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SPS

OUTSTANDING
SERVICE AWARD

SPS recognizes faculty and students who exemplify an attitude
of service to the discipline of physics and astronomy through
actions at the local, national, or international level.

Do you know an SPS or Sigma Pi Sigma member that
has had a positive impact on an SPS chapter,
a department, or the broader community?

Nominate a member today!
www.spsnational.org/awards/service

Applications are accepted on a rolling

SERVICE AWARDSH

YI1X is looking to award individuals who have
performed meritorious service to the field of physics and
astronomy, to Sigma Pi Sigma, or to your department.

Awards can be bestowed by individual chapters.
Nominate someone today!
www.sigmapisigma.org/awards/service

Recipients receive national recognition and certificate.
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Letter from Sigma Pi Sigma President

Building Community
through Service

by Blane Baker, Sigma Pi Sigma President and Professor of Physics,
William Jewell College

Blane Baker. Photo by SPS.

s your incoming president, one of

the common themes that | have

heard recently is that campuses
have become less active and more
disengaged since March 2020—mainly due
to the effects of the COVID-19 pandemic.
As an educator for more than 25 years,
| agree. While the shutdowns and limited
interactions were necessary, | missed face-
to-face communication with students and
casual conversations with colleagues. | also
missed talking in person with groups of
schoolkids and local organizations. |, along
with you, have felt the loss of personal
interactions. Now, with the lifting of many
restrictions, campus culture is beginning
to return—but we have much work to do.

How do we reengage our departments,
campuses, and commuities?

Service is one of the most natural
ways to develop camaraderie and build
community. There are many reasons to
serve. We engage with others because
we are passionate about physics and
astronomy, and we want to share that
excitement and enthusiasm. We enjoy
interacting with others and sharing our
knowledge (and learning new things in the
process). We have a desire to encourage
the next generation of students and
aspiring scientists. Alumni, students, and
faculty are vital in building relationships
and promoting service in physics and
astronomy departments.

If you are in a department that has not
done service recently, start small. Take a
few minutes each week to gather those in
your department and discuss a physics or
astronomy topic and enjoy snacks together.
Once you have some momentum, you
might host a tutoring session for students
in introductory courses. These are great
ways to engage first-year students and
to build fellowship between new and

Get Support for Inductions and Chapter

Activities

Sigma Pi Sigma Chapter Project Awards of up to $500 are awarded
to Sigma Pi Sigma chapters to support inductions or other engaging
activities that include alums or promote Sigma Pi Sigma on campus or

to the public. Learn more at www.sigmapisigma.org/sigmapisigma/

awards/chapter-project.




advanced students. Participants will see that
your department is committed to helping
them thrive.

Additional activities might include a journal
club where folks read articles and discuss
them over lunch, or talks by guest speakers.
Inviting students to talk about their research
promotes local scholarship. Using resources
like GradSchool Shopper magazine, the Careers
Toolbox, and panels to discuss graduate school
or career options provides opportunities for
students to consider their future. Social events
like game nights with pizza are always fun and
stress relieving, too.

In addition to departmental service, service
to the community is crucial. That's how we
communicate science, and how we do science,
to broader audiences. There are many ways to
interact with your community—hosting large
demo shows, visiting classrooms or after-
school programs with hands-on activities, or
giving campus tours—all of which can have
lasting impact.

Not in a department? Contribute by
interacting with local departments and your
alma mater. Offer to participate in or host
events. Connect departments, chapters, and
students to local businesses and organizations.
Mentor students. Donate equipment or
other items for use in demo shows and after-
school programs. Financial gifts are always
welcome for purchasing supplies and small
equipment, too.

If you can, invite others to visit your campus
or place of work. Organize a demo show and
encourage widespread participation. Invite
local schools and youth organizations, and

volunteer to interact with them in the future. So
often young students have a genuine interest in
science that, if not nurtured, can fade away by
high school or university. Your service can help
build their enthusiasm, motivation, confidence,
and knowledge.

As a society, Sigma Pi Sigma has
emphasized service since its inception at
Davidson College in 1921. The original founders
of Sigma Pi Sigma wanted a student group that
honored outstanding scholarship, encouraged
interest in physics at all levels, promoted
service among fellow students, colleagues, and
the public, and cultivated fellowship among
students interested in physics and astronomy.
By promoting these same values, we follow in
their footsteps.

As you begin this academic year,
| encourage each chapter to begin planning a
Sigma Pi Sigma induction event. While these
ceremonies recognize outstanding students as
part of a national honor society, | encourage
you to host other activities in conjunction.
You might recognize student research, host
a guest speaker, or introduce first-year
students to the larger physics and astronomy
community. Your department could host an
open house and invite alumni. With planning,
your induction ceremony can honor students
who have achieved in physics and astronomy
while engaging others who share the values of
the society.

| challenge each of us to become advocates
for our disciplines of physics and astronomy
and to embrace service as part of who we are
and what we do. ®

Be a Resource for SPS Chapters
Join the SPS and Sigma Pi Sigma Alumni

Engagement Program—a database of

participants willing to be speakers, panelists,
tour guides, and mentors for SPS chapters.

Learn more at www.spsnational.org/
programs/alumni-engagement.

£ AIP

The American Institute of Physics is

a federation of scientific societies in
the physical sciences, representing
scientists, engineers, educators, and
students. AIP offers authoritative
information, services, and expertise

in physics education and student
programs, science communication,
government relations, career services,
statistical research in physics
employment and education, industrial
outreach, and history of the physical
sciences. AIP publishes Physics Today,
the most closely followed magazine of
the physical sciences community, and
is also home to the Society of Physics
Students and the Niels Bohr Library &
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 Teachers
American Astronomical Society

ACA: The Structural Science Society

American Physical Society

AVS Science and Technology of Materials,
Interfaces, and Processing

Optica (formerly OSA)

The Society of Rheology

Other Member Organizations

Sigma Pi Sigma
Society of Physics Students

Connect with Sigma Pi Sigma

LinkedIn
https://www.linkedin.com/
groups/142619/

Instagram
www.instagram.com/spsnational

AIP .
Foundation
foundation.aip.org




2022 Individual SPS Award and
Scholarship Recipients

These awards and scholarships are made possible by the generous donations of X2 members and friends of SPS. To join them

in supporting student programs, please visit foundation.aip.org/student-programs.html.

SCHOLARSHIPS

Scholarships range from $2,500 to $6,000 and are awarded to individuals demonstrating excellence in academics and SPS
participation, among other criteria. Learn more at www.spsnational.org/awards/ scholarships.

SPS Outstanding Leadership
Scholarship

Sylphrena Kleinsasser

Lycoming College

Jack Hehn SPS Leadership
Scholarships
Dan Fauni

University of the Sciences (merged with
Saint Joseph’s University)

Aidan Keaveney
Appalachian State University

SPS Leadership Scholarships
Mackenzie Gibbs
Rhodes College

Ameya Kunder
University of California Berkeley

Cielo Medina
Central Michigan University

Jaelyn Roth
Denison University

Annika Stare
Juniata College

LLNL-AIP Leadership Scholarships
- Sponsored by Lawrence Livermore
National Laboratory

Marta Celebic

Juniata College

Allison Helferty
Juniata College

Olivia Kaufmann
Rhodes College

Natalie Lam
University of California San Diego

SPS Future Teacher Scholarship
lan Carter
University of Wisconsin - River Falls

Peggy Dixon Two-Year Scholarship
Patrick Herron
Cleveland State University

Herbert Levy Memorial Scholarship
Priktish Rao Suntoo
Lycoming College

AWIS Kirsten R. Lorentzen Award
Kate Pletcher
University of Denver

Aysen Tunca Memorial Scholarship
Kayla Dickert

University of the Sciences (merged with
Saint Joseph’s University)

Science Systems and Applications,
Inc. (SSAI) Academic Scholarship
Ronan Hix

University of Maryland, College Park

Science Systems and Applications,
Inc. (SSAI) Underrepresented
Student Scholarship

Alexander Pantoja

Texas Lutheran University

SPS AWARD FOR OUTSTANDING UNDERGRADUATE RESEARCH

Winners receive $1,800 in travel support to present their research at an AIP Member Society meeting, $500 for themselves, and $500 for their
SPS chapter. Learn more at spsnational.org/awards/outstanding-undergraduate-research.

Winners
Ameya Kunder
University of California Berkeley
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Hurum Tohfa
Bryn Mawr College



THE SPS SUMMER INTERNS

The SPS summer internship program offers 10-week positions for undergraduate physics students in science research, education, outreach,
and policy with organizations in the greater Washington, DC, area. Students are placed in organizations that use the interns’ energy and
viewpoints to engage with the community and promote the advancement of physics and astronomy. The 2022 interns were able to be in-
person this session, making for an extra eventful summer! Learn more at spsnational.org/programs/internships.

Justin Andre Avendaio
Stevens Institute of Technology

Society of Rheology/Soft Matter Kitchen Intern

Divyansh Chamria
Colgate University
NIST Research Intern

Taylor Colaizzi
Washington and Lee University
NIST Research Intern

Lucy Corthell
Juniata College
APS Education & Diversity Intern

Gizem Dogan
Bowdoin College
Physics Today Science Writing Intern

Katie Futrowsky
University of Maryland, College Park
AIP Mather Public Policy Intern

Emma Goulet
Saint Anselm College

AIP Center for History of Physics/Niels Bohr Library &

Archives Intern

Benjamin Johnson
University of Virginia
Potomac LLC Machine Learning Intern

Your Dollars At Work

Aidan Keaveney
Appalachian State University
AIP Mather Public Policy Intern

Nicole Leung
Wellesley College
NASA Goddard Space Center Intern

Matangi Melpakkam
Bryn Mawr College
AIP FYI Science Policy Communications Intern

Anthony Olguin
University of Maryland, College Park
Space Telescope Science Institute Intern

Taylor Overcast
Union University
AAPT Teacher Professional Development Intern

Saksham Prajapati
University of Missouri - St. Louis
APS Public Engagement Intern

Janessa Slone
Embry-Riddle Aeronautical University, Prescott
SPS Science Outreach Catalyst Kit (SOCK) Intern

Valeria Viteri-Pflucker
lllinois Wesleyan University
NIST Research Intern

TEAM-UP TOGETHER SCHOLARSHIP

The TEAM-UP Together Scholarship Program T EA M U P TOGETH ER
(TUTSP), developed by the TEAM-UP

Together Lead Partners and administered by

SPS, supports African American students in the pursuit and attainment of a bachelor’s degree in physics or
astronomy. These awards of up to $10,000 per year aim to reduce the financial barriers that prevent Black
students from completing their undergraduate degree programs in physics and astronomy. For eligibility
requirements and deadline information, please visit spsnational.org/scholarships/teamup.
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Society News and Notes

Sigma Pi Sigma Members Help Capture and Study

JWST Observations

The world’s most ambitious space telescope, the James Webb Space Telescope (JWST), rocketed into space on

December 25, 2021, less than one year ago. But already it's given us stunning images and a rich source of new data

to explore. Here are three of the Sigma Pi Sigma members who've had a hand in making it happen.

Knicole Colon
Deputy Project Scientist for Exoplanet Sci-
ence, NASA’s Goddard Space Flight Center

My passion for science fiction was a driving factor

A\

i in the discovery and characterization of exoplanets.
I've been working at NASA's Goddard Space Flight

for me to become an astrophysicist and an expert

Knicole Center since 2017, Before that, | worked at NASA's
olon. Photo Ames Research Center on the Kepler mission.
courtesy of . , )

Coldn. | also held postdoctoral positions at the University

of Hawai'i and Lehigh University after earning
my PhD from the University of Florida. | became a Sigma Pi Sigma
member when | was an undergraduate at The College of New Jersey
in 2007. It was the first professional society | ever joined, and it gave
me such a feeling of pride!

These days, I'm part of the Transiting Exoplanet Survey Satellite
(TESS) mission and the JWST project team. I've been part of TESS
since shortly after its launch in 2018. My roles on the mission include
facilitating communications between different mission partners
and supporting the community in obtaining and using TESS data
for all types of astrophysics projects. | joined the James Webb
Space Telescope project team in 2019. In this role | support ground
operations for the collection and analysis of exoplanet observations
and also interface with the scientific and public community to present
JWST's exoplanet capabilities.

| also enjoy studying extreme exoplanets—disintegrating planets,
super puffy (low-density) planets, and planets on highly eccentric
orbits. | want to learn more about how they formed and evolved and
why the planets in our solar system are so different!

Kimberly Ward-Duong

i Assistant Professor, Department of

Astronomy, Smith College

As a child fascinated by the stars and growing
up enchanted by stunning Hubble Space
Telescope (HST) images in the 1990s, | had no

i | woul m | for
Kimberly Ward- dea ould someday use space telescopes fo

my own research. Today, | feel very fortunate to

Duong. Photo
courtesy of work with some of the first-ever data from JWST,
Ward-Duong. NASA's flagship successor to the HST, which has

exceeded the community’s best expectations in
its first few months of operation.

As an undergraduate at Northern Arizona University, | knew
| wanted to study physics, mathematics, and astronomy, but | was
unable to decide which area of physics to pursue. Becoming an
enthusiastic member of the Astronomy Club and president of the
Society of Physics Students helped kickstart my path into research,
which at the time involved using the campus telescope to indirectly
search for planets orbiting other stars (exoplanets) and their moons.

After completing an astrophysics PhD at Arizona State University
and a postdoc in the Five College Astronomy Department at Amherst
College, | began another postdoc fellowship at the Space Telescope
Science Institute, headquarters of HST and JWST. My career has come
full circle, as my current scientific research also involves searching
for exoplanets—now using a method that takes direct images of
the planet alongside its star. | am a member of the JWST Telescope
Scientist and Early Release Science teams, and my involvement
includes simulating realistic datasets, helping devise ways to remove
starlight from our images to measure faint planet light, and measuring
the atmospheric and orbital properties of distant worlds.
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Christopher Stark 2

Deputy Observatory Project Scientist,
NASA’s Goddald Space Flight Center

| found my calling as an astrophysicist while - . A x *
attending undergraduate _physics classes aty .
the University of Northemn lowa. It was there - .
- it -
o ! that | first heard about the field of exoplanets ® - - .
- . . : ; ;
epner and immediately knew what | wanted to do *=* =~ L - -
Stark. Photo . ) .
courtesy of with my life. | went on to study exoplanets and = = - y -
Stark. circumstellar disks at NASA Goddard while

earning my Ph.D. in Physics from the University of
Maryland. After graduating, | spent five years at the Space Telescope
Science Institute as part of the Wavefront Team, helping to prepare
the alignment of JWST's hexagonal mirror segments.

In my current role at NASA, | participated in the six-month
commissioning phase of JWST to prepare the telescope for science
observations. | now track JWST's performance and its ability to
directly image exoplanets, as well as interface with the broader
community as the mission goes forward. My research focuses on
circumstellar belts of debris generated by asteroids and comets
orbiting other nearby stars, and I'm excited to see what JWST will
reveal when we image these other planetary systems.

When I'm not working on JWST, I'm helping to define NASA's

future missions that aim to directly image potentially Earth-like
planets. | evaluate the exoplanet science yield from future missions
to guide and optimize their design and ensure that they can address
major scientific questions for decades to come. ®



Society News and Notes

Embracing

the Twists and Turns

by Lauren Balliet, Physics Graduate Student, Michigan State University

never would have envisioned the path my

career has followed thus far, but | wouldn't

change any of it. It has shaped me into the
person | am today.

Going into my senior year of high school,
| knew | wanted to study astrophysics and
eventually become a professor. As a first-
generation college student, | relied heavily
on what “experts” said was the appropriate
educational path for my goals: Attend a four-
year institution for a bachelor’s degree, enroll
in a graduate program for five to six years
to earn a PhD, then get a job as a professor.
At the time, the journey seemed arduous but
straightforward.

| attended Clarion University of
Pennsylvania, where I majored in physics with
an astrophysics concentration and a minor in
mathematics. It was a small program with
few research opportunities, but | attended
a Research Experiences for Undergraduates
(REU) program at the University of Colorado
Boulder. During the fall of my senior year,
| started working on my graduate school
applications.

Fast-forward to the following spring.
My educational path took its first turn when
| wasn't accepted by any graduate programs.
| had quickly shifted to applying for jobs
when my professors told me that Texas A&M
University-Commerce (TAMUC) had an
opening in their physics master's program.
| researched the program, submitted my
application, and was accepted within
the week! | had one month to move from
Pennsylvania to Texas.

Though it wasn't part of my plan, the
people | met and the opportunities | had
at TAMUC were pivotal to my career path.
| got involved in a very active SPS chapter
and was inducted into Sigma Pi Sigma. |
learned about new pedagogical methods
in teaching physics and practiced them as
a graduate teaching assistant. My advisor,
Dr. Will Newton, encouraged my research
group to present at conferences from Texas
to Lyon, France. That research led to my first
professional publication.

10 RADIATIONS FALL 2022

Having built a strong CV at TAMUC,
| felt confident applying to physics PhD
programs a second time. But my applications
were again unsuccessful. A friend sent
me a job posting from Lycoming College,
a small liberal arts college in Williamsport,
Pennsylvania. The college was seeking an
astronomy and physics laboratory manager
and planetarium director. Looking over
the job description, | felt as though | were
reading my own CV! | applied, excited at
the thought of moving close to home and
pursuing my passions for teaching physics
and physics outreach.

Lycoming became the second pivotal
experience in my career path. | quickly
became involved with the SPS chapter
there and became advisor in the spring
of 2020. | helped the chapter enter a new
age, taking more students to conferences
to explore networking opportunities. Our
chapter focused on providing a welcoming
environment and fostering a sense of
community in our department. | feel very
fortunate to have worked with so many
amazing students.

During the fall 2020 semester | was
an interim instructor in the department.
Despite having no prior experience creating
an entire course, | developed three courses
simultaneously with a week’s notice and
navigated in-person instruction during a
global pandemic. It was by far the most
challenging experience I've had, both
professionally and personally.

Balliet speaks with students during a
planetarium presentation. Photo by Max
Wilhelm, Lycoming College institutional
videographer and photographer.

LLauren Balliet. Photo by Amber
Elinsky, Lycoming SPS.

Unbeknownst to me, my students
nominated me for a Sigma Pi Sigma service
award, which | received in November 2021.
It was truly an honor to be recognized
nationally by Sigma Pi Sigma and SPS—
especially because my students nominated
me. In spring 2022, our chapter was awarded
Organization of the Year at Lycoming College.

Through all of this, | promised myself
that | would apply to PhD programs one
more time, and my third round of applications
led to three acceptances! | believe the roles
| had and connections | made at Lycoming
were key to my successful applications. | also
now recognize that the previous rejections
weren't a reflection of my ability in physics.
Instead, my applications had neglected to
convey who | am, my capabilities, and my
contributions as a physicist.

| am now a graduate research assistant
studying nuclear astrophysics at Michigan
State University, the number one program
in the country for nuclear physics. My path
here has been anything but traditional, but
I hope my story will inspire others to persist
in their goals and welcome the twists and
turns. If not for the unplanned chapters in
my life, | would not have ended up where
| am today—happily attending my top-choice
physics PhD program. ®

Share news or a note with us at

Www.sigmapisigma.org/
sigmapisigma/radiations/

member-news.




Member Spotlight

SHARON GLOTZER

PROBING THE WHAT-IFS WITH STATISTICAL MECHANICS

Sharon Glotzer. Photo courtesy
of Glotzer.

f you find quantum mysteries and

astrophysical ~ wonders  far  more

captivating than statistical mechanics,
spend a few minutes talking to Sharon
Glotzer. You might change your mind.

“Statistical mechanics is incredibly
powerful,’ Glotzer says. "If you tell me that you
have a beaker of water containing a bunch
of gold nanoparticles, without knowing too
much about it | can predict whether the
nanoparticles are likely to stay in the water,
precipitate out, or self-assemble into some
ordered structure!”

But to understand a system in classical or
guantum mechanics, you need all the details.
In classical mechanics, she explains, you
need to solve Newton's equations of motion,
track what every single object is doing at
every moment, and know what forces are
acting on every object and how that affects
all the other objects. Things get “really
complicated really fast, she says.

In statistical mechanics, it doesn't even
matter if the objects are atoms, nanoparticles,
granular particles, tiny robots, self-propelled
bacteria, or even birds. If a system is ergodic—
meaning that it can, in principle, explore all
available configurations (or microstates)—
you can predict its collective behavior with
statistical mechanics, Glotzer explains.
Studying systems this way often reveals
universalities or commonalities across
different systems, scales, and phenomena.

The practical applications of statistical
mechanics research are central to industries
ranging from cosmetics to semiconductors,
but Glotzer is most intrigued by the what-ifs.
They're the focus of her research group at the
University of Michigan, where she’s chair of
the chemical engineering department.

Using computer models, Glotzer's group
looks at systems governed by statistical

by Kendra Redmond, Editor

mechanics and then changes the rules or
creates entirely new systems that don't exist
yet, but could someday, to see what happens.
It's kind of like playing God, she says. "You
can say, ‘'These are my objects, and these are
the rules by which they will interact with one
another—show me what happens under this
condition.” If the code doesn't exist to do the
desired simulation, her group writes it—and
then makes it available for others to explore.

Researchers in her group can do millions
of computer experiments in a fraction of
the time it would take to do one of them in
a lab. It's a way of scoping out research areas,
guiding collaborators and the experimental
community to where they might find the
most exciting, intriguing, or useful results.

In June of 2022, Glotzer was awarded a
Vannevar Bush Faculty Fellowship from the
US Department of Defense, her second.
These  high-profile,  single-investigator
awards of up to $3 million support blue-
sky research—research that doesn't map
immediately to a real-world application but is
likely to have transformative potential down
the road.

Glotzer's fellowship research explores
the notion that entropy sometimes acts like
a chemical bond. That might sound a little
strange. Entropy is a system quantity, as
Glotzer freely admits. It doesn’t make sense
to talk about the entropy at a specific point in
space, as you might a chemical bond. But it's
sometimes useful to consider the effects of
entropy at a local level, she says.

Glotzer gives the following example. Many
nanoparticles are actually nanocrystals,
shaped like multifaceted gemstones. These
nanoparticles can self-assemble into even
larger crystals. Her group discovered that in
theabsence ofanyinteractions betweenthese
nanoparticles and with just one constraint—
they can't overlap—a surprisingly diverse set
of complicated crystals can emerge. "And it
turns out that in those systems, when you
have no explicit interaction energy, the only
driving force is entropy,’ she says.

To explain how these particles organize
locally, Glotzer and her team formulated
a theory of entropic bonding. And they're
using the Bush fellowship to explore what
that theory reveals about how entropy
works, why atoms and nanoparticles can
both form crystals of such great complexity,
and all the ways you can potentially mix
and match atoms or nanoparticles to get

crystal structures. “We're hoping that the
theory of entropic bonding can even help us
understand what happens when you have
lots of forces between atoms or molecules,’
Glotzer says. The exploration could potentially
change the way people think about—and
teach—basic chemistry.

Although she's chair of the chemical
engineering department, Glotzer is a proud
physicist. She was inducted into Sigma Pi
Sigma as an undergraduate physics major at
the University of California, Los Angeles, and
earned a PhD in physics at Boston University.
After graduating, she worked at the National
Institute of Standards and Technology (NIST)
in Maryland, eventually cofounding and
directing the NIST Center for Theoretical
and Computational Materials Science
before moving to the University of Michigan
as a professor.

“I work with PhD students who come
from chemical engineering, chemistry,
physics, material science, macromolecular
science and engineering, computer science,
and mechanical engineering—all of these
different disciplines,’ Glotzer says. "Physics
underlies all of it” If she had to go back in
time, she'd still major in physics. That's
because of the subject matter and because
“physicists learn how to see past all the tiny
details that make different systems different,
and see instead how they are the same!”

Glotzer receives so many invitations
to give lectures and seminars that she can't
possibly accept them all. But she always
says yes to those that come from graduate
students. It brings back the excitement of
being a student and meeting the authors of
papers who inspired her own curiosity and
research trajectory, she says. “I'm still having
so much fun doing science, just like when
| was a student” ®

To hear what sparked Sharon Glotzer's
interest in science and learn more about her
research, check out her 2021 interview with
Quanta magazine in their podcast, The Joy
of X. www.quantamagazine.org/sharon-
glotzers-deep-curiosity-about-order-
from-chaos-20210322

Is there a Sigma Pi Sigma member you'd like to
see featured in a Member Spotlight?
Let us know at sps@aip.org.
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FEATURE

Rolke prepares to board
SOFIA. Photo by Coral
Clark, SETI Institute.

LESSONS FROM THE STRATOSPHERE:
AN AIRBORNE ASTRONOMY AMBASSADOR SOARS ABOVE EARTH ABOARD SOFIA

by Korena Di Roma Howley, Contributing Editor

Rolke was more than 38,000 feet above the Earth, looking

out at the world from the cockpit of the flying observatory
known as SOFIA. The view of the black Pacific Ocean below and the
stars and Milky Way above, she says, will always stay with her.

For Rolke, who grew up in the small town of Keene, New
Hampshire, the sight of the Milky Way in the dark night skies first
sparked her interest in astronomy. Though she avidly read everything
she could on the subject, she only signed up for a physics class in
her senior year of high school to follow the lead of fellow college-
bound students. She assumed it would be like other science classes.
It wasn't.

“Up until that point, science was a lot of memorization,” she says.
“But with physics you really had to think, and it wasn't necessarily
intuitive ... | enjoyed the challenge that it presented. | enjoy pondering
the what-ifs and what-could-bes. Physics was really looking at how
the natural world worked via the big picture. | fell in love with it

Rolke received an academic scholarship to Keene State College,
where she studied math and physics and was inducted into Sigma
Pi Sigma in 1992. Today Rolke teaches physics and chemistry at

ll | 't was the darkest sky | have ever seen!” Educator Susan
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a small rural high school, where she enjoys bringing the excitement
of science—and especially physics—to her students through the use
of cooperative learning, hands-on labs, and whiteboard sessions.
“Teaching them is exhilarating,’ she says. “I'm always striving to make
the class relevant to their lives and to ignite their interest in science.’

In 2020, Rolke was selected to take part in the SETI Institute's
NASA Airborne Astronomy Ambassadors (AAA) program, created
to provide professional development to middle school, high school,
and community college science instructors. Following the program,
instructors communicate current, NASA-enabled research to their
students using a science curriculum model created by AAA program
staff at the SETI Institute. The goal is to engage students in STEM and
inspire pursuit of science-related careers.

Those selected for the highly competitive program receive
astrophysics and planetary science training through a two-week
curriculum and participate in a one-week immersive experience.
For Rolke, that experience was flying aboard the Stratospheric
Observatory for Infrared Astronomy (SOFIA), which soars above
Earth's infrared-blocking atmosphere to study cosmic magnetic fields,
the origin of cosmic rays, and other phenomena with a 2.7-meter
(106-inch) reflecting telescope and other instruments.



After learning about SOFIA and infrared astronomy, Rolke was
scheduled to attend a summer workshop and fly on the aircraft in June
2020. The COVID-19 pandemic, however, put the plan on hold. With
the aircraft grounded, SETI worked to provide other opportunities
for the program'’s participants. Rolke submitted the winning art for
a mission patch design competition, attended a one-day virtual
workshop, and met with SOFIA's flight crew via Zoom.

When she taught the SETI program in the fall, Rolke wasn't able
to include firsthand information about SOFIA as planned. Still, she
enjoyed sharing the program with her students. “They were among
the lessons my students remembered most, despite the fact that our
school went remote halfway through the two-week curriculum.

In June 2021, Rolke learned that she would finally fly on SOFIA. Flight
week took place at Armstrong Flight Research Center in Palmdale,
California, where she attended preflight mission briefings before
each of her two overnight flights. During the official crew briefing, the
group went over anticipated weather conditions at different altitudes,
the flight plan, and the objects that would be observed. Rolke and her
fellow AAAs then made their way to the aircraft and took their seats
at the educators’ console, which has a series of computer screens
showing increasing magnification and detailed information about the
telescope, altitude, and temperature.

“Each overnight flight was spectacular in its own way," Rolke says.
The first flight was over the Pacific and lasted eight and a half hours.
The second flight, over the US, lasted nine and a half hours.

Shortly after takeoff, Rolke was invited to sit with the telescope
operator, who walked her through the telescope operation. Once the
telescope door was open, she assisted in the systems check, then
input the coordinates for the first object of the night and updated
them periodically. "It was really interesting to see the telescope move
when we encountered a little turbulence,’ she says. "However, in
reality it was the plane that was moving around the telescope”’

She later learned that she was the first AAA to operate the
telescope. Later in the flight, she spent time with the researchers,
who explained the instrument panels at their stations and the data
they were collecting using FORCAST, Cornell University's faint object
infrared camera for the SOFIA telescope.

Rolke also spent time in the cockpit with the flight crew, where she
learned about the engineering controls and flight path and got her
unforgettable glimpse of the night sky above the Pacific Ocean.

For the second flight, Rolke sat in the cockpit during takeoff. “None
of my prior flying experiences compared to this,’ Rolke says. " The view
was amazing, with the sun setting as we flew over Edwards Air Force
Base and saw where
the space shuttles
had landed. Later,
Las Vegas was visible
as a small, brilliant dot
in the desert”

In addition to the
flights, the AAAs met
with members of the
flight crew over dinner
to hear their stories and
toured the instrument
lab to learn about
SOFIA's  instruments.

Rolke’s winning mission patch design.
Photo courtesy of Susan Rolke.

Rolke sits in the mission director’s chair. Photo by Coral Clark,
SETI Institute.

"My time at NASA learning about SOFIA was an incredible
experience,’ Rolke says. "I gained so much knowledge to share with
my students. | only wish | had more time there to learn”

In addition to her AAA experience, Rolke has participated in
other professional development programs. In 2009 she attended
a weeklong field class in Makoshika State Park through Montana
State University (MSU) in Bozeman. The class is known as Dino
Camp to students in the science education master’s program. In 2011
she spent a week in Glacier National Park through another program
at MSU, and in 2015 she attended a three-day teacher workshop at
McDonald Observatory in Fort Davis, Texas, for which she took part
in workshops and night observations.

Rolke feels fortunate to have been able to pursue her interests and
bring back what she's learned.

“These professional development opportunities have allowed me
to develop a more cohesive, big-picture understanding of the world
around us and the ability to draw on examples from my experiences
when in the classroom,’ she says. "I confess that | get really excited
whenever | have the opportunity to share my experience on SOFIA.
That enthusiasm and excitement is contagious. Being able to speak
firsthand about the current research being conducted by SOFIA
makes science interesting and real to my students.’ ®
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During her SPS-NIST
internship, Valeria
Viteri-Pflucker helped to
develop and test a new
experimental technique to
measure nonlinear optical
properties in materials.
Photo by B. Hayes/NIST.

WHAT'S A PHYSICIST?
MY SUMMER AS A STUDENT INTERN AT NIST

by Valeria Viteri-Pflucker, 2022 SPS-NIST Summer Intern and Graduate Student, University of Rochester

t the age of 13, | had
firmly decided that
| wanted to be a

particle physicist, whatever
that meant. All | knew is
that | wanted to play with
| subatomic particles and
was particularly fascinated
by the idea of antimatter.

Veleria Viteri-
Plucker. Photo ~ Whenever I'd  tell my
by SPS. parents or friends this goal,

they'd inevitably ask what
a particle physicist does, since they'd never
met one. Amusingly enough, | didn't really
know either, but that didn't matter.
Fast-forward to where | am now. | earned
a bachelor's degree in physics from lllinois
Wesleyan University in May, and this fall,
| am beginning my graduate journey with
a PhD program in optics at the University
of Rochester. During the summer, | was
one of 16 students participating in the SPS
internship program in the Washington, DC,
area, and | was one of three stationed at
NIST. For many years now | have been trying
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to answer the question of what a physicist
does. This summer fundamentally shaped my
answer to this question.

Doing Physics

For my internship project, | worked with Jared
Wabhlstrand in NIST's Nanoscale Spectroscopy
Group, helping to develop and test a new
experimental technique to measure nonlinear
optical properties in materials. By optical
properties, | am talking about how the material
slows down and absorbs light of different
colors. By nonlinear optical properties, | mean
how this slowing and absorbing depends on the
intensity of the light. The experiment | helped
develop and test uses a form of holography,
a technique that records light waves and later
reconstructs them to measure small changes
in a light pulse's properties. It should yield
higher precision than other current methods,
extract information on a wide range of colors
in a single measurement, and work on very
small pieces of material.

When | think of optics, | usually envision
lasers, mirrors, and lenses scattered atop an

optical table (that's a table holding lots of
optical equipment while minimizing vibrations
that would disturb the experiment). Nowadays,
researchers are interested in placing all
those optical components onto a tiny chip, an
approach known as integrated optics.

The ultimate goal is to create miniature optical
circuits like the miniature electrical circuits that
revolutionized electronics by making possible
laptop computers and pocket smartphones.
Using photons instead of electrons as a
medium of communication opens doors for
even faster processing, greater bandwidth, and
lower amounts of signal loss.

Optical circuits contain important
components known as wave guides through
which light travels. Engineers want to select the
best-performing material to use as the wave
guides. A material's nonlinear optical properties
can enhance the functionality of the circuit
but can also be detrimental to its operation.
To choose the best material for the job and
to model these systems well, these nonlinear
properties need to be well measured. During
the summer, we were working on making those
precise measurements.



As a first material, Wahlstrand asked me
to measure the optical properties of gallium
phosphide, an orange/gray semiconductor
that shows promise in integrated optics. Its
nonlinear absorption properties have not been
measured at many wavelengths of light.

Our measurement is based on what is
called a pump-probe spectral interferometry
experiment. In a pump-probe experiment,
a short laser pulse excites a material and we
“probe” it with a white light pulse (which is
actually a lot of colors of light together) to
see what the energized material did with the
different colors of light. This technique allows us
to measure how much of each color of light was
absorbed and how much each color is delayed
by the excited material.

After a lot of work, we got the experiment up
and running! In gallium phosphide we observed
nonlinear absorption at the wavelengths we
expected, and the technique was sensitive
enough to measure very small effects. We also
saw nonlinear refraction, in which light pulses
experienced an extra delay due to the actions of
the pump pulse. The amount of delay depends
on the pulse’s color in a way that doesn't seem
to match a simple theory, suggesting a newly
observed optical effect or an unforeseen
problem with the measurement scheme.

Building confidence in the technique will
require doing measurements on other materials
whose nonlinear properties are well known.
Overall, the initial results are promising. If the
technique proves itself, it will be used on other
materials, particularly ones where large samples
are hard to make.

During the summer, | needed a lot of help
understanding how to use various laboratory
equipment and how such equipment works on
the inside, so | received one-on-one mentoring

in the lab to help me develop experimental skills.
That was what | really wanted for my summer,
and | had a great time in that regard. | also got
to learn about what some physicists do. | knew
physicists had to be fantastic problem-solvers,
but | hadn't truly witnessed that in action. In the
process of setting up and testing the technique
we developed, there were many obstacles. The
breadth of problems experienced was rivaled
only by the breadth of solutions tried, and
something went wrong every day—sometimes
every hour.

It wasn't only optics and physics equipment.
Virtually everything in the lab interfaces with
a computer in some way. Wahlstrand had
written code to have computers control other
computers, which in turn controlled a lot of our
lab equipment. Everyone in the lab must be a
little bit engineer, a little bit computer scientist.

Meeting Physicists

Of all the internship programs I've participated
in, applied to, or read about, the SPS program is
unique. The diversity of physics and astronomy
shines through. Each intern does something
completely different from everyone else, and
each works at a different place. Despite that,
we all live in the same dorm and share our
experiences. Collectively, we worked in science
policy, physics outreach and diversity, science
writing, the history of physics, physics and
astrophysics research, and machine learning.

What | witnessed from this group is that doing
physics means more than doing research. I'm
very happy with the work | did in the lab, but I'm
also glad | had the experience of thinking about
the education side of physics and the science
communication side of physics. It seems
physicists wear many hats.

The 2022 SPS interns pose with SPS staff at the American Center for Physics. Photo by SPS.

What Doesn’t a Physicist Do?

| think the confusion expressed by my friends
and family, and especially myself, about what
physicists do is much more justified than |
would have expected. Research scientists work
on a wide array of incredibly specific problems
throughout the course of their careers, and
all of them have developed their own unique
toolboxes to field the problems they have.

In addition, there aren't that many physicists.
Each year in the US around 9,000 people
earn an undergraduate degree in physics.
From there roughly half go to graduate school,
and half go to the workforce. A lot of graduates
go to the private sector for engineering or
computer software. Not surprisingly, we do a lot
of different things.

I'm very happy that this internship reaffirmed
that | really enjoy the research process. I've
been curious about nonlinear optics for a long
time, and this was the first time | got to interact
with it directly. I'm excited for the next chapter
in my life after NIST and am grateful for the
experiences it has afforded me. @

This piece is adapted from a blog post of the
same name published on Taking Measure,
the official blog of the National Institute of
Standards and Technology (NIST). Reprinted
with permission.

The SPS Summer Internship
Program

The SPS internship program offers 10-week,
paid positions for undergraduate physics

and astronomy students in science research,
education, outreach, and policy. The program
is made possible in part by the generous
contributions of Sigma Pi Sigma members and
friends.

Learn more and give at foundation.aip.org/
student-programs.html.

Get details and apply at www.spsnational.
org/programs/internships.

About NIST

Part of the US Department of Commerce,
NIST's mission is to promote US innovation
and industrial competitiveness by advancing
measurement science, standards, and
technology in ways that enhance economic
security and improve our quality of Life. Learn

more at www.nist.gov.
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CELEBRATING GLASS

by Brittney Hauke, PhD Candidate in Materials Science and Engineering, Penn State

t's the International Year of Glass (IYoG)!

The year 2022 was designated as such

by the United Nations to promote and
celebrate the rich history of glass, its value
to humanity, and the possibilities it holds for
the future.

Glass has played an important role in
human history for millennia. Glass beads
dating back more than 4,000 years have been
found in what was then Mesopotamia, and
glass vessels seem to have emerged in Egypt
at around 1,500 BCE. Glass has been and
continues to be vital to the advancement of
science and technology and the betterment
of life for humanity.

Through glass windows we can view
the outside world while staying safe from
the elements and predators. Glass bottles
preserve our food and beverages. Without the
development of glass lenses, many readers
wouldn't be able to make out the letters in
this article. And humankind would know
little about the universe at its largest and
smallest scales without the views provided
by microscopes and telescopes. Glass has
made lasting impacts on society through its
use in art and religion as well, in forms such
as glass blowing, bead making, stained glass,
and glazes.

Glass plays such a critical role in life today
that it's often overlooked. But then why
celebrate glass now, in 20227

“This year’s worldwide celebration of the
United Nations-declared International Year
of Glass—the only material in UN history
so honored—gives exceptional credence
to recent proclamations that we have

Brittney Hauke.
Photo by SPS.
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My Glass Research

Glass is a noncrystalline and
nonequilibrium material.
“Noncrystalline” means that it has
a long-range disordered structure,
while “nonequilibrium” means that

entered the Age of Glass and that glass is
the quintessential nanotech material,’ says
L. David Pye, emeritus dean and professor
of glass science at Alfred University and an
organizer of the IYoG.

Some scientists have dubbed the present
era the Glass Age because we're harnessing
the unigue properties of glass to tackle some
of the world’s most imminent problems.
Cutting-edge areas of glass research
include containing nuclear waste, making
safer batteries, biomedical applications
ranging from soft tissue regeneration to
implants and bone regrowth, electronic
and ionically conductive glasses, and more
durable glasses and glass ceramics. Glass
even helped slow the COVID-19 pandemic:
vaccine storage vials couldn't withstand the
storage temperatures required for COVID-19
vaccines, so novel glass ones were created.

Celebrations marking the IYoG have been
happening all year across the world. The
opening ceremony at the Palace of Nations
in Geneva, Switzerland, in February 2022
included presentations by glass historians,
scientists, artists, and engineers. In the
United States, the largest celebration was
the National Day of Glass Conference,
hosted in Washington, DC, in April. The
conference featured talks by experts in
the North American glass industry, the art
community, government agencies, and
educational systems.

Although 2022 is coming to a close, it's not
too late to celebrate! Take a class or watch
a demonstration of glass blowing or another
glass art form; visit a museum to see the

time scale, glass continuously

it can change the structure of a
glass, and thus its properties.

although it appears solid on a short

relaxes toward its supercooled liquid
state. | study this relaxation because

colorful history and evolution of glass; or
browse the resource list and check out the
latest on glass science. ®

A sodium
aluminosilicate

glass sample Hauke
synthesized.

Photo courtesy of the
author.

Glass Science Resources

« Physics World (June 2022), https://
physicsworld.com/a/celebrating-the-
international-year-of-glass-the-june-2022-
issue-of-physics-world/.

» ACerS Bulletin (2022), https://ceramics.
org/publications-resources/the-bulletin-
of-the-american-ceramic-society.

« Glass: Then and Now—historical journal
articles published by the American
Ceramic Society, https://ceramics.org/
gtan.

« |YoG opening ceremony, https://media.
un.org (search “International Year of Glass
2022"),

» National Day of Glass, https://ceramics.
org/event/national-day-of-glass.

« GEEX Talks 2022-2023: Expanded
Glass Histories, https://geex.glass/
programming/geextalks/.

My research focuses on relaxation

in glasses that are used for

industrial applications. We're trying

to better understand relaxation via
experiments and tie our findings back
to current theories.



GLASS AGES IN MATERIAL TIME

city and you're likely to hear the tale
that old cathedral windowpanes
appear uneven because over hundreds of
years, the glass has slowly flowed toward the
bottom of the pane. That story is just a myth;
such flow in silica would require at least
geologic time scales. But glassy materials,
molecular and otherwise, do slowly evolve
toward elusive equilibrium states—a process
known as aging. And because they're out
of equilibrium, the process is nonlinear
and history dependent, making the aging
system'’s behavior hard to model or predict.
Like many physical processes, however,
a glassy material's response can be linear
when it's subjected to sufficiently small
perturbations. In the 1970s, researchers
proposed that such a material's linear
response—which can be described by
existing theoretical frameworks—could also
be used to understand its hard-to-capture
nonlinear behavior. By their reasoning, if the
same thermal rearrangements were behind
the system's evolution in both regimes,
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by Christine Middleton, Physics Today

then the same response function should
describe both. But in the nonlinear regime,
the dynamics are slowed down and the
laboratory time must be replaced by a so-
called material time that proceeds at a rate
that reflects the state of the sample.

Subsequent theories have relied on the
material-time framework to connect linear
and nonlinear glass aging, even though the
existence of such a time has never been
directly validated by experiments. Now
Birte Riechers and coworkers at Roskilde
University in Denmark have made that
connection in a glass-forming molecular
liquid! After performing a series of careful
measurements to determine the material's
response to small changes in temperature,
they were able to accurately, and with no fit
parameters, predict its behavior after larger
temperature jumps.

In their first set of experiments, the
researchers subjected a thin layer of the
liquid to temperature jumps and tracked its
evolution after each one. They measured the
sample's capacitance at 10 kHz as a proxy for
its configurational evolution. The experiments
were time consuming because the sample
could take days or even weeks to equilibrate
after a jump. They were also precise: a Peltier
element kept temperature fluctuations to
less than a millikelvin, and an ultraprecise
capacitance bridge enabled resolution at the
level of a hundredth of a picofarad.

The researchers determined the sample’s
linear-response function by observing its
evolution after small temperature jumps of
less than 1K and as small as 10 mK. Then they
put the function to the test. The top graph in
the figure confirms that the researchers were

indeed observing the linear regime—the
change in the temperature (red) produces
a proportional change in the measured
capacitance (green)—and demonstrates
that the response function (black) could
predict the sample's behavior. The bottom
graph shows the prediction of the response
function after incorporating the material time.
The larger-amplitude temperature oscillation
brought the sample outside the linear regime,
but the prediction and data still closely agree.

Deviations between the data and
predictions began to appear when
temperature jumps reached about 2.5 K.
Based on that behavior, the researchers
believe the material likely has two nonlinear
aging regimes: an intermediate one, in which
the same relaxation mechanisms are at play
as in the linear regime, and a more extreme
one, in which other processes contribute to
the material's response. ®

For a more in-depth discussion of this research,
see the Physics Today article of the same name
that appeared in the May 2022 issue, https://
doi.org/10.1063/PT.3.4995.

Reference

1. B. Riechers et al., “Predicting Nonlinear
Physical Aging of Glasses from Equilibrium
Relaxation via the Material Time,” Sci. Adv. 8
(2022), DOI: 10.1126/sciadv.abl9809.

In honor of the International Year of Glass,

Radiations is pleased to share this Physics
Today article from March 29, 2022.

jade green in bright, direct light and when lit
from the front. When lit from the inside or
back, most of the cup appears blood red, with
the king's body taking on a slightly different
shade. This is an example of dichroic glass
and was created by adding nanoparticles of
silver and gold. Did the Romans know exactly
what they were doing, or is the effect due to
accidental contamination? Unfortunately, that
answer seems to have been lost to time.

Ancz’em‘
NANOTECHNOLOGY

by Brittney Hauke

The Lycurgus Cup is a fourth-century Roman
glass chalice that depicts a scene involving
King Lycurgus of Thrace. The cup changes
colors depending on how it's viewed: It appears

The colors of the Lycurgus Cup depend
on how it's viewed. Photographs ©The
Trustees of the British Museum.
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" TEAMING UP FOR CHANGE

by Kendra Redmond, Editor

t'sibeen two years since Radiations highlighted the work of TEAM-

UP, a task force convened by the American Institute of Physics (AIP)

to study why African Americans are dramatically and persistently
underrepresented in physics and astronomy! In 2020, TEAM-UP
published “The Time is Now," a report identifying two overarching
reasons for the disparity—historical injustices and unsupportive
environments—and calling on the community to at least double
the number of physics and astronomy bachelor's degrees awarded
annually to African Americans by 2030.2

Now, through a collective initiative called TEAM-UP Together,
SPS and other national physics and astronomy organizations are
pooling their resources and expertise to advance this goal. Currently,
the lead partners in TEAM-UP Together are AIP, SPS, the American
Association of Physics Teachers, the American Astronomical Society,
and the American Physical Society. They are also engaging important
and especially relevant organizations, such as the National Society of
Black Physicists in this work.

“We want to leverage the resources, tools, expertise, and
experience that all of these organizations bring to the community,’
says Arlene Modeste Knowles, the TEAM-UP Diversity Task Force
project manager. The organizations have worked independently on
many different projects to increase diversity in physics and astronomy;
TEAM-UP Together aims to harness their efforts for collective impact,
says Modeste Knowles.

The initiative has two main components: game-changing
scholarships for African American undergraduates majoring in
physics or astronomy and funding for departmental efforts that
yield successful outcomes for African American undergraduates
in those fields. In April 2022, the Simons Foundation and Simons
Foundation International awarded a $12.5 million five-year grant to
the AIP Foundation to implement this plan. Much of that money will
go directly to supporting students.

One of the key TEAM-UP findings is that “financial stress is
particularly high for many African American students given the
documented enormous racial wealth disparities in the US!" TEAM-UP
Together hopes to directly impact retention with $10,000 scholarships
for African American/Black students majoring in physics or astronomy
at accredited higher education institutions. The scholarships are for
one academic year, and awardees can reapply each year they're an
undergraduate for up to five years.

Scholarship applications are being accepted on a rolling basis
for 2022, and TEAM-UP Together will support up to 37 scholars
this academic year. The scholarships aim to ease the unjust burden
on African American physics and astronomy majors to balance
demanding coursework, time-consuming and often low-paying jobs,
and other obligations, says Modeste Knowles.

Another key TEAM-UP finding is that physics and astronomy
departments are often unsupportive environments for African
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The Proportion of Physics Bachelor's Degrees Awarded to African
Americans and Hispanic Americans, Classes 1994 to 2020
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An increasing percentage of African American students are earning
earning bachelor’s degrees in the US, but the percentage earning
physics and astronomy bachelor’s degrees has remained persistently
and inexcusably low. Credit: The AIP Statistical Research Center.

American students. TEAM-UP found that fostering a sense of
belonging and physics identity among African American students
is vital to keeping them in the major, as is effective teaching and
use of a strengths-based (rather than deficit-based) approach
to academic support.

Sincereleasingits findingsin 2020, TEAM-UP has been educating
departments on how to better support African American students.
Teams from nearly 50 US physics and astronomy departments have
committed to creating more supportive environments for African
American students, attending TEAM-UP implementation workshops,
and developing strategic action plans to improve outcomes for
African American students in their departments. TEAM-UP Together
will build on this work and offer financial support for effective
departmental efforts and programs. The lead partners are currently
inventorying their resources and formulating a cooperative approach
to supporting programs that improve outcomes for African American
students. More details on their efforts will be forthcoming.

The underrepresentation of African American students in
physics and astronomy is “not a matter of their capability, it's




For every 100 physics bachelor's degrees awarded at 742 physics
departments in 2016, only 4 went to African Americans
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a matter of resources and encountering people and environments
that are barriers to participation,’ says Modeste Knowles. She says
that some students are discounted from these fields in introductory
classes because they don't come in with a strong math and science
background—but that's no fault of their own, it's often a result
of structural inequality and racism. The academic community
needs to change its mindset to one of nurturing the curiosity and
potential of interested students and making it a priority for them to
succeed in the majors. “But until we change hearts and minds, we
need to start changing policies, procedures, and practices,’” says
Modeste Knowles. ®

References
1. K. Redmond, “A Problem with Physics,” Radiations, Fall 2020, 11,

www.sigmapisigma.org/sigmapisigma/radiations/fall/2020/problem-

physics.
2. TEAM-UP, The Time is Now: Systemic Changes to Increase African

Americans with Physics Bachelor’s Degrees in Physics and Astronomy (College
Park, MD: American Institute of Physics, 2020), www.aip.org/diversity-

initiatives/team-up-task-force.

TEAM-UP Together Scholarships for African
American/Black Undergraduates

Applications for $10,000 TEAM-UP Together scholarships
are being accepted for the 2023-24 academic year.

Application deadline: March 15, 2023.

Awards are for current African American/Black
undergraduate students who are physics or astronomy
majors or prospective majors at accredited US colleges
and universities.

Scholarships will be awarded based on need and
commitment to pursuing a bachelor’s degree in
physics or astronomy.

Students are welcome to reapply each year they
are eligible.

Funds are for tuition, fees, books, supplies, and
equipment necessary for pursuing a bachelor’s degree.

For details and to apply, visit
www.spshational.org/scholarships/teamup.

TEAMUP TOGETHER

Team up with TEAM-UP

You can help make physics and astronomy more supportive
of Black students, even if you're not currently in a department.
Below are some ideas—if none of them resonate with you, draw
on that problem-solving nature to come up with more!

Educate yourself

Read the TEAM-UP report and watch archived TEAM-UP
webinars that dig into its findings. Both are available at www.
aip.org/diversity-initiatives/team-up-task-force.

Educate others

Share the TEAM-UP report with others in the community who
might benefit from its findings and recommendations.

Promote the TEAM-UP Together scholarship

Share TEAM-UP Together scholarship information with your
alma mater, local departments, undergraduate interns at your
workplace, and local high school physics teachers. Encourage
eligible students you know to apply at www.spsnational.org/
scholarships/teamup.

Support your colleagues of color

Suggest colleagues of color for Member Spotlight and Hidden
Physicist features in Radiations by emailing sps@aip.org and
for other recognition opportunities.

Check in with physics and astronomy departments

While sharing information on the TEAM-UP Together
scholarship, ask questions: Do you have any faculty of color?
Do you have any students of color? What efforts are underway
to improve the department culture and recruiting efforts to this
end? What help do you need?

Reach out to historically Black colleges and
universities (HBCUs) and predominantly Black
institutions (PBIs)

Do you have relevant internships or job opportunities? An
interesting career story or research finding? A cool lab?
Expertise in Python, machine learning, spectroscopy, or another
skill or tool? Contact physics and astronomy departments and
offer to give a talk, host a workshop, or lead a lab tour, in person
or virtually.

Voice your support for TEAM-UP Together

If you belong to a TEAM-UP Together lead partner organization
(SPS, AAPT, AAS, or APS), send them a note of support and ask
how you can help, or send a letter to the editor of one of their
publications to show your support more publicly.

Look at your own spaces

Look around, whether you're a department chair, business
owner, principal investigator, community group leader, board
member, or teacher. Are there people of color in your spaces?
Are your communities supportive of them and considering the
impact of institutionalized racism? If the view is homogenous,
evaluate why and initiate change. Reading the TEAM-UP report
is a good place to start.
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Sigma P1 Sigma Chapters! ’

Kalamazoo College (M) University of Alabama at Birmingham Saint Mary'’s College

Chapter #585, founded May 19, 2022 Chapter #586, founded April 8, 2022 - Notre Dame (IN)

Founding members: Jonah Beurkens, Linh Founding members: Isaiah Joel Coley, Rachel Chapter #587, founded May 13, 2022

H. Dao, Eli Edlefson, Joseph Dongwon Day, Tharon Holdsworth, Anthony Knighton, Founding members: Claire Alonzo, Kerrie
ﬁ Jung, Arman Khan, Claire Kvande, Matthew Fahad Nadeem, Claudia Nardone, Syed Raza, Anne Koller, Lea Bin Markowski, Kyra

Nelson, Kate Roberts, Carter E. Wade, and Keston Smith, Sarah G. Van Winkle, and Obert, and Sarah Palmer.

Elias Wennen. Hannah York. Photo courtesy of Brad Conrad.
0 courtesy of Brad Conrad. Photo courtesy of Brad Conrad.
@
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Purdue University Northwest (IN) Florida Polytechnic University
. Chapter #588, founded April 29, 2022 Chapter #589, founded May 3, 2022
Founding members: William Feithen, Founding members: Addam J. Ben-Abdallah, Louis
Brandt Fraser, Raul Garrido Garcia, Ferreira, Alexander Gage, Brennan Halsey, Nicoleta
Kristin Swartz-Schult, and Hickman, Daniil Ivannikov, Matthew Knitter, Tyler
5 ‘ Brittney Vroom. Matos, Ethan Montero, Joseph Pusateri, Manimegalai
Photo courtesy of Brad Conrad. Ramamourty, Antonio Ruotolo, Sima Saeidi, Sebastian
v Sage, and Sesha Srinivasan.

Photo courtesy of Sesha Srinivasan.




Hidden Physicist

THE ENVIRONMENTAL HEALTH ENGINEER

by Tom Jenckes, Research and Development Department,
Pacific Gas & Electric Co., and Associate Professor of Business, Argosy University (Retired)

Tom Jenckes. Photo courtesy
of Jenckes.

| enlisted in the US Navy nuclear submarine

program in 1960. It required three years of
college-level sciences, and for that | was sent to
Nuclear Power Training School in New London,
Connecticut, where | learned that | could do
physics, chemistry, and higher math. Then it was
on to a nuclear power submarine training facility
in Windsor Locks, Connecticut. While stationed
there | went to night school at the University of
Hartford and majored in electrical engineering.
After two years | was sent to the submarine
USS Skate (SSN-578). Within six months the
Skate entered the Norfolk Naval Shipyard for
refueling. While there, | continued my education
at Old Dominion College and signed up for
a prerequisite Physics 101 course.

My professor had just completed his
physics doctorate at the College of William &
Mary. Boy, did he ever open my eyes to all the
wonderful facets of physics! He instilled in me
an excitement for physics that changed my path.
When | was discharged from the Navy, | went to
the University of Rhode Island (URI) to complete
my bachelor’s degree, which | did in two years.

At URI | served as president of the Society of
Physics Students. While in this role, | arranged
field trips for the group. One trip took us to the
US Food and Drug Administration (FDA) lab
in Natick, Massachusetts, where we observed
techniques for irradiating food to prolong shelf
life. That's where | learned of a master's program

| n high school | avoided the "hard” sciences, but

in health physics at Temple University. | applied
and began the program, which was sponsored
by the US Public Health Service, in September
1969. Opportunities opened up, and | was able
to garner fellowships to continue my studies at
Temple. That field trip to the FDA lab opened up
a career for me.

Once | completed my doctorate in
environmental health, | worked at Metropolitan
Edison in Reading, Pennsylvania. In 1978
| became a supervisor in the radiation safety
and environmental engineering group at the
Pacific Gas & Electric Company (PG&E). There
were four of us initially. Our main responsibility
was to procure an environmental technical
specifications license for PG&E from the Nuclear
Regulatory Commission (NRC). We were excited
to have such an important role and hired top-
notch consultants to ascertain the environmental
impacts of our unit. My physics training prepared
me to take on this huge endeavor, and a year
later our company received an environmental
operating license from the NRC! People from
other power companies came to see how we
accomplished such a big job in such a short time.

The culmination of my career was designing
the research and development program at
PG&E, which | was able to develop thanks to
the physics skills | learned. My advice to physics
students: Think big! Physics trains you to have
broad horizons. ®

Sigma Pi Sigma | The Physics and
Astronomy Honor Society

Join our online community and network
with other Sigma Pi Sigma members!

Linked[[})

FALL 2022 RADIATIONS 21




Hidden Physicist

THE ECONOMICS PROFESSOR

by Hannah Gabriel, Assistant Professor of Economics, California State University, Sacramento

Hannah Gabriel. Photo courtesy
of Gabriel.

was cruising along as a physics major in

college, thinking I'd eventually get a PhD in

physics, when | decided to add an economics
minor. Then | started really liking my economics
classes. A lot. | remember thinking, This is
something that I'm very good at and that comes
very naturally to me. What do | do now?

Physics and economics have a lot in common.
Both use rigorous mathematics to study real-
world problems, and both use logic and model
building to explain complex phenomena. Both
explore broad, abstract concepts.

Ultimately, | decided to pursue a PhD in
economics, in part because | liked the social
science aspect of studying human behavior.
I'm not the only one to travel this path. Other
physicists have transitioned to economics
(although it's much less common to go in the
other direction!). In economics, someone with
a physics background is recognized for being
familiar with rigorous mathematics and thinking
broadly about the world.

| took a gap year before graduate school
to take some additional math and economics
classes and then started working toward my
PhD. The first year of economics grad programs
focuses on foundational math. It's far removed
from typical economics research and extremely
challenging, but | was just as well prepared as
everyone else. One of the fun, unique things
about economics is that you don't necessarily
need a bachelor's degree in economics to get
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a PhD, but you need to have a strong
math background.

I'm an applied economist specializing
in international economics and how
economies change. | look at globalization:
the rise of multinational firms, the
differences between multinational firms
and domestic firms, and multinational
banks and international banking. For
example, | have a paper that examines how
an international bank becoming a domestic
bank impacts the firms that are borrowing
money from that bank!

The paper focuses on a banking turnover
that happened in Hungary and examines
how that event affected Hungarian
firms. Economists call this a natural
experiment—an event that is not controlled
by researchers but can still be studied
academically. Natural experiments are
different from experiments in the physical
sciences, where researchers often carefully
control the setup and execution. | can't
control who's buying and selling banks in
Central Europe, but | can follow along with
current events and say, “l have historical
data that might reveal the downstream
effects of this’ We can abstract from
our studies of specific events to provide
policy = recommendations,  cautionary
tales, or other takeaways for today's
decision-makers.

Applied economists don't usually collect
their own data. Some conduct surveys,
but good survey design is its own skill.
We primarily use public data sets or
anonymized administrative data from
banks, firms, states, countries, or other
entities. We might partner with an entity or
reach out in hopes that one is interested
in being studied and will send us its data.
Finding data is half the battle in economics.
If there's something you want to study, you
can only move forward if the data exist and
the data steward is willing to share them
with you.

| became an economics professor in
fall 2020, so my first semester of teaching
was completely online and in the middle
of the pandemic. Teaching classes has

a steep learning curve, but I've found that
it gets easier with time. The experience
is rewarding, especially when you see
students grasp a complicated subject. |
love hearing from students who have taken
one of my classes about what they're up to
now and the cool internship opportunities
or job interviews they've had.

While | conduct research year-round, |
do a lot of research during the summer or
during January term, when I'm not teaching.
I love the flexibility and freedom to study
whatever problems I'm interested in from
anywhere. Unless we have a large data
set that needs high-powered computing,
economists can work anywhere with a Wi-
Fi connection. Most of us don't need labs
and, for the most part, are less reliant on
grant funding than physics researchers.

To the physics students out there,
my advice is to stick with the degree. A
bachelor’'s degree in physics is one of
the most versatile degrees out there. It
signals that you're a smart and quantitative
problem solver, which is useful in any job. If
you don't want to be a traditional physics
professor, you can cast a very wide net in
your job search. You're more qualified than
you think you are.

If you like physics research but are
interested in studying the human aspects
of current events, consider going into
economics or other social sciences. It's
not all about finance. You can study the
economics of education, labor, industrial
organization, and so much more. It's a very
engaging discipline.

| was inducted into Sigma Pi Sigma as
a physics major at Lawrence University.
| learned last week that you still get to
call yourself a physicist even if you pivot
careers. It's nice to have reassurance that
being a physicist never goes away. ®

References

1. “Multinational Activity and Banking: The
Effects of Ownership Status on Exporters”

is available at sites.google.com/a/msu.edu/
hannahcgabriel/research.




Elegant Connections in Physics

Coupled Oscillations in Diverse Phenomena

Part 2: The ammonia molecule as a quantum two-state system
by Dwight E. Neuenschwander, Southern Nazarene University

Part | of this article appeared in the Spring 2022 issue of Radiations and is
available at www.sigmapisigma.org/sigmapisigma/radiations/issues/spring-

In the Feynman Lectures on Physics, Richard Feynman
elegantly takes the reader through a set of quantum-
mechanical two-state systems. One of them models the
location of the nitrogen atom in the ammonia molecule
NHs [5]. It's an important example, because those two
states are at the heart of the ammonia maser, the 1953
precursor of the laser. The point to be made here
emphasizes that this quantum two-state system (and
Feynman’s other two-state examples) is mathematically
similar to the coupled mechanical oscillator problem. Let's
examine the ammonia molecule problem along the lines
of Feynman’s approach. We keep in mind that a quantum
state |¢) contains complex numbers, so to get positive-
definite probabilities, its square is Y'Y = |Y|?> = (YY),
where " denotes the complex conjugate of .

The architecture of the ammonia molecule features the
three hydrogen atoms lying in a plane, with the nitrogen
atom found on either side of the hydrogen-atom plane, as
in Fig. 4.

-
LT L7 @2 M

Figure 4. The structure of the ammonia molecule. The N atom
can be on either side of the plane of hydrogen atoms. All figures
by the author.

Let state |1) denote the molecule’s state when the
nitrogen atom is “above” the plane, and let |2) denote the
state when the nitrogen lies “below” the plane. States |1)
and |2) can be given the matrix representations of Egs.
(23a) and (23b), respectively. As a complete set of
orthonormal vectors, |1) and |2) form a basis of any
arbitrary state [¢) that describes the location of the
nitrogen atom relative to the plane of three hydrogens, so
that

W) = ¥il1) + ¥,]2). (27)

The nitrogen molecule can jump across the plane of
hydrogen atoms, from state |1) to state |2) or the reverse,
or if in state |1) or |2) it may stay there. Let H be the

; = " 2022. Numbering in Part Il continues from Part |.

Hamiltonian for the nitrogen atom to either make a
transition or remain in place. The probability amplitude for
making the transition from state |1) to state |2) will be
(2|H|1) = B, where by symmetry (1|H|2) = B as well;
and let the probability amplitude for the nitrogen atom
staying on one side of the plane of hydrogen atoms be
(2|H|2) = (1|H|1) = a. The evolution of the nitrogen
atom’s behavior is described by the Schrédinger
equation,

Hlp)y = -2 (28a)

i odt

or, with the matrices written out explicitly,

a B ¢1) _ _ﬁ(a¢1/at)
(s o) ()= = Gopnroe (280)
[compare to Eqg. (10)], which splits into a pair of coupled
equations:

h

o (28c)

alpl +.8¢2 =

and
_hab,
i ot

By + ayp, (28d)
Other than the names of the variables and the order of the
time derivative, Egs. (28c) and (28d) describe essentially
the same system as the coupled oscillators of Egs. (2).
Therefore, in following the same procedure (forming the
sums and differences of 1, and i, solving the problem
for those combinations, and then inverting) and with the
initial condition 1, (0) = 1 and ¥, (0) = 0, we find

Y, () = e”/Mcos (%) (29a)
h,(t) = ie@ /Msin (£). (29b)

Consequently, the probabilities P+ and P2 of the nitrogen
atom being in state |1) and state |2), respectively, are
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Py = [ = cos? (&) (30a)

Py = [ol? = sin? (%), (30b)

Notice that P+ + P2 = 1 at all times, as required if the
nitrogen atom is to remain part of the ammonia molecule.
But it will be observed from Eqgs. (30) that P1 and P2 are
time dependent—1), and v, are not “stationary states.”

Figure 5 shows plots of P1(t) and P(f) as functions of time.
The probabilities oscillate with a period T = %h.

pw g (t)

|

t=a

Figure 5. lllustration of the P1(t) and Px(t) states.

Figure 6 shows the same information in another way:
“clouds” or “balloons” that contain the probabilities for the
nitrogen atom being in state |1) or state |2) at different
times.

g

Figure 6. lllustration of how the probability of the nitrogen atom
being above or below the plane of hydrogen atoms varies in time
through one period. The shaded regions indicate a relatively
high probability of locating the N atom.

At the risk of being repetitive, because the probability
oscillates, the states i, and i, are not stationary
states—i.e., not eigenstates, not normal modes of the
nitrogen atom’s motion in the NHs molecule. Let’s find
those eigenstates!

To find the eigenstates |y, ) of the nitrogen molecule in
this system, we seek states with harmonic time

dependence,
iEt

o) = (31) et = 14 (31)
2
(compare to Eq. (14), where
E = ho, (32)

and |4) is time independent; therefore (¥ |1, )| is time
independent. The probability distributions for these states
remain constant in time—analogous to how the normal-
mode oscillations of the coupled oscillator remain steady
in time, or how a single standing wave mode in musical
acoustics does not change.

24 RADIATIONS FALL 2022

To proceed, insert the ansatz of Eq. (31) into the
Schrddinger equation, Eq. (28a), to obtain

(5 0w =i (330)
or
(a 8 ’ a g E) |4) = 10). (33b)

To obtain nontrivial solutions, set the determinant of the
square matrix equal to zero, which gives

E=a+p =E,. (33c)

A radiative transition between these two eigenstates, with
their energy difference E,—E_ =28~10"*eV,
produces photons in the microwave portion of the
electromagnetic spectrum [5]. This energy gap is
responsible for the population inversion in the ammonia
maser.

Having found the eigenvalues, we turn to the
eigenstates. We start with E, = a + . Upon inserting this
into Eq. (33a), we find for its corresponding normalized
eigenstate,

1 .
i) = (3) e erPen (34a)

Similarly, for the eigenvalue E_ = a — 8, we find for its
eigenstate

_ 1 (—1\ __ia-pr/n
) = 5(7))e . (34b)
You can easily verify that these eigenstates are
orthonormal and satisfy the completeness relation for all
L.

[ XY, I+ [ Yp_| = 1. (35)

Notice (and this was the point of finding eigenstates)
that the respective probabilities of finding the nitrogen
atom in |y, ) or state |_) are constant in time:

Po= [, 1p)]" =% and P = [(W_|y_)|" = %.

(The fact that P, and P_ happen to be the same merely
reflects the symmetry of the nitrogen atom’s placement
above or below the plane of hydrogen atoms.) Thus the
“clouds of probability” remain the same for the eigenstates
for all times (Fig. 7); they are analogous to the electron
orbitals in the hydrogen atom.

.o
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Figure 7. Shapes that enclose the probability of the nitrogen
atom’s whereabouts when it’s in a stationary state.



Since the original [1), |2) vectors form a complete set,
the eigenstates can be expressed as a superposition of
them:

,) = L (1) e-i@+pt/h

vz \1
= %(m + |2))e i@tBre/h, (36a)
and
I e ST
y-) = ﬁ( 1)e

= (-1 +[2)en PR (36b)

If we think of |1) as the x-axis i and |2) as the y-axis j
basis vectors in a two-dimensional abstract “state space,”
then by Egs. (36) the transformation from the {|1),]2)}
basis to the {|y, ), |@_)} basis corresponds to a clockwise
rotation through 45° (Fig. 8).

Figure 8. A change of basis as a rotation of axes.

The Hamiltonian matrix in the {|1), |2)} basis had nonzero
off-diagonal terms. If we rewrite the Hamiltonian matrix in
the eigenvector {|y.),|¥_)} basis, then H becomes
diagonal and the diagonal elements are the eigenvalues.
Let’'s see how this feature emerges.

Any set {|n)} of orthonormal basis vectors (eigenvectors
or otherwise) respects the completeness relation, for
which

1=3%,In)nl. (37)

Any vector [y) in the space can be expressed as a
superposition of basis vectors. To carry this out, multiply
the completeness relation from the right by |y):

) = ) )l

= 2n Culn) (38)

where

cp = (n|Y). (39)

The state vector |y) has now been projected onto the
{|n)} basis set. Such a projection can also be done with
the Hamiltonian matrix, as in Feynman’s ammonia

molecule problem. First, recall that in the notation for a
matrix element such as H,.., the first index r identifies the
row and the second index c¢ identifies the column in which
the matrix element stands. Notice from the Hamiltonian
matrix of Eq. (28b), expressed in the context of a |1), |2)
basis, that

(1|H[1) = (1 0) (Z g) (g)=a=Hy  (40a)

iy = a oy B () =p=m. @)

and so on. More generally, for any basis vectors |n) and
[n") that belong to the same complete set,

Hy = (n|H|n'). (41)

So the matrix representation of the Hamiltonian in the

{.), [W_)} basis is

WulHIWs)  @PeHRP_) _ (Hes Hyo
(<¢—IHI¢+) (¢_|H|¢_))_<H_+ H__)' (42a)

Working out the four matrix elements gives a diagonal
representation with the eigenvalues on the diagonal:

H,, H+_) _ (a+ﬁ 0 )

(H_+ 0)= (00 olp) e
In general, the transformation from a representation of a
matrix M in one basis set {|n)} to its representation M’ in
another basis set {|y)} is a “similarity transformation,”

which can be efficiently developed by inserting the unit
matrix twice, in the form of the completeness relation:

M, = (yIMly')

IIM1ly')

= (1) @M Y ) )

=%, M ly),  (433)

or, more succinctly, for the matrices themselves,
M = ATMA, (43b)

where / denotes the matrix of transformation coefficients,
Ay, = (n]y),and At denotes its Hermitian conjugate, the
“adjoint” (the transpose and complex conjugate of A).

References

[5] Richard Feynman, Robert Leighton, and Matthew Sands, The
Feynman Lectures on Physics, vol. lll, chap. 9 (Reading, MA: Addison-
Wesley, 1965).

Editor’s note: This article was updated on Feb. 6, 2023, to correct formatting errors.
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Fabrizio E. Vassallo

DePauw University
Taha Babar

Kate Cowger

Madeline E. Humphreys
Akane Inoue

Kristina Mikhailova
Benjamin Wilkerson

Dickinson College
Emma Behta
Kyle Gimmy

Drew University
George Adamson
Kevin Wayne Lagerquist

Duquesne University
Grace Barner

Hannah Valenty

East Carolina University
Susana C. Lujan Bascha
Jennifer Fulcher

Eastern lllinois University
Saul Garcia

Nathan J. Logan

Patrick J. Mallaney
Michaela Joy McBride
Aaron W. Stewart

Eastern Kentucky
University

Jon Mills

Garrett Paulin

Axel Quintanar-Pena

Eastern Michigan
University

Mark D. Fluegemann
Colin Goodman
Surabhi Jaiswal
Savannah Lyons
Joanne Martinez
Punom Roy

Rebekah Aili Sebok
Xhon Shameti

Elizabethtown College
Lauren Frances Comly
Colin Elliott

Mary Catherine Huebler

Elon University
Paloma Dettloff
Casey Obaytek
Aidan Tierney
Thomas Vivona

Embry-Riddle
Aeronautical University
-AZ

Marina Bethann Beltran
Lauren Bryan

Caleb Colucci

Alvaro Flores

Yuka Lin

Thomas Meyers

Kenna Nagler

Caitlyn Ooms

Clarissa Pavao

Megan Peatt

Dymetris Ramirez
Hayden West

Emory University
Allison Grace Cartee
Sergio Eraso

Willem Goedecke
Noah Michael Greenfield
Pulkit Gupta
Chenhao Hu
Sumedh K. Khanolkar
Lauren Kolodge
Steven Kuhn
Benjamin Lonial
Jacob Marcus

Josh Peacock

Yishen Shen

Kristina Trifonova
Nandish Vora
Shiyuan (Jim) Wang
Lucas Edward Werner
Zerui (Rex) Xu

Lizhe Zhang

Jedidiah Zhu

Fairfield University
Shamrock Barrera

Jack W. Devlin
John Arthur Fee
Jordan Hamilton

Nicholas Richardson

Florida International
University

Santiago Aguirre

Clare E. Bennett

Soichi Ystokazu Gomez
Alejandra Granados
Chloe Hampson

Kevin Jenkins

Brandon Roldan Tomei
Nicolas Alexander Samudio
Alan Sosa

Gema P, Villegas

Florida Polytechnic
University

Addam J. Ben-Abdallah
Louis Ferreira
Alexander Gage
Brennan Halsey
Nicoleta Hickman
Daniil Ivannikov
Matthew Knitter

Tyler Matos

Ethan Montero

Joseph Pusateri
Manimegalai Ramamourty
Antonio Ruotolo

Sima Saeidi

Sebastian Sage

Sesha Srinivasan

Florida State University
Shelby Arrigo
Peter McGoron

Fordham University
Uziel Dominguez Carrera
Komal Gulati

James List

Jacqueline Elizabeth Maker
Amanda Ojeda

Nico Padua

Matthew Skrzypek

Franklin & Marshall

College

Alicia Eckley

Addison Richard Kovats-
Bernat

Duyen Nguyen

Nathan Y. Wong

Wenke Xia

Furman University
Benjamin Hale
Shelby Maier

Rhett Sessions

Georgia Institute of
Technology

Joseph Andress
Mikias Belante Balkew
Jordan Bogdan

Justin Coleman

John Lewis Corker
Luke Duddles

Martin M. Jarrio
Alan E. Kohler 11T
Joshua Margolis
Michael Mckenna

Chesson Sipling

Xin Xiang

Georgia Southern
University

Jacob Adams

Pooja Bhatt

Charles Brantley Henry
Andie Smith

Stephen G. Thomas
Sean Travis

Armando Vega-Colon

Georgia State University
Marco Aguilar

Zo Chapman

Peter Kim

Anthony Koutroulakis
Ryan Parkhill

Westley Neal Willams

Gettysburg College

David DeAngelo

Alyssa Lee Miller

Anh D. Nguyen

Helen Lawrence FuTai
O’Neill

Mohammad Farhan Rawnak

Danielle Sicotte

Daniel Tate

Danielle Wallace

Gavin Walmer

Grove City College
Luke Althoff

Brynn M. Graybill
Samuel Hertzer
Nathaniel Stuyck

Gustavus Adolphus
College

John DeGonda
Alexandru C. Florea
Noah Frese

Luke Haddorff
Bryce A. Knutson
Maya Lengvenis
Zane Michael

Justin Joseph Portner
Adam Jared Ward
Ana Zaalishvili

Henderson State
University

Nathaniel Bright
Kimberly Kristen Harper
Ryan Vaught

High Point University
Lorenzo Botter

Gianna DiGiacomo
Panagiota Perdikis

Hillsdale College
Shadi Bedoor
Avery Buchanan
Muslema Pervin
Henry Thurston

Hofstra University
Jared Dans

Matthew Gopaulchan
Ronja Martine Olsen
Angelo Patrizi
Andrew Tarabokija

Hope College

Miguel E. Castelan
Hernandez

Blake D. Harlow

Nathaniel M. Jobson

Belen Monteagudo

William N. Vance

Howard University
Victoria Adebayo
Cade Boggan
Carissma McGee
Myles Pope
Jon-Edward C. Stokes

Illinois State University
Evan Baker

Dylan Chambers

James DiCaro

Benjamin Doiron

Colin Hobart

Grant D. Kaufman
Russell Roberts

Jeffrey Rosauer

Indiana State University
Ahmad Ahmad
Sean Galminas
Victoria Kelp
Robert Meadows
Jarett M. Posz
Travis Reiner
Gregory M. Siner
Antonio Tamayo
Conner Walts
Mallory Wilson

Indiana University South
Bend

Seamus Cash

Emilee Edmonds

Preston Porter

Ithaca College
Jackson Becker
Tyler Kaplan
Eli Robinson

Jacksonville University
Guangyao Chen
Jack Terrell

James Madison
University
Andrew Balbuena
James Clabough
Kristen Elise Johnson
Cory Jones
Elizabeth Koehler
Audrey Lindsay
Daniel J. Rossi
Kusha Soltani
Jon Tammaro

John Carroll University
Kevin Kowalski

Caroline Kuczek

George Pantelimon

Juniata College
Elyzabeth Graham
Alexander J. Petroski

Kalamazoo College
Jonah Beurkens
Linh H. Dao



Eli Edlefson

Joseph Dongwon Jung
Arman Khan

Claire Kvande
Matthew Nelson

Kate Roberts

Carter E. Wade

Elias Wennen

Kenyon College

Sarah Ashkar

Jeremy G. Baier

Dickson Boahen

Andrew Chandler Everett
Alex Felleson

Mason Fishell

Jason Madison

Spencer Pruett

Akarys Yegizbay

Kettering University

Gabriel Johnson

Sivanesan Kaniyur
Muruganandam

Lafayette College
Connor McAtee
Henry Steinthal

Lawrence Technological
University

Reinali Calisin

Andrea Houck

Cristina Wallace

Lawrence University
Alexandra Chand

Miles Cochran-Branson
Raisa Fatima
Jacqueline McShan
Andrew Shanahan

Aiastan Sherniiazov

Lebanon Valley College
Brandon Bauer
Olivia J. Magneson

Lewis & Clark College

Linus James D’Angeli-
Brogan

Evan Eldridge

Mari Johnson

Connor James Robertson

Meghan Josephine Feeley
Sheldrake

Longwood University
Daniel Haynes
Stephen O’Connor

Louisiana Tech
University
Ethan Jamerson

Loyola Marymount
University

Alexander Richard Moore
William Schouten

Loyola University
Maryland

Brian Patrick Hess
Kenneth Marcelino

John Berkeley Rich

Loyola University - New

Orleans

Jonathan Rene Andino
Moncada

Chad Hill

Hannah Supranowicz

Luther College
Joshua A. Muller
Samuel Wilson

Lycoming College
Yasameen Almsari
Samuel Joseph Broadwell
Vijai Budhun
Amber J. Elinsky
Cameron Forney
Maha Soojaysingh K.
Jhugaroo
Athena Kazmierczyk
Charles J. Schillaci
Priktish Rao Suntoo
Jason Von Culin

Lynchburg College
Noah Baumgartner
Lauren Thomas

Marietta College
Lillian Daneshmand
Kyle Jacobs

Darin Skidmore

Marquette University
Rick Boyd

Hugh Church

Audiel Perez

Rory Ravenscraft

John Valla

Zachary VanSickle

Ryan York

Marshall University
Aidan Payton

Massachusetts Institute
of Technology
Kiara Carloni
Chang-Han Chen
Shiqi Chen

William Cuozzo

Jack Dinsmore
Swapnil Garg

Letong (Carina) Hong
Sihao Huang

Tiffany Y. Huang
Lenna Kanehara
Robert Koirala B.K.
Serhii Kryhin

Jesus Lares

Keiran Lewellen
Andrew Y. Lin
Chih-Wei Joshua Liu
Karna Morey

Pranav Murugan
Quynh T. Nguyen
Mikael Nida

Elena Romashkova
Pedro Sales Rodriguez
John Shackleton
Alexander Smith
YuQing Xie

Muye “Willers” Yang

Yuan-Chen Yeh
Jeffery Yu
Lily Zhang

McMurry University
Kaylee Berdoll

Messiah College
Nathan Branson
Hanna Michelle Pavill
Ryan Thurber

Miami University
Morgan Davies
Christopher John Larson
Brandon Reese

Scott Wenner

Daniel Wingert

Noshin Yesmin

Middle Tennessee State

University

Ibrahim Abualrob

Noah Byrge

Luke Gormsen

Christopher Meherg

Steven Rhodes

David Swezey

Janelle Valdez

Carina Noemi Vazquez
Nunez

Quinn Wilson

Millersville University

Matthew Scott Baker

Antonio Guiseppe

Shawn P. Hower

Justin T. Koh-Swineford

Colin Myers

Noe Andres Oberholtzer
Hess

Jennifer Rittenhouse

Minnesota State
University Moorhead
Lucas Clark Burnette
Jacob Karsten

Alex Niemi

Nathan Rons

Mississippi State
University

Liam Elkington
Joseph Frascogna

Missouri Southern State
University

Karisa Boyer

Paige Mashara Lewis
Ashley Stokes

Missouri University of
Science & Technology
Steven Karst

Andrew Niiro
McGowan Toombs

Moravian College
Gabriel Crouthamel
Alexander Gerra
Michael Lerch
Matthew Perez
Justin Szaro

Cecilia Zimmerli

Morgan State University
Eden Duncan-Smith

Kurt Kalvin Kennedy
Aaliyah Marshall
Mohammedali Mohamed
Sarai Maria Edell Rankin

Mount Holyoke College
Kebing Bi

Jingyi Dai

Ruozhen Gong

Mariia Klymenko
Alexandra Rebecca Moreno
Ollie Protano

Lucille Sternberg

Abigail Tadlock

Murray State University
Natalie Austin

Nebraska Wesleyan
University

David Khang Duong
Xander Schmit

Drew VunCannon

New Mexico State
University

Logan Antiporda
Lucas D. Garcia

Jorge Marquez Chavez
Luke Myers

Paloma Winnikoff

New York University
Ruihao Li

Yuelong Li

Andreas Tsantilas
Runjie Yi

North Carolina State
University

Adem Bektic

Ayesha Darekar
Hunter Duggin

Paul Ferrante
Madison Foley

Anne Graf

Benjamin G. Hines III
Roy Hosek

Vineet Krishna
Natalia Wilson

Northwest Nazarene
University
Jaelyn Friberg

Northwestern University

Darren Ding

Sean Patrick Edblom
Dougherty

Thomas Douglas

Carly E. Galvin

Eli Ganz

Joseph Jachinowski Jr.

Maxwell Paik

Konrad Schmid

Darsan Swaroop Bellie

Jay Zou

Occidental College

Jacob Gitin

Tehreem Navira Hai
Mara Kristiansson

Cole Lewis

Noah Nagel

David Simpson-Heil
Jeffrey Yang

Ohio Northern
University
Peyton Burden
Sarah Tucker

Ohio Wesleyan
University
Kyleigh Beck

Hannah Danielle Green

Presbyterian College
James Wilson Armstrong
Dylan J. Harrell

Zachary Kochert
Victoria Snyder

Braxton Wannamaker

Providence College
Rebecca Barry

Chad Hess

Katherine Kudla
Joseph Pellegrino
Dominique Polanco

Purdue University - Fort
Wayne

Zachary Blogg

Taylor Burns

Artio Daly

Purdue University
Northwest

William Feithen
Brandt Fraser

Raul Garrido Garcia
Kristin Swartz-Schult
Brittney Vroom

Radford University
Julia Buccola

Jonathon James Halferty
Kaleb Martin

William Nape

Nickolas Terehoff

Ramapo College of New
Jersey

Jeetendra Gupta

Megan Knight

Sean Kondra

Subin Mali

Narayan Pokhrel

Aashish Poudel

Prithivi Rana

Tenzin Kunsel Sherpa

Randolph-Macon College
Nathaniel Brown

Matt Gunn

Patrick Millner

Mary O’Sullivan

Rhodes College
Mackenzie Gibbs
Cesar Gutierrez Jo Boff
Emily Ulmer

Ripon College
Alexander Michael Bartoletti
Hunter Simmers



Roanoke College
D’Anna Cvetnich
Brett Giannantonio
Alex Markus

Madi Nuckles

Roberts Wesleyan
College
Joseph Marziale

Rowan University

Victor LaSasso

Shawn McPoyle

Matias Simon Gaston
Reinoso Arquero

Richard Sarles

Quinlan A. Somdahl-Sands

Saint Anselm College
Ryan Cormier

Michael Rochette Jr.
Carl Zent

Saint Bonaventure
University
Johnathan Ek

Benjamin MacConnell

Saint Joseph’s University
Fox Ryker
Lucas Tortella

Saint Mary’s College
Ethan Carpenter

Anri Cifuentes

Carter Russell

Saint Mary’s College -
Notre Dame

Claire Alonzo

Kerrie Anne Koller

Lea Bin Markowski
Kyra Obert

Sarah Palmer

Saint Mary’s University
Helin Sun

Saint Peter’s College
Rafael Carballeira
David Dolgitzer

Saint Vincent College
Olivia Grogan

Salisbury University
Ratu Wilhma Jessica Joos
Matt Wilson

San Jose State University
Tommy Wen Jian Chin
Frank Thomas Dachille
Scott Hillen

Sidney Johnson

Raylor Liu

Peter Nguyen

James Saslow

Brendan Timothy Stork
Jynessa Mercedes Valladon
Alex Vargas

Seattle University

Lucas Harald Ehinger
Olivia Pascale H. Gabanek
Reece Keller

Alexandra Kha

Alex Lindgren-Ruby

Seton Hall University
Curtiss A. Bailey

Venise Jan C. Castillon
Marc S. Gargiulo

James V. Heid

Cornelia Jerresand
Alexander J. Nyce

Ryan Christian U. Relucio
Brooke Elizabeth Richards
Stephany Salazar

Siena College
Shawn Adams

Ryan D. Cirrincione
Kristina Gatto
Anthony Hunt

Alisha Kumari

Sarah P. Markham
Justin Anthony Marotta
Stephen John Martino
Aidan Millens
Vincenzo Morina
Sara Rizvi

Zofia Schreiber

Kobe Stenson
Nicholas J. Wilson

Simpson College
Joshua Belieu
Buck Eagleburger
Caitlyn Lucht
Jade Thompson
Linh Bao Tran

Skidmore College
Chloe Boatright
Gavin Burns

Nikoleta Chantzi
Johanna Hope Meezan
Jing Wang Ou Yang
Chingpheng Phoun
Trayce Reeves

Grant Summermatter

Slippery Rock University
Nicolas Alotta

Chelsea DeSalve

Samuel Gonsowski

Crystal Gross

Donivan Mouck

South Dakota School of
Mines & Technology
Noah Everett

Jack Genovesi

James Joseph Haiston Jr.
Alex Heindel

Franklin A. Lemmons
Diana Leon Silverio
Tristen August Olsson
Joseph Street

Southeast Missouri State
University

Nur-E-Afra Anika

Derek Honaas

Taylor Peck

Southwestern Oklahoma
State University

Andres Arrieta

Raistlin Hiner

Spelman College
Olivia Bruce
Chloe Merriweather

St. John’s University
Zeinab Ismail
Kathleen Marquez
Thomas A. Rocco

St. Lawrence University
Ben Heinze

Brenna McConnell

Haille Marie Lynn Perkins
Ganesh Petterson

St. Olaf College
Lars Askegaard
Joshua Cameron
Cecilia Joy Dean
Cassie Fix

Sandra Gabel

Stefan Kildal-Brandt
Lucas Kramarczuk
Elizabeth Leeser
Jake Markowski
Lily Nestor

Dan Reiter

Noah Tibben-Lembke
Rahaf Youssef

Stephen F. Austin State
University

Alyssa Auten

Alexander Chambers
Nicholas McCown

Cody Morgan

Andrew Rios

Cory Todd Westlund

Stetson University
Halle Block

Joshua T. Koploff
Lean Lategan
Grayson Taber

Stevens Institute of
Technology

Charles Beall

Luke Bowyer

Troy Chartier-Vignapiano
Jordan Rose Cory
Jakob Cupp
Matthew Daddino
Michael Gajdosik
Lidia Rose Haraszti
Sarra Hayoune
Chengyou Jiang
Sophia Miskiewicz
Khalid Musa

Everett Stewart

Stockton University
Aidan Alverson
Trevor Beecroft
Madelynn M. Schina
Peter Tran

Stony Brook University
Matthew Belzer

James Caputi

Eric Chan

Saajid Chowdhury
Hongde Fan

Anthony Foraci

Aiden Gauer

Sam Glosser
Rachel Goralski
Samuel Gravel

Ian Keenan

Evan Mancini
Aryaman Mishra
Tousseq Nawaz
Meng Jia Ou
Rudolf Popper
Daniel Potemkin
Paul Rambharose
Shah Ali Haider Shanto
Christopher Siebor
Daljit Singh

Evan Trommer
Tobias Weiss
Justin Willson
David Witdorchic

SUNY Fredonia
Emily J. Carr
Camilo A. Garzon
Gavendra Ramyjit
Joseph Vargas

SUNY Geneseo

Alexander J. Ball

Bryan C. Best

Charles Edward Derbyshire
v

Rudolph DiMura

Bailey N. Filer

Sean T. Grace

Margaret M. Graney

Ethan Hanse

Marcie Hogan

Nicole Marie Lallier

Hunter Lorenz Louscher

Kaitlin Rose McWilliams

Daniel P. Ornelas

Vincent Picciotto

Robert Sinesi

Gabriel P. Stash

Christopher Ventre

SUNY Oneonta
Daniel Ball
Shubham P. Bhavsar
Hadley Chan

Jacob Ghiorse
Nathaniel Schwed

SUNY Plattsburgh State
University
Rivers Morris

Kendall Wasik

SUNY University at
Buffalo

Shahed Hanif

Krish Patel

Trey Wojnar

Susquehanna University
Michelle Arrigo

Samuel Hebert

Katherine Koch

Jocelyn McMahon

John Morris

Cameron Wolf

Lukas Killian Yurasits

Texas A&M University -
Commerce

Hailey Bartula

Christian A. Billings
Aubrey Bleier

Amy Daniel

Rebecca Preston

Tracy Sibole

Amber Stinson

Stephen Whitfield

Texas State University
Whittney Easterwood

Ethan Grothues

Ttzel Herrera

Keith Little

Ciana Pike

Samuel Smith

Rogelio Victoria-Mondragon

Texas Tech University
Fatema Al-Salmani
Mauricio Cerda

Gabriel Chiselenco
Megan Cuevas

Gage Eichman

Travis Gentry

Corvus Koithan

Jessica Lawrence
Lavonne Samantha Mack
Maik Reddiger

Katrina Webb

The Citadel
Tyler Duben
Alexander Stensland

The College at Brockport,
State University at NY
Nicholas Morabito

The College of New
Jersey

Tyler Balas

John Thomas Green
Nicholas Michael Lipari
John P Mahoney
Alexis Maul

Mary McMullan
Katie Mohring

Sofia Stepanoff

Maria Tertulien
Caitlin Viggiano
Pierce Wickenden

The George Washington

University

Grace Bradley

Logan Earnest

Gabriel Nathanael
Grauvogel

Davie Loria

Phoenix Price

Emily Sullivan

The Johns Hopkins
University

Hanna Al-Kowsi
Sean Cameron

Eric Ding

Ritvik Gunturu

Yiqi Liu

Zihan Zeng

Zeyuan Zhou



The Pennsylvania State
University

Harshraj Bandyopadhyay
Maria Lan Bressan
Benjamin DeBastiani
Gus Otto Eberlein
Daniel Joseph Esterkin
Alexander Thomas Galvin
Hannah Grzybowski
Joshua Hartsock

Corbin Michael Heitzenrater
Erica Lynn Heller

Rose Beatrix Hudson
Evan Christopher Jennerjahn
Joshua Timothy Kipiller
Konnor L. Koons
Christopher David Kopp
Amber Krape

Jennifer Marie Lee

Henry Albert Li

Jackson Ross MacTaggart
Nate Martin

Jake Morris

Ning Ni

Andrew James Noe

Noah Micheal Ringrose
Liam Robert Schwartz
Lily Elizabeth Weintraub
Xiaojiang Wu

Zhekai Yang

Zachary Zelensky

The University of
Scranton

DPeter Bouraphael
James Lanning
Cuong Dang Nguyen
Veronica I. Romanek
M. Shaaf Sarwar

Towson University

Colin Choudhary

Ahmed Elrashidy

Graham Hyde

Logan Michael Kimball

Gregory Jeffrey Kuri

Kameron Langford

Zoe Marie Leuba

William Robert Mann

Cody Miller

Benjamin Moore

Ryan Paxson

Christian J. Ready

Miguel Angel Requena
Torres

Jasper Scelsi

Daryna Soloviova

Benjamin Wallace

Cedric Wang

Trinity College
Maalik S. McPherson
Thsan Uyan

Trinity University
Michael Dixon

Mikayla Miyuki Greiner
Ryoma Matsuura

Truman State University

Ian Snider

Daphne Zakarian

Tufts University
Elias Benghiat
Rachel Ann Eaglin
Cate Fagen

Kaycee Feldman
Elizabeth Foster
Claudia Henry
Evan Meyer

Trisha Musall

Toki Nishikawa
Bridget Magdalena O’Hearn
Rebecca Skantar
Kevin Tang

Liliko Alicia Uchida
Param Upadhyay
Mathis Weber
Yonggqi Zhang
Henry Zou

Union College
Aqeel Ahmed
Manav Bilakhia
Melanie E. Bolye
Elise Liebow
Olivia Logan
Katherine Sonntag

Union University
Nathaniel Barnard
Brianna Correia
Daniel Green

Evan Holt

Taylor Grace Overcast
Jessica Searl

Daniel Thomas

United States Air Force
Academy
Rayomand Bam
Timothy Bate
Madison Marsh
Thomas Niday
Daniel O’Keefe
Seth Orson

Casey Pellizzari
Brennan Romanoff
Peter Spengler

United States Military
Academy at West Point
MacKenzie Arns

Corban Barstow
Thomas Daniel Beggs
Samantha Damonte
Pierce Garver

Kalvin Kingshill

Isaiah McElderry
Robert Morrison

Cole Nicholas

Jaxon Porter

Nicholas D. Tavassoli
Adam Wilk

Jacob Willis

United States Naval
Academy

Cade Gelhar

Michael Morell

Chad Richter

Ann Tom

University of Alabama at
Birmingham

Isaiah Joel Coley
Rachel Day

Tharon Holdsworth
Anthony Knighton
Fahad Nadeem
Claudia Nardone
Syed Raza

Keston Smith

Sarah G. Van Winkle
Hannah York

University of Alabama -
Tuscaloosa
Benjamin Ballin
Cole Browning
Cooper Coldwell
Matthew Gravois
Aidan Klingelberg
Martt Klink
Devin Kodsi
Thomas Roden
Alexis Rollins
Lael Verace
Lindsey Elizabeth
Weeldreyer

University of Arkansas
Chloe Benton

Kaitlin Bullard

Nicholas Chambers
Sabrina Jones

Ashley Lieber

Joseph Roll

Lauren Shepard

Cory Stephenson

Patrick Cole Watson

University of Central
Arkansas

Charles Bertram

Debra L. Burris

Ashley Jean Hicks
Jeremy Jacobs

Jeremy A. Lusk

Azida Hosein Walker
Jerrod Ward

Grace Zimmerman

University of Central
Florida

Tina Beck

Olivia Bitcon

Madisyn Brooks

Joseph Nicholas Casella
Nicholas Lewis

Michael Lynch

Marco A. Masciantonio
Robert Howard Smith Jr.

University of Cincinnati
Lauren A. Elicker

Aniket Khanal

Jeremiah Perdue

Nicholas Wuesterfeld

University of Colorado
Denver

Thomas Baker

Lauren Michele Galus
Bridgette Spinney

Arvind Srinivasan

Brian Youxu Zhang

University of

Connecticut

Xavier Braun

Cameron Cianci

Edward Criscuolo

Eric Habjan

Mitchell Hornak

Alessio Adam John Anthony
Illari

Abigail Moran

Elizabeth Scheuermann

Charles Schwarz

Payal Shah

Nathan Raymond Wetherell

University of Dallas
Joseph Beam

Elizabeth Ann Chouinard
Sarah E. Evans

Max Lagarde

University of Dayton
Wesley Cunningham
Carlos DeLeon

Caleb Hoch

Jessica Jenick

Ryan Laing

John Merkle

Tobin Muratore

University of Florida
Abram Abdou

Kristina Berkova
Bridgette Katrina Gifford
Durgesh Jha

Carlton Smith

Quinton L. Wiebe

University of Kansas
Aafiya Shoukat Ali
Jonathan Brande
Morgan Cassidy
Kimberly Conger
Florencio B. Diaz Perez
Mason James Fairchild
Amrit Gautam
Ryan Low
Shay M. Lyons
Rachel Elise Violet
Manweiler
Michael McMahon
Jessica E. Miears
Spencer T. Mouron
Cody Daniel Myers
Neema Rafizadeh
Triston Ruiseco
Mohammad Ful Hossain
Seikh
Hunter Woosley
Yanzhe Zhang

University of Louisville
Victoria Henry
Lori Porter

Jacob Schagene

University of Maine
Jack Adams

Noah Hixon

Brandon Martin

Vinh-Nhan Ngo

University of Mary
Washington

Lana Chaleunrath-Pham
Tim Corbett

Madeline Killian

Kolby A. Register

Drake Ethan Richmond

University of Maryland,
Baltimore County

Sarah Bowers

Jacob Brown

Brian R. Lynch

Rohan Mandayam
Mansoor Shehzad

Tony La Luna

Eli Joseph Dunlap Vogel

University of Maryland,
College Park

Argen Gian Ingal Detoito
Liza Gunther

Brianna Taylor Wachter
George Witt

University of Mississippi
Hollie Danielle Arnsdorff
Paul Gebeline

Sakul Mahat

Matthew Mestayer

Wil Stacy

Jessica Swindoll

Kaitlyn Thurmond

University of Missouri
Dallar Babaian

David Beckwitt
Logan Chambers
Matthew Dygert
Nick Gardner

Nathan D. Holtmeyer
Logan Kail Murray
Alli Salamone
Maximus Sanson
Riley Satterfield

Teja Teppala

University of North
Alabama
Hannah Potter

University of North
Carolina Wilmington
Gavin Bolton

Scott Finnis

Maegan Hoce

Ashley Noelle Holsclaw

University of North
Georgia

Madison Ammon
James Petri

Tyler Wilson

University of Northern
lowa

Jeffrey Carlson

Ashley Harrington

Lukas Stuelke

Michaela Rae Tweeton

University of Notre

Dame

Robert Guenther Lopez
Bartsch



Maxime Brodeur
Jordan Chang

Ella Crowley

Carrie Evelyn Davis
Molly DeLuca
James Joseph Dyke
Timothy Florenzo
Andrew Ganahl
Jamie Harkin
Kathleen Frances Hart
Andrew Langford
Caroline Melancon
Isaiah Mumaw
Colin Pifer

Rachel Rigsby
Tianyi Wang

Jack Wilson

University of Pittsburgh
Maya Bostock
Brandon Cane
Henry David Dunn
Emily Forsyth

Page Harrison

Ella Kane

Ian Maclntyre

Jack McEver
Connor Menzel
Hayden C. Orth
Yiru Wang

University of Puget
Sound

Hayden Borg

Kelsy Bryson

Owen Shellhammer

University of Richmond
Brianna Cantrall

Cassie Coughlan

Lily Dickson

Nicolas Ferree

Jessie Hess

Molly Kate Kreider

Ryan James Sanford
Joseph Sterling

University of Rochester
Thomas Ahrens
Margaret Carpenter
Stephen Donahue Chapman
Lewis Drakeley

Eric Joseph Elias
Yingi Fang Archie

Joe Glichowski

Liam Hainsworth
Anthony J. LaBarca
Mingrui Liu

Sonia McGaffigan
Jacqueline Moon
Cooper Anthony Orio
Angel Antonio Paz
Uzair Tahamid Siam
Trevor Smith

Vashisth Tiwari

Junjie

Yichen Wang
Benjamin Wyatt
Jacob Zweifel

University of San Diego
Christopher Currie

Joseph Garbarino
Catherine Cornelie Gibson

Gregor Leech
Philip Neill
Ruilin You

University of San
Francisco

Ben Chen

JingFei Han
Hannah Myint

University of South
Florida

Pedro Abritta

Hunter Kantelis
Gerald S. Meyers

University of Tennessee,
Chattanooga
Ivy Cartwright

University of Tennessee,

Knoxville

Luke Carpenter

Paul Harmston

Christopher Monaghan

Garrett Marshall Frederick
Rowcliffe

Casey Sobecks

Rosa Luz Zamora Peinado

University of Texas at
Dallas

Lamya Saleh

Tan Scott Schreiber
Brandon Sike

Ashan Wettasinghe

University of the
Cumberlands
Jacob Blankenship
Hailey Budney
Courtland Ellis
Bradley Faulkner

University of the
Sciences

Ryan Creamer
Clarina dela Cruz
Dan Ashley Fauni
Oscar Serra
Nathaniel Thorne

University of Tulsa
Kyndal Baker
Megan Herrington
Elias . Martin
Grant Mayberry
Lanie McKinney
Jordan Rubis

Jack Shaw

Karen Undset
Grayson Yates

University of Utah
Robert D’Avignon
Kameron Goold
Tessa McNamee
Chandler Merrill
Abigail Peterson
Kieran Smout

University of Vermont
Ethan Lauricella

University of Virginia
Amanuel Solomon Anteneh
Jason Ross Boynewicz

Gregory Breza

Alexander Byrd

Emily Marilyn Donovan

Alexander Richard Emmert

Joshua Cole Faggert

Grant Killian

Jee-Ho Kim

William Andrew LaRow

Sophia Link

Michael Alan Lu

Jillian Taylor Maxson

Ethan Michael McKeever

Catherine Eugeny
Mikhailova

Zaki Ahmad Panjsheeri

Isabel Puchner

Louis Seyfritz

Mohit Vir Srivastav

Darren Wesley Upton

Kai Vylet

Ziyuan Wang

Sophia Joy Yi

University of Washington
Dathan Ault-McCoy

Jerry Chen

Garek River Dorwin
Gonzalo Ferrandez Quinto
Isaac Fouch

Aaron Hoyt

Joshua Kaler

Akanksha Mishra

Kevin Peurrung

Olivia Peek

Erik Solhaug

Emily Toph

University of
Washington, Bothell
Mikel M. Charles
Davi Lazoritz

Kyle Roman

Alex Vong

University of Wisconsin -
Parkside

Julia Ann Smith Jones

Peter Kveton

Joshua Thomsen

University of Wisconsin -
River Falls

Tylor L. Bowell

Isaiah Bryn

Tori Gehling

Gabriel Zimmerman

Ursinus College
Jason Cayetano

Aaron Atwood Edwards
Noah Mandel
Annabella Orsini

Liam Powers

Brian Riendeau Jr.
Raymond Saunders
Dylan Simms

Brandon Smith

Valdosta State University
Valerie Carey

Walker Hayes

Rena Viele

Villanova University
Ellen Banker

Gary Blacksmith IV
Grace Chiodo

Andrew David Fernandes
Arianna Imperiali

Daniel Jensen

Caleb Yong Joon Kwon
Conor Larsen

Kevin Brian Moposita
Danielle Mortensen
Thinh Huu Nguyen
Catherine Genevieve Petretti
Christopher Joe Roberto
Peter Webb

Virginia Military Institute
David Alexander Fiorillo
Grace Waters

Wabash College
Joseph Forchetti
William Lillis

Caleb Powell

Andrew Nathan Rippy
Elijah Scurlock

Wake Forest University
Annelise Brigham

Olivia Caulfield

Cameron May

Ethan Payne

Tyler Petschek

Matthew Charles Waldrip

Wartburg College
Ashley DeLong
Georgia Nissen

Paul Zelle

Washington and Lee
University

Evan DiPaula

Tyler Hellstern

Patrick Mancini
Benjamin McClure
John McKinney
Georgia Anne McSwain
Marko Stefan Suchy
Cameron Thede

Washington University in
St. Louis

Erin Barillier

Jackson Butler

Byung Ha

Abdullah Kuziez

Rebecca Lim

Sol Kwon Markman
Zachary Paragas

Collin Szczepanski

Wayne State University
Crysti Bleta
Tanner Sawgle

West Chester University
Zachary Brandreth
Matthew Braun

Alec Raymond Piccone
Glenn Seibel

Graham Spellman
Matthew Toole

Damian Alexander Washel

West Virginia University
Sulaiman Salim Al Ghadani

Gustavo Elias Bartolo

Bariana Bowman
Calvin Dear
Graham Doskoch
Timothy Faerber
Zhi Gu Li

Taliesin Newton
Justin Riggs
Elizabeth R. Snyder
Jessica Sydnor
Shawaiz Tabassum
Nathaniel Wesnak
Christopher Wheatley
Morgan Young

Western Kentucky
University

Isaiah Beauchamp
Jake Boils

William Brunt
Hudson Harner
Austin Lobe
Sebastian Miracle
Ethan Poore

Philip Waymeyer

Wheaton College
Ruby Winter Burgess
Genevieve Nelson
Tamara C.]. Watson

William Jewell College
Ellesa Henning
Ian Hoffman

Worcester Polytechnic

Institute

Maranda Murphy Allen

Ana Gabriela Cano
Zimmerman

Jacob Casey

Nicole Dombrowski

Rhys Forster

Spencer D. Francis

Nathaniel Gamboa

Nickolas Gardner

Nikoloz Gegechkori

Yifan Gu

Ryan Hanna

Mingsi Hu

Caroline Olivia Jaeger

Brady B. Jeong

Morgan N. Kaler

Alex Kiely

Michael Scott Laemmle

Brigitte Lefebvre

William Luksha

Mike MacGregor

Kaitlin Elizabeth Mary Ann
Mason

Camille McDonnell

Mason Miguel

Kaitlyn T. Morrison

Patrick Jonathan O’Mullan

Benjamin Petkie

Sebastian Pineda

Thomas Rau

Samuel Peregrine Skinner

Sahana Venkatesh

Xavier University
Andrew Druzina



Radiations
American Institute of Physics

1 Physics Ellipse
College Park, MD 20740

Annual donations from Sigma Pi Sigma and
SPS members help ensure the future of
the physical sciences.

Your donations help us continue to encourage
and support undergraduate physics students with
scholarships, career resources, and
professional development.

Donations help provide travel support for students to
attend Sigma Pi Sigma Physics Congresses,

research grants, scholarships, and much more!




