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It is my great pleasure to introduce myself to 
you, the members of Sigma Pi Sigma. When 
I started as director of the Society of Physics 

Students and Sigma Pi Sigma this summer, I was 
very excited to bring to the societies my vision for 
advancing the quality of the undergraduate physics 
experience and promoting the value of undergraduate 
physics education. At the same time, I didn’t want to 
reinvent the wheel or change what makes the societies 
wonderful. I greatly respect the nearly 50-year history 

of SPS and the over 90-year history of Sigma Pi Sigma.
With more than 95,000 members inducted into Sigma Pi Sigma to date, any 

decisions that we in the National Office make need to consider all of the members—
where we’ve been, where we are now, and where we’d like to go in the future. I’ve 
enjoyed every chance I’ve had to meet members, speak with you on the phone, and 
receive your letters and emails. It is encouraging to know how deeply connected 
many of you still are to the society, and I hope to meet and hear from many more of 
you during my time here.

Prior to this position, I spent 11 years at Adelphi University in Garden City, 
New York, where I was a physics faculty member as well as advisor for the SPS and 
Sigma Pi Sigma chapters. Working with undergraduates is inspiring; I have seen 
them transform from high school students into adults ready to tackle graduate 
school, careers, and life in general. Students I have taught are now doctors, lawyers, 
research scientists, engineers, teachers, and much more. When I chose to dedicate 
my career to undergraduate education, I decided to judge my success not on papers 
published or grants received, but on the outcomes of my students. As most of you 
know but most of the rest of the population does not, students who study physics 
as undergraduates can go on to virtually any profession. Starting from a common 
undergraduate experience, SPS and Sigma Pi Sigma members spread through all 
areas of society and choose a multitude of professions.

However, this diversity also presents a challenge. Even though you, the members, 
are distributed across an array of fields, we still want you to feel connected to your roots 
and know that in a very real sense, regardless of your career path, you are a physicist. You 
have a way of looking at the world and its problems that very few outside of physics 
fully understand. As individuals and a collective group, we can do great things.

I have several goals for my time in this position. For the Sigma Pi Sigma 
membership specifically, I want to provide more opportunities for you to connect 
with each other, and more importantly, give you ways to reach out to the current 
undergraduates and help them develop into professionals. I want to see the 
undergraduate members of SPS get the most from their experience and have SPS 
become an integral part of their educations, not just an extra. My long-term goal 
is to see undergraduate physics education get the respect it deserves, and not be 
treated as an afterthought in an academic world that primarily focuses on graduate 
programs. In upcoming communications, I will speak with you about specific 
programs aimed at achieving each of these goals.

I look forward to the opportunity to communicate and work with each of you. 
As Sigma Pi Sigma approaches its 100th year and 100,000th member, the future is 
bright! r

You are a Physicist
by Sean Bentley
Director, Sigma Pi Sigma and Society 
of Physics Students

The Director’s Space
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It gives me great pleasure and honor to write to you as 
President of Sigma Pi Sigma. When I was inducted 
nearly 27 years ago, I could not in my wildest 

imaginings have foreseen becoming president of the 
honor society, which has long been an active part of my 
professional and social life.

When most people think of physics, they think of 
complexity. They conjure images of quantum models 
and laws of nature. They envision rocket scientists, Sir 
Isaac Newton, or Albert Einstein. Most people do not 
imagine the connections between physics and something 
as simple as tossing a football. But it was football that 
led me to physics.

When I was a teenager, I wanted to play football at 
Grambling State University for the legendary Eddie Robinson, who was at the time the 
most winning coach in collegiate football. The only scholarship available to me from 
Grambling was in physics. So physics became my segue to the sport.

Soon I began to notice similarities. The quarterback throwing the football created 
projectile motion. The running back who carried the football built up linear momentum, 
and the linebacker who tackled that running back produced elastic or inelastic collisions. 
I was the running back. During football practice one day, an elastic collision with a 
linebacker helped me decide to choose the physics field over the football field.

After coursework in several areas of physics, I was inducted into the Grambling 
State University chapter of Sigma Pi Sigma in 1986. My affiliation with Sigma Pi Sigma 
and SPS has always focused on scientific citizenship, community service, and civic 
engagement with the physics community and the general public.

We should embrace the concept that physics is for everyone. Why? Because everyone 
(and every field) uses physics. It is not reserved for the few, the elite, or the geniuses. 
“Physics for all” leads to more interdisciplinary problems solved.

Physicists come from all walks of life and venture into a variety of professions. 
The physics connection is obvious in the sciences and technology, but physics is also 
important in the humanities, in law, and in medicine as well. Intellectual property 
attorneys, physicians, nurses, technicians, radiologists, and political scientists all use 
physics. Natural laws apply in all fields, in all professions.

As Sigma Pi Sigma president, I will utilize my position to help strengthen, shape, 
and sustain the future of this society. My Sigma Pi Sigma vision is to encourage 
undergraduates, graduate students, professors, professionals, faculty, and the public to 
appreciate their physical surroundings through the concepts and applications of physics. 
We are because physics is. r

 Message from the President

Physics is  
for Everyone 
Because Everyone 
Uses Physics!
by Willie S. Rockward
Professor of Physics, Morehouse College
President, Sigma Pi Sigma

The American Institute of Physics is 
an organization of scientific societies 
in the physical sciences, representing 
scientists, engineers, and educators. AIP 
offers authoritative information, services, 
and expertise in physics education and 
student programs, science communi-
cation, government relations, career 
services for science and engineering 
professionals, statistical research in 
physics employment and education, 
industrial outreach, and the history of 
physics and allied fields. AIP publishes 
Physics Today, the most influential and 
closely followed magazine of the physics 
community, and is also home to the So-
ciety of Physics Students and the Niels 
Bohr Library and Archives. AIP owns AIP 
Publishing LLC, a scholarly publisher in 
the physical and related sciences. 
www.aip.org

Member Societies
Acoustical Society of America, American 
Association of Physicists in Medicine, 
American Association of Physics Teach-
ers, American Astronomical Society, 
American Crystallographic Association, 
American Meteorological Society, Ameri-
can Physical Society, AVS Science and 
Technology of Materials, Interfaces, and 
Processing, OSA – The Optical Society, 
The Society of Rheology

Other Member  
Organizations
Sigma Pi Sigma, Society of Physics 
Students, Corporate Associates

Connect with Sigma Pi Sigma

LinkedIn
www.linkedin.com/groups/Sigma- 
Pi-Sigma-physics-honor-142619
Facebook
www.facebook.com/groups/ 
2204770077
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I just finished reading your “Director’s 
Space” in the Spring 2014 issue of 
Radiations, “Finding Historical Ties.” 

Below are my historical ties with you.
In 1953–54, I was a graduate teach-

ing fellow at Texas Tech under long-term 
physics department chairman Dr. C. C. 
Schmidt. In 1954, he asked me to con-
tact Dr. Marsh White, professor of phys-
ics at Penn State and then-national direc-
tor of Sigma Pi Sigma, about establishing 
a chapter at Texas Tech. What began was 
some 10 letters via snail mail with Dr. 
White, completing numerous forms, and 
Dr. White traveling to Lubbock in the 
early spring of 1955 to install the Tech 
chapter. The first nine chapter keys were 
awarded to the Tech physics faculty (sev-
eral declined to join). I was awarded key 
10 as Tech’s first chapter president. I was 
able to arrange to have the director of 
the Sandia Los Alamos National Labs in 
New Mexico serve as our dinner speaker 
during our chapter installation week.

Tech at that time did not offer a 

doctorate in physics, so when I received 
my MS in physics later that spring, I 
turned down Dr. Schmidt’s faculty offer. 
I needed to go somewhere to pursue 
my doctorate. Besides, after serving in 
the Air Force during WWII and in the 
Korean War as a fighter pilot, I now had 
married a Tech gal and had a small child. 
Thus I needed to find a job that paid 
some income and work on my doctor-
ate part time. I also needed access to 
a technical computer. Tech had only a 
business computer in the administration 
at that time.

I left Lubbock in 1955 to work for 
North American Aviation in L.A. They 
offered a starting salary of $10,000 a 
year, access to their IBM 6090 Scientific 
Computer, and to underwrite all my 
doctorate expenses. My Tech research 
professor was shocked at this offer, as he 
was an associate professor making only 
$4,500 a year at that time.

I have a long story of working on the 
developments of the F-100, the F-107, 

and the B-70 aircraft, the X-15 space 
plane, and as development director for 
the Apollo Moon Landing Program, etc. 
Now I am sliding down toward 90, and 
I am in reasonably good health. I have 
had two spinal surgeries these past four 
months, which has affected my mobility 
at the present.

Needless to say, I am elated to 
discover a Tech physics person guiding 
Sigma Pi Sigma at the national level and 
doing a great job. r

Best personal regards,
Joseph (Joe) H. Robinson III, PhD, 
MBA (Retired)

 Letters & Feedback

Corrections: "Finding Historical Ties" in the 
Spring 2014 issue of Radiations incorrectly stated 
that Purdue University is in Illinois. The univer-
sity is located in West Lafayette, Indiana.

In the spring issue, the alma maters of Sigma 
Pi Sigma alums Richard Montgomery and Rodney 
Smith were erroneously listed. These generous 
donors were inducted in 1962 and 1963, respec-
tively, at the University of Texas at El Paso.We 
apologize for the errors.

To: Dr. Toni Sauncy (2012–14 SPS and ΣПΣ director) from an Old Tech Red Raider (TT ’49)



Louis Schwartz, a lawyer from Brooklyn, has a different concept of celebrity than most people. 
While standing in line at a coffee shop, he once chatted up Hugh Jackman, failing to recognize one of the biggest stars 
in Hollywood (and the winner of People magazine's 2008 “sexiest man alive” award).

Who does Louis recognize? Theoretical physicist and author Brian Greene, whom he spotted walking through 
a subway station with his wife one day. Thrilled, Louis ran up to the scientist and began questioning him about 
string theory.

When Louis wants answers to the many questions he has about science, his favorite place to go isn’t a 
university or a museum. It’s a dark, cavernous bar called the Bell House on 7th Street in Brooklyn. Once a 
month, science enthusiasts like Louis pack the place to hear a talk by a scientist and participate in a Q&A 
session. The event, started eight years ago and run by a jazz musician and a pair of writers, is called the Secret 
Science Club (SSC), though that’s a bit of a misnomer these days—the club has been publicized in everything 
from Scientific American to The New York Times, so the secret is definitely out.

Janna Levin, a cosmologist at Barnard College in New York who studies black holes and the size of the 
universe, gave one of Louis’ favorite SSC talks. “She said that photons have no mass,” Louis told me. “So 
I asked, ‘How does using light sails to provide propulsion for long-duration interplanetary space flight 
work, if photons don’t have mass?’” An enlightening discussion about momentum ensued, said Louis.

SSC’s lineup has included such scientific all-stars as Neil deGrasse Tyson and Steven Pinker. Sigma Pi 
Sigma’s own David Hogg, a cosmologist at New York University, kicked off the 2012 season with a talk about 
the history of the universe. Becky Ferreira, a reporter for New Scientist, recorded Hogg’s opening remarks as 
he looked out at the big crowd that had gathered: “Holy [expletive]! I didn’t know science was this cool!”

Science is so cool, in fact, that it is leaking out of academia across the nation and finding its way into 
bars, clubs, coffee shops, and other places where lay people congregate to be social and have a good 
time. The Secret Science Club is part of a community of new “science cafés” popping up, projects that 
connect the public to science in casual settings that often involve snacking on appetizers and sipping 
mixed drinks.

One of my favorites is PechaKucha. The brainchild of two architects, this event challenges presenters to 
explain something they are passionate about in 20 slides, with 20 seconds for each slide. The nerve-wracking 
format forces one to be concise and clear. The first PechaKucha I attended was hosted by a warehouse-turned-
art space in New York, where the audience sat on the floor cross-legged; others took place in a chic art gallery in 
Washington, D.C., and a park next to a coffee shop in Thailand.

To learn more about how Sigma Pi Sigma members are getting caught up in this trend of informal science 
presentations, I tracked down two alums who have participated in events similar in spirit to the Secret Science Club. 
They graciously offered to share their stories with the Sigma Pi Sigma community. Perhaps they will inspire you to get 
out and share your own expertise at a bar near you!

A New Bar for Science
Casual science talks 
are catching on

by Devin Powell
Managing Editor, Radiations
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Nerd Nite is a monthly 
event that takes place in cities across the 

United States. Experts, hobbyists, and enthusiasts gather 
to give short, informal talks covering a wide array of topics. These 

events take place at casual venues such as bars and coffee shops, and 
presenters are usually Nerd Nite patrons who have attended a few times 

and volunteered to share their knowledge.
When I heard that Nerd Nite Austin was putting together its first astronomy 

Nite, appropriately entitled “Space Jam,” I jumped at the opportunity to give a talk. 
At the time I was an astronomer at the University of Texas, Austin, where I studied the 

chemical composition of the oldest stars in the galaxy. With a friend of mine who worked in 
a related field, I gave a joint talk telling the story of the early universe, from the big bang to 

the stars that are observable today.
“If you wish to make an apple pie from scratch, you must first invent the universe,” astronomer 

and science popularizer Carl Sagan famously wrote. Borrowing from Carl (and the general agreeability 
of baked goods), we framed the talk in terms of a pie. The metaphor helped to tie my esoteric field of 

study to something that was understandable and relevant to the audience.
One of the most appealing aspects of participating in Nerd Nite was being able to discuss topics that, 

though important to my research, never make appearances in my professional talks. As I laid out the 
ingredients required for pie baking, I needed to talk about supernovae, which are responsible for the 
creation and distribution of many of the elements that make up the periodic table. I showed the crowd a 
supernova demonstration that I find particularly enlightening; I placed a tennis ball on top of a basket-
ball and dropped the pair. The energy transfer that happened between the two balls upon impact with 
the floor was obvious, causing the tennis ball to shoot upward! This is a good illustration of the mechan-
ics of a supernova, in which the expansion of an inner layer (the basketball) transfers momentum to 
an outer layer (the tennis ball), causing material to shoot outward into space. It also never fails to 
entertain a crowd!

Demos like these don’t often find their way into colloquia or plenary talks at conferences, 
but they are engaging ways to present information.

At Nerd Nite I shared knowledge with a general audience that was actually 
interested in science. Giving a public talk was a mutually beneficial experi-

ence; it helped me to better understand my subject matter. I had to sim-
plify the explanations I gave of my studies by omitting the jargon 

and hand-waving. In fact, the slides I developed for my 
Nerd Nite talk were so thoughtfully put together 

that I was able to use a few of them in 
my doctoral defense.

A New Bar for Science
Nerd Nite
by Julie Krugler Hollek
Fellow, Hackbright Academy,  
San Francisco, CA, and  
Sigma Pi Sigma Member,  
Michigan State  
University,  
Class of 2008



A few years ago, I decided to put solar panels on my 
house in Lawrence, Kansas, and dump the excess power 
I generated back onto the grid. Evidently, I was the first person in 
Lawrence, Kansas, to enter into such a grid tie-in agreement with the regional 
electric company.

Staff members at the University of Kansas (KU) Natural History Museum found 
out about this arrangement. They invited me to give a presentation at Science 
on Tap, a monthly event that takes place in the evening at a popular local brewery 
called the Free State Brewery. In a room that holds about 60 people, I was to give a 
30-minute talk about do-it-yourself solar power. Other talks at the event have covered 
topics ranging from the extinction of trilobites to the evolution of galaxies. Anyone can 
stop by, join in, and participate in the discussion.

As an experimental particle physicist at KU, I’ve had many great opportunities to get 
physics out to the public over the years. These experiences have helped me to understand 
physics at a deeper level by forcing me to figure out how to boil down the information to 
something that’s engaging. I’ve spoken to high school classes, and I’ve created materials 
for elementary-aged students, who are incredibly challenging because they are, I believe, 
the brightest among us. With a team of collaborators, I developed the outreach program 
Quarked! Adventures in the Subatomic Universe (www.quarked.org). Speaking to adult 
groups is the most interesting form of outreach, in my experience.

After eating dinner at Science on Tap, I was handed the microphone and had to 
remember how to talk without using PowerPoint slides! I explained the physical 

principles behind solar power and actually did some 
math for the audience. Then I answered questions for 
as long as the participants cared to ask them, about 

45 minutes.
What you find at these events is that the 

public wants to engage with faculty members 
and discuss intellectually interesting ideas. 
The questions were insightful, and I 

learned something as well.
The best part about 

participating in this 
form of community 
engagement was 
getting to see, 
firsthand, that science 
actually matters to 
our society!

Science on Tap
by Alice Bean
Professor, University of Kansas, Lawrence, 
and Sigma Pi Sigma Member, University of 
California, Irvine, Class of 1983
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DIY Physics
Sigma Pi Sigma alum shares do-it-yourself expertise online

by Glenn Roberts, Jr.
SLAC National Accelerator Laboratory, Menlo Park, CA

Background illustration courtesy of SLAC National Accelerator Laboratory
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Michael Kelsey (Sigma Pi Sigma 
Member, University of California, 
Los Angeles, Class of 1986) has 

a knack for tinkering. A physicist at the 
Stanford Linear Accelerator Center (SLAC) 
in Menlo Park, California (and Sigma Pi 
Sigma alum), his do-it-yourself (DIY) 
projects include modifying a crib, hacking a 
children’s toy, and testing the fundamental 
properties of light using garbage bags, Silly 
Putty, a laser pointer, and some thick foil.

Kelsey has worked on the detector for 
the Stanford Linear Collider experiment at 
SLAC, the Beijing Spectrometer, and BaBar 
experiments, and is now involved in simu-
lating particle interactions and searching 
for dark matter. While the practical and 
fun projects he takes on in his spare time 
may seem a far cry from his work in par-
ticle physics, Kelsey sees them as a natural 
crossover for the ingenuity and problem-
solving skills that scientists routinely enlist.

Particle physics experiments are like 
massive DIY projects, Kelsey says, as they 
often require custom-built components 
and plenty of resourcefulness and inven-
tiveness. “What we build—what we do 
experiments with—is often a one-off,” 
he says. “It’s a really huge do-it-yourself 
project.” And the physics community is as 
open and collaborative as the community 
of do-it-yourselfers, he says.

DIY Physics
For many years Kelsey has engaged in online science 

forums, freely sharing his expertise and working to demys-
tify science for all comers. In 2008 a web search led him 
to Instructables.com, an online DIY community launched 
in 2005 that features user-shared tutorials for projects 
ranging from electricity-generating shoes to wine-bottle 
electron accelerators to garage-built fusion reactors.

Kelsey’s first foray to the Instructables.com community 
was in 2008, when he shared a furniture-modification 
project that accommodated his wife’s disability by allow-
ing her to get their daughter in and out of a crib without 
needing to reach over its top. “I bought a wonderfully 
cheap IKEA crib, modified one side of it to be a French 
door so you could slide the door open sideways, and then 
cut the legs off,” he says. The project was featured in Make 
magazine, a publication for the DIY community.

His most popular contribution to Instructables.com, 
which has so far drawn about 128,000 views, explains 
how to convert a children’s toy from battery-powered to 
plug-in. Other instructions, which borrow from physics 
projects he carried out in college, explain how to demon-
strate that light behaves like a wave. Kelsey gives advice 
and insight on other projects as well; he has logged thou-
sands of comments on the site.

He’s not the only physicist using DIY projects to share 
his love of science.

Todd Johnson of Fermi National Accelerator Labora-
tory in Batavia, Illinois, has posted numerous science 
how-to videos on YouTube, including instructions for 
building a Ping-Pong-ball accelerator. He says he hopes to 
make science more approachable for the masses.

“The real key is engaging those people who otherwise 
may be a little shy about it,” he says. “If you can make 
them aware of what’s going on at a level they can appreci-
ate, then maybe they will go and read some more about it.”

Tim Koeth, a professor of electronics and applied 
physics at the University of Maryland in College Park, 
has shared numerous DIY science projects via Facebook 
and on his blog. He has built sophisticated gamma-ray 
spectrometers with an assortment of eBay purchases and 
spare and donated parts. He has built particle-accelerating 
cyclotrons (also featured in Make) and offered up detailed 
online instructions on DIY cyclotrons. He sometimes 
enlists the help of students in his DIY projects. “I’m able 
to turn some of these things into a teaching lab,” he says. 
His DIY gamma-ray tools, for example, demonstrate to 
students how to detect and measure radiation.

There’s a tremendous amount of information out there 
for DIY science enthusiasts, including online forums and 
textbooks, he says. Kelsey and others like him continue to 
contribute to the stockpile. r

This story originally appeared in Symmetry magazine (www.
symmetrymagazine.org). It has been reprinted here in an 
edited form with permission.
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To many people the words “astronomy” and 
“development” simply don’t belong together. 
The former conjures up images of celestial 

beauty and the grandeur of our evidence-based 
imaginations, while the latter brings us down 
to Earth, to the poverty-ridden, disease-ridden, 
conflict-ridden society of which we are very 
much a part. That one should impact the other 
is sometimes a contentious issue. Why invest in 
astronomy when people are starving? Why invest in 
any “blue-skies” science for that matter?

In 2009 the International Astronomical Union (IAU) took 
the bold and visionary step of ratifying a strategic plan that 
aimed to use astronomy to stimulate global development. IAU, 
the largest body of professional astronomers in the world, is 
a global voice in astronomy with a mission “to promote and 
safeguard the science of astronomy in all its aspects through in-
ternational cooperation.” At the core of the IAU’s new plan was 
the establishment of an Office of Astronomy for Development 
(OAD), inaugurated in 2011 in Cape Town, South Africa, and 
hosted at the South African Astronomical Observatory. Since 
then, new regional offices have been established in China, 
Thailand, and Zambia.

Astronomy for a Better World
Office of Astronomy for Development promotes societal benefits of science

by Kevin Govender
Director, International Astronomical Union Office of Astronomy for Development, Cape Town, South Africa

A 3-D-printed model of the Homunculus Nebula is compared to a Hubble image of the object.
Photo courtesy of NASA's Goddard Space Flight Center/Ed Campion
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Our vision is simple and broad: “Astronomy for a bet-
ter world!” Astronomy has close ties to three key areas that 
contribute to development. The first is technology, from the 
construction of telescopes to projects that push the limits of our 
data handling abilities. The second is science, since exploring 
the universe requires interdisciplinary approaches that stimulate 
diverse fields from physics to chemistry to biology. The third 
is culture; across the world, societies have profound cultural 
connections to the cosmos that include deep questions such as 
whether there is life “out there.” We aim to use these character-
istics of astronomy for the benefit of society at large.

Because of its cross-cutting nature, astronomy can inspire 
thought and stimulate problem-solving skills at all levels from 
cradle to grave. OAD activities are therefore shaped around 
three target groups: universities and research; children and 
schools; and the general public. Through an annual open call 
for proposals, the OAD seeks innovative ideas that reach out 
to these groups and use astronomy to stimulate education and 
development.

One project we recently funded, “Astronomy for the 
Visually Impaired,” distributed innovative tactile models that 
brought astronomy to the visually impaired in about 30 coun-
tries. We hosted Wanda Diaz-Merced, a blind Puerto Rican 
astronomer, at the OAD for two months. She taught us about 
astronomy tools that are useful for visually impaired learners, 
including 3D-printed models and NASA’s Radio JOVE, a radio 
astronomy kit. We visited schools where blind learners were 
given tactile models of the Sun, Moon, and Earth to literally 
get a feel for astronomy. The reactions were incredible. As Diaz-
Merced put it, “Good questions arose from every corner of the 

room after our presentations. The children asked, asked, asked!” 
While at the OAD she also gave an inspiring TEDx talk, avail-
able online at at http://tedxtalks.ted.com/video/Listen-to-the-
Stars-Wanda-L-Dia.

In total we have funded 41 projects over the years, reach-
ing out to over 40 countries. “Astrolab” (a three-year project) 
seeks to develop a virtual telescope control room that accesses 
robotic telescopes remotely from university physics depart-
ments. “Astronomy for the Extremely Ill or Traumatically 
Injured Children and Their Families” uses the inspirational 
power of astronomy to lift the spirits of children and their 
families at Ronald McDonald Houses in the United States. 
Regular updates on all these projects are posted on the OAD 
website.

The door remains open for innovative ideas that can be 
funded with seed money and subsequently incubated at the 
OAD. We currently face overwhelming demand for a limited 
pool of funding. (Only 10 percent of potential projects were 
funded in 2013.) OAD has been trying out new forms of fun-
draising, from crowdfunding to forming in-kind partnerships 
with organizations involved in similar activities.

Opportunities to engage with the OAD range from vol-
unteering to internships to visiting fellowships. We also have 
an open “to-do list” online, with ideas that we think would be 
great to implement but for which we don’t have the staffing—
such as developing a platform to crowdsource English proof-
reading for scientific papers that are written by authors who did 
not learn English as their first language.

More information on the OAD and various opportunities 
to get involved can be found on www.astro4dev.org. r

“Astronomy can inspire thought and stimulate problem-
solving skills at all levels from cradle to grave.”

Left: Diaz-Merced presents "Listen to the Stars" at TEDx Westerford High School in Cape Town. Photo courtesy of TEDx.

Right: Diaz-Merced worked with data from NASA's Chandra X-ray Observatory.  This artist's conception, "Music of the 
Spheres: Star Songs," shows the binary star system EX Hydrae, which consists of a normal star and a white dwarf.  

Photo courtesy of Christine Pulliam (CfA).
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Can you tell us about the award winning research you’ve done as an 
undergraduate at Utah State University (USU) in Logan?

For the past two years, my research has focused on light 
pollution. I have been measuring the brightness of the night sky 
to determine how efficient street lamps are. Many streetlights 
emit light radially rather than focusing the light on the ground, 
which can be an issue for ground-based astronomy. The light 
that goes into the sky is wasted energy and wasted money, a loss 
of 2.2 billion dollars annually in the United States. It also poses 
a huge threat to nocturnal creatures. Tens of thousands of sea 
turtle hatchlings die heading toward the light of cities instead of 
the ocean; disoriented birds crash into buildings; the circadian 
rhythm of frogs is disastrously disrupted; and so on. Light pollu-
tion can even disrupt the lives of humans, potentially contribut-
ing to depression, insomnia, and obesity.

Using a portable device that allowed me to move around 
while I collected data, I made 
a light pollution map of USU’s 
campus. By measuring the light 
output at different angles from 
various street lamps, I determined 
which fixtures were most efficient 
(i.e., delivering more light toward 

the ground than to the sky). I also 
deployed stationary sky quality meters that collected data for 
months at a time and revealed temporal trends in the pollution.

How did your research open doors for you in the physics and 
astronomy community?

This research allowed me to work at the National Opti-
cal Astronomy Observatory in Tucson, Arizona, last summer. 
Astronomy is a big part of the economy in Tucson, and I helped 
to create an automated way to interpret light pollution levels 
measured at the observatories and in the city. This method of 
analyzing data will also help the citizen-science project Globe at 
Night, in which people around the world measure light pollu-
tion in their areas.

I have been to several 
conferences to present my 
work, from an SPS Zone 
Meeting and the Utah 
Conference for Undergradu-
ate Research to an American 
Physical Society meeting. I 
also had the opportunity to 
travel to the International 
Conference on Artificial 
Light at Night in Berlin, 
Germany; following this 
event, I received the Dark-
Sky Defender Award from 
the International Dark-Sky 
Association.

How have science and the Society of Physics Students connected 
you to the lay public?

As an SPS member I have volunteered at USU’s Science 
Unwrapped seminars, where kids learn about science through 
hands-on activities. I also volunteer with SPS as an amateur 
astronomer at USU’s Public Observatory Nights, in which we 
teach visitors about celestial objects.

Once I started uploading my research to the Internet, local 
media agencies began contacting me. There has been much 
public interest. I was interviewed by local newspapers, maga-
zines, and blogs. At one point FOX 13 News in Salt Lake City 
interviewed me for TV; I’m considered to be an expert on Utah’s 
light pollution. I still periodically get e-mails asking for advice 
on what individuals can do to combat light pollution.

As you prepare to finish up your bachelor’s degree, what are your 
plans for the future?

Light pollution has many ecological aspects to it, so I’ve 
become interested in ecology. My plan is to use my physics de-
gree to go to graduate school in ecology and apply my scientific 
background to that field. r

Defender of the Night Sky
A Q&A with Sigma Pi Sigma Member Rachel Nydegger, Utah State University, Class of 2013

Effects of Light Pollution
“One of the beauties of modern civilization is seeing the city lighting at night. It provides a feeling 
of security and is indicative of the power and endeavors of humanity, but overlighting is a form of 
pollution. Many outdoor light fixtures spread light in all directions, sending a majority of the light 
into the sky, away from where we want the light to be on the ground. This light spreading upward is 
not only wasted light, but it is wasted energy and money, destroys our ability to view the night sky, 
and has profound effects on nocturnal creatures. The direct harm to certain species then affects the 
ecosystem it interfaces with, causing damage on a much larger scale than expected. Small changes in 
lighting practices would positively affect energy use and economies, ecosystems, and the efficiency 
of astronomical endeavors.” 
—from “Mapping Light Pollution at Utah State University” by Rachel Nydegger and Shane Larson. 
See: http://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=1000&context=poth_slc.

Photo courtesy of Rachel Nydegger.

NASA Earth Observatory/NOAA NGDC

Example of degrees of streetlight 
pollution. Photo courtesy of NASA.
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Spotlight on Hidden Physicists
Share your story at www.sigmapisigma.org

I remember clearly what first spurred me to be a physics 
major in college. It was watching Carl Sagan’s television series 
Cosmos: A Personal Voyage. Never before had I realized the size 
and beauty of the universe and the fragility of our position 
within it. I spent a lot of time writing college application es-
says during my senior year of high school, and many of them 
discussed themes from Cosmos.

One year later I was in the advanced freshman physics 
track at Dartmouth College in Hanover, New Hampshire. In 
one of our lab assignments we were asked to create software 
that could compute orbital trajectories around stars and plan-
ets. I soon realized that my true calling was creating computer 
models, often of physical systems, but not exclusively. My 
major evolved into “computer science modified with physics,” 
with a few astronomy courses thrown in for good measure.

With this background I was fortunate enough to start 
my career by developing software that supported the mis-
sion of the Hubble Space Telescope, managed out of NASA’s 
Goddard Space Flight Center. After 10 years supporting 
Goddard’s scientific missions, I moved on to the telecom-
munications industry and wrote software that modeled the 
propagation of cellular signals and microwaves for companies 
setting up new wireless networks. Once again, a strong back-
ground in physics combined with knowledge of how to model 
physical systems on the computer proved invaluable.

However, I had one 
more interest that had not 
surfaced in my profes-
sional career: a love of 
history. My passion has 
always been playing 
detailed historical strategy 
games, so in 1999 I made 
a move into the computer 
game industry. That path 
led me to Firaxis Games, 
where I have led the design of the game Civilization V for the 
past three years. The game starts 6,000 years ago, when hu-
mankind was founding its first cities. Step by step, a player’s 
people advance through history, replicating many of the key 
scientific discoveries highlighted by Sagan in Cosmos.

In developing the gameplay and artificial intelligence 
systems for complex strategy games I am constantly creating 
small computer models that capture the behaviors needed 
to depict population growth, food consumption, or rates of 
scientific progress. I have also been able to acknowledge some 
of my favorite accomplishments in world history; it’s no coin-
cidence that launching the Hubble Space Telescope is one of 
the best ways to win a scientific victory in Civilization V.

This year, I watched with interest as Neil deGrasse Tyson 
launched his Cosmos sequel, A Spacetime Odyssey. As the 
television series tracked the course of scientific discovery and 
showed images from the Hubble Space Telescope, I reflected 
on my career path and how it all started with physics. r

The Game Designer
Ed Beach
Lead Game Designer, Firaxis Games

HUBBLE IN CIVILIZATION V
Beach features the Hubble Space Telescope in 

Civilization V by game development studio Firaxis.
Firaxis has released dozens of hit games on 

multiple platforms and is recognized as  
an industry leader in game development. 

Photo courtesy of Ed Beach.

“It’s no coincidence that 
launching the Hubble Space 
Telescope is one of the best 
ways to win a scientific 
victory in Civilization V.”
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March 14 is always a great occasion to pay homage to the mathematical 
constant approximated as 3.14. But this year students and professional 
physicists celebrated Pi Day in an entirely new way. They used it as 
an opportunity to support Sigma Pi Sigma and the Society of Physics 
Students (SPS), organizations that have helped many physicists 
throughout their educations and well into their careers.

To raise awareness of and support for their programs, SPS and 
Sigma Pi Sigma, in collaboration with the American Institute of Physics 
Development Office, collaborated on a website that encouraged visitors 
to donate in increments of pi. The site also featured short videos and 
photos of students, faculty, and Sigma Pi Sigma alumni talking about the 
“piece of the pi(e)” they received from SPS or Sigma Pi Sigma. Homemade 
pies and pie servers were given away to provide extra incentive to donate. 
In total to date, Pi Day efforts have raised $28,104.

“I just thought it was really important to give back, and I thought 
it was important for me to encourage others to give,” said donor Beth 
Cunningham, who is the executive officer of the American Association of 
Physics Teachers. “I thought it was a really clever idea.”

Cunningham earned her bachelor’s, master’s, and PhD degrees 
in physics from Kansas State University in Manhattan. As she worked 
her way through tenure and prestigious positions teaching physics at 
universities, she realized she wanted to help others on a broader scale. 
“I knew I wanted to do something to help people on the national level, 
something to help faculty and physics educators.”

Cunningham isn’t the only physics-student-turned-physics-
professional who had this realization. Philip “Bo” Hammer currently serves 
as the associate vice president of physics resources for the American 
Institute of Physics. Hammer was the director of Sigma Pi Sigma and the 
Society of Physics Students from 1996 until 2000, and believes the groups 
are important because they “honor scholarship, service, and commitment 
to the field and have the potential to build long-lasting affinity to physics.”

My Piece of 
the Pi(e)
STUDENTS AND PHYSICISTS  
CELEBRATE PI DAY BY GIVING BACK
by Tara Davis,  
Development Manager, American Institute of Physics, College Park, MD
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Sigma Pi Sigma president Willie Rockward created 
a video for the Pi Day site in which he describes how 
he received his first “piece of pi(e)” in 1987 when he 
was inducted into Sigma Pi Sigma at Grambling State 
University in Louisiana. Rockward, who is also chair 
and associate professor of physics at the department 
of physics at Morehouse College in Atlanta, Georgia, 
said he found even bigger pieces of the pi(e) by serving 
on the SPS National Council and by becoming an SPS 

advisor at Morehouse, where he has had the pleasure of 
inducting into the honor society his own students.

Like Rockward, undergraduate Robyn Smith also 
said she has received several pieces of pi(e) thanks to 
her active membership in SPS. “My local chapter [at 
Drexel University in Philadelphia, Pennsylvania] receives 
a piece of the pi(e) every time we succeed and our 
proposal is awarded a grant that allows us to bring our 
excitement for physics to local middle and high school 
classrooms,” she said. “I personally received my own 
piece of the pi(e) when I was nominated and elected as 
zone 3’s associate councilor. As an AZC, I’ve been able to 
directly participate in the governance of SPS National, 
as well as meet other inspirational student SPS leaders 
from across the country.”

Help us put the pi in Sigma Pi Sigma! Donate today 
at www.sigmapisigma.org/the-pi-is-coming.html. r

“I would like to give ☑ $3.141592653589793238462643383279502
88419716939937510582097494459230781640628620899862803482534
21170679821480865132823066470938446095505822317253594081284
81117450284102701938521105559644622948954930381964428810975
66593344612847564823378678316527120190914564856692346034861
0454326648213393607260249141273724587006606315588174881…”
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Sigma Pi Sigma and the Society of Physics Students thank you for your continuing 
contributions. Alumni gifts impact and enrich the undergraduate physics student 
experience across the country and provide the funds for innovative projects that 
excite and motivate students, teachers, and the public at large. THANK YOU!

Your Dollars at Work

2014 SPS SCHOLARSHIPS
www.spsnational.org/programs/scholarships/

NICK DUROFCHALK
Lebanon Valley College
Project: Following Eta Carinae Across Periastron
Host: NASA’s Goddard Space Flight Center

ASHLEY FINGER
Davidson College
Position: AIP Mather Policy Intern
Host: US House Committee on Science,  
Space, and Technology

CALEB HEATH
University of Arkansas
Project: Developing and Revising Materials for the 
Physics Teaching Resource Agents Program
Host: American Association of Physics Teachers

KEARNS LOUIS-JEAN
Xavier University of Louisiana
Project: Developing the 2014 SPS Science  
Outreach Catalyst Kit
Hosts: Society of Physics Students and National 
Institute of Standards and Technology

SIMON PATANE
Vassar College
Project: Developing a Teacher’s Guide to the History 
of African-Americans in Physics and Astronomy
Host: American Institute of Physics  
Center for History of Physics

BENJAMIN PEREZ
Coe College
Project: Identifying Biomolecules in Solution
Host: National Institute for Standards and  
Technology

KELBY PETERSON
Utah State University
Project: Identifying Biomolecules in Solution
Host: National Institute for Standards and  
Technology

BENJAMIN PREIS
Tufts University
Position: AIP Mather Policy Intern
Host: Representative Bill Foster’s office (D-IL 11)

KIRSTEN RANDLE
University of Massachusetts Amherst
Project: Detecting Cosmic Microwave  
Background Polarimetry
Host: NASA’s Goddard Space Flight Center

MARK SELLERS
Rhodes College
Project: Developing the 2014 SPS Science  
Outreach Catalyst Kit
Host: Society of Physics Students

STEPHEN SKOLNICK
Indiana University
Project: Bringing Physics to the Public
Host: American Physical Society

JACOB ZALKIND
Shippensburg University
Project: Developing a Teacher’s Guide to the History 
of African-Americans in Physics and Related Fields
Host: American Institute of Physics  
Center for History of Physics

2014 SPS INTERNS
www.spsnational.org/programs/internships/

OUTSTANDING STUDENT AWARD 
FOR UNDERGRADUATE RESEARCH
www.spsnational.org/programs/awards/student.htm

HELEN MESKHIDZE
Elon University
Modeling the Composition and Emissions  
of Gamma-Ray Burst Jet Cocoons

ZOEY WARECKI
Towson University
Structural and Electrical Properties  
of Electron-Doped CaMnO3 Thin Films

Honorable Mention
ALEXANDRA DAY
Wellesley College

REBECCA JOLITZ
University of California, Berkeley

THE COLLEGE OF WOOSTER
Project leader: Elliot Wainwright
Faculty advisor: John F. Lindner

RHODES COLLEGE
Project leader: Edoardo Draetta
Faculty advisor: Brent Hoffmeister

UNIVERSITY OF CENTRAL 
ARKANSAS
Project leader: John Ferrier
Faculty advisor: William V. Slaton

BLAKE LILLY PRIZE
www.spsnational.org/programs/awards/lilly.htm

Several awards of the three-volume set The Feynman Lectures on 
Physics are given each year to chapters or individuals that engage in 
physics outreach activities and share feedback from participants.

SPS internships are awarded on the basis of scholastic record and potential for future 
success, SPS participation, and relevant experience. Interns are placed in a variety of 
organizations and work on research, policy, or education projects.

Several awards of up to $3,000 are made each year to individuals 
showing excellence in academics, SPS participation, and 
additional criteria as noted.

SPS Outstanding Leadership 
Scholarship
CHRISTIAN BAYENS
University of North Alabama

KATRINA HANSON
University of Wisconsin-River Falls

ASHLEY LINDOW
Grove City College

SPS Leadership Scholarship
MEREDITH GOLD
Brigham Young University

NICOLE JOHNSON
Coe College

CHRISTINA KREISCH
Washington University in St. Louis

SEAN MCLAUGHLIN
University of Illinois at Urbana-
Champaign

KHADIJIH MITCHELL
New Mexico State University

PRAJWAL NIRAULA
Saint Peter’s University

KELBY PETERSON
Utah State University

BEN POUND
Utah State University

RICHARD PRINCE
University of Tennessee, Knoxville

Future Teacher Scholarship
JERIKA NEWITT
Brigham Young University

Peggy Dixon Two-Year  
Scholarship
AARON BLASBAND
Collin College

Herbert Levy Scholarship
LAUREN DALLACHIESA
Grove City College

Kirsten R. Lorentzen Award
(Awarded by the Association for Women in Science)
ANGELA LUDVIGSEN
University of Wisconsin-River Falls

LEARN MORE
For more information on 

SPS awards, winners, and 

future deadlines, visit  

www.spsnational.org/

programs/awards/.

The 2014 SPS Interns. Photo by Courtney Lemon.

Awards are made to individuals for outstanding research done as an 
undergraduate. Recipients represent the United States and SPS at the 
International Conference of Physics Students and receive $500 for 
themselves and $500 for their SPS chapter.
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ConneCting Worlds

The Real Story
Writer and poet Julia Rios interviewed Bannister about “Seamstress.” This excerpt is reprinted with permission. For the full interview, see http://stonetelling.com/issue7-
mar2012/rios-st7-roundtable.html.

“I wrote this poem after reading of the women who outcompeted large companies to obtain NASA’s contract for the Apollo spacesuits. They individually crafted each 
spacesuit, and a lot of details in the poem reflect the requirements of their technical precision. In a future where such skill in craft remains valued, what better gift for an 
astronaut than a personalized spacesuit? The details the seamstress-protagonist adds touch on history: the Apollo 12 moonwalkers found pinup pictures added among 
the pages of their wrist checklists, and modern suits retain splashes of color to help visually distinguish spacewalking astronauts.

I also wanted to subvert the narratives that surround the Apollo program, with its heroic exploration-era emphasis on individual masculinity. This future values the 
traditionally female pursuit of fabric-work, the gentleness of gardening, and the love of the astronaut and her wife. But this story also sits firmly within the heroic tradi-
tion of romantic poems. In that context, these people are both extraordinary not in who they are, but in what they do. Theirs is a future in which their love and strength 
are celebrated, as surely as any astronaut and partner’s resolution in the face of uncertainty has ever been.”

Seamstress
by Michele Bannister

Michele Bannister is a member of the Outer Solar Systems Origins Survey and a postdoctoral fellow at the University of Victoria in British Columbia, Canada. 
“Seamstress” was first published in issue no. 7 of Stone Telling (http://stonetelling.com/issue7-mar2012/bannister-seamstress.html).
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The Poetry of Physics
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ConneCting Worlds

Bronwyn Lovell lives in Melbourne, Australia. Her poetry has appeared in numerous publications, including Award Winning Australian Writing, Australian Poetry 
Journal, Australian Love Poems, Antipodes, Cordite Poetry Review, and the Global Poetry Anthology. Bronwyn has won the Adrien Abbott Poetry Prize and been 
shortlisted for the Newcastle, Bridport, and Montreal prizes. She works for Australian Poetry and is writing her first verse novel (www.bronwynlovell.com).

2016 Quadrennial Physics congress  •  november 3 – 5, 2016 
Hyatt Regency-San FRanciSco • San FRanciSco, ca

PRimaRy ScientiFic HoSt will be tHe 

Unifying Fields: Science Driving Innovation

Confirmed Speakers
• Jocelyn Bell Burnell, Visiting Professor at the University of Oxford

•  Eric Cornell, Senior Scientist at JILA, NIST, and the Department of Physics, University of 
Colorado at Boulder, and 2001 Physics Nobel Laureate

•  Persis Drell, Dean of Stanford University School of Engineering  and former Director of 
the SLAC National Accelerator Laboratory

•  S. James Gates, Distinguished Professor and Center for String & Particle Theory Direc-
tor at the University of Maryland

Astrophysics
by Bronwyn Lovell
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Geometrical Optics

“About 10 months ago a rumor came to our ears that a 
spyglass had been made . . . This finally caused me to apply 
myself totally to investigating the principles and figuring 
out the means by which I might arrive at the invention of a 
similar instrument, which I achieved shortly afterward on the 
basis of the science of refraction.” –Galileo Galilei [5]

Navigation and surveying have long depended on the straight-
ness of light rays . Through the practical experience provided by 
these activities, the optical laws of rectilinear propagation and 

reflection became known in antiquity . The first unified theory in 
physics came from Hero of Alexandria (c . 10–70 CE), who set forth 
the principle that light rays follow the path of minimum distance; 
rectilinear propagation and the law of reflection follow as conse-
quences .[6]

Refraction has been known qualitatively from time immemo-
rial . A partially immersed stick appearing to be sharply bent at the 
water’s surface was mentioned in Plato’s Republic (c . 360 BCE) . 
“Burning glasses,” lenses for starting fires by focusing sunlight, 
were part of ancient technology, as documented by artifacts such 
as a magnifier found in the ruins of the palace of Assyrian King 
Sennacherib (708–681 BCE) . Refraction was made a quantitative 

In a concept map of physics the study of light stands at all the major intersections. Insights into light illuminate 
the whole of physics, just as scattered light rays illuminate a whole house. This article is not a scholarly history but 
an illustrative overview, written with hindsight, of the central role of light in making connections. 

In 1267 Roger Bacon, with whom the post-medieval “awakening began,”[2] published Opus Majus. In Book V, the 
Optics section of that encyclopedic work, Bacon wrote:[3]

“It is possible that some other science may be more useful, but no other science has so much sweetness 
and beauty of utility. Therefore it is the flower of the whole of philosophy and through it, and not 
without it, can other sciences be known.”

Seven hundred years later this motif was made explicit by Jacob Bronowski:[4]

“We see matter by light; we are aware of the presence of light by the interruption of matter. And 
that thought makes up the world of every great physicist, who finds that he cannot deepen his 
understanding of one without the other.”

Let us begin at the beginning.

LIGHT, THE NEXUS IN PHYSICS
by Dwight E. Neuenschwander

Professor of Physics, Southern Nazarene University, Bethany, OK

In December 2013, the United Nations 68th General Assembly declared 2015 to be “The International 
Year of Light and Light-Based Technologies.”[1] The following essay explores the importance of light to 
all branches of physics. Optics is the study of light, but here we imagine physics as the study of optics.



Elegant Connections in Physics

science in the Middle Ages by Muslim scholars such as Ibn al-
Haytham (c . 965–1040), known to us as Alhazen, who introduced 
the practice of measuring angles from the normal for reflected and 
refracted rays . Alhazen’s contemporary Abu Sàd al-Alá ibn Sahl (c . 
940–1000) expressed the law of refraction in terms of the hypot-
enuses of right triangles .[7] Willebrord Snellius (or Snell) rediscov-
ered in 1621 the law of refraction, which René Descartes rediscov-
ered again and published in its well-known sine form in 1637 .

Refraction made possible the lens, which made the cell and 
the stars accessible to human senses . Galileo’s Starry Messenger of 
1610 and Robert Hooke’s Micrographia of 1665 opened new worlds 
to investigation . They deepened the questions, and not only for 
scholars:

. . . He burned his house down for the fire insurance
And spent the proceeds on a telescope
To satisfy a lifelong curiosity
About our place among the infinities.
–Robert Frost, “The Star-Splitter”

Hero’s principle of minimum distance does not explain refrac-
tion . That gap was remedied by Pierre de Fermat in 1657 through 
a broader unifying principle: Of all possible paths connecting two 
fixed points, the path followed by a light ray minimizes the time 
for light to go between the points . Fermat’s principle requires light 
to travel at finite speed . Astronomy offered the first meaningful 
estimate of this speed in 1676 when Ole Rømer used as a clock 
the periodic emergence of Io from behind Jupiter’s shadow . (The 
moon has an orbital period of 42 .5 hours .) During the time of year 
when Earth recedes from the Jupiter–Io system, after each orbit of 
Io around Jupiter the clock is seen from Earth to run slow . Rømer 
interpreted the delay as the time light took to travel the additional 
distance between Earth and Io . Astronomy, which possesses infor-
mation carried from the heavens to us by light, now gave back from 
the heavens information about light itself .

Lenses and Spectra

“I procured me a triangular glass-prisme, to try therewith the 
celebrated Phenomena of Colours . . .” –Isaac Newton

The edge of every lens forms a prism . The rainbow of colors 
that emerges from prisms was familiar in Aristotle’s time . Received 
doctrine held that a prism somehow modifies the color of light . 
Isaac Newton had to investigate . He made a hole in his window 
shutter to let in a fine beam of sunlight . The prism produced the 
expected colors of the rainbow, but Newton noticed the signifi-
cance of something else: the circular beam that entered the prism 
emerged as an elongated ellipse . Each color refracted at a different 
angle .[8]

With a second aperture Newton could select from this rainbow 
one color to enter a second prism . This prism did not change the 
color . Allowing all the colors to enter the second prism produced 
white light on its far side . A prism did not modify light but sepa-
rated it . Newton wrote, “A naturalist would scarce expect to see 
ye science of those colours become mathematical, and yet I dare 
affirm that there is as much certainty in it as in any other part of 
Optiks .”[9] This image of a prism separating white light into a spec-
trum and the inverse operation of synthesizing distinct colors into 
white light, illustrates visually the mathematics of synthesis and 
analysis, such as the harmonic series of Fourier’s theorem .

William Herschel and his sister Caroline made some of the first 
catalogs of stars, discovering many binary systems and the planet 
Uranus . While testing a red filter for observing sunspots, William 
happened to place his hand at the focal point of his reflecting tele-
scope and noticed the region to be unexpectedly warm . To study 
the temperature of light, in 1800 William inserted thermometers 
into the separate colors of the sun’s spectrum . He noticed that in 
going from violet to red, the temperature increased . Intrigued, he 
placed a thermometer beyond the red, and there found the highest 
temperature . Herschel called this warm invisible light beyond the 
red “caloric rays,” which we know as infrared . Herschel’s results 
were anticipated by 63 years by Emilie du Châtelet . This remarkable 
woman essentially discovered the work-energy theorem, translated 
Newton’s Principia into the French translation used to this day, 
and collaborated with Voltaire across many years . Her opus was 
Eléments de la Philosophie de Newton (1738), which went deep into 
the philosophical foundations of mechanics and was influential 
in shifting French scientists from the mechanics of Descartes to 
that of Newton . In 1737 du Châtelet entered an essay competition 
on the nature of fire . In her essay “Dissertation on the Nature and 
Propagation of Fire,” she argued that fire is not a material sub-
stance, and different colors of light transport different quantities 
of heat . The way to demonstrate this, she suggested, was to line up 
an array of thermometers, one inserted into each of the separated 
colors of the spectrum, which was precisely what William Herschel 
did in 1800 . du Châtelet was not able to perform the experiment 
herself for lack of thermometers .[10]

Joseph von Fraunhofer supervised glass melting and grinding 
processes in his Munich optical institute . He needed to measure 
the refractive indices for different colors in various kinds of glass . 
In one of his experiments, light from an oil lamp flame passed 
through a prism to be viewed through a telescope . Fraunhofer 
noted dark lines in the spectrum . Intrigued, he looked for gener-
alizations . Repeating Newton’s experiment on sunlight with his 
telescope-equipped prism, in 1814–15 dark lines were revealed in 
the solar spectrum .

In 1857 the “daring and resourceful experimenter” Robert Bun-
sen invented a burner that produced a colorless flame .[11] With 
Bunsen’s burner the spectra of chemicals placed in the flame could 
be cleanly separated . His collaborator Gustav Kirchhoff added 
a prism to complete the basic tool of modern spectroscopy, the 
spectroscope . Payoffs came quickly . In 1860 Bunsen and Kirchhoff 
discovered rubidium and cesium in a sample of Dükheim mineral 
water . In 1868 two astronomers, Pierre Janssen from France and 
Norman Lockyer from England, independently reported a yellow 
line in the solar spectrum that fit no known element . Interpreting 
it as an unknown element, Lockyer named it after helios, Greek 
for “the Sun .”[12] Terrestrial helium was not confirmed until 1895 
when William Ramsey isolated it as a byproduct of uranium ore . 
In 1907 Ernest Rutherford and Thomas Royds collected alpha 
particles emitted by radioactive decay, examined their spectra, and 
showed that the particles were helium .

Classical Mechanics

“Following in the footsteps of Hero and Fermat, he [Mau-
pertuis] then proclaimed that this simplicity causes nature to 
act in such a way as to render a certain quantity, which he 
named the ‘action,’ a minimum.” –Wolfgang Yourgrau and 
Stanley Mandelstam [13]
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After Newton revolutionized optics he turned to mechanics . 
Generalizing inductively from specific problems solved in quantita-
tive detail [14]—Archimedes on the lever, Galileo on projectiles, 
Huygens on the pendulum, and Newton himself on gravitation—he 
postulated in 1687 three laws of motion that turned mechanics into 
an axiomatic system . As the laws of geometrical optics could be de-
rived from Fermat’s least time principle, could the same be done for 
mechanics? Several proposals were forthcoming . These included 
Johann Bernoulli’s 1717 principle of virtual work for statics, extend-
ed to dynamics by Jean le Rond d’Alembert in 1743 .

Around 1740 Pierre Louis Moreau de Maupertuis (who tutored 
young Emilie du Châtelet in calculus) suggested that a particle act-
ed on by specific forces moves in a way that minimizes the “action .” 
This approach was successfully demonstrated for central forces by 
Leonhard Euler in 1744 . In his Mécanique Analytique of 1788, Jo-
seph Lagrange generalized Maupertuis’ principle to all conservative 
forces and clarified “action” as the line integral of momentum . The 
generalization of this principle to all of mechanics (later extended 
to most of physics) was published in two papers by William R . 
Hamilton in 1834–35 .[15] Hamilton’s principle postulates that of all 

the conceivable trajectories whereby a particle might travel between 
two fixed points, the trajectory actually followed minimizes the 
time-averaged difference between the particle’s kinetic and poten-
tial energies . The principles of Hamilton and Fermat arose from 
similar motivations, but a logical connection between them would 
have to await general relativity .

Ontology

“From the multitude of experiences it [science] selects a few 
simple forms, and constructs from them, by thought, an objec-
tive world of things.” –Max Born [16]

“You know something and then the quality stimulus hits . . . , 
but to define it all you’ve got to work with what you know. So 
your definition is made up of what you know. It’s an analogue 
to what you already know.” –Robert Pirsig [17]

A debate about the ultimate reality of light began in the time of 
Plato and the Sophists . By the time of Newton and Huygens, those 
arguing the question “What is light?” faced a binary choice: What 

is light—wave or particle? Robert Hooke’s Micrographia describes 
how colors of thin films depended on a film’s thickness, suggest-
ing a standing wave condition . Christaan Huygens argued that the 
tremendous speed of light would be feasible only if light was a dis-
turbance through a medium, not the bulk motion of a medium . He 
gave the wave hypothesis predictive power by postulating that each 
point on a wave front behaves as the source of another wave . If that 
were so, then light should radiate into regions that would otherwise 
remain in geometric shadow . Hooke and Francesco Grimaldi had 
noticed diffraction in the fine structure of shadows cast by a needle .

Initially ambivalent (“I make no hypotheses”), Newton eventu-
ally argued that light was a beam of particles . While acknowledg-
ing that something periodic occurs with waves (and discovering 
an interference pattern called “Newton’s rings”), he interpreted 
the periodicity as something that matter does to light . To Newton, 
the diffraction reports did not require light to be a wave . Gravity 
acts between separated massive bodies, so matter could bestow its 
periodic influence on light from a distance .

Refraction offered one way to decide the question . When light 
passes from air into water the ray bends toward the normal . If light 
consists of waves, the speed of light in water would be less than its 
speed in air . If light consists of particles the reverse would happen .

In 1800 Thomas Young demonstrated that the interference of 
light passed through a double aperture . Such a pattern could be 
interpreted only as the superposition of waves . Augustin Fresnel 
worked out a comprehensive theory of diffraction based on the 
assumption that light consists of waves, and his predictions were 
vindicated, famously so with the notorious “Poisson’s spot,” a bright 
spot, due to wave diffraction, in the shadow behind an illuminated 
disk . In 1850 Léon Foucault measured the speed of light in water 
and found it to be less than the speed of light in air . The riddle 
“What is light?” seemed answered .[18]

Lingering questions remained, as they always do with impor-
tant questions that have multiple layers . First, supposing light to 
be a wave, what is waving? Second, acoustical waves require a medi-
um; what serves as the medium for light, the “aether”? Third, light 
had been found to be polarized by bifringent crystals . Reconciling 
polarization and the rapid speed of light with our ability to breeze 
freely through the aether offered a perplexing situation .

Electromagnetism

“Maxwell shewed light to be an electromagnetic phenomenon, 
so that the whole science of Optics became a branch of Elec-
tromagnetism. . . .” –James Jeans [19]

Hints at a connection between electricity and magnetism came 
when Hans Christian Ørsted showed that moving electric charge 
makes magnetism and when Michael Faraday showed that changing 
magnetism makes electricity . A unified theory of electromagnetism 
was written by James Maxwell in 1862 . Action at a distance, which 
served well for static interactions, was replaced with the dynamic 
concept of the field, a function of space and time .

The interactions of matter proceed through fields . On one hand, 
local fields tell a particle of matter how to move . Newton’s second 
law with the Lorentz force, for instance, predicts the motion of a 
charged particle in response to electromagnetic fields . On the other 
hand, matter determines the fields around it . Maxwell’s equations 
relate the electric and magnetic fields to their charged particle 
sources and relate the fields to each other . When a charged particle 
accelerates, Maxwell’s equations say the fields it produces must 
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change . A changing electric field produces a magnetic field that 
also changes, and the changing magnetic field produces a changing 
electric field . Together the changing fields make a self-propagating 
wave moving at the speed of light .

In response to the “What is waving?” question, light must thus 
be a wave in the electromagnetic field! The equations describing this 
wave have no restriction on the frequency, suggesting the existence 
of a continuous electromagnetic spectrum of harmonics whose fre-
quencies range from zero to infinity . The equations also say that the 
propagating fields are transverse to the direction of wave travel, im-
plying polarization and explaining the effects of bifringent crystals .

In 1886–89 Heinrich Hertz affirmed Maxwell by broadcasting 
and detecting radio waves in the laboratory . While doing so the alert 
Hertz noticed a spurious glitch in his apparatus . Radiation of low 
intensity but sufficiently high frequency immediately stimulates an 
electric current in certain materials; at low frequencies the incoming 
light produces no current even at high intensity . Dubbed the pho-
toelectric effect, this anomaly in the interaction of light with matter 
did not fit Maxwell’s theory . For two decades it remained a mystery .

Maxwell had answered important questions about light, but 
others remained . The equations say that electromagnetic waves 
need no medium, that they travel in empty space at the speed of 
light, c, but the equations are silent on the frame of reference . In 
1895 16-year-old Albert Einstein wondered what he would observe 
if he rode on a beam of light . Intuition said that Einstein’s light-
wave surfer should observe a stationary crest of the electromagnetic 
wave . But Maxwell’s equations insist that electromagnetic waves 
travel at speed c even from the surfer’s perspective! This paradox, 
like all paradoxes, suggested that the question should be restated .

Einstein held the question in his mind for 10 years . Then the 
26-year-old Einstein wrote “On the Electrodynamics of Moving 
Bodies,” noting that “Maxwell’s electrodynamics—as usually under-
stood at the present—when applied to moving bodies, leads to asym-
metries that do not seem to be inherent in the phenomena .”[20] 

The relative motion between a magnet and a coil of conducting 
wire illustrates the issue . Whatever the reference frame, the relative 
motion results in a force on the charge carriers, driving an electric 
current in the coil . An observer aboard the coil sees a chang-
ing magnetic flux as the magnet sweeps by . Faraday’s law says an 
electric field E gets induced in the coil, producing the force qE on 
the charges . An observer aboard the magnet sees a different picture . 
The coil sweeps by with velocity v, carrying the charged particles 
through the magnetic field B . Each charge q feels the force qv×B . 
Thus do distinct mechanisms describe the same result, an asym-
metry in the explanation not inherent in the phenomena . Einstein 
wondered what principle would unify the two explanations .

The thought experiment about light surfing suggested a clue 
in light itself . If you ride on the beam of light that bounces off a 
clock at 10:00 am, then you stay with the information that says 
the time is 10 o’clock .[21] For the light-wave surfer, time stands 
still . Newtonian relativity of inertial frames postulates the separate 
invariance of length and time intervals; as a consequence, the speed 
of light must be relative . Einstein replaced those assumptions with 
the postulate of the invariance of the speed of light between inertial 
frames, which requires space and time intervals to be relative . 
Mechanics had to adapt to light, instead of the light adapting to 
mechanics .

Special relativity, which linked light to space and time, also 
linked light to mass and energy . Energy and momentum became 
the time and space components of a vector in four-dimensional 
space-time . Its geometry was not Euclidean but hyperbolic . The 

square of the energy–momentum four-vector was given by a differ-
ence, not a sum, with the particle’s mass as the vector’s magnitude . 
For a free particle, E2 – (pc)2 = (mc2)2 .

Thermodynamics and Quantum Physics

“By 1906 or 1908 Planck had come to see that his compromise 
over cavity radiation had loosed something brand new and 
menacing into the world of physics.” –J .L . Heilbron [22]

The thermodynamics of light motivated the extension of 
Newtonian mechanics to quantum mechanics . Macroscopic 
thermodynamics serves as a boundary condition on microscopic 
statistical mechanics . After many triumphs with engines and phase 
changes and the kinetic theory of gases, statistical thermodynamics 
confronted the question of finding the energy density of light as a 
function of frequency . Light and matter in thermal equilibrium was 
produced in the laboratory by a metal box held at temperature T . 
The atoms in the box walls are made of oscillating charged particles 
and radiate light . According to Newtonian mechanics, the energy 

of a harmonic oscillator is proportional to the frequency squared . 
The sum over all microscopic states, a procedure required by 
statistical mechanics, thus predicts an energy density that diverges 
as frequency cubed, the “ultraviolet catastrophe .” Although the 
experimental spectrum of light in thermal equilibrium with matter 
goes as the frequency cubed at low frequencies, as the frequency 
increases the distribution mapped by data reaches a peak and then 
slides toward zero at the highest frequencies .

Max Planck realized that the predicted distribution function 
could be made to peak and trail off at high frequencies if the energy 
of an oscillator of frequency f was linear in f and exhibited only a 
harmonic series of discrete overtones, so that En = nhf, where n = 
0,1,2,3,  .  .  . with h a constant to be fit to data . The distribution func-
tion that resulted had the right shape, whatever the value of Planck’s 
constant h . It fit the data precisely if h had the astonishingly small 
value 6 .6×10−34 J-s . Planck had solved this important problem, but 
at the price of making an ad hoc hypothesis about energy quantiza-
tion, a drastic move which at the time pointed to nothing else .

Five years after Planck’s hypothesis Einstein revisited the 
thermodynamics of light . He calculated the entropy of radiation 
and compared the result to the entropy of a box filled with ideal gas 
molecules . Then came the heretical punch line . The entropy of the 
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radiation matches the entropy of the molecules, said Einstein, if a 
light wave of frequency f corresponds to a swarm of particles, each 
carrying energy E = hf . According to Einstein, light itself is quan-
tized . He showed how this corpuscle interpretation of light solved 
outstanding mysteries in the interaction of matter and radiation . 
Most famously, the photoelectric effect made sense as a collision 
between a light corpuscle and an electron if Einstein’s h has the 
same value as Planck’s h . Planck’s constant h pointed to something 
deep .[23] The name of the light corpuscle, the photon, came years 
later, in 1926 .[24]

With the concept of the photon in mind, one can look again to 
special relativity, which requires any particle moving at the speed 
of light to carry zero mass . With zero mass, the energy–momentum 
relation for a photon simplifies to E = pc . Together with E = hf and 
c = λf, it follows that a light wave of wavelength λ corresponds to 
a swarm of photons, each carrying momentum p = h/λ . This idea, 
rigorous for massless particles, was boldly postulated by Louis 
de Broglie in 1924 to hold for massive particles too . Thus did the 
thermodynamics of light—along with spectroscopy’s stained-glass 
window into the atom—lead the way into quantum mechanics .

General Relativity

“Another important consequence of the theory, which can 
be tested experimentally, has to do with the path of rays of 
light . . . We can therefore draw the conclusion from this, that 
a ray of light passing near a large mass is deflected . . . The 
existence of this deflection, which amounts to 1.7 . . . was 
confirmed, with remarkable accuracy, by the English Solar 
Eclipse Expedition in 1919. . . .” –Albert Einstein [25]

Between 1905 and 1915 Einstein extended special relativity 
to arbitrarily accelerated frames . Thanks to the principle of the 
equivalence of gravitational and inertial mass, general relativity 
serves as a theory of gravitation . Early tests of general relativity 
checked its predictions for the behavior of light, including the 
deflection of a light ray grazing the sun, gravitational redshift, and 
radar echo delay .

David Hilbert realized that Einstein’s gravitational field equa-
tions could be derived in analogy to Fermat’s principle: Of all 
the possible trajectories that a particle might follow between two 
events in space-time, the trajectory actually followed maximizes the 
particle’s proper time for the trip . In the limiting case of a particle 
moving slowly in a weak gravitational field, this “Fermat’s principle 
for gravity” reduces to Hamilton’s principle of classical mechanics .

Newtonian cosmology had originally envisioned a static, 
everlasting, infinite universe . However, the Newtonian universe was 
unstable and paradoxical—how could a universe filled to infinity 
with stars show a dark sky at night (Olbers’ paradox)? In 1917, with 
his new tool expressing gravitation as the curvature of space-time, 
Einstein solved the cosmological problem at infinity by abolishing 
infinity . He postulated the three-dimensional universe to be the 
surface of a static sphere embedded in four-dimensional Euclidean 
space . Alexander Friedmann and Georges Lemaître asked why the 
universe must be static . Their equations predicted a universe in 
which space could contract or stretch to show a velocity–distance 
relation . At the cosmic scale the relative speed of two points would 
be proportional to their separation .

Measuring astronomical distances requires the light of standard 
candles . Henrietta Swan Leavitt provided crucial candles in 1912 
when she discovered a relationship between the periods and lumi-

nosities of Cepheid variable stars . Edwin Hubble used Cepheids in 
1924 to probe distances to spiral nebulae, which turned out to be 
millions of light-years away . The universe suddenly became very 
big . By applying the Cepheid distance indicators and Doppler shifts 
to the spectra of galaxies, in 1929 he offered the first evidence for 
the cosmic velocity–distance relation . The journey toward big-bang 
cosmology was underway .

In a universe that begins in the big-bang scenario, after the 
primordial gas of relativistic particles cools sufficiently for atoms 
to form, an afterglow of photons must remain . The wavelengths of 
those photons are continuously stretched by the cosmic expansion . 
In 1948 the existence in our universe of this background radiation 
was predicted by Ralph Alpher and Robert Hermann . Their first es-
timate placed its temperature today near 5 K . Alpher and Hermann 
tried throughout the 1950s to convince radio astronomers to look 
for the afterglow .[26] In 1964 it was accidently found by Arno Pen-
zias and Robert Wilson . Their measurements gave a temperature of 
2 .7 K .[27] Ever since, it has offered a window into the genesis of the 
universe .

Today light has become the most incisive of tools in cosmology . 
Precision measurements of the cosmic afterglow of the big bang 
heralded the era of precision cosmology; the harmonics in the af-
terglow’s power spectrum offer a kind of electrocardiogram for the 
early universe . The irony of our present state of fertile ignorance 
is that the greatest mysteries at present are not about the existence 
of light, but its absence: dark matter and dark energy . Could dark 
energy be our aether?

Quantum Electrodynamics and Beyond

“The diagrams we make of quarks exchanging gluons are 
very similar to the pictures we draw for electrons exchanging 
photons. So similar, in fact, that you might say that the physi-
cists have no imagination—that they just copied the theory 
of quantum electrodynamics for the strong interactions! And 
you’re right: that’s what we did, but with a little twist.” 
–Richard Feynman [28]

In the mid-1920s, quantum mechanics developed into the form 
now taught to physics majors . But it took two more decades to 
reconcile quantum mechanics with electrodynamics . An electron 
is not an ideal point charge . The “total” electron includes its ideal 
“bare” charge plus the interactions of the electron with its own elec-
tromagnetic field . An electron emits and reabsorbs photons, and 
some of those photons briefly turn into electron–positron pairs that 
combine back into a photon before returning to the original elec-
tron . The energy budget for producing these virtual particles comes 
from the energy fuzziness inherent in the Heisenberg uncertainty 
principle . Thus what we see as “the electron” in the laboratory in-
cludes a cloud of virtual photons and electron–positron pairs . This 
is a serious problem because these intermediate processes contrib-
ute infinity to the quantum state!

The remedy is “renormalization .” A theory is said to be re-
normalizable when all divergent pieces cancel out each other in 
perturbation theory, leaving as a residue the observed charge and 
mass . According to our present understanding, renormalizability 
presents a necessary condition for any sensible theory of funda-
mental interactions .

Quantum electrodynamics—the interaction of light with 
electrically charged matter—was the first renormalizable theory of 
elementary particle interactions . It serves as the template for the 
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other theories of elementary particle physics .[29] At its foundation 
stands a principle of least action, adapted to quantum field theory, 
that traces its inspiration back through the analogous principles of 
Hamilton and Fermat .[30]

***
From quarks to cosmology, light has been a tool, a model, and an 
inspiration to all of physics . Light has also been a metaphorical 
symbol of hope and wisdom in all cultures . The Hindu four-day 
festival of lights, Diwali, celebrates the triumph of knowledge over 
ignorance, hope over darkness . In the Book of Genesis, the “poem of 
the dawn” in the Judeo-Christian mythos, God speaks the universe 
into existence by uttering “Let there be light .” In Buddhism one 
seeks enlightenment, the lights of wisdom and compassion . Let 
2015, the Year of Light, be a celebration of knowledge and wisdom 
overcoming poverty and ignorance .[31] Physics and its technologi-
cal applications have essential roles in achieving these ends . May we 
use them wisely and in the service of all that lives . May the secular 
world of physics help us find “our place among the infinities” in a 
festival of light . r
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Hays, Aryn 
Renz, William Andy 
Vasan, Archit Kumar 
Zimmerman, Ryan Patrick 
Chung, Albert Sehoon 

Austin Peay State University
Allen, Nicholas Ryan 
Camp, Laura E . 
Cupp, Samuel Douglas 
Harms, Joseph Mark 
Juelfs, Elizabeth Anne 
Longhurst, William R .
Oelgoetz, Justin 
Osborne, Brandon 
Taylor, Jordan R .
Wilbur, Isaac C .

Ball State University
DiBenedetto, Albert, III
Lewis, Derek 
Mangan, Patrick 
McIlrath, Daniel Ross 
Milinovic, Dunja 
Murray, Michael Gabriel 
Shane, Kevin Eric 
Shourd, Kacie Nicole 
Strange, Nicholas 
Wierzbicki, Alexander Nicholas 

Baylor University
O'Connor, Sean Patrick 
Rifaat, Anthony James 
Jester, Charles 

Benedictine University
Harajli, Bassma 
Kerr, Kessler Carlyle 
Litoborski, Andrew 
Stachowicz, Amanda Rose 
Tapia, Jeremy Allen 

Bethel University
Doehrmann, Adam Christopher 
Doyle, Rachel Louise 
Elliott, Sarah N . 
Fuglestad, Benjamin D . 
Graber, Curtis 
Heppner, Peter John 
Moorse, Kellan Patrick 
Norlander, Andrew D . 

Boston College
Boyce, Andrew Michael 
Brogan, James 
Cambria, Michael 
Choi, Brian Jongwon 
Cunningham, Michelle 
Czajka, Peter Andrew 
DePalma, David 
Flaherty, William Daniel 
Hayes, Linden James 
Khan, Masrur 
Kopec, Abigail Marie 
Liguori, Joseph John 
Martis, Nicholas 
Polischuk, Ryan Dolan 
Simko, Laura Catherine 
Solomon, Michelle Lindsay 
Sutton, Erin Catherine 

Bucknell University
Baish, Andrew James 
Doan, Minh Nhat 
Ebinger, John 
Frezza, Damon 
Gingrich, Evan Charles 
Hricik, Lauren 
Leibensperger, Mark 
Lundeen, Joseph Andrew, II
Overstreet, Maggie 

Butler University
Smith, Sam 

California Polytechnic State 
University, San Luis Obispo
Lewis, Sean 
Milgram, Nathan P .
Nguyen, Philippe Dai-Quang 
Parry, Bryce William 
Steeper, Stan 
Vice, Alexander 

California State University, 
Chico
Hartland, Tucker Andrew 
Lund, Daniel 
Navarro, Erik Juvenal 

California State University, 
Long Beach
Acosta, Matthew David 
Colabewala, Boe 
Corona, Joshua A .
Dunlap, Terrence Leon 
Garcia, Carlos Gutierrez 
Gonzalez, Christopher Michael 
Hedges, Samuel Carter 
Hutzel, William Donald 
Jaramillo, Melynda 
Leal, Luis S .
Leiva, Daan I .
LeSher, Daniel 
Mann, William Francis 
Meinen, Julia Elaine 
Mendez, Joshua 
Ngo, Kevin 
Nguyen, Marian 
Nguyen, Khang 
Paykar, Ashkan Tapia 
Ready, Roy 
Ronquillo, David Carlos 
Ta, Daniel Quan Minh 
Torrico, Raul Carlos 
Ward, Caroline 
Zarate, Evan Dennis 
Zou, Xiaoyu 

California State University, 
Northridge
Gresiak, Keith 
Mehrabiani, Kareem Michael 
Reschke, Jake 

California State University, 
Sacramento
Hooper, Anthony James 
Keys, Elizabeth Irene 
Nuttall, Sean Walter 
Wilson, John 

California State University, San 
Marcos
Bagdy, Esteban B .
Bartolo, Mark 
Burin, Michael James 
Ceja, Hector Guadalupe 
Chimely, Michael Fernando 
Cooley, Chad 
Gerhart, Lauran Elizabeth 
Magallon, Louis 
McNary, Andrew Allen 
Reynolds, Nathanial 
Selznick, Richard 
Wang, Shouxun 

Carthage College
Anderson, KelliAnn Elizabeth 
Favela, Eli 
Schofield, Seth P .
Weiland, Danielle 

Central Michigan University
Almus, Robert Martin 
Basore, Andrew James 
Horoi, Mihai 
Hunt, Curtis Nathaniel 
Lyons, Troy 
Redpath, Thomas Hundley 
Sarker, Shiplu 

Central Washington University
Farrell, Jonathan 
Kerr, Andrew Leland 
Tangocci, Adam 

Chicago State University
Sulaimon, Isiaka O .
Tyler, Michael E .
Boston, Bernard M .

Christian Brothers University
Herrman, Rebekah 

Christopher Newport 
University
Cox, David Tyler 
Darling, Susannah 
Doll-Hennis, Austin 
Rosendahl, Steven 
Simpson, Garrett Nathaniel 
Cooke, Jessica 

Coe College
Delgado, David Efim 
Johnson, Nicole 
Lawrence, Ethan 
Yu, Bingchen 
Zieser, Adam 
 

Colby College
Dixon, John P .
Doolittle, Brian Dopkins 
Gogia, Guram 
Hawkins, Kyle Erickson 
Kawamura, Malia Laurel 
Moore, Kathryn Anne 
Randall, William Merritt 
Stanley, John Victor 

Colgate University
Ang'ong'a, Jackson 
Beach, Kory 
Khadka, Shreeya 
Kim, Daniel 
Lieberman-Cribbin, Wil 
Rojec, Brett 
Senatore, Michael Anthony 

College of Charleston
Meyer, Luther 
O'Dell, Katelyn Ashley 
Rhea, Carter 

College of the Holy Cross
McCann, Connor J .
Roughan, Christine Marie 
Sekuj, Virna 

Colorado Mesa University
Morrison, Tom 
Stephens, Jaimie Suzette 
Weller, Danny 

Colorado School of Mines
Baker, Jaime 
Bull, Ryan 
Hillberry, Logan 
Meinig, Erich 
Slater, Michael 
Stevens, Jaimie 
Vargas, David Lucio 

Colorado State University
Adams, Dylan Taylor 
Rasor, Cory 

Concordia College
Frentz, Bryce Alan 
Hendrickson, Rebecca Ann 
Sang, Tony Louis 
Stanelle, Nathan John 
Wright, Elise Estelle 

Connecticut College
Amat, Morgane Chloe 

Creighton University
Bauer, Katherine M .
Costello, Charles 
Desa, Danielle E 
Gnabasik, Ryan 
Hagen, August Jacob 
Monti, Zachary 
Nguyen, Charles Chan 
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Creighton Univ. (con’d) 
Schmachtenberger, Benjamin 
Russell 
Zholudeva, Lyandysha 
Viktorovna 

Davidson College
Castle, Samuel Thomas 
Finger, Ashley N .
Friedensen, Sarah 
Malone, Collin Richard 
Myers, Kelly Delson, III
Simmonds, Jacob Benjamin 
Trennepohi, Chris J .
Watt, Grace Rechine 

DePauw University
Moore, Nicholas 

Denison University
Becker, Patrick Michael 
Bowers, Brant Benjamin 
Brigham, Samuel 
Chua, Abigail 
Keller, Benjamin 
Liu, Dongwei 
Oyler, Ann 
Sechrist, Riley 
Wang, Junzhi 

Dickinson College 
Besson, Marc
Gaby, Devin
Kiehne, Justin
Kimock, Benjamin
Was, Ellen

Drew University
Holz, Danielle 
Lowry, Ian Michael 
Yeshi, Sangay 
Zorn, Samuel Eli 

Drexel University
Parsons, Matthew 
Smith, Erica 
Temples, Dylan Jason 

Duke University
Bai, Mingru 
Dave, Adarsh 
Ellis, Donald Christian 
Flower, Christopher James 
Kleinhenz, Joseph 
Lim, Melody Xuan 
Palmer, Glenn 

Duquesne University
Benmokhtar, Fatiha 
Campbell, Jessica 
Gillis, Julie 
Lendacky, Andrew 

East Central University
Dale, John Charles 
Frederickson, Michael Anthony 
Phan, Thong Ngoc 
Razo, Nikoloas 
Shiwakoti, Ashma 

Eastern Illinois University
Colgrove, Rex Oliver 
Farmer, John Lee, II
Lee, Dalton Wayne 
Wood, Brian 

Eastern Kentucky University
Creeden, Jason Andrew 
Lee, Bong Han 
Mangum, James M .
Rollins, Jason 

Eastern Michigan University
Bourke, Shannon Colleen 
Harff, Hans J .
Moit, Danielle Elizabeth 
Pacheco, Ryan M .
Thelen, Lauren 

Elizabethtown College
Athey, Tyler Dean 
Barrera, Rodrigo Domingos 
Brennan, Brian 
Evans, Jacob 
Fevre, Martin 
Genuario, Gabrielle 
Hoening, Christoph 
James, Thomas Edward, III
Jerry, Kelvin 
Kauffman, Buck Samuel 
Lacek, Rachel 
McDonald, Greyson Patrick 
Munsch, Derek 
Otton, Joshua 
Seeberger, Matthew 
Shirk, Ryan 
Snyder, Adam 
Strausbaugh, Tucker 
Zabala-Ferrera, Omar 

Elon University
Cooke, Danielle 
Duff, Brianna Lorelle 
Smalligan, Dean 

Embry-Riddle Aeronautical 
University
Bain, Jessica Lynne 
John, Schmidt Michael 
Justin, Lieffers 
Molina Sandoval, Mikael 
Oswaldo 
Parsotan, Tyler 
Pritchard, Anthony 
Robinette, Timothy Matthew 
Schroeder, Lynsey 
Streltsov, Anatoly 
Webster, Aaron 

Florida International University
Diaz, Federico 
Gomez, Orlando Jason 
Harrington, Olga 
Latorre, Javiera Annette 
Markowitz, Pete E .C . 
Retana, Alexander 
Roberts, Daniella Marie 
Samuel, Jenna M .
Sarracino, Alex 

Florida State University
Blankstein, Drew 
Coffman, Christopher Lane 
Ranta, Jennifer Helen 
Rhoades, Ryan Tomas 
Hallock, Rebecca 
Kahla, Sam 
Mertin, Christopher Erwin 
Pawlak, Kelly Ann 

Fort Hays State University
Crook, Eric 
Gabel, Jessica 
Hoffman, Aaron 
Miller, Austin 
Molleker, Adam 
Watkins, Earl Richard, II

Fort Lewis College
Baumbach, Aleph Siegfried 
Brooks, Shane Richard 
Ogle, Jonathan 
Rymer, William 

Franklin & Marshall College
Haylon, Christopher 
Mahany, Nicholas 
Owusu, Nana Kwame Sakyi 
Parsons, Christian Alan 
Rolph, Kristina Alixis 

Frostburg State University
Azenadaga, Raymond Wesoamo 
Petito, Alexander Ryan 
Smith, Thomas Allen 

Furman University
Dills, Sidney Corine 
Dowling, Vincent 
Eckert, Stephanie 
Hurt, James Warren, III
Hyatt, Steven Lee, Jr .
McKinney, Lillian Marie 
Ranger, James 
Sheppard, Anna Thomson 

The George Washington 
University
Bageac, Devin Victor 
Brehm, Derek 
Carlson, Michael 
Lai, Laura 
Roche, Shane 
Walters, Erica Christine 
Briscoe, William John, Ph .D .
Opper, Allena K .

Georgia State University
Paduraru, David 
Patel, Ashish 
Knapper, Drake 
Robertson, Joel 
Shain, Andrew Thomas 
Haseler, Tristan Oliver Scott 
Matara Kankanamge, Indika 
Zhang, Bojun 

Gettysburg College
Bajracharya, Asnika 
Careghini, Nicholas Charles 
Flood, Brian 
Thompson, David Robert 

Gordon College
Dorn, Christopher Michael 
Flynn, Cody 
Kimmel, Joy 
Snow, Mary Elizabeth 
Wagner, Christian Sondergard 
Willig, Cara Elise 

Grand Valley State University
Dykstra, Michael 
Gerken, Nathan 

Hamilton, Sean 
Kirkendall, Dustin 

Grove City College
Lindow, Ashley Elaine 
Linn, P . Evan 
Snelgrove, Anna R . 

Guilford College
Norton, Chad 

Gustavus Adolphus College
Adams, Wyatt 
Ball, Nicole Marie 
Bell, Elliot James 
Crady, Peter B .
Euerle, Kellan Gerald 
Fredrickson, Jacob 
Johnson-Groh, Mara 
Kluender, Edward James 
Legatt, Jenna 
Palmer, Olivia 
Seberson, Troy 
Sobczak, Marah 
Totzke, Haley Diana 
Trevathan, James 

Hampton University
Hyater-Adams, Simone 

Henderson State University
Beall, Charles Hasting 
Goodin, Will 
Graham, Tyler 
Kirk, Ryan Marc 
Paschke, Arthur M ., III 
Pierce, Bryant Alexander 
White, Joshua 

Hillsdale College
Karney, John McLean 
Noray, Kadeem 

Hope College
Hubley, Nicholas 
Langholz, Daniel John 

Howard University
Islam, Mecca Bentta Abour 
Rahim 

Illinois State University
Christensen, Nicholas John 
Fioretto, Misa 
Fjeldheim, Erik Ryan 
Galich, Kevin 
Hansen, Margaret Ellen 
Hargraves, Joshua Thomas 
Jennings, Derek 
Jeschke, Clayton 
Svetich, Jamie Lynn 
Turley, James Francis 
Wienhoff, Jacob 

Indiana State University
Coffelt, Justin Robert 
Xue, Yong 

Indiana University South Bend
Mann, Emily E .
Schmitt, Leighton 
Wells, Jonathan 

Indiana University – Purdue 
University Fort Wayne
Adams, Gregory 
Dasari, Srikanth 
Hamrick, Sydnee 
Magner, Aaron 
Otto, James 
Ruffolo, Marcello 
Siri, Mattison Scott 
Stauffer, Skyler 

Ithaca College
Grover, Megan 

Jacksonville University
Deen, Shameer 
Deken, Jefferson 

James Madison University
Creange, Nicole 
Houchins, Gregory 
Korsak, Kirill 
Loving, David Alexander 
Szwejkowski, Chester 
Votaw, Daniel 

John Carroll University
Carbone, Marc A .
Marek, Gage 
Sauer, T  .J . 
Washburne, Brian S .

The Johns Hopkins University
Allard, Victor Paul 
Fonda, Helen 
Jiang, George Xiang Yu 
Lampayan, Kelly 
Lee, Sunyan 
Obied, Georges 
Roskes, Jeffrey S .
Rule, Evan Johnson 
Skerritt, Elizabeth Anne 
Sloan, Joseph Thomas 
Wagner, Emily Gail 
Weissglass, Daniel A .
Yu, Hang 

Juniata College
Debrecht, Alexander 
Schwemmlein, Arnold K .

Kansas State University
Beesley, Jennifer 
Clark, Caitlin M . 
Luder, Ryan James 
Raybern, Justin Lee 
Robben, Kevin 
Schenk, Edward, IV
Scutti, Dale 
Spartz, Christine 

Kent State University
Golias, Elliot 
Grove, Brandy Lynn 
Scarpitti, David Nicholas 

Kenyon College
Connolly, Nicholas, S .
Darragh, Ryna A .
Kittel, Taryn L .
Lee, Aidan J .
New, Alexander S .
Scully, Timothy R .
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Kettering University
Commet, Sean Michael 
Gowman, Rebekah 
Grant, Cody 
Hulscher, Evan Thomas 
Mikolajczyk, Rebecca 
Pfahl, Kyle Wolfgang 
Powell, Kelly 
Shaffer, Danielle Marie 
Zeiders, Jonathan David 

Kutztown University
Hirschmugl, Evan 
Junga, Eric Paul 
Shoup, Jenae 
Spielman, Alex Matthew 
Stiffler, Robert A ., III

Lamar University
Bahrim, Cristian 
Bahrim, Bogdana Mioara 
Dark, Jason Findley 
James, Jacob E .
Lydic, William Robert 
Michel, Thomas George 
Mikel, David James 
Rizk, Paul Anthony 
Salazar, Susan 
Talbert, Logan Walker 
Townley-Smith, Keeley Irene 

Lawrence Technological 
University
Onan, Eric 

Lawrence University
Coenen, Ashley 
Doares, Andrew 
Kozloff, David Elliot 
Liang, Alex (Tianchu) 
Martinez Zambrano, Daniel 
Sussman, Leo Dallin 

Lebanon Valley College
Pell, Hannah 
Smith, Connor 
Upchurch, Daniel James 

Lewis University
Kaiser, Jordan 
Knight, Ernie William 
Mazza, Alessandro 
Pickett, Alec 

The Lincoln University
Barrett, Chance Lord 
Linkins, Jehnae Jasmine 

Linfield College
Cox, Thaddeus John 
Fisher, Nick 

Loyola University New Orleans
Haque, Farihah Maryam 
Houston, Alexander Marcus 

Loyola University Maryland
Kopp, Cameron 
Melis, Scott Christopher 

Luther College
Andreone, Gian Domenic 
Hitz Graff, Jesse Albert 
Sorenson, Steven 
Stottler, Zachary 

Lycoming College
Chobot, Jeremy Matthew 
Frederick, Richard Anthony 
Needhammer, Craig James 
Zebrine, Daniel 

Manchester University
Dean-Hamilton, Blaine 

Manhattan College
Baumgartner, Andrew 

Marietta College
Andler, Joseph
Jurgens, Alexandra Marie
Zang, Saojie

Marquette University
Blagg, Kirsten Elizabeth 
Christian, Johannes 
Kutzke, Demetrious T . 
Le, Hoan Henry 
Lopez-Canelas, Nick 
Nichols, Mike 

Mary Baldwin College
Slaton, Anneliesse Marie 

Massachusetts Institute of 
Technology
Aparicio, Amanda Marie 
Bader, Samuel 
Balan, Arunima Deya 
Christensen, Tyler 
Cukierman, Aviv Ruben 
Ellis, Kevin 
Ferko, Christian 
Gentry, Eric Stuart 
Gharibyan, Hrant 
Goldstein, Jordan Alexander 
Gopal, Vineet 
Lynch, Evan 
Pappas, Michael 
Prouty, Jeffrey Clinton 
Samutpraphoot, Polnop 
Schutz, Katelin 
Surakitbovorn, Kawin 
Sykora, Elliot 
Tran, Ky-Anh 
Venkataram, Prashanth Sanjeev 
Villar, Victoria Ashley 
Weber, Sophie Frances 
Winters, Victoria Robin 
Xiong, Zhaoxi 
Zhou, Leo (Xiang-Yu) 
Zimet, Maxwell 

Miami University
Abu Jeib, Hussein A . A . 
Auman, Dirk 
Folz, Jeffrey 
Hachtel, Andrew 
Morton, Jamie 
Siegfried, Peter Eilbacher 

Michigan State University
Calcutt, Jacob 
Ciolek, Eric Edwin 
Ewert, Brandon 
Fitzgerald, Madison 
Goodwin, Eric William 
Griggs, Jordan 
Nutter, Joseph 
Russell, Brandon Edward 

Vermeersch, Aaron 
Wittekind, Mark Alden, Jr .

Michigan Technological 
University
Bell, Cody 
Gurganus, Renee 

Midwestern State University
Ferguson, Kelly Anne 

Millersville University
Bromley, Steven 
Costa Iracheta, Judith 
DiValerio, Eric Mariano 
Gojda, Christopher 
Hinerman, George 

Minnesota State University 
Moorhead
Abate, Iwnetim 
Harris, John M .
Larson, Andrew Carl 

Moravian College
Yerger, David Doran 

Morehouse College
Christie, Kofi 
Cumberbatch, Christopher-Marc
Hobson, Ronald Keith, II
Jacob, Lawrence 
Jones, Hakeem N . C . 
Jones, Lewis 
Keyes, Ty'Quish Stephon 
Pilate-Hutcherson, Julian 

Morgan State University
Alexander, Teressa M .
Arribas Starkey-El, Jaime 
Newman, Alexander 

Mount Holyoke College
Anwar, Husna 
Hussain, Shehzeen Samarah 
Khan, Mina 
Lau, Alexandra 
Louie, Ednah Grace 
Moller, Frida 
Patterson, Morgen Elizabeth 
Reddy Khan, Karishma Zulaikha 
Shortt, Madeline Wu 
Uppalapati, Sri Laalitya 
Wylie, Shola Maria 
Yusuf, Huma 

Muhlenberg College
Carollo, Alexa Rae 
Cronin, Nicole 
Slater, Matthew 

Murray State University
Booth, Ronald Erik 
Greany, Killian 
Groves, Michael David 
Mattingly, Katina 
Mogan, Andrew 
Rodgers, Rodney 
St . John, Demi 
West, Garrett L .

National University of 
Singapore
Bomantara, Raditya Weda 
Ho, Derek Yew Hung 
Lim, Rong Sheng 

Teo, Meng How 
Yap, Tiong Leh 

Nebraska Wesleyan University
Bohlken, Connor William 
Hedges, Derek 
Jung, Brent 
Mason, Sheridan Wyman 
Palacio, Nicolas 

New Mexico Institute of 
Mining and Technology
Chavez, Michael Charles 
Gjorgievska, Saska 
Johnson, Perianne Elizabeth 
Medina, Brandon Michael 
Montes, Virginie 
Peoples, Thomas 
Pierce, Veronica Laura 
Price, James Edgar, III
Riker, James 
Sentic, Stipo 
Stovall, Ty Edgar 
Sutherland, Bethany 
Tilles, Julia N .

New Mexico State University
Helms, Galen C . 
Jung, Kenneth Albert 
Miller, Michael 
Nunley, Timothy Nathaniel 
Pottorff, Clay Jackson 
Radosevich, Cameron James 
Rich, Hannah Simone 
Roychowdhury, Hridindu Sankar 

New York University
Gales, Johnathon 
Hanlan, Jesse 
Hoffman, Aaron Geoffrey 
Lin, Jia Ji (Jay) 
Liu, Yuanhui 
Mykytyn, David 
Patel, Ekta 
Roy, Rahul 

North Carolina State University
Bililign, Ephraim 
de los Reyes, Mithi Alexa 
Fisher, Hunter Alexander 
Kabadi, Neel 
Mahler, Aaron Lucas 
Moore, Brittany Taylor 
Sherrill, Nathaniel 
Valdillez, Robert 
Weeks, Reagan Robert Dewaynd 

University of North Georgia
Anderson, Brent Wesley 

Northern Arizona University
Burden, Grant 
Cook, Matthew Scott 
Hastings, Michael 
Kane, Zachery Aaron 
Lough, Wilson B .
McLane, Jacob Noel 
Slosky, Daniel 
Solheim, Jonathan 

Northwestern University
Bueghly, James 
Cai, Siyuan 
Grady, Fillan Shan 
Gregory, Anthony 
Johnson, Erik Karl 

Le, John Thao 
Lee, Daeyoung 
Paek, Insu 

Occidental College
Flagstad, Mary Kirsten 
Hawkins, Emily Kate 
Johnson, Jeffrey 
Law, Everest 
Mack-Crane, Galen 
Molina, Anton Rafael 
Smith, Colin Alexander 
van Deventer, Steven Mark, Jr .

Ohio Northern University
Ernst, Ashley 
Hammer, Morgan Andrew 
Olson, Courtney 

The Ohio State University
Beaufore, Lucas 
Berger, Casey 
Jia, Boming 
Merz, Garrett 
Potts, Alex 
Schneiderman, Tajana 
Turner, Nathan 
Van Soelen, Ryan M .
Velez-Cortes, Florencia 

Ohio Wesleyan University
Chalmers, Mark 
Claytor, Zachary Ryan 
Jones, Kamali 
Le, Khanh 

Old Dominion University
Kalman, Michael 
Lagerquist, Victoria 
Mydlowski, Robert 
Pattison, Laura Jo 
Sciola, Anthony Michael 
Stacy, Eric 

Penn State Erie, The Behrend 
College
Friedl, Nicholas Matthew 
Tuznik, Stanley Leonard 
Weible, Seth 

The Pennsylvania State 
University
Chan, Lok-Ken 
Crockett, Alexander 
Donohoe, Laren Elizabeth 
Kaldon, Kristina Marie 
Low, Yeeren 
Lutton, Dylan 
Repicky, Jacob John 
Reynolds, Bryan 
Snyder, Zachary S . 
Stanton, Treyton Lee Champion 
Yin, Zhenxi 
Zern, Zach 

Portland State University
Coulter, David 
Gu, Yongwen 

Providence College
DeGaray, Elizabeth Claire 
Hill, Kaitlin 
Labattaglia, Emily 
Skrypek, Megan 
Stifler, Cayla 
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Radford University
Ashley, Joe 
Bowman, Jamal 
Brett, Melissa 
Dodson, Jesse 
House, Sarah 
Ruff, Hubert Alexander, III
Snelgrove, Jordan 
Sublett, Matt, Jr .

Randolph-Macon College
Bafford, Edward Louie 
Coates, Devin Allen 
Coon, Daniel 
Keeney, Jacquelyn 
Lohrey, Steven 
Marrocco, Harley 

Randolph College
Kwakye, Alexander Fosu 
Shrestha, Pujan 
Tran, Tung Thanh 
Wood, Colton Alexander 

Rensselaer Polytechnic Institute
Bauer, Jacob S . 
Blevins, Henry Edward 
Boruchowitz, Grant 
Bruening, Alexander 
Conley, Dennis M .
Derechin, Jacob 
Doyle, Casey Lane 
Harding, Anthony Rydell 
Harding, Jennifer 
Howarth, Dean Martin 
Lamparski, Michael Thomas 
Larson, Kelsie Michelle 
Lu, Wei 
McDevitt-Pimbley, David Alan 
Monahan, William Charles 
San Emeterio, Josue 
Vernikovskiy, Maksim 

Rhodes College
Bian, Xiao 
Levy, Mason A . 
Lin, Hannah 
Luo, Jingwen 
Magness, Landon Jake 
McCaleb, Matthew Cameron 
McPherson, Joseph 
Monia, Keith Lars, II
Sellers, Mark E . 
Spinolo, Philip Luke 
Viola, Vincent Franklin 
Wisdom, Pierce Mitteer 

Richard Stockton College of 
New Jersey
Maschal, Mia 
Villaluna, Gerad 

Ripon College
Dzuba, Brandon 
Johnsen, Mariah 
Reisbick, Spencer Alan 

Roanoke College
Andrews, Rachel 
Shende, Maya 

Roberts Wesleyan College
Bena, Trevor John 
Metzger, Steven 

Rochester Institute of 
Technology
Douglas, Travis 
Every, Michael 
Sagan, Austin 
Scott, Ryan 

Rollins College
Bowers, Nicholas Ryan 
Duemmling, Lisa 
Etchenique, Nikki 
Verboncoeur, Mitch 

Rose-Hulman Institute of 
Technology
Gregory, Jessica Scout 
Li, Yanzeng 
Mullins, Marshall Andrew 
Nuanes, Tyler Scott 
Park, Serang 
Scott, Austin Murphy 
Shuman, Jillian Danielle 
Spoor, Daniel Steven 
Stein, Gregory Roy, III
Weissenfels, Alex 
West, Gavin 

Rowan University
Hoyt, Sean David 
Kassner, Christopher Thomas 
Rieger, William T ., Jr .
Rotella, Christopher 
Trent, Tara J . 
Zulker, Emma Elizabeth 

The College at Brockport, State 
University at New York
Burdette, Daniel Patrick 
Chancia, Robert Ormal 
Hogan, Kasey 
Landcastle, Amanda May 
Loughlin, Thomas J . Joseph Jr . 

SUNY Fredonia
Counts, Kahl 
Kang, Hyungsuk 
Tucker, John Gordon 

SUNY Geneseo 
Baker, David A .
Bienstock, Mollie D .
Dahn, Marah
Goodman, Matthew A .
Kessler, Derick J .
Massaro, Marina L .
Nagasing, Benjamin E .
O'boyle, Michael F .
Roberts, Andrew J .
Ross, Ethan M .
Taverne, Luke T .
Thomson, Quinn P .
Tufano, Dante
Watson, Matthew C .
Weilbacher, Christopher J .

SUNY Oneonta 
Dubbs, Alyssa Meryl 
Hartman, Raymond 
Maciag, Jamison Adam 
Salvia, Zachary Tyler 

The State University of New 
York at Potsdam
Christoferson, Ian 
Jadlos, John Joseph 

Morehouse, Dillon James 
Truax, Daniel Lennon 

SUNY Plattsburgh
Ferris, David William 
Frank, Ryan Michael 
Martin, Cole 

University at Albany, State 
University of New York
Chontos, Ashley Judith 
Hussain, Fatima 
Myers, Christopher 
Wallack, Nicole Lisa 
Yocono, Thomas Paul 

Binghamton University, State 
University of New York
Chesler, Moshe Raphael 
Nechemiah 
Fernandez, David Roberto 
Ibrahim, Mustafa 
Kokx, Logan 
Kraynova, Margarita 
Lebens-Higgins, Zachary 
Mihalik, Darin Edward 
Russo, Salvatore Thomas 
Shapiro, Alanna 
Tuchfeld, Zachary Jared 
Weerawarne, Darshana Lakmal 

Stony Brook University
Albanese, Salvatore 
Coe, Benjamin 
Cohen Golan, Shai 
Gasparik, Jessica 
Hart, Benjamin Blake 
Lebrecht, Michael 
Lefferts, Richard 
Pecchillo, Anthony 
Port, Sara 
Sabatasso, Valerie 
Wen, Yan 
Xie, Xinyi 

University at Buffalo
Bearden, Sean R .
Jacangelo, John J .
Nord, John L .
Pace, Zachary J .
Smith, Christopher W .

St. John's University
Bello, John Thomas 
Campbell, Thomas 
Che, Xuejiao 
Jelcic, Steven 
Lopez, Orlando Edilberto 
Priester, Paul Jordan 
Singh, Vimal 
Stone, Alyssa 

St. Lawrence University
Gustafson, Sven 
Lu, Xiaoying 

Saint Mary's College
Andre, Laura Bridget 
Flanagan, Kyle Joseph 
Lewis, Hannah 
McClain, Anna Grace King 

Saint Mary's University
Carnahan, Scott 
Davis, Sampson Kristmann 

Dompierre, Luc Basil 
Fournier, Morgan 
Kisrow, Rebekah 
Shockley, Evan 

St. Olaf College
Bosak, Samuel Harrison 
Friedrichsen, Paul Spencer 
Mao, Xiaochen 
Nevins, Robert 
Pedersen, Harriet E . 
Sanderson, Gabrielle 
Schut, Jonathon D . 
Sletten, Lucas Reid 
Topel, Eric John 

Seattle University
Bredberg, Susan

Seton Hall University
Ballou, Stacie 
Brown, Michael 
Duarte, Isabella 
Duran, Jesus 
Honsinger, Kyle 
Nabizadeh, Arya A .
Rupnarain, Michael 
Scudieri, Anthony 

Shippensburg University
Abdurrahman, Ibrahim
Collette, Robyn
Jeffery, Christopher Alan
Lacroce, Nicholas
Rosenberger, Keith
Unger, Jordan Daniel
Wright, Justin P .
Zalkind, Jacob

Siena College
Bashwinger, Eli M .
Blackwood, Jacob 
Dukehart, Adam 
Englert, Michael 
Johnson, Debra 
Knapick, David 
Rogers, Jack 
Blake, Lindsay 
Richard, Alexander 

Simpson College
Jensen, Kyle 
Sherwood, Courtney Lorraine 

Skidmore College
Chen, Quanhang 
Elliott, Skye Allen 
Gerbi, Greg 
Hall, Porter Manning 
Halstead, Evan 
Li, Jie 
Livecchi, John 
Perez-Moreno, Javier 
Slevin, Shannon 
Vardiashvili, Guram 
Webber, Cody Michael 
Yu, Yang 

Slippery Rock University
Anderson, Lee 
Arblaster, Robert Lawrence 
Brown, Andrew 
Drew, Brittany Joy 
Dunbar, Tyler 
Duska, Jacob 

Ewing, Jordan 
Hauze, Matthew 
Keller, Erica Samala 
Klingensmith, Dustin 
Morley, Zachary Jordan 
Ordaz, Laura 
Palmer, Cody 
Scott, Matthew 
Steele, Nicklaus 
Swoger, Maxx Ryan 

South Dakota State University
Larson, Micah 

Southeast Missouri State 
University
Courier, Caleb S . 
Crisp, Dakota Nevans 
Dawson, Cody Michael 
Hawpe Gamage, Tharaka 
Dimuthu 
Howard, Stephanie Kay 
Leyerle, LeighAnn 
Thakre, Purva A .

Southern Illinois University 
Carbondale
Connolly, Mitch 
Huffstutler, Jacob Danial 
Ranta, Kaili 
Richie, Julianna 
Zolotor, Aaron Michael 

Southern Nazarene University
Galbraith, Mary Jo 
McBride, Abigail 
Niazi, Mo 
Niazi, Ray 

Southern Polytechnic State 
University
Dorell, Ian 
McKinnon, Jamie 
Parker, Samuel 
Phillips, Shawn 
Simon, Jordan Alexander 

Southwestern Oklahoma State 
University
Holland, Connor Claye 

Saint Michael's College
Agnitti, Anthony Louis 
Brown, Alexandra Rae 
Cicerone, Teresa 
Conroy, Shannon Elise 
Gorski, Richard William 
Karstens IV, William 
Midgley, Taylor Rae 
Stevenson, Tracy 
Todd, Daniel Miles 

Stephen F. Austin State 
University
Calkins, Julianna 
Ricks, Aryn Linn 
Williams, Zachary Glenn 
Hines, Bradley Hunter 

Stetson University
Bonnough, Sheila Wolin 
Guadalupe, Valeria 
Littlefield, Rowan 
Littlefield, Riley 
Rosson, Zachary 
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Stevens Institute of Technology
Cupo, Andrew 
Dougherty, Michael 
Faugno, William 
Iskahanian, Narek 
Julian, Matthew Nicholas 
Kelty, Sean 
Matos, Jeffrey 

Syracuse University
Alemic, Almir
Cowan, Erika
Dunfield, Sean
Frascatore, Jeolynn
Goldman, Daniel
Hsu, Dylan
Kraus, Emily
Lentz, William III
Nedlik, Christopher
Rodrigues, Christian
Zhang, Zhirou

Texas A&M University-
Commerce
Hendrix, Michael 
Mejia, Jorge 
Lalmansingh, Jared Michael 

Texas Lutheran University
Bull, Tyler T . 
Roberts, Sandra 

Texas State University
Braddock, Matthew 
Compton, Maclyn Stuart 
Laughlin, Ryan 
LeBlanc, Elizabeth Giselle 
Lyon, Kevin Alexander 
McSpadden, Garrett 
Moritz, Michael 
Perez, Aureliano, III
Shimek, Taylor 
Shook, James 

Texas Tech University
Gardner, Ryan James 
Gerhart, Steven 

The Citadel, The Military 
College of South Carolina
Allen, Curtis 
Eteve, Marc 

Sewanee: The University of the 
South
Barnett, Nathan Daniel 
Jenkins, William Traill Jackson 
Morris, Taylor Andrew 

Thomas More College
Gamel, Ellen Elizabeth 
O'Bryan, Sierra 
Orloff, Kenneth Louis 
Roenker, Andrew 

Towson University
Bak, Jesse 
Ballentine, John 
Doratotaj, Danna 
Hart, Cacie Marie 
Oldak, Katarzyna Anna 
Pennington, Gary Wayne 
Selway, James Perry, Jr .

Trinity College
Blaine, William 
Khanal, Abhishek 
Shakya, Pratistha 

Trinity University
Gomez, Edward 

Truman State University
Galbraith, Therese M . 
Henke, Austin Henry 
Kothoff, Ian Phillip 
Milliano, Joseph Michael 

Union College
Allen, Christopher 
Clain, Alexander 
DiIorio, Stephen Edward 
Harney, William 
Khazanov, Mark 
Poulin, Nathan Daniel 

Union University
Edgren, Joshua Mark 
Eldridge, Jonathan Mark 
Keylon, Daniel Christopher 

United States Air Force 
Academy
Alsid, Scott 
Anderson, Monte 
Bowers, James 
Cook, Richard Daniel 
Cordeiro, Tim 
Dickinson, Thomas William 
Dugan, Christina Lynn 
Ellis, Matthew Aaron 
Kayser-Cook, Christy 
Kiziah, Rex R . 
Lickiss, Rebecca 
Novotny, Steven James, Jr .
Owens, Steven 
Patterson, Brian M . 
Russell, Timothy Hugh 
Serna, Mario A ., Jr .
Vollmer, David R . 
Vonich, Peter Trenton 
Weld, Evan 

United States Military Academy 
at West Point
Blaine, Daniel 
Boccard, William 
Chase, Gavin 
Fish, Cory 
Goodman, Sarah Victoria 
Hite, Parker 
Jones, Trent 
Korzan, Kristopher Michael 
Marinelli, John 
Vollmer, Steven 
Wink, Christopher 

United States Naval Academy
Cadiente, Jeremy Scott 
Fogleman, Sarah Austen 
Pybus, Alexander John 
Torrealba, Robert Abel 
West, Tory 
Williams, Jon Andrew 

University of Arkansas
Aguilar, Juan Carlos 
Bellaiche, Mathias 
Bush, Mark Joseph 
Callahan, Zachary 

Douglas, Aaron 
Heath, Caleb Layne 
Jenner, Edward 
Keil, Philip 
Key, Jordan 
Mishler, Jonathan 
Nguyen, Khanh Mai 
Scogin, Tyler 
Simms, Andrew Paul 
West, Michael E . H . 
White, Guy 

University of California, Davis
Bairrington, Benjamin 
Buonacorsi, Brandon 
Danielson, Daine Lee 
Ramachandran, Roohi 
Resseguie, Elodie 
Silman, Aaron Lincoln 
Vazquez, Nicholas Marshall 
Vuong, Chieu
Cutter, Jacob

University of Central Florida
Harper, Danielle 
Heligman, Daniel Michael 
Mack, Jordan Bennett 
Vastola, John Joseph 
Weber, Jeffrey Patrick 

University of Cincinnati
Brown, Matthew 
Groh, Micah 
Holden, William 
Padgett, Nicholas 
Pikhartova, Helena 
Wagner, Kevin 
Zimmerman, Jeremy 

University of Colorado Boulder
Anderson, Evan 
Anthony, David Robert 
Assumpcao, Gabriel 
Carpenter, Chris 
Erdevig, Hannah 
Fridey, Trent 
Gann, Derek G .
Huang, Yongyang 
Hughes, Caroline Lockhart 
Karpel, Joshua 
Lambrocco, Camilla 
Madigan, Peter Sean 
Nelson, Andrew Oakleigh 
Rubeck, Samantha 
Santak, Pavao 
Seeds, Sebastian Arthur 
Shaw, Jamie 
Van Patten, William John 
Wachs, Kate 

University of Connecticut
Benvie, Shaun Griswold 
Cantara, Michael 
Fawkner, Matthew 
Googins, Kara Forbes 
Kuna, Lukasz 
Malloy, Kristen E . 
Packtor, Isaac 

University of Dallas
Aumen, Laura 
Bredemann, John 
Collard, Adam Edward 
Downes, Laura 
Hedlesky, Nicholas John 
Henderson, Samuel Lamar 

Hoff, Michael 
Howard, Thaddeus 
Kersting, Anthony Patrick 
LaFond, Olivia 
Pecha, Robert Luke 

University of Dayton
De Gruy, Louis De 
Goettemoeller, Jared
Hall, Raymmond 

University of Evansville
Kelley, Brianna
Shevlin, Paige
Stamm, John
Steele, Shaun Aaron 

University of Florida
Foster, Natalie
Kurz, Ivan David
Reeves, Cody
Rooney, John

University of Houston
Kehr, Joshua Mathew 
Miller, Jonathan
Nguyen, Khanh
Othman, Gulden 
Stegemoller, Christina
Suchon, Dustin 
Umaka, Ejiro Naomi 

University of Louisville
Enders, Bryan 
Keown, Jared Alan 
Thieman, Jason Robert 

University of Maine
Blier, Timothy
Desjardins, Lucas
Fasano, Robert
Lewis, Jeremy
Sain Cappa, Irene
Valles, Matthew Mandell

University of Michigan-Flint
Ross, Patrick 
Sadien, Irwyn Kum 

University of Mississippi
Gabbard, Hunter Arthur 
Harrison, Harlee 
Jamerson, Thomas Aaron 
Miller, Daniel 
Miller, Taylor Glenn 
Pradhan, Neetish Ballabh 
Scott, Kenneth Steven 
Wofford, Jared 

University of Missouri
Cropp, Frederick William, V
DeLisle, Colby 
Jenkins, Gregory Jacob 
Lever, Michael 
Paterson, Dan 
Plummer, Justine Marie 
Register, Dylon 
Russell, Joshua 
Simenson, Angelynn 
Sun, Alexander 

University of New Hampshire
Bowen, Henry 
Gilman, Justin 
Greene, Patrick Anton 
Smith, Herbie Lamar 

University of New Mexico
Benitez-Jones, Maria Xochitl 
Chalk, Merrick James 
Eftekhari, Tarraneh 
Gold, Stav Robert 
Martin , Joshua Douglas 
Scott , Skylar Tirian Andrew 
Shipley, Gabe 

University of North Carolina at 
Asheville
Altemeier, Steve
Caminiti, Vincent
Gregory, Wren Ammons 
Markham, David Tyler
Perkins, James
Randolph, Michelle
Rickard, Ashlyn
Shelley, Adam 
Williams, Dylan 

University of North Carolina at 
Charlotte
Chang, Chun-Hung 
Farahi, Navid 
Ge, Jinghua 
Habibi, Nasim 
Hossein, Alisafaee 
Liu, Yuanye 
Naqvi, Zeba 
Stahl, Charlotte Susan DuLaney 
Uwakwe, Michael 
Zhang, Bin Kyle 

University of North Carolina 
Wilmington
Dolan, Christopher 
Dzbenski, Nathan 
Whitley, Jonathan Wade 

University of Northern Iowa
Clausen, Eric 

University of Notre Dame
Burns, Vincent 
Creager, Rachael 
Demchuk, Kaitlin Ryan 
Fleming, David 
Lefeld, Anthony 
Marino, Patrick 
McCall, Kyle 
Mooney, Patrick 
Ravindra, Neal 
Robbe, Michael 
Steiner, Christopher Michael 
Torres, Christopher Adam 
Zhu, Bihan 

University of Pittsburgh
Caginalp, Reginald 
Carroll, Thomas Joseph, III
DeLuca, Michael Donald 
Gauthier, Alexandre 
Lewandowski, Charles 
Peverley, Courtney 
Salmon, Daniel 
Seel, Andrew Johnathan 

University of Puget Sound
Boe, Ben 
Butterfield, Nick 
Merfeld, Kara 
Taylor, Aaron 
Whitcomb, Kyle Maclane 
Wills, Hunter Thomas 
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University of Richmond
Culligan, Timothy Neil 
Fuller, Thomas 
Sherman, Keegan Hale 
Wang, Liuqi 
Warner, Helen 
Watwood, Nathaniel 

University of Rochester
Adams, Marissa Beatrice 
Bock, William J . 
Chen, Changchen 
Cothard, Nicholas F .
DiMino, Tony S . 
Frederick, Sara 
Hazarie, Surendra Anil 
Loniewski, Christina 
Melchionna, Andrew M . 
Mulford, Nicholas C .
Pacheck, Adam K . 
Ritonia, Matthew McKinnon 
Strumpf, Jonathan Tunick 
Suresh, Pooja 
Venkataraman, Arun A . 

University of San Diego
Yip, Christopher 

Santa Clara University
Bohn, Thomas C . 
Flagg, Lucas 
Schulte, Richard 
Tortorici, Edward 

The University of Scranton
Graham, Michelle T .
Donovan, Daniel R .

University of Tennessee, 
Knoxville
Belt, Andrew 
Burnum, John 
Carlisle, Kennon 
Lyon, Greg 

University of Texas at Arlington
Baca, Aaron B .
Browne, Jeremiah, D .
Chrysler, Matthew
Mishler, Codie
Ng, Ying Wun Yvonne
Veerabathina, Nilakshi 
Watson, Timothy Blake

University of Texas at 
Brownsville
Bogdanovskiy, Artemiy 
Castillo, Moises 
Dartez, Louis 
Fuentes Tapia, Samanta 
Garcia, Marymar 
Gribovskiy, Anton 
Hinojosa, Jesus 
Jin, Dongming 
Lozano, Francisco 
Lunsford, Grady Arnold, III
Luo, Jing 
Martinez, Jose Guadalupe 
Murray, James Isaiah 
Nampalliwar, Sourabh 
Ramirez, Karla Elizabeth 
Rudnik, Philip 
Ruiz Diaz, Liliana 

University of Texas-Pan 
American
Contreras, Jerry 
Fregoso, Cynthia 
Guzman, Jr ., Juan Manuel 
Herrera, Alejandro 
Wahid, Kareem 
Castillo, Alejandro Javier 
Garcia, Gabriel Cecilio 
Garza, David Alberto 
Saldana, Jesus Eduardo 
Salgado, Andres 
Sanchez, Patrick Neal 

University of Texas at San 
Antonio
Finley, Sarah Su Zan 
Giuliani, Jason 
Guglielmo, Tyler 
Mimun, Chris 

University of the Cumberlands
Brown, Ethan 

University of Toledo
Bornak, Jillian Ellen 
Franzer, Nicholas D . 
Hardegree-Ullman, Kevin 
Karnath, Nicole 
Kelbach, Kevin Matthew 
Maltby, Robert E . E ., IV
Paquin, Brooke Ellen 

University of Utah
Brunnenmeyer, Trevor 
DaBell, Markus 
Davis, Kel Ian 
Duncan, Parker Jay 
Fullmer, Alexander Thomas 
Gallagher, Joshua Robert 
Knight, Spencer 
Krebs, Jordan Michael 
Rosen, David Blair 
Simon, Philip Charles 
Sohl, Ian 
Wang, Bingran 

University of Vermont
Robertson, Kyle Wesley 

University of Virginia
Dale, Bryan 
Esman, Teresa 
Gordon, Mark William 
Rafner, Janet 
Roane, Nicholas Patterson 
Scheevel, Thomas Patrick 
Schwartz, George 
Tembe, Mita 
Viray, Michael Anthony 
Woods, John Michael 
Xiao, Sophia 

University of Washington
Chow, Yi Chao 
Fu, Zhenghao 
Jamison, Kevin Blake 
Mehlhaff, John Mark 
Saxberg, Brendan 
Senchyna, Peter 
Spencer, John William 
Taylakov, Sergiy 

University of Wisconsin-Eau 
Claire
Brosius, Jr ., William 
Fuhrman, Steven 
Greene, Tyler 
Kast, Jacob 
Kuhn, Zachary Aaron 
Lunde, Emily 
Riedl, Austin 
Schulting, Brandon 
Waters, Cody 

University of Wisconsin-
Platteville
Jinkins, Katherine 
Jones, Matthew Partidas 
Keesler, Taylor 
Rezin, Jacob 
Symons, Jessica Lauren 
Ziereis, Jacob 

University of Wisconsin-River 
Falls
Danielson, Tyrel Truman 
Kroll, Michael 
Ludvigsen, Angela 
Malchow, Peter Michael 
McDonald, Gillian 
Shonkwiler, Nathaniel 
Wahlquist, Victoria 

University of Wyoming
Cameron, Eric 
Gager, Austin Robert 
Moriwaki, Mika 
Smullen, Rachel 

Ursinus College
Birnbrauer, Amanda 
DeVone, Frank Gino 
Fried, Michael 
Giongo, Michael 
Glowacki, Matt 
Helms, Tyler James 
van Ooy, Alex 

Utah State University
Ashby, Eric David 
Harvey, Richard James 
Hunt, Phillip 
Jepson, Joseph Robert 
Lyman, Eric Stephen 
Moser, Krysta 
Petrick, Rebecca 
Sandberg, Michael 

Vanderbilt University
Chen, Ziyuan 
Huang, Kirk Kuan Ru 
McLaughlin, Kevin Ross 
Moss, Max Lee, III
Teague, Dylan Oliver 

Villanova University
Nelson, Kristopher

Virginia Military Institute
Cox, Scott 
Elmore, Robert 
Harrmann, Mackenzie 
Hsiao, Chung-Cheng 
Lai, Yi-Hsuan 
Landers, Nolan 
Lynde, Bennett Ross Sutherland 
Martin, Graham 

Piedad, Patrick Kevin Madrigal 
Tharp, Joseph 

Virginia Polytech Institute and 
State University
Baker, Jonathan Lee 
Brown, Bart, II
Brumbeloe, James Larkin 
Carroll, Jacob 
Chen, Mengsu 
Coleman, Christopher 
Fallon, Colin Terrence 
Galyean, Robert Hilton, Jr .
Huang, Bevin 
Lemon, Tyler 
Li, Yanlong 
Liu, Weigang 
Parsian, Mohammadhadi 
Silverman, Rochelle 
Stewart, Kyle Baggarly 
Xie, Yuantao 
Yan, Mi 
Zukowski, Julia Elizabeth 

Wake Forest University
Godwin, Ryan 
Lundeen, Andrew 
Nicholson, William 
Pipkorn, Zachary Minzner 
Shetty, Pragna 
Smith, Gregory McRae 
Smith, Hannah Loran 

Wartburg College
Biermann, Mark Lewis, Ph . D .
Murinda, Tawanda Nigel 
Ostojic, Nevena 
Reynolds, Caitlyn 

Washington & Jefferson College
Doman, Michael Andrew 
Gosai, Akash 
Hann, Paul Francis 
Starko, Savanna Rae 

Washington and Lee University
Abudayyeh, Mohammed Ahmad 
Akenuwa, Oghosa H .
Ali, Azhar 
Banks, William E .
Biemiller, James B .
Bowen, Thomas W .
Denison, Christopher G .
Herrera, Maria J .
Mayol, Juan C .
Rhoades, Daniel R .
Schwen, Eric M .
Shingiro, Aristide 
Simpson, Brian 
Strickland, Katherine C .
Yang, Xiaoxiang 
Zhao, Conan 

Washington University in St. 
Louis
Corin, Daniel Alexander 
Kahn, Ethan Lewis 
Markow, Zachary Evan 
Pollak, Benjamin David 
Rudy, Samuel Henry Adler 
Stork, Marybeth 
Veligati, Sirish 
Wang, Yixiang 
Wiesman, Harison Sandor 

West Chester University
Cartagena, Carlos Adan 
Danforth, Benjamin 
Mayer, Julia 
Solley, Sean Ryan 

Western Illinois University
Adhikari, Ashish 
Alotaibi, Awwad Nasser 
Altarifi, Saleh Mansour 
Czarnecki, Tyler James 
DeYoung, Daniel 
Lee, Li Ean 
Nelson, Jennifer Louise 
Szabo, Nicole 
Young III, Jerold 

Western Kentucky University
Dierken, Maxwell Marcus 
Garcia, William 
Serpico, Jonathan 
Treon, Joshua 
White, Samuel Thomas 

Wheaton College
Armstrong, Alexander, III
Bishop, Robert Charles 
Martin, David 
Morken, Michael Owen 
Tarka, James John 

Wheeling Jesuit University
Comfort, Brennan L . 
Klemkowsky, Jenna Nicole 
Lewis, Taneka 

Widener University
Falchetta, Peter 
Perera, Viraga 

William Jewell College
Brooks, Gabrielle Elise 
Cobb, Samantha Christine 
Janssen, Grant W .
Rawat, Michael Joseph 
Stewart, Simone 
Waibel, Bryson Dale 

Wright State University
MacLean, Mary Catherine 
Moeder, Haley Ann 
Schueler, Robert 
Stern, Sarah Robyn 

Xavier University
Akinyi, Teckla G . 

If you were inducted between 

September 2013 and October 

2014 and do not appear in the 

initiates list, or if your chapter 

does not appear, please 

contact the National Office so 

we can update our records.

THANK YOU!

E-mail: sigmapisigma@aip.org

Tel: 301-209-3007
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GET INVOLVED: update your information

membership.spsnational.org
This Sigma Pi Sigma and Society of Physics Students 
online community portal is the place to edit your 
personal contact information, chapter information, 
register for events, and more. 
 Members can log on and update their own pro-
files to keep their information current, ensuring they 
continue receiving Radiations after a move and e-mail 
alerts after an e-mail change.  This portal allows chap-
ter advisors and the National Office to easily commu-
nicate with Sigma Pi Sigma members.

Update your Sigma Pi Sigma membership information. While you're there, 
connect with your roots and become a Society of Physics Students member as well!

1.  Go to http://membership.spsnational.org and click 
“Forgot Password?”

2.  Enter your e-mail address, answer the validation 
code question, and click “Reset Password.”  An 
e-mail will be sent to the address associated with 
your profile and will contain a link back to our 
website that will allow you to reset your password.

3. Change the password.

4. Update your information.

If your e-mail address (user name) is not already in the 
database, an error message will appear.  You will need to 
fill out the form at  
www.sigmapisigma.org/radiations/mailing_status.htm.

Sigma Pi Sigma staff will enter this information in the 
database and contact you. Afterward, you will be able to 
log in as explained above.

Thank you!


