
Atmospheric Science Experiments 
 
Main Experiment: Study of the Atmosphere from Earth to Space 

You will launch your experiment all the way through the atmosphere and into 
space.  The initial launch will be done using a tethered weather balloon into the 
troposphere. Then if all successful on tethered launch you can launch your payload into 
space the following week and bring back amazing data plus videos of Earth and space 
from a top the stratosphere.   Everything you do here will prepare you for a space launch. 
Each team will record GPS and pressure data (these also give you altitude vs. time 
information that is vital for all the Individual experiments).  In addition each team will 
record interior and exterior temperature data, which are also useful for the individual 
experiments as well as proper functioning of the equipment.   In addition to the team data, 
each person will do an individual experiment to be carried into space.  This is described 
on a separate sheet. 

The team will also need to design a payload to carry the equipment into space.  
The payload will attach to the balloon using a carabineer that easily hooks onto a 3-inch 
diameter key ring.  The team is to work together in all phases and help each other out as 
needed.  The final paper is the responsibility of the team as a whole.  The Project Leader 
is responsible for putting it all together, but the team members must adhere to his/her 
deadlines and be responsible for good quality work on their parts.   By the way, there is a 
lot to do and much of it is challenging.  Try your best to conquer it all, but make sure you 
have priorities in correct order (i.e. if you don’t record the data on the sand disc, it does 
not matter how good the individual experiments are because you have no data).  Make 
sure to prioritize getting down data from the tethered launch just in case you don’t 
conquer everything for space or the payload is not recovered from space launch. 
You will hand into the senior scientist a publishable paper (1.5 line spacing), which 
includes, but is not limited, to the following: 

• Title Page and Abstract  (PL) 
• Introduction: Which includes background on the layers of the atmosphere and its 

composition.  Point out the important parts (and relevant parts to your 
experiments) here and refer the reader to Appendix IV for more detail.  Also 
explain how and why the temperature changes as go up in the atmosphere.  The 
greenhouse effect –what it is, the positive feedback loop, as motivation for 
studying the atmosphere.  Choose something else to study and explain in depth 
like the Aurora Borealis, Ozone layer or Sprites or lightning … 
Explain the pressure, temperature models –both exponential and NASA empirical 
model and how it relates to atmosphere.  Talk about the motivation for the 
experiments you are doing.  Also, detail how you carried out the experiments, i.e. 
the methodology.  (ED and EE) 

• Experiments Conducted: Describe here the experiments you are doing, how the 
sensors work and expected results. This section talks about the team sensors 
(pressure and temperature and GPS) and also lists the individual experiments you 
are doing and why interesting to investigate.  
 (PL organizes individual experiments but gets info from all) 

• Physical Design:  The payload, reel in system and Yagi antenna all need to be 
fully detailed.  For the reel in system explain the logic for its design and calculate 



and measure the mechanical advantage.  How was the antenna built and why in 
this formation.  What is the reason for payload design (layout of sensors, batteries, 
arduino, etc.)  and detail a table of the masses that makes up the total mass of the 
payload. Make sure you provide data and graphs to justify.  In this section include 
the buoyancy force calculations, total upward force on the balloon at its highest 
point and converting pressure to altitude and PV=nRT correction to it.  Derivation 
of the exponential model and why it breaks down at higher altitudes.   Include all 
your CAD drawings of the reel in system, antenna, payload here.  (ME, ED) 

• Cut Down Mechanism:  What is the circuit and how it works for cut down 
mechanism.  Schematic diagram of cut-down mechanism and explain it.  Why did 
you choose the capacitor bank you chose (a simple calculation of current needed 
and for how long will help illuminate your decision).  Also explain physical 
design of whole system (why did you choose this circuit, power to it, physical 
structure, this way of wrapping the wires, etc.).  Explain the logic of your code, 
redundancies and all the testing you did for cut-down.  (EE) 

• Electrical and Software Design:  The electrical schematic diagrams for sensors, 
microcontroller, and anything else is described here.  Explain how circuits work 
as well as showing them and describing layout.  Describe the Arduino and how it 
works as well as the different pins.  Also describe in words and with a flow chart 
the code for the microcontroller data taking system as well as the radio and GPS.  
Divide this section into smaller sub-sections as needed. You can refer the reader 
to your commented code in Appendix V for more detail.  (SE) 

• Tracking Section:  How pico APRS works.  How Radio signals work.  Line of 
sight tests.  Obstruction tests.  Antennae gain (both theoretical and experimental).  
Discussion of Fox Hunting method and how you tested it.  Explain what GPS is 
and how GPS coordinates are determined and sent down to us.  How the radio 
transmission sends data packets down needs to be discussed here or elsewhere. 
Graph of speed vs. altitude.  Graph of course payload took (using GPS data) 
overlaid on simulation. (RE) 

• Sensor Calibration:  Explain how the pressure sensor senses pressure and same 
for temperature sensor.  Detail the calibration procedure or all of the sensors.  
Spec.’s of the standard, resolution of the microcontroller, etc. should be discussed 
here as well.  Graphs of the calibrations are to be included here as well.  Error bar 
calculations shown here for the various experiments.  A table summing up the 
percent errors for the various experiments.  (QC) 

• Experimental Results:  Graph of altitude vs. time and temperature vs. time with 
error bars included (both Internal and external temperature on the latter).  Discuss 
these graphs and the big picture (for example refer back to intro for things like the 
inversion layer).  Graph of your pressure data vs. altitude with error bars overlaid 
on the NASA model for pressure vs. altitude and exponential model for pressure 
(using GPS data for altitude).  This justifies your use of NASA model to convert 
pressure to altitude for individual experiments. All your individual experiments 
are simply listed here and state if have data and then refer to the person who will 
turn in individual experiment paper separately with full explanation with graphs, 
results, comparisons to models and theories and discussion. Include some pictures 
from space! (PL does pressure and temp and everyone else puts in their ind. exp) 



• Data Tables: This is not a section unto itself.  These are summary or abbreviated 
data tables (not your raw output of 20 pages).  They should be thoroughly thought 
out and comprehensive; you can put full data tables in the appendix if not too 
large.  Summary data tables can go in the body of the paper.  This section can be 
omitted if the data tables are spread out through the paper where they apply. (ME) 

• Graphs with error bars: This is not a section unto itself.  All your data should 
be graphed vs. Altitude.  Some (like pressure and temperature you should graph 
vs. time as well.  The data should have error bars (figured out by the QC) and 
overlay your data on the NASA empirical models.  In addition, you should look 
for correlations (graphing two things vs. each other on a scatter plot.  For example 
if I graph a Menlo students height vs. age, I’ll see a definite correlation –i.e.  
(ED, QC)  

• Conclusion:  Discuss and summarize the conclusions you’ve made from your 
experiments and the experience itself.  Discuss the results (your data) with known 
science of the atmosphere.  (PL) 

• Bibliography and citations  
• Appendix I: Launch preparation:  Pre-launch form and data/graphs plus 

Experiment protocol sheets (PL) 
• Appendix II: How NASA Model and exponential model compare all the way up 

through the atmosphere (be sure to cite your source!) (ED) 
• Appendix III: Table comparing atmospheric composition vs. altitude. Could also 

include in Intro (ED) 
• Appendix IV: All your code and it should be very well commented plus an 

overview of each routine at the top.  (SE) 
 

Here are some resources for this adventure: 
 
1) See the ASR Space Launch Website at  
http://asr.menloschool.org/SpaceLaunch/SpaceLaunch.htm 
 
2) NASA empirical: here are two models: 
http://scipp.ucsc.edu/outreach/balloon/index.html 
http://www.grc.nasa.gov/WWW/k-12/airplane/atmosmet.html 
 
3) How to do meet FAA approval for Launch: http://www.sas.org/tcs/weeklyIssues_2007/2007-
10-05/project1/index.html and FAA rules site: http://www.eoss.org/pubs/far_annotated.htm#_ftn1 
 
4) UK high altitude balloon site: http://ukhas.org.uk/ 
 
5)  Patrick Costello: http://www.stanford.edu/~pcostell/balloon.html 
(you can use an Arduino instead of pic processor, easier to program and will do all that you need.  
Also I have balloons now that are rated to 120,000 ft.!) 
 
6) MIT team: http://space.1337arts.com/ 
 
7) Raspberry PI into space (pro-style).  We have Raspberry PI’s.  First come first serve. 
http://www.daveakerman.com/?p=592 


