
 
 

SPACE RADIATION BALLOON ACTIVITY 

— INSTRUCTOR GUIDE — 
 

SUMMARY 
There is increasing interest in human space exploration beyond the Moon’s orbit, such as 
venturing to Mars. However, the effects of radiation are still a major concern for such travel. 
Astronauts need shielding from certain types of harmful radiation emanating from the sun and 
deep space. One cheap way to test radiation shielding is with high-altitude balloons, which 
ascend into near-space (i.e., the upper atmosphere) where radiation levels are higher than at the 
ground. Teams of scientists and engineers on such projects must be aware of design constraints, 
costs, material and payload limitations, and public support. Through role playing and problem 
solving, this activity prompts a mock “space race” competition between two teams of students 
to build and test a radiation shielding device.  

The instructor presents the students with a space agency scenario. After being assigned to a 
team and given a specific role, students begin working on their missions. The computer scientists 
learn about Arduinos and basic computer coding, the engineers learn about shielding materials, 
the economists learn about budgets and cost-benefit analysis. Each student will have the 
opportunity to contribute to their team in one way or another. Throughout the activity, each 
agency designs and builds an Arduino radiation payload with a shielding apparatus to block 
certain types of ionizing radiation from reaching their radiation sensor. They then fly these 
payloads to near-space with a high-altitude balloon, measuring changes in radiation as a 
function of altitude.  

After the flight, each team analyzes their radiation data to assess the effectiveness of their 
shielding apparatus. They then communicate their findings with the rest of the class. Finally, the 
instructor uses a set of metrics to determine which agency did the best job throughout the 
activity and declares them the winner of the space race! 

 

LEARNING OBJECTIVES 

After this activity, students should be able to: 

• Define different types of radiation and their effects on human life. 

• Explain the concept of radiation shielding and why it is important for astronauts. 

• Describe how the radiation data is collected, analyzed, and interpreted. 
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EDUCATIONAL OVERVIEW 

Grade Level:  High School (9–12)  

Class Size:  12–20 students 

Costs:  ~$25 if renting a payload kit, $1,000+ if flying your own balloon and payloads 

Activities:   Phase I – Introduction (45 min) 
 Phase II – Research & Design (60 min) 
 Phase III – Payload Development (120 min) 
 Phase IV – Balloon Launch (all day) 
 Phase V – Data Analysis (90 min)  

Subjects:   Physics, Engineering, Computer Science, Programming, Circuits, Material Science, 
Atmospheric Science, Earth Science 

 

WORKSHEETS & ATTACHMENTS 

• Space Radiation Intro Presentation  —  PowerPoint / PDF 

• Agency Roles & Worksheets (printout)  —  Word / PDF 

• Rules & Material Costs (printout)  —  Word / PDF 

• Material Payment Slips (printout)  —  Word / PDF  

• Arduino Code  —  For instructor reference only (shows correct order of the code blocks)  

 

REQUIRED MATERIALS 

Payload Materials (included in our payload kit) 

• Arduino parts and payload boxes • Shielding materials 

Basic Supplies & Tools (provided by the instructor) 

• Duct tape, electrical tape  

• Hot glue guns 

• Metal snips, scissors/wire cutters 

• Common hand tools, box cutters 

• Rulers, paper, pencils/markers 

• AA batteries 

Other Materials (provided by the instructor/school) 

• Printouts of the roles & worksheets, rules & material costs, and payment slips (see above) 

• Computers with access to Microsoft Excel or Google Sheets  

http://wyomingspacegrant.org/wp-content/uploads/2023/02/Space-Radiation-Activity-Intro-Presentation.pptx
http://wyomingspacegrant.org/wp-content/uploads/2023/02/Space-Radiation-Activity-Intro-Presentation.pdf
http://wyomingspacegrant.org/wp-content/uploads/2023/02/Space-Radiation-Activity-Agency-Roles-and-Worksheets.docx
http://wyomingspacegrant.org/wp-content/uploads/2023/02/Space-Radiation-Activity-Agency-Roles-and-Worksheets.pdf
http://wyomingspacegrant.org/wp-content/uploads/2023/02/Space-Radiation-Activity-Rules-and-Material-Costs.docx
http://wyomingspacegrant.org/wp-content/uploads/2023/02/Space-Radiation-Activity-Rules-and-Material-Costs.pdf
http://wyomingspacegrant.org/wp-content/uploads/2023/02/Space-Radiation-Activity-Shielding-Material-Payment-Slips.docx
http://wyomingspacegrant.org/wp-content/uploads/2023/02/Space-Radiation-Activity-Shielding-Material-Payment-Slips.pdf
http://wyomingspacegrant.org/space-radiation/workingcode/
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THE PAYLOADS 

Each space agency will assemble their own Arduino radiation payload. This activity comes with 
detailed instructions for students to follow. For best results, a total of three radiation payloads 
should be flown with the balloon—two with radiation shields developed by the students and one 
unshielded control payload. The Wyoming Space Grant can often provide the control payload. 

RADIATION MEASUREMENTS & SHIELDING 
Payload measurements will be obtained with a pocket Geiger radiation sensor developed by 
Radiation-Watch, a non-profit group in Japan. This sensor was chosen because it is relatively 
affordable (compared to a Geiger-Müller tube), lightweight, and easy to use with an Arduino. 
Unfortunately, it only measures Gamma rays and Beta particles and thus will likely not detect 
~99% of the incoming cosmic rays from deep space.  

Beta particles (i.e., solitary electrons) make up about 1% of cosmic rays. Of the Gamma rays, some 
will originate from deep space. However, most of the Gamma rays measured by the sensor will 
likely emanate from secondary cosmic radiation “air showers” that occur when incoming cosmic 
ray particles collide with atoms and molecules in the atmosphere (or in the radiation shields!). 
Since both Beta particles and Gamma rays are highly ionizing and thus potentially harmful to 
human health, their measurements are relevant for this activity.    

Each time the sensor receives a radiation “hit”, it sends a pulsed signal to the Arduino. From this, 
the source code can calculate four different radiation variables: count, counts per minute, 
radiation dosage (units of microSieverts per hour), and dosage error. Think of the counts as the 
“clicks” one would hear from an actual Geiger counter, and the dosage is the amount of radiation 
received over time. These two numbers should increase as the sensor goes higher in the 
atmosphere for two reasons. First, there is less atmosphere to protect the sensor from incoming 
cosmic rays. Second, the intensity of secondary radiation showers (and thus Gamma ray 
production) tends to be largest in the stratosphere.  

You may find that your students’ radiation shields actually cause their sensors to detect more 
radiation than the control sensor without a shield. This is because, like the atmosphere, shielding 
materials also produce secondary cosmic radiation (including Gamma rays) when they are hit by 
cosmic rays. A well-designed shield should use proper materials and be adequately thick to block 
most of the incoming cosmic rays, as well as secondary radiation produced by the shield itself. 
Given the available materials and weight limitations in this activity, it may in fact not be possible 
to build a shield that reduces the amount of radiation reaching the sensor. This shows just how 
difficult it is to develop effective, lightweight, low-cost radiation shielding! 
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PAYLOAD CONSTRAINTS 
The FAA rules that govern unmanned free balloons are outline in Title 14, Chapter I, Subchapter 
F, Part 101 of the Code of Federal Regulations. In short, they require that all payload packages 
suspended below the balloon weigh no more than a combined 12 lbs (~5.4 kg), with no 
individual package weighing more than 6 lbs (~2.7 kg). In addition, the smallest side of any 
package weighing more than 4 lbs (~1.8 kg) must have a weight/size ratio of no more than 3 
oz/in2. Finally, the string or device used to suspend the payload from the balloon must be able 
to separate with a force of no more than 50 lbs. There are several other rules related to restricted 
areas and hazardous operations, but these four mentioned here are the big ones. Balloon 
payloads that comply with these criteria are considered “exempt”, meaning they may be flown 
without any further action required and no need to notify the FAA.  

IMPORTANT! 
This guide assumes that you will be flying your radiation payloads on a Wyoming Space 
Grant balloon flight. If you plan to fly them using your own balloon, without our assistance 
or resources, please read CONDUCTING YOUR OWN BALLOON LAUNCH on page 43. 

Given these FAA rules, there is necessarily a weight limit for the Arduino radiation payloads 
constructed in this activity. After subtracting the weight of our tracking equipment and cameras, 
we are left over with only 6.6 lbs for the three radiation payloads. The weight of one radiation 
payload without any shielding (i.e., just the Arduino electronics, radiation sensor, battery, and 
payload box) is about 1.2 lbs. We can subtract one of these to account for the control payload, 
leaving 5.4 lbs for the two remaining student payloads. Of this, only 3 lbs (~1.4 kg) is available 
for the two radiation shields. 

When flying your radiation payloads with us, the following constraints apply: 

1) To keep us from going over the weight limit, each radiation shield must weigh no less than 
200 grams (0.44 lbs) and no more than 500 grams (1.1 lbs).  

2) The radiation shield must completely enclose the radiation sensor.  

3) The radiation shield must fit inside the payload box (inner dimensions of 8.8“×7.2”×4.3”), 
next to the Arduino, and be securely mounted to the box with zip ties.  

4) The radiation sensor must be easily removeable from the radiation shield. In other words, 
students should not attach the sensor directly to the shield with anything permanent or 
sticky, such as glue. A little bit of tape to hold it in place is ok! 

5) When mounted, the radiation sensor must be facing up with the flat sid+e pointing toward 
the top of the box.  

https://www.ecfr.gov/current/title-14/chapter-I/subchapter-F/part-101
https://www.ecfr.gov/current/title-14/chapter-I/subchapter-F/part-101
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BORROWING A PAYLOAD KIT 
The Wyoming Space Grant has several radiation payload kits that instructors can borrow free of 
charge for this activity. However, these are only available to groups that will be flying their 
radiation payloads on one of our balloon launches. The kits can be reserved ahead of time on a 
first come, first serve basis. Due to limited supply, we may not be able to accommodate all 
requests. Once reserved, we will ship the kit to the instructor within 2 months of the scheduled 
launch date. It must be returned to us ASAP after the launch. We ask that any parts damaged 
during the activity be replaced if possible. We will any replace parts damaged during the flight. 

Each kit comes with two disassembled Arduino radiation payloads, the shielding materials, and 
a few miscellaneous supplies. The students will assemble these two payloads during the activity. 
We will bring the control payload with us on launch day. We will also bring three fully charged 
lithium-polymer (LiPo) battery packs. These 7.4 V LiPo battery packs perform better than regular 
lithium batteries in cold weather but require a special charging procedure.  

Instructors may supplement our kit by adding different shielding materials to the activity if they 
wish, or even allow students to 3D-print shielding parts. All materials should be non-hazardous 
and not be too heavy. If you wish to add materials, please consult with us beforehand.  

To take advantage of our radiation payload kits: 

• Instructors must first be scheduled to host one of our balloon launches. To request a launch, 
please visit: http://wyomingspacegrant.org/balloonprogram/request/.  

• Once your launch is scheduled, email us at wsgc@uwyo.edu and let us know that you would 
like to borrow one of our radiation payload kits. Please also tell us when you’d like to receive 
it (we will only send it within 2 months of the launch date).  

• If available, we will ship out the kit so that it arrives by your desired date.  

CONTENTS OF PAYLOAD KIT 
Below is the full list of electronics parts included in our payload kit that are required to build the 
radiation payloads. If purchasing your own parts, see the Table 1 on page 40. 

• Arduino Mega microcontrollers 

• Ethernet shields 

• Half-size breadboards 

• Geiger radiation sensors 

• GPS breakout boards 

• GPS antennas 

• SMA-to-uFL adapters 

• MicroSD cards 

• Jumper wires 

• Plastic mounting trays 

• USB-A to USB-B cables 

• AA battery packs 

http://wyomingspacegrant.org/balloonprogram/request/
mailto:wsgc@uwyo.edu
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Below is the full list of materials and supplies included in our payload kit that are needed to build 
the radiation shields. If purchasing your own materials, see the Table 2 on page 41. 

• 1/16” high-density polyethylene 

• 1/64” aluminum 

• 1/8” balsa wood 

• 1/32” steel 

• 1/32” lead 

• Mylar 

• Bubble wrap 

• 12” zip ties 

• Latex-free vinyl gloves (or similar) 

SUPPLIES THE INSTRUCTOR SHOULD PROVIDE 

The instructor will need to provide some basic supplies and tools, many of which are likely 
already on hand. These include duct tape and/or electrical tape, hot glue guns, metal snips, 
scissors and/or wire cutters, box cutters and/or X-Acto knives, common hand tools (e.g., 
screwdrivers), rulers, pencils, markers, and paper. Please see Table 3 on page 42 for a full 
description of these supplies.  

The instructor will also need to provide AA alkaline batteries for payload testing prior to launch. 
The battery holders included in our payload kits (and listed in Table 1 on page 40) each hold 6 
AA batteries, yielding 7.5 V. If you decide to use this battery holder for your own balloon launch, 
you will need to switch to lithium batteries since they perform much better in the cold 
environment at high altitudes. As stated above, if you’re flying your radiation payloads on one 
of our balloons, we will provide you with high-performance LiPo battery packs for the launch. 
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AGENCY ROLES 

We recommend forming the agencies and assigning student roles beforehand, although the 
instructor may allow the students to form their own agencies and pick their own roles at the end 
of Phase I. Ideally, agencies will have a minimum of 6 students and a maximum of 10 students 
each. Certain roles can be eliminated if fewer students participate. However, the computer 
scientist and engineer roles are critical to the completion of the radiation payload.  

International Advisor (teacher/instructor) 
Provides guidance to students, sells shielding materials to the agencies, approves social media 
payments, and ensures the payloads are assembled properly and safely prior to launch.  

Space Agency Director (1 student) 
In charge of overseeing their team’s activities, keeps team members on task, signs off on the 
purchase of shielding materials, and organizes and delivers presentations to update the class 
on their team’s progress.  

Research Scientist (1–2 students) 
Provides research support for other members of the team, researches and helps choose 
materials to use for the radiation shield, helps determine best way to mount the payload items, 
and assists with data analysis after the flight. 

Engineer (1–2 students) 
Helps choose materials to use for the radiation shield, designs and builds the shield, helps test 
the payload operation prior to balloon flight, and assesses shield performance after the flight. 

 

Computer Scientist (1–2 students) 
Organizes and manages Arduino code, assembles the payload electronics and wiring, helps test 
the payload operation prior to balloon flight, and assists with data analysis after the flight.  

Economist (1 student) 
Manages their team’s budget, keeps track of spending and social media earnings, helps choose 
materials to use for the radiation shield, and oversees the purchase of materials from 
International Advisors. 

Marketing Specialist (1–2 students) 
Designs their agency’s logo, manages their team’s social media page or website, takes pictures 
of their agency at work, and helps the Director with the team presentations. 
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SPENDING & EARNING MONEY 

Each space agency can purchase the materials listed below from the instructor. All sales are final 
once the payment slip is signed or stamped by the instructor. Materials do not have to be 
purchased all at once. Unless authorized, no other raw materials may be used in the construction 
and mounting of the radiation shield, except for miscellaneous items (e.g., tape, zip ties, hot 
glue). These, as well as common hand tools, may be used free of charge.  

PURCHASING MATERIALS 

Starting Budget:  $300 million 

Shield Mass Limit:  500 grams 

Raw Materials Size (Thickness) Mass Cost Purchase Limit 

Lead* 4”×4” sheet (1/32”) 88 g $60 million / sheet 4 sheets 

Steel 4”×4” sheet (1/32”) 56 g $50 million / sheet 4 sheets 

Aluminum 4”×4” sheet (1/64”) 15 g $40 million / sheet 4 sheets 

Balsa Wood 4”×4” sheet (1/8”) 6 g $30 million / sheet 4 sheets 

Bubble Wrap 1 sq ft 7 g $25 million / sq ft 2 sq ft 

Polyethylene 4”×4” sheet (1/16”) 15 g $10 million / sheet 4 sheets 

Mylar 1 sq ft 1.7 g $10 million / sq ft 3 sq ft 

* Wear gloves and avoid touching mouth, nose, and eyes when handling lead sheets. 

SOCIAL MEDIA EARNINGS (OPTIONAL) 
Each space agency can also earn up to an additional $75 million (maximum) by gaining followers 
on their social media page (if one is created). This money can only be earned before the balloon 
launch and must be approved by the instructor: 

• Earn $10 million after the first 10 follows 

• Earn another $20 million after the first 50 follows 

• Earn another $45 million after the first 100 follows 
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RULES & REQUIREMENTS 

We recommend the following rules and requirements for this activity, although the instructor is 
more than welcome to alter the rules or create their own: 

1) The mass of each radiation shield by itself (i.e., not including radiation sensor) must be at 
least 200 grams but cannot exceed 500 grams. 

2) The radiation shield must completely enclose the radiation sensor on all sides. The sensor 
cannot be glued or permanently attached to any of the shielding material, must be easily 
removeable, and must face upward toward the sky during flight. 

3) The radiation shield must fit within its payload box and be mounted securely to the box 
(preferably with zip ties) during the flight. 

4) Shielding materials can be bent, folded, cut, molded, or otherwise altered, if done so in a 
safe manner that is approved by the International Advisor. 

5) Only the materials and tools provided by the International Advisor may be used in the 
construction of the radiation shield. 

6) Final payload assemblies must be tested and receive final approval from the International 
Advisor prior to the balloon flight. 

7) Each space agency begins with a budget of $300 million. Agencies can spend more than 
their budget, however doing so will incur a penalty. 

8) (Optional) Agencies can earn up to an extra $75 million in funding for their budget by 
gaining followers on their social media. This extra funding can only be earned before the 
balloon launch and must be approved by the International Advisor. 

SCORING / DETERMINING THE WINNER 

We recommend the following scoring rubric (out of 100), although the instructor is once again 
welcome to alter these or come up with their own way of assessing team performance:  

(Up to 30 pts)   Design and performance of radiation shield. 

(Up to 20 pts) Quality of Director Presentations. 

(Up to 20 pts)  Creativity and design of agency logo and name. 

(Up to 15 pts)  Quality of social media or website content (optional). 

(Up to 15 pts)  Finished under budget (subtract 1 point for every $10 million over). 
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PHASE I – INTRODUCTION 

TIME REQUIRED 
45 minutes 

DESCRIPTION 
During this phase, students will learn about the various types of radiation and be introduced to 
this activity. Students will be divided into teams (i.e., the space agencies) and assigned student 
roles. Each agency will choose a name. By the end of this phase, students should be prepared to 
begin working on the specific tasks and responsibilities associated with their role. 

Note: This phase closely follows the Shielding from Cosmic Radiation: Space Agency Scenario 
lesson that we published with TeachEngineering.org in 2021.  

INSTRUCTOR OUTLINE 
1) PowerPoint Presentation: Introduction to Radiation (20 minutes) 

a. The instructor begins showing the Space Radiation Intro Presentation (see page ii), which 
introduces the main radiation concepts and important background information that are 
relevant to the activity.  

b. On slide 2, ask the students “Why would we want to go to space? Why pursue space travel?” 

• Allow the students to offer answers. 

• Explain that there are many different reasons humans may want to go to space. 
Among these reasons are: (1) to explore and learn about the unknown, (2) to discover 
new worlds, (3) to push the boundaries of scientific and technical limits, (4) to 
develop new technologies and industries, (5) to create economic growth, (6) to foster 
peaceful connections with other nations, (7) to provide and maintain national 
security, and (8) to address fundamental questions about our place in the universe 
and the history of our solar system. 

c. On slide 3, ask the students “What are the biggest obstacles to human space travel?” 

• Allow the students to offer answers. [Potential responses may include costs, distance 
(i.e., too far to travel, our current technology is too slow), and the inherent dangers 
and risks with such an endeavor.] 

• Point out that a major obstacle we face when we go into space is radiation. Although 
we have the technology to get rockets into space, we don’t have the technology to 
fully protect astronauts from radiation. 

https://www.teachengineering.org/lessons/view/uow-2546-cosmic-radiation-space-agency-scenario-lesson
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d. Before moving on to the next slide, ask the students “What is radiation?”  

• Allow them to offer answers.  

• Explain that radiation is a form of energy that is emitted either as electromagnetic 
waves or as particles. In some cases, radiation can be seen (visible light) or felt 
(infrared radiation), while other forms are not visible and can only be observed or 
measured with special equipment. 

 
The next few slides cover the basic types of radiation and their properties. Prior to the lesson, 
you may want to brush up on your understanding of radiation. You may use this NASA webpage 
as a reference: https://www.nasa.gov/analogs/nsrl/why-space-radiation-matters. Instructor 
Notes are included at this end of this phase. You will also find notes in the slideshow. 

 

e. On slide 4, ask the students “What is electromagnetic radiation?”  

• Allow them to offer answers.  

• Explain the basics of electromagnetic radiation. Be sure to highlight the difference 
between ionizing and non-ionizing radiation and why ionizing radiation can be 
dangerous.  

f. On slide 5, ask the students “What is particle radiation?”  

• Allow them to offer answers.  

• Explain the basics of particle radiation. Some particle radiation, including Alpha and 
Beta particles, are relatively common here on Earth. Be sure to define and discuss 
cosmic radiation and the effects it can have on astronauts in space!  

g. On slide 6, highlight the three types of ionizing radiation that are focused on in this 
activity: Alpha particles, Beta particles, and Gamma rays. Discuss their ionizing and 
penetration properties and what kind of shielding it takes to stop each one. 

h. Ask the students “On Earth, what protects us from radiation coming from space?”  

• Allow them to offer answers. 

• Explain that life on Earth is protected from the full impact of solar and cosmic 
radiation by the magnetic fields that surround the Earth and by the Earth’s 
atmosphere. They act like a shield. 

i. Ask the students “What about astronauts? What protects them from this radiation?” 

• Let them think about this for a moment.  

• Explain that radiation shielding for space travel is an ongoing challenge that 
scientists and engineers are currently working to address. 

https://www.nasa.gov/analogs/nsrl/why-space-radiation-matters
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j. Slides 7 and 8 each include a link to a short YouTube video about radiation.  

• Watch “Does Radiation Make Air Travel Dangerous?” (2:28)  

• Watch “New Evidence for Planet 9!” (5:59) 

2) PowerPoint Presentation: Introduction to Activity (10 minutes) 

a. Continuing with slide 9, introduce the space agency scenario.  

• “Here’s the scenario. Two emerging nations have entered into a space race!”  

• “Each wants to develop a space-faring vessel to protect their astronauts from harmful 
radiation in space.” 

• “To do so, both nations have formed brand new space agencies. As young, renowned 
physicists, engineers, scientists, economists, and marketing specialists, you [the 
students] have been tasked by the leaders of these nations with developing their space 
agencies from the ground up. You will each be hired by one of these space agencies. 
Your mission as a team is to develop a way to shield the astronauts from dangerous 
radiation in space.” 

• “The road will be long, and there will be failures, but both agencies will eventually 
launch a successful mission. To win the space race, your agency must work together to 
develop an effective way to protect your astronauts from this dangerous radiation.” 

b. On slide 10, discuss what this activity is really all about. 

• “So, what exactly are we really doing? In this activity, you’re going to send “astronauts” 
(i.e., a radiation sensor) up to near space! Your team will be building a payload capable 
of measuring ionizing radiation high in the atmosphere.”  

• “Using various materials, you will need to create a radiation shield to protect the sensor 
from this radiation.”  

• “You must work together to assemble the payloads and determine which materials to 
use for your shield.” 

• “We are going to use high-altitude balloons to test your payloads, collect basic 
measurements, and study the effects of space radiation on your astronauts. This 
approach is much less expensive than using rockets or high-altitude aircraft like the 
U2. However, high-altitude balloons cannot do everything that is needed, as they are 
limited to altitudes of 120,000 feet or so, well below the edge of space. Nevertheless, 
these altitudes are more than high enough to expose our payloads to the high levels 
of radiation found outside our atmosphere.” 

c. On slides 11–18, quickly go through the student roles and describe how each one 
contributes to the activity. 
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d. On slides 19 and 20, introduce the main components of the radiation payload and 
broadly discuss the various shielding materials and tools that will be available for the 
agencies to use. Some materials cost money while others are free to use. 

e. On slides 21 and 22, explain the rules and requirements of the activity, the budget 
constraints, and how extra funding can be earned via social media.  

f. On slide 23, let the students know how their payloads will be scored to determine the 
winning Agency. A prize for the winning Agency is not a bad idea! 

3) Organize the Agencies (15 minutes) 

a. The instructor breaks the students into agencies (teams) and asks them to sit together. 
The instructor can either assign students to an agency or allow them to self-select. 
Whatever the case, you don’t want to spend too much time on this during class. 

b. The students are then assigned roles within their respective agency. The instructor may 
wish to assign roles themselves or allow the students to decide. Another option is for the 
instructor to only choose Directors for each agency. It then becomes the Director’s 
responsibility to delegate roles to their teammates. 

c. The instructor gives the Directors of both agencies a folder that includes the role sheets, 
worksheets, payment slips, and list of rules. The Director then hands these out to the 
appropriate members of their agency.  

d. Before wrapping up, the members of each agency must work together to come up with 
an agency name. The Director should lead this effort and be the tiebreaker, should a vote 
be taken. Ensure that the agency names are appropriate. 

4) Wrap Up 

a. By the end of this phase, students will have been assigned an agency and role. Each 
agency should have decided on a name. 

b. The instructor may choose to be available after class for questions. Basic materials and 
folders can be left at the school unless the instructor allows students to take them home. 
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—  INSTRUCTOR NOTES: PHASE I  — 

Most everyday electromagnetic radiation (EM) that we are exposed to on Earth is quite 
benign. This includes the EM radiation that comes from the sun (shortwave radiation such 
as light and UV) and Earth itself (longwave radiation such as infrared). Many electronic 
devices also safely emit EM radiation (radio waves, microwaves, X-rays, etc.). In fact, 
anything with a temperature above absolute zero emits some EM radiation, including 
humans! Ionizing EM radiation, including UV, X-rays, and Gamma rays, can be very 
harmful to human health in sufficiently large amounts.  

Cosmic rays are high-energy, fast-moving subatomic particles—generally hydrogen 
nuclei (i.e., single protons) or helium nuclei (i.e., Alpha particles)—that mostly originate 
from deep space. Less than 1% of cosmic rays are solitary electrons (i.e., Beta particles). 
Cosmic rays are highly ionizing and can be quite harmful to human health. When cosmic 
rays interact with our atmosphere, they collide with air molecules. These collisions 
produce a cascade of secondary cosmic radiation (i.e., less energetic ionized particles and 
EM radiation, including Gamma rays), a phenomenon known as an air shower.  

The radiation sensor we’ll be using measures only Beta particles and Gamma rays. Beta 
particles can be blocked by a thin sheet of aluminum, although in doing so they tend to 
emit Gamma rays. Gamma rays, although less energetic, are much harder to stop. They 
can penetrate greater distances (including through our bodies), causing damage to bones 
and internal organs. Gamma rays are not emitted by our sun but can reach Earth from 
other stars beyond our solar system. They are found both naturally and artificially on Earth, 
although almost always in very small or controlled amounts (e.g., inside a nuclear reactor). 
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PHASE II – RESEARCH & DESIGN 

TIME REQUIRED 
60 minutes 

DESCRIPTION 
During this phase, students will begin working on the tasks and responsibilities associated with 
their role. Some initial research will likely be necessary. Each agency will choose their name and 
design a logo. They will also create and begin adding content to their social media pages or 
websites. Students will eventually learn enough to determine what kind of radiation shielding 
materials they want to use with their payload. However, most of the physical work and payload 
testing will be done during Phase III.  

Note: This phase closely follows the Shielding from Cosmic Radiation: Part 1 – Building the 
Payload activity that we published with TeachEngineering.org in 2021.  

INSTRUCTOR OUTLINE 
1) Begin Working on Tasks & Payload Design (60 minutes) 

a. Ask the students to break up into their space agencies and begin working on their tasks. 

b. The students begin working on their individual tasks and responsibilities.  

• Students should be asking: What are my goals? How should I complete them? In what 
order should I do them?  

• If there is more than one student assign a particular role on a team (e.g., two 
engineers), those students will need to decide how to divide tasks. 

• The instructor should be navigating the room and helping students if they are 
struggling or have questions. 

2) Wrap Up 

a. By the end of this phase, students should have made progress on their tasks. Each agency 
should have a logo, social media page or website, and an initial design for their shield. 
The Arduino electronics should be fully assembled (or close to it). 

b. The instructor may choose to be available after class for questions. Basic materials and 
folders can be left at the school unless the instructor allows students to take them home. 

 
 

https://www.teachengineering.org/activities/view/uow-2456-building-payload-cosmic-radiation-activity1
https://www.teachengineering.org/activities/view/uow-2456-building-payload-cosmic-radiation-activity1
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—  INSTRUCTOR NOTES: PHASE II  — 

Familiarize yourself ahead of time with each of the tasks for each role. Some students will 
get stuck, while others will find themselves with nothing to do at certain points in this part 
of the activity. That is ok. In such situations, ask them to find out if they can help any of 
their teammates. 

Throughout Phase II, the Research Scientists and Engineers will need to do research on 
what kind of materials are most effective at blocking Beta particles and Gamma rays, since 
that is what the radiation sensor measures. However, they also need to be mindful of the 
fact that certain types of shielding materials are more likely to cause secondary cosmic 
radiation when hit by cosmic rays. It may seem obvious to them that lead is the best 
material to use, however that may or may not be the case since the lead needs to be 
adequately thick to work well. Encourage them to consider using a combination of heavy 
and lightweight materials, some to provide structure and others primarily for shielding. 
They should also keep in mind that most of the cosmic radiation will be coming from 
above the payload (i.e., outer space), so their shields should be designed with that in mind. 

The Engineers and Economists can help the Research Scientists during this time as they 
will all eventually collaborate to decide which material(s) to purchase. However, the 
Engineers will also need to begin designing the radiation shield at this time. Meanwhile, 
the Economists should also familiarize themselves with the budget and material costs. 

The Computer Scientists should be familiarizing themselves with the components of the 
Arduino. After this, they should begin assembling the Arduino system according to the 
provided online instructions. If there are two Computer Scientists in an agency, one can 
assemble the Arduino while the other begins examining the code. The online instructions 
include a video describing the basics of how Arduino code works. However, most of the 
coding for this activity can be done during Phase III. 

The Marketing Specialists will need to first create their agency’s logo and social media 
page. They should also be taking photos of their teammates working on their tasks. If you 
or your school would rather the students not create social media pages, you might instead 
have them create internal websites to share their photos and information. Google Sites 
(https://sites.google.com/) is a good option for something like this. 

Finally, the Directors should be monitoring their agency’s progress and helping where 
needed. They should also be collecting relevant information from each of their experts 
that can then be included in the first Director’s Presentation at the end of Phase III.  

https://sites.google.com/
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PHASE III – PAYLOAD DEVELOPMENT 

TIME REQUIRED 
120 minutes 

DESCRIPTION 
This phase may require multiple class periods to complete. The instructor may also wish to allow 
students to work on individual tasks outside of class. Each space agency will work earnestly on 
developing and testing their Arduino and radiation shield. Shielding materials will be researched, 
chosen, and purchased. The radiation shield can then be assembled and tested with the radiation 
sensor. The Arduino code will be organized, formatted, and uploaded to the Arduino. The 
electronics will be assembled and tested. Content will be added to the social media page or 
website. At the very end of this phase, each Director will deliver a brief presentation that 
describes their agency’s shielding design and overall progress. All payload work must be 
completed by the end of this phase and before the balloon launch. 

Note: This phase closely follows the Shielding from Cosmic Radiation: Part 1 – Building the 
Payload activity that we published with TeachEngineering.org in 2021.  

INSTRUCTOR OUTLINE 
1) Phase II Review (10 minutes) 

a. Ask the students to break up into their space agencies. Review with the students what 
took place during Phase II and ask/answer any questions.  

b. Remind the students of the big picture and what tasks must get done before the balloon 
launch. Some tasks (e.g., payload assembly) are more crucial than others. 

2) Resume Tasks & Build Payloads (80 minutes) 

a. The students will use the bulk of class time to work on tasks that need to be completed 
before the balloon launch. 

• Remind the students to consult their role sheets. 

• The instructor should be available for questions and assistance. 

• The Directors need to make sure that they obtain progress updates from each of 
their experts. At the end of this phase, they will share this information with the class 
during their first Director’s Presentation. 

b. If students finish their tasks early, they can help other members of their agency.  

https://www.teachengineering.org/activities/view/uow-2456-building-payload-cosmic-radiation-activity1
https://www.teachengineering.org/activities/view/uow-2456-building-payload-cosmic-radiation-activity1
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c. Once the payloads are completed and tested, the instructor will need to inspect them to 
make sure that the Arduino works properly and that the components are mounted 
securely for the balloon launch (see Instructor Notes at the end of this phase).  

3) Director Presentations (15 minutes) 

a. Once all (or the vast majority) of the pre-launch tasks are completed, ask the students to 
return to their seats.  

b. The agency Directors will each deliver a brief presentation (5–10 minutes), which should 
include, at minimum, the following content: 

• Their agency name and logo. 

• A picture of each agency member and description of what they’ve been working on. 

• A detailed description of their agency’s radiation shield and a rationale for why this 
shield design will work to reduce radiation measured by the sensor. 

• Highlights from their social agency’s media page or website. 

c. Allow time for a question or two at the end of each presentation. 

4) Wrap Up (15 minutes) 

a. By the end of this phase, students should have completed all their pre-launch tasks. If not, 
the instructor should at least make sure the Arduino and radiation shield are both ready 
for the balloon launch. Other non-payload-related tasks are less important right now. If 
the payload is not completed, make sure to allow students extra time to finish it. 

 
For more details about pre-launch planning and logistics, including analyzing weather forecasts 
and flight predictions, see the CONDUCTING YOUR OWN BALLOON LAUNCH section. 

 

b. If the balloon launch is less than a week away (and especially if you are launching your 
own balloon), it is a good idea at this time to briefly discuss launch details.  

• Weather forecast for launch day (calm winds, clear skies, no precipitation are ideal). 

• Examine the latest online flight prediction to get a rough idea for where the balloon 
payload might land. 

• Discuss the plan for launch day (i.e., launch site, launch time, other expectations). 

c. The instructor may choose to be available after class for questions.  
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—  INSTRUCTOR NOTES: PHASE III  — 

Students will complete the bulk of their hands-on payload build during this phase. The 
most important thing to emphasize is that the radiation payloads must be flight-ready! If 
they aren’t working by the day of the balloon launch, they will be dead weight. We may 
still fly them on the payload, but students may not collect any useful data.  

Computer Scientists 

The Computer Scientists will need to finish assembling their Arduinos (if not done already) 
and complete the tasks related to the Arduino code. In particular, they must figure out 
the correct order of the numbered code blocks, paste the blocks in that order to a blank 
Arduino sketch, and then compile and upload the code to their Arduino. As the instructor, 
you (and only you) will know the correct order of the code blocks since it is shown at the 
top of the Arduino Code webpage. If the Arduino is working properly, the data will be 
saved to the SD card as a CSV text file (download a sample data file). Background radiation 
dosages will likely range between 0.05 and 0.1 microSieverts per hour (μSv/hr).  

Common troubleshooting tips: 

• If the Arduino runs but does not create a CSV file on the SD card, it’s possible that the 
student didn’t name the file correctly in the code. The length of the filename (i.e., 
everything before the .csv) cannot exceed 8 characters and should only include letters 
and/or numbers. All of this (including the .csv) should be inside the double quotes. 

• If a student gets errors when trying to upload the code to the Arduino, the code blocks 
may be out of order, or the jumper wires are not connected properly. If everything 
appears to be correct, then it’s possible that the student made a small mistake (e.g., 
missed a line) when copying the code blocks and pasting them into the empty sketch. 
Have them try again. If that still doesn’t work and you’re all out of ideas, give them the 
secret link to the working Arduino Code webpage and let them copy and paste that 
entire block of code to an empty sketch. It should work without them having to make 
any edits. If not, then there is likely an issue with the wiring or sensor connections. 

Engineers 

The Engineers will need to finish building their radiation shields and mounting their 
payload boxes. The shields must weigh no more than 500 grams (strictly enforced!) and 
completely enclose the radiation sensor. The sensor must not be permanently attached 
to the shield, although it can be lightly taped down to hold it in place. The flat sides of 
the sensor must be facing up toward the sky during flight.  (Continued on next page) 

http://wyomingspacegrant.org/space-radiation/workingcode/
http://wyomingspacegrant.org/wp-content/uploads/2023/02/Space-Radiation-Activity-Sample-Arduino-Data.csv
http://wyomingspacegrant.org/space-radiation/workingcode/
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When mounting the items, the Arduino and radiation shield should be secured inside the 
payload box with zip ties. The GPS antenna should be mounted outside and to the top of 
the payload box, facing the sky, also with zip ties. Use screwdrivers or other long metal 
tools to poke small holes in walls of box for the zip ties. The boxes will encounter high g-
forces right after the balloon bursts and the payload begins its descent, so these items 
should be secured well enough so as to not move or slide around inside the box. Strong 
tape will likely not be very effective since nothing sticks well to the box material. Students 
must not use glue to mount the Arduino, shield, or GPS antenna to the box. 

As the Engineers design and build their shields, encourage them to use a combination of 
materials. Some lighter materials (e.g., balsa wood) could be cut to provide the shield’s 
shape and/or structure, while others (e.g., lead, aluminum, polyethylene) could be used to 
provide the actual shielding. You might also hint at the fact that bubble wrap is a good 
way to provide padding around the sensor inside the shield. Of all the materials, mylar is 
probably the weakest overall material since it provides neither good structural support 
nor effective shielding properties. However, it could be used as a cool wrapping for the 
outside of the shield. 

Research Scientists, Economists, and Marketing Specialists 

The Research Scientists should continue to provide research support and help the 
engineers and/or computer scientists get the payload ready for testing. The Economists 
will initially need to fill out the payment slips and conduct the physical purchases of their 
agency’s shielding materials. They can make as many purchases as necessary, as long as 
funds are available (i.e., they don’t have to make one bulk purchase). They will also log all 
transactions and keep track of any social media earnings. Meanwhile, the Marketing 
Specialists should continue to take photos and update their agency’s social media page 
or website with interesting content related to the activity. As social media follower count 
increases, they should inform the Economists if they pass any thresholds for earning 
additional funding.  

Directors 

Finally, the Directors will spend the majority of this phase preparing their first Director’s 
Presentations. This includes compiling information about their agency, such as their logo, 
pictures of each agency member, descriptions of what they’ve all been working on, a 
detailed description of their agency’s radiation shield, a rationale for why their shield 
design will work, and any highlights from their social agency’s media page or website. 
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PHASE IV – BALLOON LAUNCH 

TIME REQUIRED 
6+ hours (all day event) 

DESCRIPTION 
In this phase, students will fly their radiation payloads to near-space with a high-altitude balloon. 
Students will help launch the balloon and track it as it ascends into the lower stratosphere. 
Students may also assist with payload recovery later in the day after the balloon bursts and the 
payload parachutes back down to the ground. Most balloon flights last about 2 hours. However, 
the instructor should expect this phase to take an entire day (6–8 hours) to complete, not 
including the pre-launch preparation leading up to launch day.  

Note: This phase closely follows the Shielding from Cosmic Radiation: Part 2 – High-Altitude 
Balloon Launch Test activity that we published with TeachEngineering.org in 2021.  

INSTRUCTOR OUTLINE 
1) Pre-Launch Preparation (days to weeks before launch) 

a. Begin solidifying plans for the balloon launch several weeks in advance. 

• Have students help you decide when and where the launch will take place.  

• Reserve a vehicle to use for payload recovery. 

• Reserve the helium for the balloon. 

b. Within a week of launch day, complete any remaining tasks. 

• Have the students help you monitor the weather forecast and flight prediction.  

• Have the students help you determine the launch and payload recovery crews (can 
be the same). 

• Acquire the helium and stores it in a secure area. 

c. The day before the balloon launch, the instructor and students should ensure that all the 
payload items are ready for the launch, including the radiation payloads.  

2) Pre-Launch Setup (90 minutes) 

a. The morning of the balloon launch, the launch crew should begin setting up at least 90 
minutes prior to launch time.  

https://www.teachengineering.org/activities/view/uow-2546-high-altitude-balloon-launch-cosmic-radiation-activity2
https://www.teachengineering.org/activities/view/uow-2546-high-altitude-balloon-launch-cosmic-radiation-activity2
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b. Before inflating the balloon, turn on power to all of the communication devices and 
radiation payloads. These should have plenty of battery power to last well over four hours. 
If flying cameras with the balloon, they can be turned on minutes before launch. 

c. It usually takes 15–20 minutes to fully inflate the balloon, so begin filling the balloon at 
least 30 minutes before flight time.  

d. Once the balloon is inflated with the appropriate amount of helium, tie off the bottom of 
the neck of the balloon with string or zip ties to prevent helium from escaping. 

e. Complete a final check on all payload items and ensure that the GPS tracking device is 
communicating its position. 

3) Balloon Launch & Flight (2 hours) 

a. With the help of all launch crew members, walk the balloon and payload items to the 
official launch spot and release them when it is safe to do so.  

b. After the balloon has been released, monitor the GPS tracking communications to ensure 
they are still being received. Monitor the balloon’s flight path. 

c. Clean up the launch area and return the helium cylinders to a secure storage area.  

4) Payload Chase & Recovery (2–4 hours) 

a. Shortly after launch, the balloon chase begins. The recovery crew will depart from the 
launch site and tracks the GPS communication device until the balloon bursts and the 
payload falls back to Earth. 

b. Once the payload is back on the ground, determine its location and the access situation 
(i.e., is it on public land or private property). Take all necessary steps to retrieve the 
payload safely and legally. Use good judgment! 

c. After the payload has been retrieved, turn off all electronics and load payload items into 
the recovery vehicle. Return to the school. 

d. Remember to save all data and camera footage from the SD cards to a computer. 
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—  INSTRUCTOR NOTES: PHASE IV  — 

If you’re launching with the Wyoming Space Grant launch, we will take care of most of the 
responsibilities in this phase. The instructor and students will still need to choose a launch 
date, help us identify a launch location, and ensure that the radiation payloads are ready 
for flight. The instructor and students are also welcome to join us for the payload recovery. 
To learn more about this entire process and what is expected of you as participating 
students and instructors, please read through our Balloon Launch 101 tutorial. 

If launching the balloon yourselves, you and your and students will need to shoulder all 
of these responsibilities. This requires a bit of a learning curve! To learn more about the 
balloon launch process, we’ve included an informative section at the end of this guide 
called CONDUCTING YOUR OWN BALLOON LAUNCH, beginning on page 43. It 
includes more details and resources to help you get started launching your own balloons.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://wyomingspacegrant.org/balloonprogram/balloonlaunch101/
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PHASE V – DATA ANALYSIS 

TIME REQUIRED 
90 minutes 

DESCRIPTION 
This phase may require multiple class periods to complete. Each space agency will complete their 
final tasks. Some of the students will work together to graph and analyze their radiation data 
and compare it to the data from the unshielded control payload. The agencies will also share 
their datasets with each other to compare results. Each Director will deliver a final presentation 
in which they discuss and interpret the results of their agency’s radiation data and effectiveness 
of their shield. After all the worksheets have been submitted, the instructor will give each agency 
a final score and determine the winner. 

Note: This phase closely follows the Shielding from Cosmic Radiation: Part 3 – Post-Launch 
Analysis activity that we published with TeachEngineering.org in 2021.  

INSTRUCTOR OUTLINE 
1) Launch Debrief (15 minutes) 

a. Review the balloon launch experience. To begin, ask the students “Let’s talk about the 
balloon launch and flight. What went well?” 

• Allow them to offer answers.  

• Potential answers include favorable/good weather, easy launch, good data, high 
burst altitude, easy payload recovery, etc. 

b. Ask the students “What went poorly with the launch?” 

• Allow them to offer answers.  

• Potential answers include unfavorable/bad weather, hard time inflated balloon, 
challenging launch conditions, bad data, premature balloon burst (i.e., low burst 
altitude), difficult payload recovery, etc. 

c. Ask the students “How could the experience be improved?“ 

• Allow them to offer answers.  

• Potential answers include better radiation shields, launch on a day with better 
weather conditions, different launch site, etc. 

d. (Optional) Spend a 5–10 minutes watching some of the video highlights from any onboard 
cameras that flew with the balloon. 

https://www.teachengineering.org/activities/view/uow-2546-post-launch-analysis-cosmic-radiation-activity3
https://www.teachengineering.org/activities/view/uow-2546-post-launch-analysis-cosmic-radiation-activity3
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2) Radiation Data Analysis (40 minutes) 

a. Ask the students to break up into their space agencies and begin working on their post-
launch tasks and responsibilities. 

• Remind the students to consult their role sheets. 

• The Computer Scientists, Engineers, and Research Scientists must work together to 
examine the data and determine how well their radiation shield performed (for 
guidance, see the Instructor Notes at the end of this phase). 

• The Engineers, Research Scientists, Marketing Specialists, and Economists must 
complete and turn in their worksheets to the instructor before the final Directors 
Presentations. This allows time for the instructor to grade each worksheet. 

a. The Directors need to obtain relevant information (photos, budget analysis, graphs, etc.) 
from each of their experts. At the end of this phase, they will share this information with 
the class during their final Director’s Presentation. 

b. The instructor should take this time to review worksheets turned in by each agency. 

3) Final Director Presentations (15 minutes) 

a. Once all of the data analysis is completed, ask the students to return to their seats.  

b. The agency Directors will deliver their final presentation (5–10 minutes each), which 
should include, at minimum, the following content: 

• Photos or videos from the balloon launch. 

• A simple budget analysis (i.e., how much money did their agency spend and earn) 

• Graphs of the radiation data. 

• Analysis of the data and discussion about how well their radiation shield performed. 

d. Allow time for a question or two at the end of each presentation. 

 
To be prepared for the discussion, please review the information in the Instructor Notes. 
Specifically, be familiar with how secondary radiation (i.e., air showers) and Gamma rays are 
produced when cosmic rays hit molecules in our atmosphere or in radiation shields. This 
information is key to interpreting and understanding the radiation data. 

 

4) Discussion (15 minutes) 

a. Ask the students “What do you see in your own radiation measurements?”  

• Allow them to summarize their general observations.  
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• The radiation dosage data was measured and recorded in units of microSieverts per 
hour (μSv/hr). If data were collected correctly, the radiation measurements should 
increase with altitude from about 0.1 microSieverts per hour near the ground (will 
vary slightly by latitude and elevation) to over 2.0 microSieverts per hour around 20–
25 km above sea level. Above this, radiation measurements should slightly decrease.  

• The peak in radiation measurements around 20–25 km above sea level is called the 
“Regener-Pfotzer Maximum” and is a real phenomenon that results from secondary 
radiation scattering that occurs when cosmic radiation particles interact with our 
atmosphere. 

b. Ask the students “After comparing your shielded data with the control data, what did you 
see? How well did your radiation shield work?”  

• Allow them to recap their findings (will likely repeat some of what was included in 
the final Director’s Presentations). 

• The shields seem to perhaps work at lower altitudes but not at higher altitudes. In 
fact, at higher altitudes the shielded radiation sensors may actually measure more 
radiation than the control.  

• One explanation for this increase in radiation measured by the shielded sensors is 
that the shields themselves may actually cause secondary cosmic radiation scattering 
to take place when they are hit by cosmic rays. Secondary scattering of cosmic ray 
particles results in the generation of, among other things, new Gamma rays, which 
can penetrate all but the thickest and densest of shields. If the shields indeed caused 
secondary cosmic radiation to be generated, these new Gamma rays likely account 
for the higher radiation measurements.  

c. Ask the students “What material could effectively shield against these Gamma rays?” 

• Allow them to offer their answers. 

• To effectively shield against Gamma rays, including those produced by secondary 
radiation, wrapping the radiation sensors in a thick sheet of lead would probably do 
the trick. The lead would likely need to be at least an inch thick, if not more. Since 
lead is so dense and heavy, this approach may not be feasible given the weight limits 
for the activity. Lead shielding is certainly too heavy for modern space travel.  

• Other more lightweight materials do exist, such as aluminum or polyethylene, that 
have shown some ability to shield against Gamma rays. However, they also need to 
be sufficiently thick to work, perhaps so thick (likely many inches) that they would 
end up being too large to fit inside the payload boxes. Radiation shielding is hard!   



 32 
 

d. Ask the students “How could your radiation shields could be improved, without making 
them too heavy or going over budget?” 

• Allow them to offer possible solutions. 

• This is the big question! We don’t know the answer yet. It’s entirely possible that an 
effective radiation shield cannot be made with the materials and payload constraints 
in this activity. That being said, we would like to see more shield designs to find out 
if this is true. 

• For example, it would be interesting to try a shield that incorporates a combination 
of lead and a lightweight materials like polyethylene (or aluminum). Perhaps a thick 
layer of polyethylene on the outside (to block some of the weaker cosmic rays) and 
a thick layer of lead on the inside (to block some of the remaining cosmic rays as 
well as some of the secondary radiation produced by the polyethylene) would be 
more effective than lead by itself.  

• The shield would need to be thickest on top (i.e., between the radiation sensor and 
outer space), since that is where all of the cosmic rays will be coming from. Would 
any of this work? Who knows, but it’s worth trying! 

5) Wrap Up (5 minutes) 

a. The instructor assigns final scores to each agency and announces a winner. 

b. Share any takeaway messages and answer any final questions. 
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—  INSTRUCTOR NOTES: PHASE V  — 

Graphing the Shielded Data 

A good way to approach the data analysis is to encourage the students to graph their 
shielded data with radiation dosage on the x-axis and altitude on the y-axis. This can 
easily be done in Microsoft Excel using a scatterplot graph with straight lines. In fact, the 
radiation data is saved as a CSV file, which often opens up in Excel by default. The 
resulting graph should look something like the one seen in the graph below, with a 
gradual increase in radiation dosage from the ground up to about 60,000–70,000 feet 
(~20,000 m), where the dosage reaches its peak value. Above this peak (which is known 
as the Regener-Pfotzer Maximum), the radiation begins to gradually decrease. 

 

Graphing the Unshielded Control Data 

Once students have plotted their own data from their shielded payload, you can then ask 
them to plot the same data from the control payload. Ideally, they will do this on the same 
graph as before so that the unshielded data can be easily compared with their shielded 
data (see graph above). When done, both plots should look relatively similar in terms of 
how the radiation measurements change with altitude (i.e., increasing up to about 20,000 
m and then decreasing at higher altitudes). However, the values of the measurements will 
likely differ, perhaps significantly.  (Continued on next page) 
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https://spaceweatherarchive.com/2018/06/07/what-is-the-regener-pfotzer-maximum/
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Interpretating the Graphs 

If the student’s radiation shield worked, the radiation dosage measured by their shielded 
payload should generally be lower than that of the control payload, especially at the peak. 
This would mean that the shield did its job and blocked some of the incoming radiation 
from reaching the sensor. However, in all likelihood the students will find that their 
shielded radiation measurements were higher than those from the control payload (see 
graph on previous page).  

This may come as a surprise to some, although students who paid attention earlier in the 
activity will remember that certain types of shielding materials are more likely to cause 
secondary radiation when hit by cosmic rays. This happens all the time in the atmosphere, 
when cosmic rays from deep space hit air molecules, causing the cosmic rays to decelerate 
(thereby losing energy) and “break down” into a cascade of lower-energy particles and 
Gamma rays. This process is referred to as an air shower.  

The peak in radiation that the students see on their graphs exists because that altitude 
happens to be where the atmosphere interacts with incoming cosmic rays the most, 
producing the most intense air showers. This is the what causes the Regener-Pfotzer 
Maximum. Above that altitude, there aren’t as many air molecules for cosmic rays to hit. 
Below that altitude, the density of air molecules increases to the point that any remaining 
cosmic and secondary radiation are more easily scattered about and absorbed, rapidly 
losing their energy in the process.   

Effectiveness of Shielding Materials 

The radiation shields can produce the same effect if not designed appropriately. They may 
block some incoming cosmic radiation, but in doing so they inadvertently cause an 
increase in secondary radiation inside the shield. The sensors are likely measuring the 
Gamma rays that make up some of this secondary radiation. To prevent this, the shield 
needs to be made of thick, dense materials that are very good at absorbing radiation.  

Unfortunately, thick, dense materials are usually quite heavy, too heavy to be flown in our 
radiation payloads. Although lead tends to be a good shielding material, it too needs to 
be of sufficient thickness—probably at least 1/2” thick—to be even minimally effective. 
Our lead sheets are 1/32” thick, so you would need to cut up and stack a lot of them! 
Secondary radiation becomes problematic if the lead is too thin. Steel will also work, but 
it must be even thicker! Polyethylene, although fairly light, can be surprisingly effective 
since it has a high hydrogen content, which makes it good at absorbing radiation. Once 
again, however, thickness is an issue.  (Continued on next page) 

https://www.mpi-hd.mpg.de/hfm/CosmicRay/Showers.html
https://www.nasa.gov/vision/space/travelinginspace/radiation_shielding.html
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Effectiveness of Shielding Materials (Continued) 

So, in all likelihood, the weight limitations of this activity may in fact make it impossible 
to build a shield that is effective at reducing radiation measurements at the sensor. 
However, we don’t know this for certain. It’s possible that some combination of materials, 
stacked in a certain way to provide adequate thickness while keeping weight and costs 
low, could yield some degree of effectiveness. As the instructor on this activity, our hope 
is that you will encourage your students to explore different shielding designs to help us 
explore this possibility further. 

Comparing the Agency Shields 

The last step of the analysis is for the agencies to share their shielded radiation data with 
each other. You can then ask the students to add the other agency’s data to their own 
graphs to find out which agency’s shield was most effective at stopping cosmic rays. 
However, if both shields caused more radiation than the control, then the students might 
instead need to figure out which shield produced the least amount of secondary radiation.  

If time permits, the instructor could also have the students plot other atmospheric data 
from the launch, such as temperature or wind speed as a function of altitude. The graphs 
that the students make should be included in the final Directors Presentations.  

Determining the Winner 

Feel free to use the scoring rubric we’ve included on page 9. Each of the metrics is 
subjective, based on the instructor’s evaluation of each agency’s performance. If you don’t 
feel like you can judge all of these metrics fairly, feel free to adjust (or don’t declare a 
winner at all). Perhaps there are more objective criteria that could be implemented. 

When scoring the performance of each agency’s radiation shield, we recommend not 
giving a higher score to one agency over the other unless their shield actually reduced 
the amount of radiation measured by the sensor (compared to the unshielded control). 
Why, you ask? Well, it's important to realize that a head-to-head comparison of shielding 
performance can sometimes be misleading.  

For example, consider a very thin, lightweight shield. It will almost always produce less 
secondary radiation than a thicker, heavier shield. However, the point of the activity is not 
to simply build a shield that produces less secondary radiation than the other team. The 
point is to try to build a shield that reduces the amount of total radiation measured by the 
sensor, compared to the control payload. The team that does this best (if possible) should 
receive the higher score.  (Continued on next page) 
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Determining the Winner (Continued) 

Think about it; if all a team needed to do is have lower radiation measurements than the 
other team, they should build their shield completely out of bubble wrap or balsa wood. 
Do the bare minimum. Sure, their shield would produce almost no secondary radiation, 
but their overall radiation measurements would be no different than the control. In reality, 
their “shield” really isn’t a shield at all. It would have no effect on incoming cosmic rays. 
This defeats the purpose of the competition. This is also the reason we’ve decided that 
each shield must completely encompass the radiation sensor AND have a mass of at least 
200 grams. 

If both teams build shields that do not actually reduce the radiation measurements, it’s 
perhaps best to judge the shields only on their design and creativity, not on shielding 
performance or effectiveness. 
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ACQUIRING YOUR OWN PARTS & SUPPLIES 

Instructors who wish to keep their radiation payloads and don’t want to borrow one of our 
payload kits may instead purchase their own parts and supplies. We recommend that you 
purchase enough for at least two student radiation payloads. If you fly these payloads on a 
Wyoming Space Grant balloon flight, we are still happy to bring a control payload with us on 
launch day. If you also wish to keep a control payload, then you will want to purchase enough 
parts and supplies for three radiation payloads. In that case, we recommend that you [the 
instructor] assemble the control payload ahead of time to familiarize yourself with the payload 
build process.  

If purchasing your own parts, keep in mind that both the radiation sensor and GPS breakout 
board require some very basic soldering to attach the header pins. If you don’t have one, you 
can usually purchase a half-decent soldering kit at your local hardware store for less than $25. 
Watch a few YouTube videos to learn how to do it properly. 

As of 2022, the total cost of all the Arduino electronics for one radiation payload (not including 
the shielding materials) is approximately $250. The shielding materials and other supplies (duct 
tape, zip ties, tools, etc.) carry an additional cost, likely under $100. See Tables 1, 2, and 3 for 
more information on payload supplies. The shielding materials come in bulk sheets and must be 
cut to size for the activity. The instructor should do this ahead of time. We’ve suggest cutting 
most of the materials into 4×4” squares, except for mylar and bubble wrap which can be cut into 
12”-wide strips.  

Aluminum and steel should be cut with metal/tin snips. Be very careful as their edges get sharp! 
We suggest taping or polishing these sharp edges after you’re done. The 1/32” lead sheets can 
be cut with scissors. Their edges are not as sharp. However, always wear gloves when working 
with lead since it is toxic if ingested. Gloves help prevent you from accumulating lead dust on 
your fingers. The polyethylene plastic can be cut very carefully with a box cutter or X-Acto knife, 
using a ruler to hold the edges straight. The same applies to balsa wood. During the activity, you 
may or may not be comfortable allowing the students to handle sharp tools to cut the metal 
materials. One idea is that you could offer to do any cutting for them, or simply make a rule that 
materials can only be cut if it can be done with scissors. 

If you are launching a balloon with us, we will provide you with payload boxes and a harness to 
attach your radiation payloads to our balloon. If you are launching the balloon on your own, you 
will need to purchase your own payload boxes (or make them from insulating foam) and 
determine how to attach your radiation payloads to your balloon. See the CONDUCTING YOUR 
OWN BALLOON LAUNCH section on page 43 for more information on how to do all of this.  
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Table 1 – Arduino Electronics 

Part Description / Notes Product Links 
Arduino Mega 2560 

Microcontroller 
(need 1 per payload) 

The brains of the payload! Runs the code and logs 
data to the microSD card. There are other Arduino 

models, but the Mega has the most processing power. 

Amazon 
SparkFun 

Ethernet Shield 
(need 1 per payload) 

Mounts on top of the Arduino and simply allows for 
easy integration of microSD card. 

Adafruit 

Geiger Radiation Sensor 
(need 1 per payload) 

Measures Beta particles and Gamma rays. Each time it 
receives a radiation “hit”, it sends a pulse to the 

Arduino. The code then calculates radiation dosage. 

SparkFun 
DigiKey 

GPS Breakout Board 
(need 1 per payload) 

Receives GPS-related information, such as date, time, 
latitude, longitude, and altitude. It is needed primarily 

to match the radiation data with altitude. 

Amazon 
Adafruit 

GPS Antenna 
(need 1 per payload) 

Mounts outside and on top of the payload box and is 
needed to improve GPS signal reception, since the GPS 
Breakout Board is inside the box. 3-m length is plenty. 

SparkFun (3-m) 
Adafruit (5-m) 

SMA-to-uFL Adapter 
(need 1 per payload) 

Needed to connect the GPS antenna to the GPS 
Breakout Board inside the payload box. 

Adafruit 
SparkFun 

Half-Size Breadboard 
(need 1 per payload) 

Provides an easy place to mount and connect the GPS 
Breakout Board to the Arduino system. 

Amazon (6-pack) 

Jumper Wires 
(need 8–10 per payload) 

Needed to connect all of the electronics to Arduino. 
Each payload will at least 8 of these, in multiple 

lengths (both male-to-male and male-to-female ends).  

Amazon 
(360-piece 

variety pack) 

AA Battery Holder 
(need 1 per payload) 

Holds 6 AA batteries in series to generate 7.5 V 
(Arduino needs 7–12 V to operate). Batteries are not 

included. Use alkaline for testing and lithium for flight.  
Amazon (2-pack) 

MicroSD Card 
(need 1 per payload) 

Saves the logged the data during flight. It slides into 
the SD card slot on the Ethernet Shield. You do not 
need very much storage space (2–4 GB is plenty). 

Amazon (4 GB) 

USB Cable 
(need 1 per payload) 

USB-A to USB-B cable that connects the Arduino with 
a computer, allowing you to upload code and watch 

the data feed on the serial monitor. 
Amazon (6-ft) 

Mounting tray (Optional) 
(need 1 per payload) 

Keeps the Arduino and breadboard situated together 
for better organization and easy mounting to the 

payload box. 
SparkFun 

https://www.amazon.com/dp/B0046AMGW0/ref=redir_mobile_desktop?_encoding=UTF8&aaxitk=3501c7a23c342f753fd19465a2e9adf6&hsa_cr_id=5130128880501&pd_rd_plhdr=t&pd_rd_r=0f866d34-b43a-488a-82d9-a50e95c3d302&pd_rd_w=dcZF7&pd_rd_wg=QGLgX&ref_=sbx_be_s_sparkle_mcd_asin_2_img&pldnSite=1
https://www.sparkfun.com/products/11061
https://www.adafruit.com/product/2971
https://www.sparkfun.com/products/14209
https://www.digikey.ca/en/products/detail/sparkfun-electronics/SEN-14209/7056462
https://www.amazon.com/dp/B01H1R8BK0?ref=nb_sb_ss_w_as-ypp-rep_ypp_rep_k0_1_13&amp&crid=1WI8COE1YOA47&amp&sprefix=gps+breakout+&pldnSite=1
https://www.adafruit.com/product/746
https://www.sparkfun.com/products/14986
https://www.adafruit.com/product/960
https://www.adafruit.com/product/851
https://www.sparkfun.com/products/9145
https://www.amazon.com/Breadborad-Solderless-Breadboards-Distribution-Connecting/dp/B082VYXDF1/ref=sr_1_1_sspa?crid=6BPMAGM8VN3O&keywords=half-size+breadboard&qid=1647761909&sprefix=half-size+breadboar%2Caps%2C188&sr=8-1-spons&psc=1&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUFLMFkwMlpDSlFEMkImZW5jcnlwdGVkSWQ9QTAyNTcyMzUxWlNHNDBLUlBVWlNaJmVuY3J5cHRlZEFkSWQ9QTA5Mzc2MzUxTFJZVkUzNTRBR0paJndpZGdldE5hbWU9c3BfYXRmJmFjdGlvbj1jbGlja1JlZGlyZWN0JmRvTm90TG9nQ2xpY2s9dHJ1ZQ==&pldnSite=1
https://www.amazon.com/gp/product/B089FZ79CS/ref=ppx_yo_dt_b_asin_title_o00_s00?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B089FZ79CS/ref=ppx_yo_dt_b_asin_title_o00_s00?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B089FZ79CS/ref=ppx_yo_dt_b_asin_title_o00_s00?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B01IRX4DOU/ref=ppx_yo_dt_b_asin_title_o07_s00?ie=UTF8&psc=1
https://www.amazon.com/Sandisk-MicroSDHC-Memory-Card-Adapter/dp/B000SMVQK8/ref=sr_1_1?crid=S0QFGIYMR2QK&keywords=4gb+micro+sd+card&qid=1647762228&s=electronics&sprefix=4gb+micro+sd+card%2Celectronics%2C189&sr=1-1
https://www.amazon.com/AmazonBasics-USB-2-0-Cable-Male/dp/B00NH11KIK/ref=sr_1_3?crid=2DQDSECPN61ND&keywords=usb-a+to+usb-b&qid=1676991778&sprefix=usb-a+to+usb-%2Caps%2C232&sr=8-3
https://www.sparkfun.com/products/11235
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Table 2 – Shielding Materials & Supplies 

Part Description / Notes Product Links 

Aluminum 
(need at least 8 squares) 

12”×12” sheet, 1/64” or 1/32” thick 
Cut into 4”×4” squares 

Makes 9 squares 

Amazon (12”×12”×1/64”) 
Amazon (12”×12”×1/32”)* 

Balsa Wood 
(need at least 8 squares) 

4”×12” sheet, 1/8” thick, five-pack 
Cut into 4”×4” squares 

Makes 15 squares 
Amazon (5-pack, 4”×12”×1/8”) 

Bubble Wrap 
(need at least 4 sq ft) 

12”×180” rolls, 3/16” thick 
Cut into shorter 12” rolls 

Makes 15 sq ft 
Amazon (12”×180”×3/16”) 

High-Density 
Polyethylene Plastic 

(need at least 8 squares) 

12”×12” sheet, 1/16” thick 
Cut into 4×4” squares 

Makes 9 squares 
Amazon (12”×12”×1/16”) 

Lead 
(need at least 8 squares) 

12”×12” sheet, 1/32” thick 
Cut into 4×4” squares 

Makes 9 squares 
Amazon (12”×12”×1/32”) 

Mylar 
(need at least 6 sq ft) 

54”×84” space blankets 
Cut into 12”-wide strips 

Makes 28 sq ft 
Amazon (54”×84”) 

Steel 
(need at least 8 squares) 

12”×18” sheet, 1/32” thick 
Cut into 4×4” squares 

Makes 12 squares 
Amazon (12”×18”×1/32”) 

Zip Ties 
(need bag of 100) 

11” or longer nylon zip ties 
At least 50-lb tensile strength 

100 count 
Amazon (100-pack) 

Latex-Free Gloves 
(need box of 100) 

Vinyl (latex-free) disposable gloves 
Universal size 

100 count 
Amazon (100-pack) 

* If you purchase 1/32” aluminum sheets instead (e.g., if the 1/64” sheets are unavailable), you will need 
to re-weigh the 4”×4” squares and update the mass per sheet value shown on the Rules & Material Costs 
printout (see page ii). 
 
 
 

https://www.amazon.com/M-D-Building-Products-56040-019-Inch/dp/B000W4O04G/ref=sr_1_3?crid=11W5IBO8E6WKD&keywords=aluminum+sheet+.019&qid=1647763164&s=hi&sprefix=aluminum+sheet+.019%2Ctools%2C181&sr=1-3
https://www.amazon.com/Aluminum-Protective-Treatable-Rectangle-Crafting/dp/B098SWTDTR/ref=sr_1_4?keywords=aluminum+sheet+1%2F32&qid=1676974726&sr=8-4
https://www.amazon.com/Balsa-Sheets-Unfinished-Wooden-Craftiff/dp/B096P4G1RR/ref=sr_1_5?crid=3EWMT8EGAHI1G&keywords=balsa%2Bwood%2Bpack%2Bof%2B4&qid=1647762736&sprefix=balsa%2Bwood%2Bpack%2Bof%2B4%2Caps%2C174&sr=8-5&th=1
https://www.amazon.com/Cushioning-Perforated-Packaging-Shipping-Mailing/dp/B07NDKFFM4/ref=sr_1_9?crid=11NXIYERTL3TL&keywords=bubble+wrap&qid=1649308001&sprefix=bubble+wra%2Caps%2C207&sr=8-9
https://www.amazon.com/gp/product/B007IAQ0JU/ref=ppx_yo_dt_b_asin_title_o01_s00?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B01I289NPY/ref=ppx_yo_dt_b_asin_title_o00_s00?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B0047N2LMG/ref=ppx_od_dt_b_asin_title_s00?ie=UTF8&psc=1
https://www.amazon.com/STEELWORKS-BOLTMASTER-11774-Steel-Sheet/dp/B000LNU2AY/ref=sr_1_9?crid=3KLYQ5H6ZGXWI&keywords=22+gauge+steel+sheet&qid=1647763043&s=hi&sprefix=22+gauge+steel+she%2Ctools%2C195&sr=1-9
https://www.amazon.com/Gardner-Bender-46-310UVB-DoubleLock-Electrical/dp/B00004WLJ6/ref=sr_1_4?crid=XFWYCDB0XCLD&keywords=11%22+zip+ties+75+lb&qid=1676992626&sprefix=11+zip+ties+75+lb%2Caps%2C178&sr=8-4
https://www.amazon.com/Curad-Basic-Vinyl-Gloves-Disposable/dp/B09NMWQV97/ref=sr_1_4?crid=QUY9I5KDO2GP&keywords=vinyl+gloves+universal&qid=1676992911&sprefix=vinyl+gloves+universa%2Caps%2C185&sr=8-4
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Table 3 – Tools & Supplies from Instructor 

Part Description / Notes Product Links 

AA Batteries 
Need 6 per payload. Use alkaline for testing 

and lithium for the flight. 
Amazon (24-pack lithium) 

Metal Snips Needed for cutting the steel and aluminum. Amazon 

Wire Cutters 
Scissors 

Wire cutters work best for cutting the zip ties. 
Scissors can also work for zip ties but are also 

needed to cut the lead sheets. 
Amazon (wire cutters) 

Hot Glue Guns 
Needed to secure jumper wire connections 

and possibly to construct parts of the 
radiation shield. 

--- 

Duct Tape 
Electrical Tape 

Possibly needed for constructing the radiation 
shield and organizing jumper wires. 

--- 

Box Cutters 
X-Acto Knives 

One or the other needed for cutting the 
polyethylene plastic and balsa wood. 

--- 

Common Hand Tools 
Rulers 

Tools like screwdrivers needed to poke holes 
in payload boxes for zip ties. Rulers needed 

for measuring or cutting with knives. 
--- 

Paper 
Pencils/Markers 

Needed for designing radiation shields, 
creating agency logos, taking notes, etc. 

--- 

If not already on hand, most of these items can also be purchased at a local hardware store. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://www.amazon.com/Energizer-Ultimate-Lithium-Size-Batteries/dp/B004EFT2BU/ref=sr_1_4?crid=2WPI907168OZE&keywords=aa+lithium+batteries&qid=1676976943&sprefix=aa+lithium+batterie%2Caps%2C187&sr=8-4
https://www.amazon.com/Wiss-M3R-MetalMaster-Capacity-Straight/dp/B00002N5KQ/ref=sr_1_3?crid=3QXUUTHJZXIR9&keywords=metal+tin+snips&qid=1676977046&sprefix=metal+tin+snips%2Caps%2C181&sr=8-3
https://www.amazon.com/Hakko-CHP-170-Micro-Cutter/dp/B00FZPDG1K/ref=sr_1_5?crid=CMOB23Z3MN9F&keywords=wire+cutters&qid=1676977198&sprefix=wire+cutter%2Caps%2C220&sr=8-5
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CONDUCTING YOUR OWN BALLOON LAUNCH 

So, you’ve decided to try your luck at launching your own balloon, eh? Or perhaps you’re just 
interested in the process and came here to learn more about it. Either way, hopefully this is 
helpful for you! There are four major steps to conducting your own balloon launch. These include: 
(1) pre-launch planning and preparation, (2) pre-launch setup, (3) the balloon launch and flight, 
and (4) payload recovery. We will discuss each of these in more detail in this section.  

A good place to begin is by learning about the balloon launch process. We recommend Overlook 
Horizon’s online tutorial: https://www.overlookhorizon.com/how-to-launch-weather-balloons/. 
They walk you through everything from inflating the balloon to tracking your balloon payload 
to camera options and much more. We will warn you, doing a balloon launch and payload 
recovery can be a lot of work, especially if you’re doing this for the first time. There are a lot of 
decisions to be made throughout the entire process, so recruit other people to help you out. 
This includes other adults, not just your students! Delegate tasks and create checklists if that 
helps you.  

Of course, you must consider costs! Let’s cover that first. 

THE COSTS OF HIGH-ALTITUDE BALLOONING 
How expensive is it, you might wonder? If you are frugal, buy used equipment when possible, 
and only fly the bare minimum (i.e., balloon, parachute, one tracking device, and your radiation 
payloads), you can still expect to spend around $1,000 (and maybe slightly less) to do a single 
high-altitude balloon flight. That said, flying this cheap is becoming harder to do, especially as 
helium continues to get more expensive. However, most folks don’t fly just one balloon. They fly 
many times over many years. Doing so makes the following costs more justifiable. 

Consumable and Reusable Equipment 

First, there are the consumables, such as helium and the balloon, that you must purchase for 
each launch. Expect to spend $100–150 for a 1200-gram balloon and $400–600 (as of 2022) for 
two 300-ft3 helium tanks. That’s $500–750 per launch just for those two items. Then there are 
the reusables, such as the helium regulator, parachute, tracking equipment, payload boxes, and 
payload rigging. The more launches you do, the more affordable these items become. You will 
need a brass regulator valve and filler hose (less than $50 to as much as $500 depending on 
brand and quality). You will need a parachute (less than $100). You will need payload boxes (less 
than $50/box if you buy Styrofoam coolers, or even cheaper if you make your own from 
insulating foam). You will need payload rigging/string and other materials to attach the payload 
items to each other (less than $50). You may also wish to purchase action cameras to record 

https://www.overlookhorizon.com/how-to-launch-weather-balloons/
https://www.kaymont.com/
https://www.highaltitudescience.com/products/3-cm-max-safe-inflator
https://www.overlookhorizon.com/how-to-launch-weather-balloons/parachutes/
https://www.amazon.com/gp/product/B007PB0NM2/ref=as_li_ss_tl?ie=UTF8&psc=1&linkCode=sl1&tag=olhzn-20&linkId=c77dc85bd0359d71081d0b90453dfce7
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video footage during the flight ($200-400 for a new GoPro, less than $100 for a cheap GoPro 
knock-off). Then there are all of the miscellaneous supplies you’ll need (e.g., tarps, gloves, zip 
ties, tape, glue, hand tools, maps, GPS phone apps, etc.), as well as any potential travel-related 
costs for the payload recovery (e.g., vehicle and fuel). 

Amateur Radio Tracking 

Finally, you will need a way to track the balloon. This varies in cost depending on the tracking 
method you choose. Perhaps the cheapest method is to build your own amateur radio (i.e., ham 
radio) tracking device. This can likely be done for less than $250, although you’ll probably need 
to be a bit tech-savvy and have some experience with electronics, circuit boards, and soldering. 
There are also pre-built amateur radio tracking computers that you could find online and 
purchase, although they may be more expensive. Whatever device you get, you will need to 
obtain a ham radio license to operate it during flight. So, it will take some time and effort to 
utilize this method.  

The advantages of amateur radio tracking, aside from lower cost, are that it updates frequently 
(every ~1 minute) and it’s reliable (i.e., radio waves never stop working, unless perhaps if there 
is an ongoing rare geomagnetic storm). The main disadvantage is that it works by line-of-sight, 
so if the device lands in a very rural area (or in a deep canyon), it may not be able to communicate 
with an amateur radio station. In that case, you won’t be able to determine its exact landing 
coordinates unless you drive close enough to it yourself (if you have a rough idea where it is) 
and pick up the signal with your own amateur radio antenna. 

Satellite Tracking 

If amateur radio doesn’t sound appealing to you, you could instead purchase a satellite tracking 
device, such as a SPOT Trace, SPOT Messenger (see image below), or Garmin InReach, that 
provides you with GPS location updates via the internet. These typically cost anywhere from 
about $150 to over $300 but also require an additional monthly subscription fee (usually $20–
30 per month) for access to the satellite 
network. The advantages of satellite 
trackers are their ease of use (push one or 
two buttons and you’re ready to go!) and 
rugged design (many are waterproof). 
Another advantage is that because they 
communicate directly with satellites in 
space, and not with radio receivers on the 
ground, you can track these almost 
anywhere on Earth without losing 

https://www.findmespot.com/en-us/products-services/spot-trace
https://www.findmespot.com/en-us/products-services/spot-gen4
https://www.garmin.com/en-US/c/outdoor-recreation/satellite-communicators/


 45 
 

communication. However, these devices have built-in antennas that need to “see” the satellites 
in order to communicate their signal. So, if the device lands upside down with its antenna facing 
the ground, the signal won’t reach the satellites and you’ll be out of luck. The main disadvantages 
include the aforementioned monthly subscription fee, less frequent position updates (these 
usually transmit their location every 5–10 minutes), and the fact that these devices are often not 
able to transmit their location when above 60,000 feet in altitude. In fact, these devices are not 
really intended to be used at high altitudes at all, so they rarely (if ever) provide accurate altitude 
measurements.  

There are also “high-tech” custom satellite tracking devices that can be purchased. For example, 
an educational company called Stratostar builds their own satellite communication devices 
specifically intended for high-altitude ballooning (see image below). The Wyoming Space Grant 
owns two of these and, after using them on almost 50 high-altitude balloon flights so far, we 
have found them to be extremely reliable and user-friendly. They not only transmit accurate 
altitude measurements, but they do so for the entire flight (i.e., they work just fine above 60,000 
feet). In addition, they each have a suite of sensors that measure things like temperature, air 
pressure, humidity, and acceleration. During flight, all these data (as well as the GPS coordinates 
and altitude) are sent to the satellite network, and in turn to the internet, every ~1 minute and 
saved to an onboard SD card every 5 seconds.  

https://stratostar.com/
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What’s the downside to these Stratostar devices (and any others that may be similar)? As you 
might expect, they are very expensive (several thousand dollars), perhaps prohibitively so for 
some. There’s also a per-launch satellite network access fee and an annual satellite network 
subscription. Furthermore, you currently need an iPad to interface with the device and download 
the SD card data. However, if you plan on launching many balloons in the coming years, this 
unique device may be a worthwhile investment.   

Our recommendation is to invest in at least two of these methods for each flight. Or rather, have 
at least two independent ways to track your payload. That way, if one method fails during flight 
(or upon landing), you still have a backup. We currently fly one of our Stratostar satellite tracking 
devices as well as a SPOT Trace satellite tracker on all of our launches. (As of 2023, new SPOT 
Trace devices can be hard to find due to supply chain issues, although a few suppliers still seem 
to have them.)  

If you’re looking for the quickest, cheapest option, we suggest starting with two satellite trackers, 
each from a different company (and ideally using different satellite networks). Whatever you do, 
do not try to track the payload with a cellphone! It’s not only potentially illegal if you can’t comply 
with FCC regulations, but it can be very unreliable for a variety of reasons. As tempting and cheap 
as it might sound, just don’t do it. 

To learn more about potential tracking options for your balloon, please take some time to read 
the following informative webpages: 

• https://www.overlookhorizon.com/how-to-launch-weather-balloons/tracking-systems/ 

• https://www.highaltitudescience.com/pages/tracking-a-weather-balloon 

PRE-LAUNCH PREPARATION 
The pre-launch preparation takes begins weeks (or months) before the launch and ends the day 
before the launch. It includes launch planning, preparing your radiation payloads, obtaining 
helium and other supplies, reserving recovery vehicles, analyzing weather forecasts, and running 
flight predictions. Begin planning at least 3 months in advance of your desired launch date. 

Launch Planning 

With your students, pick a target date, time, and location to launch your balloon. Try to conduct 
your launch sometime between April and October (unless you live in an area that has nice 
weather all year long). Balloon launches are best done in the morning when daytime winds are 
typically at their calmest. This also allows ample time for payload recovery later in the day.  

An ideal launch location is a large open area, such as a field or parking lot, that is clear of tall 
obstacles such as trees, light poles, and power lines. Keep in mind that even a light breeze will 

https://www.ecfr.gov/current/title-47/chapter-I/subchapter-B/part-22/subpart-H/section-22.925
https://www.overlookhorizon.com/how-to-launch-weather-balloons/tracking-systems/
https://www.highaltitudescience.com/pages/tracking-a-weather-balloon
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carry the balloon some distance horizontally after it is launched, so be sure to launch the balloon 
well upwind of any surrounding obstacles. Unless you’ve been given explicit permission to do 
so, never launch from within a restricted area (i.e., on airport property, a military base, etc.), or 
from a location close enough whereby your balloon will fly directly OVER a restricted area 
immediately upon release! When in doubt, ask for permission. 

Helium 

Helium can usually be obtained from a local welding supply store or a regional compressed gas 
vendor, such as Norco or Airgas. Try to secure your helium supply well in advance of the launch. 
You should expect to use at least 300–400 cubic feet of compressed helium to inflate the balloon 
with enough buoyancy to lift your payload at the desired ascent rate.  

We typically get two cylinders of compressed helium for each launch, either T-size (300 cubic 
feet each) or K-size (200 cubic feet each). As of 2023, these larger helium cylinders can sometimes 
be difficult to obtain given ongoing worldwide helium supply issues. Rental costs vary, although 
these days expect somewhere in the ballpark of $200-400 for each cylinder.  

Recovery Vehicle 

You will need to reserve an appropriate vehicle for payload recovery. We almost always have a 
4WD vehicle with high clearance since we sometimes find ourselves driving on rough gravel/dirt 
roads at some point during the recovery. We therefore recommend having 4WD/AWD, although 
it isn’t an absolute requirement. For example, we’ve had school groups join us for payload 
recovery with a school bus!  

Weather Forecasts and Flight Predictions 

Ideal weather conditions for a balloon launch include relatively calm winds (a light breeze is fine), 
mostly clear skies, and no precipitation. Of all potential headaches associated with balloon 
launches, weather concerns rank right at the top, followed closely by payload recovery challenges 
(i.e., land access issues) and helium supply shortages. Wind is usually the balloon’s #1 weather-
related enemy as it can make filling the balloon (if done outside), let alone launching the balloon, 
virtually impossible.  

For Wyoming Space Grant launches, we are typically willing to attempt a launch if sustained 
winds do not exceed about 20 mph. With stronger winds, it becomes exceedingly difficult to fill 
and launch the balloon in a safe and controlled manner. However, we have many years of 
experience, so your own wind “comfort” threshold may be lower than ours!  

Precipitation is another cause for concern. Heavy snowfall can easily create potential driving and 
recovery hazards. Rain can collect on the balloon and payload items prior to launch, weighing 
them down and making it difficult to calculate lift accurately. Thunderstorms are usually 
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accompanied by lightning, heavy rain, wind, and sometimes hail. Avoid launching balloons and 
recovering payloads when these types of hazards are possible. 

Within a week of the launch date, begin monitoring the weather forecast and online flight 
prediction. Pay close attention to the day-to-day trends. The more consistent the forecast and 
flight prediction are, especially in the 3–4 days leading up to the launch, the more confidence 
they inspire. A decent weather source is the National Weather Service Hourly Weather Forecast 
(for Laramie, it can be found here under “Additional Resources”). If the weather forecast for 
launch day appears unfavorable or unsafe for a balloon launch, the instructor should consider 
postponing the launch until a later date. 

When looking at forecasts for locations in Wyoming, consider the following: 

• High pressure systems tend to produce favorable launch conditions, low pressure systems 
tend to produce unfavorable launch conditions. 

• Most of the time, winds near the ground are weakest at night and just after sunrise. 

• Wind speed and direction can change drastically only a few hundred feet above the ground. 

• The jet stream is typically stronger in winter and weaker in summer. 

• Thunderstorms are most common in the afternoon. 

For the flight prediction, we use the CUSF SondeHub Predictor (https://predict.sondehub.org/). 
This predictor updates four times each day, in sync with the latest update of the GFS weather 
forecast model every 6 hours. It is relatively easy to use, requiring several user inputs such as 

https://forecast.weather.gov/MapClick.php?lat=41.31339000000003&lon=-105.59071999999998
https://predict.sondehub.org/
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launch latitude/longitude, launch altitude, and launch date/time, as well as the expected ascent 
rate, burst altitude, and descent rate.  

We typically start by assuming a 5 m/s ascent rate, 30,000 m burst altitude, and 5 m/s descent 
rate. The prediction then shows the expected flight path and landing spot on a map (see image 
on previous page) based on the forementioned parameters. We’ve found that the landing 
prediction is accurate enough for our liking. If the flight prediction for launch day appears 
unfavorable for a payload recovery, the instructor should consider using a different ascent rate 
(to alter the flight distance) or a different balloon (to alter the burst altitude). In some 
circumstances, it may be wise to postpone the launch until a later date. 

PRE-LAUNCH SETUP 
Equipment Setup and Payload Prep 

On launch day, setup should begin least 90 minutes prior to launch time. It includes laying tarps 
on the ground where the balloon will be inflated, moving the helium cylinders into position (or 
laying them on the tarps), and attaching the helium regulator to one of the cylinders (see image 
below). You can fill the balloon just about anywhere. If wind is a major concern, we recommend 
filling the balloon inside in a large room with a high ceiling and outside access through large 
garage doors, if such a room is available. Keep in mind that before launch the balloon can be as 
large as 8 feet wide and up to 10 feet tall, depending on how much helium is used.  

You will also need to assemble your payload items (e.g., parachute, GPS tracking devices, 
cameras, radiation payloads, etc.) that will hang 
from the balloon during flight. There are 
different ways your payload items can be 
assembled and connected to the balloon, most 
of which involve a system of harnesses and 
braided string or twine. This should be figured 
out well before launch day. Once assembled, 
turn on your GPS tracking devices at least 30 
minutes before launch. 

The parachute can be attached to the neck of 
the balloon with two looped strings. However, 
the neck must remain open while the balloon 
is being inflated. A good way to do this is to 
use a small piece of PVC pipe that has a similar 
or slightly smaller diameter than the neck of 
the balloon. Insert this PVC pipe into the neck 
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and secure it there with several zip ties wrapped tightly around the outside of the neck and PVC 
pipe. As these zip ties are being attached, run them through both parachute strings to attach the 
strings to the neck as well. Once this is done, the neck of the balloon remains open with the 
parachute strings firmly attached to the outside.   

Safety Lines 

Before beginning the process of inflating the balloon, make sure to have a safety line tethering 
the neck of the balloon to something heavy on the ground. This prevents the balloon from 
accidentally flying away as it’s being inflated. We also attach another shorter safety line that 
includes an in-line luggage scale to measure balloon lift as helium is being added. To add helium 
to the balloon, run a hose from the helium regulator through the PVC pipe in the neck of the 
balloon (see image below). Once enough helium has been added and the target lift is reached, 
inflation is complete. 

Inflating the Balloon 

Speaking of which, we typically like to inflate the balloon with enough helium to give it an ascent 
rate (when lifting the payload) of about 5 m/s. However, inflating the balloon with more or less 
helium than “needed” can sometimes be advantageous as it yields two side effects. First, the 
amount of helium you put in the balloon determines the balloon’s initial diameter. Adding more 

helium gives the balloon a larger diameter at 
launch, which means it has less room to 
expand during its ascent before it reaches its 
maximum burst diameter. All else being equal, 
this results in a lower burst altitude, whereas 
adding less helium consequently results in a 
higher burst altitude. Second, the amount of 
helium you put in the balloon determines how 
fast the balloon will rise. Adding more helium 
causes the balloon to rise faster, which means 
the balloon will spend less time in the strong 
winds (i.e., the jet stream) found in the upper 
atmosphere. All else being equal, this means 
that the balloon will have a shorter flight path, 
whereas adding less helium consequently 
leads to a longer flight path.  

So, to summarize, an overinflated balloon will 
burst at a lower altitude but have a faster 
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ascent rate and shorter flight path. On the other hand, an underinflated balloon will burst at a 
higher altitude but have a slower ascent rate and longer flight path. All else being equal, of 
course! If you want more control over how far the balloon will travel or where the payload will 
land, you may wish to take advantage of these two side effects. And if you decide, for example, 
that you need a faster ascent rate but would rather not compromise on the lower burst altitude, 
you can always choose to use a bigger balloon with a larger maximum burst diameter. 

It usually takes 15–20 minutes to fully inflate the balloon, so begin filling the balloon at least 30 
minutes before flight time. Have several students on hand wearing gloves to help “brace” the 
balloon on all sides in case the wind picks up a little. You definitely don’t want the balloon 
swinging around wildly since it could hit something (i.e., the ground) and prematurely burst. 
Once the balloon is inflated with the desired amount of helium, tie off the bottom of the neck of 
the balloon with string or zip ties to prevent helium from escaping. 

Calculating Lift 

How do you know how much helium to put in the balloon? You need enough helium to lift not 
only the balloon itself, but also the payload hanging below. Furthermore, it needs to lift them 
not just off the ground (i.e., the neutral lift), but upwards at your desired ascent rate (i.e., the 
gross lift). The difference between gross lift and neutral lift is called the free lift.  

During inflation, the balloon is tethered to the ground with safety lines. The in-line luggage scale 
attached to the shorter safety line tells you how much the balloon is pulling upward at any given 
time. Once the balloon has just enough helium to lift itself off the ground, the luggage scale will 
read zero. Once the reading on the luggage scale is equal to the total weight of the payload, 
you’ve reached neutral lift. If you stopped right there and launched the balloon, it would hover 
in place (assuming no wind) with the payload items dangling below it. Of course, you don’t stop 
there! Instead, you continue to inflate the balloon until the reading on the scale is equal to the 
total weight of the payload plus the free lift. This value (payload weight + free lift) is appropriately 
referred to as the neck lift (or nozzle lift), since it refers only to the amount of lift measured by 
the scale below the neck of the balloon.  

How do you calculate the neck lift? We know of two ways. One is more rigorous and accurate 
than the other, although in a pinch either method will work. The simple way is to take the total 
weight of your payload and multiply it by 1.5. For example, a 10-lb payload would yield a neck 
lift calculation of 15 lbs. When filling the balloon, once your in-line luggage scale reads 15 lbs, 
you stop there and launch the balloon. In general, this method should give you an ascent rate 
somewhere around 5–6 m/s for payloads weighing 5–12 lbs (a typical range). 

The more “scientific” method is to actually calculate the neck lift using force balance and drag 
coefficient equations. We won’t delve into the details here since the math is actually quite 
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advanced (see this document for the details). However, we’ve created an Excel spreadsheet that 
does all this for us. You are more than welcome to download this spreadsheet and use it for your 
own balloon launch. You will need to input several parameters, such as the surface air pressure 
and temperature at your launch site, the type of lifting gas and balloon you’re using, the total 
mass of your payload, and your target ascent rate. The spreadsheet will then spit out a slew of 
calculations (yellow cells), including several lift values. Since it’s shown in kilograms, take the neck 
lift value and multiply it by 2.2 to get the neck lift in pounds.  

For example, let’s assume the surface air pressure is 12 PSI, the surface air temperature is 60°F, 
your lifting gas is helium, you’re using a 1200-gram balloon, your payload has a total mass of 
4,545 grams (10 lbs), and your target ascent rate is 5 m/s. If you plug in those numbers, the 
calculated neck lift will be 6.14 kg, or 13.5 lbs. As you can see from this example, the simple ×1.5 
method overestimates the neck lift by 1.5 lbs! According to the spreadsheet, for the same 10-lb 
payload, a neck lift of 15 lbs would actually result in an ascent rate of about 5.8 m/s.  

What you’ll find is that, if 5 m/s is your desired ascent rate, the simple method will overestimate 
neck lift for heavier payloads (>6 lbs) and underestimate it for lighter payloads (<6 lbs). One 
solution is to use different multiplying factors for heavier and lighter payloads (e.g., ×1.7 for 
payloads less than 4 lbs, ×1.5 for payloads of 4–8 lbs, and ×1.35 for payloads over 8 lbs). A better 
solution is to just use the spreadsheet, which tends to be quite accurate, though still not perfect 
(it makes some necessary assumptions and simplifications that lead to small errors in the final 
calculations).  

Additional Resources 

Stratostar has produced the following pre-launch how-to videos that may also be helpful: 

• How to prepare a weather balloon for launch (4:23) 

• How to calculate lift for a weather balloon (2:33) 

• How to fill a weather balloon (3:18) 

• How to launch a weather balloon (3:08) 

BALLOON LAUNCH & FLIGHT 
Once you are ready to begin the launch procedure, complete a final check on all payload items 
and ensure that all your GPS tracking device(s) are still transmitting their location. This is also a 
good time to turn on any cameras with limited battery life. With the help of all launch crew 
members, remove the safety lines and walk the balloon and payload to the official launch spot. 
One person, likely the instructor, will hold onto the balloon by its neck during this process, being 
careful to prevent it from hitting anything along the way. Other crew members can carry the 
payload items. If there is any wind, try to keep the balloon from hitting the ground as this could 

http://wyomingspacegrant.org/wp-content/uploads/2023/02/Calculate-Balloon-Ascent-Rate.pdf
http://wyomingspacegrant.org/wp-content/uploads/2023/02/Balloon-Burst-Calculator.xlsx
https://youtu.be/6_06Q_eWta8
https://youtu.be/NxwlNnfKMHs
https://youtu.be/5Z23L4QIgtQ
https://youtu.be/x5NyTzCcn9E
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cause a premature burst. When it is safe to do so, 
do a countdown (if you have the opportunity) and 
release the balloon and payload (see image on the 
right). Never launch a balloon if it creates an 
obvious hazard to people or property! 

After the balloon has been launched, clean up 
your equipment and return the helium cylinders 
to a secure storage area. Monitor the GPS tracking 
communications to ensure they are still being 
received. Also try to determine if the balloon is 
rising at your targeted ascent rate. If it’s rising 
faster or slower than intended, that may alter your 
expected landing area. 

The balloon will likely ascend to altitudes of 
90,000–100,000 ft above sea level, into the 
stratosphere and above 99% of Earth’s atmospheric mass. At these altitudes, the sky above is 
black and the view extends for almost 400 miles in every direction (see image on next page). The 
balloon will pass through the jet stream, a layer of strong winds between 30,000 and 50,000 feet. 
The jet stream acts sort of like a conveyor belt to move large storm systems across the country, 
generally from west to east. Higher up, payload items will be exposed to high levels of cosmic 
and solar radiation, extremely low air pressures, and very low temperatures. During its ascent, 
the latex balloon expands in size due to the lower ambient air pressure at higher altitudes and 
eventually bursts once it reaches its maximum stretchable diameter (usually about 33 feet). This 
ascent typically takes 60–100 minutes, depending on the ascent rate. Following burst, the 
payload parachutes back down to the ground, usually completing the descent in only 30–45 
minutes.  

PAYLOAD CHASE & RECOVERY 
If the balloon is expected to travel a long distance during flight, the payload recovery crew may 
choose to begin chasing the balloon immediately after the launch. Otherwise, they may choose 
to delay their departure. Once they do depart, they will track the GPS communication device(s) 
until the payload is back on the ground.  

As the balloon ascends, it may be visible to the naked eye all the way up to its burst altitude, 
especially if skies are clear and the balloon is not in line with the sun from your vantage point. 
The farther you are from the balloon, the harder it will be to see. It is easiest to see if it is directly 
above you or just to your north (i.e., away from the sun). 
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Be mindful of road conditions and access. Not all roads are public, especially in more rural areas 
with lots of ranchland. Be sure to have good, up-to-date maps that show which areas are public 
land (e.g., national forest, BLM, state land, etc.). Also have a way to find information about private 
property. Many counties have a land parcel map on their county website that shows land 
ownership information. There are some smartphone apps that will show you land ownership 
information as well (e.g., OnX Hunt).  

Once the payload is back on the ground, determine its location and the access situation. Is it on 
public land or private property? Keep in mind that even if the payload falls on public land, it may 
not be accessible by vehicle. Public road landings are uncommon in Wyoming. Expect that you 
will eventually have to walk/hike to actually retrieve the payload, regardless of what kind of 
property it is on. In more populated areas of the country, these hikes may be relatively short (a 
few hundred yards or less). In more rural areas, including most of Wyoming, hikes can often be 
longer (up to a mile or more), especially if the ground is muddy or snow-covered, and cover 
more rugged terrain (see image on next page). Word of advice: you do NOT have to recover the 
payload the same day you launch! Safety always comes first. If you determine that recovery that 
day will be too difficult or risky, you can always come back another day when conditions are 
better and you are more prepared. 

If the payload falls on public land, recovery is usually rather straightforward. Determine the best 
access point, drive in as far as possible, and walk/hike the remaining distance to the payload. 
Make sure not to trespass on private property during the approach! If the recovery crew must 
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cross private property to access the payload, make a good faith effort to first contact the 
landowner and obtain permission. 

If the payload falls on private property, make a good faith effort to first contact the landowner 
and obtain permission to access their land. Be completely upfront with them and explain the 
situation in as much detail as necessary to ease any potential landowner concerns. If they do 
grant you permission or offer to help (which is the case 99% of the time in our experience), be 
respectful of their property and obey their rules (e.g., “don’t drive on muddy roads”). This will go 
a long way in gaining their trust and alleviating their concerns! 

Once you have retrieved the payload and returned to your recovery vehicle, turn off all 
electronics and return home (or back to the school). The recovery is now over! Once you get 
back, do not forget to save all your data and camera footage from the SD cards to a computer. 


