2009 Elijah Summer Payload Team

Antonio Castillo
Brittany Hauser
Zachary Parsons
Chris Reichard
Victoria Salas
Max Witte
Advisor: Dr. William Farrow

Wisconsin Space Grant Consortium
University of Wisconsin-Madison
Milwaukee School of Engineering

Marquette University

Gratitude to the Wisconsin Space Grant Consortium (WSGC) for the funding of the project.



Project Synopsis

The Elijah Payload Project is an opportunity for science and engineering students to research,
design, develop, and implement their own experiments. A high altitude weather balloon is

| aunched into the stratosphere with the
other than weight as to what can be included in this payload; the students are encouraged to
develop their own ideas over the course of the 10-week program. Through weekly meetings and
brainstorming sessions, four separate experiments were designed and constructed. The first
payload was lost and the second has not been launched as of the writing of this paper, but what
follows is a detailed summary of the projects of the 2009 Elijah Payload Team.

Seed Germination

Abstract The purpose of the watermelon seed experiment is to determine if the near space
environment at 100,000 feet has an effect on the seeds. This was tested by first growing the seeds
and then comparing the growth of the experimental seeds to the growth of the control seeds.

Background Everything on earth is exposed to small amounts of natural radiation (Health
Physics Society, 2001). Exposing seeds to higher amounts of radiation can cause inhibited
sprouting, slow seedling growth, reduced plant fertility, and chromosome alterations.
Watermelon seeds were chosen because they have a fast germination of three to seven days and
do not require a special environment for growth.

Methodology Four bottles with approximately 15 seeds in each bottle were created. Two bottles
with seeds were sent up with the balloon; one insulated and the other not insulated. The other
two bottles were used as controls; one staying at MSOE and the other traveling with the
experimental seeds until the launch. Since the payload was not recovered, the seeds were tested
in the lab with a bell jar and dry ice.

The three packs of seeds purchased are Sugar Baby Watermelon Seeds, packed in 4g packages
by the Livingston Seed Co. All three packages of seeds were labeled 2009 Run B, sell by 10/09.
The seeds were planted in a 72 cell seed insert with Stein seed starter mix. The seed tray was
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was then placed on a Hydrofarm heated germination station that uses 120V and 17W. Two 13W
Ott lights, model # OTL13BPB, were placed above the seeds to provide light and approximately
three ml of distilled water has been given to each seed daily.

Results The seeds tested in the lab were planted on 08/05/09 and have not germinated yet. A
photo of the setup for planting and the reference plants can be seen in Figure 1. Control seeds
were planted on 07/27/09 for reference and are growing well. Four experimental groups were
tested in the lab with fifteen seeds in each new group; control seeds, seeds exposed to the dry ice
for an hour, seeds exposed to the vacuum for an hour, and seeds exposed to both the dry ice and
the vacuum for an hour each.



Figure 1: Watermelon seed germination container

Conclusion Due to the fact that we could not retrieve the payload a conclusive decision about
this experiments success or failure could not be made at this time.

References "Answer to Question #1280 Submitted to "Ask the Experts"." Health Physics Society
Radiation Effect® Biological Effects of Radiatiob8 OCT 2001 Web.10 June 2009.
<http://www.hps.org/publicinformation/ate/q1280.htmI>.

Coffee Taste

Abstract The coffee experiment was based on how the atmosphere at 100,000 feet would affect
the taste of the coffee in a near space environment, with interest developing from how
microgravity affects the taste of food for astronauts. Four samples of coffee beans were prepared
and the difference in taste were compared with the sample being subjected to extreme cold
having the best taste and the control sample having the worst taste.

Background Motivation for this experiment developed with the team members interest in how
different types of foods and beverages taste differently in space. This was later narrowed down to
how the flavor of coffee will be affected once placed into near space conditions. The genuine
taste of coffee and the fresh aroma are commonplace here on earth but becomes a luxury up in
space for those serving on a space mission or living aboard the international space station. Food
as well as coffee is known to taste different in space according to the astronauts conducting their
missions. Most of thisdiffer e nce can be attributed to physic
body once in microgravity conditions such as nasal congestion due to upper-body swelling which
reduces the sense of smell causing a reduction in taste. Since an experiment could not be
performed in space, an examination of how the near space conditions could play a role in altering
the flavor of the coffee became the central part of this experiment. Coffee freshness is affected



by three major elements: oxygen, moisture, and temperature. Oxygen is the primary enemy that
reduces the flavor of the coffee. This resulting loss of flavor is due to oxidation, which attacks
the aromatic volatile compounds within the coffee beans. Moisture will degrade the flavor when
it is absorbed into the coffee bean by depleting the flavorful oils. Moisture and oxygen also link
in with temperature, because the cooler temperatures cause water vapor to condensate, coffee
beans will experience excess moisture formation furthering the reduction of the flavor and during
warmer temperatures there is a higher thermal energy that spurs on the staling effect which
increases the solubility of any oxygen that is present. Thus coffee beans should only be subjected
to these temperature extremes at a minimum, usually once is alright.

Methodology A basic coffee was purchased from Starbucks, whole bean Komodo Dragon
Blend, and used for this experiment so a better understanding of the effect on the flavor could be
established. The experiment consisted of four bottles of coffee beans, two of which were sent up
with the payload and the other two remained on the ground. One container was insulated from
the cosmic radiation and part of the extreme weather and the other was left out so it can be
affected by the extreme conditions. Of the two samples left on the ground one was left in the
science laboratory and the other was carried along to the launch. The payload was launched on
the high altitude balloon, however it

was unable to be recovered. Coffee Survey

Therefore ground analogs of the
effects due to the pressure and
temperature drop were performed in
the laboratory in order to gain a
prediction of the results being
explored in the near space
enVironment' One Sample Of COffee » Rank the taste of the following coffee with 1 being the best tasting coffee
was left as a control, one was and 4 being the worst tasting Coffee

subjected to a temperature of
negative thirty degrees, one was

Do you like coffee?

How regularly do you drink coffee?

Do you prefer dark or light roast coffee?

Do you like your coffee black?

Do you prefer to grind your own coffee or buy it pre-
grounded?

* How do you store your coffee?

subjected to a pressure drop, and the Coffee A

last sample was subjected to the

temperature drop of negative thirty Coffee B

degrges as well as the_ pressure drop. Coffee C

To simulate the drop in pressure a

bell jar was used and to cool the Coffee D

samples to negative thirty degrees, dry ice was Figure 2: Example of Coffee Survey

placed in a cooler. Each of the samples being

placed in a different temperature and pressure were subjected to these differences for exactly one
hour as we assumed the flight in the atmosphere would be approximately this amount of time.
After the appropriate tests the coffee beans were grounded in four different grinders to prevent
contamination of the samples. The samples were brewed just using a separate filter for each, with
hot water being poured through it. A double-blind test was performed by surveying the public, to
evaluate the flavor difference of the samples and not telling the test facilitator which coffee was
which. A survey asking a few questions and a rating of the coffee is shown in Figure 2.



Results The coffee beans were tested in a ground analog experiment due to the failure to find the
original payload. The coffee beans were prepared as described in the methodology and served to

eight random peopl e

showed all but one person likes coffee and the majority preferred a dark roast coffee which
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coincides with the type of coffee used for this experiment. The rubric for the double blind
experiment was as follows: coffee A was the cold and pressure, coffee B was only subjected to
the cold, coffee C was only subjected to pressure, and coffee D was the control. The results of

the test based on the differences in taste obtained from the survey are shown in Table 1.

ui d

1 2 3 4
Coffee A 1 1 4 2
Coffee B 5 3 0 0
Coffee C 2 3 3 0
Coffee D 2 1 0 5

Table 1: Results organized by frequency of the rank for each of the four samples

Table 1 shows that the test subjects preferred the taste of coffee B which was subjected to the

cold the most and preferred coffee D, the control, the least out of the four samples.

Conclusion We are still optimistic of finding the original payload in order to perform a more
exact analysis to gain better results. However based on the results from the ground analog the
beans subjected to the cold turned out the best which can be based on the cold keeping the beans
the freshest, however with repeated cycles of the extreme cold and room temperature the results
are expected to be different with more of a flavor loss being experienced due to excess moisture

buildup.

References Romanoff, Jim. "When it comes to living in space it's a matter of taste."
Scientific Americari0 Mar 2009 Web.17 June 2009.
<http://www.scientificamerican.com/article.cfm?id=taste-changes-in-space>.

"Storage & Packaging.” The QARR coffe2006. 17 June 2009

<http://www.thegarrcoffee.com/packaging.html>.

Watch Functionality

Abstract The watch functionality experiment is designed to study the effectiveness of different
types of watches when exposed to low temperatures and pressure. The expected results include
the glass/plastic covers either cracking of breaking off due to the lower pressure, and a slower

watch due to the lower temperature.

Background The idea behind the watches experiment started with Atomic Watches. Atomic
watches are the most accurate watch as of current because every day they receive a signal that
adjusts the hands to read the exact time. Atomic watches are essentially quartz watches, only

they automatically adjust themselves every day.

Pow



The team wanted to experiment —
with the radio signal that the watches
receive daily. Would the altitude
have any effect on the watches ability
to receive the signal properly? This
was to be our initial experiment. It
then became apparent that the
Atomic watches only receive their
signal twice a day at most, one of
which is around 2am. In order to
fully study how altitude affects the
radio signal we would need a
constant stream. However the only
receiver we could obtain was one
from Europe which uses a different
frequency for their Atomic watches
than in the US.

This led the team to the current
experiment of using basic quartz
watches of different values and
comparing how they are affected by
reduced pressure, temperature, and
the miniscule amounts of radiation
they are to be exposed to. Figure 3:Set up of thewatches and camera inside the payload

Methodology The setup for this

experiment is fairly simple. The watches are mounted on a single foam core board using Velcro
straps. (As seen in Figure 3) A video camera is setup a small distance away and will be
recording the watches the entire time during the flight. To ensure that the camcorder records the
entire flight an external battery pack will be used along with a large enough SIM card to hold the
video file. A basic LED from a small flashlight is mounted with a disperser to provide light
inside the payload. A control setup was also constructed to record at the exact same time as the
payload.

Results

Experimental ResulfBhere are two specific results that are to be expected from this
experiment. The first is how the glass/plastic covers of the watches will either crack or pop out
from their holders due to the lower pressure. Standard watches are designed to withstand the
reduced pressure inside of airplanes, which is usually around 2000 feet. The high altitude
balloon is expected to reach at most 100,000 feet. The difference in pressure at the altitudes is
immense and therefore a result is expected. The second is that the clocks will slow down or



possibly stop due to the decreased temperature. Most basic materials contract a small amount
when exposed to cold temperatures. Due to this the gears in the watch will become smaller and
more rigged thus reducing the speed in which they take time. If the gears shrink small enough
they will no longer mesh with each other resulting in the hands not moving at all.

Testing Result$he watch experiment was pressure testing using a vacuum bell jar. Itis
unknown how low the pressure dropped to however nothing happened to the watches and the
camera operated normally.

Conclusion Conclusions for this experiment are still pending; the expected launch is scheduled
for 08/09/09

Sound Transmission

Abstract This experiment deals with sound as it travels through air. The qualities of the air will
affect the manner with which the sound travels. Using basic electronics equipment and
MATLAB for analysis, we hope to see these factors effect sound, namely its speed as it moves
through air. We have identified two factors that will be relevant: colder temperature, which will
slow the speed of sound, and reduced pressure, which will increase it. We hope to
experimentally verify these theories.

Background This particular experiment was based on the McNeese LA-ACES Group Sound
Experiment (McNeese) done in 2007. Our goal was to measure the speed of sound relative to its
altitude. We planned on attempting to replicate their findings, in order to compare their results to
ours. We were very curious about what would happen to sound when subjected to the extreme
cold and high altitude pressures provided by the stratosphere.

Methodology A simple 4000 hertz buzzer was used to broadcast a continuous tone throughout
the experiment. This tone was picked up by two microphones a fixed distance apart. Two noise
cancelling mics were used to cut down on the wind noise sure to be encountered during the
flight. The sound data was recorded in stereo onto an SD card by a digital voice recorder with a
high sampling rate. The basic setup shown in Figure 4:

Fixed ( Mic 2
Distance [:::::}

( Mic 1 DVR

Buzzer ~—
Figure 4: Sound Apparatus




An MP3 reading program was downloaded for MATLAB,
storing the data from each mic separately. The sound
appears as a sine wave. In a program we wrote, the data was
grouped, peaks were found, and the time separation between
these peaks determined. Knowing the amount of time it
took the sound to cover the fixed distance, speed can be
easily calculated. An apparatus was designed to hold the
buzzer and mics stationary. The mics had to be securely
fixed, and positioned in a way that would not block or
interfere with the sound in any way. Figure 5 shows a CAD
model of the designed and constructed setup for the
experiment, with the mics and buzzer included:

The wires from the mics to the DVR and from the buzzer to
the 9V battery will run inside our insulated foam box, so the
conditions of the stratosftg
functionality or battery life. The holder was constructed out
of wood in MSOE’'s machine

terfe

Results With the setup constructed as shown and the
program written, several tests were run under different
conditions. One such test was made at 23.3°C in dry air. The
speed returned was 374.85meters per second. This is fairly close to the accepted value for the
speed of sound under standard conditions, 343 meters per second. The difference can be
accounted for by the difficulty of getting the microphones an exact distance apart; even with
calipers, there is bound to be some difference. The plot generated by the test, for one
millisecond of recording, is shown in Figure 6. The mic nearest the buzzer is shown with greater
amplitude, and the farther mic is shown with lesser amplitude:

Figure 5: Experimental Apparatus

Figure 6: Normal Conditions



A series of tests were done in a cooler with dry ice to examine the effects of temperature on
sound. The program output a speed of 340.77meters per second at a temperature of -28.1°C.
This is significantly slower than the control test, and in the plot, attenuation can be seen, shown
in Figure 7:
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Figure 7: Cold Conditions

In the control, the peaks of the far mic (lower peaks) are slightly behind those of the near mic
(higher peaks). In the cold test, the far mic peaks are shifted to the right. The slower speed
agrees with the accepted model for sound transmission. Tests were also done in a bell jar to
analyze the effects of air pressure on
sound. Figure 8 shows the tests being
done:

The program output a speed of 454.38
meters per second. Again, note the
attenuation from the control case, shown
below in Figure 9:

Figure 8: Bell Jar Testing
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Figure 9: Low Pressure Conditions

This time, the low peaks are shifted to the left. The calculated increase in speed also agrees with
the accepted system for analyzing sound transmission.

A second experimental apparatus of identical dimensions that returns the same numbers as the
flight apparatus was constructed. This setup will run under normal, dry air conditions during the
flight. This will serve as the control and basis for comparison of the flight data.

Table 2 shows additional results from the cold tests:

Temp. (Celsius) Sound Speed (Meters Per Second)

Table 2: Cold Test Results

Figure 10 shows these results plotted. Note the obvious downward trend:
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Figure 10: Temperature and Speed



Table 3 shows additional results of the pressure tests and demonstrates the consistency:

Sound Speed (Meters Per Second)

| Tral2 | 45438 |
Trial 2 468.56

| Trial2 | 46856 |

| Trial3 |

Table 3: Pressure Test Results

Conclusion As of now, the launch has not yet occurred. With the ground tests as indicators, we
would expect to see significant differences in the way sound travels relative to altitude,
according to the effects of cold and pressure. It would be interesting to see how the combined
conditions of both colder air and lower pressure would interact in manipulating sound. With a
working system in place to compare how quickly sound travels in specific conditions, we hope to
have the chance to analyze flight data eventually.

References Townsend, Tate, et al. "McNeese LA-ACES Group Sound Experiment 2007."
Columbia Scientific Balloon Facility. 10 June 2009 <http://laspace.lsu.edu/aces/Teams/2006-
2007/McNeese/McNeese%20LA-ACES%20Group%20Sound%20Experiment(2007).ppt>



