 

Regular craft sticks Each $10,000 5 

Jumbo craft sticks Each $10,000 5 

Straws Each $10,000 5 

Cardstock Each $20,000 1 

Rubber bands Each $5,000 10 

Index cards Each $20,000 10 

Paper clips Each $5,000 5 
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Activity Adaptations for Scouts, as Needed  
If Scouts finish early … 
Have them calculate the time they used to deliver the items by using this formula: 

 
Client Payment = $500,000 * N/t 

 
t = Time used during the delivery phase of the N items (time recorded in seconds; round up to the 
next whole second) 

 
If Scouts are too challenged … 
• Have them time only how long it would take to transport three valuable items instead of five. 
• Have them “hire a consultant” for a $50,000 fee by asking another team to share some ideas that 

they are using in their design. The team that is consulted will earn the $50,000.  
• Suggest that they use a pulley system with a straw and string. Find a way to have the straw secured 

to the cup (point B) but still able to turn. Tie a string to the straw and, when turned, the straw will 
wind up on the string—pulling a tray that carries the valuable item. 

 
 

PART 5 
Circle Up for Reflection Questions 

 
• What were some of the improvements you had to make to your device?  

 
• What parts of this project were the most challenging?  

 
• What are some ideas in your brainstorming list that you didn’t use?  

 
• How did you feel, knowing that you had to make a profit on your project?  

 
• Describe your teamwork. What things succeeded in your team? What things were challenges?  

 
• How did you and your team practice our character point, Obedient? How did you feel having to 

be obedient to specific regulations and steps?  
 

• Who can list the steps in the engineering design process?  
- Define the problem. 
- Conduct background research and specify the requirements. 
- Brainstorm solutions of all kinds.  
- Choose a solution.  
- Build a prototype. 
- Run a test.  
- Make an evaluation. 
- Communicate what you learned. 
- Redesign and repeat! 
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PART 6 

STEM Innovator Moment: Engineering Manager 
As we discussed at the start of this meeting, in real life, all of the engineering projects we’ve worked 
on in this module would have very strict guidelines and a detailed budget. If you liked taking the lead 
in your team during today’s project, you might want to research engineering management.  
 
Most big engineering projects have an engineering manager who oversees the details and makes sure 
deadlines are met. This helps to ensure a project is completed on time and within its budget. 
Engineering managers must be strong leaders who are knowledgeable in their profession, can 
supervise a team of engineers, and can coordinate the many moving parts in a project. 
Here are some details about this career field:  
 

• Engineering managers earn an average of $134,730 a year.  

• Key requirements: bachelor’s degree and skills in math, analytics, complex problem-solving, 
and communication 

• Subjects to focus on in high school: biology, math, physics, computer sciences, and technology 
 
Source: www.sciencebuddies.org/science-engineering-careers/engineering/engineering-
manager#keyfactsinformation 
 
 

PART 7 

Leaving It Better Than We Found It! 
• Have Scouts help clean up supplies, return scissors to the Lab Leader, and throw away trash.  
• Make any needed announcements. 
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Key Terms 
 

• PROFIT: Financial gain; 
the difference between the 
amount of money earned 
and the amount of money 
spent on a project. 
 
 
• ENGINEERING DESIGN 

PROCESS: A series of 
steps that engineers follow 
to guide them in solving 
problems as they work on a 
project. 
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LEADER COPY: Materials Planning Details 

1. Material Costs—the cost of materials to build the device 

Note the following:  

- You will be given the maximum amount of each material, but you are not required to 
use all of it.  

- You will only add up the materials you used. 

2. Client Payment  

Given the importance of successfully completing the delivery in the fastest possible time, 
the client will pay $500,000 per item delivered, and speed is of the essence!  

This will be calculated according to the following formula: 
 

Client Payment = $500,000 * N 
 

N = Number of items successfully delivered 
 

NOTE: If you finish early, you can also factor in the time you used to deliver the items by 
using the formula below:  

 
Client Payment = $500,000 * N/t 

 
t = Time used during the delivery phase of the N items (time recorded in seconds; 
round up to the next whole second)

Shutterstock.com—©Kemal 
Taner 
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LEADER COPY: Material Planning 
The following formula will be used to determine the winner. The winning team will be 
determined by the highest total profit. 

 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 

Example:  

- Material Costs: $610,000  
- Client Payment: 4 out of 5 items delivered à 4 X $500,000 = $2,000,000 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Material Cost Client 
Payment 

Total Expenses Total Income 

Total Income – Total Expenses = Total Profit 

$2,000,000 

$610,000 $2,000,000  

Total Income – Total Expenses = Total Profit 
$2,000,000 – $610,000 = $1,390,000 

$610,000 
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LEADER COPY: Engineering Design Process (pages 105–106) 
Use the outline below to plan the construction project contracted by Fluor Corporation, a 

global engineering company. 

• Define the Problem  
 

 

• Conduct Background Research and Specify the Requirements 
- Every team will receive the same amount of materials; no team may get more. 
- If you use any amount of the cardstock, you will be charged for the entire sheet. 
- You must lift only one item at a time. 
- Each item must be released into the cup to count as delivered. 
- Each item must be released into the cup automatically  (not using your hands). 
- You must deliver all five items within three minutes or less. 
- The items cannot be thrown (catapulted, sent with a slingshot, launched, etc.) from 

point A to point B. 
- The items can be loaded manually (using your hands) on to the device that carries the 

item. 
- You can operate the device with your hands, but you cannot touch the item. 
- Once the carrying device is in action with the item, no one can interfere with the 

operation until the device has automatically and successfully completed delivery of the 
item to point B. 

- If a reset of the device is required to transport the next item, the reset can be done 
manually prior to reactivating the device. 

- The items (paper clips) belong to the client and cannot be modified during the 
competition. 

- The items must start at point A, 8 inches away from point B, the cup. You may tape the 
cup down, if necessary.  

- You must complete a Material Planning Form at the end to calculate the total profit.  
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• Brainstorm Solutions  

Write your ideas here. For example, using some sort of pulley system, a tray to hold the item, 
etc. 

• Our Best Solution: 
___________________________________________ 

• Build a Prototype. 

• Test (at least twice), then Evaluate and Improve 

 
Circle up for your project demonstration with your Lab Leader!

What Worked? Areas for Improvements 

Test 
1 

  

Test 
2 

  

Test 
3 
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This meeting was written by STEM Scouts, based on the Fluor Friendly Engineering 
Challenge that is held once a year with the engineers at Fluor. 

 
 
 
 
 
 
 
 
 
 
 

Founded in 1912, Fluor Corporation is a global engineering, procurement, 
fabrication, construction, and maintenance company that transforms the world by 
building prosperity and empowering progress. Fluor serves its clients by designing, 
building and maintaining safe, well-executed, capital-efficient projects around the 
world. With headquarters in Irving, Texas and more than 53,000 employees 
worldwide, Fluor invests in programs that inspire and prepare students to excel in 
science, technology, engineering, and math (STEM) subjects and disciplines, and is 
committed to the development of our next-generation workforce.  
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Technology Lab: Things That Go 
Survey 
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Boy Scouts of America  
STEM Scout Module Survey, 2019 

 
iPhone/iPad Directions: 

1. Open the Camera app on the iPhone or iPad. 
2. Make sure you have adequate lighting so the camera can pick up the QR code. 
3. Align the camera with the QR code. 
4. The camera will read the QR code and provide you with a notification to access whatever 

it contains. 

Android Instructions: 

1. Tap the Navigation (three stripes on the upper left corner).  
2. Choose: Settings. 
3. Choose: Screen Search. 
4. Swipe to activate it.  

 

Computer Instructions: 

1. Open a web browser (Explorer, Firefox, Google Chrome). 
2. Type in this website: 

http://scouting.co1.qualtrics.com/jfe/form/SV_dmd7eLarNQM62rz 

 


