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Gustavus’ High Altitude Balloon Camp




Science in High Altitude Ball

Thermosphere

e Gas Laws | o

e Heat Transfer
|

« Atmospheric Science Ew| e ;
e Pressure variation with altitude S
I = 301 Straiosphere L10
m-Trop-opause ;?gﬂ -
12- 500
0120' 100 ::mm:;'? 0 20 0 20 o0
. o i Ter;peral;re(“(;]-

P k
1 4 .I'J
e

|
|
|
|
|
]
I
I
|

P Proton e  Electron
n  Neutron A Muen
T Pion Y  Photon

ORI R NN O



Engineering and Programming
in High Altitude Ballooning

e Ohm’s Law and Circuits
e Joule Heating
e Heat Transfer

o cans
Arduino MEGA

UG, arduine.cc




High Altitude Ballooning
Summer Camp at Gustavus

Sunday Monday Tuesday Wednesday Thursday Friday Saturday
7:30-8:30 Breakfast Breakfast Breakfast Breakfast Breakfast Breakfast
8:30-12:30 Atmospheric Science| Measuring T & P Measuring GPS | Prepare for Balloon | Cleaning Up Data | Final Preparations
Thermodynamics |with Analog Sensors Coordinates Launch & Launch* Correlating and Presentations
PV=NRT Lab Controlling Motors | Storing Data on Olin 224 Graphing Data Olin 224
Archimedes Principle Based on P microSD Card
Newton’s Laws I2C and SPI Sensors | Intro to Contour
Air Resistance and | CHDK Programming | Camera (with GPS)
Terminal Velocity | of Canon Cameras Intro to Big Red
Predicting Terminal Time Lapse Bee
Velocity
12:30-1:30 Lunch Lunch Lunch Chase Balloon Lunch
1:30-5:30 Lift and Terminal Measuring T & P Putting all the Balloon Recovery* | Correlating and
Velocity Lab with Digital Sensors Programming Graphing Data
Data Loggers Measuring Together Preparing
Introduction to Acceleration and Satellite Presentations
Arduino Magnetic Field Construction
Microcontrollers Design of Satellite Balloon Prep
Programmingin C Using GoPro for
Videos
5:30-6:30 Dinner Dinner Dinner Dinner Dinner
7:00-8:00 | Registration &
Check-In
8:00-9:30 Orientation
Olin 224




What we talked about:

« Gas Laws

e Heat Transfer
e Pressure variation with altitude

e Temperature variation with altitude
e Density variation with altitude

e Newton’s Laws

e Archimedes’ Principle
* Air Resistance

e Rate of ascent

What the students heard



Trying It Out




So Much Data, So Little Time
What To Measure?

*Data Logging
*Hobo
*Extech

eArduinos
*Wiring
*Coding



Tracking The'Big Red Bee

A Walk Around Campus



Flight Prediction
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Learning About Cameras

e VVideo Cameras
— GoPro
— Contour

e Still Cameras

— Canon
— Arduino based




Box Building




The_More_Frequently_Chosen_Ones_Code | Arduino 1.0.5
File Edit Sketch Tools Help

The_Maore_Frequently_Chosen_0Ones_Code
/¢ link between the computer and the Softierial Shield
Jfat 9600 bps §-N-1

JiComputer is connected to Hardware TART

FAdofcierial Shield is connected to the Joftware UART:DE&DI

//Edited by Teywa Chee
//Parses NMEA code returned by GPS and returns time, latitude, longitude, and altitude

#include "DHT.h"
#define DHTPIN AlZ /¢ what pin we're connected to

A*Uzing digical & to control Camera®/
A*Uzing digical 5§ to receiwe sensor sigmal®/
#define KEY 4

/4 Tncomnment whatever type you're using!
#define DHTTYPE DHT11 A4 DHT 11
DHT dht(DHTPIN, DHTTYPE);

#include <5PI.h
#include <50, I

#include "Wire.h"
#include "DE1307.h"

A4 I2ZCdew and MPU9Z50 must be installed as libraries, or else the .cppf.h files
/¢ for both classes must be in the include path of your projec

#include "IZCdew.h”

#include "MPUSZ50.h"

#include "EMP1S0.h"

const int chipSelect = §;
031307 clock;//define a ohiect of D31307 class

MPUIQZ50 accelgyro;
I2Cdew IzC_M:

uintd_t buffer m[6]:
intlé_t ax, ay, az;
intlé_t ogx, O¥, gz’
intlé_t m¥, Wy, L=}

float heading;
'l



Launch Day
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The Chase




The Chase 2

A i%

RN LA




Recovery




Tracking the Balloon
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Burst Side View

Landing
Launch From Side

for Video Analysis
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Raw Data From Arduino
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Flight Path
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Follow U




What Did the Students Learn?

e Atmospheric Science '
e Designing '
e Writing Code

e Wiring/Soldering
Data Analysis




Outcomes

e Statistics of small numbers
e 2014 Camp

— Two Students
— One will be a senior in high school
— Fate of second is unknown

e 2016 Camp
— Six Students
— Four or five will be attending college
— None came to Gustavus



Future Work

This summer’s camp is June 10-16
Adding more gas sensors to repertoire

Adding a small vacuum pump to collect
particulate samples

Adding Gameduino
as display/control




Conclusions

* Young People Find High Altitude Ballooning
Exciting

 High Altitude Ballooning can be used to
introduce young people to:
— Scientific Concepts
— Experiment Design
— Engineering Concepts
— Programming and Interfacing
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