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ΣΠΣ is looking to award individuals who have performed 
meritorious service to the field of physics, to Sigma Pi 

Sigma, or your department. 

Awards can be bestowed by individual chapters. 

Nominate someone today! 

www.sigmapisigma.org/awards/service

Recipients receive national recognition and certificate.

OUTSTANDING 
SERVICE AWARDS

ΣΠΣ

SPS awards 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 
who 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.
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Radiations

As I look through the contents of this issue of Radiations, I 
think about how much has changed since my own Sigma 
Pi Sigma induction 30 years ago. I don’t recall having 

access to any resources about careers in physics. Of course, the 
World Wide Web hadn’t been invented yet, so dissemination of 
information was very different! Now, many physics departments 
offer multiple concentrations to help students tailor their studies 
to their chosen path, career services offices are often (or at least 
sometimes) better informed about the diverse careers physics 
majors pursue, and many excellent career resources abound, 
such as the Careers Toolbox and the profiles of physicists 
available on the SPS website. Departments, and SPS, continue 

to evolve to meet the changing needs and resources of each generation.
 One amazing resource not available when I was a student is the Sigma Pi Sigma 
Congress—PhysCon. Attending conferences and getting a sense of what it means to be a 
professional is a valuable experience for students, and I strongly encourage all of my students 
to attend conferences whenever possible. The Sigma Pi Sigma Congress is unique because 
it is a conference designed with the physics undergraduate in mind—whether a speaker will 
be understandable by and accessible to undergraduate students is a key criterion of Sigma Pi 
Sigma Congress planning. There are also interactive workshops relevant to the undergraduate; 
opportunities for students to present posters on science outreach and research (in any stage 
and at any level of significance); a physics “phine art” contest and exhibit; fascinating tours; 
talks by world-class physicists; opportunities for chapters to share ideas; networking, both 
with peers and with professionals in the field; and much more.
 My first experience with the Sigma Pi Sigma Congress was in 2004, attending with one 
student. As the conference wore on, I thought, “This is the best conference I have ever 
attended! I am bringing a busload of students to the next one!” So I did—I have brought 
between 20 and 33 students to each Sigma Pi Sigma Congress since then. Whether it is 
meeting famous speakers such as Dame Jocelyn Bell Burnell, who has graciously posed with 
my students at the past three congresses (see photo), getting to share research ideas with 
both students and professionals in the field, learning about some cutting-edge advance in the 
field, making connections that lead to a summer internship, job, or graduate school, or just 

Building Momentum for the 
Next Generation of Physicists
by DJ Wagner, Past President of SPS National, SPS Chapter Advisor and 
Professor of Physics, Grove City College 

LETTER FROM THE CENTENNIAL SIGMA PI SIGMA  
CONGRESS EXECUTIVE PROGRAM COMMITTEE CHAIR

Photo courtesy of 
DJ Wagner.

Members of the Grove City College Physics Club with Dame Jocelyn Bell Burnell at the 2019 
Sigma Pi Sigma Congress. Photo courtesy of DJ Wagner.
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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
American Crystallographic Association
American Meteorological Society
American Physical Society
AVS Science and Technology of Materials,  
 Interfaces, and Processing
The Optical Society
The Society of Rheology

Other Member Organizations

Sigma Pi Sigma
Society of Physics Students
Corporate Associates

Connect with Sigma Pi Sigma

LinkedIn 
www.linkedin.com/groups/Sigma-Pi-
Sigma-physics-honor-142619  
Facebook 
www.facebook.com/groups/ 
sigmapisigma

Donate 
donate.aip.org 

finding out how many other physics students are out there who share their interests, the Sigma Pi 
Sigma Congress has been a valuable part of my students’ educational experience.
 I encourage you to help the next generation of physicists by getting involved in the upcoming 
Sigma Pi Sigma Congress taking place in Washington, DC, in October 2022. Please also consider 
attending—the conference is open to everyone, and we are hoping to attract a large number of 
alumni for this centennial celebration of Sigma Pi Sigma. If you are connected to an undergraduate 
physics program, encourage students (and faculty) to attend and do whatever you can to support 
their trip. If you are able, donate to help defray travel expenses: to your local chapter or your 
alma mater, with instructions to use the funds for Sigma Pi Sigma Congress student travel, and/
or to the ΣΠΣ Centennial Campaign fund, which specifically supports student travel to the Sigma 
Pi Sigma Congress. This will be a fantastic event, and I hope I will see you (and the students you 

encouraged to attend) there! n
 DJ Wagner is a member of the College of William & Mary ΣΠΣ chapter (‘91) and advisor of 
the Grove City College chapter. She served on the National Council for 11 years, four as SPS 
president, and has been a key member of the planning committees for three Sigma Pi Sigma 
Congresses, including the upcoming Congress in 2022. 

The Grove City College Physics Club at 2019 Sigma Pi Sigma Congress. 
Photo courtesy of DJ Wagner.

Centennial Congress  
Plenary Speakers: 

Dame S. Jocelyn Bell Burnell 
Rush Holt
Sarah Hörst
Renee Horton

Julianne Pollard-Larkin

October 6-8, 2022
Washington, D.C.

Learn more about the 2022 Congress at sigmapisigma.org/congress/2022. 
Read about  funding opportunities for student travel here: 
sigmapisigma.org/congress/2022/awards 
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Unifying Fields

Sigma Pi Sigma — A Departmental Legacy of 
Fellowship Part 4: SPS — A Society for All
by Brad R. Conrad, Director of the Society of Physics Students and Sigma Pi Sigma

Well before the 1968 creation of the Society of Physics Students 
from the merging of Sigma Pi Sigma (ΣΠΣ) chapters and 
American Institute of Physics (AIP) local student sections, 

physics departments from across the country knew that ΣΠΣ could do 
more. While ΣΠΣ was bringing together students from different class 
years (within individual departments) and helping to increase interactions 
with some alumni, not everyone could meet the high academic bar set 
by the honor society. As a member of the Association of College Honor 
Societies (ACHS), ΣΠΣ adhered to rules that standardized membership 
requirements for academic honors societies. Before the formation of SPS, 
correspondence between advisers and Marsh White, the administrative 
executive of ΣΠΣ, discussed ways to broaden the base of people who 
could benefit from the organization. For example, the Syracuse University 
chapter created an associate membership class for students who 
completed their first course in physics.1 This general observation—that 
all physics students within the department had need of something like 
ΣΠΣ—was also observed by the leadership of AIP.
 Informal meetings during the early 1940s led Marsh White to formally 
approach Dr. Henry Barton, then AIP director, in 1948.2 White originally 
proposed that ΣΠΣ join AIP as a full membership society. Realizing the 
importance of helping students become professional physicists and 
astronomers, Dr. Barton created a special committee (consisting of AIP 
board members) to explore the idea and report back to the Board of 
Directors with recommendations. Through several meetings in 1948, 
AIP’s Policy Committee recommended that AIP should form a “special 
relationship” with ΣΠΣ, different from its relationships with the existing five 
Member Societies.3 In response, a joint ΣΠΣ/AIP committee comprised 
of active members from both societies was formed to investigate 
“other ways in which ΣΠΣ could satisfactorily be incorporated into AIP.”3 
Discussions proceeded for several years, with progress shared regularly 
with ΣΠΣ membership through public and confidential correspondence. 
Much of the conversation focused on how to best serve departments 
and students “to develop spirit and also the beginnings of a professional 
society” among students. A primary concern for ΣΠΣ was how to preserve 
the pursuit of excellence on which ΣΠΣ was founded.
 It’s important to note that ΣΠΣ’s regular correspondence with 
departments about these developments generated a large number of 
suggestions and public discussion. Publicly shared feedback tended to 
focus on the need for departmental and Member Society interactions, 
technical sessions (professional development) for students, and a need to 
increase alumni interactions across the sciences. Above all, the need to 
support “all students with an interest in physics” drove the conversation. 
In addition, the small society’s highly variable budget and financial 
instability hampered its ability to provide consistent student support in a 
shifting educational landscape. For example, early ΣΠΣ initiatives included 
graduate fellowships. A 1936 ΣΠΣ newsletter notes the fellowship value, 
$450 at the time, as less than ideal given that a $500 salary constituted 
comfortable living.4 ΣΠΣ also offered emergency student loans to students 

experiencing financial need (repayable, as they could afford), when it was 
financially able.
 The joint ΣΠΣ/AIP committee, comprised of active ΣΠΣ and AIP 
Member Society members, ultimately recommended that AIP and ΣΠΣ 
work together to establish one home for physics students. To begin 
this complicated and long process, the committee recommended the 
formation of local student sections of AIP with a governance structure 
based on that of ΣΠΣ. This meant that a new organization could begin 
to take shape even as AIP and ΣΠΣ worked out the details of the 
formal agreement. A core tenet of the recommendation was that two 
separate societies for physics students would be a disservice to both the 
departments and the Member Societies. The formation of AIP chapters 
was not without considerable discussion, as at least four different versions 
of the local sections were developed before a consensus was reached. 
Participation in ΣΠΣ was to be actively encouraged in AIP chapters, and 
ΣΠΣ agreed to help support individual Member Society initiatives such as 
AAPT meetings, AIP careers services, and Physics Today. In the same 
spirit, ΣΠΣ petitioned APS leadership to create a membership category 
for graduate students.5

 The collaboration continued to develop, as is evident by Marsh 
White’s 1947 Statistical Survey of PhD Physicists in Training.6 Data from 
the creation of ΣΠΣ chapters and local sections was then used by AIP 
to produce reports on enrollment and employment. Similar reports are 
still produced today through AIP’s Statistical Research Center. As a sign 
of good faith and a token of future collaboration, ΣΠΣ also financially 

Figure 1: (L-R) Marsh White, Vincent Parker, Walter French, Lewis 
Seagondollar, and Stanley Ballard at a 1965 Sigma Pi Sigma 
Executive Committee Meeting at Oak Ridge National Labs. Photo 
courtesy of Oak Ridge Institute of Nuclear Studies Inc., courtesy of 
AIP Emilio Segrè Visual Archives, Physics Today Collection.
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supported AIP, as much as a small student society could, through a 
$500 donation to the building fund of AIP.7 As the magnitude of the 
endeavor to create what would become SPS was not wasted on the 
organizations, AIP, each of its five Member Societies, and ΣΠΣ ratified the 
creation of the AIP local student sections.
 A model constitution for the local sections was developed by AIP 
in conjunction with ΣΠΣ through society leaders Homer Dodge, R. C. 
Gibbs, F. Wheeler Loomis, and Marsh White. That model is the basis 
of the constitution we use today.8 The term “local sections of AIP” was 
used as a temporary name to avoid any confusion around the two 
separate student organizations and to provide a “flexible plan” so that 
an agreement between ΣΠΣ and AIP could be found without rushing 
forward. As a first step toward a formal agreement, ΣΠΣ was accepted 
as an AIP Affiliate in 1951.
 Conversations about how to best combine ΣΠΣ and the AIP local 
student sections continued through the 1950s and were driven by how 
to most effectively educate the growing number of future physicists, how 
to incorporate graduating students into Member Societies, and how 
to effectively govern a large chapter-based society while maintaining 
membership oversight. A large part of the delay between inception of the 
merger and full implementation came from eight years of negotiations 
with ACHS about how ΣΠΣ could remain a recognized honor society 
while sharing a constitution with a society that welcomes all. White’s 
desire to retire after 30 years accelerated the issue, resulting in the three-
year process of voting to merge the societies. In August of 1966 the 
AIP Governing Board gave its unanimous approval to the merger plan. 
The same plan went for a final vote by 200 delegates representing 90 
chapters at the 1967 Physics Congress and was approved by a one-
vote margin!8 While the two societies were already intertwined, delegates 
were concerned about oversight and maintaining the spirit of ΣΠΣ. The 
final agreement required AIP to provide financial support for a full-time 
director, a fund to support Sigma Pi Sigma in perpetuity, and conditions 
under which Sigma Pi Sigma could withdraw from the new organization 
“if things did not work well.”9 Ultimately, society leaders within ΣΠΣ, the 
AIP student sections, and department chairs from around the country 
helped to form the key concepts that would guide the formation of SPS:

1. We must do what “best serves the need of the students.”2

2. We must form the widest possible umbrella—everyone 
with an interest in physics is welcome.

3. Competing societies are hurtful to both departments and 
future physicists and astronomers.

 A key result of the 1967 Congress was that the two organizations 
should remain linked in purpose but held as distinct entities in character. 
One of the most important aspects of any organization, especially a 
member society, is how it chooses to acknowledge itself publicly. The 
emerging society made two such public declarations to convey its identity: 
its name and its symbol. Names were discussed at great length, even 
when being compared to a standard department meeting. Ultimately, Read More

This article is Part 4 in “Sigma Pi Sigma – A Departmental 
Legacy of Fellowship,” a series highlighting the history of Sigma 
Pi Sigma and SPS in celebration of our upcoming Centennial on 
December 11, 2021. The rest of the series is available online.

• Part I: Formation and the Early Years  
www.sigmapisigma.org/sigmapisigma/radiations/issues/
fall-2019

• Part 2: A Phase Change in the Late 1920s  
www.sigmapisigma.org/sigmapisigma/radiations/issues/
spring-2020

• Part 3: Developing Community (1930s & ’40s) 
www.sigmapisigma.org/sigmapisigma/radiations/issues/
fall-2020

Figure 2: Earliest known use 
of the SPS logo, dated May 
1970. Image courtesy of SPS 
National.

Figure 3: The student-
designed seal of SPS and 
Sigma Pi Sigma. Image 
courtesy of SPS National.

the Society of Physics Students was selected as the most inclusive name. 
This name reflects the society’s support of all physics students, no matter 
what they might wish to do upon graduation. Undergraduates unsure of 
their future, career ambitions, and even their major may be wary of joining 
professional organizations tied to one track, but as the adopted name 
implies, they can find a home in SPS.
 In the same vein, one of the first actions of the newly formed 1968 
Executive Committee and National Council of the Society of Physics 
Students and Sigma Pi Sigma was to have chapters decide on both an 
insignia and symbol for this new student-focused organization. Marsh 
White and AIP director Ed Koch requested no change to the ΣΠΣ logo but 
advocated for students to determine a new logo for the Society of Physics 
Students. One of the first actions of the newly formed National Council 
was to hold a student competition to determine the SPS logo and seal.
 With over one quarter of all chapters submitting a design, the logo 
and seal were selected by vote of the Executive Committee and National 
Council from over 66 finalists. The SPS logo was submitted by Craig B. 
Shumaker of the Purdue University chapter, and the basic design for the 
seal was submitted by Bruce Bushman of the Seattle University chapter10 
(see Figs. 2 and 3, respectively). Each student received a $100 prize 
(over $700 in today’s US dollars). While the insignia is used in official 
communications from the national organization, chapters often use 
the SPS logo in unique ways to express themselves and what they are 
passionate about: at carved pumpkin art competitions, on physics-themed 
T-shirts, and prominently displayed on SPS lounge walls in hundreds of 
configurations. Just like the symbol, SPS is whatever it needs to be to 
best serve its student members. To this day, the SPS logo and insignia are 
a reminder of the organization’s commitment to student leadership and 
self-determination. n

References: 
1. W. R. Fredrickson, Department head of University of Syracuse, Private 
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2. M. White, Sigma Pi Sigma general letter to the Executive Committee, December 

16, 1948.
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6. M. W. White, “Statistical Survey of Number of Physicists in Training,” Rev. Sci. 

Instrum. 18, no. 4 (1947).
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9. P. Dixon, “The History of Sigma Pi Sigma,” https://www.sigmapisigma.org/
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10. Society of Physics Students Newsletter, January 22, 1969.
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While travel remains something most students aren’t able 
to do much of this academic year, student presentations 
(whether virtual or in person) remain one of the most important 

professional development activities in which they can participate. 
Engaging in regional and national conferences provides students 
with a wealth of skills and experiences that will serve them throughout 
their careers. While presenting at conferences can be a challenging 
experience for many students, the professional connections they make 
there and the act of connecting to lifelong professional societies and their 
members can help students find career pathways, paid positions, and 
future collaborators. By sharing their physics and astronomy research 
and outreach, students not only participate in the scientific process but 
also hone their communication skills as they learn to share findings and 
interests with a wide audience. Such experiences allow them to practice 
their elevator speeches and develop an awareness of what it means to 
become part of the scientific community beyond their immediate research 
groups and academic departments. Often, students gain insights into 
how their research connects to other research groups or entire fields of 
study of which they were not aware. Science that occurs in a vacuum runs 
the risk of not helping to advance the field and our shared understanding 
of the universe. 
 One of the primary goals of the Society of Physics Students is to be 
among the first membership societies that students experience to help 
prepare them to enter the professional community. Within its mission 
statement is a commitment to help students develop into contributing 
members of the professional community. While traditional coursework 
develops an extremely important set of skills, other skills are needed for 
students to flourish professionally, and student travel provides a vital key 
to unlocking those skills for many students.

Student Conferences – Sigma Pi Sigma Supports the Next 
Generation of Scientific Leaders through Crucial Grants and Awards
by Brad R. Conrad, Director of the Society of Physics Students and Sigma Pi Sigma

Your Dollars At Work

 As Sigma Pi Sigma members, we can help students acquire 
these skills by supporting undergraduates in overcoming 
the many financial burdens associated with participating in 
professional conferences and meetings. Each year the Society 
of Physics Students offers Student Travel and Student Reporter 
Awards for those who wish to attend, either to present their 
research or to report on a national or regional conference. While 
amounts are limited to $300 for an in-person event (or $75 to 
cover a virtual registration fee), these funds are a tremendous 
help for students as they piece together the support needed to 
participate in such meetings. Often, students will carpool, bring 
their own food, or share rooms to be able to afford to present 
work that represents the result of months or years of intensive 
focus and research. Having judged many undergraduate 
poster and oral presentations, I can personally attest that 
many people remember their first presentation with a mix of 
excitement and anxiety. It is because of the support of Sigma 
Pi Sigma members and the American Institute of Physics that 
SPS is able to offer these student awards each year. 
 If you would like to help support student presentations at 
regional and national meetings, please contribute to the Sigma 
Pi Sigma Endowment, which supports student travel grants and 
community events, or to the Congress Centennial Endowment, 
which supports student travel to the Sigma Pi Sigma Physics 

A map showing the locations from which AAPM/COMP attendees 
participated in the virtual meeting. Image courtesy of the meeting’s 
website: https://aapm-comp.pathable.co/.

 “Topics ranged from hard 
skills such as those used 
in diagnostic, imaging, and 
therapy physics, to softer 
skills like residency mentor–
mentee relationships, social 
media, and alternative 
educational tracks. … All 
and all, I had a fantastic first 
AAPM|COMP experience 
that encouraged a greater 

understanding of what it means to be a medical 
physicist, specifically in response to growing need.” 
– Michelle de Oliveira, on attending an American 
Association of Physicists in Medicine (AAPM) and the 
Canadian Organization of Medical Physicists (COMP) 
Conference with the support of an SPS Reporter Award.

Michelle de Oliveira. 
Photo courtesy of 
Oliveira.



Spring 2021  Radiations  9

Your Dollars At Work

A panel discusses the voice of women in physics. Taken on July 22, 
2020 the final day of the AAPT conference. Image courtesy of Sarah 
Andersen.

Congress, in perpetuity. Details can be found at the AIP Foundation’s 
Student Programs page: aip.org/helpstudents. n  “After learning remotely for half a semester and moving 

online for my summer internship, I realized that the world 
was transitioning to remote practices for the next year and 
potentially longer. I wanted to understand the implication of 
this transition on national physics departments and to better 
understand the reasoning behind new learning practices 
implemented by teachers. Furthermore, being one of few 
female physics majors at Wake Forest University, I had a 
particular interest in the equity and inclusion aspects of 
the conference. … I believe that a teacher can completely 
change a student’s perspective on a subject and can play 
a significant role in his/her chosen academic path. Overall, 
I found the conference to be very insightful, and I am very 
grateful for the experience!” 

- Sarah Anderson, on attending the American Association of 
Physics Teachers Summer 2020 Meeting with the support of 
an SPS Reporter Award.
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Your Dollars At Work

Future Faces of Physics 
Future Faces of Physics Awards are made to SPS chapters 
to support projects designed to promote physics across 
cultures. The goal of the Future Faces of Physics Award 
is to promote the recruitment and retention of people from 
groups historically underrepresented in physics.

Calvin University
From Every Nation – Physics Mentoring for All
Willem Hoogendam (Leader)
Jason Smolinski (Advisor)

Illinois State University
ISU Physics Tutoring Program
Brighton Coe (Leader)
Matthew Caplan (Advisor)

University of Central Florida
Amplifying Diverse Perspectives
Riley Havel (Leader)
Costas Efthimiou (Advisor)

University of the Sciences
What’s So Hot with Physics
Dan Fauni (Leader)
Roberto Ramos (Advisor)

The University of Texas at Dallas
Physics HALO
Victoria Catlett (Leader)
Jason Slinker (Advisor)
 
Marsh W. White 
Marsh W. White Awards are made to SPS chapters to 
support projects designed to promote interest in physics 
among students and the general public. The Marsh W. 
White Award dates back to 1975 and is named in honor of 
Dr. Marsh W. White for his long years of service to Sigma Pi 
Sigma and the community.

Cleveland State University
It’s Getting Hot in Here!
Andrew Scherer (Leader)
Kiril Streletzky (Advisor)

University of Dayton
The Power of Light: Increasing Interest in Physics Through 
Optics
John Merkle (Leader)
Jay Mathews (Advisor)

University of Rochester
DIY Physics Demonstration Boxes
Molly Griston (Leader)
Frank Wolfs (Advisor)

University of the Sciences
The Sound of Science
Keeran Ramanathan (Leader)
Roberto Ramos (Advisor)

SPS Chapter Research 
The SPS Chapter Research Award program provides 
calendar-year grants to support local chapter activities 
that are deemed imaginative and likely to contribute to 
the strengthening of the SPS program. 

Florida Polytechnic University
Microencapsulated Thermochromic Materials for Energy 
Savings Applications
Daniil Ivannikov (Leader)
Sesha Srinivasan (Advisor)

Old Dominion University
Observational Astronomy
Alicia Mand (Leader)
Matthew Nerem (Advisor)

Purdue University–West Lafayette
A Rope within a Rope: Fluid Polymerization in the Liquid 
Rope Coiling Effect
Matthew Schulz (Leader)
Rafael Lang (Advisor)

Fall 2020 Chapter Awards 

Congratulations to the following winners of the Fall 2020 Chapter Awards. These awards are made possible in 

part by generous contributions from Sigma Pi Sigma alumni. For examples of past award-winning projects, visit  

www.spsnational.org/awards/chapter-awards.
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Rhodes College
Standardization of Novel Photovoltaic Cell 
Characterization for Rhodes College Cubesat 
Program, RHOKSAT
Giuliana Hofheins (Leader)
Brent Hoffmeister (Advisor)

South Dakota State University
Ultrathin PTAA Layer and Phenylhydrazinium 
Iodide for Defect Passivation and Enhanced 
Charge Carrier Mobility in Perovskite Solar Cell
Abdullah Al Maruf (Leader)
Robert McTaggart (Advisor)

Universidad Autonoma de Ciudad Juarez
Xenon Beam to Detect Polluting Particles
Julio Lopez Ibarra (Leader)
Sergio Flores (Advisor)

University of Central Florida
Simulations of Black Hole Dynamics: From 
Event Horizon to AMD Ryzen
David Wright (Leader)
Costas Efthimiou (Advisor)

University of North Alabama
Speckle Imaging for Fun and Outreach
Charles Harville (Leader)
Ronald Blake (Advisor)

Sigma Pi Sigma Chapter 
Project
The Sigma Pi Sigma Chapter Project Award 
provides funding of up to $500 for chapter 
inductions and events.

Missouri Southern State University 
Facing Forward
Joshua Numata (Leader)
Jency Sundararajan (Advisor)

University of the Sciences
Sigma Pi Sigma: Induction Ceremony
Matthew Becker (Leader)
Roberto Ramos (Advisor)

Wheaton College
Increasing and Supporting Sigma Pi Sigma 
Honors Inductions
Stephen McKay (Leader)
Heather Whitney (Advisor)

2019–20 SPS Outstanding 
Chapter Advisor
The SPS Outstanding Chapter Advisor 

Award is the most prestigious recognition 

given each year by SPS. The following 

SPS advisors were nominated by their 

students, colleagues, and departments in 

recognition of their dedication to furthering 

the mission of SPS. The winner receives a 

total of $5,000 for themself, their chapter, 

and their department. The winner was 

officially recognized at the Winter 2021 

AAPT Meeting. The runner-up’s chapter 

receives a $100 gift card for a pizza party 

and other chapter activities. Learn more at 

spsnational.org/awards/outstanding-

chapteradvisor. 

 

Winner
Robert McTaggart, 
South Dakota State 
University

 

Runner-Up
Ronald Kumon, 
Kettering University A & B
 
Nominees
Adele Poynor, Allegheny College

Alyssa Hamre, Bethel University

Bjorg Larson, Drew University

Cecilia Vogel, Augustana College

David Newman, University of Alaska 
Fairbanks

Jency Sundararajan, Missouri 
Southern State University

Kristopher Bunker, University of 
Colorado at Denver

Peter Sheldon, Randolph College

Image courtesy 
of SPS National.
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Member Notes

Work-from-
Home Spaces

During the pandemic, “going to the 
office” has looked a little different for 
many people, including our members, 
who have been creating work-away-
from-work spaces during the past 
year. Here are some of our favorite 
work-from-home setups among those 
submitted by members.

Kendra Redmond 
Kendra Redmond Stories

Inducted at Carthage College 
Sigma Pi Sigma chapter, 2007. 

Cale Gray
Ford Motor Company 
Inducted at Kettering 

University Sigma Pi Sigma 
chapter, 2018. 

Webster Smith 
Johns Hopkins University 

Applied Physics Laboratory 
Inducted at Clark University 

Sigma Pi Sigma chapter, 
1978. 

Fred Wilson
Angelo State University 

Inducted at University of 
Kansas Sigma Pi Sigma 

chapter, 1960. 

James Overduin
Towson University

Inducted at Towson University 
Sigma Pi Sigma chapter, 2009. 

John W. Dooley
Retired, Millersville University 
Inducted at Wabash College 

Sigma Pi Sigma chapter, 1963. 

Your fellow Sigma Pi Sigma 

members are interested in 

news about you. 

Submit items about civic 

activities, academic activities, 

honors, promotions, and career 

changes: 

www.sigmapisigma.org/

sigmapisigma/radiations/

member-news
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William Limestall
Illinois Institute of Technology 

Inducted at Illinois Institute of 
Technology Sigma Pi Sigma 

chapter, 2017. 

John Evans
University of Maryland 

Inducted at University of 
Maryland Sigma Pi Sigma 

chapter, 2018. 

Steven Garrett
Retired

Inducted at University of 
California Los Angeles Sigma 

Pi Sigma chapter, 1966.

Ken Danti
Danti Labs 

Inducted at Colorado School 
of Mines Sigma Pi Sigma 

chapter, 1978. 

Lawrence D. Huebner
NASA 

Inducted at Ripon College 
Sigma Pi Sigma chapter, 1981. 

Ronny Nguyen
Cardiff University 

Inducted at University of 
New Hampshire Sigma Pi 

Sigma chapter, 2018. 

Robert Managan
Lawrence Livermore National Lab 

Inducted at Rice University 
Sigma Pi Sigma chapter, 1977. 
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Casey Feinstein
Senior Engineering Manager, 
Nest Hardware Engineering 
– Optics, Cameras, and New 
Technology, Google

My teams are responsible for 
designing and building Nest 

camera hardware, optics, and 
illumination systems, and for 

investigating and developing new 
technologies for Nest products.

Bill Huggins
Research Scientist, 
Quantum AI – 
Algorithms, Google

I’m one of the people 
responsible for exploring 

different ways that 
we could use Google’s 

quantum computers (either 
today’s or tomorrow’s). This can 

look like building the software to manage the data from 
an experiment or perform a calculation. It also involves 
a lot more talking, reading, and writing than you might 
expect.

Julian Kelly
Senior Staff Research 
Scientist, Quantum AI – 
Hardware, Google

I lead a team responsible 
for building the hardware 

electronics and software 
control system of a quantum 

computer. I am also one of 
the leads of Quantum AI; we are 

responsible for determining and leading the overall 
effort’s research and development agenda.

Sandeep Giri
Technical Project Manager, 

Infrastructure for Machine 
Learning & AI, Google Cloud

I am part of the organization 
within Google that builds 
datacenter hardware & 
software that powers all of 

Google’s products and services. 
My project specifically focuses 

on building infrastructure to 
enable machine learning and artificial 

intelligence. I am the cross-functional project 
manager, bringing together multiple technologies from 
concept to production.

Googlers on 
Physics

Four Google employees who graduated with a physics 
major share their thoughts with Radiations.

Responses have been edited for length and clarity.

Google’s Mountain View, California headquarters.  Source: Google.

To learn more about Sandeep Giri, check out “Such Great Heights” in the Spring 2019 issue of Radiations 
at www.spsnational.org/sigmapisigma/radiations/spring/2019/such-great-heights-sandeep-giri.
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What skills did you develop as a physics student that have 
served you especially well in this role? 

Feinstein: Physics gave me a broad base to understand new 
technologies, or those that require an understanding of the funda-
mentals of more than one engineering discipline. Quickly evaluating 
a proposed new technology often involves mechanical, electrical, 
thermal, and materials science questions. Having a basic under-
standing of each domain is very helpful in a research and develop-
ment environment.

Giri: I have built products that span many industries: smart watch, 
solar, head-mounted display, flow battery, stratospheric balloon, 
and currently data center hardware. Each one of these products 
was very multidisciplinary, with mechanical, electrical, thermal, 
manufacturing, operations, software, test, and end-application 
components, among others. This requires me to be able to pick up 
the inner workings of any new product type and multiple domains 
in a short period of time. Physics taught me to understand the fun-
damentals of how anything works and also fostered deep curiosity, 
which is one of the driving forces behind me building a variety of 
products.

Huggins: One of the most important skills is knowing how to make 
a good approximation. So many things in physics are difficult to 
calculate exactly, but as a student I started to learn how to cut the 
right corners to get an answer that was good enough―for example, 
replacing a function with the first few terms in its Taylor series ex-
pansion. When I’m trying to understand the behavior of a quantum 
algorithm, the exact same mathematical tricks can be useful.

Kelly: Our entire field exists on the promise of turning physics ex-
periments into practical technology, so we are constantly immersed 
in physics problems. My physics background has given me the skill 
set to take complex problems and break them into simpler ones 
that can be reasoned out. Additionally, by having had exposure to a 
breadth of physics concepts, I am more easily able to communicate 
with team members in different roles to understand the set of chal-
lenges in our field.

What are one to two key skills outside of the traditional 
physics skill set that have been instrumental in your suc-
cess and that you wish your education could have provid-
ed?

Feinstein: Some of the tools of engineering disciplines―for ex-
ample, mechanical CAD or geometric dimensioning and tolerancing 
(GD&T) skills―were things that I had to pick up on the job. They are 
extremely useful as tools for communicating and collaborating with 
engineering teams and are even more critical when separated by 
language and time zone differences that are common in a global 
technology supply chain.

Giri: If I were to speak to my 18-year-old self, I would say, invest 
in becoming a better writer. Communication in any form―papers, 
presentations, email, project updates―requires one to be a strong 
writer. Writing can also enable one to become a seasoned speaker. 
My role requires verbal communication in 20 to 25 meetings each 

week. Learning the basics of engineering design as an under-
graduate would have also been beneficial, as this is something 
that touches all industries.

Huggins: I’ve been shocked at how much of my time has 
been spent writing and how crucial it has been that I write well. 
Writing has been fundamental to communicating clearly with 
the larger academic world through research papers. It’s also 
been important on a day-to-day level, as I write emails and 
notes to keep my colleagues up to date on what I’m working 
on. Even when I’m just trying to clarify an idea for myself, I’ve 
come around to seeing how useful it is to write things down in 
clear language. I wish that I’d had more formal training in writ-
ing and that I had been taught to see it as an important tool 
rather than a mostly irrelevant nod to a liberal arts education.

Kelly: In my experience, technical skill is only one core com-
ponent of achieving success. Soft skills such as communica-
tion, leadership, and teamwork are absolutely instrumental, as 
almost all modern challenges require teams of people working 
collaboratively. Although these skills can’t be easily taught in 
classes, they can be acquired through mentorships or through 
firsthand experience working with others.

What is one message for change that you’d share with 
the physics department at your alma mater?

Feinstein: I’m grateful for the quality of the education I re-
ceived, but the cost was daunting. My parents paid as much 
as they could, I worked three jobs, and even with grants and 
scholarships I left school with significant student loan debt. In 
retrospect the education was well worth the cost, but at the 
time it influenced decisions about work versus graduate school 
and what kinds of jobs I would consider.

Giri: Provide students with more opportunities around learning 
teamwork, leadership, influencing without authority, and nego-
tiation. Traditionally, these have been wrongly characterized as 
“soft skills,” but my personal observation has been that these 
are essential skills for flourishing in any employment sector. 
Thus far, I have helped hire 100-plus folks in my career, and 
those who were good at the aforementioned skills grew and 
thrived at a tremendous pace. Physics departments have to 
come up with creative solutions to boost these skills in stu-
dents prior to graduation.

Huggins: I wish that the department had placed more em-
phasis on the value of teaching undergraduate students. I was 
fortunate enough to have had very dedicated professors for 
some classes, but it’s unfortunate that teaching is often seen 
as an obstacle to research rather than an end in its own right.

Kelly: Nearly all physics work today requires some element of 
software. I never actually had formal software training, but it is 
one of the most important aspects of my day-to-day work. Not 
only should the basics be a requirement for physics degrees, 
but we should also teach code hygiene (version control, read-
ability, etc.), as these are requirements for efficiency and col-
laboration. n
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by Patrick J. Mulvey, Research Manager, and Anne Marie Porter, Survey Scientist, 
Statistical Research Center of the American Institute of Physics

The Employment Landscape 
for  

New Physics Degree Recipients

The career paths of physics degree recipients vary greatly, 
influenced by personal circumstances, interests, degree(s), and 
economics. This article explores the initial postdegree outcomes 

of physics degree recipients at the bachelor’s, master’s, and PhD levels. 
The data come from surveys of physics graduates from the classes of 
2017 and 2018 conducted by the Statistical Research Center (SRC) of 
the American Institute of Physics (AIP). The data was collected from 
new graduates in the winter following the academic year in which they 
received their degree.

PHYSICS BACHELORS

 The number of students receiving physics bachelor’s degrees 
from US institutions has been increasing for over two decades, 
reaching almost 9,200 in 2019. 
 New physics bachelors follow one of two initial postdegree paths: 
they enter the workforce or enroll in graduate school. For the classes 
of 2017 and 2018, about half (48%) indicated they were enrolled in a 
graduate program in the winter following the year they received their 
degree. Of these, the majority were studying physics or astronomy 
(Fig. 1).
 The other half (52%) of new physics bachelors were employed 
in the workforce or seeking employment. They held positions in a 
variety of economic sectors, with the private sector employing by 
far the largest proportion (67%). Within the private sector, physics 
bachelors were most commonly working in engineering (38%) and 
computer or information systems (26%). About a fifth were working in 
non-STEM positions, although the majority were regularly called upon 
to solve technical problems. Very few respondents (3%) indicated 
that they were working in physics or astronomy. About a third of the 
employed physics bachelors indicated they were planning to enroll in 
a graduate program in the future.

EXITING PHYSICS MASTERS 

 Exiting masters refers to those who earn a master’s degree from 
a US physics department and leave that department to enter the 
workforce or pursue another graduate degree elsewhere. Physics 
departments in the US conferred about 900 physics master’s degrees 
in 2019.
 Class of 2017 and 2018 survey data showed that US citizens 
with exiting master’s degrees generally tended to follow a different 

postdegree path than non-US citizens (Fig. 2). The majority of those 
with US citizenship entered the workforce or remained in positions 
they held prior to receiving their degrees. The most common outcome 
for non-US citizens was continuing graduate study at another 
department or institution. 
 Regardless of citizenship, the majority of those continuing their 
graduate studies were enrolled in a physics or astronomy program 
at another US institution. The most commonly cited “Other Field” of 
graduate study was engineering. 
 Similar to the physics bachelors, over half (57%) of the employed 
exiting masters were working in the private sector. The next largest 
employment sector was two- and four-year colleges and universities 
(20%). Eight percent of the physics masters were working as high 

FEATURE

Figure 1: Status of physics bachelors one year after degree, classes 
of 2017 and 2018 combined. Two percent of respondents indicated 
they had left the US to pursue employment or graduate study 
and are not included in the figure. All figures are courtesy of the 
American Institute of Physics, Statistical Research Center.
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school teachers, of whom almost all indicated that they were teaching 
STEM subjects. 
 Physics masters secured employment in a diverse set of fields, 
confirming the notion that physicists have the skills and training to 
work in many areas of the economy (Fig. 3). Almost equal proportions 
of exiting physics masters were employed in the fields of “physics 
or astronomy” or “engineering,” comprising over half of those in the 
workforce. Six percent indicated they were working in a non-STEM 
field, most commonly finance. Many (12%) of the new physics 
masters in the workforce hoped to return to graduate school in the 
future. 

PHYSICS DOCTORATES 

 During the 2018–19 academic year, US physics departments 
conferred about 1,900 physics PhDs. Although this number is relatively 
unchanged from the previous year, the number has risen 75% since 
a recent low in 2004. New physics PhD recipients generally enter a 
postdoctoral fellowship (postdoc), work in a potentially permanent 
position, or accept a nonpostdoctoral temporary position (Fig. 4). 
For most of the last two decades, the most prevalent employment 
outcome has been a postdoc, but this is no longer true. In the physics 
PhD class of 2018, an almost equal portion of PhDs accepted a 
postdoc as accepted a potentially permanent position. 
 Again, the class of 2017 and 2018 results reflect differences 
between US citizens and non-US citizens. A considerably greater 
proportion of non-US citizens than US citizens accepted postdocs, 
51% vs. 40%, respectively. The reverse is true for potentially 

Figure 3: Field of employment for new physics masters one year after 
degree. Data is from the classes of 2016, 2017, and 2018 combined. 
Figure includes physics masters employed in the US, including 
those who were employed part time (7%) and masters continuing 
in positions they held while pursuing their degrees (16%). Figure is 
based on 331 individuals.

Figure 4: Initial employment of physics PhDs, 1980–2018. Data is 
limited to PhDs who earned their degrees from a US university and 
remained in the United States.

permanent positions, with 47% of the US citizens and 35% of the non-
US citizens accepting such a position.
 Of those who accepted a potentially permanent position, the 
majority (74%) were employed in the private sector by companies 
ranging from the smallest startups to the largest corporations. Those in 

Figure 2: Status of exiting physics masters by citizenship one year 
after degree. Data shown is for the classes of 2016, 2017, and 2018 
combined. This figure is based on the responses of 265 non-US 
citizens and 500 US citizens. 
*Continuing Employment: employed with the same employer for 
more than a year prior to earning master’s degree. 
**Graduate Study - Physics or Astronomy: enrolled at a different 
institution than where master’s degree was obtained.

Postdoc

Potentially 
Permanent 
Position

Other Temporary Position
Unemployed
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potentially permanent positions were working in a variety of fields, with 
physics, computer software, engineering, and data science comprising 
two-thirds of the fields of employment (Fig. 5). 
 Less than 10% of the positions new PhDs held were in non-postdoc 
temporary positions. These were primarily (70%) in academia and came 
with titles of visiting professor, guest lecturer, or research scientist. 

WHAT DOES THE FUTURE HOLD?

 While the graduates of 2017 and 2018 entered a strong and growing 
economy, the economic realities of today are somewhat different. 
Recessions in the US are nothing new and typically occur at least every 
10 years or so. Data show that new degree recipients who enter the 
work force during a recession, regardless of degree field or degree 
level, encounter a challenging job market. 
 Regardless of when the economy recovers, there are some things 
we know are true now and will be in the future. Private sector employers 
will need to fill positions, government research labs will continue to need 
staff, and schools and universities will need to continue to hire faculty. 
Physics degree recipients are adept at learning and problem solving 
and have strong mathematical and analytical skills, making them 
attractive to a variety of employers even in the midst of a recession. n

Figure 5: Field of employment for physics PhDs in potentially 
permanent positions. Data is from classes of 2017 and 2018 
combined.

A Note about Postdocs
Postdoctoral fellowships are temporary, mentored research positions that 
provide new PhDs with an opportunity to improve their research skills and 
publish findings. They are typically two-year positions and are frequently 
renewable. The majority of postdocs (~75% historically) are in a university 
setting, with most of the remaining positions at government labs. Although 
these positions provide valuable experience and are almost a prerequisite 
for PhDs seeking an academic position, they are not a necessary step for 
many career paths. 

   Because so many new PhDs accept a postdoc that ultimately do not 
work in a faculty position, the SRC asked mid-career physicists whether 
they would again take a postdoc if they had an opportunity to do it over.1 
Not surprisingly, 91% of the physicists working in academia indicated that 
they would repeat taking a postdoc. The majority of PhDs working in the 
government or the private sector indicated the same—88% and 72%, 
respectively.

A Note about Mid-Career Outcomes for 
Physics PhDs
The data in this article addresses initial postdegree outcomes. Most 
people change jobs over the course of their careers—some many times. 
A resource from the National Science Foundation using data from its 
Doctorate Recipients Survey provides information on the proportion of 
mid-career physicists working in different employment sectors. In 2013, 
about half of physics PhDs who had earned their degree 10–14 years 
earlier were working in the private sector (51%), with fewer PhDs working 
in academia (43%) or government (6%).2 

Learn More
Who’s Hiring Physics Bachelors?

https://www.aip.org/statistics/whos-hiring-physics-bachelors
Employers that recently hired physics bachelors to fill science and 
engineering positions are listed by state.

Who’s Hiring Physics PhDs?
www.aip.org/statistics/whos-hiring-physics-phds
This resource lists employers that hired new physics PhDs into 
potentially permanent positions by field. It includes job titles, salaries, 
and skills used.

Data on Starting Salaries
https://www.aip.org/statistics/data/employment/salaries
This section of the SRC website provides the starting salary ranges for 
new physics degree recipients by sector of employment.

PhD Plus 10 Study
www.aip.org/statistics/phd-plus-10
This series of reports explores the employment of mid-career physics 
PhDs.

Physics Faculty Salary Calculator
www.aip.org/statistics/salary-calculator
Explore faculty salaries for physicists by institution type, degree, job title, 
tenure status, gender, and location.

References

1. R. Czuko and G. Anderson, Common Careers of Physicists in 
the Private Sector (College Park, MD: American Institute of Physics, 
2015), Table 2.2. 
2. “Science, Engineering, and Health Doctorates in the Workforce, 
1993–2013,” National Science Board. https://www.nsf.gov/nsb/sei/
infographic2/#main.
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The Evolution of 
Physics Education:

How Undergraduate Departments 
Are Transforming

by Laurie E. McNeil, Bernard Gray Distinguished Professor, Department of Physics and 
Astronomy, University of North Carolina at Chapel Hill

What do you remember about your 
physics education? Lectures 
on quantum mechanics? Long 

nights struggling with homework? Any 
mention of physics careers? Classmates 
who looked a lot like you? If you went back 
to your old physics department, you might 
find that everything is much the same as 
you remember. But depending on the 
department (and when you graduated), 
you might find the scene a bit different.

Who is studying physics now?
Things are looking up for our discipline. 

The number of physics bachelor’s degrees awarded each year has 
never been higher—9,193 in the class of 2019.1 This is up from a 
modern-day low of 3,646 graduates in 1999, the nadir of a decade-
long trend that, had it continued, would have led to zero physics 
graduates by about 2016. The “market share” for physics is up as well, 
with physics graduates representing 0.46 percent of all bachelor’s 
recipients, up from 0.3 percent in 1999.
 The gender balance has changed too. In 2019, 24 percent of 
all physics graduates were female (about the same as in 1999), 
compared to 5 percent in 1966. Physics programs remain largely 
white, however—in 2019 only 4 percent of physics graduates were 
Black and 10 percent were Latinx, compared to 14 percent and 22 
percent, respectively, of the college-age population.2 The physics 
community as a whole has a lot of work yet to do on diversity and 
inclusion.

How has teaching changed?

If what you remember about your physics classes is lectures 
(stimulating or otherwise) and homework (impossible or otherwise), 
you have lots of company. Most of us were taught by pedagogical 

1. Statistics referenced in this article were obtained from the American Institute 
of Physics (AIP) Statistical Research Center, https://www.aip.org/statistics. 
2. The American Physical Society (APS) and the American Association of 
Physics Teachers (AAPT), among others, support the STEP-UP project (https://
engage.aps.org/stepup/about/overview) to enlist high school physics teachers 
to engage and inspire young women to study physics. AIP supports the 
TEAM-UP Project (Task Force to Elevate African American Representation in 
Undergraduate Physics & Astronomy, https://www.aip.org/diversity-initiatives/
team-up-task-force) to address the persistent underrepresentation of Blacks in 
physics. Partial funding for TEAM-UP is provided by the Research Corporation 
for Science Advancement.

autodidacts who had no information other than their own experience 
about what works (and what does not) in the physics classroom. But 
that is changing (not fast enough!) with the rise of physics education 
research (PER) as a subdiscipline in the physics community. Physicists 
who do PER use rigorous scientific methods to study how people learn 
physics and how physics education can be improved.3

 The findings from PER are many and varied, but if one had to 
draw a single conclusion from the body of research, it would be 
this: Interactive engagement works better than traditional lecture 
instruction. Students learn more by discussion and experimentation in 
the classroom than they do by listening to lectures, or in the words of 
the late Professor Lillian McDermott from the University of Washington, 
“Teaching by telling is an ineffective mode of instruction.”
 One way to measure this is to compare students’ gain in 
understanding of physics ideas through a “concept inventory,” a set 
of multiple-choice questions that explore students’ understanding of 
basic concepts such as Newton’s third law. For example, a question 
might ask which vehicle exerts more force on the other when a large 
truck and small compact car collide. Students complete an inventory 
at the beginning and end of a physics course, and the degree to 
which their understanding has changed (expressed as a fraction 
of the possible shift toward the correct answers) is recorded as the 
“normalized gain.”
 Before taking a first course in Newtonian mechanics, 75 to 80 
percent of students say that the truck exerts more force on the car than 
the car does on the truck. After traditional lecture instruction, about 65 
percent give the same answer! But interactive engagement makes a 
difference. Classes taught using these methods are much more likely 
to achieve large gains in understanding of Newtonian mechanics than 
are classes taught using traditional lectures (see Fig. 1).
 These kinds of findings have convinced an increasing number 
of physics faculty members to change the way they teach. Some 
departments have undertaken large-scale transformations of 
introductory physics instruction. Gary Gladding, who led the effort at 
the University of Illinois at Urbana-Champaign, likened it to “parallel 
parking an aircraft carrier” because of its scale—over 3,000 students 
each semester. I led my own department’s similar effort, which at 

3. Both APS and AAPT have topical groups on PER, and in 1999 APS issued a 
statement (https://www.aps.org/policy/statements/99_2.cfm) that PER “has 
advanced our understanding of student learning in physics and has resulted 
in significant improvements in the methodology of teaching.” The prestigious 
Physical Review family of journals has one devoted to PER (https://journals.aps.
org/prper/) that published 99 research articles in 2019.

Laurie E. McNeil. 
Photo by Steve Benka.
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around 1,100 students per semester was more like parking a frigate. 
In other departments the changes have been more modest, instigated 
by one or two faculty members.4

What do these new physics classes look like?

There are many ways to implement interactive engagement, but I can 
give you a flavor by describing the introductory classes at my own 
institution.
 Before coming to class, the students complete a warm-up 
assignment that may involve reading from the textbook or watching a 
video before answering questions online. They then attend a lecture 
in which a faculty member spends most of the time posing questions 
to the class. Students discuss each question with their neighbors (a 
technique sometimes called think-pair-share) and then use a personal 
response device (a “clicker”) to give their answers. If most answers 
are incorrect, the instructor goes over the idea in more detail and 
addresses the misconceptions that the students’ answers reveal 
before asking them to respond again. Once most of the students have 
grasped the concept, the instructor moves on.
 The next meeting takes place in a classroom with round tables 
that seat nine students each. Here they work in groups of three 
on pencil-and-paper tutorial activities, guided-inquiry laboratory 
experiments, and cooperative group problem-solving, all designed 
based on findings from PER. The instructor circulates as the students 
work, answering questions and engaging in Socratic dialog. In this 
way students spend the vast majority of class time actively engaged 
in thinking about and discussing physics, challenging each other’s 
understanding and explaining things to each other. Afterward they 
cement their understanding individually by solving conventional 
homework problems.
 Similar techniques are applied in upper-division classes for physics 
majors, which have smaller enrollments. Here, students learn about 
topics in advance, then spend most of the class time applying what 
they’ve learned by working through carefully designed activities and 
discussing ideas with each other rather than listening to the instructor. 
The information transfer takes place individually, but the information 
application (which is much more difficult) takes place with guidance 
and assistance from the instructor and from peers. This works just 
as well for learning about quantum-mechanical orbital momentum 
operators as it does for learning Newton’s second law.

How is content evolving?

 The “standard curriculum” (classical mechanics, electricity and 
magnetism, quantum mechanics, and thermodynamics) is alive 
and well in virtually every undergraduate physics department, but 
increasingly departments seek to broaden physics education and 
attract more majors by providing interdisciplinary tracks within 
the major. Such tracks might focus on biophysics, astrophysics, 
computational physics, or even business and entrepreneurship 
(colloquially known as “phys/biz”).
 The importance of acquiring computational skills is widely 
recognized, and in some departments this is woven throughout 

4. In many cases those faculty members were inspired by attending the New 
Faculty Workshop (https://www.aapt.org/Conferences/newfaculty/nfw.cfm), 
sponsored by APS, AAPT, AIP, the American Astronomical Society (AAS), and 
the National Science Foundation (NSF). Faculty members in their first few 
years of teaching learn about findings from PER and how to use them in their 
classrooms. About 2,600 faculty members from 85 percent of US institutions 
that offer physics degrees have attended since the workshop began in 1996, 
and it now reaches about 35 percent of all new tenure-track physics and 
astronomy faculty members. 

the curriculum by incorporating computational exercises in most 
or all classes. Groups such as the Partnership for the Integration 
of Computation into Undergraduate Physics5 (PICUP) foster this by 
holding workshops and sharing instructional materials and exercises. 
Physics laboratory skills (beyond that Milliken oil drop experiment 
that gave us all headaches) are also emphasized with the help of 
groups like the Advanced Laboratory Physics Association6 (ALPhA), 
which fosters communication and engagement among the instructors 
of advanced physics laboratories. There is even an APS prize for 
excellence in advanced laboratory instruction!7

 These trends accord well with the recommendations from a 
report prepared by a team from APS and AAPT entitled “Phys21: 
Preparing Physics Students for 21st-Century Careers.”8 That group 
(which I co-led with Paula Heron of the University of Washington) 
assembled information about what knowledge and skills employers of 
physicists are seeking today and how physics departments can help 
their students acquire them. The report describes broad agreement 
among employers about the need for physics-specific knowledge 
(well covered in the traditional curriculum), scientific and technical 
skills (including coding, data analytics, and instrumentation, as well 
as the ability to solve ill-posed problems), communications skills (for 
all types of audiences), and professional and workplace skills (such 
as working in diverse teams, project management, and knowledge of 
career opportunities and job seeking). I suspect that this list includes 
many things needed to do a job effectively, but most of them have 
not been a part of the traditional physics curriculum. That’s changing 
now as physics departments increasingly recognize that not all of their 
graduates will become physics professors and instead must be well 
prepared for the careers they will actually pursue.
 Many physics departments are also recognizing their role in 
preparing high school physics teachers. Physics is among the hardest 
disciplines to find teachers for—only 47 percent of high school physics 
classes are taught by someone with a physics degree. At the same 
time, enrollment in physics in US high schools is growing. Because 
today’s college physics students were yesterday’s high school physics 
students, many physics departments (including my own) have created 
programs to prepare their majors to become high school teachers, an 
effort to ensure that incoming students are taught by instructors who 
know physics well and have enthusiasm for the subject.9 A few states 
(such as New York and Utah) are producing enough new physics 
teachers to meet as much as 65 percent of their need each year, but 
over half of the states are still meeting 20 percent or less of their need. 
There is considerable room for improvement.

What can we expect in the future?

Certainly the trends of wider adoption of interactive engagement 
pedagogy, interdisciplinary education, intentional career training, and 
teacher preparation by physics departments are likely to continue. The 

5. https://www.compadre.org/PICUP/.
6. https://advlab.org/.
7. https://www.aps.org/programs/honors/prizes/lab.cfm.
8. https://www.compadre.org/jtupp/report.cfm.
9. APS and AAPT have been especially active in this regard by organizing the 
Physics Teacher Education Coalition (PhysTEC) (https://www.phystec.org/) 
“to promote and improve the education of future physics teachers.” Over 300 
institutions have joined PhysTEC, and if each college or university in the US were 
to produce one more teacher each year, the shortage would be eliminated.
10. Joshua Von Korff, Benjamin Archibeque, K. Alison Gomez, Tyrel Heckendorf, 
Sarah B. McKagan, Eleanor C. Sayer, Edward W. Schenk, Chase Shepherd, and 
Lane Sorell, “Secondary Analysis of Teaching Methods in Introductory Physics: 
A 50k-Student Study,” Am. J. Phys. 84 (2016): 969.
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Teaching assistant Ben Kaiser (standing) discusses a torque activity 
with a student group during an introductory physics course at 
University of North Carolina at Chapel Hill. Photo by Shane Brogan.

next challenges will come from the need to prepare physics students 
for new kinds of careers that are only beginning to emerge. The current 
emphasis on quantum computing suggests the need for a “quantum 
workforce” with lab skills (particularly optics and photonics), as well as 
engineering and collaborative coding skills, which physics programs 
can certainly provide. Data science is another emerging area and 
includes not only dealing with “big data” in scientific contexts but 
also applying data analytics to business decision-making. Physicists 
often work with big data sets that require sophisticated statistical 
analysis—think of the discovery of the Higgs boson at CERN. There is 
now even an APS Topical Group on Data Science that focuses on big 
data, machine learning, and artificial intelligence.
 No doubt there will be other trends we can’t predict, and physicists 
will rise to those challenges as well. After all, as Rush Holt, physicist 
and former member of the US House of Representatives, is said to 
have remarked, “Physicists are omnicompetent.” n

Figure 1: Comparison of results of the Force and Motion 
Conceptual Evaluation (FMCE) for classes taught by traditional 
and interactive engagement methods, taken from an analysis by 
Van Korff et al.10 of the results of the FMCE from about 150 college 
physics classes (around 14,000 students) at institutions across 
the country.
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Departments at 

Small Colleges Are 
Under Pressure — 
Here’s How to Fight 

Back
by Matthew Write, Associate Professor, Department 

Chair, Physics, Adelphi University
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As a lower-level physics student, 
I remember having one of those 
ideas that was both exciting and 
wildly naïve—I wanted to build a 
probe that would look for life on 
Europa. I even had a cute, hand-
drawn schematic of a lander, a 
depth sounder, and fish under the 
ice. I walked into two separate 
physics professors’ offices on a 
random afternoon and started 

talking about how I thought this would be an interesting 
research project. I ultimately focused on something else, but I 
fondly remember how I was able to interact with and connect 
to the faculty at a small college. The professors I approached 
took my idea seriously and helped me think about my ideas 
more deeply.
 This was one of my motivating factors for actively pursuing 
a faculty job at a primarily undergraduate institution (PUI), 
where I knew I could provide students with opportunities to 
receive enhanced mentorship and conduct undergraduate 
research, as well as give students the time to develop at their 
own pace. I wanted to be there for my lower-level students in 
the exact same way that my professors were there for me.
 Colleges and universities have been under continuing 
pressure to make operations more efficient, increase revenue, 
and keep tuition low. This process has been accelerated by 
million-dollar losses in revenue due to the effects of COVID-19. 
Institutions are also facing reduced revenue from the coming 
enrollment cliff in 2026, as discussed in the recent Chronicle of 
Higher Education article, “The Demographic Cliff: 5 Findings 
From New Projections of High-School Graduates.” The result is 
that revenue due to tuition is likely going to be at low levels for 
the next 10 years.

Matthew Wright. Photo 
courtesy of SPS National.
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This is a challenging time in higher education, and physics 
departments are not immune, with many reporting varying 
degrees of stress. COVID-19 has only exacerbated these 
already difficult situations.
 This situation prompted the American Physical Society 
to develop the Toolkit for Departments Under Threat 
(ep3guide.org/toolkit). This project was fast-tracked to be 
available for programs needing immediate guidance in 
defending themselves against challenges, and we welcome 
your input and feedback at ep3guide.org/toolkit-feedback/ 
as we work to make the site more useful to such programs.

 Guidance in the Toolkit was sourced from over 50 
interviews with administrators and physics faculty, generally 
chairs, representing physics departments under various 
levels of threat. While many thematic patterns emerged, 
one lesson is that each department represents a unique 
ecosystem. There is no silver bullet. However, we believe 
there are opportunities to improve one’s standing within 
university administrations and to positively influence 
decision-making.

Effective Practices for  
Physics Programs

by Jim Borgardt, Sigma Pi Sigma President
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 Since I started working as a professor in 2012, the minimum 
number of seats in a given class has gone from six to ten at my 
university.* Classes that had no problem running in 2012 are now in 
jeopardy of not being offered. According to a recent AIP report, “Size 
of Undergraduate Physics and Astronomy Programs,” the average 
number of bachelor’s degrees awarded in a given program is 6.1. 
This roughly indicates how many students can be found in a typical 
upper-level physics class such as quantum mechanics. With that 
number it’s possible to understand why more and more upper-level 
classes will not be offered because of low enrollment.
 Lowering the number of physics courses that can run in a particular 
year can have a direct effect on the operations of a department. 
In some cases, departments will be required to consolidate their 
courses from being offered every year to every other year. In other 
cases, faculty will be required to teach required courses as tutorials 
or independent studies to ensure that students graduate on time. 
While this technically solves the problem for the students, it does so 
at great strain to the faculty. It often requires faculty to teach higher-
level classes for free or at heavy discounts, while still maintaining a full 
load of lower-level courses and service classes. This hidden overtime 
is a substantial burden for physics faculty at PUIs and can take time 
away from recruiting new students, developing new programs, and 
mentoring students to keep retention high.
 In terms of dollars and cents, the added expenses of funding 
upper-level teaching labs and extra faculty may make it appear 
favorable to discontinue physics departments altogether. Historically, 
physics is often one of those departments that may disappear when 
times are rough, as was discussed in the 2013 Inside Higher Ed 
article “Small Ain’t All.” As a physics chair the fact that a couple of 
bad years in a row could spell disaster for a department is always in 
the back of my mind. The thing I find most distressing is that a good 
department with moderate enrollment numbers may not be allowed to 
try to recover from sudden enrollment declines due to COVID-19, the 
enrollment cliff, changes in student interests, or faculty turnover.

 But there is hope out there. Here are some ideas for fighting back:

· Develop career-focused pathways. 
Our department is working with regional businesses and Brookhaven 
National Lab to develop career-focused pathways that we can market 
to incoming high school students.

· Develop pre-engineering pathways. 

We are working with regional universities that have world-class 
engineering programs to develop degree pathways from an 
undergraduate degree in physics to graduate degrees in physics, 
materials science, or engineering.

· Do outreach relentlessly. 

We are working with our admissions office to scale up our Lab for 
Kids outreach event, which was named one of INSIGHT Into Diversity 
magazine’s 2020 Inspiring Programs in STEM, so that it can be done 
remotely and with multiple schools. Every student reached is a win for 
the community.

· Promote diversity. 

National programs led by physics professional societies, such as 
STEP-UP and TEAM-UP, are helping departments attract students 
from diverse backgrounds. Our students came to the faculty asking 
to develop diversity-themed events and discussions. We encouraged 
them! Our department has created a department-level task force of 
students, staff, and faculty to work on such topics. We participated in 
the TEAM-UP workshop this January.

 It’s hard to look at the smaller classes caused by COVID-19 without 
concern. But this is a necessary market correction—the price of 
college is way out of hand across the board. It will force the community 
to rethink and reevaluate how we do business. We need to continue to 
evolve and grow with the times to keep up. n

* Adelphi University has recently developed a tiered approach to class 

minimums. The cap for 100 and 200 levels is 12, whereas the cap for 

400-level classes is eight. 
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The National Energy Research Scientific Computing Center (NERSC) 
is the high-performance computing (HPC) and data center for the 
US Department of Energy (DOE) Office of Science. We operate 

research supercomputers used by scientists working across the range 
of DOE research areas―including particle physics, genome analysis, 
materials science, climate science, and fusion research.
 I lead the Data Science Engagement Group at NERSC. My team 
works specifically with scientists from experimental and observational 
facilities that need supercomputing-scale resources to perform their data 
analysis and simulations. We ensure that NERSC supports the tools, 
technologies, and software these scientists need to do their science, 
and we work closely with them to make sure they are able to use our 
resources effectively.
 My job involves interacting with a huge range of science teams from 
a lot of different science areas, and there is often a language or jargon 
barrier. A large part of my job is translating what the scientists need to 
do and communicating that to our systems engineers. At the same time, 
I have to translate our hardware and software capabilities back to the 
scientists so they can structure their workflows to take advantage of 
what we can offer. The job also involves troubleshooting, which can be 
frustrating. Cutting-edge hardware rarely works as expected out of the 
box, and it can take a while to understand the hardware and work with 
our vendors to get all the bugs smoothed out. The problem-solving skills 
I learned as a physicist are really helpful here.

The Supercomputer Specialist
Debbie Bard

Group Lead for the Data Science Engagement Group, National Energy Research Scientific 
Computing Center (NERSC) at Lawrence Berkeley National Lab

Spotlight on Hidden Physicists

Lawrence Berkeley National Lab director Michael Witherell (far 
left) and Debbie Bard (right) share NERSC highlights with a visiting 
congressional delegation in 2019. Shown are (left to right) Witherell, 
US Rep. Bill Foster (D-IL 11th District), US Representative Jerry 
McNerney (D-CA 9th District), and Bard. Photo by Thor Swift, LBNL.

Debbie Bard delivers a talk on advances in machine learning and 
implications for cosmology research at Google I/O, Google’s 
developer conference. A video of the talk is available at https://
youtu.be/t81QhHaMS7w. Photo courtesy of Debbie Bard.

 I’m a huge science enthusiast, so my favorite part of the job is learning 
about all the cool research being done by the DOE. It’s exciting to be 
able to support that research and enable new discoveries through our 
supercomputers. I’m also excited by the possibilities of applying new 
computing architectures to science problems. Working at one of the 
nation’s flagship supercomputing centers means I get to play with some 
of the most powerful and advanced computers on the planet, and I really 
enjoy figuring out how we can use these technological developments to 
advance science.
 Physics can take you in a lot of different directions! My career 
spans research in particle physics, cosmology, machine learning, and 
supercomputing. Originally from the UK, I earned an MS in physics with 
French at Nottingham University and my PhD in experimental particle 
physics at Edinburgh University. I worked at Imperial College London and 
SLAC National Accelerator Laboratory before joining NERSC.
 If you’re an aspiring physicist, keep your mind open about what you 
want to do next―there are a lot of interesting options open to you. And 
take as many classes in computing as you can! Science today depends 
almost entirely on sophisticated hardware and software to run theoretical 
simulations and data analysis. Computing skills can take you between 
many different domains in science and in industry. n
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Elegant Connections in Physics

A Motorcycle or Bicycle as a Gyroscope (Sort of)
by Dwight E. Neuenschwander, Southern Nazarene University
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Your contributions go directly to fostering the talents and careers of 
America’s next generation of physicists, scientists, researchers, and 
professionals in physics, astronomy, and related fields. Sigma Pi Sigma 
and the Society of Physics Students connect students to a world out-
side of their classrooms and colleges, broadening their perspectives on 
what they can achieve. By supporting our programs you are investing 
in the future of our society. Thank you for your support in 2020! You can 
make a donation at donate.aip.org.

(*) indicates a donation of over $500. 

Thank you
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Gary Cunningham*
Robert Daniell
Robert Goodwin
John Gotwals
John Kay
Marvin Kemple
Ralph Lambert
Victor Lawnicki
William McFerran
John Mennel
David Michel
Stephen Montgomery
Melvin Moriwaki
Donald Nelson*
Clarence Oyer
Frederick Reed
Steven Stendahl
William Tozer

Ramapo College of New 
Jersey
Jelena Pjesivac-Grbovic

Rensselaer Polytechnic 
Institute
Jennifer Bartlett
Paul Berman
Robert Dorsch
Andrew Kalnin
John Leonardi
Richard Rapids
John Reynders
Julian Tishkoff
Mark Tollin

Randy Van Vranken
John Vitko
Rosemary Walikis
Bruce Wexler

Rhode Island, University 
of
Thomas Jenckes
Thomas Turano*

Rhodes College
Steve Kendrick
Charles Robertson*
Jenna Smith*
L. Montgomery Smith

Rice University
David Monyak*
Mark Zimmermann

Richmond, University of
Michael Kusheba
Carlton Ragland
William Ryan

Ripon College
Lita Katz
Xavier Polanski
Michelle Witt

Roanoke College
James Hagan

Rochester Institute of 
Technology
Ronald Manginell
George Privon

Rochester, University of
Michael Heinecke

Sam Houston State 
University
Kelly & Debra Jacobsen
Robert Steele*

San Diego State 
University
Gerald Cahill
Nils Lindman
Richard Mannix

San Jose State University
Donald & Patricia 
Strandburg

Santa Clara University
Kenneth Claiborne

Scranton, University of
Christopher Corey

Seton Hall University
Jennifer Kreidler-Moss
Stephen Natale
Renata Weber

Sewanee: The University 
of the South
Paul Drake

Shippensburg University
James Imler

Siena College
Kimberly Baker
Charles Knight

South Carolina, 
University of
John Palms
Carl Rosenfeld
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South Dakota Mines
Louis Dorland
Fred Kopp
James Stoebner

South Dakota State 
University
Joan & Harold Leinbach
Steven Ness

South Dakota, University 
of
Martin Predoehl

South Florida, University 
of
Don Booth
Joan McCall

Southern California, 
University of
Thomas Shigemitsu

Southern Colorado, 
University of
Richard Dickson
Timothy Van Loon

Southern Mississippi, 
University of
Mary Agner
Alina Gearba-Sell*
Grayson Rayborn
Harold Stevens

Southwest Missouri State 
University
Charles Armstrong
Luis Rivera

Southwestern Oklahoma 
State University
James Bates
Chris Geswender

Spelman College
Adrienne Hill

St. Joseph’s University
James Dibiase
Kenneth Young

St. Lawrence University
Sylvia Watkins
Ann Yates

St. Mary’s College of 
Minnesota
George Morin
Richard Smith

St. Olaf College
Gary Gimmestad
Craig Kullberg
Paul Larson
Bernhard Molldrem
Howard Rockstad
Royal Thern

Stetson University
David Williams

SUNY Albany
Paul Bono
Richard Coppola
Stephen Sanders

SUNY Binghamton
Mildred Calistri-Yeh
Joseph Rossabi
Howard Zendle

SUNY Brockport
Robert Baden

SUNY Fredonia
Paul Bicknell

SUNY Geneseo
Douglas Harke
Paul King*

SUNY Oswego
Ronald Brown

SUNY Plattsburgh
Lonny Kauder

SUNY Stony Brook
Michael Shlesinger

Temple University
Bernard Rudin
William Weston

Tennessee Tech 
University
Raymond Kozub
Carl Ventrice

Tennessee–Chattanooga, 
University of
Arvel Fincher
Jon Visser*

Tennessee–Knoxville, 
University of
J. Breeding
E. Crume
Rose Dishman
Edward Fleming
Jackie Hill
Sandra Hinsdale
James Jarratt
Rex Lewis
Leo Riedinger

Texas A&M
Douglas Abraham

Texas A&M Kingsville
Bob Wheeler

Texas Christian 
University
Glenn Carroll

Texas State University
Rahul Toley
Douglas Wolff

Texas Tech University
Walter Borst
Max Dannecker
Stephen Glenn
William Kelly
David Smith
Kevin Walter

Texas–Arlington, 
University of
Don Guthrie
Robert Skinner
Hugh Southall

Texas–Austin, University 
of
Arthur Chester
Christopher Hackert
Edward Monahan
Dennis Wylie

Texas–El Paso, University 
of
Aurora Bustos
Randal Gibson
Wade Mayo

The Optical Society of 
America
Elizabeth Rogan

Thiel College
Dawn Chesonis

Thomas More College
Michael Eismann

Toledo, University of
James Schweikert

Towson University
Jacob Huang

Transylvania University
John Kuchenbrod

Trinity College
Stanley Twardy

Trinity University
Larry Luckett
Charles Moore
Erwin Myrick
Gustav Van Steenberg

Tufts University
Maurice Halladay

Tulane University
David Schorr
William Yeager

Tulsa, University of
Michael Wetzel

UC Berkeley
Julian Cummings

UC Davis
James Landry*

UC Irvine
Darrel Smith
Dane Stone*
Stanley Tyler
Richard & Nancy Vodhanel

UC Los Angeles
Robert Acquarelli
David Aires
Sonia Balcer
Christopher Crane
David Garfinkle
Steven Gelb
Stuart Goldenberg
Reynold Kagiwada
Michael Kriss*
Joel Kvitky
John Markley
Gilbert Miranda
Edward Rhodes, Jr.
Erno Ross
Douglas Scharre
Larry Simmons
Richard Stanton
John Wood

UC Santa Barbara
Clifford Wylie

Union College
John Johnston
Lloyd Maliner

Upsala College
Albert Helfrick

US Military Academy
Julian Holder

US Naval Academy
John Giessner*

David Jourdan
Carl Klee
William Matzelevich
Tobin McNatt
James Spaman
Kurt Studt
Wesley Summers
James Waddell

Utah State University
Robert Luke
Richard Meservey

Utah, University of
Alan Blackburn
Richard Fletcher
Jessica Gledhill
Richard Hills
Calvin Wood

Vanderbilt University
Michael Turner

Villanova University
James Lochner

Virginia Military Institute
Peter Benda
Stuart Serenbetz
Terry Stoneman
John Tucker

Virginia State University
James Stith

Virginia Tech
Dennis Allison
Anne Costolanski
F. Joseph McCrosson
James McDonald
C. Robins

Virginia, University of
Gregory Ashe
Steven Carter
Timothy Jarrett
Edward Lynch
Raymond Modlin
George O’Brien

Wabash College
C. Livengood

Washburn University of 
Topeka
Vincent Miles

Wayne State University
Fern Katz

West Florida, University 
of
Paul Barlow

West Virginia University
Anna Allen
Thomas Carpenter
Frank Hoge
John Lannon
Robert Pierson
Wesley Shanholtzer
Fred Smith

Western Illinois 
University
Shirley Chan
Jerry Forbes
Charles Horton*

Western Kentucky 
University
Mark Rogers

Westminster College
Edward Mansell
Thomas Mansell
Roger & Helen Metzler

Wheaton College
Norman Richert
David Wright

Whittier College
Seamus Lagan

Wichita State University
John Baldwin
Larry East
James Madl
Frank Pistotnik
Timothy Scrivner

Widener University
Kenneth Miller
John Trumbull

William Jewell College
David Baker
Carl McElwee

Wisconsin–Eau Claire, 
University of
Keith Daniels
Robert & Barbara Schneider

Wisconsin–Oshkosh, 
University of
William Weber

Wisconsin–Platteville, 
University of
Erin Draeger

Wisconsin–River Falls, 
University of
Earl Blodgett
James Hendrickson*
Gary Holm
Lowell McCann
Neal Schumacher*

Wisconsin–Superior, 
University of
Blaine Diesslin
William Wooden

Wisconsin–Whitewater, 
University of
Michael Devoe
Marvin Johnson
William Zagorski

Worcester Polytechnical 
Institute
Stephen Bernacki
Stephen Lawry
Cliff Weiner

Wright State University
Matthew Dierking
Doug Glass
John Hehmeyer
Kimberly Wiefling

Wyoming, University of
Charles Bruch
Edmond Meyer

Xavier University
Austin Church
Jeffery Grothaus
William Kuhlman
Anthony Martino
John Swyers
William Zeitz
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