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At times, we’ve found it hard to implement the “Research” component of the
Wildwood Institute of STEM Research and Development. Because the Institute is
composed of primarily high-school aged students, it is difficult to find or create
research projects that are doable, engaging, and educational. So, sometimes we
are left with a dearth of research papers that can be published. But I like to
consider these problems as simply growing pains experienced by the Institute as
it approaches maturity. In the past year, we’ve established the WISRD
Constitution and Bylaws and successfully transitioned our leadership. I would
like to think this Journal will further this growth. Maybe it’s because this is the
only Journal that I’ve been the primary editor for, but I think that there’s a
marked positive change in the quality of content and general layout of this
Journal. I’d like to thank the other writers, Dylan Vecchione, Lexi Kaz, and Cesar
Diaz, for their work in creating this journal. I also want to acknowledge the
additional editing support from Scott Johnson. Additional thanks go to Josie
Bleakley, the Senior Editor of our WISRD publications. Our cover photo was
provided by Dylan.
Miana Smith, Primary Editor
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Electron Beam and Whistler Wave Interaction Experiments in
a LAPTAG Plasma
MIANA SMITH, O. BEN-SHLOMO, B. WOLMAN, S. BUCKLEY-BONANNO, A. BRADLEY, W.
RICE, K. CHO, A. KATZ, W. GEKELMAN, P. PRIBYL, J. A. WISE, R. BAKER
Los Angeles Physics Teachers Alliance Group

I.
Introduction
High-energy particle and whistler wave
interactions
are
significant
toward
developing our understanding of ionosphere
and magnetosphere physics. High-altitude
lightning in the radiation belts launch
whistler waves, which are electromagnetic
electron waves. Resonant interactions
between these waves and electrons are one of
the primary methods by which electrons can
be deflected out of or accelerated within the
radiation belts. In this experiment, we
demonstrated the deflection of electrons out
of an electron beam using whistler waves in
a cold LAPTAG plasma (diameter = 0.4m,
length 1.8m, Argon, 𝑛 = 5×10'(( cm3, 𝑇 =
3eV, B = 50G). A pulsed 1KV electron beam
was launched at 45˚ to the background
magnetic field opposite an RF launcher. The
deflection of the beam is measured using an
electron energy analyzer.

field of the machine (see Figure 5). We
verified the dispersion relation using a triaxis B-dot probe with a Langmuir probe
attachment placed opposite the RF launcher
at the other end of the machine. The
Langmuir probe was additionally used to
determine the electron density of the plasma
(see Figure 1). We placed an electron energy
analyzer under and behind the launcher. A
pulsed electron beam was launched opposite
the energy analyzer. The beam terminated
near the energy analyzer (see Figures 4 and
5). The current from the energy analyzer was
recorded on a Lecroy 2.5MHz WaveSurfer
oscilloscope and averaged over 4000 shots.

Figure 1 – An example magnetic pickup
loop. Semi-rigid coax was bent into a single
loop. A small amount of the outer conductor
was removed at the far end of the loop. This
configuration can be used as a probe and as
an antenna. It must be coated in a high-heat
epoxy before installation in a plasma. The
probe was used to launch whistler waves
between 50MHz–120MHz.

The whistler wave will deflect electrons if a
resonant angular frequency condition is
satisfied. This condition is given by
𝜔,- = 𝑘𝑣|| ± 𝜔
where 𝜔,- is the electron cyclotron
frequency, 𝑘 is the whistler-wave number,
and 𝑣|| is the parallel electron beam velocity,
and 𝜔 is the angular whistler wave frequency.
𝑘𝑣|| represents a Doppler-shift term. When
this condition is satisfied, the whistler wave
appears as a DC field in the electron beam
reference frame, and scatters electrons.
II.
Experimental Setup
A whistler wave was launched in the
quiescent afterglow of the plasma from an RF
antenna (a coaxial magnetic pickup loop) so
that it propagated along the background B-

Figure 2– Completed 3-axis B-dot probe.
The probe consists of three near-identical
5.5mm diameter coaxial loops oriented
orthogonally to each other. We formed the
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loops by leaving a small section of the inner
conductor exposed and shorting it with the
outer conductor to form a closed loop. We
then coated the probe in a high-temperature
epoxy to protect it from the plasma. The
probe is linearly responsive to magnetic
frequencies up to 180MHz.

Figure 5 – Diagram of the experiment.
The objective of the experiment was to
deflect electrons using the whistler wave into
the energy analyzer. It was experimentally
simpler to scatter electrons into the analyzer
as opposed to out of it. Scattering the
electrons into the analyzer only requires the
beam to terminate near the analyzer instead
of directly into it. This allowed us to change
various experimental parameters that would
slightly change the location of the beam
without having to re-find the beam.

Figure 3 – A simplified diagram of the
electron velocity analyzer and the potential
in the analyzer. The analyzer consists of an
aluminum box ~1cm3 in volume containing
two steel mesh grids and a copper collecting
plate housed in a ceramic cup. The electron
enters through a 150-micron hole, passes
through the +47V grid, the -47 grid, and
terminates on the collecting plate. The
collecting plate goes to a 10kΩ resistor
before going to a scope.

III.
Theory
The experiment was conducted through
varying plasma parameters to satisfy the
resonant equation. By conducting the
experiment at different times in the plasma
afterglow, we we able to vary the plasma
density. The whistler wave dispersion, given
by Eq. 1 for a cold plasma and Eq. 2 for on
axis propagation, is dependent on the plasma
electron frequency (𝜔2- ).

Figure 4 – The completed velocity analyzer.
A secondary plate with a smaller 150micron hole is located behind the visible
entrance hole.
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Where 𝐹 = 𝐹p of the beam, 𝐵 = 𝐵rst- , and
𝐸 ≈ 0. We can calculate how much this force
w
moves an electron in a time 𝑡 =
, where L

The plasma electron frequency is
proportional to the root of the electron
density of the plasma, as given by Eq. 3.
Varying the plasma density will then affect
the whistler wave frequency.

tx||

is the length of the machine. Then, the
(
displacement ∆𝑥 = 𝑎𝑡 4 , where 𝑎 =
btx|| M|}~8

Eq. 3

𝜔2- = 5.64×10L 𝑛-(

4

•8
( btx|| M|}~8
4

The angular frequency resonance condition,
𝜔,- = 𝑘𝑣M|| ± 𝑛𝜔, can be re-written in terms
of the index of refraction to better illustrate
this dependence. Grouping the frequency
terms and multiplying by 𝜂 yeilds:
Eq. 4

𝜂𝑣M|| = 𝑐 1 ∓ 𝑛

.
w
tx||

This

gives

∆𝑥 =

4

. For the beam electrons,
(

the kinetic energy 𝑞𝐸M-s• = 𝑚- 𝑣M4 , with
4
𝐸•-s• ≈ 1200 V, 𝑣M|| = 𝑣M cos 𝜃 and
𝑣Mp = 𝑣M sin 𝜃 . The pitch angle of the
electron beam, assuming a launch
perpendicular to the face of the emitter, is
𝜃 ≈ 72˚ ± 3˚. For these conditions 𝑡 ≈ 0.7µs.
For a wave B-field of 1.2e-7T at 50MHz, and
a background B-field of 34G, the
displacement is ∆𝑥 ≈ 1 cm. The ~1cm
dispersion is large enough that it can be
measured.

P=8
P
,

The whistler phase velocity, 𝑣Q = , can then
R

be substituted in. Experimentally, this value
is given by 𝑣Q = 6.86×10T , yielding:
𝑣M|| = 6.86×10T [1 ∓ 2𝑛].
For this experiment, n = 1, so the theoretical
parallel beam velocity is 𝑣M|| = −6.86×10T .
However, we were experimentally only able
to launch an electron beam with potential
𝐸M'-Y2 = 1194𝑉 . Then, 𝑣M||'-Y2 = 5.9×
10\ cos 𝜃 𝐸 , where 𝜃 = .31 radians. This
relationship yields a required potential of
𝐸a-bcda-e = 1382 V, which is higher than
experimentally possible. The 𝜂 used for this
calculation was for an electron density of
approximately 5×10(f cm-3. Lowering the
density increases the phase velocity, so the
resonant condition can still be satisfied.

IV.
Experimental Results
We saw this dispersion at a density of 𝑛 =
3×10(f cm-3. The current detected by the
electron velocity analyzer decreased by
~0.1nA for the duration of the whistler RF
burst (see Figure 6).

Even if a resonant condition is satisfied, it is
possible that the electron will only be
deflected a very short distance. We had to
verify that the deflection distance would be
measurable. To calculate this, we assume that
the force acting on the particle is
Eq. 5

•8

4

Figure 6 – Graph of the current (nA)
detected by the velocity analyzer over time
(ns) with a 4000 shot average. The light blue
and green traces are artificially placed above
and below the red traces for visual clarity.
They actually have an average value of
0.4nA. The RF burst indicates the launched

𝑭 = 𝑞(𝑬 + 𝒗×𝑩)
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electrons.
Other
future
LAPTAG
experiments involve electron beam and
plasma behaviors in changing background
magnetic fields.

As the density fell, the parallel wavelength
changed until the resonance condition was
satisfied at a density of approximately 𝑛 =
3×10(f cm-3, as indicated by the red trace.
Because the electron current is negative, a
decrease in current corresponds to an
increase in electrons entering the analyzer.
The decrease in current is likely caused by a
resonant condition because a similar decrease
does not occur at other densities, as shown by
the stable blue and green traces.

References
1. Chen, Francis F. Introduction to
Plasma Physics and Controlled
Fusion. 2nd ed. Vol. 1. New York:
Plenum, 1984. Print.
2. W. Gekelman, et al., Amer. Jour.
Phys, 79, 895 (2011).

Future experiments at LAPTAG will further
clarify these results. We will take more data
for densities near 3×10(f cm-3 to observe the
range in which this resonance occurs. Ideally,
we will launch whistler waves using an
electron beam through a resonant interaction
between the electron beam and the plasma

3. B. Van Compernolle, et al., Phys.
Rev. Lett., 112, 14006 (2014).
Work done at the UCLA Plasma Lab
facility is supported by DOE and NSF
grants.
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Protocol Development for Terrestrial Watershed and Erosion
Monitoring
LEXI KAZ AND DYLAN VECCHIONE
The Wildwood Institute for STEM Research and Development, ReefQuest

I.
Introduction
Erosion is the process by which wind, water,
or other natural elements interact with a
substrate and change its topography. It is a
gradual process of environmental change.
Erosion in Los Angeles occurs on inclines,
bluffs, and coastlines because of city water
runoff. Erosion is important to be aware of
because it can create environmental problems,
such as earthquakes, sinkholes, landslides, or
other changes in topography. Additionally,
natural erosion can damage man-made
infrastructure. A good example of this would
be the Florida sinkholes, where the rising
seawater caused the surface land layer to thin,
which is a form of erosion. Because of the
thinning of the surface layer, the ground was
unable to support the buildings above it and a
sinkhole formed [1].

environmental stewardship. Historically,
ReefQuest surveys were purely educational.
Students would swim in-situ (in field), and
learn about the environment by collecting
data on reefs. As ReefQuest evolved from an
educational organization to a research
organization, our surveys also evolved.
ReefQuest, in collaboration with government
agencies, research institutions, and other
Non-Governmental Organizations, adapted
these educational surveys into citizen science
surveys. Citizen science means that anyone,
even without formal training, can contribute
to actual research. The survey discussed here
marks the next evolution in ReefQuest
research programs: adding terrestrial work to
our marine studies. This erosion survey will
allow citizen scientists to monitor and
research
the
change
in
coastline
environments and allow ReefQuest to track
erosion.

Through ReefQuest Protocol Development,
we are creating a procedure to analyze and
monitor erosion. Our procedure is a modified
version of The California King Tides
Initiative that better serves our specific needs.
Our protocol involves recruiting the layperson to take photographs of regions of
topographical interest following a specific
procedure detailed here. The images are
virtualized onto ReefQuest’s unique online
research platform as interactive surveys,
which are three-dimensional navigable
transects, or cross sections, of the
photographed regions. This allows us to
monitor erosion and other effects from a
distance.

Other organizations have designed similar
citizen science surveys, such as The
California King Tides Initiative, which “is
asking members of the public to photograph
extreme high tides along our local coastline
to
highlight
how
coastal
homes,
infrastructure, and ecological habitats may be
affected by future sea level rise" [3]. The
California King Tides Initiative is a photo
based documentation effort that utilizes
citizen scientists to monitor the process of
erosion over time. While their process uses
single-shot time-lapses, we use panoramic
documentation.

II.
Background
ReefQuest is an organization that protects
coral reefs and other fragile marine
environments
and
fosters
marine
7

MAY 22, 2017

WISRD JOURNAL

III.
Identifying Erosion
When water flows down an incline, it collects
particles of the land, and transfers it until the
particles settle elsewhere. This allows the
flow of water (e.g. rivers), to shape the
topography of a landmass. Anywhere water
flows over land, erosion is occurs. Some
locations are subject to more severe erosion
than others, though this is difficult to
determine without actual observation.
Because of this, it is important to monitor all
potential locations for erosion. To identify
potential erosion sights, we find moving
water that is in contact with land.

VOLUME 3

6. Repeat if necessary.
7. Move to next location (areas listed
above) if studying multiple sites.
8. Repeat steps 2-7.
9. When finished, contact ReefQuest
supervisor and transfer all collected raw
photos to them for processing.
V.

Regular Camera Protocol
1. Acquire a camera that has the
capability of transferring batch photos to a
computer (i.e. not a smartphone).
2. Pick survey location (look for runoff,
inclines, bluffs, coastlines, etc.).
3. Stand in known spot and orient
yourself towards the study site (areas listed
above).
4. From known spot take overlapping
photos such that they can create a 360
composite.
5. We recommend a 40% overlap
between images.
6. Move to next location (areas listed
above) if studying multiple sites.
7. Repeat steps 2-6.
8. Once completed monitoring the field
cites, return periodically every free day.
9. When finished, contact ReefQuest
supervisor and transfer all collected raw
photos to them for processing.

Currently, our goal for this project is to revise
our old protocol so that it is video-based
instead of photograph-based because
ReefQuest is transitioning to a new
virtualization platform, Kolor. Kolor is a
photo and video based website that has the
ability to create panoramas, virtual tours, and
360-degree videos. Because of this transition,
we must update our protocol. We have two
revised protocols, one for a regular camera
and one for a 360-degree camera. Shown
below are our prior protocol and the revised,
current protocols.
IV.
Previous
ReefQuest
Data
Acquisition Protocol
1. Acquire a camera that has the
capability of transferring batch photos to a
computer.
2. Pick survey location (look for runoff,
inclines, bluffs, coastlines, etc.).
3. Stand in known spot and orient
yourself towards the study site (areas listed
above).
4. From known spot take photos every 1
step maintaining a constant heading (use
compass if necessary). Take landscape
photos.
5. Collect 2 to 200 photos while walking
towards survey subject.

VI.

360-Degree Camera Protocol
1. Acquire a 360-degree camera that has
the capability of transferring batch photos to
a computer.
2. Pick survey location (look for runoff,
inclines, bluffs, coastlines, etc.).
3. Stand in known spot and place
camera on static location such that the study
site (areas listed above) is in the field of view
.
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4. From known spot take the photo
making sure you move away from the camera
to prevent blocking the subject.
5. Move to next location (areas listed
above) if studying multiple sites.
6. Repeat steps 2-6.
7. When finished, contact ReefQuest
supervisor and transfer all collected raw
photos to them for processing.

A first-time skier, however, visiting the
mountain during peak snowfall could falsely
believe that record-breaking snowfall is
normal on Mammoth Mountain. Historical
documentation prevents such misconceptions.
Through Kolor, we will gather photos of
erosion sites, and upload the photos to
examine them on the 360 platforms. We will
foster scientific monitoring by documenting
shifts in environmental baselines.

VII. Conclusion
Our goal is to create an interactive
educational
platform
that
monitors
topographical change over time through 360degree
time-lapse
photography
and
videography. We have created new protocols
so that this may be best accomplished. The
ReefQuest erosion monitoring protocol will
allow researchers to observe erosion in key
areas at a distance. Our platform will provide
the historical documentation necessary
towards detecting these processes. Because
the only way to notice erosion is by
observation through gradual change over
time,
we
must
provide
historical
documentation, or context for current
behaviors. For example, a skier who
regularly visits Mammoth Mountain would
know the average amount of annual snowfall.

References
1. How Sinkholes Form. St. Johns River
Water Management District. (2017)
Retrieved
from:
http://www.sjrwmd.com/watersupply
/howsinkholesform.html
2. Urban Tides Community Science
Initiative. USC Sea Grant. (2017)
Retrieved
from:
http://dornsife.usc.edu/uscseagrant/u
rban-tides-initiative/
3. California King Tides Initiative
Project. King Tides Initiative. (2017)
Retrieved from:
http://california.kingtides.net/
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Analyzing the Burglar Alarm Theory: Observing Pyrocystis
fusiformis Predatory Detection Behavior
DYLAN VECCHIONE
The Wildwood Institute for STEM Research and Development

We examined how different environmental conditions affect the bioluminescent response of
Pyrocystis fusiformis. We attempted to observe which environmental conditions induced a
bioluminescence response from the organism by testing specific environmental alterations
against the intensity of the bioluminescence response. Ten microcentrifuge tubes containing P.
fusiformis were subjected to different environmental conditions and the bioluminescent response
was measured. We subjected the tubes to either water disturbance created by an orbital shaker,
pressure variation caused by a centrifuge, increased magnetic fields, or an increased electric
field. We tested each trial relative to the bioluminescent base-state of the unagitated tubes, which
was recorded prior to each trial. We conducted a difference of means test (t-test) on each trial
with threshold p-value of 0.05. We found that the orbital shaker and the centrifuge increased the
bioluminescent response but that the electric and magnetic fields did not. This supports the
hypothesis that P. fusiformis responds to varying pressure rather than varying electric or
magnetic fields.
I.
Introduction
Dinoflagellate bioluminescence has attracted
research because of the phenomenon’s
natural beauty and because of the unique
evolutionary insight this adaptation provides
[1]. Studies have shown that dinoflagellates
bioluminesce because their cell walls deform
[4]. Sweeney (1987) found that shear forces
created by water movement and swimming
organisms caused this deformation, and thus
bioluminescence.

bioluminescence: the Burglar Alarm Theory.
Burkenroad (1943) hypothesized that
dinoflagellate bioluminescence acts as a
predatory response. The dinoflagellates
illuminate their predators, which reveals their
locations. The bioluminescence creates a
“signal identifying the location of food to
individuals two trophic levels up the food
chain” [1].
Preliminary studies only investigated the
mechanism by which bioluminescence
occurs, focusing primarily on shear forces
(water movement). If the Burglar Alarm
Theory applies, it is possible that
dinoflagellates detect predators (or grazers)
by additional means. Cell wall deformation is
one cause of bioluminescence as established
by Hamman and Selinger (1972), but other
environmental alterations have not been
investigated. A more complete study that
incorporates variations of shear forces and
other environmental disturbances would
further clarify the cause of bioluminescent
response under the Burglar Alarm Theory.

While the mechanism of dinoflagellate
bioluminescence is understood, there is still
debate
regarding
the
purpose
of
bioluminescence. Multiple hypotheses have
been proposed. Schantz (1971) proposed that
bioluminescence acts as a form of
communication because the light produced
has a low extinction coefficient in water and
thus travels longer distances. Esaias and Curl
(1972) proposed that bioluminescence warns
predators of the toxic nature of many
dinoflagellates.
However,
not
all
dinoflagellates are toxic, which led to
proposing the most widely accepted
hypothesis
for
dinoflagellate
10
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II.
Methods
We examined how different environmental
conditions affect the bioluminescent
response of P. fusiformis by observing which
environmental
conditions
induce
a
bioluminescence response from the organism.
Quantitative results correlate certain
environmental alterations with the intensity
of the bioluminescence response. We
subjected ten microcentrifuge tubes to
different environmental conditions and the
bioluminescent response was measured. On
Day 1, we created water disturbance in the
tubes using an orbital shaker at 210rpm for 1
minute. On Day 2, we subjected the tubes to
increased pressure with a centrifuge at 10g
for 5 minutes. On Day 3, we placed the tubes
in an orbiting magnetic field for 1 minute,
and on Day 4, they were placed in an electric
field using a 9-volt battery and a variable
capacitor for 1 minute. We tested each trial
relative to the bioluminescent base-state of
the unagitated tubes, which we recorded
before each trial. We conducted a difference
of means test (t-test) on each trial with
threshold p-Value of 0.05.

VOLUME 3

Background and Control
We recorded 20 measurements of the empty
Titertek Berthold FB 12 Luminometer to
establish the device background luminance.
We set the luminometer to a measurement
delay of 10s and acquisition time of 3s and
utilized these settings for all trials. We
collected the 10 tubes without disturbing the
solution/organisms and placed each tube in
the luminometer to record the base-state
luminance. A DPU-414 thermal printer
connected to the luminometer, producing a
paper results printout. After the initial base
state luminance was measured, we let the
samples rest for a minimum of 24 hours.
Prior to each trial, we collected the 10 tubes
without disturbing the solution/organisms
and placed each tube in the luminometer to
record the base states before beginning the
trials. For the electric field experiment, we
collected the base state measurements at least
five feet away from the E-field source.
Orbital Shaker: Water Disturbance
We fastened Tube 1 to a Jiangsu Tenlin
Instrument CO., LTD TYZD-IIII Orbital
Shaker such that the sample was being
disturbed with each revolution. We revolved
the sample for 1 minute at 210rpm. When
finished, we placed the sample in the
luminometer to record. We repeated the trial
and measurement with the remaining 9 tubes.
When the trials were complete, we let tubes
rest for minimum 24 hours.

Sample Preparation
We began sample preparation by swirling a
500 mL flask of f/2 solution and P. fusiformis
to evenly distribute the organism in the
volume. We then pipetted 200 microliters of
the solution into ten microcentrifuge tubes
using a 1,000 microliter Carolina Pipettor and
labeled each tube (1, 2, 3, 4, 5, 6, 7, 8, 9, 10).
We measured the tubes in order from 1 to 10
for each trial. Each trial was performed on all
10 tubes. After the transfer was complete, we
let the tubes rest for 24 hours. We
reacclimated the organisms to a nocturnal
light cycle using a glow light, which
increased bioluminescence for our testing
periods during the day.

Centrifuge: Pressure
We filled 3 additional microcentrifuge tubes
with 200 microliters of water to balance the
sample in the Fisher Scientific accuSpin
Micro 17 centrifuge. We loaded the sample
and balanced the centrifuge with the 3
additional water-filled microcentrifuge tubes.
We closed the centrifuge and set it to 10 G for
5 min. When the cycle ended, we removed
the sample and placed it in the luminometer.

11
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We repeated the trial and measurement with
the remaining 9 tubes. When the trials were
complete, we let tubes rest for minimum of
24 hours.

VOLUME 3

lower bound was calculated using the
formula
Q1-(1.5*IQR). The upper bound was
calculated using the formula Q3+(1.5*IQR).
Only the Base State and Electric Field data
sets contained outliers. One sample was
removed from both test groups. The final
Base State array had a sample size of 9, mean
of 201,864 relative light units (RLUs) and a
standard deviation of 188,379 RLUs. The
resulting Electric Field metrics were 9,
43,897 RLUs, and 70,134 RLUs respectively.
We used these modified arrays in the
statistical analysis.

Magnetic Field
We placed Tube 1 on a stable surface and
held a magnet 3 inches away from the sample.
We then revolved the magnet around the
sample for 1 minute. We placed the sample in
the luminometer. We repeated the trial and
measurement with the remaining 9 tube.
When trials were complete, we let the
samples rest for minimum 24 hours.
Electric Field
We placed the PASCO variable capacitor on
the ring stand and tied a string to the iron ring
such that the microcentrifuge tube was
suspended between the plates of the variable
capacitor. We connected a Duracell 9-volt
battery to capacitor plates to produce an
electric field. When the base state
measurements were complete, we began
trials. We hung Tube 1 on the string and
suspend the sample between the capacitor
plates for 1 minute. Without disturbing the
sample, we then removed the sample and
placed it in the luminometer. We repeated the
trial and measurement with the remaining 9
tubes.

If there is a significant difference between the
luminescence of the base state and the
luminescence after the environmental
disturbance, then we can assume P.
fusiformis responds to that specific
environmental alteration.
Six difference of means tests (t-tests) were
conducted. We used a threshold p-value of
0.05. The test comparisons and results can be
found in Table 2. The first test established
that P. fusiformis bioluminesced even
without agitation, with a p-value of 0.012343.
The second t-test established that shaking at
210rpm
for
1
minute
increases
bioluminescence, with a p-Value of 0.001242.
The third t-test established that increasing
pressure to 10 G for 5 minutes in a centrifuge
increases bioluminescence, with a p-value of
0.000153. The fourth t-test established that
the magnetic field did not influence
bioluminescence, with a p-value of 0.90367.
The fifth t-test established that the electric
field did not influence bioluminescence, with
a p-value of 0.789367. The sixth t-test
established that P. fusiformis was still alive at
the end of the experiment, with a p-value of
0.007231.

III.
Results
The sample size, mean, and standard
deviation of each test group both including
and excluding outliers (when applicable) are
shown in Table 1. To determine the
background luminance of the luminometer,
we collected 20 samples of an empty
luminometer. No outliers were found in the
background data set. For the rest of the trials,
we collected 1 measurement per tube. All test
groups data were analyzed for outliers using
quartile 1 or 3 (Q1 or Q3) plus or minus 1.5
times the interquartile range (IQR). The
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IV.
Discussion
Hamman and Selinger (1972) found that P.
fusiformis bioluminesce due to a deformation
in the cell wall. Thus, it follows that
bioluminescence is caused by a physical
disturbance in the organism’s environment,
rather than varying electric or magnetic fields.
We found that the shaker and centrifuge tests
resulted in a significant increase in mean
bioluminescence compared to a resting state,
which supports Hamman and Selinger’s
(1972) hypothesis. Additionally, the
magnetic and electric field tests did not find
a
significant
increase
in
mean
bioluminescence compared to the respective
base states. This further supports the
hypothesis, as only physical disturbances
significantly increased bioluminescence.

VOLUME 3

state. This established that each sample (or a
significant percentage of the 10 samples)
were still alive by the final test. The final
excited-state bioluminescence was shown to
be significantly different from the initial
base-state bioluminescence, indicating that
the organisms were still alive. This test
addressed concern that final trials could be
influenced by organism mortality.
The centrifuge trial tested the effect of
pressure on the bioluminescent response.
While the major environmental disturbance
was a result of the increased pressure, it is
possible that the start and end accelerations
(as the centrifuge begins spinning, and slows
down) potentially caused water disturbance
which affected the sample. Further research
is necessary to determine whether pressure
has a significant effect on bioluminescence,
or whether the response we observed was
influenced by water disturbance. In support
of the centrifuge trial, however, increased

We tested if the organisms were still alive by
conducting a paired t-test. This means that
sample 1 from the initial base-state array is
tested against itself from the final excited-

13

MAY 22, 2017

WISRD JOURNAL

external water pressure probably caused a
pressure difference across the organism’s cell
membrane, causing cell wall deformation and
thus bioluminescence.

2.

The results support the work proposed in
Abrahams and Townsend (1993) and
Hamman and Selinger (1972). Previous
research determined the mechanism of P.
fusiformis bioluminescence. This study
further supports their findings, now based on
specific environmental alterations. P.
fusiformis bioluminescence was principally
caused by physical disturbances. This
supports the cell wall deformation hypothesis
and strengthens support for the Burglar
Alarm
Theory
of
bioluminescence.
Understanding these ecosystem dynamics is
vital in understanding the environmental
conditions that influence P. fusiformis
evolution. We can use these findings to place
this unique physiological response in
evolutionary context to better understand the
complex dynamics of the natural world.

3.

4.

5.
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WISRD Cosmic Ray Muon Detector (CRMD) Configuration
and Problem Solving
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The Wildwood Institute for STEM Research and Development

I.
Introduction
Cosmic rays are high-energy particles
travelling near the speed of light that
originate from outer space, often from
beyond our solar system. Most cosmic rays
are made of atomic nuclei. When a cosmic
ray collides with a particle in Earth’s
atmosphere, it creates a cosmic ray shower
consisting of of X-rays, muons, protons,
alpha particles, pions, electrons, and neutrons.
The most common of these are muons, which
are produced through the decay of other
particles. The cosmic ray originating from
space is often called the “primary” cosmic
ray, while the products of the shower are the
“secondary” cosmic rays. These cosmic ray
showers are detected using our 6000 series
Quarknet Cosmic Ray Muon Detector
(CRMD). The CRMD consists of a set of
three custom-built photomultiplier and
scintillator pairs. The scintillator will
luminesce for a few nanoseconds each time
a cosmic ray travels through it, because
scintillators absorb the energy of the passing
particles and re-emit that energy as light.
The photomultiplier detects and amplifies
each light burst, allowing us to digitally
record the cosmic ray collisions with the
CRMD, or coincidence count. To reduce the
possibility of error in our experiments, we
record two-fold coincidences. A two-fold
coincidence occurs when a cosmic ray is
detected by two scintillator/photomultiplier
pairs.
Collectively,
each
scintillator/photomultiplier pair is referred to
as a “counter.” Because CRMD is a complex
machine, there are a variety of problems
associated with properly using it. Discussed
here is our work in configuring the WISRD
CRMD for future experiments.

II.
Plateauing the Cosmic Ray
Muon Detector
We must plateau the cosmic ray detector
before we can run experiments on it. If the
CRMD is not plateaued, then we may be
unable to detect all of the cosmic ray
collisions. We plateau the CRMD by steadily
raising the voltage supplied to the counters by
the Quarknet power distribution box until
each counter is operating at optimal voltage.
This is specifically done by recording the
coincidence count from each channel as we
increase the voltage in 0.025V increments
starting at 0.775V. This process yields a
range of voltages (the plateau) at which the
counters are operating at full capacity. Figure
1 shows a graph of our plateauing process.
Our final plateau is centered around 0.875V.

Figure 1 – A scatter plot of the plateauing
process. The graph shows the coincidence
count for a five minute interval for each
channel and the corresponding operating
voltage. Each Channel number pair refers to
a scintillator/photomultiplier pair.
The plateau is done using a data acquisition
(DAQ) board with an LED counter, which
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would display the number of coincidences
per every five minutes. The CRMD must be
plateaued at least once a year to counteract
counting distortions due to tube or voltage
gains that occur over time. To minimize this
drifting effect, we pick an operating voltage
near the center of the plateau. For our
purposes, this occurs at 0.875V. In the
process of plateauing our CRMD, we
discovered some problems with our setup
that limited our ability to plateau and conduct
experiments.

VOLUME 3

experiments. The CRMD counters have been
configured in a stacked position, which
allows us to to find experimental values for
the half-life of a muon. A stacked position is
when the photomultiplier/scintillator tubes
are placed on top of each other so that a single
cosmic ray will be detected twice a set
distance apart. To do this we must first gather
data and normalize it using our benchmark
file. After the data is normalized, we can use
Š

the half-life formula 𝐴 = 𝐴f ∗ (½)‹ to
find the half-life. We hope to be able to find
the actual value, which is approximately 2.2
microseconds. Our ability to successfully
conduct an experiment such as this will
indicate that we are ready to use our detector
for research.

III.
Software Issues
We observed that the DAQ board’s LED
counter detected anywhere from 222 to 739
two-fold coincidence counts per minute,
depending on the operating voltage. However,
when the rate monitor was cleared and
prompted to begin recording again, it began
at over one million counts during the first five
minutes regardless of the control panel
settings. It would then proceed to drop
rapidly over the course of fifteen minutes
before stabilizing at over three hundred times
the actual coincidence rate. At first, we
believed that the power distribution board
(PDB) was causing the problems because
inconsistent voltages would cause errors in
the counts, but the problems persisted after
we replaced the PDB. Next, we thought the
increased counts could be caused by a light
leak in the box, so we covered it completely
with multiple thick garbage bags, only
leaving small gaps for the wires to go through.
Because this still did not resolve the problem,
we decided to examine our software. A
problem in the unit configurations would
cause the DAQ board to use units other than
what we assumed it was using. We were able
to resolve the erratic counting behavior by
resetting the scalar units of our counters.
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IV.
Future Steps
Because the CRMD is now plateaued and
functioning properly, we can use it for
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