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OUTSTANDING 
SERVICE AWARDS

ΣΠΣ

OUTSTANDING 
SERVICE AWARD

SPS

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!

students.aip.org/sps-outstanding-service-award

Applications are accepted on a rolling basis.

ΣΠΣ is looking to award individuals who have 
performed meritorious service to the field of physics and 

astronomy, to Sigma Pi Sigma, or to a 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 a certificate.
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A s outgoing Sigma Pi Sigma President, I want to express my sincere gratitude 
to each of you. Your devotion to SPS and Sigma Pi Sigma, your advocacy for 
the disciplines, and your commitment to fostering inclusivity and belonging 

motivate me each day. I am honored to be associated with passionate folks who sup-
port one another and our work in the fields of physics and astronomy. As we reflect to-
gether, I would like to celebrate a few of our successes, discuss some of the challenges 
ahead, and look to the future by embracing our past and committing to the ongoing 
work of SPS and Sigma Pi Sigma.

The 18th Physics and Astronomy Congress, held in Denver, Colorado, last October, 
was an extraordinary success. The meeting featured outstanding speakers who gra-
ciously shared their expertise and advice, workshop leaders who facilitated impactful 
sessions, and tour organizers who provided valuable and engaging experiences. Over 
1,100 students, mentors, and friends participated in the 2025 Congress.  

Radiations Letter from the Outgoing President

by Blane Baker, Sigma Pi Sigma President

Get Support for Inductions and Chapter Activities
Sigma Pi Sigma Chapter Project Awards of up to $600 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.

Radiations (ISSN 2160-1119) is the official 
publication of Sigma Pi Sigma, the physics 

and astronomy honor society, published 
twice per year by the American Institute 
of Physics, One Physics Ellipse, College 

Park, MD 20740-3841. Printed in the USA. 
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A NOTE OF GRATITUDE

and Reflection

Blane Baker opens the 2025 Physics and Astronomy Congress. Photo by SPS.
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For me the high point of the congress was connecting with students and recogniz-
ing their outstanding efforts. Students, you are the reason we exist. You inspire us; you 
give us hope in the future of physics and astronomy. We value each of you and offer our 
continued support.

Beyond the success of the 2025 Congress, SPS and Sigma Pi Sigma remain vibrant 
and active. We see countless examples of local chapters and members embracing our 
core values of honor, encouragement, service, and fellowship. You devote time to help-
ing others gain greater understanding of and appreciation for the disciplines, and you 
generate opportunities for service within your local communities. Many of you partici-
pate in research and disseminate your work through presentations and publications, 
while others share their expertise in industry roles, as teachers, and in a wide range of 
other careers. We appreciate all that you are doing, and we remain committed to help-
ing you in this ongoing work.

The valuable experiences at the congress and the engagement of our chapters 
would not be possible without the support and devotion of a host of volunteers, Society 
of Physics Students (SPS) staff, and the American Institute of Physics (AIP). They work 
diligently to help our programs run, and they offer support in many ways. Please take 
opportunities to show how much we appreciate them.

While we have much to celebrate, several challenges are imminent. Confidence in 
physics and astronomy and other science-related fields among the general population 
is in decline. These reversals impact funding for science, attitudes toward science and 
scientists, and personal actions of citizens. Many people in society ignore the findings 
of science if they do not fit their political leanings or worldviews. While these trends are 
disappointing, SPS and Sigma Pi Sigma embrace these challenges and stand ready to 
serve our communities and the society at large. I can assure you that we will work tire-
lessly to show the value of our disciplines, uphold scientific ways of thinking, and defend 
evidence-based decision-making.  

Other difficulties arise from budgetary constraints at colleges and universities. As a 
result, many physics and astronomy departments face existential threats. Current data 
from AIP indicate that three to four physics programs are closing each year. With persis-
tent budget cuts, these trends are likely to continue. Advocacy for physics and astrono-
my programs is an important part of addressing budgetary challenges. Yes, budgets are 
tight, but failure to advance scientific knowledge has dire consequences for our health, 
welfare, and economies. Some of our recent work in the societies has focused on listen-
ing to departments facing these challenges and helping them to tell their stories. While 
specific outcomes are not always to our liking, we continue to provide support and 
empowerment during these difficult times.

Another challenge is ensuring the well-being of students and those who work with 
students, especially considering the stress caused by social, professional, academic, 
and financial pressures. While we do not offer direct services, we are committed to 
helping students connect with experts and sharing their recommendations on how to 
deal with burnout and mental-health challenges. We truly care about our members, and 
we want everyone to thrive.    

ABOUT AIP
As a 501(c)(3) non-profit, AIP  is a 
federation that advances the success of 
our Member Societies and an institute 
that engages in research and analysis to 
empower positive change in the physical 
sciences. The mission of AIP (American 
Institute of Physics) is to advance, 
promote, and serve the physical sciences 
for the benefit of humanity.

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
The Society of Rheology

Other Member Organizations
Sigma Pi Sigma
Society of Physics Students

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. Visit students.aip.org/alumni/become-a-mentor. 

Connect with Sigma Pi Sigma

LinkedIn 
linkedin.com/groups/142619

Instagram 
instagram.com/spsnational

foundation.aip.org
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Letter from the Outgoing President

Looking to the future reminds me of our ori-
gins and emerging history. You are a part of an 
organization that values students and commits 
time and resources to supporting them. In 1921 
Sigma Pi Sigma was founded as an honor soci-
ety by a group of students at Davidson College 
with the support of their faculty. At one of their 
first meetings, student members proposed the 
pillars of the organization and emphasized the 
need for encouragement of students. In 1968 
Sigma Pi Sigma joined with AIP’s Student Sec-
tions to form SPS, an organization committed 
to serving all students interested in physics and 
astronomy. Today Sigma Pi Sigma remains a 
separate honor society within SPS.   

SPS and Sigma Pi Sigma offer many excit-
ing opportunities for current and past students. 
As you continue your studies or pursue other 
endeavors, remember that you always have 
a home here. You play a vital role in our long-
term success. Your gifts of time and resources 
empower the next generations of students. Your 
ongoing participation contributes to our over-
all strength and health. Many folks continue 
involvement after graduation by helping to or-
ganize future congresses, working with local 
chapters, connecting with students via research 
and service, and offering workshops on a broad 
range of topics. Others promote science through 
advocacy and personal interactions. Each of us 
has opportunities to advance our disciplines and 
build a more sustainable future for humanity. We 
encourage you to participate in ways that em-
power and inspire you.

In closing, my plans are to continue vol-
unteering once my term as president ends in 
June 2026. I am particularly interested in help-
ing with future congresses and addressing the 
challenges experienced by departments under 
threat. I have enjoyed my tenure as president, 
but most of all, I am honored to have served and 
worked with you. I anticipate seeing many of you 
at the next congress and other SPS and Sigma 
Pi Sigma events. Let us strive together to make 
SPS and Sigma Pi Sigma the most relevant, en-
gaged, and active organizations for students and 
alumni. United in mission and vision, we can ac-
complish all that we desire.  

by Brad Conrad, Education And Workforce Development Manager, 
Office of Advanced Manufacturing, NIST, and Brittney Hauke, Journals 

Managing Editor, The American Ceramic Society

The Lasting Legacy of
Professor 

Steve Feller

Society Notes

T here are scientific leaders whose influence is measured in con-
cepts, papers, and citations. There are also those who impact 
their community by championing people, education, and our 

best ideals—encouraging others to be a better version of themselves. 
Steve "Doc" Feller, a past president of Sigma Pi Sigma and longtime pro-
fessor and SPS advisor at Coe College, will be remembered as both of 
these, and to many in our community, much more. The Worth Seagon-
dollar Award winner passed away on November 19, 2025.

Over 46 years, Feller built a premiere undergraduate research 
program focusing on oxide glasses at Coe College in Cedar Rapids, 
Iowa. The pillars of ∑∏∑ were at the heart of his career, guiding him in 
everything from groundbreaking condensed matter research to being 
a mentor, leader, and engaged member of the physics and astronomy 
community. 

Scholarship
Doc earned his PhD at Brown University and began teaching at Coe 
in 1979. Working with fellow Coe professor Mario Affatigato and their 
students, Doc published nearly 140 papers on the atomic structure 

At the 2022 Sigma Pi Sigma Congress, Steve Feller (center) poses with 
authors Brad Conrad, past director of SPS, and Brittney Hauke, one of his 
former students. Photos courtesy of Hauke.
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and physical properties of glass. Most 
have undergraduate authors. One of 
Doc’s shining achievements was in-
cluding undergraduate students in ev-
ery part of the research and dissemi-
nation process. Because of his efforts, 
hundreds of his students contributed to 
the field and test drove careers in re-
search and engineering.

Leadership
Through his involvement with organiza-
tions including the American Physical 
Society (APS) and the American Ceramic 
Society, Feller helped bring together 
physicists from across the globe to col-
laborate on cutting-edge research. He 
played a leading role in organizing con-
ferences and symposia, including Sigma 
Pi Sigma congresses. At Coe, he men-
tored countless student leaders, helping 
them develop the skills they needed to 
succeed. Doc was tireless in creating an 
environment in which students felt sup-
ported and empowered.

Service: An Attitude and 
Lifestyle
One of the first things people learned 
on meeting Doc, besides his character-
istic greeting of “Yo,” in a thick Brooklyn 
accent, was his passion for giving back. 
He was involved in many programs pro-
moting science education, particularly to 
those underserved in the field. Doc be-
lieved that science should be accessible 
to everyone, and worked to make sure ev-
ery student could engage in physics and 
astronomy on their terms. He built a wide 
base to support student travel that was 
highly successful—often allowing dozens 
of students to attend meetings—and ef-
fective at helping students connect their 
passion for science to the broader com-
munity, creating a strong Coe physics 
alumni network.

A celebrated institution, Doc's SPS 
chapter received Outstanding recognition 
countless times. He made sure each ∑∏∑ 
induction ceremony was a community-
building event, often securing renowned 
scientists such as Jocelyn Bell Burnell and 
Jim Gates to not just speak with students 
but build lasting connections. From shar-

ing his “world-famous” liquid nitrogen 
ice cream recipe to encouraging chapter 
support of the local community, Doc’s im-
pact can be measured in lives changed.

Fellowship: A Collaborative 
Physics and Astronomy 
Community
Doc was a strong believer in the impor-
tance of Fellowship, both within the aca-
demic environment and in the scientific 
community. He recognized that science 
thrives when students and researchers 
across many levels of experience collabo-
rate, share knowledge, and support each 
other. Doc was famous for bringing his 
students with him to every meeting and 
laboratory he could.

Through his contributions to science 
and his tireless support of those he worked 
with, Feller made a lasting impact on the 
fields of physics and glass science. He is a 
model for how one can embody the values 
of ∑∏∑—Scholarship, Leadership, Service, 
and Fellowship—throughout their career. 
His work will continue to shape the future 
of physics and impact generations of sci-
entists for years to come. 

“Our results are 
used all over the 
world. But the most 
important thing, for 
sure, not even close, 
is the students.” 

–Steve Feller 

Steve Feller (seated, left) relaxes with colleagues and members of the class of 2017 during 
an event for senior physics majors.
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Fellowship is an investment in people, both stu-
dents and alumni. Members emphasized supporting 
young scientists and suggested that regional alumni 
and networking events could coincide with local con-
ferences and events to enhance community and sus-
tain long-term connections.

Service is a responsibility and a learning experience. 
Through service, members said, one learns the impor-
tance of teaching resilience and perseverance. Other 
members noted the growing need for effective science 
communication and support for events like the congress.

Honor and scholarship are striving for excellence 
while uplifting others. Members linked these values to 
respect, integrity, honesty, and open-mindedness in 
their professional lives and beyond.

Encouragement often comes from family, pro-
fessors, and peers who reinforce one's confidence in 
overcoming challenges. Members emphasized the 
power of Sigma Pi Sigma to encourage students, 
noting that the members can do more to champion 
and support the next generation of physicists and 
astronomers.

T his past October, more than 60 Sigma Pi Sigma members gathered at the 2025 Physics and Astronomy Congress to network 
and to reflect on the society’s pillars. The keynote speech was delivered by one of Sigma Pi Sigma’s newest honorary inductees, 
K. Renee Horton, who encouraged physicists to boldly take up space at the forefront of society by disseminating knowledge and 

sharing the wonder of scientific discovery. In attendance were plenary speaker Jocelyn Bell Burnell and longtime SPS donor Jack Hehn, 
both fellow honorary members who inspired the audience with their presence and support.

As dinner was served, participants from diverse career stages engaged in a guided exercise about the Sigma Pi Sigma pillars, 
touching on what they mean in practice and how they might be strengthened moving forward. Here are some notes from the activity.

Across all four pillars, Sigma Pi Sigma members expressed a shared desire for greater activation and recognized the collective impact 
the society can have in the community. 

Sustaining the Four Pillars:
Alumni Gather at the 2025 Congress

by Andrew Czeidinski, Science and Technology Policy Fellow, American Association for the Advanced of Science, and 
Stephanie Howell, Physics Graduate Student, University of Oregon

The students and professionals that join Sigma Pi Sigma form 
a network of those striving for excellence in the physical sci-
ences. As much as the National Office desires to build a com-
munity, that is not something that can be forced. Community 
requires the sustained effort and enthusiasm of members; 
otherwise, we have nothing more than a mailing list.

Last year, several Sigma Pi Sigma members participated 
in workshops to help society leadership determine how to 
make engagement easier. As we spend 2026 planning and 
establishing these programs, we encourage you to form lo-
cal alumni communities of your own. Stay in contact with 
your undergraduate and graduate peers, or join the Sigma 

Pi Sigma LinkedIn page to find fellow members in your area. 
Host reunions, networking events, or even the kind of bad 
physics movie nights you organized as a student. The magic 
of SPS connections doesn’t have to go away just because 
you’ve graduated. 

When you feel connected to a community, you gain 
support, encouragement, and understanding. In a time of 
heightened career uncertainty, it’s important to interact with 
people with whom you can relate. Sigma Pi Sigma is here 
to facilitate an alumni community, so please share your per-
spectives, experiences, and voice. And keep an eye out for 
ways to get more involved this year!  

Member Notes

You Make Sigma Pi Sigma a Community
by Alejandro de la Puente, Past Director of SPS and Sigma Pi Sigma, and Rianna Ehrenreich, SPS and Sigma Pi Sigma 

Programs Engagement Associate

If you are interested in helping grow and strengthen the Sigma Pi Sigma network, check out students.aip.org/alumni to learn more.
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Raisa Rahman Richi
A senior at Franklin and Marshall College in Pennsylvania, 
Raisa Rahman Richi is pursuing a double major in physics 
and mathematics. Her passion for physics began in child-
hood, when science fiction novels inspired her to pursue 
a research career. 

Through a summer internship at Fermilab in 2024 and 
at CERN in 2025, Richi developed an interest in experi-
mental particle physics. At Fermilab she used machine 
learning algorithms to improve neutrino reconstruction 
techniques, and at CERN she contributed to an energy ef-
ficiency analysis of a high-energy physics event generator. 

Richi is the president of the SPS chapter at Franklin 
and Marshall College, leading weekly meetings, organizing 
research presentations, and coordinating conference par-
ticipation. Next year Richi plans to pursue a PhD in physics, 
with hopes of becoming a research scientist at a national 
laboratory or a university professor. Outside of physics, she 
enjoys traveling, hiking, running, and playing guitar.

Meet the Newest Sigma Pi Sigma 
LEADERSHIP 

SCHOLARSHIP 
Recipients

Yurok Song
Yurok Song is a senior physics major at Emory Univer-
sity interested in applying physics to living systems 
and medicine. He is completing an honors thesis in Ilya 
Nemenman’s theoretical biophysics group, where he uses 
quantitative models to study population activity and in-
hibitory–excitatory dynamics in mouse auditory cortices. 
He has also conducted research at Stanford University on 
accelerating diffusion-weighted MRI using computational 
methods. 

Yurok serves as copresident of the Emory SPS chap-
ter, a learning assistant captain in the physics program, 
and an advanced EMT and division chief of operations for 
Emory EMS. He is committed to strengthening the phys-
ics and broader scientific and health communities through 
outreach, mentoring, and creating welcoming spaces for 
younger students. After graduation, he plans to pursue an 
MD/PhD in physics and pursue a career using quantitative 
tools to inform diagnosis, treatment, and health policy. 

Your Dollars at Work
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Ad
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Your Dollars at Work

For many students, attending the recent Physics and Astronomy Congress wouldn't have been possible without 
the generous support of Sigma Pi Sigma donors. As the students convey below, your gift changes lives. 

"Attending SPSCon was one of 
the most valuable experiences 
that I have had throughout my 
undergraduate career. Getting 

the opportunity to network 
with other undergraduate 

physicists while learning about 
various career opportunities 
in academia, industry, and 

national labs was valuable for 
planning my career."

- Logan Finke, Embry-Riddle 
Aeronautical University

"This stipend directly enabled our SPS chapter to attend the 
conference, which opened an opportunity that expanded our 

academic perspective, strengthened our professional network, 
and motivated us to bring new ideas back to our campus. A 

major highlight was presenting in the poster session and having 
feedback from the broader physics community. We also had the 
chance to meet the SPS Executive Committee and members of 

Sigma Pi Sigma, which helped us better understand how to grow 
our chapter and better serve our members. As chapter president, 
one of my favorite moments was meeting and speaking with Dr. 

Jocelyn Bell Burnell. Without this support, our participation would 
not have been possible."

- Yulián Humarán, University of Puerto Rico - Mayagüez 

Thank You for 
Supporting
Student
Travel
TO THE 
2025 
CONGRESS

Snapshots from the 2025 Physics and Astronomy Congress. Photos by SPS.



12  RADIATIONS SPRING 2026

"The SPS Chapter Travel Award allowed our chapter 
to attend the Sigma Pi Sigma Physics and Astronomy 
Congress for the first time. . . . It provided invaluable 

insight into graduate school pathways, career 
opportunities, and the broader climate surrounding 
science today. The experience was both informative 
and inspiring, and we are fully committed to doing 
everything we can to ensure our chapter is able to 

attend future congresses."

- Angel Fraire Estrada, University of Tennessee 
Chattanooga

"We had four students attend, and all four students 
presented research that they had done at our 

school. It was a great opportunity for all of us to 
present our work in a safe and thriving physics 
environment. . .. Without the travel grant, our 

students would not have been able to attend." 

- Naomi Wagner, Oglethorpe University

"The SPS Physics and Astronomy Congress was an 
impactful experience. . . I feel more secure knowing 
that there are other people interested in the same 
research as me but also fighting to keep science in 

the forefront."

- Andrew Elder, University of Tennessee 
Chattanooga

"This congress gave me the opportunity to meet 
outstanding scientists who have experienced 

the struggles I have faced as an undergraduate. 
Attending Dr. Renee Horton's plenary talk helped 

me realize that I should focus on professional 
development opportunities I am truly passionate 

about and make time for myself so that I can thrive 
rather than survive through my physics career."

-Blake Schuetz, Embry-Riddle Aeronautical University

Supporting Students
Student travel to Physics and Astronomy 
Congresses is supported by the SPS Student 
Success Fund. This fund enhances the academic 
and professional development of physics and 
astronomy students through targeted support. It 
provides financial assistance for student travel to 
conferences, internships for hands-on experience, 
and scholarships to ease educational costs. The 
fund also fosters community by supporting regional 
events that connect aspiring physicists. You can 
learn more about donating to this fund and the 
Alumni Engagement and Sigma Pi Sigma fund at 
aip.org/foundation/student-programs. 
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Ad
Experience the Reinvented 
Physics Today Jobs

A more powerful job board 
for an improved job seeking 
experience 

Now with more Relevant  
Job Search Results and 
Easier-to-Find Advice

Opportunities span all 
career stages and job 
sectors across a variety 
of physics fields! 

ACCELERATE YOUR CAREER 
WITH PHYSICS TODAY JOBS
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TWO 
DECADES

of Connecting Students and 
Physicists

Get Involved

T he Adopt-a-Physicist program connects 
physics alumni with high school physics 
classes through online discussion boards 

for three-week interactive sessions. Students post 
questions, and their "adopted" physicists answer 
in detail, with pictures, links, and challenging ques-
tions for students to consider. The program, which 
is celebrating its 20th anniversary, is run by Sigma 
Pi Sigma in collaboration with the American Asso-
ciation of Physics Teachers (AAPT) and the digital 
library ComPADRE.

Don Lincoln, a senior scientist at Fermilab, has 
participated every year since the program’s incep-
tion. “I grew up in a world in which there were no 
scientist role models, and it wouldn’t have been all 
that hard for me to follow a path that didn’t involve 
science,” he says. Over the years, Lincoln has spo-
ken with hundreds of enthusiastic students through 
the discussion boards. “Some of them have chosen 
to study physics in college,” he says. “I hope that 
some of my correspondents will themselves one day 
be Adopt-a-Physicist mentors.”

Gina Watkiss’s classes at The Heritage School in 
Georgia have participated in Adopt-a-Physicist for 
more than 10 years, and they have adopted Lincoln 

multiple times. During those sessions, her students 
are always thrilled to see him featured in the school 
library’s issue of Scientific American and NOVA pro-
grams on TV, she says.

For a few weeks each year, Adopt-a-Physi-
cist “links my classroom directly to the real world 
of physicists,” says Matthew Anticole, a physics 
teacher at Norwin High School in Pennsylvania. “My 
STEM-centric students have impactful conversa-
tions with folks they aspire to become,” he says. “My 
STEM-adverse students, on the other hand, discov-
er that physicists are actually just normal (and usu-
ally pretty funny) people who do cool and important 
things with physics."     

Through the program, students are exposed to 
the brilliance and humanity of scientists, says Alden 
Marchman, another teacher at The Heritage School. 
“A question about dark matter, pulsars, or space-
time can quickly turn into a conversation about a fa-
vorite baseball team or a treasured recipe,” he says.

During one session, Tom Hogan of Quantum De-
sign intrigued students with his latest side project, 
building replica lightsabers modeled after the hilts 
you see in the Star Wars films. Another time, Jason 
Kooi, a research physicist at the U.S. Naval Research 

by Gina Watkiss, Science Educator, The Heritage School, and Sheri Nakai, Retired Gifted Ed Educator, 
Adopt-a-Physicist Moderators
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Laboratory, captured students with these 
opening lines, “Physics has been a pas-
sion of mine for many years. As a kid un-
der the influence of such notable scien-
tists as Dr. Egon Spengler (Ghostbusters) 
and Donatello (Teenage Mutant Ninja 
Turtles), I would spend hours tinkering 
with anything I could get my hands on."

Lisa Sitek, a science teacher at Burl-
ington High School in Vermont and a 14-
year veteran of the program, says inter-
acting with physicists gives her students 
a broader sense of what it means to be 
a physicist. "The Adopt-a-Physicist pro-
gram allows students, who often think the 
only job in physics is in a lab, to meet real 
people using physics in interesting jobs 
that they could see themselves doing one 
day,” she says. “The program helps take 
away the mystery of physics and answers 
the question, ‘When would I ever use 
physics?’"

Teachers also appreciate that their 
students are exposed to physics and as-
tronomy topics beyond what is covered 
in introductory textbooks. Ami DuBois, a 
research physicist at the U.S. Naval Re-
search Laboratory, introduced students to 
plasma in her 2022 forum. That prompted 
a student to reply, “We normally only study 
the three main types of matter, so to learn 
about the 4th is really cool! Lightning and 
neon lights are the only two other forms 
of plasma that I know about, but I would 
love to learn about some other examples!”

The impact of these interactions is evi-
dent in feedback from students. “I learned 
about the similarities and differences be-

Learn more and register at 
adoptaphysicist.org. 

One of teacher Lisa Sitek’s favorite physicists to adopt was Kenneth Ford, a participat-
ing physicist for 18 years. In 2024, at 98 years old, he responded to a student's question 
about childhood idols with this reply: 

Two of the giants of the field with whom I had the chance to work were John Wheeler 
and Enrico Fermi. Wheeler, who coined the term 'black hole,' transformed Einstein’s 
theory of general relativity into a tool of experimental physics. Fermi explained the phe-
nomenon of beta decay and laid the groundwork for much of modern particle physics.

I never met Einstein, although we lived in Princeton at the same time. Since I drove 
around Princeton’s streets at night, sometimes too fast, I did worry that my lasting 
claim to fame might be bringing Einstein’s life to an untimely end.

Idolize is not a term I would use. Respect and admiration seem better. These giants 
are human with human frailties complementing their brilliance. And mostly, they are 
very likable people.

Sadly, Ford passed away on December 5, 2025, at age 99. He will be greatly missed in 
upcoming Adopt-a-Physicist forums.

“The program 
helps take away 
the mystery of 
physics and 
answers the 
question, ‘When 
would I ever use 
physics?'"

–Lisa Sitek 

tween going toward a more engineering-
based path or a research-based path in 
college and as a career,” says one student 
from Norwin High School. “Physics not only 
teaches about how the universe works but 
teaches your brain how to think in different 
ways,” says another student, reflecting on 
what they learned from their experience.

At the end of each Adopt-a-Physicist 
session, Anticole’s students express their 
experiences in Haiku (and Haiku-ish) form.

Helena Richie, a former student 
of Anticole’s, is now a doctoral candi-
date in physics. She’s come full circle, 
now participating in the program as a 
physicist. As a high school student, an 
Adopt-a-Physicist conversation played 
a pivotal role in her decision to pursue 
astrophysics. 

"I had a love for astronomy through-
out my life, but somewhere along the 
way, I had picked up the idea that it 
wasn’t a realistic career path for me," 
she says. Surely there were only a few 
people who could make a living study-
ing the universe, she thought.

“The main thing that participating 
in Adopt-a-Physicist helped me learn 
is that being an astronomer is a 'real' 
career path,” she says. Hearing that it 
was a path she could pursue directly 
from an astronomer was really impor-
tant, she notes.

Physicists and astronomers of all 
specialties, education levels, and ca-
reer types are invited to interact with 
students through Adopt-a-Physicist. 
You too can influence how students 
perceive a career in physics or astron-
omy—and whether they think they’re 
capable of achieving one. 

qubits work 
unseen

yet physics and 

math give eyes

waveform 
collapses

Deciding is 
hard
Having doubt is no issue  
Go with your passion

I have no idea

what I’m doing 
after school

maybe it’s 
physics

Learn More
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increasing energy costs, and limiting the human experience of 
the night sky. Smart lighting choices and simple shields can al-
leviate much of the problem, if people are willing to take action.

As Radiations readers know, students often drive change. 
That recognition is at the heart of Campus SHINE: Safe and 
Healthy Illumination for the Nighttime Environment, an Ameri-
can Astronomical Society initiative that promotes responsible, 
thoughtful campus lighting. The initiative challenges students to 
lead collaborative efforts on campus to address this straightfor-
ward yet persistent problem.  

A Campus SHINE Guide, developed by experts in astronomy, 
lighting design, environmental science, and sustainability, de-
tails a roadmap for change inspired by successful efforts at Tru-
man State University, the University of Alabama at Birmingham, 
Smith College, and other institutions.

Sigma Pi Sigma chapters—which bring together alumni, 
faculty members, and current students—are well positioned to 
spearhead this effort on their campus. To learn more and get 
started, download the guide and check out success stories at 
CampusShine.org. 

FEATURE

by Kendra Redmond, Editor

Get Support from SPS
Implementing Campus SHINE requires assessing 
existing campus lighting, exploring the impact of 
alternative lighting options, conducting outreach, 
and bringing together experts, students, and faculty 
members. Sigma Pi Sigma Project Awards, SPS 
Chapter Research Awards, and SPS Marsh W. White 
Awards can help!

•	 Sigma Pi Sigma Chapter Project Awards of up 
to $600 are made to chapters for activities that 
engage alumni or expand the recognition of Sigma 
Pi Sigma.

•	 SPS Chapter Research Awards of up to $2,000 
are made to chapters for physics or astronomy 
research projects conducted by the chapter.

•	 SPS Marsh W. White Awards of up to $600 are 
made to chapters for activities that promote 
interest in physics and astronomy among students 
and the general public.

Get the details at students.aip.org/awards.

O n clear nights, a few of my college classmates and I 
used to load the Physics and Astronomy Department’s 
telescopes into a car and drive out behind one of the 

fire stations. There we’d set up the tripods and telescopes, wait 
for them to acclimate to the temperature, and work on our ob-
serving projects.

Although the fire station was just a few miles down the road, 
it was far darker than anywhere on campus, where streetlamps 
lined roads and walkways, spotlights illuminated signs and 
sculptures, and stadium lights blazed to the heavens.

Our campus, like many others, made liberal use of light. That 
made it safer, right?

Research shows that while adding more light can make out-
door areas safer, indiscriminate lighting actually reduces visibility 
by introducing glare. And dispelling darkness has other negative 
consequences—disrupting sleep patterns, harming ecosystems, 

Campus 
SHINE Lights
the Way to 
Responsible Campus 
Illumination

“Not being able to see the stars is 
not the problem—it is a symptom of 
the problem. The real problem is the 
harm caused by bad lighting, and the 
waste of resources.”
–Vayujeet Gokhale, Truman State 
University
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Women have always advanced the physical  
sciences, yet too often their stories go unseen.

Inspire future generations of scientists. 

Scan to submit your photos today to 
the Emilio Segrè Visual Archives
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Pictures shape 
how the world 
sees science.

Be seen. Be remembered.
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T he morning was crisp and bright as about 15 of us chat-
ted on the small tour bus. We were still a bit drowsy, the 
exhaustion from the previous day’s travels not quite lifted, 

but an undercurrent of excitement kept us awake. This was the 
first official day of SPSCon, and we were starting with a bang: a 
tour of the Chamberlin Observatory, a 19th-century facility main-
tained by the University of Denver (DU). It's home to a massive 
20-inch refracting telescope, one of few still operational in the US.

Upon first glance, the observatory didn’t appear extraor-
dinary. It's not particularly tall or imposing. But entering felt 

FEATURE

by Olivia Nippe-Jeakins, SPS Reporter, George 
Washington University

An Unforgettable Experience:
The 2025 Physics and Astronomy Congress

Last October, more than 1,100 physics students, faculty members, and alumni gathered in Denver, 
Colorado, for an exciting three days of tours, plenary talks, workshops, science, and art. The Physics 
and Astronomy Congress is a unique meeting aimed at undergraduates and takes place just once 
every three years. We invite you to relive or experience the highlights for the first time through student 
pieces in the next few issues of Radiations and the SPS Observer.

A view of the Chamberlin Observatory’s refracting telescope from 
the top of the scaffolding, looking down. Photos courtesy of Olivia 
Nippe-Jeakins.A Glimpse

Through Time 
and Space

like stepping back in time, as though we were walking into an 
old schoolhouse. Research posters plastered the walls, inter-
spersed with black-and-white portraits of important-looking 
historical figures. The school-like atmosphere soon made 
sense, as we realized we actually were standing in a class-
room—albeit a classroom unlike any other I’ve seen. The room 
wrapped around a massive, central column, the chairs ar-
ranged so that both sides of the room could see a whiteboard 
and screen. We took our seats.

Denver University professor Jennifer Hoffman, director of the 
observatory, gave us a warm welcome and walked us through 
the history of the observatory. It was absolutely fascinating to 
hear about construction during the era of horse-drawn carriages.

Upstairs, the sight of the telescope left us speechless. It is 
26 feet long and sits atop a column that stretches all the way 
down to the bedrock below. Dr. Hoffman walked to a thick rope 
dangling from the ceiling and gave it a tug. To our amazement, 
she was manually opening a slice of the dome. The ceiling above 
us slowly rotated out of the telescope’s way, and Dr. Hoffman 
adjusted the telescope’s orientation, gently swinging it down so 
we could examine it more closely. It was far too bright for obser-
vation, but climbing the scaffolding and peering through the lens 
was an unforgettable experience.

Ultimately, this tour underscored the importance of under-
standing and honoring the contributions of those who came be-
fore us, allowing their achievements to inspire and propel the 
work we do today. We owe a tremendous debt to the early pio-
neers whose curiosity and persistence laid the foundation for 
our understanding of the world.  
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N ear the end of the first day of 
SPSCon, hundreds of undergrads 
filed into a ballroom for a plenary 

workshop. We were told to sit at tables 
based on zones, and our group ended 
up sitting with a group of students from 
Yale University.

We expected our experiences as 
physics students to be completely dif-
ferent. The Yale students were from a 
well-funded, well-known university with a 
large physics department, while we came 
from a small state school with limited 
resources. But when we began discuss-
ing the first question, “How would you 
describe the current atmosphere in your 
chapter or department?,” the similarities 
surprised us. 

SUNY New Paltz is small, supportive, 
and close-knit. Professors form strong rela-
tionships with their students. Research op-
portunities tend to be informal and acces-
sible. The Yale students also had a strong 
community with motivated students eager 
to do research. But they felt more distant 
from the faculty. We discovered that all 
of us wanted stronger connections and a 
more collaborative atmosphere.

When asked, “What are the biggest 
issues facing physics and astronomy 
majors today?,” our table immediately 
agreed: the rise of anti-intellectualism. 
We talked about how skepticism toward 
science has risen in the public sphere, 
making it harder for people to trust ex-
perts, be curious, and value critical think-
ing. Misinformation spreads quickly, while 
outreach can’t keep up. This cultural shift 
affects funding, science communication, 
and public support.

Eventually we rotated to new tables, 
and I was joined by students from other 
small departments across the country. 
We bonded over familiar struggles: 
limited course offerings and small fac-
ulties. Together, we reflected on the 
question, “How do we get people ex-
cited about physics?” We agreed that 
excitement would come from making 
people feel welcome, interested, and 
included.

I left the workshop feeling more 
grounded as a scientist and more con-
nected to the broader physics commu-
nity. Hearing students from such different 
institutions speak passionately about the 
same issues was a reminder that no matter 
the size or resources of our departments, 
we’re all working toward the same goal of 
making science accessible and welcom-
ing. That shared purpose is what I carried 
with me long after I left the room.  

Reflections on the SPSCon

Plenary Workshop
by Shoshana Shapiro and Jaden Hubbard, SPS Reporters, SUNY New Paltz

The SPS crew from SUNY New Paltz, including reporters Shoshana Shapiro (left) and Jaden 
Hubbard (second from right), commemorates SPSCon. Photo courtesy of the SPS reporters.
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L et’s be honest—when it comes 
to any college career or graduate 
school fair, recruiters have mas-

tered the art of drawing students in with 
everything from stress balls and pens 
to candy and branded sticky notes. But 
keeping them there? Oftentimes, that’s a 
different story.

This challenge, however, was over-
come by the 2025 SPSCon Career Expo 
and Grad School Fair. Occurring each day 
of the three-day conference, the Expo of-
fered attendees a vibrant hub of discovery 
and career exploration. The free goodies 
were just the icing on the cake! 

 One of the major draws was the doz-
en or more professional societies and 

outreach organizations. Many of these 
groups, such as the American Associa-
tion of Physics Teachers, the National 
Society of Hispanic Physicists, and the 
Shadow the Scientists program, repre-
sented specialized, physics-centered 
communities rarely found at standard 
university career fairs.

A standout outreach organization was 
the Little Shop of Physics, a science en-
gagement program based at Colorado 
State University’s College of Natural Sci-
ences. The group’s booth featured over a 
dozen hands-on demonstrations, includ-
ing a photoelectric effect salad spinner. 
It was a fun and inspiring break from the 
formal atmosphere of the event.

by Aubyn Sallee, Savannah Russell, and Ella Luking, SPS Reporters, Rhodes College 

SPS reporters (L-R) Ella Luking, Savannah Russell, and Aubyn Sallee enjoy the second day of 
the SPSCon expo. 

The Little Shop of Physics booth features 
fun science demonstrations. Photos 
courtesy of the SPS reporters.

As for graduate program offerings, 
there were an astounding 45 schools and 
specialty booths. On the university side, 
representatives were excited to share in-
formation with undergraduate students 
standing shoulder to shoulder, waiting 
to hear what each school had to offer. 
Whether speaking with Georgia Tech or 
the Max Planck School of Photonics, each 
conversation was a fantastic opportunity 
to find potential connections and advisors. 

Bianca Hassan, a student at Davidson 
College, told us that the prospect of choos-
ing a graduate school sometimes seems 
daunting. She advises SPS members who 
attend the next SPSCon to visit each booth 
and “block everyone else out to see what 
they have in store at their universities.” 

The Expo also featured a section of 
potential employers, which grabbed our 
attention. At the Lockheed Martin booth, 
we had the opportunity to connect with 
recruiters one-on-one about space-relat-
ed careers. For those into manufacturing 
and engineering, ThorLabs and other top 
employers offered advice on the job mar-
ket, and their representatives helped to 
put faces to large corporations. 

 All of us had a great time at the SPS 
Con Career Expo and Grad School Fair; 
there was so much to learn and take 
away! Other physics students seemed to 
agree with us. “If you’re a physicist, you 
will definitely find your people here," said 
Mason Chadwick, a student at the Uni-
versity of Maine. Talking to other schools 
for the first time, he said, "feels inspiring 
and motivating for the future." 

Come for the Merch,

Stay for the 
Opportunities 
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Tell the story by sharing photos of  
your life and work in the physical sciences.

Inspire future generations of scientists. 

Scan to submit your photos today to 
the Emilio Segrè Visual Archives

Pictures shape 
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sees science.

Be seen. Be represented.

Image: Fighting friction, Sandia Labs, CC BY-NC-ND 4.0
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Unapologetically Me:
A Journey of Self-Reflection

by Lily Stetson, Grace Mostek, and Samantha Chiang, SPS Members, Kettering University

O n the last day of the congress, my 
friends and I collapsed onto our 
hotel beds and talked. We talked 

about life in a long, meandering conversa-
tion, about where we're from and where 
we're going—a couple of murmuring voic-
es trading fragments of their souls as the 
digital clock ticked upward into the dead 
of the night. 

Sometimes things align in ways you 
don't expect, and there's no telling when 
you'll experience an encounter that will 
change you. The day before I left for the 

congress, I was in a job interview. The 
manager looked at me and said that I 
needed to figure out what came next be-
cause it seemed I didn't want to be there. 
He was right.

It was the second day of the congress 
when I attended a workshop by Dr. Renee 
Horton called "Unapologetically Me" in 
this big ballroom. I remember watching as 
people began to fill this grandiose room 
while Dr. Horton and her friends distrib-
uted her book Reframe Your Picture: From 
Surviving to Thriving. It was a workbook 

centered around building a life you want, 
turning just passing the days into living 
them. Throughout the entire workbook, 
her own story was sprinkled as a guiding 
presence.

I remember the way the lights caught 
on her face as she looked into the crowd 
and told us what she'd lived through, the 
good and the bad. I remember the way 
she spoke when she talked about her 
childhood love of science, of her parents' 
divorce, her own divorce, and other big ex-
periences in her life. One of the things she 

FEATURE Students work through Reframe 
Your Picture during the 
workshop. Photo by SPS.
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emphasized over and over again was how 
important community is, for both her and 
the audience. It was almost subconscious, 
the way my eyes flicked across the table, 
taking in the two friends who had come 
with me from halfway across the country 
and through two years of college. 

A contemplative silence would de-
scend upon the room whenever Dr. Hor-
ton directed us to work on a section, or 
so it felt to me. My two friends and I sat 
around a table, necks craned over the 
book as our pens flew. No one spoke, 
just the sounds of scribbling on paper. 
One section was on recognizing sur-
vival mode, another on stagnation and 
overcoming it. We put plans in place, 

acknowledged what we needed to let go 
of, and made a list of the things that truly 
made us want to live our lives, not just 
pass through them.

I type all this with her book sitting 
next to me, thumbing through the pages 
with one hand while admiring the eager, 
rushed scrawl filling so many of them 
from that day of the congress. Most of 
the pages are still empty, but slowly the 
words have been accumulating. 

The rest of the conference was a blur, 
but no less wonderful.  Other fantastic 
speakers and events made for a genu-
inely great experience, culminating in a 
three-hour party where my friends and 
I danced, laughed, and brought the truly 

memorable experience to a close. I was 
sad to see it end.

Then, later that night, we started talk-
ing about it all, the big and the small. We 
talked about our goals and hopes for the 
future. We shared things we had never told 
each other before. It was such a fitting way 
to end the congress, sharing fragments of 
our souls. Three hours of high-intensity 
fun, and then more hours still of quiet con-
templation with people I cared about. 

The introduction of Dr. Horton's 
book ends with a bold-faced line I'd like 
to share. "Community, it is not about 
proximity or traditional labels, but 
about love, shared experiences and 
mutual respect."  

(L-R) Authors Grace Mostek, Lily Stetson, and Samantha Chiang pose with Renee Horton and their SPS Advisor, Ronald Kumon, at the 2025 SPS 
Congress. Photo courtesy of the SPS reporters.



24  RADIATIONS SPRING 2026

JACK HEHN
Honored with

Worth Seagondollar Award
by Korena Di Roma Howley, Contributing Editor

Member Spotlight

O ver a six-decade career serving 
the physical science commu-
nity, Jack Hehn has remained 

deeply engaged with students and fac-
ulty as both an educator and an associa-
tion leader. It’s a career that’s been built, 
he says, on collaboration, service, and en-
during professional relationships. 

“The most important factor in my ca-
reer, almost without a doubt, has been the 
outstanding people I’ve had the privilege 
to work with,” he says. 

As a young student in Texas, Hehn 
had an interest in biology and planned to 
become an oceanographer. But influential 
teachers and mentors offered encourage-

Jack Hehn and Jocelyn Bell Burnell pause for 
a photo at the 2025 Physics and Astronomy 
Congress. The Worth Seagondollar medal 
hangs around Hehn's neck.

ment in physics, as well as experiences 
with early computing that deepened his 
passion for the field. 

At the University of Texas in the 1970s, 
Hehn met physics professor Robert Beck 
Clark, who introduced Hehn to the Amer-
ican Association of Physics Teachers and 
became the most significant mentor of 
his career. 

“The most important factor in my career, almost 
without a doubt, has been the outstanding people 
I’ve had the privilege to work with.” –Jack Hein 
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His impact on this organization is mea-
sured by the number of students who 
continued on in physics and astrono-
my and the vibrancy of the countless 
student club events that occurred dur-
ing his tenure. ...Jack Hehn continues 
to serve the physics and astronomy 
societies with distinction and a never 
ending passion. Jack is among the best 
of us and the best of this society.

Hehn also became an honorary Sigma 
Pi Sigma member, the society's highest 
class of membership. Both honors were 
announced at the 2025 SPS Congress in 
Denver, Colorado. 

“I was overwhelmed,” Hehn says. He 
recalls being acquainted with Seagon-
dollar, a Manhattan Project physicist and 
former president of Sigma Pi Sigma, and 
once hearing him speak to a rapt audience 

of 700. “To have known him and to receive 
the award—it’s a big emotional difference 
and a real pleasure.”

When considering what advice he 
might pass along to students, Hehn 
speaks again of relationships. “I’ve been 
really, really lucky because of the people 
that I’ve worked with,” he says. 

For students, he stresses the impor-
tance of perseverance, collaboration, de-
partment leadership roles, internships, 
and society membership. Overall, he says, 
students should immerse themselves in 
the world of physics and astronomy.

“It’s a remarkably small community, 
and you will see people that you meet over 
and over again for many years,” he says. 
“The friends you make and work with re-
ally inflect your career for the rest of your 
life. And that’s the real reward.” 

Jack Hehn (left) on an outing with the 2025 SPS summer interns. Photos courtesy of SPS. 

About Worth Seagondollar
After working as a graduate student at Los Alamos on the Manhattan 
Project, nuclear physicist L. Worth Seagondollar was a professor for 
more than 40 years. He served as president of Sigma Pi Sigma from 
1962 to 1967, overseeing the merger between the honor society and 
the American Institute of Physics that created SPS. 

After finishing his bachelor’s degree, 
Hehn taught physics, math, engineering, 
and one of the first computer science 
courses in the state. Meanwhile, Clark 
had established a master’s program for 
physics teachers at Texas A&M Univer-
sity, and Hehn spent summers working 
toward his degree. He then went on to 
complete his PhD at the University of 
North Texas, where he helped to build an 
innovative physics instructional center.

Later, he transitioned into association 
leadership, serving at AAPT, the National 
Science Foundation, and as director of 
Education at the American Institute of 
Physics, where he helped launch or grow 
several major initiatives: the digital library 
ComPADRE, the Physics and Astronomy 
Faculty Teaching Institute, the PhysTEC 
program to strengthen physics teacher 
preparation, the revitalized SPS Congress, 
and the SPS intern and reporter programs.

For these and other achievements, 
Hehn was named the recipient of the 
Worth Seagondollar Service Award, 
given in recognition of an exemplary 
level of commitment and service to 
the Society of Physics Students 
and Sigma Pi Sigma. His award 
citation reads, in part, 
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Jacky Nyamwanda.

G rowing up in Kenya, Jacky Nyamwanda aspired to be a 
doctor. Then, on a premed track at Smith College, she 
took a required physics course and found it to be an 

even better fit for her strengths.  
“I just loved it so much more,” she says. “I always liked it in 

high school as well. But I never imagined it was something I 
would use in a career. Back then, studying physics meant going 
to work for NASA.”

Nyamwanda credits her instructors, as well as the all-fe-
male environment at Smith, with her decision to choose a path 
forward in physics. “Women in STEM are sometimes intimi-
dated in a co-ed class,” she says. “But I had so much freedom.” 

Though Nyamwanda knew she could stay on a premed 
path with a physics major, her mind was made up. She still 
wanted to be in health care, but she would no longer be going 
to medical school. 

After graduation, Nyamwanda worked on DNA sequencing 
as a lab assistant in the Department of Molecular and Cellular 
Biology at Harvard University. But after a couple of years, she 
found she was still thinking of a career in health care. 

One day in 2001, Nyamwanda noticed an ad for a medical 
dosimetrist in the Boston Globe. The preference was for a phys-
ics major interested in health care. “And I thought, that is me,” 
she says. Nyamwanda applied and began on-the-job training 
at Massachusetts General Hospital, where she continues to 
practice as a part-time dosimetrist today. Finding the ad while 
sitting on her stoop that day was, she says, “very fortuitous.”  

Medical dosimetrists work with radiation oncologists to 
calculate the precise path of radiation beams as part of a can-
cer treatment plan. The challenge is to map a trajectory for the 
beam that targets a tumor without exceeding the radiation dos-
age limit for nearby organs. Dosimetrists are part of a team that 

includes medical physicists, whose main role is one of quality 
assurance—checking that equipment is functioning properly 
and that calculations made by dosimetrists are correct. They 
may also develop new treatment techniques. And while medi-
cal physicists must go through a residency, dosimetrists com-
plete specialized certificate programs and clinical training.  

For Nyamwanda, it’s rewarding to create treatment plans 
that help to prolong lives and ease pain. “Every day, I’m impact-
ing someone’s life,” she says. 

In addition to her clinical practice, Nyamwanda serves as 
the graduate program director for medical dosimetry at Bos-
ton’s Suffolk University. In this multipronged role, Nyamwanda 
is able to teach what she practices, conduct research, and work 
with students in the clinic. She’s also involved in outreach, 
helping to spread the word about dosimetry. It’s a field that’s 
growing as the Baby Boomer generation ages, but it’s currently 
also experiencing a shortage of candidates, Nyamwanda says. 

“It’s very hidden, both literally and figuratively,” she says, 
noting that radiation departments are often located in the 
basement of medical centers. But, she adds, word about the 
field is getting out. 

For those interested in medical dosimetry, Nyamwanda 
says it’s essential to love physics and have an interest in help-
ing people. It’s also important to have analytical and problem-
solving skills, creativity, the ability to think in three dimen-
sions—and a lot of patience. She recommends shadowing a 
professional or completing an internship in order to fully un-
derstand what’s required of the job. This is important whether 
considering a career in dosimetry or education.

“You have to really enjoy what you’re doing,” she says. “I 
love the job even when things get stressful. I’ve never had a 
bad day of work at the clinic.” 

by Korena Di Roma Howley, Contributing Editor

The Medical 
Dosimetrist and
Graduate Program Director

Hidden Physicist
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TThhee  LLaawwss  ooff  RReefflleeccttiioonn,,  RReeffrraaccttiioonn,,    
aanndd  RReellaattiivvee  AAmmpplliittuuddeess  

Derived from Boundary Conditions of Maxwell’s Equations 
 

by Dwight E. Neuenschwander, Professor Emeritus, Southern Nazarene University 

 
The laws of reflection and refraction in geometrical optics, and the 
relative amplitudes of the incident, reflected, and refracted waves, 
follow as deductive consequences of boundary conditions that 
emerge from Maxwell’s equations.1 

When electric and magnetic fields encounter matter, the 
molecules typically become polarized-----or if they were already 
polarized, their dipole moments are enhanced. These induced 
electric and magnetic dipole moments produce additional electric 
and magnetic fields of their own. Taking these polarization effects 
into account, the Maxwell equations that relate charges and 
currents to the fields can be written in terms of the electric field 
𝐃𝐃𝐃𝐃 due only to free (excess) charges of density 𝜌𝜌𝜌𝜌𝒐𝒐𝒐𝒐 and the magnetic 
field 𝐇𝐇𝐇𝐇 due only to free currents of density 𝐣𝐣𝐣𝐣𝑜𝑜𝑜𝑜:  
 

𝛁𝛁𝛁𝛁 𝛁 𝛁𝛁𝛁𝛁 =  𝜌𝜌𝜌𝜌𝒐𝒐𝒐𝒐                                             (1) 
 

𝛁𝛁𝛁𝛁 × 𝐇𝐇𝐇𝐇 =  𝐣𝐣𝐣𝐣𝑜𝑜𝑜𝑜 +  
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 .                                       (2) 

 
The Maxwell equations with no source terms are conveniently 
written in terms of the total electric field 𝐄𝐄𝐄𝐄 and the total magnetic 
field 𝐁𝐁𝐁𝐁: 
 

𝛁𝛁𝛁𝛁 𝛁 𝛁𝛁𝛁𝛁 = 0                                                (3) 
 

𝛁𝛁𝛁𝛁 × 𝐄𝐄𝐄𝐄 =  −
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 .                                         (4) 

 
The source-free and total fields are related to each other through 
parameters that encode the effects of polarization,2 in the so-called 
constitutive relations, which in homogeneous and isotropic media3 
take the form 
 

𝐃𝐃𝐃𝐃 =  𝜖𝜖𝜖𝜖𝜖𝜖𝜖𝜖,                                                  (5) 
    
where 𝜖𝜖𝜖𝜖 is the material’s permittivity, and 
 

𝐇𝐇𝐇𝐇 =  
𝐁𝐁𝐁𝐁
𝜇𝜇𝜇𝜇

,                                                   (6) 

 

where 𝜇𝜇𝜇𝜇 is the material’s permeability. If the medium contains no 
matter at all-----a vacuum-----the permittivity of free space is 𝜖𝜖𝜖𝜖𝑜𝑜𝑜𝑜 =
8.85 × 10−12 F/m, with permeability 𝜇𝜇𝜇𝜇𝑜𝑜𝑜𝑜 = 4𝜋𝜋𝜋𝜋 ×10-7 H/m.  
Significantly, 

𝜇𝜇𝜇𝜇𝑜𝑜𝑜𝑜𝜖𝜖𝜖𝜖𝑜𝑜𝑜𝑜 =  
1
𝑐𝑐𝑐𝑐2 ,                                              (7) 

 
where c denotes the speed of light in vacuum, 𝑐𝑐𝑐𝑐 = 3 × 108 m/s.  
Equations for electromagnetic waves in matter readily follow from 
Maxwell’s equations. For instance, taking the curl of Eq. (2) and 
using a vector identity yields 
 

𝛁𝛁𝛁𝛁(𝛁𝛁𝛁𝛁 𝛁 𝛁𝛁𝛁𝛁) − 𝛁𝛁𝛁𝛁2𝐇𝐇𝐇𝐇 = (𝛁𝛁𝛁𝛁 × 𝐣𝐣𝐣𝐣𝑜𝑜𝑜𝑜) −
𝜕𝜕𝜕𝜕 
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕

(𝛁𝛁𝛁𝛁 × 𝐃𝐃𝐃𝐃).                (8) 

 
You can use Eqs. (3) and (6), eliminate the first term, and use Eqs. 
(4) and (5) to turn Eq. (8) into the inhomogeneous wave equation 
for 𝐇𝐇𝐇𝐇, 
 

∇2𝐇𝐇𝐇𝐇 𝐇𝐇𝐇𝐇𝐇 𝐇 
𝜕𝜕𝜕𝜕2𝐇𝐇𝐇𝐇
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕2 = −(𝛁𝛁𝛁𝛁 × 𝐣𝐣𝐣𝐣𝑜𝑜𝑜𝑜),                                  (9) 

 
showing the magnetic wave’s speed to be 1 √𝜇𝜇𝜇𝜇𝜖𝜖𝜖𝜖⁄ . A similar wave 
equation can be derived for 𝐃𝐃𝐃𝐃 by taking the curl of Eq. (4), then 
using the constitutive relations and the other Maxwell equations 
to derive 
 

∇2𝐃𝐃𝐃𝐃 𝐃𝐃𝐃𝐃𝐃𝐃  
𝜕𝜕𝜕𝜕2𝐃𝐃𝐃𝐃
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕2

= 𝛁𝛁𝛁𝛁𝛁𝛁𝛁𝛁𝑜𝑜𝑜𝑜 + 𝜇𝜇𝜇𝜇𝜖𝜖𝜖𝜖
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝑜𝑜𝑜𝑜
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕

 .                 (10) 

 
Comparing Eqs. (9) and (10), we can see that electromagnetic 
waves in a medium travel at the speed 
 

𝑣𝑣𝑣𝑣 =  
1
√𝜇𝜇𝜇𝜇𝜖𝜖𝜖𝜖

 .                                          (11) 

 
Since the index of refraction n may be defined as 𝑛𝑛𝑛𝑛 =  𝑐𝑐𝑐𝑐/𝑣𝑣𝑣𝑣, it 
follows from Eq. (11) that  
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𝑛𝑛𝑛𝑛 = 𝑐𝑐𝑐𝑐 �𝜇𝜇𝜇𝜇𝜖𝜖𝜖𝜖.                                        (12) 
 
These are input facts for describing electric and magnetic fields in 
a material medium. Now we need the boundary conditions to see 
the effects on the fields when they pass from one medium into 
another.  

MMaaxxwweellll’’ss  BBoouunnddaarryy  CCoonnddiittiioonnss  
 
Consider two homogeneous, isotropic, nonconducting media that 
are in contact. Whatever the shape of the contact boundary, any 
infinitesimal section of it may be considered a plane. In what 
follows we assume that no free charges and no free currents exist 
on the boundary, so that 𝜌𝜌𝜌𝜌𝑜𝑜𝑜𝑜 = 0 and 𝐣𝐣𝐣𝐣𝑜𝑜𝑜𝑜 = 0  there. In source-free 
regions, the integral versions of Eqs. (1)–(4) read 
 

�𝐃𝐃𝐃𝐃 𝐃 𝐃𝐃𝐃𝐃� 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 0                                          (13) 
 

 

�𝐇𝐇𝐇𝐇 𝐇𝐇𝐇𝐇𝐇 𝐇𝐇𝐇𝐇
 

𝐶𝐶𝐶𝐶
=  

𝑑𝑑𝑑𝑑 
𝑑𝑑𝑑𝑑𝜕𝜕𝜕𝜕�𝐃𝐃𝐃𝐃 𝐃 𝐃𝐃𝐃𝐃�

 

𝑆𝑆𝑆𝑆
 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑                          (14) 

 

�𝐁𝐁𝐁𝐁 𝐁𝐁𝐁𝐁𝐁 � 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 0                                        (15) 

 

�𝐄𝐄𝐄𝐄 𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄
 

𝐶𝐶𝐶𝐶
=  −

𝑑𝑑𝑑𝑑 
𝑑𝑑𝑑𝑑𝜕𝜕𝜕𝜕 �𝐁𝐁𝐁𝐁 𝐁𝐁𝐁𝐁𝐁 �

 

𝑆𝑆𝑆𝑆
 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑.                        (16) 

 
Equations (13) and (15) apply to any closed surface; in Eqs. (14) 
and (16) S is any nonclosed surface that has closed path C for its 
boundary. 

Imagine a small, closed Gaussian surface, a wee little box that 
straddles the boundary between the two media.   

Let the box’s surfaces parallel to the boundary have area 𝑑𝑑𝑑𝑑. Let 
the box sides that connect the surfaces above and below the 
boundary have height h, which will go to zero, leaving the two 
parallel surfaces skimming the boundary on either side of it (Fig. 
1). Equation (13) applied to this closed surface implies the normal 
component of 𝐃𝐃𝐃𝐃 is continuous, (𝐷𝐷𝐷𝐷𝑛𝑛𝑛𝑛𝑛 − 𝐷𝐷𝐷𝐷𝑛𝑛𝑛𝑛𝑛)𝑑𝑑𝑑𝑑 = 0, or ∆𝐷𝐷𝐷𝐷𝑛𝑛𝑛𝑛 = 0 for 
short. Similarly, ∆𝐵𝐵𝐵𝐵𝑛𝑛𝑛𝑛 = 0 from Eq. (15). 

 

 
  

FFiigguurree  11.. A Gaussian closed box used to derive ∆𝐷𝐷𝐷𝐷𝑛𝑛𝑛𝑛 = 0 and  
∆𝐵𝐵𝐵𝐵𝑛𝑛𝑛𝑛 = 0. 

 
  

FFiigguurree  22. A closed path used to derive ∆𝐸𝐸𝐸𝐸𝑡𝑡𝑡𝑡 = 0 and ∆𝐻𝐻𝐻𝐻𝑡𝑡𝑡𝑡 = 0. 
 

Consider next a small rectangular contour 𝐶𝐶𝐶𝐶 in Eq. (16). Let two 
sides of 𝐶𝐶𝐶𝐶 have length 𝐿𝐿𝐿𝐿 and be parallel to the boundary, one side 
above and one side below. Let the other two sides of 𝐶𝐶𝐶𝐶 have length 
ℎ, which will go to zero, leaving the two sides of length 𝐿𝐿𝐿𝐿 skimming 
the boundary on either side (Fig. 2). Equation (16) applied to this 
situation implies the tangential component of 𝐄𝐄𝐄𝐄 is continuous, 
(𝐸𝐸𝐸𝐸𝑡𝑡𝑡𝑡𝑡 − 𝐸𝐸𝐸𝐸𝑡𝑡𝑡𝑡𝑡)𝐿𝐿𝐿𝐿 = 0, or ∆𝐸𝐸𝐸𝐸𝑡𝑡𝑡𝑡 = 0 for short. Similarly, Eq. (14) yields 
∆𝐻𝐻𝐻𝐻𝑡𝑡𝑡𝑡 = 0. To summarize, Maxwell’s equations for these situations 
require 

  ∆𝐷𝐷𝐷𝐷𝑛𝑛𝑛𝑛 = 0,                                              (17) 
 

  ∆𝐸𝐸𝐸𝐸𝑡𝑡𝑡𝑡 = 0,                                       (18) 
 

  ∆𝐵𝐵𝐵𝐵𝑛𝑛𝑛𝑛 = 0,                                      (19) 
 

  ∆𝐻𝐻𝐻𝐻𝑡𝑡𝑡𝑡 = 0.                                     (20) 
 

Now let the boundary of contact between the two media be 
designated as the 𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥 plane, with the positive 𝑧𝑧𝑧𝑧-axis in medium 1. 
Let the refractive indices of the two media be 𝑛𝑛𝑛𝑛1 = 𝑐𝑐𝑐𝑐√𝜇𝜇𝜇𝜇1𝜖𝜖𝜖𝜖1 for z > 
0 and 𝑛𝑛𝑛𝑛2 = 𝑐𝑐𝑐𝑐√𝜇𝜇𝜇𝜇2𝜖𝜖𝜖𝜖2 for z < 0. Consider a plane wave in medium 1 
approaching the boundary with its corresponding ray, making the 
angle 𝜃𝜃𝜃𝜃 relative to the +𝑧𝑧𝑧𝑧-axis (Fig. 3). Some of the energy carried 
by the electromagnetic wave will be reflected, and some energy 
will be refracted.4 As shown in Fig. 4, let the reflected ray leave the 
boundary at angle 𝜃𝜃𝜃𝜃∗ from the normal, while the ray of the 
refracted wave enters medium 2 at the angle 𝜃𝜃𝜃𝜃′ as measured from 
the normal line. 

 

 
FFiigguurree  33. The angles made by the incoming (𝜃𝜃𝜃𝜃), reflected (𝜃𝜃𝜃𝜃∗), and 
refracted (𝜃𝜃𝜃𝜃′) rays, relative to the normal of the boundary surface. 

B
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With a wave-number vector 𝐤𝐤𝐤𝐤  describing the direction of 
propagation, let an incident harmonic wave be expressed as 

 
𝐄𝐄𝐄𝐄𝑖𝑖𝑖𝑖𝑛𝑛𝑛𝑛𝑖𝑖𝑖𝑖(𝐫𝐫𝐫𝐫, 𝜕𝜕𝜕𝜕) = 𝐄𝐄𝐄𝐄 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖(𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤 − 𝜔𝜔𝜔𝜔𝑡𝑡𝑡𝑡),                              (21) 

 
the reflected wave as 
 

𝐄𝐄𝐄𝐄𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟(𝐫𝐫𝐫𝐫, 𝜕𝜕𝜕𝜕) =  𝐄𝐄𝐄𝐄∗𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖(𝐤𝐤𝐤𝐤∗∙𝐫𝐫𝐫𝐫 − 𝜔𝜔𝜔𝜔∗𝑡𝑡𝑡𝑡),                           (22) 
 
and the refracted wave as 
 

𝐄𝐄𝐄𝐄𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟(𝐫𝐫𝐫𝐫, 𝜕𝜕𝜕𝜕) =  𝐄𝐄𝐄𝐄′𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖(𝐤𝐤𝐤𝐤′∙𝐫𝐫𝐫𝐫 − 𝜔𝜔𝜔𝜔′𝑡𝑡𝑡𝑡).                          (23) 
 
For any of these fields, Eq. (4) requires, for their respective 𝐤𝐤𝐤𝐤 and 
𝜔𝜔𝜔𝜔, 
 

𝐤𝐤𝐤𝐤 × 𝐄𝐄𝐄𝐄 =  𝜔𝜔𝜔𝜔𝜔𝜔𝜔𝜔,                                       (24) 
 
while Eqs. (1) and (3) give 𝐤𝐤𝐤𝐤 𝐤 𝐤𝐤𝐤𝐤 = 0 and 𝐤𝐤𝐤𝐤 𝐤 𝐤𝐤𝐤𝐤 = 0, respectively. We 
see, therefore, that the propagation vector kk, the electric field, and 
the magnetic field are mutually perpendicular. This fact along with 
𝑣𝑣𝑣𝑣 =  𝜔𝜔𝜔𝜔 𝜔𝜔𝜔𝜔⁄  and Eqs. (24) and (12) imply, for each of the three waves, 
 

|𝐁𝐁𝐁𝐁| = �𝜇𝜇𝜇𝜇𝜖𝜖𝜖𝜖 |𝐄𝐄𝐄𝐄| =  
𝑛𝑛𝑛𝑛
𝑐𝑐𝑐𝑐

|𝐄𝐄𝐄𝐄|.                              (25) 

 
Since we assume that no free charges or currents reside on 

the boundary surface between media 1 and 2, the normal and 
tangential component of the electric and magnetic fields must be 
continuous at 𝑧𝑧𝑧𝑧 =  0 at any time and at any location on the 
boundary. Therefore, at the boundary, the phases of the incident, 
reflected, and refracted waves must be equal: 
 

𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖(𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤 − 𝜔𝜔𝜔𝜔𝑡𝑡𝑡𝑡) =  𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖(𝐤𝐤𝐤𝐤∗∙𝐫𝐫𝐫𝐫 − 𝜔𝜔𝜔𝜔∗𝑡𝑡𝑡𝑡) =  𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖(𝐤𝐤𝐤𝐤′∙𝐫𝐫𝐫𝐫 − 𝜔𝜔𝜔𝜔′𝑡𝑡𝑡𝑡).             (26) 
 

Requiring Eq. (26) to hold for any time t means 
 

𝜔𝜔𝜔𝜔 = 𝜔𝜔𝜔𝜔∗ = 𝜔𝜔𝜔𝜔′,                                     (27) 
   
so classical electrodynamics predicts that the reflected and 
refracted waves will emerge from the boundary interaction with 
unchanged frequencies, which seems validated in everyday life-----
if our mirror is made of uncolored glass, then our reflection comes 
back to us with the same color as the light incident on it. (This 
classical electrodynamics background illustrates the significance 
of the Compton effect.5) Using Eq. (27) in Eq. (26) implies that, for 
each wave with its respective parameters, 𝜔𝜔𝜔𝜔 = 𝑣𝑣𝑣𝑣𝑘𝑘𝑘𝑘 = 𝑐𝑐𝑐𝑐𝑘𝑘𝑘𝑘 𝑛𝑛𝑛𝑛⁄ , so that 
 

𝑘𝑘𝑘𝑘
𝑛𝑛𝑛𝑛 =

𝑘𝑘𝑘𝑘∗

𝑛𝑛𝑛𝑛∗ =
𝑘𝑘𝑘𝑘′

𝑛𝑛𝑛𝑛′ ,                                        (28) 

 

where 𝑛𝑛𝑛𝑛1 = 𝑛𝑛𝑛𝑛 =  𝑛𝑛𝑛𝑛∗ and 𝑛𝑛𝑛𝑛2 =  𝑛𝑛𝑛𝑛′. Also, in the boundary surface 
where 𝑧𝑧𝑧𝑧 =  0, where the rr vectors depend only on 𝑥𝑥𝑥𝑥 and 𝑥𝑥𝑥𝑥, the 
continuity of the field components in homogeneous, isotropic 
media implies 
 

𝐤𝐤𝐤𝐤 𝐤 𝐤𝐤𝐤𝐤 =  𝐤𝐤𝐤𝐤∗ ∙ 𝐫𝐫𝐫𝐫∗  = 𝐤𝐤𝐤𝐤′ ∙ 𝐫𝐫𝐫𝐫′,                              (29) 
 
which implies 
 

𝑘𝑘𝑘𝑘 sin 𝜃𝜃𝜃𝜃 =  𝑘𝑘𝑘𝑘∗ sin 𝜃𝜃𝜃𝜃∗ =  𝑘𝑘𝑘𝑘′ sin 𝜃𝜃𝜃𝜃′.                        (30) 
 
Examine the left equality of Eq. (30), 
 

𝑘𝑘𝑘𝑘 sin 𝜃𝜃𝜃𝜃 =  𝑘𝑘𝑘𝑘∗ sin 𝜃𝜃𝜃𝜃∗.                                     (31) 
 
Since the incident and reflected wave are in the same medium so 
that 𝑛𝑛𝑛𝑛 =  𝑛𝑛𝑛𝑛∗, Eq. (28) gives k = k*, and Eq. (31) thereby requires 
 

𝜃𝜃𝜃𝜃 = 𝜃𝜃𝜃𝜃∗,                                                   (32) 
 
the law of reflection. From the right equality of Eq. (30) we have 
 

𝑘𝑘𝑘𝑘 sin 𝜃𝜃𝜃𝜃 =  𝑘𝑘𝑘𝑘′ sin 𝜃𝜃𝜃𝜃′.                                    (33) 
 
Recalling 𝑘𝑘𝑘𝑘 = 𝑛𝑛𝑛𝑛𝜔𝜔𝜔𝜔/𝑐𝑐𝑐𝑐 and Eq. (27), Eq. (33) becomes 
 

𝑛𝑛𝑛𝑛 sin 𝜃𝜃𝜃𝜃 =  𝑛𝑛𝑛𝑛′ sin 𝜃𝜃𝜃𝜃′,                                   (34) 
 
the law of refraction, Snell’s law. 
     We might say that Eq. (26) is the kinematic part of the boundary 
conditions in Maxwell’s equations, because the laws of reflection 
and refraction describe the directions of the reflected and 
refracted rays relative to the incident ray. The dynamic part of the 
boundary conditions will tell us the amplitudes of the reflected and 
refracted waves relative to the incident one, which determines 
where the energy goes, since the energy carried by a wave is 
proportional to the square of its amplitude. These results are called 
the Fresnel equations. 
 

TThhee  FFrreessnneell  EEqquuaattiioonnss  
 
     Since electromagnetic radiation consists of transverse waves, 
the electric and magnetic fields can be polarized into two sets of 
orthogonal modes. Therefore, we consider two independent 
polarization states incident on the boundary:  
    (1) The incident 𝐄𝐄𝐄𝐄 comes into the boundary tangent to the 
𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥 plane, with 𝐁𝐁𝐁𝐁 in the 𝑥𝑥𝑥𝑥𝑧𝑧𝑧𝑧 plane; and 
   (2) The incident 𝐁𝐁𝐁𝐁 comes into the boundary tangent to the 
𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥 plane and 𝐄𝐄𝐄𝐄 lies in the 𝑥𝑥𝑥𝑥𝑧𝑧𝑧𝑧 plane.  
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CCaassee  11:: 𝐄𝐄𝐄𝐄 tangent to the 𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥 boundary plane, 𝐁𝐁𝐁𝐁 parallel to the 𝑥𝑥𝑥𝑥𝑧𝑧𝑧𝑧 
plane  

 
FFiigguurree  44.. Case 1 polarization: 𝑬𝑬𝑬𝑬 tangent to the 𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥 boundary plane, 

𝑩𝑩𝑩𝑩 parallel to the 𝑥𝑥𝑥𝑥𝑧𝑧𝑧𝑧 plane. 
 

     The boundary condition ∆𝐸𝐸𝐸𝐸𝑡𝑡𝑡𝑡 = 0 implies 
 

𝐸𝐸𝐸𝐸 + 𝐸𝐸𝐸𝐸∗ =  𝐸𝐸𝐸𝐸′.                                          (35) 
 
The boundary condition ∆𝐻𝐻𝐻𝐻𝑡𝑡𝑡𝑡 = 0 along with 𝐇𝐇𝐇𝐇 = 𝐁𝐁𝐁𝐁 𝐁𝐁𝐁𝐁⁄  and 𝜃𝜃𝜃𝜃 = 𝜃𝜃𝜃𝜃∗ 
yields  
 

1
𝜇𝜇𝜇𝜇1

(𝐵𝐵𝐵𝐵 𝐵 𝐵𝐵𝐵𝐵∗) cos𝜃𝜃𝜃𝜃 =  
1
𝜇𝜇𝜇𝜇2

 𝐵𝐵𝐵𝐵′ cos𝜃𝜃𝜃𝜃′ .                      (36) 

 
By virtue of Eq. (25), this may be written 
 

𝑛𝑛𝑛𝑛
𝜇𝜇𝜇𝜇1

(𝐸𝐸𝐸𝐸 𝐸 𝐸𝐸𝐸𝐸∗) cos 𝜃𝜃𝜃𝜃 =  
𝑛𝑛𝑛𝑛′

𝜇𝜇𝜇𝜇2
 𝐸𝐸𝐸𝐸′ cos𝜃𝜃𝜃𝜃′ .                    (37) 

 
Equations (35) and (37) are two equations in two unknowns for 
𝐸𝐸𝐸𝐸∗ 𝐸𝐸𝐸𝐸⁄  and 𝐸𝐸𝐸𝐸′ 𝐸𝐸𝐸𝐸⁄ . After a bit of algebra, this pair of equations gives 
the first set of Fresnel equations: 
 

𝐸𝐸𝐸𝐸∗

𝐸𝐸𝐸𝐸 =  

𝑛𝑛𝑛𝑛
𝜇𝜇𝜇𝜇1

cos𝜃𝜃𝜃𝜃  −  𝑛𝑛𝑛𝑛
′

𝜇𝜇𝜇𝜇2
cos 𝜃𝜃𝜃𝜃′

𝑛𝑛𝑛𝑛
𝜇𝜇𝜇𝜇1

cos 𝜃𝜃𝜃𝜃 + 𝑛𝑛𝑛𝑛
′

𝜇𝜇𝜇𝜇2
cos 𝜃𝜃𝜃𝜃′

                              (38a) 

 
and 
 

𝐸𝐸𝐸𝐸′

𝐸𝐸𝐸𝐸 =
2 𝑛𝑛𝑛𝑛
𝜇𝜇𝜇𝜇1

cos𝜃𝜃𝜃𝜃 

𝑛𝑛𝑛𝑛
𝜇𝜇𝜇𝜇1

cos 𝜃𝜃𝜃𝜃 + 𝑛𝑛𝑛𝑛
′

𝜇𝜇𝜇𝜇2
cos𝜃𝜃𝜃𝜃′

 .                              (38b) 

 
If 𝜇𝜇𝜇𝜇1 ≈ 𝜇𝜇𝜇𝜇2 (which is typical for nonmagnetized material), then these 
Fresnel equations for Case 1 (𝐄𝐄𝐄𝐄 tangent to the boundary) simplify 
to 
 

𝐸𝐸𝐸𝐸∗

𝐸𝐸𝐸𝐸 =
𝑛𝑛𝑛𝑛 cos𝜃𝜃𝜃𝜃  −  𝑛𝑛𝑛𝑛′ cos 𝜃𝜃𝜃𝜃′

𝑛𝑛𝑛𝑛 cos𝜃𝜃𝜃𝜃  +  𝑛𝑛𝑛𝑛′ cos 𝜃𝜃𝜃𝜃′                             (39a) 

 
 

𝐸𝐸𝐸𝐸′

𝐸𝐸𝐸𝐸 =
2𝑛𝑛𝑛𝑛 cos𝜃𝜃𝜃𝜃 

𝑛𝑛𝑛𝑛 cos𝜃𝜃𝜃𝜃 +  𝑛𝑛𝑛𝑛′ cos 𝜃𝜃𝜃𝜃′  .                            (39b) 

  
CCaassee  22: 𝐁𝐁𝐁𝐁 tangent to the 𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥 boundary surface, 𝐄𝐄𝐄𝐄 parallel to the 
𝑥𝑥𝑥𝑥𝑧𝑧𝑧𝑧 plane 

 
FFiigguurree  55. Case 2 polarization: 𝑩𝑩𝑩𝑩 tangent to the  𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥 boundary plane, 
𝑬𝑬𝑬𝑬 parallel to the 𝑥𝑥𝑥𝑥𝑧𝑧𝑧𝑧 plane.  
 
The boundary condition ∆𝐻𝐻𝐻𝐻𝑡𝑡𝑡𝑡 = 0 gives 
 

𝐻𝐻𝐻𝐻 + 𝐻𝐻𝐻𝐻∗ = 𝐻𝐻𝐻𝐻′.                                         (40) 
 
Using 𝐻𝐻𝐻𝐻 =  𝐵𝐵𝐵𝐵 𝐵𝐵𝐵𝐵⁄ = 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑐𝑐𝑐𝑐𝜇𝜇𝜇𝜇⁄  and assuming 𝜇𝜇𝜇𝜇1 = 𝜇𝜇𝜇𝜇2   
turns Eq. (49) into 

𝑛𝑛𝑛𝑛(𝐸𝐸𝐸𝐸 + 𝐸𝐸𝐸𝐸∗) =  𝑛𝑛𝑛𝑛′𝐸𝐸𝐸𝐸′.                                 (41) 
 
The boundary condition ∆𝐸𝐸𝐸𝐸𝑡𝑡𝑡𝑡 = 0 implies 
 

(𝐸𝐸𝐸𝐸 𝐸 𝐸𝐸𝐸𝐸∗) cos𝜃𝜃𝜃𝜃 = 𝐸𝐸𝐸𝐸′ cos 𝜃𝜃𝜃𝜃′ .                       (42) 
 
Now Eqs. (41) and (42) are two equations in two unknowns for 
𝐸𝐸𝐸𝐸∗ 𝐸𝐸𝐸𝐸⁄  and 𝐸𝐸𝐸𝐸′ 𝐸𝐸𝐸𝐸⁄ . Solving Eq. (41) for 𝐸𝐸𝐸𝐸′ and inserting the result into 
Eq. (42) gives 
 

𝐸𝐸𝐸𝐸 𝐸 𝐸𝐸𝐸𝐸∗ =  
𝑛𝑛𝑛𝑛
𝑛𝑛𝑛𝑛′

cos 𝜃𝜃𝜃𝜃′

cos 𝜃𝜃𝜃𝜃  (𝐸𝐸𝐸𝐸 + 𝐸𝐸𝐸𝐸∗).                     (43) 

 
Using Snell’s law, Eq. (34), to rewrite 𝑛𝑛𝑛𝑛 𝑛𝑛𝑛𝑛′⁄  in terms of sine 

functions, and with the trig identity sin𝛼𝛼𝛼𝛼 cos𝛼𝛼𝛼𝛼 = 1
2

sin(2𝛼𝛼𝛼𝛼), Eq. (43) 

may be written 
 

𝐸𝐸𝐸𝐸 𝐸 𝐸𝐸𝐸𝐸∗ =  
sin(2𝜃𝜃𝜃𝜃′)
sin(2𝜃𝜃𝜃𝜃)  (𝐸𝐸𝐸𝐸 + 𝐸𝐸𝐸𝐸∗)                        (44) 

or 
 

𝐸𝐸𝐸𝐸∗

𝐸𝐸𝐸𝐸 =  
sin(2𝜃𝜃𝜃𝜃) − sin(2𝜃𝜃𝜃𝜃′)
sin(2𝜃𝜃𝜃𝜃) + sin(2𝜃𝜃𝜃𝜃′)

.                        (45) 

 
With the assistance of the trig identities 
 

sin𝛼𝛼𝛼𝛼 𝛼 sin𝛽𝛽𝛽𝛽 = 2 cos �
𝛼𝛼𝛼𝛼 + 𝛽𝛽𝛽𝛽

2
� sin �

𝛼𝛼𝛼𝛼 𝛼𝛼𝛼𝛼𝛼
2 �              (46) 

and 
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sin 𝛼𝛼𝛼𝛼 + sin𝛽𝛽𝛽𝛽 = 2 sin �
𝛼𝛼𝛼𝛼 + 𝛽𝛽𝛽𝛽

2
� cos �

𝛼𝛼𝛼𝛼 𝛼 𝛼𝛼𝛼𝛼
2

� ,            (47) 

 
Eq. (45) becomes 

𝐸𝐸𝐸𝐸∗

𝐸𝐸𝐸𝐸 =  
tan(𝜃𝜃𝜃𝜃 𝜃 𝜃𝜃𝜃𝜃′)
tan(𝜃𝜃𝜃𝜃 + 𝜃𝜃𝜃𝜃′)

.                               (48) 

 
     Now return to Eq. (41) and use Snell’s law to write it as 
 

𝐸𝐸𝐸𝐸′ =  
sin 𝜃𝜃𝜃𝜃′

sin 𝜃𝜃𝜃𝜃
(𝐸𝐸𝐸𝐸 + 𝐸𝐸𝐸𝐸∗).                               (49) 

 
Insert 𝐸𝐸𝐸𝐸∗ from Eq. (48) to derive, with the help of the trig identity  
 

tan𝛼𝛼𝛼𝛼 + tan𝛽𝛽𝛽𝛽 =  
sin(𝛼𝛼𝛼𝛼 + 𝛽𝛽𝛽𝛽)
cos 𝛼𝛼𝛼𝛼 cos𝛽𝛽𝛽𝛽

 ,                        (50) 

 
the result 
 

𝐸𝐸𝐸𝐸𝐸
𝐸𝐸𝐸𝐸

=
2 cos 𝜃𝜃𝜃𝜃 sin 𝜃𝜃𝜃𝜃′

sin(𝜃𝜃𝜃𝜃 + 𝜃𝜃𝜃𝜃′) cos(𝜃𝜃𝜃𝜃 𝜃 𝜃𝜃𝜃𝜃′).                      (51) 

 
Equations (48) and (51) are the Fresnel equations for Case 2 (BB 
tangent to the boundary). 
 

AAlltteerrnnaattiivvee  DDeerriivvaattiioonnss  
 
Since we have four applicable boundary conditions, Eqs. (17)–(20), 
you may ask why we used only half of them-----the continuity of the 
tangential components-----in deriving both sets of Fresnel 
equations. The answer is that the Fresnel equations can 
alternatively be derived, producing identical or equivalent results, 
using other pairs of the four boundary condition equations. For 
instance, let us return to Case 2 and recall Eq. (42) for continuity 
in the tangential component of EE, repeated here as 
 

𝐸𝐸𝐸𝐸 𝐸 𝐸𝐸𝐸𝐸∗ =  
cos 𝜃𝜃𝜃𝜃′

cos 𝜃𝜃𝜃𝜃  𝐸𝐸𝐸𝐸′.                                 (52) 

 
Instead of using continuity in the tangential component of 𝐇𝐇𝐇𝐇,, let us 
use continuity in the normal component of 𝐃𝐃𝐃𝐃. The boundary 
condition ∆𝐷𝐷𝐷𝐷𝑛𝑛𝑛𝑛 = 0 along with 𝐃𝐃𝐃𝐃 = 𝜖𝜖𝜖𝜖𝜖𝜖𝜖𝜖 gives 
 

𝜖𝜖𝜖𝜖1(𝐸𝐸𝐸𝐸 + 𝐸𝐸𝐸𝐸∗) sin 𝜃𝜃𝜃𝜃 =  𝜖𝜖𝜖𝜖2𝐸𝐸𝐸𝐸′ sin 𝜃𝜃𝜃𝜃′                       (53) 
 
or 

𝐸𝐸𝐸𝐸 + 𝐸𝐸𝐸𝐸∗ =  
𝜖𝜖𝜖𝜖2
𝜖𝜖𝜖𝜖1

sin 𝜃𝜃𝜃𝜃′

sin 𝜃𝜃𝜃𝜃  𝐸𝐸𝐸𝐸′ .                               (54) 

 
Referring back to Snell’s law, Eq. (34), and 𝑛𝑛𝑛𝑛 = 𝑐𝑐𝑐𝑐 √𝜇𝜇𝜇𝜇𝜖𝜖𝜖𝜖, Eq. (12), it 
follows that 
 

𝜇𝜇𝜇𝜇1𝜖𝜖𝜖𝜖1
𝜇𝜇𝜇𝜇2𝜖𝜖𝜖𝜖2

=  �
sin 𝜃𝜃𝜃𝜃′

sin 𝜃𝜃𝜃𝜃 �
2

,                                (55) 

 
and assuming 𝜇𝜇𝜇𝜇1 = 𝜇𝜇𝜇𝜇2 , Eq. (55) turns Eq. (54) into 
 

𝐸𝐸𝐸𝐸 + 𝐸𝐸𝐸𝐸′ =  
sin 𝜃𝜃𝜃𝜃
sin 𝜃𝜃𝜃𝜃′

 𝐸𝐸𝐸𝐸′.                                    (56) 

 
Now Eqs. (52) and (56) are two equations in two unknowns for 
𝐸𝐸𝐸𝐸∗ 𝐸𝐸𝐸𝐸⁄  and 𝐸𝐸𝐸𝐸′ 𝐸𝐸𝐸𝐸⁄ . After some more algebra that includes use of trig 
identities, we find 
 

𝐸𝐸𝐸𝐸∗

𝐸𝐸𝐸𝐸 =  
tan(𝜃𝜃𝜃𝜃 𝜃 𝜃𝜃𝜃𝜃′)
tan(𝜃𝜃𝜃𝜃 + 𝜃𝜃𝜃𝜃′)

                                 (57) 

 
 
 
and 

𝐸𝐸𝐸𝐸′

𝐸𝐸𝐸𝐸 =  
2 sin 𝜃𝜃𝜃𝜃′ cos 𝜃𝜃𝜃𝜃

sin(𝜃𝜃𝜃𝜃 + 𝜃𝜃𝜃𝜃′) cos(𝜃𝜃𝜃𝜃 𝜃 𝜃𝜃𝜃𝜃′),                     (58) 

 
as before. The boundary conditions are quite robust! 
 

RReeffeerreenncceess  
  
1. See David Griffith, Introduction to Electrodynamics, 2nd ed. (Prentice-
Hall, 1989), Ch. 4 for a discussion of electric polarization, Ch. 6 for magnetic 
polarization, and Ch. 7 for a detailed discussion. 
2. See David Griffith, Introduction to Electrodynamics, 2nd ed. (Prentice-
Hall, 1989), Ch. 4 for a discussion of electric polarization, and Ch. 6 for 
magnetic polarization.  
3. If the medium is not homogeneous, then 𝜖𝜖𝜖𝜖 and 𝜇𝜇𝜇𝜇 will vary with position; 
if the medium is not isotropic, then the permittivity and permeability 
coefficients become components of second-rank tensors. 
4. Attenuation may be neglected since we examine the amplitudes at the 
surface; only when the wave has penetrated some distance into a medium 
will attenuation, if present, be measurable. 
5. The Compton effect, which uses special relativity and quantum 
mechanics to model the collision between a photon and free particle of 
mass 𝑚𝑚𝑚𝑚 that is initially stationary, shows a shift in the light’s wavelength 
(and thus its frequency) from 𝜆𝜆𝜆𝜆 to 𝜆𝜆𝜆𝜆𝜆 according to 𝜆𝜆𝜆𝜆𝜆𝜆  𝜆𝜆𝜆𝜆 =  ℎ

𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖
(1 − cos𝜃𝜃𝜃𝜃), 

where ℎ is Planck’s constant, 𝑐𝑐𝑐𝑐 the speed of light in vacuum, and 𝜃𝜃𝜃𝜃 the 
angle of the outgoing photon relative to the incoming one. Because ℎ/𝑐𝑐𝑐𝑐 is 
so very small, the mass 𝑚𝑚𝑚𝑚 must also be very small (e.g., an electron) for 
𝜆𝜆𝜆𝜆𝜆𝜆  𝜆𝜆𝜆𝜆 to be appreciable. The light that bounces off the mirror is ‘‘Compton-
scattering’’ off the entire mirror, whose shiny surface consists of electrons 
bound to their atoms. Thus, 𝜆𝜆𝜆𝜆𝜆𝜆  𝜆𝜆𝜆𝜆 𝜆  0 and the Compton effect goes over 
to the classical limit. The Compton effect (Arthur H. Compton, Phys. Rev. 
2222, p. 411, 1923) was one of the crucial predictions confirmed by experiment 
that compelled the physics community to take relativity and quantum 
mechanics seriously. 
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James C. Lochner
Rudolf Ludeke
Anthony J. Martino
Marvin and Annette 
Lee Foundation
James K. McCord
Kenneth Mednick
Larry D. Merkle
Karnig O. Mikaelian
Tim W. Miller
Melvin M. Moriwaki

James B. Nesbitt, Jr.
Brian E. Newnam
Wilfred G. Norris
Robert F. Parker
Chris Pearson
R. G. Robertson
Franklin L. Robinson
Chandrasekhar 
Roychoudhuri
Neal F. Schmeidler
Brian B. Schwartz
Ralph Simmons
Jenna K. Smith
Steven J. Stendahl
Robert B. Stevens

Mark and Karen Stier
James H. and Alberta 
Stith
David C. Stromswold
James H. Taylor
Mark J. Tollin
Zenaida E. S. Uy
Howard T. Voorheis
Joseph A. Vrba
Thomas J. Welsh
William W. Weston, Jr.
Karen A. Williams
Adolf N. Witt
Douglas G. Wolff

Anonymous (14)
Douglas S. Abraham
James Abshire
James R. Adney
David H. Alexander
Dennis O. Allison
William R. Alschuler
Arthur Altshiller
Clarice D. Anderes
B. J. Anderson
Donna M. Andrauskas
Theodor Andresen
Rad Antonov
Julian Y. Ares
Alan D. Arvin
Gregory A. Ashe
Tom Ashworth
James Atkinson
Landy G. Atkinson III
Joseph F. Auletta
Gary R. Austin
Blane Baker
Gregory L. Baker
Kimberly S. Baker
Todd W. Baker
Sonia C. Balcer
James S. Balent, Jr.
Irvin Balin
Edmund K. Banghart
Thomas E. Barker

Carlos M. Barrera
Richard L. Barrett
David J. Barsky
Stephen C. Barton
Glenn A. Beavers
Sherrie Beistel
John and Catherine 
Bellotti
Gloria Benis-Jacobs
Paul R. Berman
Stephen E. Bernacki
Louis G. Beverino
Paul A. Bicknell
Arthur Bienenstock
Richard A. Bitzer
Christine L. Bjorklund
The Blackbaud Giving 
Fund*
Alan D. Blackburn
Susan J. Blatt and 
Nareshchandra P. 
Shah
Kristen and Leo A. 
Bloschock
Solon F. Blundell
Samuel Bockenhauer
John D. Bohlin
Ryan Bonate
Thomas Bonde
Paul C. Bono
Walter L. Borst
Carlos M. Bowman

David E. Brahm
James M. Brenza
Sue Broadston
Alex A. Brown
David S. Brown
Roy B. Brown
Valerie M. Browning
Charles G. Bruch
James S. Brunner
Patricia V. Burke
Earl F. Burkholder
Louis C. Burmeister
Nancy A. Burnham
Brenda and Ryan 
Cabell
Shirley Cain
Chris Cameron
Andrew C. Campbell
David W. Carpenter
Robert H. Carr
Glenn E. Carroll
Diego J. Castano
Leanne Catrett-
Tamblyn
Albert and Sheila 
Cawns
Leemer G. 
Cernohlavek
Eric P. Chael
Susan A. Chambers
Dawn C. Chesonis

Thomas M. 
Christensen
Pamela M. Cleary
Ira M. Cohen
Morrel H. Cohen
Edward C. Connell III
Robert C. Cook
Richard A. Coppola
Allison Corbett
Michael R. Coussa
Christopher M. Crane
James Crittenden
Brian Crowley
Daniel P. Curry
Max F. Dannecker
Paul D. Dapkus
Teymour Darkhosh
Jan W. Dash
David Davison
Howard F. Dawson III
Maureen De Matoff
Armand M. De Palo
E de Wolf
Kenneth DeConde
Andrew M. Degges
John J. Degnan III
Ann M. Deml
Lorraine DeSalvo
Roger W. Desnoyers
David A. Detwiler

David H. DeVorkin
James A. Dibiase
Rose M. Dishman
John C. Driscoll
Gerald Duffy
George E. Durling
Stephen Early
Ken L. Echternacht
Yancy D. Edwards
Theodore L. Einstein
Michael T. Eismann
Electronic Arts
Jessica Erickson
Fred T. Erskine
Matthew J. Fawcett
Dolores A. Federation
Steven R. Federman
Robert L. 
Fenstermacher
Richard B. Feren
Christopher Fischer
Philip C. Fisher
Timothy E. 
Fitzsimmons
Carol P. Fivozinsky
Allen Flora
Robert S. Fortenberry
Beall Fowler
Eduardo H. Fradkin
Rudy A. Frahm
Charles L. Francis
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James Freericks
Bretislav Friedrich
Eleanor J. Fulton
John Funke III
Ronald V. Furia
Charlie Gao
Robert A. Gardner
Larry W. Garner
Samuel D. Gasster
Elinor L. Gates
Bertram B. Geeslin
Richard Gerber
Jack Giammerse, Jr.
Randal E. Gibson
James B. and Patti S. 
Gillespie 
Ronald C. Glaser
Stephen W. Glenn
Stuart Goldenberg
Todd A. Goldsmith
Google Inc. Matching 
Gift Program*
Howard Gordon
Chris L. Gottbrath
Hans P. Graf
Richard S. Graham
Leo Grike
Robert C. Groman
James M. Gross
Jeffery T. Grothaus
John F. Gulbin
William John Gunning
Gerhard E. Hahne
Peter Hakel
Dean W. Halderson
Carter R. Hall
John R. Hall
Maurice E. Halladay
Edward B. Hanfling
Jorgen L. Hansen
Harry E. Hardebeck
Donald T. Harris
Gary M. Harris
Dewitt E. Harrison
Steven C. Hart
Paul F. Harten
Brittney Morgan 
Hauke
Michael D. Haworth

Lewis C. Hecht
Gary L. Heisler
Paul R. Heller
Thomas G. Heller
Gary L. Hendrickson
Lee A. Hennig
Dennis C. Henry
George A. Herbert, Jr.
Joseph S. Hickert
Mary J. Hickey
Arthur N. Hicks
John C. Hill
John H. Holloway
Gerald C. Holst
James E. Hook
Rosamond Hooper 
Hamersley
Emma Hoppmann
Merri L. Horn
Bruce K. Horne
Rayford P. Hosker
Michael H. Huberman
James R. Huckle
Albert Huen
Frank W. Hughes
James E. Hurt
Alan Ivons
Harold W. Jackson
Jo Ann Jackson
Debra and Kelly 
Jacobsen
Timothy O. Jarrett
Layne K. Jensen
Eric Jin
Johnson & Johnson 
Family of Companies
Kenneth F. Johnson
Marvin J. Johnson
Robert L. Johnson
John B. Johnston
David W. Jourdan
The Judice Family 
Foundation Inc.
Roland E. Juhala
Ints Kaleps
Michael A. Kalinosky
J. Keith Kalinowski
Lita R. Katz
Joseph L. Kaufman
William F. Kelly

Steve E. Kendrick
Keith Kenter
Rob Kesten
Ronald M. Keyser
Michael A. Kincaid
Evelyn S. Kinzel
M. B. Kirkham
Carl R. Klee
Charles T. Knight
Thomas F. Koetzle
Monte F. Kopke
Lawrence M. Kost
Mark Kozak
Kenneth S. Krane
Jennifer L. Kreidler-
Moss
Angela J. Kubinec
John A. Kuchenbrod
William H. Kuhlman, 
Jr.
Craig Kullberg
Paul Kwiat
Roger O. Ladle
Daniel R. Ladner
Arno Laesecke
Ralph E. Lambert
Salvatore F. LaMesa
Walter J. LaPrice
Kenneth C. Latoza
Stephen R. Lawry
Anna Lee
Jason LeGrand
Scott R. Leonard
John C. Leonardi
Ellen Levine
Judah Levine
Robert J. Lieb
Ian M. Lindevald
Terrance D. Lingren
David R. Little 
Sean B. Logghe
Sherry J. Logusch
Karen Lowande
Gary H. Lunsford
Lester L. Lyles 
Tim W. Lynch
Albert T. Macrander
James E. Madl
Mark L. Maiello

Richard C. Mannix
Edward R. Mansell
Thomas S. Mansell
Louis G. Markatos
David S. Martin
Stephanie Martin
John V. Martonchik
Gregory Mathis
William W. 
Matzelevich
Lowell I. McCann
Cregg McCullin
James L. McDonald, 
Jr.
Clay McDowell
Edward A. Mebus
Paul Messina
Werner A. Metz, Jr.
Roger A. Metzler
Keith R. Milkove
H. Craig Miller
Michael J. Mishkin
Raymond E. Modlin
Charles D. Moore
Kenneth P. Moran
Larry and Linda 
Morford
Dane J. Morris
Michael J. Mumma
Erwin G. Myrick
Robert E. Naegeli
Mark Nagumo
Stephen V. Natale
Nikki Natoli
Gillian Nave
Dwight E. 
Neuenschwander
Catherine Newell
Carolyn Y. Ng
Lennart H. Nilson
Daniel S. Nimick
Edward R. Niple
Mary A. O'Donnell
Roy J. O'Kelly
Jonathan Oliver
Robert Olness
Steven A. Overmyer
Geraint and Ruth 
Owen
William R. Passwaters

Jack M. Penny
John Perko
Neil K. Perl
Xavier M. Polanski
Ralph W. Porter
Prudential Employee 
Matching Program*
Xiaohui Qin
Alice J. Ramsay
Rebecca R. Rank
Richard F. Rapids
Marc E. Read
John S. Redfield
Ferdinand Reetz III
Charles A. Reeves, Jr.
Nicholas B. Remmes
Harold G. Repasky
Wayne Repko
John V. W. Reynders
John E. Rhoads
Norman J. Richert
Charles P. Riedesel
Leo L. Riedinger
Ronald Riegert
Merlin D. Ring
McLouis Robinet
William H. Robinette
Martin M. Roffman
Cheryl Roger Johnson
Edward J. Rojek
Eileen M. Romano
Raymond M. Roop
William and Alice 
Roquemore
Carl Rosenfeld
Michael A. Rosich
Michael G. Rosing
Sara H. Rubida
Jeff Rubin
Roy Rubinstein
Kenneth S. Rumstay
Linda R. Sande
Padmanabhan 
Santhanam
David Schaich
Douglas W. Scharre
William H. Schlichting
Fred J. Schlick
Jeffrey A. Schmidt
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Roger C. Scholten
James E. Schreiber
Robert O. Schwenker
Stephen G. Semanek
Ann Semisalova
Edward R. Seufert
Frederick D. Seward
J. Howard Shafer
Yitzhak Y. Sharon
Burnette T. Sheffield
Gary D. Shepek
Thomas M. 
Shigemitsu
Pete Shuster
Larry R. Sill
Larry and Brenda 
Simmons
Keith J. Sjostrom
Scott A. Slaith
Darla J. Smith
L. Montgomery Smith

Webster F. Smith
Siavash H. Sohrab
Lee R. Sorrell
Hugh L. Southall
Robert G. Spahn
Cherrill M. Spencer
David Spokony
Philip A. Stahl
Jack D. Stanford
Robert W. Stanley 
Robert and Elizabeth 
Stanton
Gary W. Stauffer
Steven M. Steele
Virgil F. Stegner
Ben P. Stein
Dominick J. Stella
Richard Stephens
Alan J. Stevens
Lance C. Stevenson
Bernadette L. Stillwell

David R. Stover
Harry Stuckey
Kurt F. Studt
Jean H. Swank
Mark Swanson
Joseph W. Synk
Joseph J. Szente
Frank R. Tangherlini
Danelle M. Tanner
Mark S. Taylor
David R. Thiessen
Donald L. Thompson
Julian M. Tishkoff
Alvin F. Trafton
John P. Tranchina
Virginia L. Trimble
John H. Tucker
Hal Tugal
Stanley A. Twardy, Jr.
Laurence W. Twigg

Stanley C. Tyler
Joseph J. Ursic
Randy C. Van 
Vranken
Louis A. Vedros
John and Katherine 
Vitko
Sylvia M. Volkman
James B. Waddell
Joseph S. Wakefield
Amy Walker
Philip B. Wallingford
Walt Disney 
Company*
Ronald A. Walton
Warner Bros 
Discovery*
Mark M. Weber
William J. Weber
Edna M. Weigel
Jack C. Wells
Willard W. White III

Heather Whitney
Sylvia J. Whitt
Edward A. Whittaker
David C. Williams
Douglas Wilson
Darrell W. Woelk
Calvin D. Wood
Adrienne H. Wootters
Paul P. Woskov
Bradford L. Wright
David L. Wright
Lois L. Wright
Edward G. Yarr
Kenneth and Mara 
Young
Alex Yurchenko
William M. Zeitz
Bryan A. Zimmerman
Walter Bruce 
Zimmerman
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2025 Physics and Astronomy Congress Sponsorships
Special Supporters

Department of 
Energy

John Templeton 
Foundation

Quantum 
Mechanics 
($25,000+)

American Physical 
Society

Lockheed Martin

General Relatively 
($10,000+)
Hehn Family 

Charitable Trust

Classical 
Mechanics 
($5,000+)
American 

Astronomical Society
American Association 

of Physicists in 
Medicine

Simons Foundation
Thorlabs

Poster Session 
Sponsorship 

American Association 
of Physics Teachers
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NOMINATE YOUR 
STUDENTS FOR ΣΠΣ!

 

Sigma Pi Sigma exists to help students and professionals transform themselves 
and others into catalysts for empowering communities, unique journeys, and 
lifelong connections. Help your students today by nominating them for an 
induction and holding a ceremony before the end of the year!

SIGMA PI SIGMA 
THE PHYSICS 
AND ASTRONOMY 
HONOR SOCIETY

 
 

• Gives access to alumni through your local 
chapter and the national Sigma Pi Sigma  
network

• Connects you to  SPS chapters around the 
world with a one-year SPS membership

• A lifetime subscription to Radiations, the 
publication of ΣΠΣ

FELLOWSHIP

 

• Provides exclusive networking opportunities

• Invites you to attend the 2028 Physics and 
Astronomy Congress

• Facilitates leadership and career development 
workshops and events

• Amplifies your contributions to the community 
and to your professional field

• Allows you to be nominated for the ΣΠΣ 
Leadership Scholarship

CAREER DEVELOPMENT

 

• Nurtures a welcoming and empowering 
physical sciences community

• Forges long-term collaborations and 
friendships

• Celebrates everyone’s unique journeys

• Invites alumni to continually guide and 
support current undergraduates

LIFELONG CONNECTIONS

 
• Awards your service to chapters and 

individuals

• Supports local or global outreach for 
societal impact

• Enables support for students by helping 
you host internships and provide mentoring

• Enables advocacy for the physical sciences 
and its communities

SERVICE


