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B The Director’s Space

A Force for Good

by Sean Bentley
Director
Sigma Pi Sigma and Society of Physics Students

T will apply, for the benefit of the sick,
all measures [that] are required.”’

“My skill and knowledge shall be given
without reservation for the public good.”

to work toward the common good. As physics is a field of study from which
one may go into virtually any career (including medicine and engineering),
it does not have such a widely accepted statement of its own.? This certainly doesn’t
mean, however, that we do not believe in serving something larger than ourselves.
Sigma Pi Sigma, with its tenet of service, is perhaps the best organization to
promote the value of service among all who study physics. Every physicist, in
particular those inducted into the honor society, can and should reach out to the

~ I “hese excerpts from oaths taken by many doctors and engineers are strong vows

larger physics community. As soon as new members receive their key, they should
take this ideal very seriously. I cannot imagine a better group than enthusiastic
students to lead the charge.

Unfortunately, this does not happen at many chapters. For many new
members, Sigma Pi Sigma becomes little more than a line on a resume. This meets
the first tenet of Sigma Pi Sigma, to honor outstanding scholarship in physics, but
it fails to address the other three tenets. At many schools the Society of Physics
Students (SPS) chapter steps up and serves as the more active physics organization.
Much of the work of Sigma Pi Sigma is done through and in support of SPS at the
national level, and this naturally translates to the chapter level as well. But even
at colleges with active SPS chapters, Sigma Pi Sigma members should take active
leadership roles. I am particularly concerned with chapters in which no one steps
up to address issues of service.

So what can be done? The fact that you are reading this article gives me hope.
I am speaking to three key audiences here: recent inductees who are still on a
college campus, chapter advisors, and all of our alumni members.

To the recent inductees, I am encouraged to have heard from some of you
about this very issue. The fact that you ask about public service means that you
are willing to step up. You just need a bit of guidance. Seek ways to get involved.
Look to your SPS chapter, talk to your faculty, and explore your community.

To advisors, I simply ask you to promote that idea of service to your new
members. You only need to plant the seed; your students will make it grow.

Finally, and perhaps most importantly, I ask alumni members to consider
contacting a chapter, either the one at which you were inducted or one at a nearby
college. You can offer to come speak with them, and encourage them to become
more involved. Not only can you be a great example and inspiration to the
students, but you can also give them the guidance and support they need to succeed
in service activities (and in the process be doing a wonderful service yourself!).

We may not have an oath with lofty words, but we have each other. If we all
work together, Sigma Pi Sigma can truly be a force for good. «#

1 Excerpt from modern version of the Hippocratic Oath, written by Louis Lasagna in 1964.
2 Excerpt from the Obligation of the Engineer, taken by members of the Order of the Engineer.
3 Codes of ethics for research scientists have been developed for those who do physics or an-
other science as a profession, but they are relatively new and not widely implemented. They
also are aimed at “professional scientists” rather than our larger community of physicists.
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B Leteers & Feedback

The Ties That Bind

Several threads of thought in the Spring 2014 issue of Radiations inspired this

communication: director Toni Sauncy’s exhortation in “Finding Historical Ties,”

Richard Dyer’s Letters & Feedback referencing Worth Seagondollar’s lecture to
the 2004 Congress, Dyer’s career at the Oak Ridge National Laboratory (ORNL), and
the alert to the reader by Sigma Pi Sigma president William DeGraffenreid that, “In
this issue of Radiations, we are showcasing alumni connections.”

Each of us noted in this communication is affiliated with Emporia State University
(ESU) in Emporia, Kansas. In 1941 Seagondollar earned his baccalaureate degree
from our institution, then known as Kansas State Teachers College (KSTC). We were
touched by the death of one whom we knew. He contributed in a significant manner to
a national project of international consequence and advanced physics education. The
Seagondollar Award, which recognizes extraordinary levels of service and commitment
to Sigma Pi Sigma, is given in his name.

Two of Seagondollar’s classmates also had distinguished physics careers: Robert H.
McFarland, a 1940 KSTC graduate, and Francis McGowan, class of 1942. Following
graduation from KSTC, the trio matriculated at the University of Wisconsin—Madison
to pursue graduate degrees. Their mentor at KSTC, Dr. S. Winston Cram, was a 1934
University of Wisconsin—Madison graduate. McGowan began work with the physics
division at ORNL in 1946, retiring fully in the 1990s as the “senior” physicist. He
completed his PhD at the University of Tennessee, Knoxville, in 1951. Richard Dyer
may have been acquainted with McGowan as a UT alumnus or through their work at
ORNL. For more details on these KSTC/ESU physics luminaries and their alma mater,
see http://www.emporia.edu/physics/past-people.html.

In the spirit of the Spring 2014 issue of Radiations, “alumni connections,” ESU
celebrated the 50-year heritage of the KSTC/ESU physics program and its graduates’
distinctive accomplishments in April 1993. Seagondollar, McFarland, and McGowan
served as panelists. They shared their life experiences, personally and professionally,
and paid tribute to the professors and mentors who influenced their lives in virtually
immeasurable fashions. The two-day program was characterized as “Preserving the
Heritage.” For many, Seagondollar’s reminiscences of his Manhattan Project experiences
at the Los Alamos National Laboratory, culminating with stories about the Trinity site
test, were the highlights of the “Preserving the Heritage” weekend. Noted by many in
the larger physics community, the Society of Physics Students, and Sigma Pi Sigma
chapters across the country, Seagondollar’s riveting accounts of those experiences
continue to resonate. <%

Sincerely,

DeWayne Backhus, PhD Chris Pettit, PhD
Professor and Chair, Emeritus, Physical Sciences ~ Associate Professor, Physics

Emporia State University Emporia State University

Richard Sleezer, PhD
Chair, Physical Sciences
Emporia State University

Jorge Ballester, PhD
Professor, Physics
Emporia State University

A commitment to service is one of the keystones of the Society of Physics Students (SPS)

and Sigma Pi Sigma (2M12). The Worth Seagondollar Service Award is to be given in
recognition of an exemplary level of commitment and service to the SPS and 2I1%.
http://www.sigmapisigma.org/awards/worth-seagondollar/index.html




IN THE NEWS

Sigma Pi Sigma Members Make Headlines

From the University of Missouri
News Bureau:

For his distinguished contributions to
the synthetic and physical chemistry
of nanoscale carbons and nanoporous
membranes and for outstanding service
in university administration, Henry C.
“Hank” Foley, Sigma Pi Sigma ‘76, has
been named a Fellow of the American
Association for the Advancement of
Science (AAAS).
Foley, senior vice chancellor in the
Office of Research at the University
of Missouri, has worked for more
than 30 years to advance the study of
nanotechnology. He is an inventor with
16 patents that include a plasma reactor
that aids in transforming industrial
materials into finished products, carbon
membranes for small or large molecule
separations and new kinds of carbon
materials. He has authored more than
120 peer-reviewed articles on topics such
as adsorption, a process that is useful in
energy storage including hydrogen and
natural gas, and nanoporous carbon.
“Our research is important because
we were among the first to really
tackle nanoporous carbon usefulness
and utility,” Foley said. “We knew the
importance of this technology early
... I'm delighted to see how much
the field has grown. A need for deep
science still exists as well as tremendous
opportunities in developing more
efficient energy storage and carbon
dioxide abatement. Our nanoporous
carbon research will be important
in global efforts to decrease carbon
emissions and create a healthier
environment.” <%

From Loyola University
Maryland News:

Kevin Seltzer, Loyola University
Maryland graduate and Sigma Pi

Sigma ‘13, won the American Physical
Society’s LeRoy Apker Award, a $5,000
undergraduate physics achievement
award to recognize outstanding physics
research. The award was presented at
the American Physical Society April
Meeting in 2015. In addition to Seltzer’s

“We would do physics
circuses together, which
is where | learned some

of the demonstrations

that | now do in class
and our students do in
the community.”
— Jason Slinker

monetary reward, Loyola’s physics
department will also receive $5,000 to
support undergraduate physics research.
Seltzer, a physics and mathematics
double major, was awarded for his work
on the Casimir effect as a Hauber Fellow
in the summers of 2011 and 2012. The
Casimir effect is an attractive force
experienced by two uncharged metal
plates when they are placed extremely
close together. Casimir effect research is
critical to ensuring that components of
nanotechnology are structurally sound.
“The award is very competitive and
the other finalists were all doing great
research. I was honestly shocked when I
found out that I won — it was anyone’s
game, so to speak,” said Seltzer. «#

From the University of Texas
at Dallas News Center:

Jason Slinker (Sigma Pi Sigma ‘00), an
assistant professor of physics at UT Dallas,
has earned a 2014 Regents’ Outstanding
Teaching Award from the University of
Texas System Board of Regents.

Slinker credits his undergraduate
and graduate advisors for inspiring his
enthusiasm to work with students. His
mentor, Dr. Dwight E. Neuenschwander,
who chairs the physics department at
Southern Nazarene University, was a coach
for the U.S. team in the International
Physics Olympiad, and has been involved
for many years with the national Society of
Physics Students organization.

“We would do physics circuses
together, which is where I learned some of
the demonstrations that I now do in class
and our students do in the community,”
said Slinker, who is faculty advisor for the
Society of Physics Students (SPS) at UT
Dallas, a group of about 20 students.

Under Slinker’s guidance, a group of
SPS students won a research grant in 2012
from Sigma Pi Sigma to create testing
equipment for light-emitting diodes.

The chapter won another honor from
the national SPS organization, the 2013
Marsh W. White Outreach Award, and
used the funds to sponsor a model rocket
contest for the UT Dallas community.

Slinker’s research combines
biology, chemistry and physics, and
includes DNA electrochemistry and
the manufacturing of nanocircuits
with DNA. He teaches introductory
mechanics courses in physics, as well as
a capstone laboratory class on physical
measurements. «#
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Creating an
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The history of the American Institute of Physics

by Tom Scheiding
Assistant Professor of Economics, University of Hawai'i - West O’ahu

At the headquarters of the American Institute of Physics (AIP)
in College Park, Maryland, exists the Niels Bohr Library and
Archives, where the histories of physics, astronomy, geophys-
ics, and related fields are told in photographs, oral histories,
personal papers, and original documents. Armed with research
questions about what conditions and individuals led to the cre-
ation and initial years of AIP, I recently visited the library and
perused over 4,000 pages of documents spanning four decades.

Members of the physics community are inclined to identify
themselves with a particular scholarly society. They do not
always know that most of these scholarly societies are collec-
tively part of AIP, which represents 120,000 individuals who
are members of ten scholarly societies, 24 affiliated societies,
and three member organizations (including Sigma Pi Sigma).
The story of AIP told here begins with the belief that in order
for the discipline of physics to have grown as dramatically as it
did in the 20th century (especially after WW1II), there needed
to be a scholarly organization like AIP that published scholarly
literature, coordinated lobbying activities for research patron-
age, lent authority to research trends, and provided placement
services for professionals.!

In the beginning

ATP was created through the joint efforts of physicists and
the Chemical Foundation (CF), an organization created in
1919 to administer the 4,500 chemical and medicinal patents
that German industries held in the United States prevent-
ing the manufacture of these products in the country. In the

1 For a more extended discussion of the story of AID, see
Tom Scheiding (2013), “Building the Scholarly Society Infra-
structure in Physics in Interwar America,” Studies in History
and Philosophy of Science Part B: Studies in History and Philoso-
phy of Modern Physics, 44(4): 450—463.

1920s,> many physicists affiliated with academia and industry
belonged to the American Physical Society (APS). Those af-
filiated with academia believed that APS was not sufficiently
specialized in its focus; they believed it was publishing too
much industrial research. On the other hand, physicists af-
filiated with industry said that APS was devoting too little
attention to industrial research problems, as industry financed
more and more research.

To deal with the frustrations of its members, APS in 1930
initially attempted to copy the strategy that had been utilized
by the American Chemical Society (ACS). ACS brought
research communities under its purview during the 1920s by
creating divisions that were part of the scholarly society but
independent enough to meet the specific needs of specialized
groups. APS formed the Committee on Applied Physics and
the Committee on Affiliation with other Societies to discuss
creating divisions.

Physicists had less success with this strategy than chemists,
largely because scholarly societies such as The Optical Society
(OSA), the Acoustical Society of America (ASA), and the Soci-
ety of Rheology had already become too large and prominent
to be relegated to a divisional status within another scholarly
society.

Adding to the problem, APS was showing signs it could
scarcely handle its own activities. Despite the fact that the

2 Three narratives exist about the formation of AIP: Karl

T. Compton, “The Founding of the American Institute of
Physics,” Physics Today 5, no. 2 (1952): 4-7; Henry A. Barton,
“The Story of the American Institute of Physics,” Physics Today
9, no. 1 (1956): 56—66; and Daniel Kevles, The Physicists:

The History of a Scientific Community in Modern America
(Cambridge, London: Harvard University Press, 1995), 261,
274-275.



Physical Review (PR) had grown in size by 250% between 1920
and 1929, authors faced longer publishing delays. Readers

of PR received a journal that was larger in size and published
more frequently. They were consequently overwhelmed by a
general journal that was trying to be all things to all people.
By the end of the 1920s, a number of industrial research labo-
ratories began to publish their own journals, an activity that
APS deplored.

The organizational problems that faced APS were com-
pounded by financial issues. The revenue APS captured from
readers of PR was insufficient to meet the journal’s publishing
costs, and attempts to increase membership dues and sub-
scription fees led to defections of
readers and authors. The annual
deficits generated by publishing
PR accumulated, and patrons such
as the Rockefeller Foundation and
the National Academy of Sciences
expressed an unwillingness to
provide assistance.

What APS specifically and the
physics research community more
generally needed was a strategy
that could control publication
costs as well as deal with the
industrialization and specialization
of research. The physics commu-
nity needed to be strengthened by
building new infrastructure. This
led to the design of AIP, an orga-
nization intended to help scholarly
societies meet the needs of their
members in an efficient fashion.

AIP would publish and distribute

journals, and carry out other col-  Architect's drawing of the

American Institute of Physics
(AIP) building located at 57 E.
55th Street, New York City.
Image courtesy of the AIP Emilio
Segre Visual Archives.

lective activities. The result was
that an individual scholatly society
could continue to manage its own
affairs and exert editorial control
over its journals at a lower cost.

When considering what forces or institutions were most
influential to forming AIP, historian Daniel Kevles of Yale
University in New Haven, Connecticut, focuses on the role
played by conversations among scholarly society officials.
Physicists such as Karl Compton and Henry Barton cite, to
varying degrees, the importance of the CF’s early financial
and organizational support. The CF provided space for AIP’s
headquarters, funds that allowed scholarly societies to transfer
the publication of journals to AIP, monies to cover publication
deficits, and subsidies of administrative costs for AIP.

The partnership between the CF and physicists was initiat-
ed by Charles Herty, who had served as president of ACS from
1915 to 1916. He edited the Journal of Industrial and Engineer-
ing Chemistry from 1917 to 1921 and served as president of the
Synthetic Organic Chemical Manufacturer’s Association. In
1926 Herty was hired as a consultant to the CF. His initial

task was to lobby for the creation of the National Institutes
of Health and identify research projects that the CF should
support.

Given Herty’s background, he initially encouraged the
CF to direct funding to the ACS. The CF provided funding
for publication deficits for ACS journals and the activities of
ACS divisions that contributed to medicine and education.

It began to devise a $10 million endowment that would be
used by ACS for publications, research facilities, and outreach
activities. The CF ceased most of its support to the ACS in
1929, due in no small part to personality conflicts between
officers of the ACS and the CF. However, the CF continued to
provide research support to medicine, education, and indus-
trial applications.

On October 13, 1930, Herty and George Pegram met.?
Pegram, a physicist working with Compton on these issues,
outlined three needs of the community: financing for PR’s
publication deficits, initiating an abstract journal in physics,
and supporting a better organization for scholarly societies.
Herty responded that support for the abstracts journal was
most likely to be done by the CF because of the journal’s
value to academic and industrial researchers. The next most
likely area of support would be funds to cover the publication
deficits of PR. Herty believed that support for a new organi-
zational structure would be more difficult.

On December 19, 1930, Pegram delivered to the CF an ap-
plication that requested $12,000 to cover PR publication defi-
cits, $8,000 for the abstracts journal, and $10,000 for a new
journal titled Journal of Applied Physics, with no request made
in the application for support for a new organizational struc-
ture.* The request included letters of support from academics,
medical professionals, and industry leaders who collectively
cited the underinvestment that was occurring in physics.’

Francis Garvan (president of the CF), William Buf-
fum (secretary and business manager of the CF), and Herty
considered the application. On January 22, 1931, they an-
nounced their desire to provide financial and administrative
aid to physics over the next 5-10 years, as well as their wish to
place a priority on providing funding for the coordination of
scholarly society activities (most notably, publications).® As for

3 Archives of the Chemical Foundation held at the Ameri-
can Heritage Center at the University of Wyoming. Box 128,
Folder 20, APS Correspondence 1925-1933.

4 Archives of the Chemical Foundation held at the Ameri-
can Heritage Center at the University of Wyoming. George
Pegram to Francis Garvan, 15 December 1930, ACF Box 128,
Folder 20, APS Correspondence 1925-1933.

5 Archives of the Chemical Foundation held at the American
Heritage Center at the University of Wyoming. Brief Ap-
plication to Mr. Francis P. Garvan for Support of Research in
Physics, 19 December 1930, ACF Box 128, Folder 20, APS
Correspondence 1925-1933.

6 Archival papers of Henry A. Barton held at the Niels Bohr
Library at the American Institute of Physics. George Pegram
to Karl Compton, 22 January 1931, Box 3, Folder 4.
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the motivation behind the CF’s decision to make such a large
investment in physics, Barton, in his narrative of the forma-
tion of AIP, remarks that the CF was of the view:

...that financial help could only be of maximum effect if it
aided the whole of physics rather than if small bits were scat-
tered among several unrelated enterprises. This view must
be cited in the record because it was one of the strong argu-
ments which brought the societies together in the Institute.”

This decision by the CF prompted nine physicists (three
each from the APS, OSA, and ASA) to come together on
February 27, 1931, to discuss opportunities for aligning
their activities and prioritizing the unification of the major
physics scholarly societies in some way.® Early on during the
meeting the representatives of the scholarly societies agreed
to form AIP to study “the common problem of the organiza-
tions representing physics in America and for undertaking
thereafter such functions as the cooperating societies may
assign to it.”> Members of APS took on leadership roles
within AIP, with Compton elected chairman and Pegram
elected secretary.

While Pegram and Buffum focused on reforming the
publication of journals in physics in the 1930s, Barton, as
the newly hired director of AIP, focused on using AIP to
help physicists publicize their activities, advocate collectively
for more support, and balance the needs and interests of aca-
demic and industrial researchers. Reforming the publication
of journals in physics consisted of consolidating publication
operations and imposing a uniform format and page size.
The individual scholarly societies transferred their journals
to AIP, with the CF financing the transfer costs. Each soci-
ety continued to own its journals after the transfer, retain all
editorial control, and be financially responsible for surpluses
and deficits. Each society also determined the subscription
price and retained member dues. AIP collected nonmem-
ber subscription revenues and proceeds from sales of back
issues. AIP also encouraged scholarly societies to use the
page-charge pricing mechanism that was already being used
by APS." Each scholarly society paid to AIP a fee based on
the number of pages published for the society as a percent-

7 Archival papers of Henry A. Barton held at the Niels Bohr
Library at the American Institute of Physics. APS, Barton, Box
69, Folder 4, page 19. This unabridged history is undated but
likely written in 1952, given the surrounding documents.

8 From the APS there was Compton, Tate, and Pegram; from
the OSA there was Jones, F. Richtmeyer, and Foote; and from
the ASA there was H. Fletcher, H. Arnold, and F. Saunders.

9 Archival papers of Henry A. Barton held at the Niels Bohr
Library at the American Institute of Physics. APS, Barton,
Box 69, Folder 4, page 16.

10 The page-charge pricing mechanism financially facilitated
growth in physics. For a history of this pricing mechanism,
see Tom Scheiding (2009), “Paying for Knowledge One Page
ata Time: The Author Fee in Physics in Twentieth-Century
America,” Historical Studies in the Natural Sciences 39 (2):
219-247.
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age of the total number of pages published and an additional
15% handling fee to finance AIP’s nonpublication activities.
It was the 15% handling charge that ensured AIP would be
able to finance an active agenda and eventually wean itself
off of CF support.

In its philanthropy the CF had an interest in making
scholarly journals more cost efficient and scholarly societies
more responsive to researchers. As a promoter of industrial
interests, the CF also had an interest in having journals that
accommodated industrial research. With Garvan’s death
in 1937 and the decline in royalty revenue for the CF as
patents expired, CF patronage to AIP eventually ended. It
had provided in those six years $52,191.13 (the equivalent of
$851,000 today).

After only a few years of encouragement and resources
from the CF, physicists had assumed complete control over

and responsibil-
ity for AIP and
brought about
both a greater
efficiency in
operations and
better responsive-
ness to commu-
nity needs. In the
early 20th cen-
tury the United
States was a place
where the size of
disciplines was
small, the num-
ber of trained
Sketch of architectural plans for old AIP Headquarters ~ PT ofessionals
at 335 East 45th Street in New York City, New York.

). Gordon Carr, Architect, R. Harmer-Smith. Image
courtesy of AIP Emilio Segre Visual Archives.

was small, and
research patrons
were still sort-
ing out the appropriate magnitude and motivation for their
investments. By the interwar period the enlargement of
disciplines had begun and was accelerated by WWIIL. By
the 1960s disciplines such as physics had become “big.” The
sudden and unpredictable nature of this expansion left many
disciplines scrambling to manage their operations. Thanks
to steps taken in the interwar period by physicists and the
CF, the discipline of physics had a scalable infrastructure in
the second half of the 20th century that could accommodate
change as it occurred.

Founded 84 years ago, AIP has been able to adjust to
changes in the journal-publishing environment, new pat-
terns of research patronage, advances in technology, and
ever-greater levels of research specialization. Today AIP is a
strong federation of ten physics-based societies representing
over 120,000 members. In 2013, AIP spun off its publications
operations into a wholly owned subsidiary, AIP Publishing,
in order to continue building efficiencies for scholarly journal
publishing. American physics would not be what it is today
without AIP’s infrastructure. «#



Feature: The Cosmic Microwave Background

Dust, Distortions,
and Shadows in the
Universe’s Oldest Light

Half a century after its discovery, the cosmic microwave background remains a source of new

knowledge and new controversies

by J. Colin Hill
Postdoc. Columbia University, New York

Sigma Pi Sigma. Massachusetts Institute of Technology. Class of 2008

Fifty years ago, two radio astronomers working at Bell Labs in
Holmdel, New Jersey, stumbled across a persistent unknown
source of noise when they began taking measurements with
a new horn antenna. The extremely sensitive apparatus was
intended to receive radio waves from communications satel-
lites but instead had received a signal from nearly the dawn of
time: the cosmic microwave background (CMB) radiation, the
thermal afterglow of the big bang. Arno Penzias and Robert
Wilson later received the Nobel Prize for their discovery. Fur-
ther characterization of the perfect blackbody spectrum of the
CMB by NASA’s COBE satellite led to other Nobels in 2006.
The quest to pry every last secret from this radiation is a
story that continues to this day, one that I am very humbled to
take part in.

A window into the universe’s birth

The CMB has ancient origins; its photons are the oldest light
ever seen in the universe. They were produced in the primor-
dial brew of the big bang. For hundreds of thousands of years,
they scattered frequently in a dense fog of electrons, protons,
and helium nuclei that filled the universe. As the universe
expanded, the fog cooled to progressively lower temperatures.
Eventually, about 380,000 years after the big bang, the tem-
perature was low enough for electrons and ions to combine.
They formed neutral hydrogen and helium atoms, which no
longer scattered the photons. The fog cleared.

Since that time, the photons have traveled, largely unim-
peded. Their wavelengths stretched with the expansion of the
universe, and they eventually arrived at our telescopes in the
microwave band of the electromagnetic spectrum.

These CMB photons provide a window onto the conditions
of the early universe, and thus a powerful tool with which to
determine its fundamental properties, including its age, compo-
sition, geometry, and perhaps even its origin.

The prevailing theory describing the early universe, infla-
tion, posits that the universe underwent a period of extremely
violent expansion at its very beginning, growing in size by some

An artist’s illustration of the COBE spacecraft. Image courtesy of NASA.

26 orders of magnitude in only 10%* seconds—a truly auda-
cious idea. Crucially, the theory makes specific predictions for
CMB photons. It predicts the almost perfect uniformity of the
photons’ temperature observed across the sky—2.726 Kelvin—
as well as the ways in which temperature should slightly deviate
from this uniformity. These temperature deviations, which are
on the order of 1 part in 100,000, correspond to the differences
in the density of the universe from place to place at the time
the CMB photons were emitted. Most audaciously, infla-

tion states that these small differences originated in quantum
fluctuations that were stretched to macroscopic sizes during the
initial violent expansion.

However, alternative theories, such as a cyclic or “bounc-
ing” universe, might reasonably predict the properties of these
temperature deviations as well. A key distinction of inflation
is the prediction of a particular pattern in the CMB photon’s
polarization, the direction of the light’s electric and magnetic
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fields. Inflationary expansion is thought to have been so violent
that it disturbed the fabric of space-time itself, producing gravi-
tational waves. These waves later manifest as “swirly” patterns
in the polarization of the CMB photons (technically known

as B-modes). The cyclic universe model does not predict this
pattern, setting the stage for a powerful experimental test of our
ideas about the origin of the universe.

Promising polarization signal bites the dust

In March 2014, the team behind the BICEP2 experiment
dramatically announced a measurement of this highly sought
B-mode polarization signal, an announcement met with inter-
national excitement. The pattern seemed to match theoretical
expectations, but—very importantly—had been seen clearly at
only one frequency, 150 gigahertz.

Dust grains in the Milky Way are known to emit thermal
radiation around this frequency as they are heated by starlight.
The grains are oriented by the galactic magnetic field, which
leads to polarization in the emitted thermal radia-
tion that could mimic a B-mode signal. But the
strength of the polarized signal from dust was
mostly unknown until the past two years, when
high-frequency data from the Planck satellite
began to shed light on its properties.

Using Planck data that had been publicly
released, as well as other existing galactic surveys,

I worked with a group at Princeton University
(which included Raphael Flauger and David
Spergel) in the months following the BICEP2
announcement, trying to understand whether the
observed BICEP2 B-mode signal could be entirely
explained by dust. The answer—unfortunately—
turned out to be “yes,” although the uncertainties
were large. Our reinterpretation was subsequently
confirmed by the official joint analysis of the BI-
CEP2 and Planck data released in February 2015.
It showed that no statistically significant evidence for primor-
dial B-modes remained after correcting for the dust.

Despite this disappointment, the path forward is clear. We
need to understand the dust contaminating our measurements
of the sky at microwave frequencies. A number of experiments
have been planned or are already underway with this goal in
mind, including the Advanced Atacama Cosmology Telescope
(AdvACT), the Simons Array (with POLARBEAR-2 detec-
tors), and BICEP3. By exploiting the different frequency
spectra of the CMB and the dust (recall the perfect blackbody
nature of the CMB), cosmologists might be able to effectively
separate the two signals.

Cosmic trash or treasures?

But the dust in our galaxy is not the only thing obscuring our
understanding of the universe’s birth. As CMB photons travel
to our telescopes, they sometimes encounter distortions along
the way that can warp our perspective. Fortunately, there is a
silver lining. The signals produced by these encounters contain
a wealth of information about the cosmos.
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For example, the path of a CMB photon can be bent by
gravitational fields encountered during its journey; the effect
is called gravitational lensing. The twisting of light due to this
lensing effect induces spurious B-modes in the CMB polariza-
tion, which must be accounted for (just like the dust B-modes)
when searching for the primordial B-modes due to inflation.
However, one can also use this gravitational lensing signal to
reconstruct the gravitational fields themselves, and hence the
distribution of matter (including both atomic matter and dark
matter). This powerful technique has recently come of age and
is now yielding precise constraints on the large-scale structure
of the universe. Gravitational lensing maps from upcoming ex-
periments such as AdvACT will unveil the precise distribution
of dark matter at high resolution over more than half of the sky.

In addition to lensing distortions, CMB photons sometimes
encounter large clouds of hot, ionized gas as they travel through
the universe. The clouds cast “shadows” in our observed CMB
maps because CMB photons scatter off of free electrons in the

Patterns in the BICEP2 data (shown here) were initially thought to be the long-
sought B-mode signal. Image courtesy of the BICEP2 team.

gas, a process known as the Sunyaev-Zeldovich (SZ) effect. Be-
cause the SZ effect leaves the photons’ polarization essentially
unchanged, it does not contaminate B-mode searches in the
way that dust and gravitational lensing do. Instead, SZ shad-
ows in CMB temperature maps are helpful because they can be
used to find the most massive structures in the universe: galaxy
clusters, where most of the hot, ionized gas causing the shadows
is located. These rare structures are very sensitive probes of the
amount of dark matter in the universe, for instance, and the
properties of the quantum fluctuations generated during infla-
tion.

Much of my own work has focused on new ways to pry
secrets from the CMB using SZ shadows or the combination of
gravitational lensing and SZ effects.

Fifty years after its discovery, the CMB continues to yield
unexpected surprises. It may soon confirm our best ideas about
what happened during the first moments after the universe was
born. However, achieving this goal will require understanding
the dust, distortions, and shadows present in CMB maps. Itis
an exciting challenge. «#



Relic Radiation

A history and primer on the cosmic microwave background

by Gintaras Duda

Associate Professor of Physics, Creighton University, Omaha. NE

Sigma Pi Sigma. Class of 1995

Dark matter is so named because we cannot see it. So it’s ironic
that much we have learned about dark matter has come from
studying light, specifically, the cosmic microwave background
(CMB). I often share with my students the story of its discov-
ery, which paints a wonderful picture of how science works

in practice and how we test scientific theory, although as an
astroparticle physicist I do not study it directly.

The CMB story starts with Edwin Hubble, who made one
of the most earth-shattering discoveries of the 20th century. In
1929 he found that the universe is expanding. After concluding
that the “spiral nebulae” were “island universes” and not part
of the Milky Way, Hubble measured their distances using Ce-
pheid variable stars. Except for the nearby galaxies in our Local
Group, all of the galaxies he observed were moving away from
us, and the farthest galaxies were moving away the fastest.

The relationship of the velocity and distance for galaxies is
linear and its slope is known as the Hubble constant, A o Hub-
ble found its value to be about 500 km/s/Mpc, which means a
galaxy one megaparsec from us will be observed to be receding
at 500 km/s. The modern value is 69.32 +/- 0.80 km/s/Mpc.
Hubble’s high value was due to errors in distances to galaxies.
(Distances in astronomy are notoriously hard to measure.) This
universal recession immediately suggested that the universe was
nonstatic and evolving, and perhaps had a beginning.

Hubble’s discovery came at a time when a flurry of work
was being done to model the universe at large using Ein-
stein’s recently developed theory of general relativity. Einstein
first favored a static, nonevolving model. However, Georges
Lemaitre, a Belgian scientist and Catholic priest, showed that
an expanding universe was also a valid solution to Einstein’s
field equations. Inspired by the phenomenon of radioactivity,
Lemaitre proposed that the universe as we see it began from
the “decay” of a primeval atom. In his view cosmic remnants
from this atom formed the seeds of stars, galaxies, and the other
structures in the universe we see today. Lemaitre viewed this as
a cold process.

In the famous paper published in 1948, Ralph Alpher, Hans
Bethe, and George Gamow proposed a model explaining the
abundances of the elements that incorporated the expansion of
the universe. The early universe, they argued, was hot and dense,
and expanded from an initially ultradense state. They success-
fully calculated hydrogen and helium abundances; however, they
erroneously postulated that all heavier elements were created
in the early universe through combining neutrons. We now
understand that all elements heavier than lithium are created in
the core of stars.

One of the most important predictions they made was too
quickly forgotten: the initial hot, dense state of the universe
should exhibit a leftover radiation field. In their theory,
particles were created and annihilated in the early universe,
and energy was transferred back and forth to a background of
photons or light. Those frequent interactions meant that the
universe could be modeled as a perfect blackbody, character-
ized by some temperature, 7. As the universe expanded, this
background of photons redshifted (i.e., lost energy). In essence,
Gamow and his collaborators predicted the CMB and postu-
lated that this background radiation should have a temperature
today of about 5 K.

By the early 1960s cosmology had become a showdown
between two competing theories. The big bang model gave the
universe a problematically young age, two billion years. This
age problem led Fred Hoyle, Hermann Bondi, and Thomas
Gold to propose the steady-state theory, which explained Hub-
ble’s expansion by proposing new physics and a static universe
that continuously created new matter.

The two theories, big bang and steady state, gave very
different predictions about the universe. In a way, the steady-
state model was conceptually simpler; it had fewer variable
parameters and made more concrete predictions. One of
these predictions was the distribution of radio sources at large
distances. Measurements of radio sources seemed to disfavor
the steady-state model, but the results were not conclusive at
that time.

In 1964 astronomers Arno Penzias and Robert Wilson
found the smoking gun that finally gave unequivocal evidence
for the big bang model. While trying to calibrate a horn
antenna at Bell Labs, developed to detect radio waves from
satellites, they noticed excess noise in the sky corresponding to
a uniform signal 100 times stronger than any background they
had expected.

At first this signal frustrated them to no end. They went
to extreme lengths, even removing bird droppings from the
antenna, to determine the source of this background. After
painstaking work, they found that the background was neither
from the sun nor our own galaxy. It was extragalactic in nature,
but its source remained mysterious.

Finally, when a friend pointed out the work of astronomers
at Princeton University who were searching for the CMB,
Penzias and Wilson realized what they had discovered. The two
groups published joint articles in 7he Astrophysical Journal de-
scribing the discovery and interpreting it as the long-predicted
cosmic microwave background radiation.

Spring 2015 Radiations 11

Feature: The Cosmic Microwave Background



In 1989 NASA launched the Cosmic Background Explorer
(COBE) satellite, which verified two fundamental properties
of the CMB. The first was that the radiation is remarkably
uniform (isotropic) across the sky; hence the early universe was
a nearly perfect blackbody. This discovery vindicated the use of
statistical thermodynamics to describe the early universe.

But cosmologists were still puzzled by the uniform nature of
the CMB. An extremely uniform CMB suggested an extremely
uniform early universe. Why, then, is there structure today?
Why isn't the universe a dilute, uniform cloud of gas?

John C. Mather and George Smoot answered this ques-
tion with COBE, which also revealed the second fundamen-
tal property of the CMB: although the CMB is remarkably
isotropic, fluctuations (anisotropies) in temperature do exist.
Some of the anisotropies discovered by COBE’s differential
microwave radiometer (DMR) were due to our motion rela-

COBE

WMAP

Planck

Measurements made by the COBE spacecraft provided the first map of
the CMB (top). Maps of the CMB gained more detail with the subsequent
missions WMAP (middle) and Planck (bottom). Images courtesy of NASA.
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tive to the CMB frame and foregrounds, such as emissions
from dust in the Milky Way. Once these anisotropies and
other backgrounds were removed, fundamental anisotropies
on the level of one part in 10° remained. In other words, one
patch of the CMB sky differs in temperature from another at
the fundamental level by only one 100,000th of a degree.

Those fundamental anisotropies were the seeds of early
structure formation; they allow us to figure out the composi-
tion and state of the early universe. For instance, the scale of
these temperature fluctuations hints at the necessity of dark
mactter; it is too small to allow ordinary matter time to coalesce
into the structures we see today without the help of something
like dark matter. The problem is time; ordinary matter becomes
charge neutral only at the epoch of recombination, and before
that, due to electrostatic forces, matter cannot effectively clump
into gravitational wells to begin forming structure. The COBE
results showed a need for an electrically neutral form of mat-
ter that could jump-start the structure formation process well
before recombination.

Mather and Smoot were awarded the Nobel Prize in Physics
in 20006 for their measurements of the CMB.

After COBE, we have continued to learn a great deal more
about the CMB thanks to the Wilkinson Microwave Anisotropy
Probe (WMAP) and Planck satellite missions (among others).
Experiments such as BICEP-2 (featured in this issue) are prob-
ing cosmic inflation shortly after the big bang using the polariza-
tion of the CMB. As a particle theorist, I continue to be amazed
by the amount of information about the early universe that can
be extracted from the cosmic microwave background. «#
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A Camera for the Cosmos

Undergraduate work in materials science sharpens photos of early universe

by Sam Ciocys
Class of 2015, Drexel University, Philadelphia. PA
Sigma Pi Sigma Member

You don’t need a time machine to see what the universe looked
like more than 13 billion years ago. You just need the right cam-
era, one good enough to take photos of the faint cosmic micro-
wave background (CMB) radiation left over from the big bang.

Each photon in this radiation is a time capsule that carries
information about the face of the universe in its infancy. Col-
lect enough of them and you have a snapshot—specifically, a
snapshot of temperature.

Portrait of a young universe

Just as a hot iron glows red with visible light, the early universe
glowed with microwave radiation as it cooled. The peak
wavelength of this glow, about 2 millimeters, corresponds to

a specific temperature derived from the blackbody spectrum:
about 2.7 Kelvin. This temperature is extremely consistent

in all parts of the sky. Though it has interesting cosmological
implications, it is very boring to look at.

Subtract this 2.7 Kelvin signal, and something exciting
happens. Slight differences in the microwave radiation become
visible, and the map of the CMB attains structure.

To take a picture of this structure, you need a very sensitive
camera. The CMB signal is already very weak, and the inter-
esting variations within the overall signal are fainter still. The
polarization of light from the CMB is interestingly nonuni-
form as well, but measuring polarization anisotropy requires
even more sensitive detection.

Condensed matter meets cosmic microwaves

As an undergraduate majoring in physics and mathematics

at Drexel University, I spent two six-month internships at
Argonne National Laboratory just outside of Chicago, Illinois,
working on detectors for the South Pole Telescope. My devices
will be deployed this year to map the CMB at small angular
scales. There’s a very good chance that I will also be going to
the South Pole in the future!

The pixels in this telescope’s cameras are similar to those in
other telescopes investigating the CMB. They are superconduct-
ing devices called transition-edge sensors (TES). A TES detector
is so sensitive that it can resolve the energy of a single photon.

My task as part of the detector fabrication team was to
construct the next generation of detectors to be deployed in
the telescope. I spent lots of quality time in a clean room forg-
ing 150-pixel TES arrays on six-inch silicon chips. I was also
involved in the design and testing of the early devices.

A TES detector consists of three small parts, all with sizes
on the order of microns. Detection occurs when a photon heats

an absorber. The temperature is then measured by a thermom-
eter. Finally, the heat is dissipated through a thermal link. Our
thermometers are special because they are superconductors.
The special properties of the superconducting transition give
TES detectors their sensitivity.

Superconductors have zero resistance below the supercon-
ducting transition temperature. Cool aluminum down from
room temperature, for instance, and at around 1.2 Kelvin the
resistivity of the metal drops from a finite value to zero. This
transition is often quick; it can occur in less than a millikelvin.

A TES thermometer is a superconductor cooled precisely to
its transition temperature. Smack dab in the middle of its tran-
sition, the material is not quite superconducting and not quite
normal metal. In this state a very small variation in tempera-
ture, such as that created by an incoming photon, generates
a sizable shift in resistivity. Measuring this shift in resistance
probes the temperature of the absorber. From the temperature

“Measuring the largest
features in the universe, I've
learned, requires a deep
understanding of materials at
much smaller scales.”

of the absorber, the energy of the photon can be deduced.

My research has focused on controlling and tailoring this
transition. I've worked on new TES designs that will be used
in conjunction with antennae that couple to CMB radiation.
The antennae are specifically designed to couple a broad band
of frequencies and discriminate between different kinds of
CMB polarization of interest to cosmologists. By incorporat-
ing band-pass filters into the new pixel designs, this broadband
signal can be divided into smaller frequency bands, allowing
each pixel to measure multiple frequencies.

Measuring the largest features in the universe, I've learned,
requires a deep understanding of materials at much smaller
scales. Condensed matter physics and observational cosmology
are permanently entangled. This cosmic connection between
two seemingly separate worlds has and will continue to pro-
vide insight into the beginning of it all. «#
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Field Notes from the Desert

Observations and instrumental advancements in the pursuit of measuring cosmic microwave

background polarization

by Sara M. Simon

Graduate Student. Princeton University, Princeton. NJ. Sigma Pi Sigma Member. University of Colorado at Boulder. Class of 201

Formed in the crucible of the early universe, the light that
composes the cosmic microwave background (CMB) con-
tains an abundance of information about the formation and
composition of the universe in both its temperature and
polarization. The faintest signal from the CMB is the B-mode
polarization signal, which has two potential sources: the
gravitational lensing by intervening matter on small angular
scales or anisotropies induced by inflationary gravity waves
on large angular scales.

Inflationary B-modes have a magnitude of less than 100 nK,
so noise is a constant adversary. Noise can originate from the
atmosphere, the instrument itself, and galactic dust emission.
To reach the sensitivity necessary for measuring B-mode po-
larization, experiments not only need highly sensitive detectors
but also cutting-edge instrumentation and a skilled team of
experimentalists and analysts.

To curtail atmospheric contamination, ground-based CMB
experiments are conducted in some of the highest and driest
places in the world: the Atacama Desert in Chile and the
South Pole. High elevations decrease the amount of atmo-
sphere the CMB photons must travel through before detection,
and dry locations minimize the amount of water vapor in the
air, which is one of the main culprits because it absorbs and
emits at microwave frequencies. While these locations are ideal
for ground-based observations, their remoteness makes daily
operation a monumental effort, which would not be possible
without strong local support from skilled local engineers and
constant fuel supplies.

Members of CMB experiments work under difficult
conditions to ensure the success of years of development and
observation. At the beginning of an experiment, they must
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assemble a telescope, install its systems, and deploy its detec-
tor arrays. During nominal observations, they must perform
telescope maintenance; plan and implement a 24-hour
observation schedule; and run calibration measurements to
ensure that the instrument and the detectors are thoroughly
characterized. Supplies are scarce, so observers must find
imaginative and durable solutions to malfunctions. They
must have a deep understanding of all the experimental sys-
tems, including the computers, detectors, readout and bias-
ing systems, cryogenic systems, and motion control systems.
I myself have worked many months over the past few years
on the Atacama B-mode Search (ABS) at its site 17,000 ft.
up in the Atacama Desert.

Even in these extreme locations, atmospheric noise can still
be an issue due to its nonuniformity, especially for observa-
tions at large angular scales. Sections of the unpolarized
atmosphere can change on the timescale of minutes, causing
fluctuations of tens of mK in the signal. Pioneered by the bal-
loon CMB experiment MAXIPOL, a continuously rotating
half-wave plate (HWP) can further reduce atmospheric noise
by modulating the incident polarization signal. The rapid po-
larization modulation acts as a lock-in amplifier for the polar-
ized signal and also mitigates systematic effects. ABS, the first
ground-based telescope to use a continuously rotating HWP,
showed that using a HWP to decrease atmospheric noise was
extremely effective. ABS also demonstrated that a HWP can
recover CMB polarization data at large angular scales, which
are typically obscured from the ground by atmospheric fluc-
tuations. Now other ground-based CMB experiments, includ-
ing the Advanced Atacama Cosmology Telescope polarization
receiver (AdvACT), are adding HWPs to their optics.

The Atacaunz Cosmology Telescope (ACT) Is lucataed at
a lnigh elevaitlon on Cerro Toco In the Atacaurne Desert.
Photo courtesy of the ACT Collaborztiorn.



The Atacama B-Mode Search (ABS) telescope at sunset. Photo courtesy of Sara Simon.

Noise can also come from the instrument itself. The
optical elements of telescopes that couple the detectors to the
sky must be optimized and well characterized in the field to
minimize cross-polarization and the creation of spurious po-
larized signals. Experimentalists must also design and deploy
electromagnetic shielding for the electrical systems and cables
to minimize electrical noise. Future experiments will increase
the packing density and number of detectors to increase
sensitivity by decreasing statistical variation. To maximize the
signal, CMB polarization experiments employ transition-edge
sensor (TES) bolometers as detectors and read them out with a
series of inductors and superconducting quantum interference
devices, which provide low-noise amplification of the signals.
(See Sam Ciocys’ story on page 13 for more information about
TES detectors.) Improvements to these readout systems are
crucial for future applications as arrays gain more detectors
and the noise requirements become more stringent.

Some of the largest sources of instrumental noise are ther-
mal. Vibrations within the telescope during motion must be
minimized, as they can cause excess thermal noise. To further
reduce thermal noise, the critical temperatures of the bolom-
eters must be tuned to 100-500 mK for most experiments,
which requires advanced cryogenic and readout technologies.
In the past decade, cryogenic systems large enough to house
many full detector arrays and even entire telescope optics (as
in the case of ABS) have made great technological strides and
can now reliably reach base temperatures below 100 mK for
extended periods of time. Additionally, readout and feedback
lines can carry thermal energy from warmer cryogenic stages
to the detectors. To minimize the number of cryogenic wires,
the detectors are multiplexed so that many detectors can be
read out on a single wire.

Dust from our galaxy is a major source of signal con-
tamination, as mentioned in Colin Hill’s story on page 9. To
remove this contamination, the spectrum of the polarized dust
emission must be well characterized, which requires observa-
tions at several frequencies. Today’s experiments usually link

two TES bolometers to orthogonal po-
larizations at a single frequency. Future
experiments will employ multichroic pix-
els, which use on-chip filters that allow
several frequency bands to be detected by
a single pixel. Upgrading to multichroic
detector arrays necessitates the develop-
ment of efficient wide-band elements,
including lenses, filters, antireflective
coatings, and HWPs. The Atacama
Cosmology Telescope Polarization
receiver (ACTPol) has already success-
fully deployed a 90/150 GHz multichroic
array, which is currently observing, and
AdvACT will use low-, mid-, and high-
frequency multichroic arrays to observe
with five frequency bands.

Competition in the CMB field can
be fierce, as teams search for evidence
related to everything from inflation to
the curvature and content of the universe, and the growth of
structure to the sum of neutrino masses. However, the compe-
tition between projects dissolves in the field. We observers face
harsh conditions, including high UV exposure, low tempera-
tures, low oxygen levels, long hours, and even llama traffic.
Overcoming those obstacles requires camaraderie, with groups
working together to push the boundaries of our scientific
understanding of the universe. «#
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Money Well Spent

A Sigma Pi Sigma donor who recalls his early days
in physics chooses to support young physicists

by Tara Davis
Development Manager, American Institute of Physics

any would describe Thomas A. Turano’s life as
M distinguished, even prestigious. Named one of the

“Best Lawyers in America in Biotechnology Law,” he
is a law partner at K&L Gates in its Boston office. His name
appears regularly in Chambers USA, an
annual publication that lists the nation’s
top attorneys.

But this long-time Sigma Pi Sigma
donor looks at it differently. From his
point of view, the pathway he has taken
has been “a random walk through life.”
Turano did not start out intending to
become a lawyer. He has earned five
degrees, and the first one was a physics
bachelor’s awarded in 1971 by the Univer-
sity of Rhode Island in Kingston.

Inducted into Sigma Pi Sigma in May
1970, Turano can recall what it was like
to be a brand-new graduate. “I remember
how difficult it was to be a student just
getting started,” he says. “There was not
a lot of opportunity for low-level degree
holders.”

Memories of those early days of start-
ing to climb the career ladder have propelled Turano to sup-
port others through Sigma Pi Sigma. His contributions to the
physics honor society’s programs help physics majors in various
ways, funding travel awards for professional conferences, in-
ternships, research awards, and more. “It’s money well spent,”
says Turano. “It’s an investment in our future.”

After his physics degree, he went on to earn master’s
degrees in biophysics, biology, and electrical engineering.
This love for learning seems to have been inherited by his
daughter, Morgan, who now has multiple degrees in creative
writing and chemistry.

Photo courtesy of Thomas Turano.

In the midst of earning those degrees Turano went to
work in a laboratory at The George Washington University
in Washington, DC, where he measured cell growth. Later he
was hired at a company as a software engineer and eventually
became a patent engineer. This was the first time the company
ever offered such a position. “It just sounded interesting to
me,” Turano said. As a patent engineer, Turano worked with
the attorneys who represented his company.

He enjoyed that work, but it wasn’t long before he decided
to try something slightly different. His lawyer colleagues sug-
gested that he become a patent attorney. So he headed back
to school and in 1988 he completed his law degree at Suffolk
University Law School in Boston, Massachusetts.

No longer studying oscillating chemical
reactions, cell growth, or how nucleic acids
bind to proteins, Turano has nonetheless
found joy in his work as an intellectual
property attorney. His days are mainly
spent helping inventors obtain patents,
engaging in patent litigation, pursuing
licenses to collect royalties, and working on
mergers and acquisitions. “I still consider
myself a physicist, because I use my physics
background substantially every day to un-
derstand the materials that cross my desk.”

While it may sound daunting to many,
Turano sees his work as an opportunity to
expand his social circle and his knowledge.
“It’s actually very interesting,” he says. “I
get to see the toys before a lot of people.”
He remembers looking over plans for
probes that allow medical experts to see
into the human body. “We saw this stuff
10 to 15 years before the public ever saw it.”

Turano says he feels lucky to be in a position to contribute.
“It’s fun helping someone just coming out of school, helping
them get funding, grow, and then sell their company.” Since
his firm conducts business globally, Turano has colleagues
around the world.

Although he isn’t working in a physics laboratory today,
Turano never second-guesses his decision to get a physics de-
gree. “Being a physicist is foremost for me, and for what I am
most satisfied in achieving. A degree in physics gives you the
ability to ask more questions.” «#
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Your Dollars at Work

Sigma Pi Sigma congratulates SPS and Sigma Pi Sigma
chapters at schools across the country

Marsh W. White Awards

Several awards of up to $300 are made each year to chapters for physics outreach
activities to grades K-12 and the general public.

ADELPHI UNIVERSITY

Lab for Kids
Project Leader: Michael Fernez
SPS Advisor: Matthew Wright

CLEVELAND STATE UNIVERSITY

Reinventing a Bicycle: Discovering Phys-
ics via a Common Object Well Known
to Every Kid

Project Leader: Janna Mino

SPS Advisor: Kiril Streletzky

INDIANA WESLEYAN UNIVERSITY

Making Waves: The Physics of Sound
and Light

Project Leader: Alexander Waters

SPS Advisor: Roberto Ramos

Spotlight on:

A Visit to St. Jude Children’s Research
Hospital’s Target House

The Rhodes College Society of Physics
Students chapter will begin working with St.
Jude Children’s Research Hospital. They will
bring demonstrations to Target House, the
hospital’s housing for patients undergoing
long-term treatment, to perform outreach for
patients there.

Project Leader: Catherine Miller

SPS Advisor: Brent Hoffmeister

Welcome New Chapters!

SONOMA STATE UNIVERSITY

A Night of Astronomy at Sugarloaf Ridge
Project Leader: Wesley Watson
SPS Advisor: Hongtao Shi

TEXAS LUTHERAN UNIVERSITY

Outreach & Inreach-Building the TLU
SPS Phenomenal Physics Outreach
Program

Project Leader: Stephen Bratz

SPS Advisor: Toni Sauncy

THE GEORGE WASHINGTON
UNIVERSITY

The “Phun”-damentals of Physics
Project Leader: Srividya Murthy
SPS Advisor: Gary White

THE UNIVERSITY OF SOUTHERN
MISSISSIPPI

Physics Outreach for the Entire
Community: Reaching the Region at
Hubfest

Project Leader: Robert McGrath

SPS Advisor: Michael Vera

UNIVERSITY OF MINNESOTA
TWIN CITIES

Physics Outreach Program
Project Leader: Luke DeMars
SPS Advisor: Dan Cronin-Hennes

Congratulations and welcome to the newest Sigma Pi Sigma

and SPS chapters, finalized in 2014-15:

* Doane College

¢ Indiana University—Purdue University Fort Wayne

* Mercyhurst University

* Norfolk State University

* Saint Michael’s College

* Southern Polytechnic State University

* American River College

* Austin Community College

* Mercyhurst University

* Saint Michael’s College

* University of Alaska Anchorage

SPS Chapter
Research Awards

Several awards of up to $2,000 are
made each year to chapters for research
activities that are deemed imaginative
and likely to contribute to the
strengthening of the chapter.

AMERICAN RIVER COLLEGE

Cosmic Ray Detector for Ground and
Stratospheric Observations

Project Leader: Carlos Moya

SPS Advisor: Paulo Afonso

DREXEL UNIVERSITY

Cosmic Ray Induced Bit-Flipping
Experiment (CRIBFLEX)

Project Leader: Matthew Parsons

SPS Advisor: Luis Cruz Cruz

GEORGIA INSTITUTE OF
TECHNOLOGY

Inertial-Electrostatic Confinement
Fusion Reactor

Project Leader: Conner Herndon

SPS Advisor: Edwin Greco

Spotlight on:

Enhancing Cellular Uptake of Magnetic
Nanoparticles for Cancer Therapy via
Nanoparticle Engineering and Sonoporation

Iron oxide nanoparticles heat up when placed
in an alternating magnetic field, and because
of this may have use as a noninvasive cancer
treatment without the side efforts of chemo-
therapy and ionizing radiation. Kettering
University SPS students will explore guiding
iron oxide nanoparticles to targeted cells with
the use of magnetic fields, where they will
then be forced into the cells by ultrasound
via sonoporation. By investigating different
properties of nanoparticles and ultrasound
conditions, the team hopes to optimize the
uptake of the particles by cancer cells.

Project Leader: Alexis Siegel

SPS Advisor: Ronald Kumon

PURDUE UNIVERSITY

Roswell 111, Space Balloon: Journey
into the Stratosphere

Project Leader: Carlos Blanco

SPS Advisor: Rafael Lang

TUSKEGEE UNIVERSITY

Identification of Paint Samples using
Laser Induced Breakdown Spectroscopy

Project Leader: Kumasi Salimu
SPS Advisor: Prakash Sharma
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Unifying Fields

SCIENCE DRIVING INNOVATION

Be involved with the
largest meeting of
physics undergrads

in the world!

Contact Us

For details on opportunities
to participate and support the
Quadrennial Physics Congress,
please contact:

Richee-Lori Smith, Esq.

Chief Development Officer
American Institute of Physics
301-209-3176 - rsmith@aip.org

Learn more about the
Quadrennial Physics Congress at:
http://www.sigmapisigma.org/
congress/index.htm

or by contacting Sean Bentley,

Director of Sigma Pi Sigma,
at sbentley@aip.org

View the Congress
Sponsor Video:
http://bit.ly/PhysConSponsors

Sponsorship Opportunities

ENGAGE HUNDREDS OF AMERICA’S BRIGHTEST,
MOST ENTHUSIASTIC SCIENCE STUDENTS

The 2016 Quadrennial Physics Congress (PhysCon) will be a cutting-edge, life-changing
meeting where undergraduate physics students, alongside mentors and alumni, will be
immersed in the topics of innovation and technology.

We encourage your organization to partner with Sigma Pi Sigma in this tremendous
opportunity to reach over 1000 physics undergrads who are the future of optics,
engineering, science, and technology ingenuity in the United States.

All sponsors will receive:

* Acknowledgment on the congress website and published congress program
* The opportunity to include materials in guest registration bags

* Signage prominently displayed throughout the event meeting space

Diamond Level $100,000

Offers maximum visibility and engagement
with students, faculty, executives, and other
VIP guests, including:

P

Direct underwriting, signage displayed, &
introduction of your representative with
an opportunity to make a statement to all
attendees at the event of your choice:
Opening Reception

Closing Dinner

Two Plated Luncheons

latinum Level $50,000

Offers high visibility and engagement with
students, faculty, executives, and other VIP
guests, including:

Direct underwriting & signage displayed
for Breakfast with the Scientists. This
congress tradition encourages students

to personally interact with professional
scientists in small groups, including those
working outside of academia. One or more
tables reserved for your employees to
directly interact with students at the event.

Gold Level $20,000

Offers visibility and engagement with students,

faculty, executives, and other VIP guests, including:

¢ Direct underwriting and signage displayed
for your choice of either:

¢ One Poster Session (multiple available)

e Wi-Fi Underwriting

Silver Level $10,000

Offers visibility and engagement with students,

faculty, executives, and other VIP guests, including:

e Direct underwriting and signage displayed at
a Coffee/Snack Break

Titanium Level $5,000

Offers visibility and engagement with students,

faculty, executives, and other VIP guests, including:

¢ Conference app underwriting

» Direct underwriting of conference signage,
including: directional signage, registration
signage, and other informational signage

Bronze Level $2,500

* Signage prominently displayed throughout
the event meeting space

In-Kind Donations & Exhibit Space
We also accept in-kind donations for items including lanyards, bags, and other materials. Exhibit space is
also available. Contact us for details on either of these possibilities at sps-programs@aip.org.

Current sponsors include:

HAMAMATSU /|

PHOTON IS OUR BUSINESS

TEXAS
INSTRUMENTS



Support Level Key

Donor names appearing beside
the following symbols have
given $100 or more to Sigma
Pi Sigma. The four highest
levels of giving are:

X Leader
38  Patron
¢ Mentor
O Sponsor

for your continued dedication to AIP’s stident programs. Your contributions go directly to fostering the talents

and careers of America’s next generation

ysicists, scientists, researchers, and professionals in the physical

sciences. Sigma Pi Sigma and the Society of Physics Students connect students to a world outside of their class-
rooms 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 2014! Donate now at donate.aip.org.
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Spring 2015 Radiations 19



I 2014 Contributors to Sigma Pi Sigma

Edwards, Yancy D., ‘82
O Kozak, Mark, 79
O Mumma, Michael J., ‘63

FROSTBURG STATE UNIVERSITY
Azenadaga, Raymond W/, ‘14
Petito, Alex, ‘14

GEORGE WASHINGTON
UNIVERSITY

Frey, Mary A., ‘69

38 Hughes, Mark V., ‘69
38 Schmid, Paul E., 54

GEORGIA INSTITUTE OF
TecHNOLOGY

Albritton, Daniel L., ‘61

O Fortenberry, Robert S., ‘80
4 Gilliland, Clinton R., ‘58
O Metz, Werner Adam, ‘81

GEORGIA STATE UNIVERSITY
Blackburn, Thomas E., 71

GETTYSBURG COLLEGE
Horne, Bruce K., 59
Keiser, Richard L., ‘49
Kumler, Ruth E., ‘49

Grove City COLLEGE
Scheie, Allen O., 12

GuiLrorp COLLEGE
O Field, Christopher T., ‘10

HANOVER COLLEGE
Wakefield, Joseph, 74

HiLspALe CoLLEGE
Lucas, Paul A., ‘98

HOFSTRA UNIVERSITY
Andresen, Ted, 70

Hickey, Mary J., ‘52
Huntsberger, Terrance L., 73
Klatt, Robert W., ‘64
Murnick, Daniel E., ‘60
Seidel, Paul E., 55

@ Stahl, Frieda A., 55

¢ Terrone, William M., ‘68

HowARD UNIVERSITY
Sneed, Nickolas B, ‘13

HuUNTER COLLEGE
Santhanam, Padmanabhan, 78

IDAHO STATE UNIVERSITY
O Morford, Larry J., 76
O Morford, Linda M., 76

ILLiNOIS INSTITUTE OF
TecHNOLOGY

Juhala, Roland E., ‘57
Kepka, Alan G., ‘64
Kull, Lorenz A., ‘62
Voss, James R., ‘49
Zwicker, Earl, ‘56

INDIANA UNIVERSITY
Small, Timothy M., ‘62
Volkman, Sylvia M., ‘63

INDIANA UNIVERSITY OF
PENNSYLVANIA
Stobie, James A., 72

lowA STATE UNIVERSITY
Hill, John C., 56
Keever, Mark R., 76

ITHACA COLLEGE
O Rogers, Michael, ‘04

JAMES MADISON UNIVERSITY
O Dawson, Howard E, ‘89

JoHN CARrOLL UNIVERSITY
Blakeley, Douglas M., 75
&8 Melich, Branden T, ‘92
Newell, Catherine, ‘10
Szente, Joseph J., ‘84
Ursic, Joseph J., 76

JuNIATA COLLEGE
Norris, Wilfred G., 75

KANsAs STATE UNIVERSITY
O Coloney, Steven J., 76

KENT STATE UNIVERSITY

* Cunningham, Beth A., ‘81
O Thirion, Walter T., ‘81
Visintainer, James, ‘72

3 Wolfe, David H., ‘82

LAMAR UNIVERSITY

4 Dimiceli, Emanuel V., ‘68
Durling, George E., 79
Smith, Darla J., ‘70

Lewis & CLARK COLLEGE
Clarkson, Kathleen M., ‘99
¢ O’Malia, Kasandra J., ‘05

Lewis UNIVERSITY
O Ressl, Michael, ‘84

LoOUISIANA STATE UNIVERSITY
Giammerse, Jack, Jr. ‘75
Rauch, Richard T., ‘76
Thomason, Richard S., ‘62

LouisiANA TECH UNIVERSITY
Evans, William K., ‘74
Miller, Randall J., ‘72

LovotA UNIVERSITY NEW
ORLEANS

€ Barbier, Louis M., ‘77
Faust, Donald C., ‘08

LycoMING COLLEGE
Howes, Michael L., ‘73
O Stover, David R., ‘73

MANCHESTER UNIVERSITY
Heisler, Gary L., 71
Stauffer, Gary W., 73

MANHATTAN COLLEGE
Judice, Charles N., ‘64
Shea, Michael J., 71

MARQUETTE UNIVERSITY
O Kelley, Clifford W., ‘64
Mattson, Edward J., ‘63
Miller, Paul G., ‘62

MASSACHUSETTS INSTITUTE OF
TecHNOLOGY

Blundell, Solon E, ‘82

O Kwiat, Paul, ‘86
Stevenson, Kim, ‘89

20 Radiations Spring 2015

Miami UNIVERSITY

Bullis, W. Murray, ‘50
Davis, Richard C., ‘79
Dornbusch, Neal C., ‘81
Johnson, Ramsey & Bonnie

D, 58

MICHIGAN STATE UNIVERSITY
Anderson, Mary K., ‘09
Brazee, Ross D., ‘53
Hopkins, Richard B., 55

O Wagner, Richard N., 59
Zimmerman, Walter B., ‘56

Missourl UNIVERSITY OF
ScieNce & TECHNOLOGY
Cawns, Albert E., 58

O Davisson, David C., ‘68
O Fahey, David W, ‘80

O Hardebeck, Harry E., ‘56
McDaniels, John L., ‘59

4 Myles, Chatles, ‘67

MONMOUTH UNIVERSITY
Bleier, Steven A., 74
Englestein, Eric S., ‘67
Othmer, Joseph H., ‘81

MoOReHOUSE COLLEGE
O Rockward, Willie S., ‘85

MounTt Hotvoke COLLEGE
O Gates, Elinor L., 92

MUuHLENBERG COLLEGE
Detwiler, David A., ‘72

MURRAY STATE UNIVERSITY
Beyer, Louis M., ‘10
O Walker, Russell E., ‘03

NEBRASKA WESLEYAN
UNIVERSITY

Bures, Marvin G., ‘52
Hammond, Barry L., ‘61

4 Himberger, Douglas E., 75

NEw MEexico STATE UNIVERSITY
4 Daggett, Paul H., 75
Gillespie, James B., ‘40
Gillespie, Patti L., 73

NEw YORK INSTITUTE OF
TECHNOLOGY

Frankel, Kenneth L., ‘10

O Nothdurft, Robert H., 71

NEew YORK UNIVERSITY
Baker, Audrie, ‘54

O Hodara, Morris, ‘48
Markatos, Louis G., ‘64
Richman, Monroe E, ‘49
Spruch, Grace M., 51

NEw YORK UNIVERSITY
PoLyTECHNIC SCHOOL OF
ENGINEERING

Di Rienzi, Joseph, ‘67
Guidone, Raffael J., ‘67
Sank, Victor J., ‘65

Yarr, Edward G., ‘65

NORTH CAROLINA STATE

UNIVERSITY

O Dickson, Paul & Eleanor
W, 58

Knight, Paul D., ‘94

Penny, Jack M., 73
Stamm, Alfred J., ‘62
Welt, Martin A., ‘59

NORTHERN ARIZONA UNIVERSITY

Sande, Linda R., ‘80

NORTHERN ILLINOIS UNIVERSITY
* Hasan, Mazhar, 73
Overmyer, Steven A., 78

Sill, Larry R., 73

OccipenTAL COLLEGE
O Hutcheon, Ian D., ‘67
O Newnam, Brian E., ‘62

OGLETHORPE UNIVERSITY
Fulton, Eleanor J., 95

OH10 NORTHERN UNIVERSITY
Garee, Michael J., ‘07

OHIO STATE UNIVERSITY

O Baker, William L., ‘64
Bingley, John D., ‘62
Chambers, William H., ‘50
Collier, J. R, 57

4 Donlan, Vincent L., ‘68
Hecht, Lewis C., ‘64
Kaleps, Ints, ‘68

Kidder, Ray E., ‘46

Kinzel, Evelyn S., ‘68

@ Leech, Frank J., ‘61
Marshall, James L., ‘76
McCaa, David J., ‘62
Niple, Edward R., 73
Patty, Richard R., 58
Robinette, William H., ‘67
O Simonson, Simon C., ‘66
O Snider, Dale R., ‘60
Steiner, William S., ‘63

O Stevens, Alan J., ‘65

OKLAHOMA STATE UNIVERSITY
O Freeman, John A., ‘65
Hurt, James E., 56

O Rhoads, John E., 71
Weigert, Ludwig J., 50

OLb DoMINION UNIVERSITY
O Glaser, Ronald C., 71

O Lutton, Russell T, 72
Welch, Charles R., 72

OREGON STATE UNIVERSITY
O Finster, Kirstie L., ‘90
Gibbs, Bruce, 79

O Goldsmith, Todd A., ‘85
Henning, Stephen M., ‘62
Henry, Dennis C., ‘67
Wood, Clyde R., ‘69

PENNSYLVANIA STATE UNIVERSITY
Brunner, James S., 58

Cox, Elizabeth E., ‘60

X Herritt, John A., ‘67

O Panitz, Janda K., ‘65

Pryor, Richard J., ‘64
Reinheimer, Julian, ‘48

PRATT INSTITUTE
Spokony, David, 70

ProviDENCE COLLEGE
O Coussa, Michael R., 57

PURDUE UNIVERSITY
Alexander, David H., ‘67
Bicknell, Bruce A., ‘68

O Born, Richard G., 72
Brill, Wilfred G., ‘51
Brown, Ronald A., ‘60
Carter, Robert E., ‘43

Cole, Teresa L., ‘72

Cone, David, ‘65

Connell, Edward C., ‘73

O Cunningham, Gary R., 72
O Goodwin, Robert M., ‘62
O Gotwals, John K., ‘63

O Holmes, Robert R., 52
Kay, John H., 73

Lambert, Ralph E., ‘68
Mansfield, Maynard J., ‘55
Mennel, John J., ‘66
Michel, David P, ‘69
Montgomery, Stephen T., 70
3 Nelson, Donald L. ‘65
Opyer, Clarence E., 70

O Seiler, John P, ‘68

# Skelley, Elder D, ‘55

O Spira, Joel & Ruth, ‘44
O Stendahl, Steven J., 76
Stretchberry, D. M., ‘61

O Sullivan, Neal T, ‘85

O Thieme, Gary A., 71
Tozer, William E, ‘67

O Voorheis, Howard T, ‘74

RENSSELAER POLYTECHNIC
INSTITUTE

Berman, Paul R., ‘63

O Dorsch, Robert R., ‘63
Flanders, Bradley A., ‘73

O Kalnin, Andrew, 77
Leonardi, John C., ‘67
Reynders, John, V., ‘86

Van Vranken, Randy C., 73

RHODES COLLEGE

€ Smith, Jenna K., ‘10
Smith, L. Montgomery, ‘77
4 Viano, Ann M., ‘90

Rice UNIVERSITY
Booker, Randy, 79
Priour, Donald J., ‘94

RoaNOKE COLLEGE
Johnson, Robert S., 73

ROCHESTER INSTITUTE OF
TecHNOLOGY

Federation, Dolores A., 70
Manginell, Ronald P, ‘89
Schwaneflugel, Franklyn K., ‘69

Rose-HULMAN INSTITUTE OF
TecHNOLOGY
Sorrell, Lee R., ‘85

RuTGERs UNIVERSITY-CAMDEN
Coates, Joann M., ‘83

O Jones, Terry L., 70

O Manieri, Matthew E, ‘78

SAINT JoSerH’S UNIVERSITY
Dibiase, James A., ‘59
Morris, Robert A., ‘60
O Young, Kenneth C., 71



SAINT MARY’s UNIVERSITY OF
MINNESOTA

Dempsey, Patrick J., ‘90

O Morin, George J., ‘89

SAINT PETER’S UNIVERSITY
Lopez, Jose L., ‘08

Sam HousTON STATE
UNIVERSITY

Jackson, Jared M., ‘65

O Jacobsen, Kelly S., 79
X Steele, Robert S., 78

SAN DIEGO STATE UNIVERSITY
@ Cahill, Gerald D., ‘64
Craig, Thomas E., ‘47

O Fischer, Joseph E, 50
Lindman, Nils G., ‘69
Mannix, Richard C., 71
Zarnowitz, Richard M., ‘47

SANTA CLARA UNIVERSITY
O Brown, David S., ‘81

SEATTLE UNIVERSITY
Cremers, David A., 71

SeTON HALL UNIVERSITY
Natale, Stephen V., 71

SHIPPENSBURG UNIVERSITY
O Imler, James H., ‘73

SiENA COLLEGE
4 Knight, Charles T., ‘83

SoutH DAkOTA ScHOOL OF
MINEs & TECHNOLOGY
Dorland, Louis J., 78

SoutH DAKOTA STATE
UNIVERSITY

Cherney, Joseph E, ‘49
Leinbach, Harold, ‘49

SOUTHERN ILLINOIS UNIVERSITY-
CARBONDALE
8 Tock, Stephen J., 78

SOUTHWESTERN OKLAHOMA
STATE UNIVERSITY
O Bates, James R., ‘91

S1. BONAVENTURE UNIVERSITY
Kovar, Frederick R., ‘60

S1. LAWRENCE UNIVERSITY
Reklis, Robert B, ‘69
Wells, Lois S., 53

S1. OLAF COLLEGE

Arenson, John D., ‘69

¢ Gimmestad, Gary G., ‘66
Halsted, Lizabeth L., 78

O Logghe, Sean B., 75

O Molldrem, Bernhard P, ‘66
O Rockstad, Howard K., 55

STATE UNIVERSITY OF NEW YORK
AT GENESEO
Harke, Douglas J., ‘68

STETSON UNIVERSITY
O Williams, David C., ‘69

STONY BROOK UNIVERSITY
Shteyman, Alan G., ‘11
O Wlodarczyk, Robert A., ‘02

SYRACUSE UNIVERSITY
Eisaman, L. C., ‘45

O Lehmann, William L., ‘47
Wright, Robert A., 50

TempLe UNIVERSITY
Ford, Allen G., ‘55

O Kuper, Martin, ‘67
Rudin, Bernard, ‘54

TeNNESSEE TECHNOLOGICAL

UNIVERSITY

Kozub, Raymond L., 78

Carl Ventrice & Heike Geisler,
76

Texas A&M UNIVERSITY

Gruben, James H., 72

Probst, Lloyd J., 72

Texas A&M UNIVERSITY-
KINGSVILLE
Wheeler, Bob L., 77

Texas CHRISTIAN UNIVERSITY
3 Kent, Graham G., ‘65

Texas TecH UNIVERSITY

Boatner, Lynn A., ‘60

O Borst, Walter L., ‘85

O Glenn, Stephen & Mariglyn
W., ‘65

O Head, Timothy L., ‘98

Kelly, William E, 59

Smith, David L., ‘70

THe CiTADEL, THE MILITARY
ScHooL OF SOUTH CAROLINA
O Calvert, William M., ‘50
O Edge, Charles E, ‘54

O Mullen, Donald C., ‘56

THE UNIVERSITY OF MEMPHIS
Ladner, Daniel R., ‘68

THieL COLLEGE
Chesonis, Dawn C., ‘76

THomAs MoRre COLLEGE
Eismann, Michael T., ‘84
Schmidt, Michael J., ‘85

TowsoN UNIVERSITY
¢ Mather, John C., ‘10

TriNITY COLLEGE

Ewart, Hugh W, ‘59
Miller, John H., ‘50

O Price, Robert D., ‘65
O Twardy, Stanley A., ‘46

TrINITY UNIVERSITY

@ Luckett, Larry W, ‘69
Moore, Charles D., 74

Van Steenberg, Gustav N., ‘66

Turts UNIVERSITY

Altshuler, Edward E., ‘54

O Halladay, Maurice E., 51
Lynch, David D., ‘55
Striker, William W., ‘50

TuULANE UNIVERSITY
Daubert, Henry C., ‘50
Schorr, David E., ‘66
Scott, Norvell O, 58

UNioN CoLLEGE
O Johnston, John B., ‘82

UNITED STATES NAVAL ACADEMY
Fordham, Earl W, 78
Howard, Joseph M., ‘88
Jourdan, David W, ‘74

Klee, Carl R., ‘73

Larson, Paul A., ‘90
McCumber, Leonard D., ‘68
Schreiber, James E., ‘73

Studt, Kurt E, ‘90

‘Waddell, James B., ‘69

UNIVERSITY AT ALBANY, STATE
UNIVERSITY OF NEW YORK
Bono, Paul C., 77

Coppola, Richard A., ‘66
Kowsky, Kathleen M., 77

O Landi, Peter C., ‘88
Reidinger, Franz, ‘67

O Sanders, Stephen J., 71
O Sullivan, Joseph M., ‘67

UNIVERSITY OF AKRON
Harris, Gary M., 70
Pitts, Patricia S., 71
Redfield, John S., ‘81
Rosich, Michael A., ‘88

UNIVERSITY OF ALABAMA

O DcLorenzo, Joseph D., 55
Denham, Samuel, 77
Hamner, George E, ‘63
Moore, Robert A., 52

Pyle, Bobby E., ‘65

UNIVERSITY OF ALABAMA IN
HUNTSVILLE

Alexander, Helga A., ‘88
Huckle, James R., 71

UNIVERSITY OF ARIZONA
O Hochdorf, Martin, ‘50
# Jones, Edwin R., ‘58
O Lyons, Peter B., ‘62
Mitchell, Todd, 79

&8 Schutt, Paul F, ‘58

O Young, Stephen L., ‘62

UNIVERSITY OF ARKANSAS

O Anderson, Richard J., ‘68
Berry, Dean L., 58

Merkle, Larry D., ‘84

O Rutledge, Carl T., ‘65

¢ Williams, Karen A., ‘86

UNIVERSITY OF CALIFORNIA,
BERKELEY

O Cummings, Julian C., ‘88
O Kazato, Isaac H., ‘86
Schweitzer, Laurence B., ‘85

UNIVERSITY OF CALIFORNIA,
Davis
Eaton, Ryan W., ‘99

UNIVERSITY OF CALIFORNIA,
IRVINE

O Parker, William & Janice, 70
Tyler, Stanley C., 75
Vodhanel, Richard S., 73

2014 Contributors to Sigma Pi Sigma ||}

UNIVERSITY OF CALIFORNIA, Los  UNIVERSITY OF DETROIT

ANGELES

X Aires, David L., 75

O Cady, Robert L., ‘64

O Chen, David M., ‘78
Clemens, Reginald W., ‘61
Crane, Christopher M., ‘87
Farrand, Donald V., ‘61

O Garfinkle, David R., ‘61
O Gelb, Steven W., ‘67
Goldenberg, Stuart, ‘64

@ Jurist, John M., ‘63

O Kagiwada, Reynold, ‘60
Kvitky, Joel S., ‘65

Lane, Gerald R., 57

O Miranda, Gilbert A., ‘64
Ross, Erno H., 53

San Vicente, Ramon, ‘53
Scharre, Douglas W., 77
Simmons, Larry L., ‘67

O Stanton, Richard H., ‘64

UNIVERSITY OF CENTRAL
MissouRrI

Landin, Allen R., ‘72

¢ Rambow, Frederick H., 71
Ring, Merlin D., ‘70

UN1versiTY oF COLORADO
BouLDER

Beavers, Glenn A., ‘61
Bellotti, John E., ‘79

O Harrison, Dewitt E., ‘85
® Kraft, Edward S., ‘71
Ostwald, L. T,, 51

Parker, Kenneth L., ‘60
Rosing, Michael G., 75
Talbert, Willard L., 52

UNIVERSITY OF CONNECTICUT
Alperin, Harvey A., 58
Austin, Gary R., 76

O Browning, David G., ‘62
Hasse, Raymond W, ‘57
Helbig, Herb E, 10

Holst, Gerald C., ‘65

O Kessel, Quentin C., ‘63
® Lee, David M, ‘10

Meli, Jerome A., ‘64
Morgan, Gerry H., 57
Powers, Donald E., ‘58
Szymanski, Richard C., ‘62
O Welsh, Thomas J., ‘74

UNIVERSITY OF DAYTON

38 Anthony, Philip J., 73
Crume, Stephen V., ‘68
Hieber, Richard A., ‘68
Hornbach, Thomas S., ‘68
Schumacher, Howard H., ‘68

UNIVERSITY OF DELAWARE
Barsky, David J., ‘82

Brill, Donald W/, ‘55

O Strawbridge, Evelyn A., 53
O Sumner, Donald S., ‘65
White, Willard W., ‘64

UNIVERSITY OF DENVER

O Behnen, Stephen W, ‘69
O Calvin, Wendy M., ‘83

O Rolingson, William R., ‘55

Bow, Nancy J., ‘63
Peters, James J., ‘64

O Sarna, Donald S., ‘64
White, Thomas G., ‘66

UNIVERSITY OF EVANSVILLE
Batteiger, Byron B., ‘61
Berry, Stephen W, ‘85
Megli, Darrell, ‘63
Morgan, Lester W., ‘68

UNIVERSITY OF GEORGIA
Ivey, Henry E, ‘41
Maddox, Marvin R., ‘62

UNIVERSITY OF IDAHO
Bennett, Gary L., ‘61

UNIVERSITY OF KANSAS

4 Agin, Gary P, ‘62

Brice, David K., 55

Brown, Darrell Q., ‘54

Coffman, John W, ‘53

Dike, Larry L., ‘59

Francis, Charles L., 70

O Halderson, Dean & Cynthia
W., ‘67

O Leamon, Richard G., ‘65

O Smith, Luther W, ‘54

Spahn, Robert G., ‘66

Woelk, Darrell W., ‘69

UNIVERsITY OF KENTUCKY
Arvin, Alan D, ‘82

UNIVERSITY OF LOUISIANA AT
LAFAYETTE
Miller, James E., ‘60

UNIVERSITY OF LOUISIANA AT
MONROE
38 Fleming, Sharon L., ‘83

UNIVERSITY OF LOUISVILLE
FErhart, Herbert G., ‘61

O Nedelkoff, Bogdan, ‘60

O Schuhmann, George S., ‘05

UNIVERSITY OF MAINE
Ashton, Stephen E., ‘61
Atkinson, Leland G., 77
O Brigham, Ernest B., ‘51
O Hennings, John H., 57
O Larson, Reginald E., ‘53
O Moore, Duncan T., ‘67
Mortenson, Victor A., ‘68
Saltzman, Robert S., ‘49

UNIVERSITY OF MARYLAND,
CoLLeGE PARK

Dasbach, Joseph M., ‘58
Fowler, John W, ‘65
Graham, Richard S., ‘69

38 Krisch, Jean P, 59

O Lupton, William H., 56
Young, Frank C., ‘59

UNIVERSITY OF MASSACHUSETTS
LoweLL

Hanfling, Edward B., ‘78
Largy, Timothy, ‘94

Simmons, Ralph, 74

Spring 2015 Radiations 21



I 2014 Contributors to Sigma Pi Sigma

UNIVERSITY OF MIAMI
Andes, Dean C., ‘76
Jacobs, Michael M., 71

UNIVERSITY OF MICHIGAN
4 Rose, Hugh, 00

UNIVERSITY OF MINNESOTA
Christensen, Thomas M., 79
Hladky, Jeanne, 79

UNIVERSITY OF MISSOURI-
Kansas City
O Froncek, Teresa M., ‘82

UNIVERSITY OF NEVADA, RENO
Glass, James C., ‘66

3 Pitchford, Ann M., 75
Rosenbaum, Robert P, ‘62

UNIVERSITY OF NEw ORLEANS
¢ Lawrence, Thomas N., ‘67
Morris, Dane J., ‘79

UNIVERSITY OF NORTH
CAROLINA AT CHAPEL HiLL
Fitzgerald, William P, ‘86

UNIVERSITY OF NORTH
CAROLINA AT GREENSBORO
O Garner, Larry W., 77

UNIVERSITY OF NORTH TEXAS
Gardner, Robert A., ‘82

UNIVERSITY OF OKLAHOMA
O Evatt, Bruce L., 59

O Rhyne, James J., ‘57

O Ryle, Wallace E., ‘48

UNIVERSITY OF OREGON
O Brenden, Byron B., ‘49

UNIVERSITY OF PITTSBURGH
Devaty, Robert P, ‘88

UNIVERSITY OF RHODE ISLAND
Ashton, Robert A., 70
Jenckes, Thomas A., ‘69

* Turano, Thomas A., 70

UNIVERSITY OF RICHMOND
Ammerman, Don J., 59

¢ Berman, Herbert S., 70
Kusheba, Michael C., ‘63
Rothschild, Barbara G., ‘46
O Ryan, William S., ‘62
Shelkey, David L., ‘55

UNIVERSITY OF ROCHESTER
Heinecke, Michael J., ‘98

UNIVERSITY OF SOUTH
CAROLINA

O Kernell, Robert L., ‘56
O Palms, John M., 57
O Rosenfeld, Carl, ‘86
Sayetta, Thomas C., 58

UNIVERSITY OF SOUTH DAKOTA
O Predoehl, Martin C., ‘54

UNIVERSITY OF SOUTH FLORIDA
Curry, James A., ‘92
McCall, Joan, 72

UNIVERSITY OF SOUTHERN
CALIFORNIA

O Shigemitsu, Thomas M., 72

UNIVERSITY OF SOUTHERN
CoLorADO

Dickson, Richard L., 74
Neuenschwander, Dwight E., ‘75
O Van Loon, Timothy G., 74

UNIVERSITY OF SOUTHERN
MIississIPPI

O Gearba-Sell, Alina, ‘11
Rayborn, Grayson H., ‘71
Stevens, Harold W, 71

UNIVERSITY OF TENNESSEE
Breeding, J. E., ‘61
Cooper, David A., ‘68

O Dishman, Rose M., ‘10
O Fleming, Edward R., ‘67
Hill, Jackie T., ‘73
Hinsdale, Sandra J., ‘65

O Jarratt, James S., ‘67

O King, Philip W., ‘68
Lewis, Rex D., ‘61

Prince, Richard, ‘13
Reeves, Charles A., ‘68

UNIVERSITY OF TENNESSEE AT
CHATTANOOGA

O Curtis, Donald R., ‘72
Fincher, Arvel L., ‘55

@ Visser, Jon R., ‘63

UNIVERSITY OF TEXAS AT
ARLINGTON

¢ Guthrie, Don W., ‘68
Skinner, Robert D., ‘66

UNIVERSITY OF TEXAS AT AUSTIN
Chester, Arthur N., ‘61

O Evans, Steven W., 73
Galloway, Heather C., ‘87
Herbst, Walter E., 51

O Kodosky, Jeff L., 72

O Monahan, Edward C., ‘60

UNIVERSITY OF TEXAs AT EL
Paso
O Mayo, Wade H., ‘66

UNIVERsITY OF TOLEDO
Federman, Steven R., ‘90

UNIVERSITY OF TULSA
O Davis, Linda R., 777
¢ Wetzel, Michael G., ‘67

UNIVERSITY OF UTAH
Andersen, Terrell N., ‘60
Blackburn, Alan D., ‘71
O Bowman, Carlos M., ‘56
Feingold, Arnold M., 59
Fletcher, Richard W., ‘63
O Gledhill, Jessica T., ‘61
Hills, Richard G., ‘59

O Jones, Allen S., ‘61
Kingsbury, Paul I, ‘62
Tatro, L. D., ‘51

Wood, Calvin D., ‘64

UNIVERSITY OF VIRGINIA
Ashe, Gregory A., ‘87

Dawley, Natalie M., ‘10
Lynch, Edward H., ‘66
O’Brien, George T., ‘69

22 Radiations Spring 2015

UNIVERSITY OF WASHINGTON
O Roberts, Katherine S., ‘76

UNIVERSITY OF WISCONSIN
-EAu CLAIRE

Daniels, Keith, ‘53

O Schneider, Robert S., ‘80

UNIVERSITY OF WISCONSIN-
River FALLs

O Blodgett, Earl, ‘53

O Deml, Ann M., ‘06
Ludvigsen, Angela M., ‘14

UNIVERSITY OF WISCONSIN-
SUPERIOR

O Diesslin, Blaine R., 71

O Eschels, Curtis P, ‘72
Ringsred, John N., ‘68
Sjostrom, Keith J., ‘84

O Wooden, William H., 72

UNIVERSITY OF WISCONSIN-
WHITEWATER
De Voe, Michael J., ‘77

UNIVERSITY OF WYOMING
O Bunch, Wilbur L., ‘49
Meyer, Edmond G., ‘64
Peterson, Orville K., ‘54

Upsata CoLLEGE

Barrett, Richard J., ‘57
Corwin, Vera-Anne V., ‘54
Nilson, Lennart H., ‘54

UTica CoLLEGE
Capparelli, Michael J., ‘62
Dyer, Fred S., 58

VALDOSTA STATE UNIVERSITY
Rumstay, Kenneth S., ‘86

VANDERBILT UNIVERSITY
Seufert, Edward R., ‘86
Starr, Elin D., ‘90

4 Wright, Donald R., ‘81

VILLANOVA UNIVERSITY
4 Martino, Anthony J., 79

VIRGINIA MILITARY INSTITUTE
O Serenbetz, Stuart W., 76
O Tucker, John H., 78

VIRGINIA POLYTECHNIC
INSTITUTE AND STATE UNIVERSITY
Allison, Dennis O., ‘64
Nimick, Daniel S., 78

Robins, C. Howard, ‘65

VIRGINIA STATE UNIVERSITY
& Stith, James H., ‘64

WaBAsH COLLEGE
Livengood, C. D., ‘62
Monroe, Bruce M., ‘60
O Tait, William C., ‘60

WAKE FOREST UNIVERSITY
Love, Lane A., ‘77

WASHBURN UNIVERSITY
O Miles, Vincent A., ‘86

WAYNE STATE UNIVERSITY
Gubbins, Harry L., ‘49
O Katz, Fern S., 49
Morin, Dornis C., ‘48

WESLEYAN UNIVERSITY
O Fancher, David L., 72

WEST VIRGINIA UNIVERSITY
O Allen, Anna M., 92
Ford, George D., ‘59
Hoge, Frank E., ‘60
Huffman, Gerald P, ‘60
Pierson, Robert C., 73
Shanholtzer, Wesley, ‘61
Smith, Fred R., 70

WESTERN ILLINOIS UNIVERSITY
Boparai, Jack S., ‘84

O Chan, Shirley S., ‘69

O Dickison, Alexander K., ‘65

Tomlinson, Francis K., ‘63

WESTERN KENTUCKY UNIVERSITY
O Bennett, Maury T., ‘80
Harris, Donald T., ‘63

Leach, Kenneth D., ‘63
Rogers, Mark, ‘04

WESTERN WASHINGTON
UNIVERSITY
Cline, John R., 76

WESTMINSTER COLLEGE
Mansell, Edward R., ‘89
Metzler, Roger A., ‘69

WHEATON COLLEGE
Abraham, Douglas S., ‘86
McDowell, H. C., 58
Richert, Norman J., 71

O Riedesel, Charles P, ‘72

WHEELING Jesuit COLLEGE
Lynch, John J., ‘05

WIcHITA STATE UNIVERSITY
4 Ladd, Nelson S., ‘62

O Pistotnik, Frank S., 72
O Scrivner, Timothy T., 75
Wood, Gordon L., ‘61

WIDENER UNIVERSITY
Garneski, Charles J., 70

WiLLiAM JEwELL COLLEGE
Baker, Blane

Dixon, John W., ‘58
McElwee, Carl D., ‘63
Philpot, John L., 55

WORCESTER POLYTECHNIC
INSTITUTE

Bernacki, Stephen E., 70
Lawry, Stephen R., 79
Tsakraklides, George, ‘92

WRIGHT STATE UNIVERSITY
Beard, James B., ‘69
Decker, William C., ‘84
Hehmeyer, John L., ‘87

O Rice, Donald W., ‘69
Wiefling, Kimberly M., ‘83

XAVIER UNIVERSITY
Grothaus, Jeff T., ‘77
Kuhlman, William H., ‘69
Zeitz, William M., ‘68

YOUNGSTOWN STATE UNIVERSITY
Adams, Louis W, 72

FRIENDS OF SIGMA P1 SigmMA
* Burch, James L.

Cabell, Brenda

Caligan, Cameron E.

Campbell, Andrew C.

Chambers, Jane

Chang, Dominic

Charnawskas, Joseph C.

Cheriyan, Kevin

O de la Pena, Luis

Fulling, Stephen A.

O Glass, George

Golombek, Sergio G.
O Guenzel, Jeffrey

Hauke, Brittney M.

Hennig, Lee Ann

4 Howes, Ruth H.

Huen, Albert

O Kirby, Kate P

4 Ludlow, Janet

Malcolm, Samantha

O Mann, Myron

Nolis-Schwab, Tracy

O Passwaters, William R.
@ Peterson, Dick

O Phillips, Julia M.

4 Reinhold, Lawrence
38 Runge, Keith

Schaich, David

Schotlen, Roger

Sheldon, Peter

O Siedband, Melvin

Smith, Thomas

Steffen, Kyle E.

Strandburg, Patricia

Strozzi, David

O Swartz, Catherine

O Taylor, James H.

Vaccarella, Brigitte J.

Volkov, Alexey

¢ Weinstein, Berthold W.

Wimbish, Whitney

Winnewisser, Brenda &

Manfred
Wyant, Gail
Zarske, Kinsey-Ann E.

https://donate.aip.org

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




Spotlight on Hidden Physicists

Share your story at www.sigmapisigma.org

THE LAW SCHOLAR

HAIDER ALA HAMOUDI
ASSOCIATE PROFESSOR OF Law,
UNIVERSITY OF PITTSBURGH SCHOOL OF LAw

My undergraduate physics degree helped to launch my legal career in a very concrete
way. It got me admitted to a school I am fairly sure I would never have had the oppor-
tunity to attend had I majored in almost anything else. My grade point average coming
out of college was lower than any of my classmates at Columbia Law School. Yet they all
had history and political science degrees. Because I was a physicist, I did not need to be
quite as “perfect” as my classmates to get admitted.

Photo courtesy of Haider Hamoudi. Once in law school, it became clear why. I was better prepared to meet the expecta-
tions imposed upon me by my professors. It seemed as if many of my classmates were
unaccustomed to working long hours to prepare for class. They preferred to study as
little as possible and, just before examination time, spend several sleepless nights in
preparation for the big test. That does not work in law school, and nobody who has at-
tempted a physics experiment or spent even a little time in a working lab would think it
works in science either.

“Now 1 tell virtually anyone who enjoys science to get
themselves a bachelor’s degree in physics.”

My degree in physics also provided various intangibles that tend to play in my favor. A
junior partner at the firm where I began my career was interviewing me and noticed that
I had a degree in the sciences. He asked me if I knew why spiders tended to inhabit his
window but not the windows of his colleagues across the hall. Of course, that has little to
do with physics, but the partner in question seemed to assume that science majors know
everything scientific that there is to know. I hazarded a guess: namely, that his window was
on the north side of the building and thus had less sunlight than those of his colleagues on
Jerome L. Greene Hall at Columbia the south side. He was so impressed, he told me years later, that he strongly recommended
Law School. Photo by Another Believer. me for a position on the basis of that answer alone! I still don’t
know if I was right, ironically enough.

A few years later, the same firm sent me to Indonesia to
work on a very high-profile arbitration involving a major
client because the dispute involved a power plant. My firm
figured I could understand the generation of electricity from
a steam turbine better than anyone else. I was able to take
advantage of this opportunity in order to move on to the
next phase of my career as a law professor, a job I have held
happily for the last seven years. In many ways, I owe it all to
physics.

Now I tell virtually anyone who enjoys science to get them-
selves a bachelor’s degree in physics. It prepared me incredibly
well to work in a field in which no scientific knowledge is
needed or assumed, and a large number of practitioners are, to
put it charitably, mathematically challenged. «#
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THE DISNEY ANIMATOR

ERNEST PETTI

TECHNICAL SUPERVISOR,

WALT DISNEY ANIMATION STUDIOS

S1GMA P1 S1IGMA CARROLL UNIVERSITY CHAPTER ‘96

Like many physicists, I have always enjoyed learning and discovering how and why things
work. I majored in physics and computer science at John Carroll University in University
Heights, Ohio, and after graduation, I developed prototype software for cockpit displays
at Rockwell Collins. After a few years I had a better sense of what I truly wanted to do. I
wanted to work on visually integrating physics and computer science in a way that would
entertain people. So I earned an MS in computer science at the University of lowa in lowa
City, focusing on computer graphics.

I then applied for a variety of jobs in computer games, visual effects, and animation.
Fortunately, I landed a job at Walt Disney Animation Studios, where I've been ever since.

I started at Disney in the software group developing lighting and fur-generation software.
After becoming interested in the artistic side of production, I was a lighting artist on Chicken
Little. An almost entirely artistic position, the role required me to think about ways that light
ought to physically behave in a scene to achieve the artistic goals set by the director.

I continued in both lighting and shader development roles on the next several shows. The
fascinating aspect of shader development was writing code that described how objects made
of different materials interact with light in a shot. I was algorithmically describing the physics

Photo courtesy of Ernest Petti.

“1 am constantly referring back to my background in physics.”

of the computer world in an artistically controllable way. This synthesis of my technical
backgrounds and my newfound artistic skills was a great way to bring together everything I
had learned over my education and career.

Today I am the technical supervisor on Zootopia, an animated film scheduled to open in
the spring of 2016. In this role I coordinate all the research and development for the film; I
work with our technology groups on tool and process enhancement, supervise the technical
directors on the show, and do show-specific research and development. As we move into
production, my role will transition to ensuring that artists are able to keep working smoothly
and any technical hiccups are short-lived.

As I try to provide artists with a tool set that is physically plausible but artistically
controllable, I am constantly referring back to my background in physics. The basic problem-
solving skills I learned in physics have served me well and helped me to understand the

Concept art from Big Hero 6 (left) fundamentals of how things work. They've given me a broad base of knowledge with which
and Petti’s current movie, Zootopia
(right). Images courtesy of Ernest
Petti. © Disney.

to face the challenges I've experienced in a variety of roles at Disney. «#
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THE WALL STREET ANALYST

AMY RODGERS

SALES AND TRADING ANALYST,

CITIGROUP, NEW YORK
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I knew even before starting college that I wanted to study physics. What I didn’t know was
just how much a degree in physics would open career doors for me.
Coming from a family of scientists, I became interested in physics at a very young

age. Exploring the field was always something that was encouraged and supported in my

family, especially by my grandfather. He had an amazing way of making anything from
Photo courtesy of Amy Rodgers. . . .

cosmology to electrodynamics part of our dinner conversations. So when I started at the
University of Virginia in Charlottesville in 2010, studying physics seemed like a natural
fit. I became very involved with the university’s SPS chapter and its weekly Friday speaker
series, in which guest lecturers spoke about their work.

While I enjoyed learning about theory, it was the applications of physics that really
captivated me. Whether it was hearing about medical physics, nuclear engineering, or
even the physics of climate change, I was continually impressed and amazed at how widely
physics could be applied.

“My understanding of underlying mathematical concepts
made the finance learning curve quickly scalable.”

The summer after my third year, I studied international economics at the University
of Oxford. It was there that I discovered an interest in economics and financial markets. I
realized that the skills I had learned in the physics department were applicable to financial
analysis. Calculus is the second language of the physics major, and my understanding of
underlying mathematical concepts made the finance learning curve quickly scalable.

When deciding on a career, I wanted to find something that utilized my technical
and analytical abilities in a dynamic and fast-paced setting. So I moved to Wall Street.
While this might not seem like a typical career choice coming from the sciences, I believe

my physics background more than adequately prepared me. My training taught me to
The Citigroup Center as seen y phy & q y prep y g g

from the streets of Manhattan.
Photo by Jonathan7I. by them. It also taught me to solve seemingly complicated

tackle complex projects in an unbiased and analytical manner, rather than be intimidated

problems by breaking them down into their constituent
variables. Thanks to these skills, I was able to quickly learn
how to analyze equities, derivatives, rates, and fixed-income
securities to become a licensed broker.

I joined the Citigroup Institutional Clients Group after
graduation and currently work there as a sales and trading
analyst. The hundreds of computers, phones, and televisions
on Citi’s New York trading floor provide an extremely intense
and energetic work environment. I handle the analytics
for our team; it is my job to understand and create metrics
around investment trends in the hedge fund industry.

In New York I have met many other professionals in
finance who made a similar switch from physics. I didn’t
realize just how many hidden physicists were hiding out on
Wall Street! «s#
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CoNNECTING WORLDS

The Poetry of Physics

. . Will mounted ebonite disk

Pro [:e ssor Tai C, I_OCI uicur On smooth unyielding bearing,
When turned about with notion brisk

by James Clerk Maxwell (Nor excitation sparing),
Affect the primitive repose,
Of + and — in a wire,
So that while either downward flows,
The other upwards shall aspire?
Describe the form and size of coil,
And other things that we may need,
Think not about increase of toil
Involved in work at double speed.
I can no more, my pen is bad,
It catches in the roughened page—
But answer us and make us glad,
THOU ANTI-DISTANCE-ACTION SAGE!
Yet have I still a thousand things to say

James Clerk Maxwell (Great Britain, 1831-1879) derived mathematical But work of other kinds is pressing—
laws explaining electricity and magnetism in terms of force fields, a So your petitioner will ever pray
“great revolution,” as Einstein said, “in the conception of reality.” That your defence be triple messing.

. The world’s not constructed of particles but tiny loops, say the String Theorists.
S trl n g Th GO ry This is their Holy Grail, the big idea unifying all natural forces. They worked
at warp speed, but the loose ends weren't tied in time for the new
by Maria Terrone millennium. My theory: the world’s a giant spool of string
unraveling since Day One. When we're tangled
by problems, stomachs in knots, the string
has caught on cosmic debris. Turning
within, medievalists found meaning
in phlegm, blood, bile; but now,
sensing that we merely reflect
what's outside, we say we're
strung out. In the riotous 60s,
as the string snagged again & again,
nervous hands tied macramé that almost
strangled the world. Sometimes, our days roll
out smoothly. The earth’s spin pulls us from our beds,
snipping the threads of dreams. We scatter to work, laugh;
kick off our shoes at the end of each day. The world unwinds too,
and together we inch towards the untethered space beyond our last turn.

© Maria Terrone. First published in /A magazine and included in the poetry collection A Secret Room in Fall (McGovern Prize, Ashland Poetry Press, Ashland, OH).
Maria Terrone is an American poet and writer. She is the author of three collec-tions of poetry: Eye to Eye (2014), A Secret Room in Fall (2006), and The Bodies We Were
Loaned (2002), plus a chapbook, American Gothic, Take 2 (2009). She has been nominated four times for a Pushcart Prize, and her work has appeared in more than 20
anthologies. She is married to William Terrone (Sigma Pi Sigma, Hofstra University, ‘68). www.mariaterrone.com. mterrone@nyc.rr.com.

Illustration by Matt Payne.
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An Inquiring Mind

MEMBER PROFILES

From cancer to meteoroids, Sigma Pi Sigma member Jehnae Linkins,
Lincoln University ‘14, has explored several fields of research

How did you get started in research?
During my freshman year at Lincoln
University in Pennsylvania, I was try-

ing to figure out exactly what type of
research [ wanted to get into. My college
had many seminars in which internships
were offered, but nothing really jumped
out at me. Then David Lubaroff from the
University of Iowa in Iowa City came to
speak to the students about U of I's pros-
tate cancer research program. I was very
intrigued by the program, so I applied and
was accepted.

One of my peers had gone to the same
internship during his freshman year; he
said it was the best research opportunity he
had been a part of. Seven other students in
my classes were accepted to the program,
so I knew people that were going.

I worked on a project to understand
the processes that cause multiple myeloma
cells to express high levels of the Forkhead
box protein M1 (FOXM1), a protein that is
considered to be a good target for antican-
cer drugs. Whether I was culturing cells or
conducting a lentiviral experiment, I was
always asking how to combat this protein.
The answer seemed so simple at times: just make stronger anti-
bodies or treat the cancer right at the source. But there were so
many variables that had to be taken into consideration. Being on
the cutting edge of cancer research is a stimulating experience. It
takes a lot of patience, but being able to help others is the biggest
reward of all.

What opportunities did this research create for you?

After the completion of this summer research, all of the interns
participated in a science fair at our school. I was nervous,

even though I was presenting in front of my peers, but I did a
great job. I won second place in the cancer biology category.
After the science fair, I applied to different conferences and
was invited to present at the Biomedical Engineering Society
Career Conference and at the National Organization for the
Professional Advancement of Black Chemists and Chemical
Engineers NOBCChE) Conference in New Orleans. Both of
these opportunities opened more doors for me to meet with
other students and faculty who were interested in the same field
of study. Presenting was very nerve-racking for me, because

I naturally talk very fast. I had to practice slowing down my
speech so that others would understand what I was saying.

Jehnae (center) poses with Dr. Dean Swinton (left) and Dr. Norman Wagner (right) in front of a
poster documenting her work on the NASA project. Photo courtesy of Jehnae Linkins.

What other projects have you been involved with?

In the summer of 2014, I did research at the University of
Delaware in Newark. This project had nothing to do with
cancer. It was aimed at developing composite materials for
spacecraft to provide extra protection from micrometeoroids
and orbital debris impact. This experience itself had an impact
because it opened my eyes to more of an engineering outlook.
The academic and social atmosphere of this institution left a
lasting positive impression on me.

Experiencing two very different internships broadened my
perspective on the applications of science. Now, during the
school year, I am working on yet another kind of project that
mostly involves coding. The wide range of experiences I have
had helped me to realize that I want my career to focus on
biomolecular engineering.

What do you do for fun?

When I'm not in the lab doing work, I like to crochet and
knit. I recently completed my first two projects, an infinity
scarf and a beanie hat to match. I am also obsessed with the
old Transformers cartoon. My room is decked out in Trans-
formers toys. «#
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ecause the speed of light is finite, we never see things as

they are, but only as they were. In a sense, we are always

looking at the past; information from the past comes
swiftly to us in the form of light. Sometimes it’s interesting to
stop and recollect our thoughts on points of physics we know
well to appreciate how strangely interesting they reveal the
world to be.

The special theory of relativity inverted Newtonian
paradigms of space, time, and light. In Newtonian relativity,
space and time were separately invariant; consequently, the
speed of light was relative. Furthermore, time was independent
of the three spatial dimensions, so time in the Newtonian
world had no “direction.” In contrast, special relativity
postulates the speed of light to be invariang; as a result, space
and time are relative and form a four-dimensional geometry,
giving time a direction in space-time. According to Hermann
Minkowski, one of Einstein’s professors, mathematicians
should have anticipated the hyperbolic geometry of space-
time and been the ones to invent special relativity. Three years
after Einstein published “On the Electrodynamics of Moving
Bodies,” Minkowski delivered a speech called “Space and
Time” to the 80th Assembly of German Natural Scientists
and Physicians:[1]

...We will try to visualize things by the graphic method. Let
x, ) z be rectangular coordinates for space and let # denote
time. The objects of our perception invariably include
places and times in combination. Nobody has ever noticed
a place except at a time, or a time except at a place....With
this most valiant piece of chalk I might project upon the
blackboard four world-axes. Since merely one chalky axis, as
it is, consists of molecules all a-thrill, and moreover is taking
part in the Earth’s travels in the universe, it already affords us
ample scope for abstraction...
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... The concepts, space and time, cause the x
z-manifold # = 0 and its two sides # > 0 and # < 0 to fall
asunder....To establish this connection, let us take a positive
parameter ¢, and consider the graphical representation of

CP—¥—y—2=1

It consists of two surfaces separated by 7= 0, on the analogy
of a hyperboloid of two sheets. We consider the sheet in
the region 7 > 0, and now take those homogeneous linear
transformations of x, 3 z, ¢ into four new variables x), y) 2/
t'for which the expression for this sheet in the new variables
is of the same form...

On his diagram Minkowski constructs new x-¢" axes
(suppressing y and z) that preserve the form of the hyperbola
in Eq. (1). All such transformations parametrized by ¢ form a
group that he calls G . As ¢ approaches infinity, the new x"axis
approaches the old x axis, and the direction of the #'axis—the
“direction of time”—becomes ill defined. Thus, continues
Minkowski,

... The group G_, becomes no other than the complete
group which is appropriate to Newtonian mechanics. This
being so, and since G[ is mathematically more intelligible
than G_, it looks as though the thought might have struck
some mathematician, fancy-free, that after all, as a matter of
fact, natural phenomena do not possess an invariance with
the group G_, but rather with a group G, e being finite and
determinate, but in ordinary units of measure, extremely great.
Such a premonition would have been an extraordinary triumph
for pure mathematics. Well, mathematics, though it now can
display only staircase wit, has the satisfaction of being wise
after the event, and is able, thanks to its happy antecedents,

Image courtesy of NASA and ESA/Hubble



with its senses sharpened by an unhampered outlook to far
horizons, to grasp forthwith the far-reaching consequences of
such a metamorphosis of our concept of nature.

I will state at once what is the value of ¢ with which we
shall finally be dealing. It is the velocity of light in empty

space.

Because the speed of light is “exceedingly great,” in everyday
life we get away with treating it as if'it were infinite. When
the referees in a football game review the replay video of the
game-winning touchdown that was thrown as the game clock
reached 00:00, they do not worry about the time required for
the light to travel to the various cameras. Those time intervals
are so short—about 30 nanoseconds for a camera 10 meters
from one of the crucial events—as to be indistinguishable
from zero. One exception in daily life is the noticeable delay
in conversations via satellite between parties on opposite sides
of the world. For the signal to travel 60,000 miles or so takes
about a third of a second. But whether it makes a practical
difference in routine life or not, when I look at you across

the coffee-shop table, the realization that I see you not as

you are but as you were a nanosecond ago nurtures a deeper
appreciation for how the world works.

When the distance scales are vaster than those of daily life,
the strangeness of the world becomes significant. Traversing
astronomical distances lies outside our store of personal
experiences, but we can appreciate the issues by using familiar
distances while imagining the speed of light to be slow
enough that the consequences would become part of our
tacit knowledge.[2] For example, where I live in Oklahoma
places me about 1,500 miles from Appomattox, Virginia,
where in 1865 General Robert E. Lee surrendered to General
Ulysses S. Grant to end the American Civil War. I am writing
this in 2015, the 150th anniversary of the Appomattox
surrender. Supposing the speed of light were only 10 miles
per year (kindly ignore all other changes to the world that
would result from such a ridiculous scenario), the light from
the Appomattox surrender—the fastest way information
could travel—would just now be entering my telescope in
Oklahoma. If I knew from earlier telescopic observations who
Lee and Grant were, I could announce “News flash—General
Lee has just surrendered to General Grant!” Such exaggerated
examples (which have pedagogical uses when teaching
introductory astronomy) illustrate the limits placed on the
exchange of information by the finite speed of light.

[ am sitting outside in my backyard on a beautiful starry
night. For the sake of illustration, let me use round numbers.
Suppose the Moon is about two light-seconds away, Jupiter
about 30 light-minutes away, and Sirius about 8 light-years
from Earth—not to mention the Andromeda galaxy about
two million light-years from us, and that’s only the galaxy next
door. At this moment 70w, light from each of these bodies
arrives here, simultaneously, where I sit on my patio. The
light entering my eye at this zow moment (like the moment a
photograph is taken with a superfast shutter speed) bounced off
the lunar surface two seconds ago; the light arriving 7ow from
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Jupiter reflected off the Jovian upper cloud deck half an hour
ago; and the photons now arriving from Sirius left that blue
giant’s surface eight years ago. If I plot on a space-time diagram
(not to scale!) the emission events of all those signals and my
reception of them here and now, I make something like Fig. 1.

Fig. 1. Space-time diagram of the simultaneous reception now of light signals

from the Moon, Jupiter, and Sirius.

We realize as we gaze at the sky at this moment that we are
seeing the Moon, Jupiter, and Sirius not as they are, but as
they were, two seconds, half an hour, and eight years ago,
respectively. What's happening at Sirius 7ow we have no way
of knowing; if it exploded tonight we could not know it for
another eight years—the last bit of light emitted is just now
setting out on its way, and its trailing edge has to travel 8 light-
years to reach my patio.

Light arriving here at tonight’s zow moment also includes
the microwave photons from the cosmic background
radiation, when those photons last Thompson-scattered off the
gas of ionized atoms and free electrons, around 400,000 years
after the big bang. At that time the primordial fireball became
cool enough for electrons to stay bound to nuclei, forming
neutral atoms and allowing light to propagate freely across the
universe, the big bang’s afterglow. The same thing happened
here 13.7 billion years ago, but the Thompson-scattered
photons that were the last to be scattered at the chunk of
space where I now sit are, tonight, 13.7 billion years removed,
heading away from here, while their fellows from across the
universe, going the opposite direction, are intercepted here by
us tonight. Mind-blowing events sometimes offer material for
lofty thoughts.

The finite speed of light presents serious challenges for
space travel and communication. At the speed of a commercial
airliner, the time to travel between the Sun and Earth would
be 17 years. To go from the Sun to Jupiter would take about
89 years. Traveling from the Sun to Alpha Centauri, 4.2 light-
years distant, would take about 4.6 million years. To cut the
flight time to something reasonable, we obviously must go
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much faster. But £ = mc*(1 — v*/c*>)~" means that enormous
amounts of energy are required for a spacecraft to travel a
significant fraction of the speed of light. For example, a 100-
ton spacecraft moving at half the speed of light represents a
kinetic energy of about 10? ]. In recent years the United States
consumed approximately 10%° J annually.[3] Thus the kinetic
energy represented by such a boost of this payload would be

a hundred times the annual energy consumption of the USA.
Although this problem is solvable in principle, it does present
daunting engineering and economic challenges.[4]

Radio communications between mission control and its
spacecraft face interesting delays, as NASA engineers well know
from keeping in touch with Mars rovers, the Cassini mission
to Saturn, the Voyager probe now leaving the solar system, and
so on. If you tell a Mars rover to turn left, it won't receive your
command for at least four to twenty minutes, depending on
the locations of Earth and Mars in their orbits about the Sun.
When driving Spirit and Opportunity, speeding is not allowed.

If other star systems are home to civilizations capable of
communicating by radio, making contact with them is also a
matter of timing. We have been broadcasting radio programs
for about a century and television programs for over half a
century. Imagine an episode of / Love Lucy broadcast in 1955.
Some of that radiated signal leaked past the ionosphere into
interstellar space and would now be 60 light-years from Earth.
If a civilization within that range has a sufficiently sensitive
receiver tuned to the right frequency, they might pick up the
faint signal and amplify it (if they are able to filter the program
from the carrier wave). Whether they would conclude it was
sent by intelligent life forms another question. If they are just
now detecting it and decide to reply at once, we won't receive
their reply for another 60 years. A spherical shell with a 60
light-year radius encloses about 900,000 cubic light-years. If
we assume 4 light-years of distance between stars in our corner
of the galaxy to be typical, so that a 4x4x4 cubic light-year
volume selected at random in a neighborhood holds about
four stars, then this back-of-the-envelope calculation suggests
that the 1955 7 Love Lucy episode has swept over something on
the order of a hundred thousand stars. If only one percent of
them have an Earth-like planet in a star’s habitable zone, that’s
still on the order of a few thousand potential extrasolar viewers
of Lucy’s antics. Was anyone out there tuned in?

How long will a transmitting civilization be able to
broadcast signals, and how long will the receiver civilization be
capable of receiving them? Since radio broadcasting technology
develops approximately coincidentally (on an evolutionary
timescale) with nuclear weapons and with industries that
destroy the ecosystem faster than the users realize what they
are doing, we have no guarantee that, once a civilization
becomes radio communicative, it won’t destroy itself on a
timescale short compared to astronomical light-travel times.
Picture interstellar radio broadcasts as arrows traveling outward
in all directions from the sending planet. If a civilization
broadcasts for a time equal to 100 Earth years, those arrows
are 100 light-years long. For our colleagues in the Search for
Extraterrestrial Intelligence (SETI) to detect a signal from
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an extrasolar civilization, the SETT listeners must have their
“ears on” some time while that arrow transmitted by the other
civilization sweeps over the SETT antennas. If a receiver’s star
can support a habitable planet for five billion years after the
resident civilization becoming technological, but the sending
civilization transmits radio signals for only a thousand years,
then during the remaining lifetime of the receiver’s star, the
odds that the receiver’s antenna will happen to be on during
the time the sender’s arrow sweeps through the receiver’s solar
system is about one chance in five million.

Because of the finite speed of light, not only do we see
events after they happen and objects as they used to appear,
but we also see the shapes of objects distorted. The effects I
mean are not those of relativistic length contraction. Special
relativity deduces from its postulates a distinction between an
object’s “proper length” L_(its length measured when at rest)
and its length L when it moves by the observer with speed v
(the time between the moving object’s front and back edges
passing a fixed marker, measured with a local clock at the
marker). The proper and “improper” lengths are related by
the length contraction formula, Z = L (1 — 2*/%)"”. Students
frequently ask, “What is the actual length?” but that is not
the question. The length of an object is not a property of the
object izself; rather, length is a relationship between observer
and observed, and that relationship depends on their relative
motion. Both Z and Z_are “actual” lengths.

'The focus of our attention here is not proper versus
contracted length, but how the object visually appears because
of the time required for the signal to travel between source and
observer. Stand with me by the narrow-gauge railroad track
near Durango, Colorado, as the magnificent antique steam
locomotive No. 478 of the Durango & Silverton Railroad
comes thundering down the track (Fig. 2).

Fig. 2. Engine No. 478 steams out of Durango, Colorado, headed for
Silverton. To make this photo, light reflected from the back of the train and
light emitted by the headlight had to enter my camera lens simultaneously.
Light coming from the back had to catch up with the front of the train. Then
light from the back and from the headlight could depart together toward the
camera. Because of the train’s motion, its visual length is, in principle, longer

than its measured length. Author photo.



It left Durango a few minutes earlier, and as it comes toward
us it’s up to speed and heading toward Red Mountain Pass
en route to Silverton. I am standing with you alongside the
track, looking down the length of the entire train, seeing in
one glance everything from the headlight on the locomotive
to the caboose. At time £, which means the 70w moment (like
snapping a photograph with a superfast shutter), some of the
light entering my camera came from the locomotive’s headlight
and some of it came from the caboose; that is why I can see the
entire train at time # = zow (assuming parallel rays). Because
the train is moving with velocity v and because the speed of
light is finite, in principle the train appears longer than the
train’s measured length L. (L is already length-contracted
relative to the proper length.) Let L'be this visual length.

For the light that reflected off the caboose and the light
emitted by the headlight to enter my camera together at time
t = now, the photon from the caboose had to come alongside
the headlight at the same instant the headlight emitted its
photon. After that the two photons travel side-by-side to enter
my camera simultaneously. After leaving the caboose, the
caboose photon had to catch up with the front of the train and
thus traveled the distance (relative to me) L), which takes time
(as seen by me) A therefore L' = cAr. Meanwhile, the front of
the train moved the distance vAz. Thus to catch the headlight
the caboose photon had to travel the length L= L + vAr =
L + v(LY/c) so that L'= L(1 — v/c)”'. Generalized to three
dimensions, a visual volume V' compares to the measured
volume V'according to

4

V= 1-R-v/c

@

where R is the vector from a source point to the observer.

For a similar reason, a three-dimensional object sweeping
by an observer will appear rotated.[5] Consider a box moving
with velocity v past an observer. Let the box’s plane nearest
the observer be parallel to the direction of v. The issue here is
not the change in shape or volume due to length contraction;
rather, the point of interest here is how the box appears rotated
because of the extra time it takes for light from the far trailing
edge to traverse the box’s width. Let A denote the far trailing
edge, and let B and C denote, respectively, the trailing and
leading edges of the box face closest to the observer (Fig. 3).
The light from A, B, and C that arrives simultaneously at
the observer’s camera had to cross the B-to-C line together
(assuming the photographer to be far enough away that
light rays from A, B, and C are parallel when they enter the
shutter). That means the light from A had to leave at time Az
= w/c eatlier than the light from B and C, where w denotes the
A-to-B length. In that time B and C move the distance vAr to
the observer’s right. Although the A, B, and C photons cross
the B-C line together, the photon from B will have departed
to the right of the A photon, so in the photograph the back
side of the box appears to the observer to have been rotated
through an angle 0, where sin 0 = vAz/w = v/c. «c®
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Fig. 3. The box appears rotated. Light from A, B, and C that arrives at the
observer simultaneously had to cross line B-C together, which means light
from A was emitted earlier, so when it reaches the B-C line, point B has

moved to the right.
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KEEP READING

The finite speed of light also has profound implications for electromagnetism.

To learn more, check out the second part of this article online at
http://www.sigmapisigma.org/radiations/elegantconnections-v21-i1.pdf.
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“Having the opportunity
to talk with the physicists
invited to give talks was
amazing, but simply talk-
ing to physics students

from around the country
helped to open our eyes
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community.”
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from Idaho State University
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Once every four years hundreds of physics students, faculty, and Sigma Pi Sigma
alumni from all walks of life gather for the Quadrennial Physics Congress. They
spend a packed weekend making new connections, interacting with scientists and
distinguished speakers, debating common concerns for the discipline and society,
and touring iconic scientific venues. Make plans now to attend the 2016 Congress
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NASA's Ames Research Center

Interactive Workshops... Poster Sessions... Art Contest... And Much More!




