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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 basis.

YIIX 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 or groups of chapters.
Nominate someone today!
www.sigmapisigma.org/sigmapisigma/awards/outstanding-service

Recipients receive national recognition and certificate.
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Letter from the Past Director

Time and World Enough

by Brad R. Conrad, Past Director of SPS

ith a heavy heart, | announce that |

moved on from my role as director of

Sigma Pi Sigma and the Society of
Physics Students late this summer. | am in a world
of debt to you, the Sigma Pi Sigma community,
for this amazing experience. | have been fortunate
to interact with so many of you during my tenure.
We have a rich and varied membership, and this
position has taken me places | never could have
imagined. | am proud to say that the society is in a
very strong position and in good hands: We have a
newly minted SPS and Sigma Pi Sigma Council for
2023-24, an extremely engaged Executive Commit-
tee, and a well-known, supportive figure within the
community as interim director, Rachel Ivie.

It's important to share the things we learn during our careers, so that others may more
quickly learn lessons it took us a long time to forge. Over the past eight years, | have installed
70 SPS and 20 Sigma Pi Sigma chapters, visited nearly 150 chapters, and hosted inductions
for more than 40 chapters. Having connected with so many different schools, with so many
different environments, traditions, and (most importantly) students, I'd like to share a few best
practices for members of Sigma Pi Sigma who seek to uphold the four pillars of the organiza-
tion. Upon joining, each of us agreed to
= Encourage those seeking knowledge and competence in physics and astronomy;
= Develop and maintain an attitude of service;
= Support colleagues, promote fellowship, and honor excellence in physics and

astronomy; and
= Encourage scholarship in physics and astronomy, at all levels.

When | joined, | knew what each of these phrases meant, but my understanding has
evolved through my encounters with selfless members who have impacted generations of
students and scientists. And as my understanding has changed, so too has my interpretation
of the importance of these phrases—I now consider them columns that support, fortify, and
strengthen us. These pillars do a fantastic job of calling out the types of actions that make SPS
and Sigma Pi Sigma a physics and astronomy family, and | can point to specific times when
I've seen that in action.

| can point to Professor Michael Richmond at Rochester Institute of Technology
advertising that anyone seeking homework or study help was welcome in his office between
observing runs (scholarship). | can point to plenary speaker Jim Gates sitting in a conference
hotel lobby for several hours, talking to each and every student who wanted to chat at a
Sigma Pi Sigma Congress (service). | can point to honorary chair Jocelyn Bell Burnell taking

Brad Conrad,

Get Support for Inductions and Chapter Activities
Sigma Pi Sigma Chapter Project Awards of up to $500 are awarded to 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 sigmapisigma.org/sigmapisigma/awards/

chapter-project.




to breakfast those students who bravely
came alone to a Congress (fellowship).
And | can point to the day when John
Andersen, my dear friend and professor at
the University of Maryland, College Park,
called me after my father had passed away,
my first year of graduate school, to see if |
needed books, supplies, or someone to talk
to (encouragement).

These people represent the pillars of
Sigma Pi Sigma for me, along with countless
others | wish | had space to mention here.
I've seen members and faculty selflessly
giving of themselves, time and time again,
because students and colleagues are—in
a very real way—extended family. Many
hands make light work. May each of us go
out of our way to be pillars for those in our
extended Sigma Pi Sigma family. This is the
best way to uphold our oaths.

During my time as director, another
amazing window into the impact of the so-
ciety has been physics and astronomy club
shirts. Student groups commonly sell shirts,
buttons, stickers, and even hats to help fund their activities. While visiting chapters I've seen shirts
of every color and many crazy designs, some that | was a little nervous to wear. Each one is a
treasure and a tangible example of students making something their own and finding belonging
within the field. In a larger sense, encouraging students to develop community and a sense of
identity within the department are among the most important roles of this organization.

If I could spur Sigma Pi Sigma members to take only one specific action, it would be this: Help
the SPS chapter at your alma mater or in a local department make something that is their own
and, if you can, wear it proudly. I've bought many SPS T-shirts to encourage chapters and support
their activities. Late in my tenure, they became my work uniform. What stronger message of sup-
port can someone send than "l support you being you"?

From the first meeting of Sigma Pi Sigma, the society has kept a discernible focus on the stu-
dent experience. As evidence, consider this somewhat silly story:

IH THE BEGINHING
THERE WAS HOTHIHG
WHICH EXPLODED

lspsiim .'-:1|'|'1'1-.‘;

A sampling of graphics from Brad Conrad's
SPS T-shirt collection. Photos by Conrad.

The most serious subject for consideration at the first business meeting after organization
was a discussion by Price, Brice, and Dew [founding members] as to how much voltage
could be applied to “Wooly” Grey [member of the first induction class] without doing him
any permanent injury. A moderate voltage was decided upon and applied at a later date.
—Radlations, December 1931

For those who have to know what happened, the next log clarified that Wooly felt no “lasting or
permanent damage.”’

Our “secret” handshake is something that every physics and astronomy student can guess
because (a) they use it so often in E&M, and (b) we look rather silly using the rule. This silliness
permeates chapters and the organization in surprising ways. At one Sigma Pi Sigma induction

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 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 Meteorological Society

American Physical Society

AVS Science and Technology of Materials,
Interfaces, and Processing

Optica (formerly 0SA)
The Society of Rheology

Other Member Organizations

Sigma Pi Sigma
Society of Physics Students

Connect with Sigma Pi Sigma

Linkedin
linkedin.com/groups/142619

Instagram
instagram.com/spsnational

AIP
Foundation

foundation.aip.org
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The 2023-24 SPS and Sigma Pi Sigma Council and staff pose with outgoing director Brad Conrad (front, blue hat). Photo by SPS.

ceremony, | was "knighted” by the “physics stick,” a chapter’s mascot
that was several decades old by that point. In another chapter, every
inductee is invited to share their favorite science joke as they sign their
name in the Red Book. It's well known that Marsh White, a leader in the
organization for 60 years, liked to make physics puns when he installed
chapters and encouraged them to carry on the tradition.

As physics and astronomy are such serious subjects, it's important
to remember the words of another previous SPS director and one of my
personal heroes, Ed Neuenschwander. “Do not get so obsessed with
the degree of tomorrow that you overlook the joys of being alive today:’
Sometimes, that means making sure that you don't take everything or
everyone, including yourself, too seriously.

to prioritize fellowship and be of service to those within your field. There
is never enough time to accomplish it all, but | encourage you to drop
a line to a colleague who helped you along your path, reach out to a
chapter, and make time to support those around you.

Your fellow Sigma Pi Sigma member,

PS. For those of you wondering, I'm excited to be joining the
National Institute of Standards and Technology (NIST) Office of
Advanced Manufacturing, which falls under the US Department
of Commerce. As education and workforce development manager,

I'll be strengthening collaborations and leading partnerships among
education and workforce development stakeholders, educators,
workers, and students. ®

Sigma Pi Sigma and SPS are each and every one of us. We are
an organization of people who support people. | hope that you continue

Meet Rachel Ivie, Interim Director of SPS and Sigma P1 Sigma

Rachel lvie is a longtime supporter and friend of SPS and Sigma Pi Sigma. Many members will be
familiar with her studies of the physics community, which are often featured in talks (given by her and
others), on posters adorning physics and astronomy department walls, and in news stories covered
by outlets from Physics Today to the New York Times.

lvie received a PhD in sociology from the University of North Carolina at Chapel Hill, where she
specialized in research methods, statistics, and gender. She came to the American Institute of
Physics, the parent organization of Sigma Pi Sigma, in 1998. For most of her career, lvie worked with

the AIP Statistical Research Center (SRC), including as director of the SRC. She is a fellow of the !
American Astronomical Society.

N’
R

Rachel lvie.

lvie is a sought-after expert on the careers of physicists and astronomers, particularly the careers
of women in these fields. She has designed and carried out numerous studies of the physics and
astronomy communities, from a global study of scientists that outlines gender differences in career
progress to a longitudinal study of astronomy graduate students that uncovered factors that may make women more likely to leave the
field. Prior to becoming the inaugural senior research fellow at AIP and interim director of SPS and Sigma Pi Sigma, Ivie was senior
director of education and research at AIP.

"I'm excited to be working with the SPS and Sigma Pi Sigma staff, volunteers, and students during this time of transition," Ivie
says. "l intend to carry out my stewardship of SPS and Sigma Pi Sigma in line with my personal values of integrity, trust, and a
belief in the importance of science. | look forward to interacting more with everyone who contributes to the success of SPS and
Sigma Pi Sigma."



Sigma Pi Sigma and SPS Happenings

FROM RADIATIONS TO RESOLUTIONS:
Passing the Sigma Pi Sigma Baton

his fall, Andrew Zeidell, the past assistant director of Sigma

I Pi Sigma, joins the 51st class of the American Association

for the Advancement of Science's (AAAS) Science &
Technology Policy Fellowships program.

Fellows are chosen from a select group of doctoral-level scien-
tists and highly experienced masters-level engineers to engage in a
one-year immersive educational opportunity to gain hands-on ex-
perience in the public policy arena while leveraging their expertise
to help confront major societal issues in the US government.

Among the 276 highly trained STEM professionals selected,
Zeidell will spend a year serving at the National Science Founda-
tion’s National Science Board Office. Zeidell has been a member of
Sigma Pi Sigma since 2014, when he was inducted at the Appala-
chian State University chapter in Boone, North Carolina. He joined
the staff of Sigma Pi Sigma in 2021 after earning a PhD in physics
and holding positions at the Willis Observatory and Defense Threat
Reduction Agency.

Sigma Pi Sigma has long engaged in science policy issues in
the United States' and encouraged its members to be science advo-
cates. Zeidell joins a long list of Sigma Pi Sigma members who have
influenced science policy, including many whose work has been
profiled in Radiations, the SPS Observer, and at Physics Congresses.

During his term as assistant director, Zeidell refined Sigma Pi
Sigma'’s approach to chapter and member engagement and set forth
policies and strategies for the future. Additionally, he unearthed and

Troy University's Sigma Pi Sigma inductees and their colleagues celebrate
the chapter's installation. Photo courtesy of Jason Sanders.

preserved key pieces of the
society's lost history, adding
nearly 50 honorary members
back to the roll whose names
were previously lost to time.
Zeidell's efforts have bet-
ter positioned the society to
serve its members, heighten
public awareness of Sigma Pi
Sigma, and fulfill its mission.
He will continue to be active
with Sigma Pi Sigma and the
Society of Physics Students,
contributing through volun-
teer roles. If you want to stay
updated on Zeidell's adven-
tures, you can find him on
LinkedIn and X (formerly known as Twitter). ®

Andrew Zeidell.

References

1. For some examples of how Sigma Pi Sigma has engaged in science
policy, see "Sigma Pi Sigma: A Departmental Legacy of Fellowship,
Part 5" in the Spring 2022 issue of Radiations, sigmapisigma.org/

sigmapisigma/radiations/spring/2022.

Congratulations to the

NEWEST SIGMA PI
SIGMA CHAPTER!

Troy University

Chapter #590

Founded April 30th, 2023

Founding members:

Justin Bankert, Martin Bouldo, Qurat ljaz, Colin Jones,
Ashik Kannan, Ernest Lee, Govind Menon, Justin
Robinson, James Sanders, Melissa Strobel. ®
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Sigma Pi Sigma and SPS Happenings

MEET MUGE
KARAGO?Z,

the New Assistant Director
of Sigma Pi Sigma

\
Miige Karagoz.

PS is thrilled to introduce the new assistant director of

Sigma Pi Sigma, Mlge Karagdz, who joined the staff

in September. Karagoz holds a BS and MS in physics
from Bogazigi University in Istanbul, Turkey (now Turkiye), and a
PhD in physics and astronomy from Northwestern University in
Evanston, lllinois.

Prior to joining AIP, Karagoz spent five years at the Universi-
ty of Maryland, College Park, first as an assistant clinical profes-
sor conducting particle physics research with undergraduates,
then as a lecturer developing and implementing active learning
strategies and materials for the physics department.

Karagoz has a long history of working in large, interna-
tional research laboratories, such as CERN in Switzerland
and Fermilab in lllinois, and in higher education at global and
national institutions. This experience has underscored for her
the importance of inclusion, diversity, and equity in the scientific
community. She also volunteers with the Chesapeake Section
of the American Association of Physics Teachers, serving as
vice president,

Muge is delighted to have joined the SPS family in her new
role, and she is looking forward to helping to carry out the
society's mission as exemplified in its four pillars. ®
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Science Policy
Opportunities

STEM professionals who work in policy can
support evidence-based decision-making
at the highest levels, advocate for STEM
education, and help ensure that critical
policies are informed by STEM voices.
Interested in trying it out? Check out these
fellowship and internship opportunities.

For bachelors degree holders:

Sea Grant Community Engaged internships,
seagrant.noaa.gov/community-engaged-

internship

Society of Physics Students summer
internships in policy, spsnational.org/programs/
internships

US Department of Energy’s Energy Efficiency
and Renewable Energy Science, Technology
and Policy Program, energy.gov/energysaver/
energy-efficiency-and-renewable-energy-
science-technology-and-policy-program

For graduate degree holders:

AAAS Science & Technology Policy Fellowships
Program, stpf-aaas.org
Presidential Management Fellowship, pmf.gov

Sea Grant Knauss Fellowship, seagrant.noaa.
gov/Knauss-Fellowship-Program

For tenured faculty:

National Academies Jefferson Science
Fellowship Program, nationalacademies.org/
our-work/jefferson-science-fellowships

For mid-to-late career professionals:

AAAS Science & Technology Policy Fellowships
Program, stpf-aaas.org
US Department of State's Franklin Talent

Exchange Programs, state.gov/franklin-talent-
exchange-partnership-ftep

For veterans:

Veterans Innovation Partnership Fellowship
Program, careers.state.gov/interns-fellows/
professional-fellowships/vip




Member Notes

“y.------'

Some movies are hailed for their attention to physics and astronomy details and applications.
But what about those that got it so wrong? Here are some favorite (and least favorite) physics and
astronomy mess-ups in movies and TV shows, as submitted by members. Some responses have been
edited for clarity.

PR R ACEFOOORE

Despicable Me, Universal Pictures (2010)
“In Despicable Me, Gru shrinks the Moon and
takes it back to Earth. The movie shows the
tides going away, but no mass is lost from

the Moon. The Moon should have still had its
original mass and would've been too heavy to
toss around as they do."

-Joe Glichowski, Washington University at St. Louis,
Inducted at University of Rochester, 2022

The Core, Paramount Pictures (2023)
"Literally the entire movie gets it wrong.

| unironically love how cheesy and awful it is. In
high school my class of 20 or so kids all found
different physics inaccuracies to write about."

-Brittney Hauke, Pennsylvania State University,
Inducted at Coe College, 2016

Armageddon, Jerry Bruckheimer Films,
Touchstone Pictures, Valhalla Motion
Pictures (1998)

“In Armageddon, oil drillers become astronauts
so they can drill a hole into an asteroid and
detonate a nuclear bomb from the inside to
save the world. Enough said."

-Sean Dillon, California State University - Chico
SPS chapter

Gravity, Warner Bros. Pictures
(2013)

"To mention just one: The space
stations and satellites are too
close to each other."

-Juan Lebron Medina, University of
Puerto Rico-Mayaguez SPS chapter

Another Life, Netflix (2019)
"About ten minutes into the TV

show Another Life, a character says
something to the effect of, 'We can't
go through the cloud of dark matter—
we won't be able to see.”

-Rianna Ehrenreich, University of
Rochester, Inducted at University of
Rochester, 2023 ®

Share What's New

Your fellow Sigma Pi Sigma members want to
hear your news! Tell us about your civic activities,

academic activities, honors, promotions,
and career changes at sigmapisigma.org/
sigmapisigma/radiations/member-news.
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Your Dollars at Work

2023 Individual Award and
SCHOLARSHIP RECIPIENTS

The Society of Physics Students congratulates this year's recipients and thanks the generous Sigma Pi

Sigma and SPS donors whose support makes these awards possible.

2023 SPS SUMMER INTERNS
The SPS summer internship program offers 10-week positions for undergraduate physics and astronomy students in science
research, education, outreach, and policy with organizations in the greater Washington, DC, area. Students are placed in
organizations that use their skills to engage with the community and promote the advancement of physics and astronomy.

Julia Buccola
Radford University

Melissa Cano
University of Texas at El Paso

Gizem Dogan
Bowdoin College

Daniil Ivannikov
Florida Polytechnic University

MJ Keller

University of Rochester

Devin Kodsi

University of Alabama

Tiffany Liou

University of California, San Diego
Clayton Markech

Carthage College

Hannah Means
Bowling Green State University

Sigma Pi Sigma Leadership

Colin Myers
Millersville University

Emily Pavasars
Valparaiso University

Eva Rissanen
Appalachian State University

Brynn Schierenbeck
Cornell College

Jaden Sicotte
George Washington University

Janessa Slone
Embry-Riddle Aeronautical
University - Prescott

Jenna Tempkin
Lafayette College

Ruthie Vogel
University of Maryland,
College Park

Scholarship

The 2023 SPS Summer Interns pose in front of the American
Center for Physics on orientation day. Photo courtesy of SPS.

SPS AWARD FOR
OUTSTANDING
UNDERGRADUATE RESEARCH
These awards recognize outstanding
research conducted as an undergraduate.

Sigma Pi Sigma Leadership Scholarships are $2,500-$3,000 awards
made to Sigma Pi Sigma members pursuing advanced education.
Preference is given to those who are currently undergraduates or

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

graduate students, or who were inducted within the past 10 years.

Applications for the first round of awards are due November 15,
2023. The second round opens January 1, 2024, and applications

are due March 15, 2024. undergraduate-research.
For more information and to apply visit sigmapisigma.org/ =

- =t : : Maya Hendija Hyo Jung Park
sigmapisigma/awards/leadership-scholarship. Uhiversinrof SaTDIeg0 Smith College
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SCHOLARSHIPS

Multiple awards are given by SPS and 2MMX each year, ranging in value from $2,500 to $6,000, to individuals showing
excellence in academics, SPS participation, and additional criteria. Learn more about the scholarships and recipients

and apply at spsnational.org/awards/scholarships. Applications are due March 15, 2024.

SPS Jocelyn Bell Burnell
Outstanding Leadership

Scholarship
Barkotel Zemenu
Yale University

SPS Leadership

Scholarships
Raghav Chari
University of Tennessee, Knoxville

August Childress
University of Central Arkansas

Tori Gehling
University of Wisconsin - River
Falls

Grace Nehring
Rhodes College

Joseph Popp
Saint Joseph's University

AWIS Kirsten R. Lorentzen

Award
Sponsored by the Association for
Women in Science

Katherine Ameku
Coe College

Aysen Tunca Memorial

Scholarship
Kaitlyn Sheriff
Lycoming College

Herbert Levy Memorial

Scholarship
Ariana-Dalia Vlad
Harvard University

LLNL-AIP Leadership
Scholarships

Sponsored by Lawrence
Livermore National Laboratory
Autumn Bauman

University of Colorado Denver

Dorothy Doughty
Rutgers University

Emma Hataway
Lewis & Clark College

Yashvi Patel
Swarthmore College

Peggy Dixon Two-Year
Scholarship

Diego Espinoza

Northern Virginia Community
College

SPS Future Teacher
Scholarship
Chloe Heifner

University of Wisconsin - River
Falls

SPS-Google Scholarships
Sponsored by Google

Hasif Ahmed
Lawrence University

Aaditya Bhattacharya
Juniata College

Lily Brownlee
Juniata College

Marta Celebic
Juniata College

Ollie Feldman
Lewis & Clark College

Xuejen Fu
University of Texas at Dallas

Thane Goetz
Lycoming College
Kokoro Hosogi

University of Alabama in
Huntsville

Stephanie Howell
University of Colorado Denver

Collins Kariuki
Pomona College

Nathan Killough
Illinois Wesleyan University

Kieran Layne
University of North Carolina at
Asheville

Skylar McLerran
Abilene Christian University

Maria Moura
Wellesley College
Alexis Petty

University of Massachusetts
Dartmouth

Rohit Raj
Juniata College

Sunny Rasmussen
University of Utah

Megan Rhea
University of Wisconsin - River
Falls

Shayna Sit
Saint Joseph’s University

Keslyn Stonum
Texas Lutheran University

SSAI Academic

Scholarship
Sponsored by Science Systems
and Applications, Inc.

Megan Loh
Stanford University

SSAIl Underrepresented

Student Scholarship
Sponsored by Science Systems
and Applications, Inc.

Cecilia Ochoa
Georgetown University

TEAM-UP Together
Scholarships

(January 2023 cohort)
Sponsored by AAPT, AAS, AIP,
APS, and SPS

Chase Alvarado-Anderson
Dartmouth College

Latoya Anderson
Brooklyn College

Nayda Anjou
Michigan State University

Lailyn Borum

University of Michigan - Ann Arbor

Gabriel Brown
Chicago State University

Corben Browne
University of Colorado - Boulder

Mark Ddamulira
Texas Southern University

Derod Deal

University of Florida
Nijai Dixon

Clark Atlanta University

Jordan Forman
Florida Institute of Technology

A'naja Houston
Columbus State University

Destiny Howell
Hunter College - CUNY

Ayanna Mann
Howard University

Everett McArthur
Columbia University

Amir Moore
Hampton University

Jeree Murray
Swarthmore College

Rachel Nere
University of Massachusetts -
Boston

Nathan Oyeka
Bowdoin College

Eric Pierce
Virginia Union University

Isaiah Pipkin
University of Texas - Austin

Imani Purvis
Arizona State University

Courtney Read
Ambherst College

Jazmine Riggins
Hampton University

Krystal Scott
Hampton University

Arlee Shelby
University of Colorado - Boulder

Katelyn Shelton
Texas Christian University

Layla Smith
Norfolk State University

Keslyn Stonum
Texas Lutheran University

Alana Thigpen
Arizona State University

Omokhuwele Umoru
Texas Southern University

Travon Willis
Virginia Union University

The TEAM-UP Together
Student Scholarship Program
was launched in June 2022 in
response to the groundbreaking
TEAM-UP Report, which
concluded that the persistent
underrepresentation of African
American students in physics
and astronomy was due in

part to the enormous financial
challenges faced by many of
these students. The scholarships
provide direct funding and
support to African American
undergraduates earning their
bachelors degrees in physics
and astronomy, and they are
administered by the Society of
Physics Students.
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THE GAMMA CHAPTER:

98 Years of Sigma P1
Sigma at Penn State

by Kendra Redmond, Editor

SN B v 2 i R S N (Bl

hen Richard Robinett became director of undergradu-

ate studies for the Penn State University (PSU) phys-

ics department in the early 2000s, the Sigma Pi Sigma
chapter was struggling. He revived the chapter in 2003, and it has
held an induction ceremony every year since, including during
the challenging, pandemic-induced times of “remote everything.”
During each of these inductions, the chapter revisits the legacies
of two of its earliest and most influential members.

The Penn State chapter is among the oldest in the society,
younger only than the alpha chapter at Davidson College (1921) and
the beta chapter at Duke University (1925). It became the gamma
chapter thanks to Marsh W. White, then a graduate student in
physics at Penn State.

“I'd been dreaming of some sort of good society for the physi-
cists,” White recalled in a 1996 interview recorded shortly after his
100th birthday! When he saw a brief mention in Nature that Sigma
Pi Sigma had been established at Davidson College, his eyes lit up.

“I right away got in touch with them, and very quickly we sent in
a petition and got an acceptance to establish a chapter at Penn
State," he said. That was in 1926. White would go on to become the
first person to receive a PhD at Penn State University—in any field—
and become a physics professor there.

A group photo from Penn State's 2023 Sigma Pi Sigma induction.
Photo courtesy of Richard Robinett.

White was a pivotal figure in Sigma Pi Sigma’s development.
He served in national leadership positions for 60 years—as Sigma
Pi Sigma's executive secretary (1930-67), president (1968-70),
and historian (1970-90). He played instrumental roles in shaping
Sigma Pi Sigma and its merger with the American Institute of
Physics Student Chapters. That merger created the Society of
Physics Students (SPS), which became official on April 22, 1968—
White's 72nd birthday.

Top: Shelter Island Conference participants pose for photograph in June 1947. From left to right: I. I. Rabi, L. C. Pauling, J. H. Van Vleck, W. E. Lamb, G.
Breit, D. A. Maclnnes, K. K. Darrow, G. E. Uhlenbeck, J. S. Schwinger, E. Teller, B. B. Rossi, A. T. Nordsieck, J. Von Neumann, J. A. Wheeler, H. A. Bethe,
R. Serber, R. E. Marshak, A. Pais, J. R. Oppenheimer, D. Bohm, R. P. Feynman, V. F. Weisskopf, H. Feshbach. Credit: AIP Emilio Segre Visual Archives,

Marshak Collection.
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In 1975, the Society of Physics Students established the
Marsh W. White Award to support SPS chapter outreach
events. The award has funded hundreds of SPS chapter out-
reach projects, with several new ones added each year.

The history of Sigma Pi Sigma at PSU also includes the
story of David Bohm, a Pennsylvania native inducted in 1938
as a PSU physics major.? After PSU, Bohm went to Caltech
for one year and then to the University of California, Berkeley,
where he did research with J. Robert Oppenheimer. Security
issues kept Bohm from working at Los Alamos on the Man-
hattan Project, but he made key contributions in many ar-
eas of physics—plasma physics (Bohm diffusion), condensed
matter physics (Bohm-Pines predictions of plasmons), and
quantum mechanics (via the Aharonov-Bohm effect).

“[Bohm] was one of the participants at the 1947 Shelter
Island Conference, which led to many advances in quantum
field theory, especially QED," says Robinett. Today, the PSU
physics department recognizes the best all-around student
each year with the David Bohm Award.

As students have come and gone from PSU'’s Sigma Pi
Sigma and SPS chapters through the years, each leaves their
own legacy. Many have opted to leave a visual legacy, too—
since before Robinett joined PSU as a physics professor in
1986, graduating SPS members have painted a brick on the
wall of the SPS lounge. "Not every SPS member who gradu-
ates chooses to paint a brick, but there are many great de-
signs,’ Robinett says. As the 1940s-era building prepares for
renovations, the chapter is preserving all of the designs in a
high-resolution format to carry forward.

Robinett advised PSU's Sigma Pi Sigma and SPS chapters
for 20 years, up until his retirement in 2023. “I'm very proud of
the achievements of all of our physics undergraduates over
the last 20 or more years that I've been working with them,
and especially the SPS members who can juggle coursework,
research, and departmental community activities,” he says.

Robinett fondly recalls the time his wife, an ordained min-
ister, performed the wedding of two alums who had been
SPS officers. Half of the venue was filled with former physics
majors, some of whom had traveled across the country to at-
tend. “That type of community, fellowship, and professional
networking is a great example of what SPS has done and can
continue to do," he says. ®

References

1. The interview with Marsh White was recorded in celebration
of the 75" anniversary of Sigma Pi Sigma and played at the
Diamond Jubilee, the 1996 Physics Congress. It’s available

Marsh W. White circa 1954. Credit:
AIP Emilio Segre Visual Archives.
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The original charter of Penn
State's Sigma Pi Sigma chapter,
dated 1926. Marsh White's name
appears third in the first column.
Scan courtesy of Richard Robinett,

Colorful bricks painted by graduating SPS members occupy a prominent
place in Penn State's SPS lounge. Photo courtesy of Dennis Hartmann.
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David Bohm's name appears at the top of the 1938 induction page of Penn
State's Red Book. Scan courtesy of Richard Robinett.

Marsh W. White Awards

SPS awards of up to $500 are available for chapter programs

on the SPS YouTube channel at youtube.com/ or events that promote an interest in physics or astronomy

watch?v=4eyRu QrRXg.

among students or the general public. Applications for the
Marsh White Award are due November 15. Learn more and
read about past award-winning projects at spsnational.org/
awards/marsh-white.

2. Bohm’s signature appears in the chapter’s induction book
alongside that of Charles H. Townes, who was visiting from the
Duke University chapter for the ceremony. Townes would later
earn a 1964 Physics Nobel Prize for his work on lasers.
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Toni Sauncy Receives Seagondollar Service Award

by Kendra Redmond, Editor

At the 2023 Summer Meeting of the American Association of Physics Teachers, the SPS and Sigma Pi
Sigma Executive Committee recognized Toni Sauncy, a physics professor at Texas Lutheran University,
for her exemplary level of commitment and service to the societies, bestowing upon her a Worth
Seagondollar Service Award. Sauncy is only the tenth recipient of the award, established in 1996.

oni Sauncy doesn’t always follow
I tradition, but she always makes
an impact.

Sauncy started college after high school
but dropped out when she had a baby.
Seven years later she was back at the same
Texas community college, in the same class-
es she'd flunked when her daughter was
born—all because of an insult. She knew she
wasn't stupid and was willing to prove it.

While there, Sauncy was surprised to
learn that she'd need another two years of
school at a four-year institution to reach
her goal of becoming a math teacher. "l had
no idea,” she says. But she went for it, driv-
ing two hours each way with a classmate
so they could finish their math degrees at
Texas Tech University.

Her carpool friend decided to minor in
physics, so Sauncy did too. “I took the first
two physics classes, and | hated every min-
ute of it,’ she says. “I cried almost every day;
| couldn't understand anything. | spent six
weeks trying to figure out what a flywheel
was." But she didn't have the money or time
to switch minors.

In advanced mechanics, Professor
Shubhra Gangopadhyay noticed Sauncy's
talent for physics and suggested she
consider grad school. “What's grad school?
| don't even know what that means,” Sauncy
recalls saying. But that's where she found
herself a few years later, happily working in
Mark Holtz's lab on a system to image the
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photoluminescence of semiconductor ma-
terials at high pressure and low temperature
in a diamond anvil cell. The work was hard
but fun, she says.

Sauncy joined SPS and was inducted
into Sigma Pi Sigma in grad school. She
was planning a session on careers in phys-
ics for a regional SPS meeting when a
mentor, Mary Beth Monroe, suggested that
Sauncy ask the SPS National Office for help.
She called and Ed Neuenschwander, then
SPS director, readily agreed to fly out and
give a talk. That's when Sauncy realized that
she wanted to be an SPS advisor who em-
powers others to make things happen, just
like Monroe.

After completing a PhD in applied phys-
ics, Sauncy became a physics professor and
SPS advisor, first at Western lllinois Univer-
sity, then at Angelo State University in Texas.
At both schools she rallied the students to
start community-building traditions, lead
outreach programs, attend meetings, do re-
search, and become leaders.

Sauncy was elected to the SPS Nation-
al Council while at Angelo State, then as
SPS president in 2009. In 2012 she stepped
down from her second term as president
to become interim director of SPS and Sig-
ma Pi Sigma.

As director, Sauncy shared her pas-
sion for enriching the lives of physics
students broadly, developing the SPS
Careers Toolbox that helps physics stu-

Toni Sauncy (right) wears her new
Seagondollar medal as she commemorates
the occasion with former SPS and Sigma
Pi Sigma directors Brad Conrad (left) and
Gary White (center). Photo by SPS.

dents prepare for the workforce, pulling off
a record-breaking Physics Congress in
Orlando, Florida, strengthening the SPS
internship program, forming new part-
nerships, mentoring countless students
and advisors, and inspiring many with her
energy and commitment.

In 2014 Sauncy returned to teaching as
physics professor and chair at Texas Lu-
theran University, where she continues em-
powering physics students to make things
happen in their classrooms, research, and
communities. Each year she has been an
SPS advisor, no matter when or where, her
students have received an Outstanding
Chapter Award. ®



e Saint Joseph’s
PS physics team.

by Joe Popp, former SPS Chapter President, Saint Joseph’s University

hiladelphia is a city filled with curious students who have

yet to discover their passions in life. However, many of its

school districts are vastly underfunded, so students are of-
ten unable to fully explore their curiosity. The SPS chapter at Saint
Joseph's University (SJU) wanted to give the students at Motiva-
tion High School a chance to learn about our passion—physics—in
ways that might not otherwise be available to them.

SJU alum Despina Nakos, the physics teacher at Motivation High
School, reached out to us—her old SPS chapter—to request that we
host an event for her physics students. Nakos says she “wanted the
students to see how fun physics can be!" Working at a school where
the majority of the students are from groups underrepresented in
physics and STEM, Nakos wanted to bring the joy she remembers
from her SPS days to her classroom.

The goal of the event was to introduce students to complex
physics topics related to the introductory concepts they learned
about in their classes. Its theme was Stuff in Space, and four dif-
ferent stations taught students about the expanding universe using
Doppler shift, a star's equilibrium using Newton's second law, the
existence of dark matter using centripetal forces, and concepts in
special relativity. The demonstrations, illustrations, and collaborative
environment created a space where the students could be comfort-
able yielding to their curiosity.

Deryk McGarry talks about Newton’s second law and the life cycle of
a star. Photos by Nell Grabowski,

SPS treasurer Calvin Huisentruit presents on the Doppler effect and
how it relates to the expansion of the universe.

Nakos noted that her students came out of the event with more
guestions about physics than they had going in, which was exactly
what our chapter was hoping for. We know that this is how we feel
every day after physics classes and that it's what gets us to come
back the next day, looking for answers. If students come out wanting
to learn more, our chapter has done its job.

In a survey conducted after the event, many of the high school
students expressed curiosity about the new topics, saying that they
were interesting and engaging and that the event changed their per-
spective on how the universe works.

The physics majors who volunteered for the event gained a lot
from the experience as well. Calvin Huisentruit, who taught the stu-
dents about the expansion of the universe, says, "It was satisfying
seeing how [the students] were mesmerized by phenomena such as
the red shift of stars' light" Shayna Sit, who organized the students
for stations, was impressed to see “so many students interested in the
physics topics that were presented.” Overall, our SPS chapter agreed
that this was an event to be remembered and a model for the future.

We hope to strengthen our ties with Motivation High School and
create new partnerships so that we can share what we know about
physics with those who have fewer resources than we do. We believe
that curiosity about physics is part of human nature, and everyone
deserves an opportunity to see where that curiosity might lead. ®
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OR PHYSICS AND
ASTRONOMY MAJORS

A Q&A with K. Renee Horton, plenary speak'er. at the 2022 Physics Congress

by Kayla Dickert, Julia Oseka, Joe Popp, Dan Fauni, and Nate O., SPS Reporters, Saint Joseph’s University

Renee Horton is a space launch system (SLS) quality engineer in the NASA Residential Management
Office at the Michoud Assembly Facility. She runs Unapologetically Being, a nonprofit organization
that mentors cohorts of students, writes children’s books, and gives invited talks on topics from
NASA's Space Launch System to overcoming disabilities.

Why did you choose to major in electrical engi-
neering, and why did you transition from that into
a PhD in materials science?

When | was younger, | remember telling my dad | wanted to be a sci-
entist—my grandmother made me a lab coat to play with. When | told
my dad what field | wanted to enter, he said, "I don't know any Black
scientists; you should do engineering.” So | did engineering.

After | graduated, | started pursuing a master's in electrical engi-
neering. | had a professor who spoke English as a second language.
| couldn't understand him—my brain was processing everything like |
was hearing Charlie Brown's teacher: “Womp womp womp." And the
professor said to me, “You are by far the dumbest student | have ever
met.” Right there, in that moment, | was thinking, "I kind of am.”

| have hearing loss in the speech range. After this interaction,
| learned that because of my hearing loss, my brain has trouble figur-
ing out the words of someone who doesn't speak English as a first
language. It has to do with the accent. | thought about dropping out.
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Then | went to a National Society of Black Physicists (NSBP)
meeting. When | walked in, there was a room full of people who
looked like me and who were smart. And | knew | was smart, too.
One of my engineering professors had said | should consider
getting a PhD because | wanted to know too much. Well, I ended up
writing @ NASA grant, got it, and then switched over to a physics
PhD program.

A good portion of your work now is in management.
Would you recommend that undergraduate phys-
ics students take electives in business? Would that
be useful in industry or academia?

That really depends on where you want to focus. | recommend
that everyone take a speech class to get over the fear of speaking
in public and learn how to communicate science. I've heard that
scientists should communicate science in ways that a third-grader
can understand.




If you want to be in management, you should take leadership
courses. Managing people can be different than managing a proj-
ect—to manage people you've got to have soft skills.

When doing science outreach, how should we en-
gage with primary school students?

When kids get something wrong, don't point out that they're wrong.
Say, "Oh my God, that was great—but what if you think about it like
this?" As soon as you tell them they're wrong, they start thinking,
"Oh, | can't do this!" If you are excited, they'll be excited. And don't go
overdressed—you want to be as comfortable as possible so they can
identify with you.

You speak a lot about imposter syndrome and feel-
ing like you don't belong in a space. How do you
deal with those kinds of feelings and move past
them?

Plenty of times we walk into spaces and because we're the odd man
out, we feel uncomfortable. But if that's truly where you want to be,
get comfortable with being uncomfortable.

What do you do when you feel like everything is
against you? Like everything is trying to stop you?
Stop and reboot. Think about a battery—when it's drained, you either
recharge it or throw it out. That's what we are. And since we're not
going to throw you out, you gotta recharge. You gotta define those
things that actually recharge you. If sitting in silence recharges you,
then do it. Shut everything down for 15 minutes or put on calming
music, if that's what does it for you. But you've got to learn to re-
charge. If that means sleeping in on a Saturday, do it.

2025 PHYSICS AND ASTRONOMY

CONGRESS
DENVER, CO

How would you recommend early career physicists
start creating a network?

Walk up to somebody and start a conversation. That's it. You can lit-
erally walk up to people at a conference and say, “"Hey, what kind of
research are you doing? What kind of research are you interested in?”
Then they'll tell you, and you either are or aren't interested in what
they're doing. You might find someone familiar with what you want
to do. And someone might say, “You know what, | know a professor
who does that!’

You have many accomplishments and you've over-
come a lot of obstacles in your life. How do you find
the motivation and determination to pursue more
success and not just rest on your laurels?

I'm a spiritually grounded person, and | believe that when you ask
the universe or God to give you something, then you're responsible
for it as well. | asked to be able to make an impact, and he's given
me opportunities to do that. | truly, honestly believe that | owe it to
the universe. ®

This interview has been edited for length and clarity.

Read more about Renee Horton in the
Fall 2021 issue of the SPS Observer at

spshnational.org/the-sps-observer/
fall/2021/going-full-circle.

Hosted by Sigma

Pi Sigma, the

next Physics and
Astronomy Congress
will be October 30-
November 1, 2025,

in Denver, Colorado.
Keep an eye on the
SPS website for
details, sigmapisigma.
org/sigmapisigma/
congress/2025.

October 30 — November 1
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The Superposition of

ARIT AND PHY SICS

by Hannah Chapman, Emma Goulet, Michael Rochette, and Carl Zent, SPS Reporters, Saint Anselm College

Consider sharing your artwork at the 2025
Physics and Astronomy Congress. Details to
come at sigmapisigma.org/sigmapisigma/

congress/2025.
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Kim Dylla is a professional
artist whose pieces fuse
science and art. Her stunning
oil paintings on display at the
Physics Congress, Stellarator,
create a surreal image of the
Wendelstein 7-X stellarator at
the Max Planck Institute for
Plasma Physics in Germany.

Sol’s Hearth, by Brian Ross,
is an expressionist sculpture
of our solar system that
demonstrates its history.

Sarai Rankin encompasses
cosmos and culture in her
digital representation of a
beautiful pollera de gala
skirt-dress.

Krystal Scott stands in front
of Through the Physics Glass,
a transformative piece that
uses physical and digital art to
demonstrate her journey from
engineering to physics.

Sophia Sauceda poses next to
a visualization of her research
on quark coalescence and
meson formation.

Simon Ji and Caleb Scott-
Joseph discuss the rich images
they captured with a visual
telescope rigged to track
space objects and take long-
exposure shots.

Mennatalla Ellagany shares her
photographs of astronomical
objects, a hobby she started
just two months before the
Physics Congress!

Carl Zent smiles in front of
his detailed sketch of a fly,
which portrays the beauty
in small things.

Div Chamriass stands with
Shattered Flowers, an image of
a composite film he took with a
scanning electron microscope
during his research.
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Get Involved

Experience th

solar eclipse occurs when the Moon

gets exactly between the Earth and

the Sun and blocks part of the Sun
from view. A total solar eclipse is a rare ex-
perience: Any given spot on the surface of
the Earth will see a total eclipse only once
every 400 years, on average. That's when the
Moon is in perfect alignment to completely
obscure the Sun—offering a spectacular
viewing experience!

A total solar eclipse is coming to parts of
North America on April 8, 2024, and much
of the continent not in the path of totality
will experience a partial solar eclipse that
day. Here's how you can experience the
eclipse, share it with others, and be a citizen
scientist during the event!

Experience the eclipse
For the best experience, you'll want to get
fully into the path of totality—a strip just over
100 miles wide that stretches from Mexico
through Texas, the Great Lakes region, and
finally, through Maine and eastern Canada.
True totality is only experienced by those
fully inside the path. If you are outside this
path, even by a few meters, the disk of the
Sun won't be fully blocked, and you won't
be able to see the Sun's spectacular coro-
na—it's worth the extra effort to get into the
path of totality!

To see the Sun safely before and after to-
tality, you'll need a solar viewing filter, such
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A composite image of the total solar
eclipse on August 21, 2017, as seen from
Madras, Oregon. Some processing has
been done to enhance the visibility of
fine details in the corona. Credit: Rick
Fienberg, TravelQuest International,
and Sean Walker, Sky & Telescope.

4 Total Solar Eclipse—
AND SHARE IT WITH OTHERS

by Tom Rice, Education and Mentoring Specialist, American Astronomical Society, and
Assistant Research Professor of Physics, George Washington University

as a pair of eclipse glasses. Be sure to get
them from a reputable company, as not all
glasses sold under these names meet safe
standards (see eclipse.aas.org/resourc-
es/solar-filters for reliable vendors). Dur-
ing totality it is completely safe to view the
Sun’'s corona with your naked eyes. Enjoy
the view!

Share the eclipse with others

A solar eclipse is a great excuse to engage

public audiences in science appreciation

and education. If you'd like to support local

outreach efforts, here are some opportuni-

ties to consider:

® Get the 2023-24 Science Outreach Cat-
alyst Kit (SOCK) for your SPS chapter!
The kit contains eclipse-related phys-
ics and astronomy outreach activities
for chapter outreach to K-12 students
and the public. Learn more and request
a free SOCK at spsnational.org/pro-
grams/outreach/science-outreach-
catalyst-kits.

® The Astronomical Society of the Pacific
(ASP) is seeking eclipse enthusiasts
and undergraduate students who are
off the path of totality to engage their lo-
cal communities through their Eclipse
Ambassadors Program, astrosociety.
org/education-outreach/amateur-
astronomers/eclipse-ambassadors/

program.html.

® If you're an educator or professional
astronomer who is located on or near
the path of totality, ASP invites you to
become an ASP Eclipse Star, astroso-
ciety.org/education-outreach/asp-
eclipse-stars.

® Contact your local library and make
sure they know about Solar Eclipse Ac-
tivities for Libraries (SEAL). This project
provides free solar viewing glasses and
other resources to local libraries, star-
netlibraries.org/about/our-projects/
solar-eclipse-activities-libraries-
seal/.

Contribute to citizen science
during the eclipse

If you'd like to contribute to citizen science
efforts during the eclipse, keep an eye on
NASA's eclipse website, solarsystem.
nasa.gov/eclipses/home, where opportu-
nities will be posted. ®

Learn More

Visit the American
Astronomical Society's

website all about solar
eclipses.

eclipse.aas.org
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Member Spotlight

KAREN ANDEEN

Exploring the Universe, Advancing Inclusion

by Korena Di Roma Howley, Contributing Editor

s a child, Karen Andeen was fascinated with stories about

exploring the uncharted world. By the time she reached

high school, it became clear that one world still ripe for
discovery was that of particle physics, brought to life by a gifted
teacher, Saul Ploplys, who inspired Andeen and many of her class-
mates to pursue careers in the field.

Andeen has now spent two decades studying particles known
as cosmic rays that are ejected by violent astrophysical events like
supernovas, black holes, and galaxy collisions. “Just figuring out what
the cosmic rays are—what fraction of the particles smashing into our
atmosphere are oxygen or helium or hydrogen nuclei—helps us un-
derstand the physics behind the huge events that produced those
particles,” she says. "l often tell people that it's like space archaeology:
Archaeologists use shards of pottery to not only reconstruct the origi-
nal pot but also to understand the culture that produced it thousands
of years ago. Similarly, astrophysicists use particles smashing into
Earth from space to understand the physical mechanisms behind as-
trophysical events like supernovae”

Her work has taken her to Geneva, Switzerland, and the IceCube
Neutrino Observatory at the South Pole. Today she's analyzing data
and designing new observational tools for IceCube using funds from
a coveted National Science Foundation CAREER grant. Working with
existing IceCube detectors, the prototype telescopes built by An-
deen’s international team will allow researchers to precisely identify
the cosmic ray types.

Aside from research, one of Andeen’s main career goals is to make
science accessible to more people by knocking down unnecessary
barriers and making it easier to navigate the various stages of a STEM
career. As an associate professor of physics at Marquette University
in Milwaukee, Wisconsin, Andeen thinks often about how to improve
physics education for what she hopes will be an increasingly diverse
student body. She is the first woman to earn tenure in the university’s
physics department, and over the course of her career, she has be-
come deeply interested in teaching for inclusivity.

“If you aren't focused on making sure everyone feels

— = — — deliberately included, then some people are feeling ex-

- cluded and others are feeling singled out,” she says. “In-

clusivity has to be for absolutely every
individual in the classroom.”

From Ploplys, Andeen came to un-
derstand the importance of context when
teaching. “He did a great job of bringing
in not just the physics but also the stories
of the physicists and their lives,’ she says.
"He made it clear that they all did stupid
stuff and made mistakes and didn't get it
right the first time. And that made it feel
accessible!

To this end, Andeen doesn't shy away
from being honest about the role that
struggle and failure play in success. As a
woman in a male-dominated field (few-
er than a quarter of bachelor's degrees' and PhDs? in physics are
awarded to women), Andeen has faced her share of challenges, from
sexual harassment and unequal treatment to “simply balancing work
and family life" as a professor.

“I'm a pretty private person, but | share quite a lot about myself
with students—and even colleagues—so they know the obstacles I've
faced, how | tackled them, and how | managed to succeed in spite of
them," she says. "No one can empathize with challenges they don't
even know exist, yet many people struggling in their own ways don't
feel able to share their experiences. I'm lucky to be in a very privileged
position at this point in my career, so | feel obliged to speak out for
those who can't”

Karen Andeen

was inducted into
Sigma Pi Sigma at
Augustana College
in 2001.

Karen Andeen works

in her lab at Marquette
University, inducted at
Augustana College in
2001. Photos courtesy of
Marquette University.



Andeen says she's especially
lucky to have had support from
family, friends, and colleagues, as
well as great role models. Cecilia
Vogel was an early role model for
Andeen. Vogel is a nuclear phys-
ics professor at Augustana Col-
lege and the first real-life example
Andeen encountered of a physicist
who is also a mom. “It was very in-
spiring to see someone success-
fully doing both—I realized that
| didn't have to choose between
having a family and being a scien-
tist," she says. "l won't say that it's
easy, but it's definitely possible."

Andeen is quick to remind her
students that science is not a sin-
gle moment of genius: It's a life's
work that is fueled by our experi-
ences. “Physics students tend to
become intimidated when learning
about people like Einstein or New-
ton, so it's very important to help
them realize that those ‘geniuses’
combined a lot of information over
time—and not just academic infor-
mation but also information gath-

ered through their daily lives and
personal interactions,’ she says.
“We have big problems in our
world today—not just in physics—
and we need as many diverse per-
spectives, experiences, and ideas
as we can gather to find solutions.

Maybe some of them are yours." ®
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Hidden Physicist

Engineer

by Zachary Cohen, Data Engineer, Zinnia,
Inducted at University of Connecticut, 2015

The

'm a physics and math grad turned data engineer who en-

joys learning new things. I've always had a love of space,

which led to an interest in physics and math from a young
age. | attended the University of Connecticut and graduated
with a double major in those fields. | then earned my MS in
physics from the University of Minnesota, where my research
focused on space plasma physics, specifically, on observing
electromagnetic waves in shock waves generated by coronal
mass ejections.

Since becoming a data engineer, I've worked for a medical
imaging contract research organization (CRO) that analyzes and
packages data for pharmaceutical studies, and more recently en-
tered the field of life insurance.

A data engineer creates, maintains, and monitors software
services that gather data from far-reaching sources and aggregate that data in a central loca-
tion. They then prepare the data for analysis or an artificial intelligence or machine learning

Zachary Cohen.

pipeline and assist with upkeep of the analysis and machine learning models to parse insights
from a complex dataset. From day to day my work can be creative (programming and debug-
ging), developmental (learning new application programming interfaces, or APIs), and even
theoretical as it leads to a deeper understanding of statistics.

Learning about programming and statistics and applying them in new ways is a bit like
being in some of my favorite classes in college and grad school—but getting paid for the work.
| have ownership over a large code base and the opportunity to gain insight into interesting
topics like data science, behavioral science, and the latest and greatest cybersecurity. There's
always something new to learn.

Those who aren't particularly data or statistics literate may not be aware of the benefits
of using analytics and trends to understand people’s behavior—and what that means in
practice. For instance, instead of relying on gut feelings to make decisions, companies can
use tools to gather data that pinpoints consumer preferences. Instead of holding onto aging
systems, companies can take advantage of new tools and processes that increase accuracy
and efficiency.

One of the biggest challenges in my career is monitoring the access and transmission
of people’s personal information. People input identifying and private information into many
websites and services. We don't want that information to be available downstream—or be at
risk if a company gets hacked and data is stolen. To minimize the risk of that data getting out,
we try to limit the surface area of access to people’s personal information. We also strive to
stay up-to-date on the latest technology for encrypting, hashing, and masking that data.

My advice to students is to learn as much as you can from peers and professors. Talk-
ing to others will help you understand the world more deeply than you ever could working
alone. Also, don't be afraid to leave the obvious “physics” fields or programs—there are many
interesting and challenging careers that love physics-trained people and rely on the same
concepts and tools that physics researchers use every day. And lastly, remember to prioritize
your physical and mental health, which is invaluable both personally and professionally. ®
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Hidden Physicist

The SENIOR SYSTEMS Engineer

Zain Abbas, Draper Laboratory, Inducted into Sigma Pi Sigma at the University of New Hampshire, 2015

s an immigrant from Pakistan, the

United States felt like a new world

to me, filled with diverse cultures.
| landed on US soil in 2010. After a couple
of years in high school, | spent several
years at the University of New Hampshire
(UNH) in Durham, where | devoted my-
self to studying physics and conducting
research in space science. | discovered
American football, college, and skyscrap-
ers while enjoying the New Hampshire
foliage.

During my first summers at UNH, | did
research on thermometry at low tempera-
tures in a nuclear physics group, thanks to
an undergraduate research award. During
my senior year | worked on another sum-
mer project, this time in space science. |
helped develop a time-of-flight mass-ion
spectrometer for space-based spectros-
copy. With each project, | enjoyed present-
ing my research at the UNH Undergraduate
Research Conference.

| had a strong aptitude for physics cours-
es and was inducted into Sigma Pi Sigma
before graduating. | was also active in SPS.
As president of our Society of Physics Stu-
dents chapter, | focused on bringing the
UNH physics community together and con-
necting undergraduate interests to faculty
and university resources.

Motivated by unanswered questions in
space science, | went on to pursue a gradu-
ate degree in physics, also at UNH. While
there | had the privilege of analyzing data
from NASA's Compton Gamma Ray Ob-
servatory Mission Telescope (COMPTEL)
to learn more about the neutrons produced
when galactic cosmic rays collide with par-
ticles in Earth's atmosphere. My graduate
thesis provided valuable insights into the flux
of these "albedo neutrons" in Earth’s atmo-
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sphere, which is important in heliophysics
and magnetospheric research.

While working on my thesis, Draper Lab-
oratory, also known as the MIT Instrumenta-
tion Lab, offered me a job as a systems and
test engineer. | still work there today.

I've worked on several R&D programs for
industry and government clients, including
the Office of Naval Research (ONR). For ex-
ample, I've tested several inertial measure-
ment units (IMUs), which are tools that play
a critical role in navigation systems. Orbiting
spacecraft and high-altitude missiles utilize
IMUs to measure specific forces, angular
rates, and orientation along their path. I've
also helped develop a quantum photonics
gate array, an important component for en-
abling quantum computing.

Because of my passion for space sci-
ence, | worked on Dream Chaser—the first
unmanned spaceplane designed to resup-
ply the International Space Station. | was
responsible for maintaining the data man-
agement tool that assisted my colleagues
with data conversion issues. Additionally,
I've supported several radiation-hardened
efforts for Blue Origin, an aerospace manu-
facturing company developing space sys-
tems and reusable launch systems. | helped
test microsystems under heavy ion radia-
tion to measure the susceptibility of their
electronic components.

I'm currently modeling radar simulations
in Matlab. It's fascinating to investigate radar
performance under various conditions. The
downside is that | can't use my cell phone at
work due to the classified nature of the proj-
ect! Working on US Department of Defense
(DOD) projects comes with other challeng-
es, too. For example, they have strict sched-
ules and depend on critical funding that can
be cut abruptly.

Zain Abbas.

These challenges and experiences have
taught me the importance of resilience,
adaptability, and perseverance in the face of
adversity. | have learned that true growth lies
not only in success but also in the lessons
you learn from failures. Never stop learn-
ing—this is the only pathway to growing your
intellectual capabilities. Learn from history,
focus on the present, and never let fear of
failure stop you from moving forward in life. ®



Elegant Connections in Physics

The Five Lagrange Points:

PARKING PLACES IN SPACE

Part I: Finding Lagrange Points

by Dwight E. Neuenschwander, Southern Nazarene University, Emeritus

The James Webb Space Telescope (JWST) is now safely parked at
Lagrange Point L2 in the Sun-Earth system, about 1.5 million
kilometers from Earth (Fig. 1). A Lagrange point is a location in the
vicinity of a gravitationally bound, two-body system where a small
object, such as a satellite or an asteroid, maintains a stationary
position relative to the two major bodies. Five Lagrange points,
called L1 through L5, exist in the vicinity of a gravitationally bound,
two-body system. Three of them, L1, L2, and L3, that lie on the line
through the two major bodies,' were predicted by Leonhard
Euler in 1760. With the two major bodies, L4 and L5 form the
vertices of equilateral triangles, as predicted by Joseph-Louis
Lagrange in 1772 (Fig. 2).2

In many readily available accounts of Lagrange points, the
results are presented, but few details about the derivation are
given. Therefore | have tried to make details of the entire journey
accessible here. This article is divided into two parts: |. Finding
Lagrange Points, and Il. Mechanical Stability at Lagrange Points.
Part Il will be published in the Spring 2024 issue of Radliations.

Figure 1. Top: The distance between the Sun and Earth. Bottom:
JWST (the Webb) orbits the Sun 1.5 million kilometers away from
the Earth at the second Lagrange point or L2 of the Sun-Earth
system. Credit: NASA.

A Zero-g Location Is Not a Lagrange Point

Every student of introductory physics has probably seen the
following problem on a weekly quiz: A star of mass m; and its
planet of mass m, are separated by distance a. Where along the

line between them does the gravitational field g vanish? Let that
point be located at distance x from m;. Then g(x) between the
two masses is

G G
™, e )f. )

= (-7 oy
Setting g = 0 and solving for x gives

a
x= ——. )

1+ J%

As a consistency check, if m; = m, then Eq. (2) gives x = a/2,
as expected. The x of Eq. (2) does not locate a Lagrange point,
because this elementary exercise models a static star-planet
system. But in a real two-body gravitationally bound system, m,
and m, must revolve around their center of mass (CM) in order to
avoid falling directly into one another. In the Sun-Earth system the
CM resides about 450 km from the Sun’s center, well below its
surface radius of 6.7 x 10° km, whereas the two bodies are about
150 million km apart. As the Earth revolves around the Sun, the
Sun's center wobbles about their CM. In the two-body problem we
must handle this recoil effect.

Before leaving the elementary exercise, let's see how to
reformulate the problem in terms of the gravitational potential ¢,
where g = —V. For the system of Eq. (1),

Gm1 sz

px) = — 3

x a—x’
and Eq. (2) follows by setting dg/dx = 0. Is the zero-g point
of Eq. (2) a point of stable equilibrium, or is it unstable? The
second derivative of ¢(x) is

d2e my m,
— =26 (— 7) , 4
dx? x3 + (a—x)3 )

which is negative at the value of x given by Eq. (2), showing
x to be a local maximum of the potential. A test particle
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sitting at x will be in a state of unstable mechanical
equilibrium.

While the x of Eq. (2) is not a Lagrange point, the same
procedure—with the revolution of the bodies about their
CM included—will be used to find the Lagrange points.

Relative Motion and the Reduced Mass

Consider two particles, one of mass m, located at position
r, relative to the origin of an arbitrary coordinate system,
and the other body a mass m, located at position r, relative
to the same origin. The translational kinetic energy K of this
two-particle system is

1 2 1 2
K = Emlvl + Emz‘/z ) (5)

where v; = dr;/dt and v, = dr,/dt. The CM is located at
rems given by

ey = ——————. (6)

Let r denote the vector from m, to m,, so that
r=r,—ry. 7

Use Egs. (5) and (6) to write r; and r,, and thus v; and v,,
in terms of two other velocities: the CM velocity vey =
drey/dt and the relative velocity v = dr/dt = v, — vy, In
terms of these velocities, the kinetic energy of Eq. (5) is
equal to

1 2 1,
K= E(m1 +my)vem + LA )

where u denotes the so-called “reduced mass,”

mpym,

7 €))

m;+m,

For a two-body interaction where the force F between the
bodies depends only on the distance between them, so that
F(r) = F(r), where r = |r| (a “central” force), the two-body
problem is equivalent to two one-body problems: the
motion of the CM (as a particle of mass m ; + m,) relative
to the original origin of coordinates, and the motion of a
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particle of mass u acted on by F(r). The distance r is also
the distance from the CM to the effective mass u. Placing
the CM at rest on the origin further reduces this two-body
problem to a one-body problem. The motion of the effective
particle of mass u is solved by applying Newton's second
law:

(10)

Consider the reduced mass effect on the orbital angular
frequency in Kepler's third law. But first, for the sake of
comparison, consider a central body of mass m, orbited by
a satellite of mass m, where m, « m, so that m; does not
measurably recoil in reaction to the motion of m,. The CM
effectively resides at the center of m;. Assuming a circular
orbit of m, about m;, Newton's second law becomes

Gm;m,

172
rz = mz ? ) (11)
where v may be expressed in terms of the orbital angular

velocity w, v = rw. Equation (11) becomes the simplest form
of Kepler's third law,

2

Gmy
w"- =

. (12)

Now let's see how Kepler's third law gets modified with
the recoil of m; taken into account. With the origin still
coincident with the CM, Eq. (10) gives for a circular orbit of
the reduced mass

Gmym, v?
L2 n—. (13)

TZ
With v = rw, Eq. (13) becomes

_ G(my +my)

2
w
r3

, (14)

which reduces to Eq. (12) if m, «< m,. Equation (14) gives
the orbital frequency that applies to the Lagrange points.

F = ma Transformed into a Rotating Reference Frame

According to Newton's first law, physics is done most
efficiently when the second law is applied in an



unaccelerated (inertial) reference frame where the
distinction between cause (force) and effect (acceleration)
is unambiguous. To do physics in a rotating frame, start with
Newton's laws in an inertial frame, then carry out a
coordinate transformation from the inertial to the rotating
frame. Let the rotating frame rotate with constant angular
velocity w with respect to the inertial frame (and assume no
relative rectilinear acceleration). Applied to a particle of
mass m’, the transformation from an inertial to the rotating
frame results in a modified second law?:

F-mwX(wXxr)—2m'(owxv)=m'a, (15)

wherer, v, and a are the position, velocity, and acceleration
of m’ as measured within the rotating frame, and F is the
net force acting on the particle back in the inertial frame.
The other two terms that appear with F are artifacts of doing
physics in a rotating reference frame: —m'w X (w X r) is
called the centrifugal “force” and —2m’(w X v) the Coriolis
"force.”

Corresponding to a conservative force F is potential
energy U, where

U=—JF-dr. (16)

An effective potential energy U, can likewise be defined for
the force Fy, = F—m'w X (w X 1) — 2m/(w X v):

U, = —wa-dr
so that

Uw=U+m’wx(wxfr-dr)

+2m'’ f(w X V) - dr. 17

A potential energy corresponding to the Coriolis force does
not exist because (w X v) -dr = (o Xv)-vdt=0*Even
so, for now consider the test particle to be at rest relative to
the rotating frame, so that v = 0 (a restriction lifted later). In
the plane polar coordinate system (r, 8) with the CM at the
origin, and with @ = wk, Eq. (17) becomes

1 . 22
Uw=U—Emrw. (18)

Upon dividing out m’ we obtain the effective potential ¢,,,

1
Yo =@ — 570, (19

2
where ¢ = — [ g~ dr.
To find the equilibrium points that a test particle
experiences in this rotating frame, we set g, = —V¢,, = 0.
In plane polar coordinates this requires

0
quwzf'i+

_10¢
w w
60 ——
or

~ 30 =0. (20)
Again, let m; and m, denote the masses of the two principal
bodies, and suppose that m; = m,. Let the origin again
coincide with the CM, and denote r;and r,, respectively, as
the distances of m; and m, from the CM, with a the
distance between them (Fig. 2). Then

mn = mpn; (21)
and
a=nr+r, (22)
and denote
M= m;+m,. (23)

At an arbitrary point in the (r,8) plane, the effective
gravitational potential is

1 2,.2
0o 0) = ——L - L - or2?, (28

where, by the law of cosines (Fig. 2),

s; = (r? + 1 + 2rry cos §)/2 (25)
and
s, = (r? + 1} — 2rr, cos §)/2. (26)
: 4 i
— =il i A
s o ‘--..-'l-: L |
= | — —

Figure 2. The coordinate system used to find Lagrange points.
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To locate equilibrium points we require Vg, = 0. For
¢, /0r = 0,and using Eq. (14) to write w? in terms of G, we

obtain

do Gm Gm,

a—rw=?1(r+r1C059)+ 3 (T—TZCOSH)—T?
=0. 27)

With myr; = m,r;, this may be rearranged as

e DL DY o(2-L)-™ _o (28
r 373 myry COS 373 =0 (28)

Turning to d¢, /06 = 0, and again using m;r; = m,r,, we
find
_ 1 1
sinf|—<—-—=]=0. (29)

S1 52

Equation (29) presents us with two scenarios, depending on
whether sin 8 does not or does vanish.

Figure 3. Lagrange points for the Earth-Sun system. L4 and L5
lie at vertices of two symmetrically placed equilateral triangles
whose sides have length a. L1and L2 are about 1.5x<10° km (0.07
AU) from Earth, L3 is about 1 AU from the Sun., JWST is at L2,
Credit: NASA.

sin @ = 0 Produces L4 and L5

If sin @ # 0, then Eq. (29) requires s; = s,. Importing this
into Eqg. (27) immediately gives s; = s, = a. Because
cos(—0) = cos 9, it follows that two distinct Lagrange
points exist off the m, - m, axis, symmetrically placed about
that axis. Together with m; and m,, each of these Lagrange
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points forms the third vertex of an equilateral triangle having
sides of length a. The Lagrange point above the x-axis
(ahead of the planet's rotation about the CM) in Fig. 3 is
called L4, and the one symmetrically placed below the x-
axis (following the planet's rotation) is L5.

With the xy~coordinate system of Fig. 2, the x-coordinate
of L4 and L5 is x=acos60° = a/2, and the y-
components of L4 and L5 are y = +asin60° = ++/3a/2,
plus for L4 and minus for L5. From Egs. (21)—(23) we learn
that

_m2 _ 30
rl—ﬁa=aa ( )
and
=Tg= 31
rz—ﬁazﬁa. ( )

sin @ = 0 Produces L1, L2, and L3

If sin® =0 then cos@ = +1, which means that any
remaining Lagrange points lie somewhere along the x-axis.
Because the x-coordinate will be positive to the right of the
origin and negative to its left, I'll write the distances in this
section using the radial coordinate 7, which is non-negative.

We encounter three possibilities for Lagrange points on
the x-axis: (a) L1 denotes the Lagrange point between
m,and m,; (b) L2 stands to the right of m,, where r > r,;
and (c) L3 sits to the left of m,, where r > r;. Let's consider
each of these separately.

(a) L1: From Eq. (27),

Gm, Gm,  Gr’M

= - - - . 32
P r+rn  rp-—r 2a3 (32)

Setting d¢,,/0r = 0 and recalling Egs. (30) and (31) gives

B a

C+n)? -n? @

(33)

(b)YL2, r > 1y



Gm; Gm, Gr’M

P = r+4n r—-n,  2d3 (B4
Setting d¢,,/dr = 0, we find
B a r
=—. 35
(r+mn)? + (r—n)? a® (35
(c) L3, r> m:
_ Gmy  Gm, Gr*M 36
Po = r—-rn r+1r, 2a3 (36)
Setting d¢,,/0r = 0 results in
a T
4 (37)

+ =,
(r—=n)? @+nr) a

Equations (33), (35), and (37) are to be solved for their
respective values of . These are fifth-order polynomials in 7,
so high-precision solutions require numerical methods.
However, with some approximations we can derive analytic
estimates for the three values of r that locate L1, L2, and L3.
If m, < my, then from Egs. (30) and (31) we may say a < 1
and B = 1. Returning to Eq. (33) for L1, it becomes

1 a r
r+r)?* (p—-1)? a3

(38)

With the change of variable r=au+r, =a(u+p) =
a(u + 1), and recalling a = r, + r,, Eq. (38) becomes

1 a
——=u+l1. 39
(1+u)2  u? (39)

Since a « 1, it follows that r = r, so that u « 1 also. In Eq.
(39) the binomial expansion of (1 + u)~?2 gives to first order
in u the result u = —i/a_/S, andthusr = a(l1+u) = a(1 —
i/a_/3). With the same change of variable for L2 of Eq. (35),
and with a similar treatment for L3 on Eq. (37) (but for L3
set r = au + 1), the approximate solutions can be neatly
summarized®;

Ll: r~a [1 - (%)1/3] (40a)

L2: r ~a [1 + (%)1/3] (40Db)
a
L3 7 ~at+ §] . (40c)

Notice that L1and L2 are symmetrically placed along the x-
axis about m,.

Lagrange points exist at the star-planet and planet-
satellite scales. Consider the Sun-Earth system. The Sun's
mass m; ~ 2 X 103 kg, for Earth m, ~ 6 x 10%* kg, so that

a/3=m,/3M~1x107¢ and 3/a/3~1x1072 The

Sun-Earth center-to-center separationa = 1AU is about 150
million km or 93 million miles. From Egs. (40) our numbers
place L1 at 0.992 and L2 at 1.01a. This puts L1 and L2 at
about 1% of an astronomical unit, or 1.5 million kilometers,
equal to 930,000 miles from Earth, with L1 between Earth
and the Sun and L2 about 690,000 miles beyond the Moon's
orbit radius. In our approximation L3 sits about 93 million
plus 93 additional miles, or 1.497 x 10° km on the far side

of the Sun, directly opposite the Earth, which compares
favorably to the tabulated value of 149.6 x 10° km.? L4 and
L5 are 1 AU from the Sun on the same orbital path as Earth,
L4 60 degrees ahead and L5 60 degrees behind the Earth.

In part Il, to appear in the next issue of Radiations, we
will discuss mechanical stability at Lagrange points.
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Maggie M. Christiansen
Nathaniel Keninger
Owen Eichhorn

Tyler Greiner

Colby College
Aiden Duncanson
Anna Danielski
Caleb Richardson
Charlie Mitchell
Damien Ray Petrin
Kate Jensen

College of the Holy

Cross

Cameron Schaefer

Elia Xiangquan Freitas
Fisher

John Cronin

Karina Calhoun

Levi Jehiel Cass

Colorado Mesa
University

Jonas Flann

Justin N. Darr
Matthew S. Keaney

Colorado School of
Mines

AJ Gray

Amii Okiyama Lamm
Ashley Howard
Audrey Faricy
Austin Crawford
Brendan MclLane



Brooke Olsson
Cameron Burst
Carsten Erlander
Cassi Joelle Smith
David Trung Nguyen
Elizabeth Ruzicka
Elliot Carmody
Emma Dunaway
Hannah Wistrand
Henry Spoor

lleana Thomas

Isaac Thomas Gallegos
James Lende

Jet Rostykus

John Taylor

Joseph PT. Templet
Joshua Barbell
Katelin E. Mann
Keith Borbridge
Kieran Sweetman
Maddy Hoffmann
Olivia Jackson
Patrick Campbell
Richard Heilbron
Sean Patrick Holmen
Shannon Perna
Tanner Maurice Janda
Veronica Masztalerz
William Brackney
Zakaria Khitirishvili

Connecticut College
Chloe Stults

Lana Joan Tilke
Matthew D. Carter
Miles Nathaniel Griffin
Victoria Plaskon

Creighton University

Allison Jean Benoit

Andrew Fanning

Ashok Bhandari

Bayode Adeleye Ibironke

Chance R. Persons

Colin Recker

David Loos

Erika Jank

Hephzibah Blessing
Akinleye

Jack Pereira

Jacob Marasco

Mili Barai

Robert S. Hopkins IV

Sukhman Virdi

Davidson College
Dvij Sharma
Mallory Justis
Megan Burkholder
Olivia Guarinello
Pat Kielb

Denison University
Alex Nie

Cong Chi Nguyen
Duncan Humphries
Henry Kline

Junaid Imran
Niranjan Reji

Rachel Furge
William Decker

Yifan Zhang

Drew University
Amelia Abruscato
Jaewoo Park
Ryan Duffy

Duke University
Pavani Jairam
William Klein

Duquesne University
Gabriel Pecar

Jacob Casimir Dulya
Zachary Nickischer

East Carolina
University
Brandon Damgaard
Sydney Grose

East Central University
Ranjit Yadav

Eastern Kentucky
University
Evangelina Stefan
Gabriel E. Singleton
Tyler Tanner

Eastern Michigan
University

Avital Keeley
Connor Belt

Elizabethtown College
Meghan Williams

Elon University
Jordan Wels

Embry-Riddle
Aeronautical
University - Prescott
Becca Rose Spejcher
Breck N. Meagher
Dominyck Darlington
Emelito Medina
Janessa Renee Slone
Mitchell Novak
Randy Loberger

Tri Phan

Tristen Sextro

Emory University

Benjamin Leviloff

Ginger E. Lau

Grace Marilyn Regnier

Hamner Fitzhugh
Collins IV

Julia Danko

Kristen Gram

Miller Vu

Noah Schapera

Ruoyu Li

William Andrew Presson

Yizhou Chen

Zhihan Lei

Fairfield University
Andrew Maresca
Anne Arnold

Brenna Petrelli
Carissa Agostino
James Vizzard
Katherine Eighmy
Kyle J. Hochenberger

Luke Borgos

Maciej Lewicki

Reagan D. Lafnitzegger
Samuel Bayers

Shahnt Madalian
Vishvesh Patel

Will Bradshaw

Florida International
University

Adam Ring

Alexander Alberto Lohr
Diana Perez Martin
Hillary Beauliere

Kevin Acosta

Kevin Antonio Blanco
Melanie Adriana Frolich
Nicolas Cea

Florida Polytechnic

University

Aliya Eissa

Austin Bowerman-
Sullivan

Christian Stanfill

David Sheffield

Dhiraj Maheswari

Emadelden Fouad

Gabiriel Jones

lan Edwards Il

Madison Hendricks

Nathan Dawson

Timothy Freeman

Florida State University
lan Cameron Smith Hay
Kevin Liguori

Lexington Mandachi
Michael Fredock

Robert C. Laughlin

Scott Baker

Sophia Paulino Korte

Fordham University

Alfred Ricker

Brianna A. McCartney

Claire Reynolds

David Adipietro

Isabella Wentworth
Hamilton

Jackson Reynolds

Marisa Marzolini

Megan Fahey

Nada Wahman

Nicolino Primavera

Fort Hays State
University

Clay Burk

Levi Joseph Hickert

Franklin & Marshall
College

Charles Reisner
Emma Levy

Gillian Sage Leeds
Songhang Li

Yanxi Li

Yihao Zhang

Yiyang Huang

Furman University
Anna Barnett
Christina Fleming

Christopher Montgomery
Jungkind

Ellis Kwesi Edinkrah

Frederick Julian Ashby Il

Mennatalla Mahmoud
Ellagany

Reed Shoolbred

George Washington
University

August Friebolin

Julia Peters

Zhuogi Liu

Georgia College and
State University
Jason Gordon
William Peavy

Georgia Institute of
Technology

Bing Li Chen

Eric Swiler

Joshua Herring

Lila Nassar

Michael Naresh Pacocha
Wesley Alexander Ford

Georgia Southern
University

Adair Brown

Alex Hutton

Elizabeth Thurston Hutton

Georgia State
University
Alton V. Patrick Il
Benjamin Tipton
Kristyn Spears
Leanna Laverne
McKenzie
Nathaniel Gostin

Gettysburg College
Albrun Johnson

Aston

Braden Wolf

Emma Ortiz

Isatou Bah

Malcolm Lathrop-Allen
Nathaniel Bowers
Sophia Rose Marrone
Tam Nguyen

Grand Valley State
University
Madeline Becker
Noah Fuerst

Robert Dolan
Shane Armstrong

Grove City College
John Treusch

Gustavus Adolphus
College

Aaron Johnson

Amber Simon

Grant Hietpas

Jack Austin Stonecipher
Jackson Berlage
Joseph Weckwerth
Justin Sehlin

Katelyn Espe

High Point University
Bryce Smith

Myaisha Lucas

Padraig Clancy

Hillsdale College
David Frederick Ard
Nathan Herring

Hofstra University
Jeevan Dalip

Hope College
Gabriel Balk
Kyuil Cho

Leah Grace Kline
Valen Feldmann

Howard University
Brady Dye

Khouri Williams
Laurynette Griffin

Illinois State University

Amelia Maria
Korveziroska

Andrew Santarelli

Brendan Czajka

Carter B. Herbert

Christopher Achammer

Joshua Nepomuceno

Julia Retter

Naomi Satoh

Randi Zeal

Indiana University
South Bend

Israel Owens

Jason Daly

Scott Thomas Marley
Shelly R. Lesher
William Franklin Zech

Ithaca College
Emily Leach

loan Dascalu
Matthew David Weil
Mikolaj Konieczny
Noah Rosenzweig

John Carroll University
Caelen Blakely

Cory Gloeckner

Gabriel Williford

Zachary Mcllroy

Johns Hopkins

University

Bailey Liu

Dennis Plotnikov

Ekin Gunes Ozaktas

Kyle Schneider

Lucas Seiji Mandacaru
Guerra

Michael Kruppa

Ying Qin

Zeqing Li

Juniata College

Annika Stare

Christopher Wil
Brumbaugh-Cayford

Ellis Kline

Hunter V. Tate

Patrick Magauran
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Kalamazoo College
Alexander Kish
Chaeyoun Myoung
Mackenzie Moore
Riley Weber

Sam Ewald

Tristan Uphoff

Kent State University
Brian Courts
Darion Feldt
Deena Lang
Holly Matthews
Kylie Merkel
Marceline Myers
Philip Dudones
Rachel Bricker
Sabaha Pasha
Turaba Rahman

Kenyon College
Clay Garfield
Emily Hirsch
Kalista Wayt
Lucas Muther
Melissa Nixon
Micah Kim

Kettering University
Ariana Hunt

Claire Gardner

Gabrielle Feeny

Rebecca Abbott-McCune
Taylor Godlewski
Zachary Jefferies

Kutztown University

Alexander Serrano

Emelly del Carmen
Tiburcio

Fatima Kamara

Jonathon V. Pugliese

Kylee Dean Smith

Lauren G. Murphy

Rain Czine

Sohayla Emam

Lawrence University
Adam Krekeler

Avery Greene

Hasif Ahmed

Kathryn Superka

Lebanon Valley College
Justin A. DeShong Jr.
Penn Smith

Lewis & Clark College
Alexis Chomyn

Julia Schafer Maushardt
Lilian Johnson

Makena Andersen

Ollie Feldman

Seth Moriarty

Linfield College
Alex Landry
Conner Dooley
Kellen Atkins

Louisiana Tech
University
Dylan Cain
Dylan Ward
Tyler Warzynak
Zachary Thomas

Loyola Marymount
University

Caden Joshua-Tyler Swain
Conall O'Leary

Juan Jose Uribe

Nathan Avey

Nicolas Salkin

Loyola University
Chicago

Benjamin M. Ward
Bennett Korotko
Gunwati Agrawal
Jessica Moore
Sofija Brnovich
Zachary Long

Loyola University
Maryland

Ashley Dwyer

Collin Habig
Matthew King Spear
Matthew Villamar

Lycoming College
Holland McVey
Kaitlyn Sheriff

Sarah Yvette Loucks
Sylphrena Kleinsasser

Manhattan College
Rebecca M. Coglianese
Sarah Rosen

Marietta College
Emily Etheridge
Margaret Russell
Payton Brinks

Marquette University
Alex DeSimone

Alyssa Kraft

Amelia Ketelhohn
Antonio Banda

Callie Schmidt
Katherine Etten

Patricia Vushaj

Massachusetts
Institute of Technology
Aden Jon Rothmeyer
Archer Wang

Brian L. Xiao
Catherine Ji

Charlotte Wickert
David Fang

David Xiong

Derek M. Baldwin
Dhyey Sankalp Gandhi
Emma Rutherford
Faisal Alsallom
Hillary Diane Andales
llan Mitnikov

Jiahai Feng

Jonathan Shoemaker
Kylee Carden

Laura Cui

Lauren Hsing-Tze Li
Richard Luhtaru
Richard P. Sollee Il
Sahil Pontula

Sanjay Raman
Thomas Bergamaschi
Wei-En Wang
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Xiangkai Sun
Yu-Che Chien

McMurry University
Chloe Gatch
Elijah Gregory

Miami University
Arthur Macbeth

Kyra Stillwell

Md Shakil Bin Kashem
Neha Sunil

Nishan Amgain

Olivia Kline

Thomas Aidan Finn

Middle Tennessee State

University

Brian Matthews

Bryce Haven

Joseph Mego

Sarah Madden

Zakaria Duncan Sohrabi
Sedeh

Millersville University
Kyle S. Bonene
Timothy John Geyer

Minnesota State
University Moorhead
Emily Watson

Richard Lahti

Tanner Weyer

Mississippi State
University
Jayden Ratcliffe
Katlyn Grimes
Matthew S. Wright

Missouri University of
Science & Technology
Carly Brown

Dillon McNamara

Elias Hyatt

Gavin Jones

Jason Thurow

Jeppe Thybo

Joshua Santy

K. G. Zychinski

Logan Sowadski
Michael Colletti
Nicholas Mertens
Samuel Schrader
Zachary Alton

Moravian College
Adrianah Appleman
Andrew William Younes
John M. Riley Jr.
William Reinert

Morgan State
University
Ahamed Raihan
Frank Efe

Mia Merritt

Mya Merritt
Paul Kigaya

Mount Holyoke College
Amelia Lee

Anna Maria Moran
Deepika Kumawat
Kareena Guness

Mao Yasueda
Mysha Khan
Reece Liu

Sasha Ruth Toole

Murray State
University

Ajani Hill

Jacob Lucian Underwood
Nebraska Wesleyan
University

Luke Monson

New Mexico State
University

Aaron Lopez Gonzalez
Jack Bogrett

Jonah Galvan Martinez
Tye Bell

New York University
Aashay Pai

Donovan Thompson
Dylan Lane

Elijah Labowe-Stoll
Eren Tuksal

Evan Laljit

Greta Goldberg
Leonardo Betancourt
Noah Johnson

Robert Xi

Sean Ku

Ting Zhou

William Kuhlke

Xutong Liu

Yijun Shi
Northwestern
University

Kevin Seca Widyatmodjo
Nia M. Robles Del Pino
Yiying Liu

Occidental College
Aidan Lindhe-Johan
Ruby Berke

Ohio Northern
University
Amanda Wells
Annika Murray
Logan Suiter
Quinnlan Aiken
Robert J. Hayek

Ohio State University
Harrison Pasquinilli
Idris Malik

Samuel Bellman

Ohio University
Alexandra Wells
Damien Pancake
Grace Eichler
Greta Hibbard

Ohio Wesleyan
University
Malcolm Henderson
Niladri Deb

Penn State Erie, The
Behrend College
Jerry Magraw
Nickolas R. Felker

Pennsylvania State
University

Anna Tartaglia
Bethany Dominguez
Dennis Hartmann
Dylan Essex Monteiro
Evan Stocker

lan Philippi

Jackson Hinkel

Jacob Frishman
Matthew Visomirski
Nathan Harley
Nicholas Richardson
Opal Eris Cieslak
Thanvanth Vinodh Kumar
William Morrissette
Yi Zhang

Yuxin Gao

Zachary Allamon

Providence College
Moussa Salibi

Purdue University
Fort Wayne

Austin J. Brandenberger
Kyle Laskowski

Natalie Severeid

Paul Jagger

Reuben Moser

Radford University
Eniko Szabad
Michael Ziegenfus

Randolph College
Christopher Hollingsworth
Hartzel Gillespie

Isaac Carney

Marcela Izquierdo Poza
Nam Hoang

Nicholas Vazquez

Shauna Shepard

Tu Nguyen

Valentina Santos Agreda

Randolph-Macon
College

Abigail Thompson
Jaden Elizabeth Ellis
Jake Raugh

John A. Millner
Maynard Sandford
Michael Rodruck
Nate DelLong

Ryan Malick

Sasha Campana

Rhodes College
Amalia Bay

Blake Lawler

Chris Hoang

Dang Minh Nguyen
Eliza Howard
Grace Lim

Grace Nehring
Gregory Vieira
Harper Kolehmainen
Jake Manuel

Jess Hamer

Julia Pirro

Keith Hoffmeister
Kenny Tang

Lillian Whitesell



Loyd Clayton Templeton IV
Luke Guidry

Nolan Brown

Olivia Kaufmann

Ryan McCrory

Ryan Simms

Shuang Wu

Thomas Conroy

Triet Ha

Zheng Yu Wong

Rollins College
Lucia Baquerizo
Senal Hewage

Rose-Hulman Institute
of Technology

Alisha Mastakar

Brody Magee

Colin Decker

Ishaan Mishra

Julia Katherine Norris
Peyton D. Miller

William Amory

Rowan University
Ayaz Mahmood
Cameron Brady
Dawn Vorndran
Leo Han

Maggie Mayfield
Marc Cervantes

Saint Anselm College
Anthony Kubik

Cameron George Sullivan
Cora Holtshouser

Saint Joseph's
University
Jessie Jin
Joseph Popp
Julia Oseka
Shayna Sit

Saint Mary's College
Amber Manspeaker
Gabrielle Castle-Smith
James Ripple

Julia Kraft

Quinnten Hatfield
Theodore Baum

Saint Mary's College -
Notre Dame

Abigail Brown

Kathleen Connick
Maria Schudt
Samantha Vorderer

Saint Michael's College
Brook Hodgeman

Chris Kombo

Christian Andreas Vogt

San Jose State
University

Henry Bassam Wahhab
Linh Pham

Nathan Morada Lewis
Walter Mendoza

Santa Clara University
Javier Garcia de Castro
Iribas

Peter Hovland
Robert Cady
Skyler Weight

Seton Hall University
Anthony F. Hishmeh
Cindy Pham

Elijah Edward Clarke
Jayce M. Jovero

Joshua S. Diaz

Marek A. Maciejewski
Parker A. Arnott

Ramsyl U. Lopez
Richard F. Sevilla

Sewanee: The
University of the South
Charlcya Hall

Holt Stewart

Hugh Graham

Isabel Collins

Jose Osa

Mété Garai

Nicholas Gunter

Olivia Rhodes

Siena College

Christopher J Pezzella

Emily Schafer

Ethan J. Jones

Jaime R. Cochran

Jillian Cola

John Anthony
Capetanakis

Joseph Vincenzo Likens

Josephine Ruth Swann

Keith Pritchett Jr.

Natalie C. Stagnitti

Taryn A. Asselin

Tia L. Snyder

Skidmore College
Frances Wharton
Grace O'Connell
Jessica Nachamie
Margaret Arms
Natasha Wozniak
Sara Lyman

Slippery Rock
University

Adriana Gonzalez
Sanchez

Kyra Hoover

Samantha Stapf

South Dakota State
University
Gavin Baker
Jax Wysong

Southern Illinois
University Carbondale
Nathanial Smith

Southwestern
Oklahoma State
University
Benjamin Smith
Christopher Svebek
Cody Conrady
Gunner Snowden
Mason Hart

Tess Tracy

St. John's University
Jaden Xoan Gonzalez
Marcus Alaimo

St. Lawrence
University
Cora Ferguson
Logan Ritchie
Nicholas Ames

St. Olaf College

Aidan Steineman

Anna Celeste Osterheld
Ben Kettelhut
Benjamin Hess

Caleigh Schmidt

Griffin Rauber

Joseph Becker

Lucas Jindra

Marianna Livia Marquardt
Milad Abu Rass

Stephen F. Austin State
University

Katie Elizabeth Bailey
Kirk Pierce

Matthew Oliver

Mitchell Brown Fountain
Rylee Cooper

Stetson University
Juan Burgos
Xavier Inosencio

Stevens Institute of
Technology

David Kim

Elizabeth Maggio
Gabriella Toryk

Justin Andre L. Avendano

Stockton University
Alexandra Kazan
Emma Morrone
Mariam BiBi

Nicholas Raylman
Rocco Mancuso

Stony Brook University
Andrei Zhukov

Christian Zaprianov
Efrain Martinez

Giancarlo Mainardi
Joseph Bisiani

Onyu Kim

SUNY Binghamton
Elizabeth Faulkner

Kyle William Braman
Madelynn Joy Bigler

SUNY Brockport
Alexander Chase Mesiti
Colin Steiner

Emma Sargent

Sean Lannon

SUNY Fredonia
Maxwell Delehanty
Melanie Eileen Russo
Sean Rand

SUNY Geneseo
Aidan Cheeseman
Carleigh Wachtel

Connor McDermott
Darren D'Arcy

lan Faerman
Jessica M. Dawson
Kayla Andersen
Lillian Fox

Noah Dauphin
Noah Longshore
Thomas Abate

Yuki Watariguchi

SUNY Oneonta

Andrew Lutz

Benjamin Michael Curcio
Ryan Sliwinski

SUNY Plattsburgh State
University
Stephania Zelinski

SUNY University at
Buffalo

Joseph Ferrantini
Luke Di Fato

Zaw Oo Ko

Susquehanna
University

Bryce James Urian
Farruh Nabiev
Gwen Conley
Hannah Needham
Jennifer Carter
Nicolaus Gagliano
Samya Zain

Texas A&M University

- Commerce

Fangyi Zhu

Gail Wyant

Makayla Teer

Maximilian Rainier von
Schlehenried

Roger Hart

Ryan Davis Rodriguez

Sherman Losey

Tristan Stone Williams

Texas Lutheran

University

Addison Hild

Alexander Macario
Pantoja

Sumeyra Tek

Texas State University
Emmanuel Dominguez
Itai Micha Pomerantz
John Sipes

Joseph Bishop

Layne Sauer

Matthew Johnson
Maya Rivers

Michael Lynch

Olivia Saunders

Rocio M. Sigler

Sam Lindsey

Texas Tech University
Alex Droemer

Clive Kalathoor Binu
Karina Kimani-Stewart
Kayla Spencer

Kyle Wipfli

Manuel Higareda
Maykala Sky Hernandez
Odin Schneider

Samuel Baker

Shelby Courreges
Tanazza Khanam

Travis Howard

Towson University

Animesh Chakraborty

Britney Whittington

Daniel Roland

Kamal Benslama

Dylan Hilligoss

Jeffrey Lynn

Madison Previti

Marcus Rose

Michael Bravo

Michael Osofsky

Nathaniel Christopher

Richard Edward
Seabrease IV

Victor Terranova

Trinity College

Alexandra Berenice
Barbosa Gonzalez

Samuel Elliot Cronin
Strymish

Trinity University
Angela Graf

Jonathan Pascal Rotter
Madison Reich
Sebastian Barahona Lara

Troy University
Ernest S. K. Lee
James Sanders
Justin Bankert
Martin Bouldo

Truman State
University
Emmanuella Goe
Zoe Vetter

Tufts University
Arielle Weinstein
Cooke Tarlton
David Corro
Elizabeth Panner
Hannah Magoon
Leonid Sajkov
Luca Grossmann
Miles Mamigonian
Noah Stiegler
Rachel Nathan
Ryan Afzal

Ryan McFarlane
Sophia Lily Dinn

Union College

Devin Ramos

Jia (Scarlett) Wei

Miles Derryberry
Ackerman

Travis Joseph Rathwell

William Grimwood

Union University
Caleb Knapp
Josiah Hays
Tabitha Keylon
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United States Air Force
Academy

Avery Brooke Simer
Benjamin David Roth
Blake Eastman

Connor Barberi

Daniel Smith

Grant Christopher Ferry
Tyler Jones

Maya Mandyam

Robert Lloyd

Samuel Angus

Shelby Wood

Simeon Hanks

United States Military
Academy at West Point
Alexander Roos

Austin James Burns
Daniel Lawrence

Hollis Fitzgerald

Jack Abshier

Kyle Lawrence

Mason P. Bay

Matthew Eckert

Nathon Lee Segovia
Ting Teng

United States Naval
Academy

Derek Gess

Enzo Kim

Joseph Ozgar

Kara Kniezewski

Kirk Liscom

Robert Hare

Tyler Grace Zancanella

University of Alabama
- Tuscaloosa

Aidan Payne

Anastasia Ramig
Michael Zengel

Riley Nold

Zachary Socha

University of Alabama
at Birmingham
Jackson Hanle

Jason |. Forbus

Logan Alexander Burnett
William L. Davis

University of Arkansas
Apoorva Bisht
Emily Ware

Eric Seglem
Harshdeep Singh
Isaac Prud'homme
|zabela Pavel
Katherine Wolchok
Logan Waddle
Nathan Sawyers
Nikhil Pai

Sarah Wittenburg

University of
California, Irvine
Brandan lan Buschmann
Cydney Dawn Maxwell
Leon Zhang

Shuhan Yang

Yisheng Shen

Yuhui Yang
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University of Central

Arkansas

Andrew Joseph Mason

Hypatia Meraviglia

Nadira Amadou
Mahamane

Scott Austin

William Steven Ward

University of
Cincinnati

Aaron Rapach
Aedhan Cornish Scott
Gordon Hallmark
Grayson Light

John Dumancic
Sarah Odeh

University of Colorado
Boulder
Abdulaziz Alwatban
Aidan Janney
Alexander Fix
Alexandra Plocki
Alexandru Toma
Anurag Ranjan
Arlee Kaye Shelby
Asa Milton Morrison
Catherine Lei
Denali Jah
Eleanor Gentry
Ethan Trapp
Ferin Von Reich
Henry Pensell
Hou Heng Leong
Jordan Dayle Lang
Josiah Smith
Konrad Ziegler
Leo Kamgar
Lilly Bergen
Luke Read Coffman
Matthew Guerrero
Melissa Dow
Michael Tidd
Nicholas Dreux Entin
Owen Grimes
Owen Helfer
Patrick Pillans
Ravin Arunanshu
Chowdhury
Robert Bonfiglio Jr.
Robi Hug
Samuel J. Porter
Saurabh Totey
Shannen Graham-
Howard
Sophie Redd
Thomas Stewart
Tianrun Wu
Tuscany McCann
William Ashcraft
William Gregory

University of Colorado
Denver

Alya Elise Sharbaugh
Autumn Bauman
Clayton Ridder

Daisy Wanless

Lauren Luna

Luke Jones

Stephanie Howell

University of

Connecticut

Abraham Thomas

Alexandros Isaac
Apostolidis

Daniel Piro

Dillon Snyder

Eric Farmer

Jacob J. Sauerhoefer

Jessica Wessner

Matthew Markovych

Maxime Pindrys

Richard Durand Dube

Spencer Macri

Taevis Kolz

Yuanqing Li

University of Dayton
Margaret M. Brown
Michael Johnson

Riley Jack Barrett

University of Kansas
Alaura Custard

Anika Goel

Ashley Lieber

Craig Lee Brooks Jr.
Dylan Grant Robertson
Jessy Changstrom
Joseph Elliott Hand
Katherine F. Wienke
Keaton Robert Donaghue
Kiet Le Tuan Tran

Ryan Cosgrove

Thresa Sophia Kelly
Randy W. Yeh

University of Louisville
Andrew Davis

University of Maine
Anya Lam Zimet
Apurba Kaphle

Riley Brennan

Sarah Rogers-Pastio
Sophia Gabrielle Claudio

University of Mary
Washington

Abigail Swanson
Carter Bussey

Clark Saben

Heidi Rose Walbesser
Mason Clark

University of Maryland,
Baltimore County
Asimit Bhattarai

Elizabeth Kane

Matthew Lastner

University of

Mississippi

Bryce Montgomery
Barrett

Caroline Cuddy

John-Russell Crawley

University of Mount
Union

Alexander Carrothers
Brianna Rapp
Danielle Daiger

Eric Caldwell

Samuel Nucerino

University of Nevada,
Las Vegas
Stephanie Letourneau

University of New
Hampshire

Angus Kirkpatrick
Dylan Parmentier
James Wirth
Samantha Pearson

University of North
Alabama

Hung Lam

Jacob Lynn Laughlin

University of North
Carolina at Asheville
Abdullah Sayed
Alexandra Lee
Delaney Carlton

Jacob H. Crawford
Joshua Ward

Quinn Foti

University of North
Carolina Wilmington
Aaron King

Evgenia Starostina
Jared Curry

University of North
Georgia

Casey Burdett
Robert Lane

University of Northern
Iowa

Jenna Heinen

Sabryn Labenz

Stephen McFadden

University of Notre
Dame

Carter Hrabrick
Daniel Pardo

Dante Komater
Diana Spulber
Edward John Roe
Eleanor Yates
Greyson Clay Wesley
Josiah Aidan Castillo
Marie Gerges
Nandini Sadagopan
Nathaniel Hiott
Nolan Fey

Rebecca Shelby Boyle
Sean Calagna
Shenghua Liu
Thomas Catapano
William Powers
Yuhsin Tsai

University of
Pittsburgh

Ameya Velankar

David Zapata Soveranez
Eli Ullman-Kissel

Enzo Brandani

Ethan Lilie

Luke Docherty

Ryan Young

Sean O'Connor
Stephanie Manasterski
William Ouligian

University of Puget
Sound

Jakob McRae

Olivia Danner

Rowen Sanford-Eckhaus

University of
Richmond
Eric Neuhaus
Henry Koch

University of Rochester
Aidan Bachmann
Aliza Panjwani
Bingcheng Suo
Delaney Cummins
Ethan Morad
Ethan Vislosky
Everett Prichard
Fiona Gaffney
Gabrielle Bohner
Howard Henry
Jenna Hraki
Jiacan Yu

Luke O'Brient
Matthew Blyth
Max Neiderbach
Nathan Skerrett
Rachel Whitmoyer
Rianna Sophie Ehrenreich
Sam Calos

Stuti Shah

Tianyu Huang
Xinyue Wu

University of San Diego

Adrian Woodley

Brandon Eickert

Delaney Jannone

Dustin Greenwood

Emma Horner

Francisco Munguia
Wulftange

Maya Hendija

Ryle Rel

University of San

Francisco

Catherine Victoria
Uriarte Tan

QiYu Zhang

University of Scranton
Evan Hromisin

Francis Joseph Lynch Jr.
John Nelson

Thomas N. Elias

University of South
Carolina
J. Adam Fisher

University of South
Florida

Alexander Jacob Prieto
Alexander Miller
Sebastian Rocks

University of

Tennessee, Knoxville

Fredrick John Tally
Melhorn

Gage Erwin

Lucas McBee

Preston G. Waldrop



Scarlett Wilson
Taylor Sussmane

University of Texas at
Dallas

Amena Khan

Julie Welch

Prasoon Vishwakarma
Travis Rippentrop

University of the
Cumberlands
Abigail Sharp
Abigail Sparkman
Sydney Dalton

University of Tulsa
Joseph Dennis Blackstad
Maria Isabelle Fite

University of Utah

Ada Catherine Cottam Allen
Grace Bramlage

Henry Nibley

Jakub Tomasz Ziembicki
Joshua Marchant

Noah Conner

Tanner Hoole

University of Vermont
Maegan Beckage
Noah Jacobson

University of Virginia

Alexa Joelle Tyberg

Casey Zhang

Charlotte Hoelzl

Claire Joy Huchthausen

Olivia Jane Mostow

Peter Harrison Craddock
Manto

Pichaya Tositrakul

Samuel Thomas Crowe

Shrinidhi Nadgouda

Thomas James Clarkson
Maher

Tristen Corbet Lowrey

University of
Washington
Rohan Sastri

University of West
Florida

A.J. Orlando

Alexis Collins
Brandon Leard
Israel Reimer

Josiah Simes
Lavender Allen

Matt Stapleton

University of
Wisconsin - Eau Claire
Anika Rix

Cole Pearson

Huston Wilhite

Jacob Dick

Jinkai Si

Joshua Loren Baker
Scott Lawton

William Slinkman

University of
Wisconsin - La Crosse
Brady Gagner

Jade Maki

Justin Robert Stevenson
Lorenz Richard Buchanan

University of
Wisconsin - Parkside
Christopher S. Thomack
Hillary Cunliffe-Owen
Jack Binder

Olivia Manring

University of
Wisconsin - River Falls
Matthew Edward Weiman
Megan Rhea

University of Wyoming
Aidan Ferguson

Brock Parker

Jarred Grant

Michael James Lindman
Reese Gardea

Timothy Mark Shrode

Zia Macdermid

Ursinus College
Alan Okinaka
David Vasquez
lan Conroy

Marie Olivia Sykes
Millard Heinze IlI
Samantha Grubb
Tyler Ways

Valdosta State
University

Edward Rios

Jasmine Freeman
Jordan Mel Hewins
Shantanu Chakraborty
W. Logan Spooner

Valparaiso University

Anand Agrawal

Brook Burbridge

Dylan Grace

Emily Pavasars

Laura Floyd

Philip Wig

Vanderbilt University

Alex Richard Diefenbach

Amanda Marilena
Maeglin

Andrew Taylor Zuckerman

Dennis Michael
Herschbach

Hana Lina Woolley

Henry Gordon Yusem

Jessica HY Tang

Marcus Palmer llan
Kamen

Matthew Lu

Serat Mahmud Saad

Siyuan Chen

Umar Sohail Qureshi

Villanova University
Boran Yigit Gorur
Claire Finley

Dominic Holcomb
Hayley Nofi

Jonathan Lane

Justin Karach
Mackenzie Ann Baird
Michael C. Davis
Stephen Sloane
Virginia Military
Institute

Alan Denis Arnesen
Caroline Abigail Fiorillo
Christopher Jannell
Ethan Fogle

Faith Elaine Guy
Mitchell Meyer

Nathan Angelo Van Ness

Virginia Polytech
Institute and State
University
Alexander Sarver
Alonso Perez-Lona
Benjamin Burdick
Brady Talbert
Canon B. Zeidan
Ethan Dolin
Evangelos Piliouras
Filippos Tzimkas-Dakis
Geoffrey O'Malley
Grant Davis
Hao Zhang
Hunter Nelson
Jacob Vicek
JC Hartman
Jordan Holmes
Julia Jones
Kalani Ellepola
Lucas Hughes
Mayank Sharma
Nishad Manohar
Noah Provenzano
RJ Loyd
Sarah Healy
Sasha Mintz
Sohair Elmeligy
Tharindu Damesha
Rajapaksha
Yannick Pleimling

Wabash College
Gabriel Cowley

Kazi Fardinul Hoque
Nikolai Jones
Thomas M. Joven

Wake Forest University

Aidan Norris

Amanda Peake

David Carchipulla-
Morales

Gregory Riley

John Gannon

Motahhare Mirhosseini

Xiyue Wang

Zhuoran Wang

Washington &
Jefferson College
Gannon Ziviello
Madison Ramsey

Washington and Lee
University

Evan Novak

Harrison Hall Pritchard
James F. Keel llI
Jessica Clark

Keally Rohrbacher
Noah Shelton

Phineas Schmidt
William Luik

Zhihuan Yan

Washington University

in St. Louis

Benjamin Robert de
Jonge

Deepthi Kailash

Karinne Sora Summers

Michael Mansour

William Ho

West Chester
University
Christopher Barns
Logan Suchanec
Nicholas Gray

West Virginia
University

Bikash Kharel
Christopher Carey
Evan Lewis

Jordan Stanley

Rachel King

Sunil Gyawali

Timothy E. E. Olszanski

West Virginia
Wesleyan College
Abigail O'Shields
Jackson Igo

James Mclntosh
Payton Hefner
Rebekah Dawn Sikora
Robert Hardt

Western Kentucky
University

Chloe Jones

Galilea Ochoa-Vinalay
Hannah Kramer
Isaiah Alvarez

Whittier College
Andrew Householder
lan Takeshi Watanabe
Jackson Diamond
Jude Pazier

Lucia Marie Piner
Matthew Buchanan Garza
Natasha Waldorf
Raymond Hartig
Richard Arteaga

Riley Sullivan

Veiva Piner

William Jewell College
Grant Latina

Jonathan Fang

Kaden Gammon

Kaitlyn Simms

Worcester Polytechnic
Institute

Abigail Johnson
Alexandra Spezzano
Amy Melina Welch
Emrys Adams

Geneva Isaacson
Lorenzo Manfredi Segato
Luciano Karim Malavasi
Mara DeCesare

Michelle Sangillo
Tianxing Weng

Wright State University
Keenan McCormick
Neil Pohl

Xavier University
Benjamin Ransom Adair
Blake Joseph Bottesi
Elise Le

Yale University
Alejandro Simon
Barkotel Zemenu
Ben McDonough
Claire Recamier
David Wells
Elizabeth Welch-Jani
Elsa Durcan

Eric Jerénimo Chévez
Helena Lyng-Olsen
Jack Ross

Juan Recoaro
Kameron Duncan
Luke Mozarsky
Michael Lee
Michael Lin

Michael Sacks

Neal Ma

Nikhil Harle

Olivia Aspegren
Rachel Merrill

Rose Powers

Sofia Fausone

Sri Devulapalli
Tausif Hossain
Tristan Sorrell Weaver
Varun Varanasi

Yu Jun Shen

Zixin Chen
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