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APS President Urges Members To Take
Action on Federal Science Funding

By Calla Cofield

In response to the FY08 budget
passed by Congress, which fell near-
ly a billion dollars short in science
funding compared to the levels au-
thorized last summer, APS president
Arthur Bienenstock sent two email
messages to all APS members, urging
them to write to Congress. The Fed-
eral Funding Alert email that went
out on January 10 called the cuts a
“devastating blow to basic research.”
Bienenstock is asking APS members
to tell Congress to pass emergency
supplemental appropriations to re-
place some of the cut funding.

The email provided a link to an
on-line form for members to write to
their representatives and to President
Bush, including suggested templates
for the letters. At press time, APS’s
Washington DC office reported that
more than 3300 members had used
the online form to write to Congress
and the Administration.

The email, titled “Please help
rectify science damage in FY08 bud-
get,” emphasized the impact that the
budget cuts will have on science pro-
grams nationally and internationally:

“The [FY08] budget, which
wipes out 81 billion in increases ap-
proved last summer for the National
Science Foundation (NSF), the De-
partment of Energy’s Office of Sci-
ence (DOE Science) and the NIST
laboratories, does irreparable dam-
age to science and abandons the In-
novation/Competitiveness initiatives
of Congress and the Administration.

...The request in the attached let-

Paul Diugokencky (aDailyCartoon.com) for APS NEWS

ters is to restorve that funding in an
FY08 supplemental appropriations
bill, and to support the FY09 budget
at the levels authorized in the COM-
PETES act, efforts that the APS
Washington Office are pursuing with
both Congress and the Administra-
tion.”

Bienenstock’s email also pointed
out that the budget drastically cuts
R&D for the International Linear
Collider, and zeroes out the US con-
tribution to the ITER project. “These
actions are severely damaging to the
U.S. standing in the international
scientific community,” the message
says.

In a second email, sent January
22, Bienenstock added “The Depart-
ment of Energy Office of Science re-

leased a document last week listing
the impacts to all of its programs. In
addition to the damage to the Fusion
and High Energy Physics programs
that 1 emphasized last week, there
are major impacts in Basic Energy
Sciences (BES) and Nuclear Phys-
ics programs. The Intense Pulsed
Neutron Source at Argonne Na-
tional Laboratory is being closed
permanently and various construc-
tion projects will be delayed...nearly
700 proposals responding to a BES
solicitation for energy research have
been declined.”

The online form to write to Con-
gress can be found on the APS web-
site. Go to the Policy and Advocacy
page, click on “Advocacy Tools” and
then on “Write Congress.”

POPA’s Short Reports Give Congress Timely Scientific Expertise

The APS Panel on Public Af-
fairs (POPA) has produced a series
of “short reports” on topics ranging
from energy and the environment
to national security issues since
2004. The aim: to provide critical
technical expertise to Congress in a
timely fashion on policy issues with
a strong science or technological
component.

The APS membership includes
eminent physicists with expertise
that is highly relevant to several is-
sues being debated in Congress, and
part of POPA’s mission is to provide
the Society’s input on those issues
to legislators who are responsible
for making policy decisions. One
way of doing this is through in-
depth technical studies, known as
full-or short-length reports.

Full-length reports—such as the
landmark 1989 Directed Energy
Weapons study—are costly and can
take as long as three years to com-
plete. By the time a full-length
study is completed, Congress may

have acted on some of the pend-
ing questions—without input from
key scientific experts. Short reports
are designed to fill that gap. They
can run about 20 pages, include a
summary of the main findings and
recommendations, and can be com-
pleted in eight months or less.

POPA members propose topics
for short reports to the panel, which
discusses the merits, time scale,
logistical feasibility and “whether
or not the physics community has
something intelligent to say about
the issue,” says Robert A. Eisen-
stein, who chaired POPA in 2007.

“This is very critical,” he says.
“We don’t get involved with issues
where we don’t have expertise. Our
focus is, what can science tell you?
We stay out of the political dimen-
sion.” If the proposed topic passes
muster, a formal charge is pre-
pared..

“The model has worked well
because the issues are still fresh
in Congress’s mind when we an-

nounce our results,” says Francis
Slakey, associate director of public
affairs in the APS Washington Of-
fice.

The office now receives direct
queries from congressional and
federal offices on specific issues
because staffers are aware that APS
has expertise and can respond in a
shorter time frame. For example,
the U.S. Department of Homeland
Security recently asked POPA to
convene a panel of experts to evalu-
ate the capability of devices to de-
tect nuclear materials and/or radia-
tion shielding.

Most importantly, Congress
seems to be open to the phys-
ics community’s recommenda-
tions. The first short report—on the
planned $1.2 billion Hydrogen
Initiative—appeared in 2004, calling
for a focus on basic research and
away from demonstration projects.
It concluded that major scientific
breakthroughs are needed to make
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The APS journals now offer
authors the option to include their
names in either Chinese, Japanese
or Korean characters following the
name as it appears in Latin characters,
for example: Tadanori Minamisono
(FAE £Al) or Chang Kee Jung
(& & JI).The program, announced
in December, is offered for author by-
lines throughout the Physical Review
journals, including Physical Review
Letters.

The option offers advantages to
these authors and to readers of the
journal. Many names that are dif-
ferent when expressed in characters
become the same when transliterated
into English. Showing the characters
after the transliterated name removes
the ambiguity, and enables readers
to know definitively whose work is
whose.

The program is the brainchild of
Gene Sprouse, APS Editor-in-Chief.

“A person’s name is important. It is
the first word that a child learns to
write, and it stays with him or her
throughout life,” he observed. “Au-
thors who choose to have their names
printed this way can show their name
on their paper to a friend or family
member who may not read English!
Our international submissions are
growing and we occasionally have
trouble ourselves distinguishing one
Asian author from another. We value
these authors and we want to be wel-
coming to them in our journals,” he
said.

The pilot program for Chinese,
Japanese and Korean characters is
now available, and with time and
experience additional languages may
be offered. Instructions for authors on
how to supply the proper Unicode
characters at the time of submission
are at http://authors.aps.org/names.
html.

High-Energy Labs Reel Under Budget Cuts

By Ernie Tretkoff

Last year both the Administration
and Congress had shown support for
increasing spending on physical sci-
ence; the bipartisan America COM-
PETES bill authorized significant
increases for basic science. But in
December, Congress, scrambling to
pass an omnibus appropriations bill
for fiscal year 2008 that would meet
the President’s spending target, cut
billions of dollars, including substan-
tial cuts for science.

The impact on science was very
broad. At the DOE Office of Science,
fusion energy sciences was 33% be-
low the President's request (including
the cancellation of the promised $160
million US contribution to ITER, an
international fusion program); basic
energy sciences was 15.3% below;
and nuclear physics 8.2% below.

The budget for high energy phys-
ics was slashed 12%, from the $782
million requested to $688 million.

The cuts will result in layoffs of hun-
dreds of workers at both SLAC and
Fermilab. At SLAC, the B-factory
experiment will end in March, seven
months before its planned shutdown.

In the final appropriations, Fermi-
lab’s budget for FY08 was cut from
the $372 million requested to $320
million. This is less than the FY07
budget of $342 million.

The cuts will result in layoffs of
about 200 of the lab’s approximately
2000 staff members, and remaining
staff will subject to a “rolling fur-
lough,” requiring them to take two to
three days of unpaid leave per month.
Work on development for future
projects, such as the ILC, has been
stopped at Fermilab.

Fermilab Director Pier Oddone
called the budget tremendously dis-
ruptive. He said it pained him to have
implement layoffs and furloughs, but
says they are necessary to keep the
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Marco Fornari of Central Michigan University and Noam Bernstein of the Na-
val Research Laboratory were among the 132 APS members who came to
College Park, MD in December to sort the almost 7000 abstracts that had
been submitted to the March Meeting. The meeting takes place in New Or-

leans, March 10-14.
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Members in the Media ﬁ

“We would probably support
any competent scientist that wants
to run for Congress.”

Leon Lederman, on getting sci-
entists to run for office, US News
and World Report, December 6,
2007

“This represents an extraordi-
nary waste of the investment and
leadership established by the UK in
this truly international project.”

Albrecht Wagner, DESY, on the
UK pulling out of the ILC, The Tele-
graph (UK), December 13, 2007

“It reminds me a little bit of
NASA’s decision to launch the space
shuttle with O ring problems.”

Nigel Lockyer, TRIUMF on
Canadian Prime Minister Harper s
decision to overrule Canadas nu-
clear safety regulators and fire up
the Chalk River reactor, Vancouver
Sun, December 13, 2007

“Can the models accurately ex-
plain the climate from the recent
past? It seems that the answer is
no.”

David H. Douglass, University
of Rochester, on climate models, Fox

News.com, December 13, 2007

“If there’s a math of knots there
should also be a science of knots,

something that explains why they
form.”

Douglas Smith, UC San Diego,
San Diego Union Tribune, Decem-
ber 19, 2007

“He was a real nuisance when [
was taking high school physics. It
was the classic thing. . . you ask for
help and all you really want to know
is the answer to problem 5B—and he
wants to explain it to you.”

Persis Drell, SLAC, on being the
daughter of a physicist, San Jose
Mercury News, December 18, 2007

“If you tell 100 million people
to go east, 25 million will go west
because they don’t trust the govern-
ment.”

Jay C. Davis, on communication
after a nuclear attack, Los Angeles
Times, January 6, 2008

“Ours is a small detector. It’s
roughly the size of this building.”

Brad Cox, University of Virgin-
ia, on the CMS detector being built
for the LHC, Richmond Times-Dis-
patch, January 9, 2008

“When you break an egg and
scramble it you are doing cosmol-
ogy.”

Sean Carroll, Caltech, The New
York Times, January 15, 2008

Learning Assistants Impact
Undergraduate Teaching

At a recitation section for an intro-
ductory physics course at the Univer-
sity of Colorado at Boulder, groups of
students are typically seated around
tables discussing the nuances of New-
tonian mechanics or the intricacies
of electromagnetic induction—but it’s
not easy to spot the TA. In fact, there
are probably several assistants in the
room, but they don’t lecture or work
problems on the board. Instead, they
move from table to table asking stu-
dents questions to elicit their miscon-
ceptions about physics, and guiding
them toward a more sophisticated
understanding of the concepts being
taught. These undergraduate Learn-
ing Assistants not only help their
peers learn physics, but often discover
a passion for teaching in the process.

Now four years old, the Colorado
Learning Assistant program is start-
ing to attract attention from science
faculty around the country who want
to recruit strong students into teaching
careers. To capitalize on this momen-
tum, the Physics Teacher Education
Coalition (PTEC)-a project led by
APS in collaboration with AAPT

and AlP-recently organized and
sponsored a two-day workshop that
brought 22 faculty members from
a diverse group of 14 colleges and
universities to Boulder to learn how
to replicate Colorado’s successes on
their own campuses.

The workshop, which was led by
a team of Colorado science and edu-
cation professors, caught the Learning
Assistants in action both in the recita-
tion sessions described above, and in
the weekly science pedagogy course
that all Learning Assistants take dur-
ing their first year in the program.
This course provides the crucial op-
portunity for the program leaders to
impress upon the young teachers the
importance, and difficulty, of truly en-
gaging students. As Valerie Otero, an
education professor who co-teaches
the class, put it, “the Learning Assis-
tant experience helps students realize
that teaching is a real intellectual chal-
lenge, and for many of them, this is
exactly what they’re looking for.”” To
demonstrate this, she had workshop
participants and Learning Assistants

ASSISTANTS continued on page 3

This Month 1in Physics History

Heisenberg and the Uncertainty Principle

n February 1927, the young Werner Heisenberg
developed a key piece of quantum theory, the un-
certainty principle, with profound implications.

Werner Heisenberg was born in December 1901
in Germany, into an upper-middle-class academic
family. He liked mathematics and technical gadgets
as a boy, and his teachers considered him gifted. In
1920 he began studies at the University of Munich,
and published four physics papers within two years
under the guidance of mentor Arnold Sommer-
feld. Heisenberg became professional friends with
Wolfgang Pauli, who was just one year older than
Heisenberg and also a student at Munich.

He earned his doctorate in 1923, with a thesis on
aproblem in hydrodynamics, though he nearly failed
due to his poor performance on the required experi-
mental questions on the oral examination. After re-
ceiving his doctorate, he worked as

entists was retiring.

Though others may have found the wave ap-
proach easier to use, Heisenberg’s matrix mechan-
ics led him naturally to the uncertainty principle for
which he is well known. In matrix mathematics, it is
not always the case that a x b = b x a, and for pairs of
variables that don’t commute, such as position and
momentum, or energy and time, an uncertainty rela-
tion arises.

Heisenberg conducted a thought experiment as
well. He considered trying to measure the position of
an electron with a gamma ray microscope. The high-
energy photon used to illuminate the electron would
give it a kick, changing its momentum in an uncer-
tain way. A higher resolution microscope would re-
quire higher energy light, giving an even bigger kick
to the electron. The more precisely one tried to mea-
sure the position, the more uncertain

an assistant to Max Born at Goéttin-
gen, then spent a year working with
Niels Bohr at his institute in Copen-
hagen.

The prevailing quantum theory
in the early 1920s modeled the atom
as having electrons in fixed quan-
tized orbits around a nucleus. Elec-
trons could move to higher or lower
energy by absorbing or emitting a
photon of the right wavelength. The
model worked well for hydrogen,

the momentum would become, and
vice versa, Heisenberg reasoned.
This uncertainty is a fundamental
feature of quantum mechanics, not
a limitation of any particular experi-
mental apparatus.

Heisenberg outlined his new
principle in 14-page a letter to Wolf-
gang Pauli, sent February 23, 1927.
In March he submitted his paper on
the uncertainty principle for publica-
tion.

but ran into problems with larger
atoms and with molecules. Physicists realized a new
theory was necessary.

Heisenberg objected to the current model because
he claimed that since one couldn’t actually observe
the orbit of electrons around a nucleus, such orbits
couldn’t really be said to exist. One could only ob-
serve the spectrum of light emitted or absorbed by
atoms. Starting in 1925, Heisenberg set to work try-
ing to come up with a quantum mechanics that re-
lied only on properties that could, at least in theory,
be observed.

With help and inspiration from several col-
leagues, Heisenberg developed a new approach to
quantum mechanics. Basically, he took quantities
such as position and velocity, and found a new way
to represent and manipulate them. Max Born iden-
tified the strange math in Heisenberg’s method as
matrices. The new formulation accounted for many
observed properties of atoms.

Shortly after Heisenberg came up with his ma-
trix-based quantum mechanics, Erwin Schrodinger
developed his wave formulation. The absolute
square of Schrodinger’s wave function was soon
interpreted as the probability of finding a particle
in a certain state. Schrodinger’s wave formulation,
which he soon proved was mathematically equiva-
lent to Heisenberg’s matrix methods, became the
more popular approach, partly because physicists
were more comfortable with it than with the unfa-
miliar matrix mathematics. The unpopularity of his
own method annoyed Heisenberg, especially be-
cause a lot was at stake at the time as he and other
young scientists were beginning to look for their
first jobs as professors as an older generation of sci-

Niels Bohr pointed out some er-
rors in Heisenberg’s thought experiment, but agreed
the uncertainty principle itself was correct, and the
paper was published.

The new principle had deep implications. Be-
fore, it had been thought that if you knew the ex-
act position and momentum of a particle at any
given time, and all the forces acting on it, you
could, at least in theory, predict its position and
momentum at any time in the future. Heisenberg
had found that not to be true, because you could
never actually know a particle’s exact position
and momentum at the same time.

The uncertainty principle soon became part
of the basis for the widely accepted Copenhagen
interpretation of quantum mechanics, and at the
Solvay conference in Brussels that fall, Heisen-
berg and Max Born declared the quantum revo-
lution complete.

In the fall of 1927, Heisenberg took a posi-
tion as a professor at the University of Leipzig,
making him the youngest full professor in Ger-
many. In 1932 he won the Nobel Prize for his
work on quantum mechanics. He continued his
scientific research in Germany. During World
War II, though he was not a member of the Nazi
party, he was a patriotic German citizen, and he
became a leader in the German fission program,
which failed in its effort to build at atomic bomb.
Heisenberg’s actions and motivations have been
the subject of controversy ever since. He died
in 1976.

Reference/further reading: David Cassidy,
Uncertainty: the Life and Science of Werner
Heisenberg (New York: W.H. Freeman, 1992).
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Physics Major Facilitates Success in Speechwriting (and the Funny Business)

There is professional lore that
claims a person changes careers on
average seven times in their lives.
Michael Long may demonstrate an
element of truth to this. By age 31, he
had already held positions in phys-
ics, comedy, mathematical model-
ing, and freelance writing, and by no
means had he reached his peak yet.
Only months after his 32™ birthday,
the physics aficionado entered the
ring of political speechwriting after
being hired by then Tennessee Sena-
tor Fred Thompson.

“Senator Thompson was a rising
star in politics and I was thrilled to
start in politics with such an exciting
opportunity,” Long recalls.

Today, Long is a well-known
writer of speeches (and other pieces),
a line of work he equates to being “a
professional explainer”.

“I look at a complicated subject
and make it understandable and in-
teresting to a lay audience,” he states.
Long especially thrives with matters
of technology, healthcare, and do-
mestic policy.

Nowadays, he does mostly free-
lance speeches, although he also
serves as a director of the White
House Writers Group, a communi-
cations firm specializing in business
and public policy, through which he
has authored and ghost-authored nu-
merous speeches, op-eds and white
papers for some of the country’s
most well-known politicos, includ-
ing President George W. Bush.

To the amateur, the speechwrit-
ing process seems similar to building
an early-stage technology enterprise.
It is characterized by extensive re-
search and development (in this case
of words and ideas) that must even-
tually lead to a product (the speech)
a customer will buy. This is where
physics expertise comes in handy.

Long uses his scientific background
as a springboard to organize his
thoughts and analyze what words to
choose.

However, ultimately his success
at both writing and attracting and
keeping clients is dependent on a
“dirty secret” of the field: “most cli-
ents want to sound like themselves,
only better,” Long reveals. So when
a client requests that Long writes a
speech in the client’s “own voice”,
“if it is articulate and well-written,
whatever you give someone they
think it’s in their voice,” he says.

Long received his BS in physics
from Murray State University, and re-
members that he was initially drawn
to the subject because “I wasn’t con-
cerned about impressing anybody,”
he says. Physics “seemed new to me.
I didn’t know any physicists; it was
like someone from the moon. But it’s
a wonderful way to think.”

He enrolled in the graduate pro-
gram at Vanderbilt University be-
cause “the idea of finding order in
disorder appealed to me,” he says.
“Physics teaches you to approach
things looking for patterns and pro-
cesses.” However, like many physics
students, Long came to the realiza-
tion that “I was not going to be the
king the mountain,” he admits. “In
my professional life, whatever I did
I wanted to be the very best at it, and
when I got into grad school, physics
did not come as naturally to me as
other things. I saw so many people
that were hard-wired to explore new
knowledge. ..I didn’t think T had their
skills.”

Long recognized “If I want to
make a difference, this isn’t going to
be where it’s going to happen.”

To make such a difference, Long
took what many would consider a
long-shot: he left graduate school to

By Alaina G. Levine

pursue a full-time career as a come-
dian. And for a while he did pretty
well, including an invitation to be the
house emcee at a prestigious comedy
club in Nashville.

Unfortunately, jobs in comedy,
much like physics, are difficult to
come by and often do not pay well
(although on the bright side, come-
dians don’t have to deal with the
promotion and tenure process). So
he tapped into his technical back-
ground to pay the bills and got a job

at a software company where he did
mathematical and systems modeling
and software design for the telecom-
munications industry. He stuck with
comedy, however, regarding it at the
time as an avocation.

But the life of a comedian in-
volves constant writing, and Long
developed a fondness and talent for
putting his words to paper. He em-
barked on a career writing articles
and op-eds. He quickly found suc-
cess and was published in local and
national publications.

Undeniably a devotee to career
diversity, Long leveraged his writing
projects into yet another line of busi-

ness in political speechwriting. He
had always had a penchant for poli-
tics, and in 1994, began researching
the subject. He read political articles
and noticed that many of the authors
were speechwriters. “They had back-
grounds like mine,” he says. “None
of these writers were journalists.”

Long realized that even though he
had not taken an English class since
high school, his varied, scientifically-
based skills would help him to be
not only a great writer, but a great
speechwriter as well. After all, unlike
other majors, “I had studied physics,”
something that is “freaking useful,”
he laughs. He now advises students
that “if you study physics you will
learn something not many people
know: you will learn how to think,
and you will be the most thoughtful,
critical writer to ever pick up a pen.”

He commenced on his new career
by cold-writing a letter to Senator
Thompson. Long explained to the
politician that “I am not a speech-
writer but I want to be one and I want
to be yours.” He sent him clips of his
work and soon was hired as the sole
speechwriter for Thompson.

Inaddition to providing skills such
as general problem-solving, physics
has done something especially valu-
able for Long. “It’s an impressive cre-
dential and it acts as a talisman: when
you are going to talk about some-
thing technical, people tend to defer
to you,” he says. “There’s a mystique
and myth around it, and people are
impressed by it, so they give you a
little more latitude to offer an opinion
on pretty much anything.”

Although speechwriting is his
current passion and main source of
income, Long has amassed a very
long list of other, very unusual ac-
complishments. He has written a
syndicated newspaper column, and

the liner notes for the DVD of Jerry
Seinfeld’s movie “Comedian”. He
is a guest host on the nationwide
Radio America network, has taught
classes in stand-up comedy, and was
a Comic Relief competition winner.
He is also a consultant for the Ameri-
can Film Renaissance, a non-profit
film organization, and has served as
a consultant for material for Satur-
day Night Live and in The Onion,
an internationally-known satirical
newspaper and website.

Long has an impressive list of
contacts in the comedy field. He
counts comedian (and former Nixon
speechwriter) Ben Stein as a friend,
who observes that Long is “a poet
...I don’t see anyone out there un-
der the age of 50 writing better short
pieces than he is right now.”

Now in his early 40s, Long is
looking to add yet more diversity to
his career trajectories. In November
2007, he took a mere 30 days to write
his second novel. And last month he
began teaching public relations writ-
ing at the graduate school at George-
town University. He sees physics as
an asset and in harmony with his pro-
fessional goals and strategies.

“What I do is what a physicist
does, only carried to another realm:
stripping the superfluous material to
its core and describing it as what it
is,” Long says. “[Physics] is what
makes me an unusual writer and a
writer who can make a living at writ-
ing. I look for the elements of the
problem, throw away the other stuff
and pass the piece along all shiny
and polished up so people can un-
derstand it.”

Copyright,
Levine.

Alaina G. Levine can be contact-
ed through her website www.alaina-
levine.com.

2007, Alaina G.

ASSISTANTS continued from page 2

work together to figure out how to
guide hypothetical non-science ma-
jors from a naive conceptual model
of a phenomenon—in this case mag-
netization—toward a more sophisti-
cated model accepted by scientists.

Other workshop sessions fo-
cused on the importance of col-
lecting data to measure the impact
of the program. Physics professors
Steve Pollock and Noah Finkel-
stein have amassed years’ worth of
assessment results that demonstrate
that the program has improved the
conceptual understanding of stu-
dents in introductory physics and
of the Learning Assistants them-
selves. They also pointed out that
at just $1,500 a semester, a depart-
ment can hire numerous Learn-
ing Assistants for the price of one
graduate TA.

But perhaps the program’s great-
est success has been as a teacher
recruitment tool. Nine Learning
Assistants were enrolled in physics
and astrophysics teacher certifica-
tion programs at Boulder in 2005-
2006, as compared to one student

(who was not a Learning Assistant)
in 2004-2005, when only five stu-
dents in the entire state of Colo-
rado were enrolled in physics and
astrophysics teacher certification
programs. Ted Hodapp, Director
of Education and Diversity at APS,
explained the program’s appeal.
“Learning Assistant programs are a
kind of surprise attack for students
who haven’t previously thought of
themselves as potential teachers.
By giving students a low-stress,
low-commitment early teaching
experience, physics departments
can get them excited about teach-
ing and recruit them into teacher
preparation programs.”

The Colorado program turns
this excitement into a career track
by requiring Learning Assistants
who want to remain in the pro-
gram after two semesters to enter a
teacher certification program. This
makes them eligible for NSF-fund-
ed Noyce Teaching Fellowships of
up to $10,000 a year, in exchange
for a commitment to teach in a
high-needs school after graduation.

Noyce Fellows also get invited to
serve as mentors for novice Learn-
ing Assistants, and collaborate with
faculty on education research proj-
ects. Otero strongly encouraged
workshop participants to provide
this money for their future teach-
ers.

At a question-and-answer ses-
sion during the workshop, several
experienced Learning Assistants
shared their perspectives on the pro-
gram. They spoke about the culture
change that the program has cata-
lyzed within science departments,
as students and some professors
have begun to view teaching as a
respectable and worthwhile career
for a science major to pursue. They
also noted the tight learning com-
munity that develops among Learn-
ing Assistants, many of whom re-
main in the program for multiple
semesters. Most workshop partici-
pants indicated that they appreciat-
ed the opportunities to interact with
real, live Learning Assistants.

Most faculty attendees described
specific plans they had generated

during the workshop to develop
elements of the program on their
campuses. To sustain and spread the
enthusiasm that the workshop gen-
erated, PTEC is developing a web-

based Learning Assistant ‘“home”
(http://www.ptec.org/conferences/
CULA/), and hopes to organize fu-
ture conference sessions on Learn-
ing Assistant programs.

Photo by Monica Plisch/APS Staff

Learning Assistant Allison Lanini and Colorado Education Professor
Valerie Otero collaborate on a demonstration of interactive teaching.
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Letters

Ethicist Gets It Right

I loved your “Ask the Ethicist”
column in the December APS News.
I recall having to write almost all of
my own recommend letters for grad
school from my profs and later for
employment as well. Now that roles
are reversed, I always require an
electronic copy (for me to edit as

appropriate) of a recommend letter
be provided to me from the request-
or and assume my peers and col-
leagues expect the equivalent. Very
nice synopsis from Jordan Moiers.

Robert B. Hayes
Las Vegas, NV

Ethicist Gets It Wrong

Unbelievable! A student writes in
asking if it’s ethical to ghost write his/
her own letter of recommendation,
and there is no outrage that the person
(most likely a professor) asked for this
ghost written letter in the first place...
THE EMPEROR IS NOT WEAR-
ING ANY CLOTHES! How about
this: if the professor really wants to
get to know the student in order to
write a good letter of recommenda-
tion, they sit down with the student
for an hour or so and talk to them.
Then, the professor could take anoth-
er hour to craft a letter that captures
his impression of the student based on
interactions in class and the personal
discussion. Unfortunately, that would
take at a minimum two hours of time
away from the professor’s very busy

schedule, and in my opinion this is the
heart of the professor’s request. Let’s
not delude ourselves; the professor
is not going to modify the letter. The
professor is going to read the letter
over quickly, and so long as it sounds
reasonable is going to sign it and get
that nuissance-task off his or her plate.
Interacting with students is not a top
priority for a number of faculty, espe-
cially at the large research institutions,
no matter what lip service they pay to
it. Shame on the professor for asking
for this ghost written letter, and shame
on “the Ethicist” for not calling the
professor to task.

James Camparo
Redondo Beach, CA

Bias? What Bias?

I do not believe that you have
fallen into “American Olympic ath-
letes” trap, as suggested in the Editor's
Note to the letter from Bob Dewar in
the January APS News. After all, APS
means American Physical Society, so
its focus is naturally American Phys-
ics. If Bob Dewar needs information
about Australian Olympians I am sure
that there exists a relevant Australian
periodical. I do not advocate limiting
news to exclusively American, but
I do advocate a reasonable balance,
and as someone who is not an Ameri-

can (I am Polish), I have no bias on
the “America versus the Rest of the
World” issue.

Piotr Zolnierczuk
Bloomington, IN

Ed. Note: We thank Piotr Zolnier-
czuk for his support. We are proud of
the roughly 20% of APS members who
are not in the US, and we attempt, in
part, to reflect that constituency with
our “International News” column

that appears every other month.

LABS continued from page 1
lab running. “T get paid to optimize
the program, not to protect every last
job,” he said. He said the most serious
impact of the cuts was the effect on the
lab’s future, as projects that would be
central to Fermilab’s future program
have had funding cut off. “We’re not
getting ready for what happens 2-3
years down the line,” said Oddone.
“That’s the biggest impact.”

Fermilab, the nation’s only labo-
ratory devoted solely to high energy
physics, is especially vulnerable to
budget cuts, Oddone pointed out, but
he does not plan to change the lab’s
mission. Oddone said he is waiting
for the release of the President’s FY09
budget in early February before mak-
ing further decisions.

Several Fermilab scientists said
they felt that Congress had over-
looked the serious consequences for
physics in their haste to pass the enor-
mous omnibus appropriations bill.
They said that this budget sends a bad
message to young people, who might
be deterred from going into physics,
and suggests that the US is not a re-
liable partner for large international
endeavors.

The $60 million expected for
FYO08 for ILC development was re-
duced to $15 million, but since the
cuts were made in December, three
months into the 2008 fiscal year, that
money has already been spent. “It’s
effectively stopped all work,” said
Fermilab’s ILC program director
Robert Kephart.

The budget situation puts Fermilab

in jeopardy as the site for the ILC. “If
we don’t reform the budget process,
the world will want to build the ILC
elsewhere,” said Oddone.

“It makes the US look like a poor
partner,” for international collabora-
tion, said Kephart.

The United Kingdom has also
withdrawn its promised contribution
to the ILC.

Large particle physics experiments
such as the ILC need to be planned
years in advance. “The damage from
this kind of budget process is really
severe,” he said.

Funding has also been eliminated
for an experiment called NOVA,
which would have become the main
neutrino program at Fermilab and was
about to begin construction. NOvA
was designed to search for muon neu-
trino to electron neutrino oscillations,
akey to unanswered questions in neu-
trino physics. About $36 million had
been expected for the project. “It’s a
difficult situation. You can’t just take a
project like this and stop now and start
later,” said Gary Feldman, a spokes-
man for NOVA. It is unclear how long
NOvVA will be delayed. “Right now
there’s a lot of uncertainty,” said Mark
Messier, another physicist working
on NOVA. “The message it sends to
graduate students is terrible,” he said.

‘While work on future projects has
stopped, Fermilab’s Tevatron will
continue to run until 2009 as planned.
Spokesmen for the CDF and DZero,
Fermilab’s two main detector col-
laborations, said the Tevatron could

Oil Addiction Distorts Senator’s Thinking

Senator Byron Dorgan’s Back
Page [APS News, December 2007]
fell short of the frankness and com-
pleteness I was hoping for in dealing
with America’s oil addiction.

Most glaring was Senator Dor-
gan’s statement of “...so they don’t
disrupt our energy supplies.” It is not
our energy. It is theirs! The Senator
states unequivocally that America
needs to “improve management of
alliances to better secure global oil
supplies.” This thinking is equivalent
to China arguing for international
pressure to ensure “their” corn, which
happens to be growing in Kansas, is
kept inexpensive so it won’t disrupt
China’s economy. Our addiction to
oil is distorting our philosophy for the
WOTSE.

Dorgan is arguing two main points:
(1) increased energy conservation/
alternative energy development, and
(2) greater production of oil at home
and strengthened alliances so import
prices remain low. These two points
are like arguing for both n and 1/n

to get larger as n goes to infinity. To
be frank, the American energy con-
sumer will not conserve or arduously
look for alternative sources so long as
oil supply is plentiful which, in turn,
keeps prices low.

By plotting the percent of energy
consumption in the US that comes
from renewable resources as a func-
tion of time, one finds the graph is flat
from 2001 to 2005. It has stayed at
about 6% (or 3% if one removes etha-
nol from a renewable classification).
A sustainable, responsible, and secure
future cannot be had until this graph
shows a significant, positive trend.

Senator Dorgan did little to belie
the false impression that corn-based
ethanol is a panacea for energy inde-
pendence and good for the environ-
ment. The explicit support for increas-
ing “renewable fuels like ethanol” is
disappointing.

Making progress with CAFE stan-
dards is good but will soon be negated
by increased number of vehicles on
the road. Why is the fundamental

problem of population pressure on
natural resources so absent from our
political discourse? Senator Dorgan
implicitly believes—along with many
politicians from the President on
down-that money generated by eco-
nomic growth can be applied to fix
any problem growth creates. This is
just plain pollyannaish. One can argue
economic growth does not necessarily
imply population growth but discon-
necting the two takes immense strain.

Alan J. Scott
Menomonie, W1

Nuclear Energy
Too Controversial?

An entire page on energy security
and methods to achieve it, without a
single mention of nuclear energy. That
must exceed Senator Dorgan’s toler-
ance for controversial issues.

John Tanner
Idaho Falls, ID

US Needs a Tax on

The Back Page article by Sena-
tor Dorgan in the December APS
News is absolutely correct about the
urgent need to find new, renewable,
and environmentally friendly energy
sources, and to conserve our energy
so we need less of it. But I am disap-
pointed by the lack of political will to
do the most effective thing. A tax on

Oil

oil provides a meaningful incentive to
conserve, and makes alternative ener-
gy a better investment. An oil tax can
also raise revenue to fund research in
renewable energy. I favor a floor price
for oil, so investors could be assured
their investment in alternate energy
will not go bust. Almost all the indus-
trialized nations in the world except

the United States tax oil to encour-
age conservation and investment in
oil alternatives, and it is time that the
United States developed the political
will to do the same thing,

Paul McManamon
Dayton, OH

Hubble’s Thoughts

I always enjoy reading ‘This
Month in Physics History” and the
January installment on Hubble’s
discoveries was no exception. How-
ever, I would like to point out a few
minor errors in that piece. Most as-
tronomers in the early 20s favored
the theory that spiral nebulaec were
“island universes” and in fact be-
lieved the Milky Way to be much
smaller than we now know it to be.
Shapley and a few others favored
the idea of a much larger Milky Way
which contained the spiral nebulae,
but Shapley’s letters indicate that
he knew he was in the minority on
this issue. Also, it was Henry Norris

on Hubble’s Law

Russell who presented (on behalf of
Hubble) the data on Cepheids in An-
dromea at the AAS meeting in Janu-
ary 1925. Most importantly, it is un-
true that “Hubble didn’t discuss the
implications of what he had found”
in his 1929 PNAS paper. In the final
paragraph of that paper he writes “the
velocity-distance relation may repre-
sent the de Sitter effect,” referring to
the model of the Universe presented
by Willem de Sitter in 1917. This
model was originally interpreted as a
static model, but did predict a redshift
that increased with distance because
of scattering and an apparent slowing
down of distant atomic vibrations.

So in 1929 Hubble did not interpret
his data as indicating an expanding
Universe, but rather as supporting de
Sitter’s static model. It was only later
realized that de Sitter’s model was
equivalent via a coordinate transfor-
mation to expanding models such as
that proposed by Georges Lemaitre
in 1927 (Lemaitre’s model was un-
known to Hubble and most astrono-
mers until 1930). A detailed account
of this history is given in Robert W.
Smith’s The Expanding Universe
(Cambridge U Press, 1982).

Todd Timberlake
Mount Berry, GA

still do exciting science. They pointed
to many recent accomplishments
of the Tevatron, including precision
measurements of the mass of the top
quark and W and Z bosons, discov-
ery of some new particles and detec-
tion of some rare processes such as
the production of single top quarks.
CDF spokesman Jacobo Konigsberg
of the University of Florida said that
the Higgs particle mass is probably
within the energy range accessible to
the Tevatron, and finding the Higgs
is a matter of collecting enough data
before the machine shuts down. There
is also the possibility of finding new
physics. “Unless you search, you can-
not find,” said Fermilab scientist and
DZero spokesman Dmitri Denisov.

Although they are excited about
the prospect of new discoveries from
the Tevatron, Fermilab scientists wor-
ried about the future of US particle
physics. Young people will see the
uncertainty in funding and will not
be attracted to the field, and people
affected by layoffs generally do not
return to the field. “If people see no
future, they will try to look for some-
thing else” said Denisov.

These budget cuts could be det-
rimental not only to high energy
physics, but to the broader economy,

because these accelerators advance
technology, and students who work
on these projects gain a wide range
of valuable skills, including com-
munications skills, computing skills
and experience with electronics and
cutting edge technology. “There are
very few endeavors as varied and rich
as high-energy physics,” said Robert
Roser, a Fermilab scientist and CDF
spokesman.

Fermilab is also continuing its
contributions to the Large Hadron
Collider at CERN. Dan Green, Fermi-
lab’s spokesman for CMS, one of the
LHC detectors, said he was excited
about work on CMS, much of which
can be done in the United States. The
CMS detectors are being tested, and
are on schedule to be ready before the
LHC begins operation. “LHC is our
only frontier device now,” said Green.
Many US scientists are participating
in that collaboration, and the US re-
mains committed to the project. “We
have been good international part-
ners,” he said, but the recent budget
cuts are worrisome.

While the future is uncertain, Fer-
milab officials and scientists say they
are hopeful that this year’s budget is a
one-time setback from which the lab
could recover. But some are less opti-

mistic about future funding for phys-
ics. SLAC Director Persis Drell told
an all hands meeting at SLAC in Jan-
uary, “While the bipartisan enthusi-
asm for the physical sciences appears
to be strong and will likely continue,
we cannot view the current budget
challenge as a temporary setback. I do
not believe that the physical science
budgets will grow as quickly as has
been hoped for. . .I believe that nation-
ally we will need to adjust to a smaller
base program going forward.”

Officials in towns near Fermilab
have passed resolutions urging Con-
gress to restore funding to the lab,
and Illinois Senators Dick Durbin
and Barack Obama and Congress-
woman Judy Biggert have sent letters
to Jim Nussle, Director of the Office
of Management and Budget, asking
for increased funding for high energy
physics in FY09.

“I really feel grateful for all the
support we’re getting,” said Fermilab
Deputy Director Young-Kee Kim.
She stressed the need for scientists
to communicate with the public and
with lawmakers so they understand
the value of basic science.
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Introduction

Physics News in 2007, a summary of physics highlights for the past year, was compiled
from items appearing in AIP’s weekly newsletter Physics News Update, written by Phil
Schewe, Ben Stein and Jason Bardi. (Ben Stein has since left AIP and is now at NIST. Jason
Bardi has replaced Ben Stein at AIP)

The items below are in no particular order. Because of limited space in this supplement,
some physics fields and certain contributions to particular research areas might be under-
represented in this compendium. These items mostly appear as they did during the year, and
the events reported therein may in some cases have been overtaken by newer results and
newer publications which might not be reflected in the reporting. Readers can get a fuller
account of the year’s achievements by going to the Physics News Update website at http://
www.aip.org/pnu and APS’s Physical Review Focus website at http://focus.aps.org/.

Gravitational Wave Background

In the standard model of cosmology, the early universe underwent a period of fantastic
growth. This inflationary phase, after only a trillionth of a second, concluded with a violent
conversion of energy into hot matter and radiation. This “reheating” process also resulted
in a flood of gravitational waves.

The gravitational wave background (GWB) dates from the trillionth-of-a-second mark,
while the cosmic microwave background (CMB) sets in around 380,000 years later when
the first atoms formed. What does the GWB represent? It stems from three different pro-
duction processes at work in the inflationary era: waves stemming from the inflationary
expansion of space itself; waves from the collision of bubble-like clumps of new matter at
reheating after inflation; and waves from the turbulent fluid mixing of the early pools of
matter and radiation, before equilibrium among them (known as thermalization) had been
achieved. The gravity waves would never have been in equilibrium with the matter (since
gravity is such a weak force there wouldn’t be time to mingle adequately); consequently the
GWB will not appear to a viewer now to be at a single overall temperature.

A new paper by Juan Garcia-Bellido and Daniel Figueroa (Universidad Autonoma de
Madrid) explains how these separate processes could be detected and differentiated in mod-
ern detectors set up to see gravity waves, such as LIGO, LISA, or BBO (Big Bang Observ-
er). First, the GWB would be redshifted, like the CMB. But because of the GWB’s earlier
provenance, the reshifting would be even more dramatic: the energy of the waves would be
downshifted by 24 orders of magnitude. Second, the GWB waves would be distinct from
gravity waves from point sources (such as the collision of two black holes) since such an
encounter would release waves with a sharper spectral signal. By contrast the GWB from
reheating after inflation would have a much broader spectrum, centered around 1 hertz to 1
gigahertz depending on the scale of inflation.

Garcia-Bellido suggests that if a detector like the proposed BBO could disentangle the
separate signals of the end-of-inflation GWB, then such a signal could be used as a probe of
inflation and could help explore some fundamental issues as matter-antimatter asymmetry,
the production of topological defects like cosmic strings, primoridal magnetic fields, and
possibly superheavy dark matter.

Forcomparableresultsseethe paperby Eastherand Liminthe Journal of Astroparticle Phys-
ics, JCAP04(2006)010. (Garcia-Bellido and Figueroa, Phys. Rev. Lett. 98, 061302 (2007))

The Casimir Effect Heats Up

For the first time, a group led by Nobel laureate Eric Cornell at the National Institute of
Standards and Technology and the University of Colorado in Boulder has confirmed a 1955
prediction, by physicist Evgeny Lifschitz, that temperature affects the Casimir force, the at-
traction between two objects when they come to within 5 millionths of a meter of each other
or less. These efforts heighten the understanding of the force and enable future experiments
to better account for its effects.

In their work, the researchers
investigated the Casimir-Polder
force, the attraction between a
neutral atom and a nearby surface.
The Colorado group sent ultracold
rubidium atoms to within a few mi-
crons of a glass surface. Doubling
the temperature of the glass to 600
degrees Kelvin while keeping the
surroundings near room tempera-
ture caused the glass to increase its
attractive force threefold, confirming theoretical predictions recently made by the group’s
co-authors in Trento, Italy.

The Casimir force arises from effects of the vacuum. According to quantum mechanics,
the vacuum contains fleeting electromagnetic waves, in turn consisting of electric and mag-
netic fields. The electric fields can slightly rearrange the charge in atoms. Such “polarized”
atoms can then feel a force from an electric field. The vacuum’s electric fields are altered
by the presence of the glass, creating a region of maximum electric field that attracts the
atoms. In addition, heat inside the glass also drives the fleeting electromagnetic waves,
some of which leak onto the surface as “evanescent waves.” These evanescent waves have
a maximum electric field on the surface and further attract the atoms.

Photo by E. Cornell group/JILA

Electromagnetic waves from heat in the rest of the environment would usually cancel
out the thermal attraction from the glass surface. However, dialing up the temperature on
the glass tilts the playing field in favor of glass’s thermal force and heightens the attrac-
tion between the wall and the atoms. (Obrecht et al., Phys. Rev. Lett. 98, 063201 (2007)
Also see the NIST press release: http://www.nist.gov/public_affairs/newsfromnist casimir-
polder.htm)

Radium Atoms Trapped

Physicists at Argonne National Laboratory, near Chicago, have laser-cooled and trapped
radium atoms for the first time.

Surprisingly, room temperature blackbody photons—thermal radiation over a wide spec-
trum emitted by the apparatus itself—were found to play a critical role in the laser-trapping
of this rare and unstable element. This represents the heaviest atom ever trapped by laser
light.

Using only 20 nanograms of radium-225 (halflife of 15 days) and one microgram of
radium-226 (halflife of 1,600 years), the Argonne scientists held tens of radium-225 and
hundreds of radium-226 atoms in the laser trap.

Why go through the trouble of trapping radium atoms? Because it might provide a chance
to detect a violation of time-reversal symmetry (abbreviated with the letter T), which would
manifest itself as an electric dipole moment in the radium atom.

Electric dipole moment searches have been ongoing for over 50 years and continue to
yield smaller and smaller limits on the size of these T-violating interactions. These limits
place constraints on theories beyond the Standard Model of particle physics and explana-
tions for the matter-antimatter asymmetry in the universe.

Next-generation electric dipole moment searches may take advantage of rare isotopes such
asradium-225, which are expected to be extremely sensitive to T-violation owing to their non-
spherical "egg"-shaped nucleus. For the rare and unstable radium atoms, a laser trap offers
a promising path to such a measurement. (Guest et al., Phys. Rev. Lett. 98, 093001 (2007))

Slowed Light Handed Off

Several years ago, physicists gained the ability to slow a beam of light in a gas of atoms;
by manipulating the atoms’ spins, the energy and information contained in the light could
be transferred to the atoms in a coherent way. By turning on additional laser beams, the
original light signal could be reconstituted and sent on its way.

Now, one of the first researchers to slow light, Lene Hau of Harvard, has added an extra
layer to this story. She and her colleagues halt and store a light signal in a Bose-Einstein
condensate (BEC) of sodium atoms, then transfer the signal, now in the form of a coherent
pulse of atom waves rather than light waves, into a second BEC of sodium atoms some 160
microns away, from which, finally, the signal is revived as a conventional light pulse.

This feat, the sharing around of quantum information in light-form and in not just one
but two atom-forms, offers great encouragement to those who hope to develop quantum
computers. (Ginsberg et al., Nature 445, 623-626 (8 February 2007))

String Theory Explains RHIC Jet Suppression

String theory argues that all matter is composed of string-like shreds in a 10-
dimensional hyperspace assembled in various forms. The theory has been put into
play in the realm of high-energy ion collisions, the kind carried out at Brookhaven’s
Relativistic Heavy Ion Collider (RHIC). A few years ago string practitioners attempt-
ed to establish a relationship between the 10-dimensional string world and the 4-di-
mensional (3 spatial dimensions plus time) world in which we observe interactions
among quark-filled particles like protons.

This duality between string theory and the theory of the strong nuclear force, quan-
tum chromodynamics (QCD), was recently used to interpret puzzling early results
from RHIC, namely the suppression of energetic quark jets that should have emerged
from the fireball formed when two heavy nuclei collide head on. The thinking was
that perhaps the plasma of quarks and gluons wasn’t a gas of weakly interacting par-
ticles (as was originally thought) but a gas of strongly interacting particles, so strong
that any energetic quarks that might have escaped the fireball (initiating a secondary
avalanche, or jet of quarks) would quickly be slowed and stripped of energy on their
way through the tumultuous quark-gluon plasma (QGP) environment.

Two new papers by Hong Liu and Krishna Rajagopal (MIT) and Urs Wiedemann
(CERN) address this problem. The first paper calculates a specific quark-suppression
parameter (namely, how much the quarks, each attached to a string dangling “down-
ward” into a fifth dimension, are pushed around as they traverse the quark-gluon
plasma) that agrees closely with the experimentally observed value.

Rajagopal says that in the second paper, the same authors make a specific testable
prediction using string theory that bears not just on missing jets of energetic light
quarks (up, down, and strange quarks), but on the melting or dissociation tempera-
tures of bound states of heavy quarks (charm-anticharm or bottom-antibottom pairs)
moving through the quark-gluon plasma with sufficiently high velocity, as will be
produced in future experiments at RHIC and the Large Hadron Collider (LHC) under
construction at CERN. (Liu, Rajagopal, and Wiedemann, Phys. Rev. Lett. 97, 182301
(2006) and Phys. Rev. Lett. 98, 182301 (2007))
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The Woodstock of Physics

The famous session at
the 1987 March Meeting of
the American Physical So-
ciety earned its nickname
because of the rock-concert
fervor inspired by the con-
vergence of dozens of re-
ports all bearing on copper-
oxide superconductors. The
20th anniversary of this sin-
gular event was celebrated
at the APS March Meeting
in Denver.

Prior to 1987 the high-
est temperature at which
superconductivity had been
observed was around 23
K. And suddenly a whole
new set of compounds—not
metallic alloys but crystals
whose structure put them within a class of minerals known as perovskites—with supercon-
ducting transition temperatures above 35 K, and eventually 100K—generated an explosion
of interest among physicists. Because of the technological benefits possibly provided by
high-temperature superconductivity (HTSC)-things like bulk power storage and magneti-
cally levitated trains—the public was intrigued too.

The commemoration of the Woodstock moment provided an excellent history lesson
on how adventurous science is conducted. Georg Bednorz (IBM-Zurich), who with Alex
Mueller made the initial HTSC discovery, recounted a story of frustration and exhilaration,
including working for years without seeing clear evidence for superconductivity; having
to use borrowed equipment after hours; overcoming skepticism from IBM colleagues and
others who greatly doubted that the cuprates could support supercurrents, much less at un-
precedented temperatures; and finally arriving at the definitive result—superconductivity at
35 K in a La-Ba-Cu-O compound.

In October 1986 Bednorz and Mueller prepared a journal article confirming their initial
finding in the form of observing the telltale expulsion of magnetism (the Meissner effect)
from the material during the transition to superconductivity. A year later Bednorz and Muel-
ler won the Nobel Prize.

The IBM finding was soon seconded by work in Japan and at the University of Houston,
where Paul Chu, testing a Y-Ba-Cu-O compound, was the first to push superconductivity
above the temperature of liquid nitrogen, 77 K. Very quickly a gold rush began, with dozens
of condensed matter labs around the world dropping what they were doing in order to ir-
radiate, heat, chill, squeeze, and magnetize the new material.

At the March APS Meeting Chu said that he and his colleagues went for months on three
hours’ sleep per night. Several other speakers at the 2007 session spoke of the excitement
of those few months in 1987 when—according to such researchers as Marvin Cohen (UC
Berkeley) and Douglas Scalapino (UC Santa Barbara)-the achievement of room-tempera-
ture superconductivity did not seem inconceivable.

The Woodstock event, featuring 50 speakers delivering their fresh results at a very
crowded room at the New York Hilton Hotel until 3:15 am, was a culmination. In follow-
ing years, HTSC progress continued on a number of fronts, but expectations gradually
became more pragmatic. Paul Chu’s Y-Ba-Cu-O compound, under high-pressure condi-
tions, still holds the transition temperature record at 164 K. Making lab samples had been
easy compared to making usable power-bearing wires in long spools, partly because of the
brittle nature of the ceramic compounds and partly because of the tendency for potentially
superconductivity-quenching magnetic vortices to form in the material.

Paul Grant, in 1987 a scientist at IBM-Almaden, pointed out that HTSC applications
have largely not materialized. No companies are making a profit from selling HTSC prod-
ucts. Nevertheless, the mood of the 2007 session (Woodstock20) was upbeat. Bednorz said
the 1986/87 work showed that a huge leap forward could still take place in a mature re-
search field whose origins dated back some 70 years. Bednorz felt that another wave of
innovation could occur. Paul Chu ventured to predict that within ten years, HTSC products
would have an impact in the power industry.

Paul Grant referred to the study of superconductivity as the “cosmology of condensed
matter physics,” meaning that even after decades of scrutiny there was still much more to
learn about these materials in which quantum effects, manifested over macroscopic dis-
tances, conspire to make electrical resistance vanish, a phenomenon which at some basic
level might also be related to the behavior of protons inside an atomic nucleus and to the
cores of distant neutron stars.

Woodstock press conference, from left to right: Alex Muller
(IBM), Paul Chu (University of Houston), Philip Anderson
(Princeton), and Brian Maple (UC San Diego)

Hyperactive Antifreeze Proteins

Hyperactive antifreeze proteins naturally secreted by an insect known as the spruce bud-
worm prevent it from freezing to death during winters in North American forests. Ohio Uni-
versity’s Ido Braslavsky and his colleagues presented studies of these potent yet nontoxic
proteins at the APS March Meeting.

Found in several other species such as snow fleas, the hyperactive proteins bind to ice,
modify its crystalline shape, and prevent ice from growing further, effectively reducing the
freezing point of ice for an organism that excretes them. These nontoxic substances have
more recently been renamed “ice structuring proteins” (ISPs) to distinguish them from the
toxic antifreeze products for automobiles.

Extracting ISPs from biological sources has many potential applications, such as pre-
serving organs and blood products, protecting against agricultural frost damage, and even
preventing frostbite. These natural proteins are currently used in some “light” ice cream
products to improve their texture, but those ISPs, derived from fish, are much less potent.

How the hyperactive versions inhibit ice from growing is a topic of interest to Braslavsky’s
group and their collaborators, such as Peter Davies from Queen’s University. The research-
ers attached fluorescent molecules, derived from jellyfish, to the protein.

Through a microscope, they watched how the fluorescing ISPs inhibited ice crystals
from growing. They observed that the ISPs prevent ice crystals from expanding in their
normal disk-shaped form. Instead, they inhibit ice growth in certain directions and cause
the crystals to grow in altered shapes.

While a fish ISP promotes the growth of a “bipyramidal” ice-crystal form that looks
like two pyramids whose bases are attached to each other, the spruce budworm ISP blocks
growth in the preferred direction of the pyramid’s apexes. Using the fluorescence microsco-
py, they watched the proteins attached to the ice blocking growth in this direction. (Meeting
Paper J35.8, http://meetings.aps.org/Meeting/MARO7/Event/58982; for more information,
see http://www.phy.ohiou.edu/~braslavs/APS2007/)

Quantized Magnetoresistance

The conversion of a tiny magnetic flux into a change in the resistance of an external
circuit, a process called magnetoresistance, is at the heart of the $60-billion magnetic hard-
disk-drive industry. Digital data, stored on the disk in the form of minuscule domains only
50 by 200 nm in size, representing a 1 or a 0, are read out by a sensor flying only 10 nm
overhead.

The first unambiguous observation of a digital version of the magnetoresistance effect—
the change in the resistance recorded by the sensor changes in discrete steps as the mag-
netization orientation relative to the sensor is changed—was reported by physicists from
the University of Nebraska and the Institut de Physique et de Chimie des Materiaux de
Strasbourg (France).

The quantization of conductance on the sensor side was achieved by having the current
flow through a constriction that tapers down to the size of a single atom, a passage which
imposes quantum conditions. According to Nebraska scientist Andrei Sokolov, an atom-
sized point contact makes the read-write process ever more compact in physical extent,
allowing much greater data storage. (Sokolov et al., Nature Nanotechnology 2, 171-175
(2007))

The Ever-Shifting Face of Plutonium

A new theory explains some of the unusual properties of plutonium, the radioactive
metal best known for its proclivity to undergo nuclear fission chain reactions, making it a
potent fuel for nuclear weapons and power plants. Plutonium is one of the most unusual
metals—it’s not magnetic and it does not conduct electricity well. The material also changes
its size dramatically with even the slightest changes in its temperature and pressure. The
atom’s unusual set of properties distinguishes it from even its closest neighbors on the pe-
riodic table, such as americium.

What makes plutonium unique? In the new theory, developed by condensed-matter theo-
rists at Rutgers University in New Jersey, plutonium’s eight outermost or “valence” elec-
trons can circulate among different orbitals, or regions around the atom. In plutonium’s 5f
orbital, the one with the greatest influence on its atomic properties, the number of valence
electrons it contains is most often five (approximately 80% of the time), but can also be six
(about 20% of the time) or four (less than 1% of the time), according to the theory. These
electrons shuttle in and out of the 5f orbital very quickly—on the order of femtoseconds, or
quadrillionths of a second, the researchers say.

Plutonium is an example of a strongly correlated material, in which the valence electrons
interact with each other to a great degree, and cannot be treated as independent agents. Tak-
ing these interactions into account, the researchers combined two theoretical approaches to
solid materials, called the local density approximation and dynamical mean field theory, to
come up with their sophisticated analysis.

As their analysis shows, the 5f orbital dictates many of plutonium’s key properties, such
as its lack of conductivity and magnetism. With their theory, the researchers have also ex-
plained the magnetic and electrical properties of americium and curium. They hope their
approach will also elucidate the properties of rare-earth elements on the periodic table.
(Shim et al., Nature 446, 513-516 (29 March 2007))

Electron Tunneling in Atoms Has Now Been Observed in Real Time

Electron tunneling in atoms has now been observed in real time by a German-Austrian-
Dutch team (Ferenc Krausz, Max Planck Institute of Quantum Optics, and Ludwig Maxi-
milians, University of Munich) using light pulses lasting only several hundred attoseconds
(billionths of a billionth of a second), providing new glimpses into an important ultrafast
process in nature.

The tunneling process is responsible for the operation of certain electronic components,
such as scanning tunneling microscopes, Esaki (tunneling) diodes, and quantum-cascade
lasers. And in nuclear fission, alpha particles are believed to escape the fracturing nucleus
through tunneling. Yet the tunneling process occurs so quickly, on the scale of attoseconds,
that it has not been possible to observe directly. With the recent ability to create attosecond-
scale light pulses—pioneered by Krausz and others—this is now possible.

In the new experiment, a gas of neon atoms is exposed to two light pulses. One is an
intense pulse containing low-energy red photons. The second pulse is an attosecond-length
pulse of ultraviolet light. This ultraviolet attosecond pulse delivers photons so energetic that
they can rip off an electron and promote a second one to the periphery of the atom, into an
excited quantum state.

Then, the intense red pulse, consisting of just a few wave cycles, has a chance to liber-
ate the outlying electron via light-field-induced tunneling. Indeed, the researchers saw this
phenomenon, predicted theoretically forty years ago but only verified now for the first time
experimentally in a direct time-resolved study. As each wave crest in the few-cycle red
pulse coursed through the atoms, the electrons each time upped their probability of escap-
ing through tunneling until it reached about 100%.

The data indicate that, in this particular system, the electrons escape via tunneling in
three discrete steps, synchronized with the three most intense wave crests at the center of
the few-cycle laser wave. Each step lasts less than 400 attoseconds. (Uiberacker et al, Na-
ture 446, 627-632 (5 April 2007))

Laser Cooling of Coin-sized Objects

Laser cooling of coin-sized objects down to one-kelvin temperatures is now possible.
In a set of experiments performed last year, a variation on the laser-cooling technique used
in chilling vapors of gases down to sub-kelvin temperatures had been used in macroscopic
(but still tiny) samples in the nano-and micro-gram range.

Now, a collaboration of scientists from the LIGO Laboratory at MIT and Caltech and
from the Max Planck Institutes in Potsdam and Hanover has used laser beams to cool a
coin-sized mirror with a mass of 1 gram down to a temperature of 0.8 K. The goal of chill-
ing such a comparatively large object (with more than 10% atoms) is to investigate the
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quantum properties of large ensembles of matter.

An important caveat here is the fact that in all these experiments the “cooling” takes
place in one dimension only. A temperature of 1 K applies to the motion of atoms along the
direction of the laser beams, while the mirror is free to move (although not much) in other
directions. Beyond the record low temperature achieved for an object as large as 1 gram,
another interesting feature of the experiment pertains to the strength of the force exerted by
the laser beams. In the chosen dimension, the beams fix the mirror so steadfastly that it’s as
if it were being held in place by a spring that’s stiffer than a diamond with the same dimen-
sions as the laser beam (long and thin). According to MIT researcher Nergis Mavalvala the
sample is held by a rigidity (if the laser beam were solid) characterized by a Young’s modu-
lus (the parameter specifying stiffness) of 1.2 tera-pascals, some 20% stiffer than diamond.
(Corbitt et al., Phys. Rev. Lett. 98, 150802 (2007))

Newton’s Second Law of Motion

Newton’s second law of motion has now been tested and found to be valid at the level
of 5 x 10 m/sec?. This is a thousandfold improvement in precision over the best previ-
ous test, one carried out 21 years ago (Physical Review D, 34, 3240, (1986)). The new test
was performed by physicists at the University of Washington using a swiveling torsion
pendulum.

One implication of Newton’s law is that the pendulum’s frequency should be indepen-
dent of the amplitude of its swiveling (as long as the oscillation is small). Looking for a
slight departure from this expected independence, the Washington researchers watched the
pendulum at very small amplitudes; in fact the observed swivel was kept so small that the
Brownian excitation of the pendulum was a considerable factor in interpreting the results.

Newton’s second law is expected to break down for subatomic size scales, where quan-
tum uncertainty frustrates any precise definition of velocity. But for this experiment, where
the pendulum has a mass of 70 g and consists of 10* atoms, quantum considerations were
not important. According to one of the scientists involved, Jens Gundlach, this new affir-
mation that force is proportional to acceleration (at least for non-relativistic speeds), might
influence further discussion of two anomalies:

(1) oddities in the rotation curves for galaxies—characterizing the velocity of stars as a
function of their radii from the galactic center—suggest either that extra gravitational pull in
the form of the presence of as-yet-undetected dark matter is at work or that some new form
of Newton’s second law could be operating (referred to as Modified Newtonian Dynamics,
or MOND); and (2) the ongoing mystery surrounding the unaccounted-for accelerations
apparently characterizing the trajectory of the Pioneer spacecraft (see http://www.aip.org/
pnu/1998/split/pnu391-1.htm). (Gundlach et al., Phys. Rev. Lett. 98, 150801 (2007))

Gravity Probe B

Gravity Probe B, the orbiting observatory devoted to testing the general theory of rela-
tivity, has measured the geodetic effect—the warping of spacetime in the vicinity of and
caused by Earth—with a precision of 1%. The basic approach to studying this subtle effect
is to monitor the precession of gyroscopes onboard the craft in a polar orbit around Earth.
The observed precession rate, 6.6 arc-seconds per year, is close to that predicted by gen-
eral relativity. Once certain unanticipated torques on the gyroscopes are better understood,
GP-B scientists expect the precision of their geodetic measurement to improve to a level of
0.01%. These first GP-B results were reported at the APS April Meeting by Francis Everitt
(Stanford).

A second major goal of GP-B is to measure frame dragging, a phenomenon which arises
from the fact that space is, in the context of general relativity, a viscous fluid rather than the
rigid scaffolding Isaac Newton took it to be. When Earth rotates, it partly takes spacetime
around with it, and this imposes an additional torque on the gyroscopes.

Thus an extra precession, perpendicular to and 170 times weaker than the geodetic ef-
fect, should be observed. Everitt said that GP-B saw “glimpses” of frame dragging in this
early analysis of the data and expects to report an actual detection with a precision at the
1% level by the time of the final presentation of the data.

Some of the GP-B equipment is unprecedented. The onboard telescope used to orient
the gyroscopes (by sighting toward a specific star) provided a star-tracking ability better
by a factor of 1000 than previous telescopes. The gyroscopes themselves—four of them
for redundancy—are the most nearly spherical things ever made: the ping-pong-ball-sized
objects are out of round by no more than 10 nm. They are electrostatically held in a small
case and spun up to speeds of 4000 rpm by puffs of gas. The gas is then removed, creating
a vacuum of 102 torr. Covered with niobium and reposing at a temperature of a few kelvin,
the balls are rotating superconductors, and as such they develop a tiny magnetic signature
which can be read out to fix the sphere’s instantaneous orientation. (For more information
see einstein.stanford.edu)

One Neutrino Anomaly Has Been Resolved

One neutrino anomaly has been resolved while another has sprung up. A Fermilab ex-
periment called MiniBooNE provides staunch new evidence for the idea that only three
low-mass neutrino species exist. These results, reported at a Fermilab lecture and at the
APS April Meeting in Jacksonville, Florida, seem
to rule out two-way neutrino oscillations involving
a hypothetical fourth type of low-mass neutrino.

Several experiments have previously shown
that neutrinos, very light or even massless particles
that only interact via gravity and the weak nuclear
force, lead a schizoid life, regularly transforming
from one species into another. These neutrino os-
cillations were presumably taking place among
the three known types recognized by the standard
model of particle physics: electron neutrinos, muon
neutrinos, and tau neutrinos.

However, one experiment, the Liquid Scintilla-
tor Neutrino Detector (LSND) experiment at Los
Alamos, provided a level of oscillation that implied
the existence of a fourth neutrino species, a “sterile
neutrino,” so-called because it would interact only through gravity, the weakest of physical
forces.

From the start, this result stood apart from other investigations, especially since it sug-
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A neutrino signal observed by the Mini-
BooNE experiment.

gested possible neutrino masses very different from those inferred from the study of solar or
atomospheric neutrinos or from other accelerator-based neutrino experiments. MiniBooNE
set out to resolve the mystery.

The experiment proceeds as follows: protons from Fermilab’s booster accelerator are
smashed into a fixed target, creating a swarm of mesons which very quickly decay into
secondary particles, among them a lot of muon neutrinos. Five hundred meters away is
the MiniBooNE detector. Although muon neutrinos might well oscillate into electron neu-
trinos, over the short run from the fixed target to the detector one would expect very few
oscillations to have occurred.

The Fermilab detector, and the LSND detector before it, looked for electron neutrinos.
Seeking to address directly the LSND oscillation effect, Fermilab tried to approximate the
same ratio of source-detector distance to neutrino energy. This ratio sets the amount of
likely oscillation.

LSND saw a small (but, they argued, statistically significant) number of electron neu-
trino events. MiniBooNE, after taking into account expected background events, sees none.
Thus they see no oscillation and therefore no evidence for a fourth neutrino.

Actually it’s not exactly true that they see no electron neutrinos. At low neutrino energy
they do see events, and this tiny subset of the data remains a mystery, to be explored in fur-
ther data-taking now underway using a beam of anti-neutrinos. At the APS meeting, Mini-
BooNE co-spokesperson Janet Conrad (Columbia) said that the low-energy data are robust
(meaning that a shortage of statistical evidence or systematic problems with the apparatus
should not be major factors) and that some new physical effect cannot be ruled out.

Tevatron’s Higgs Quest Quickens

Physicists from Fermilab’s Tevatron collider have reported their most comprehensive
summary yet of physics at the highest laboratory energies. At the APS April Meeting in
Jacksonville, Florida they delivered dozens of papers on a spectrum of topics, many of
which are related in some way to the Higgs boson.

The Higgs is the cornerstone ingredient in the standard model of high energy physics.
It is the particle manifestation of the curious mechanism that kicked in at an early moment
in the life of the universe: the W and Z bosons (the carriers of the weak force) became en-
dowed with mass while the photon (the carrier of the electromagnetic force) did not. This
asymmetry makes the two forces very different in the way they operate in the universe.

Validating this grand hypothesis by actually making Higgs particles in the lab has al-
ways been a supreme reason for banging protons and antiprotons together with a combined
energy of 2 TeV. However, the search for the Higgs is expected to be shadowed by the pro-
duction of other rare scattering scenarios, some of them nearly as interesting as the Higgs
itself.

According to Jacobo Konigsberg (University of Florida), co-spokesperson for the CDF
collaboration (one of the two big detector groups operating at the Tevatron), the search for
the Higgs is speeding up owing to a number of factors, including the achievement of more
intense beams and increasingly sophisticated algorithms for discriminating between mean-
ingful and mundane events.

Here is a catalog of some of the recent results from the Tevatron. Kevin Lannon (Ohio
State) reported a new best figure (170.9 GeV, with an uncertainty of 1%) for the mass of the
top quark. Lannon also described the class of event in which a proton-antiproton smashup
resulted in the production of a single top quark via a weak-force interaction, a much rarer
event topology than the one in which a top-antitop pair is made via the strong force.

Moreover, observing these single-top events allows a first rudimentary measurement
of Vtb, a parameter proportional to the likelihood of a top quark decaying into a bottom
quark. Gerald Blazey (Northern Illinois), former co-spokesperson of the DO collaboration,
reported on the first observations of equally exotic collision scenarios, those that feature the
simultaneous production of an observed W and Z boson, and those in which two Z bosons
are observed.

Furthermore, he said that when the new top mass is combined with the new mass for
the W boson, 80.4 GeV, one calculates a new likely upper limit on the mass of the Higgs.
This value, 144 GeV, is a bit lower than before, making it just that much easier to create
energetically. Ulrich Heintz (Boston University) reported on the search for exotic particles
not prescribed by the standard model.

Again, no major new particles were found, but further experience in handling myriad
background phenomena will help prepare the way for what Tevatron scientists hope will be
their main accomplishment: digging evidence for the Higgs out from a rich seam of other
particles.

The Efimov Effect: Three’s Company, Two’s a Crowd

At the APS April Meeting in Jacksonville, physicists discussed the recent observations
of the Efimov effect, a purely quantum phenomenon whereby two particles such as neutral
atoms which ordinarily do not interact strongly with one another join together with a third
atom under the right conditions. The trio can then form an infinite number of configurations,
or put another way, an infinite number of “bound states” that hold the atoms together.

The effect was first predicted around 1970 by Vitaly Efimov, then a PhD candidate, but
was originally considered “too strange to be true,” according to the University of Colorado’s
Chris Greene, in part because the atoms would abruptly switch from being standoffish to
becoming stuck-together Siamese Triplets at remarkably long distances from one another
(approximately 500-10,000 times the size of a hydrogen atom in the case of neutral atoms).
For decades, experimenters tried in vain to create these three-particle systems (which came
to be known as “Efimov trimers”).

In 1999, Greene and his collaborators Brett Esry and Jim Burke predicted that gases of
ultracold atoms might provide the right conditions for creating the three-particle state. In
2005, a research team led by Rudi Grimm of the University of Innsbruck in Austria finally
confirmed the Efimov state in an ultracold gas of cesium cooled to just 10 nanokelvin.

How do the neutral atoms attract one another in the first place? At small distances, ordi-
nary chemical bonding mechanisms apply, but at the vast distances relevant to the Efimov
effect, it is mainly through the van der Waals effect, in which rearrangements of electrical
charge in one atom (forming an “electric dipole”) create electric fields that can induce di-
poles in, and thereby attract, neighboring atoms.

The observation of the Efimov effect is a coup in the study of the rich quantum physics
between three particles. The effect can conceivably occur in nucleons or molecules (and
any object governed by quantum mechanics). However, it will likely be harder to observe
in those systems because physicists cannot alter the strengths of interactions between the
constituent particles as easily as they can in ultracold atom gases (through their “Feshbach
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resonances’).

But the effect could provide insights on such systems as the triton, a nucleon with one
proton and two neutrons, in addition to the BCS-BEC crossover, in which atoms switch
from forming weakly bound Cooper pairs to entering a single collective quantum state.
(See also article by Charles Day, Physics Today, April 2006, Esry et al., Phys. Rev. Lett. 83,
1751-1754 (1999), and Kraemer et al., Nature 440, 315-318 (16 March 2006).

The Shortest Light Pulse Ever

Researchers in Italy have created the shortest light pulse yet—a single isolated burst of
extreme-ultraviolet light that lasts for only 130 attoseconds (billionths of a billionth of a
second). Shining this ultrashort light pulse on atoms and molecules can reveal new details
of their inner workings—providing benefits to fundamental science as well as potential in-
dustrial applications such as better controlling chemical reactions.

Working at Italy’s National Laboratory for Ultrafast and Ultraintense Optical Science in
Milan (as well as laboratories in Padua and Naples), the researchers believe that their cur-
rent technique will allow them to create even shorter pulses well below 100 attoseconds.
In previous experiments, longer pulses, in the higher hundreds of attoseconds, have been
created.

The general process for this experiment is the same. An intense infrared laser strikes a
jet of gas (usually argon or neon). The laser’s powerful electric fields rock the electrons
back and forth, causing them to release a train of attosecond pulses consisting of high-
energy photons (extreme ultraviolet in this experiment).

Creating a single isolated attosecond pulse, rather than a train of them, is more complex.
To do this, the researchers employ their previously developed technique for delivering in-
tense short (5 femtosecond) laser pulses to an argon gas target. They use additional optical
techniques (including the frequency comb that was a subject of the 2005 Nobel Prize in
Physics) for creating and shaping a single attosecond pulse.

The results were presented (paper JThAS) at the Conference on Lasers and Electro-
Optics and the Quantum Electronics and Laser Science Conference (CLEO/QELS); also
see Sansone et al., Science 20 October 2006: Vol. 314. no. 5798, pp. 443 - 446.)

Ripping Fluids

A major difference between a solid and liquid is that if you move a knife through a solid,
the cleft portions stay cleft, whereas in a liquid the two parts flow back together. Almost
always, however, nature provides materials and processes that don’t quite fit into such neat
categories.

Joseph Gladden (University of Mississippi) and Andrew Belmonte (Penn State) have
contrived an experiment in which a cylinder is dragged through a mixture of water, soap,
and certain salts. At small drag speeds, the material—a viscoelastic gel-like substance which
is a fluid at these temperatures—does
indeed close back on itself, as a liquid
normally does. At higher speeds, the
cylinder creates more of a cleft and
the material is slower to “heal” itself.
At still higher velocities, the fluid acts
like a solid, at least for a while; it is
ripped into several parts, with sepa-
rate surfaces, which take as long as a
few hours to close up, and it exhibits
various “cracks” emanating from the
cylinder’s wake.

Gladden says that the phase dia-
gram (cylinder speed versus cylinder
diameter) for the fluid displays three
regions: flow, modest tearing, and out-
right ripping. Mapping out this phase
diagram should help in understanding other phenomena involving viscoelastic materials,
Gladden says. (Phys. Rev. Lett. 98, 224501 (2007))
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Nuclear Magnetic Resonance Imaging with 90-Nm Resolution

Nuclear magnetic resonance imaging with 90-Nm resolution has been achieved by John
Mamin and his colleagues at the IBM Almaden lab in San Jose, California. The approach
used, magnetic resonance force microscopy (MRFM), maps the location of matter at small
scales by observing the resonant vibration of a spindly sliver of silicon (bearing the sample
in question) when it is both exposed to radio-frequency waves and scanned over a tiny
magnetic tip.

Previously this same group of physicists had used a similar setup to detect the magnetic
resonance of a single unpaired electron in a sample. But now they are detecting the magnet-
ic resonance of nuclei in the sample, a much more difficult thing since nuclear magnetism is
much weaker than electron magnetism (in the case of hydrogen, some 660 times weaker).
The advantage in focusing on nuclear magnetism is that the response of various biologi-
cally and technologically important atoms such as H, P, C-13 or F can be differentiated.

Nuclear spin MRFM has been performed before but only with micron-scale resolution.
The new imaging, in effect, explores volumes as small as 650 zeptoliters, which is some
60,000 times better than the best conventional MRI can do. Improvements in the imaging
process were facilitated by the use of lower temperatures (reducing the thermally driven
motion in the cantilever) and the use of very sharp [§ . : =
magnetic tips, which enhances the magnetic force
due to the spins.

The magnetic field gradient in the vicinity of this
tip is greater than a million tesla/meter. The test ob-
jects being imaged consisted of tiny islands of cal-
cium fluoride evaporated onto the cantilever tip.
Closely spaced islands, roughly 300 nm x 180 nm
x 80 nm in size, could be clearly resolved. One of
the researchers, Dan Rugar, says that the tiny sample
volumes being interrogated hold about 10 million
nuclear spins, and that the net nuclear polarization they are detecting adds up to about 3300
spins.

He believes, however, that their current apparatus can now detect nuclear magnetism at
the level of 200 spins. This would take them much closer to their ultimate goal of imaging

100 nm thick
shaft
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molecules at the single nuclear spin level. Mamin et al., Nature Nanotechnology 2, 301-
306 (2007))

Warm the World, Shrink the Day

Global warming is expected to raise ocean levels and thereby effectively shift some
ocean water from currently deep areas into shallower continental shelves, including a net
transfer of water mass from the southern to the northern hemisphere. This in turn will bring
just so much water closer to Earth’s rotational axis, and this—like a figure skater speeding
up as she folds her limbs inward—will shorten the diurnal period.

Not by much, though. According to Felix Landerer, Johann Jungclaus, and Jochem Ma-
rotzke, scientists at the Max Planck Institute for Meteorology in Hamburg, the day should
shorten by 0.12 milliseconds over the next two centuries. (Landerer, Jungclaus, and Ma-
rotzke, Geophys. Res. Lett., 34, 1.06307 (2007))

Microfluidic Accelerator

Microfluidics is the science of carrying out fluid chemical processing on a chip whose
channels are typically millimeters or microns across. In such a constricted space, viscosity
becomes large, and the fluid flow can slow way down, thus limiting the kind of mixing or
testing that can be done. Physicists at the University of Twente in the Netherlands, how-
ever, use tiny exploding bubbles to speed things up.

The bubbles are produced by shooting laser light into the fluid. (See movie at http://stil-
ton.tnw.utwente.nl/people/ohl/controlled cavitation.html) The light brings a tiny volume
of fluid above its boiling temperature, causing a local bubble explosion, which accelerates
the surrounding fluid along the channel, now at speeds of up to 20 m/sec, twenty times
higher than would be the case without the bubble, and still another factor of 10 within
reach. (The same researchers have produced sonoluminescence in the same way.)

An extra advantage of using flexibly positioned laser light is that for transparent micro-
fluidic chips, fluid pumping can be accomplished without external connections to the chip.
Besides being the first to apply such a cavitation technique for speeding up fluids on a chip,
the Twente scientists are the first to achieve flow visualization at rates of a million frames
per second at a size scale of 100 microns.

The leader of the Twente group, Claus-Dieter Ohl, says that he and his colleagues are
currently using the bubble acceleration technique for improving mixing in various enzyme
reactions and in producing tiny pores in membranes. (Zwaan et al., Phys. Rev. Lett. 98,
254501 (2007))

Polonium Is the Only Element with Simple Cubic Crystal Structure

Polonium is the only element with a simple cubic crystal structure, and new theoretical
work explains why that is. In a solid piece of polonium the atoms sit at the corners of a
cubic unit cell and nowhere else.

One reason the study of Po is so difficult is that it is highly radioactive and spews
forth decay products; indeed, polonium has more isotopes, 36, than any other element.
Physicists at the Academy of Sciences in the Czech Republic have now produced the first
detailed theoretical explanation for
polonium’s unique crystal structure:
it is the result of the complicated in-
terplay of relativistic effects which
become important in such heavy at-
oms as polonium (element 84).

Specifically they have identified
the so-called mass-velocity term
(describing the relativistic increase
in mass of electrons traveling with
velocities comparable to the veloc-
ity of light) as the cause of the sim-
ple-cubic structure of polonium.

Another polonium oddity: its
elastic anisotropy is greater than for
any other solid. That is, it is about
10 times easier to deform a Po crys-
tal along the direction diagonal to
the consolidated cubic cells than it is
to deform the crystal in a direction perpendicular to any of the cubic faces. According to
Dominik Legut, this property results directly from the simple cubic structure of polonium.

Polonium is a hazardous element that appears in the air and soil and in such plants as
tobacco, tea, and mushrooms. (Legut et al., Phys. Rev. Lett. 99, 016402 (2007))

Image courtesy of AIP

First Direct Measurement of DNA Stacking Forces

DNA is one of the most important and studied molecules around, and yet only now has a
team of scientists, working at Duke University, succeeded in measuring the force between
the nucleotides in a single-stranded DNA (ssDNA) molecule, using an atomic force micro-
scope (AFM).

A double-stranded DNA is characterized by two principal forces—the stacking force be-
tween base units along the length of the double helix and the pairing force (Watson-Crick
pairing) between the opposing base units forming the rungs of the helix. Measurements of
DNA elasticity dating back to the 1990s (see http://www.aip.org/pnu/1997/split/pnu3 12-1.htm)
were done with double-stranded DNA, and it is difficult to separate the effects of the pair-
ing and stacking forces.

That’s why Piotr E. Marszalek and his colleagues (Changhong Ke, Michael Humeniuk,
and Hanna S-Gracz) turned to ssDNA. They rigged an artificial ssDNA consisting only of
adenine base units attached to a gold substrate, and then pulled it with an AFM tip.

With a force resolution of about 1 pico-Newton, the Duke apparatus detected one pla-
teau in elasticity (of the stacking force) at around 23 pN, which was expected, and then a
second plateau around 113 pN. (Ke et al., Phys. Rev. Lett. 99, 018302 (2007) a paper mea-
suring forces for a single RNA molecule, finding a single force plateau at 20 pN, appeared
in Seol et al., Phys. Rev. Lett. 98, 158103 (2007))

Time and Time Again

The physics world accepts the idea of spacetime, a combined metrical entity which puts
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time on the same footing as the visible three spatial dimensions. Further spatial dimensions
are added in some theories to help assimilate all physical forces into a unified model of
reality. But what about adding an extra dimension of time too? Itzak Bars and Yueh-Cheng
Kuo of the University of Southern California do exactly that, and add an extra spatial di-
mension too.

The addition of an extra time and an extra space dimension, together with a requirement
that all motion in the enlarged space be symmetric under an interchange of position and
momentum at any instant, reproduces all possible dynamics in ordinary spacetime, and
brings to light many relationships and hidden symmetries that are actually present in our
own universe.

The hidden relationships among dynamical systems are akin to relationships that exist
between the multiple shadows of a 3D object projected on a 2D wall. In this case the object
is in a spacetime of 4 space and 2 time dimensions while the shadows are in 3 space and
1 time dimensions. The motion in 4+2 dimensions is actually much more symmetric and
simpler than the complex motions of the shadows in 3+1 dimensions.

In addition, Bars says that his theory explains CP conservation in the strong interactions
described by QCD without the need for a new particle, the axion, which has not been found
in experiments.

It also explains the fact that the elliptical orbit of planets remains fixed (not counting
well-known tiny precessions). This “Runge-Lenz” symmetry effect has remained some-
what mysterious in the study of celestial mechanics, but now could be understood as being
due to the symmetry of rotations into the fourth space dimension.

A similar symmetry observed in the spectrum of hydrogen would also be accounted for
in 2-time physics, and again explained as a symmetry of rotations into the extra space and
time dimensions. There are many such examples of hidden symmetries in the macroscopic
classical world as well as in the microscopic quantum world, Bars argues, which can be
addressed for the first time with the new 2T formulation of physics.

There have been previous attempts to formulate theories with a second time axis, but
Bars says that most of these efforts have been compromised by problems with unitarity (the
need for the sum of all probabilities of occurrences to be no greater than 1) and causality
(maintaining the thermodynamic arrow of time).

The USC theorists have reformulated their model to fit into the ongoing supersymmetry
version of the standard model and expect their ideas to be tested in computer simulations
and in experiments yet to come. (Bars and Kuo, Phys. Rev. Lett. 99, 041801 (2007))

All-Optical Magnetic Recording

All-optical magnetic recording has been demonstrated by scientists at the Radboud Uni-
versity Nijmegen in the Netherlands. Instead of using the customary magnetic read head to
flip the magnetic orientation of a tiny domain, they use the fields present in a short burst of
circularly polarized light.

Why use light instead of a magnet? Because the magnet is relatively slow and because
the magnetic field in the light pulse is intrinsically strong—up to 5 Tesla. The pulses are per-
pendicularly incident on the storage medium and
the helicity of the light pulse establishes whether
the orientation set in the domain will be up or
down, or digital terms, a 1 or a 0.

Orienting the domain (writing a bit) is accom-
plished partly through the light’s magnetism and
partly through the localized heating by the pulse,
which enhances the domain’s magnetic suscep-
tibility. The bit can be reversed with light of the
opposite polarization.

The light pulse is so carefully focused that it
addresses only one domain at a time. The speed
of the writing process is set by the duration of
the laser pulse, 40 fsec, upsetting certain sugges-
tions, made not so many years ago, that the speed
of recording in optical medium could not shrink
below a picosecond.

True, the size of the domain is 5 microns,
which is rather large. However, one of the re-
searchers, Daniel Stanciu, says he expects the domain size to get down to about 100 nm.
He believes that the all-optical approach will eventually be the way of achieving the fastest
writing of data in a magnetic medium. (Stanciu et al., Phys. Rev. Lett. 99, 047601 (2007))

Image courtesy of AIP

Hydrogen-Seven

An experiment at the GANIL facility in France is the first to make, observe, identify,
and characterize the heaviest isotope yet of hydrogen, H-7, consisting of a lone proton and
6 neutrons. (An earlier experiment saw some inconclusive evidence for this state—see Kor-
sheninnikov et al., Phys. Rev. Lett. 90, 082501 (2003).)

All of the lighter isotopes of hydrogen have previously been seen: H-1 (ordinary hy-
drogen), H-2 (deuterium), H-3 (tritium), and H-4 up to H-6. Technically speaking, the H-7
state (like H-4, H-5, and H-6) is not a
fully bound nucleus. It is considered
a resonance since (besides being very ol =
short-lived) energy is required to T o Ty
force the extra neutron to adhere to |
the other nucleons.

In a proper nucleus energy is re-
quired to remove a neutron. In the
GANIL experiment, a beam of he-
lium-8 ions (themselves quite rare)
is smashed into a carbon-12 nucleus
residing in a gas of butane. In a few
rare occurrences, the He-8 gives one
of its protons to the C-12, producing
H-7 and N-13, respectively. The H-7
flies apart almost immediately into H-3
and four separate neutrons.

Meanwhile the N-13 is observed in the active-target MAYA detector, a device much like
a bubble chamber, allowing its energy and trajectory to be deduced.
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-
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Image courtesy of AIP

By taking the conservation of momentum and energy into account, the fleeting existence
of the H-7 is extracted from the N-13 data. A total of seven H-7 events was observed. A
rough lifetime for H-7 of less than 10-% seconds can be inferred. The helium-8 nucleus (2
protons plus 6 neutrons) used to make the H-7 is interesting all by itself since it is believed
to consist of a nuclear core with two “halo” neutrons orbiting outside.

This radioactive species must carefully be gathered up from carbon-carbon collisions
(in a separate step) and then accelerated. One of the GANIL researchers, Manuel Caamaiio
Fresco says that one of the chief reasons for looking at H-7 is to get a better handle on
exotic nuclear matter.

The H-7 nucleus, during its brief existence, might consist of a H-3 core and plus two
2-neutron outriders, or maybe even a single 4-neutron blob outside. Larger still hydrogen
isotopes, such as H-8 or H-9, might be observable. (Caamaio et al., Phys. Rev. Lett. 99,
062502 (2007))

Observing Magnetic Polarization in Single Atoms

Physicists from UC Berkeley and the Naval Research Lab have measured the spin prop-
erties of individual atoms added to a metal surface. They do this by first forming nm-
sized triangular islands of cobalt on top of a cop-

per crystal. The cobalt is ferromagnetic, which
means that the spins of the cobalt atoms in the
islands all line up together (half of the islands
have their collective spins pointing up, while
the other half point down).

Additional magnetic atoms sprinkled on top
of the islands (adatoms) have spins that interact
magnetically with the underlying cobalt, caus-
ing the adatom spins to either align or anti-align
with the underlying island spins. Thus when a
small number of iron atoms (chromium atoms
were also used) are dropped onto the islands
they immediately become oriented (polarized)

Fe mnd Cr stoms stecrbed onio iranguisr Ca
izinnels am Cu(111) surfaca.

by contact with a cobalt island.

In this way isolated atoms (up to 5 nm apart)
were prepared with a definite spin polarization
state. Next the quantum energy levels of the magnetic adatoms were studied using the tip of
a scanning tunneling microscope (STM) which itself had been magnetized.

The quantum energy levels of the iron and chromium adatoms were sampled by observ-
ing currents flowing from the adatoms into the STM tip. Current measured in this way will
be larger or smaller depending on whether the spin polarization of the tip is aligned with
or against the polarization of the individual magnetic adatoms being probed. The adatom
energy states are seen to differ for spin-up and spin-down states, indicating that iron and
chromium atoms couple magnetically to cobalt with opposite polarity.

One of the researchers, Michael Crommie of UCB, says that it is still too early to try
to store data in the form of individual polarized atoms. Rather they are seeking to under-
stand how the spin of a single atom is influenced by its environment, with an eye toward
future spintronics and quantum information applications. (Yayon et al., Phys. Rev. Lett. 99,
067202 (2007))

Image courtesy of AIP

Light-Driven Femtosecond Electricity

Scientists in Canada foresee the use of electromag-
netic fields of laser light for inducing and reversing
tiny electrical currents along molecular wires without
the use of a voltage applied across leads. They would
accomplish this feat by shining special laser pulses
containing light waves at two different frequencies
onto a polyacetylene molecule which acts like a junc-
tion between two metallic leads on either side.

Depending on the exact frequencies used, the time
duration of the pulse, and the relative phase relation
between the two components of light, the induced pulse of electric flow could consist of
either a single electron or many.

For the case of one electron set in motion by the 400-femtosecond pulse of laser light,
the resulting electrical “current” would be about 0.4 microamps. Why use light rather than
voltage to drive electricity? Because the whole thing can be done on a femtosecond scale
with lasers.

Ignacio Franco says that a potential use of laser-driven electricity would be in future
optoelectronic devices such as ultrafast nanoswitches. (Franco, Shapiro and Brumer, Phys.
Rev. Lett. 99, 126802 (2007))

Image courtesy of AIP

Acoustic Quantum Dots

A new experiment at the Cavendish Lab
at the University of Cambridge is the first to
controllably shuttle electrons around a chip
and observe their quantum properties. A
quantum dot restricts electrons to a region of
space in a semiconductor so tiny as to be es-
sentially zero-dimensional. This in turn en-
forces a quantum regime; the electron may
only have certain discrete energies, which
can be useful, depending on the circum-
stances, for producing laser light or for use
in detectors and maybe even future comput-
ers.

A quantum dot is usually made not by carving the semiconductor into a tiny grain but
rather by imposing restrictions on the electron’s possible motions by the application of
voltages to nearby electrodes. This would be a static quantum dot. It is also possible to
make dynamic quantum dots—that is, moving dots that are created by the passage of surface
acoustic waves (SAWs) moving through a narrow channel across the plane of a specially
designed circuit chip. The acoustic wave itself is generated by applying microwaves to
interleaved fingered electrodes atop a piezoelectric material like GaAs. The applied electric

W\

Image courtesy of AIP
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fields between finger-electrodes induce a sound wave to propagate along the surface of the
material.

These acoustic waves have the ability to scoop electrons and chauffeur them along the
surface.

The tiny region confining the electron even as it moves is in effect a quantum dot. Such
acoustic-based dynamic quantum dots have made before, but according to Cambridge re-
searcher Michael Astley, this is the first time the tunneling of the electrons (even single
electrons) into and out of the quantum dots has been observed. This is an important part of
the whole electron-shuttling process since one wants control over the electron motions and
spins. If, moreover, electrons in two very close acoustic wave channels could be entangled,
then this would present the chance to make a sort of flying qubit, which could be at the heart
of a quantum computer. (Astley et al., Phys. Rev. Lett. 99, 156802 (2007))

Thermal Logic Gates

Information processing in the world’s computers is mostly carried out in compact elec-
tronic devices, which use the flow of electrons both to carry and control information. There
are, however, other potential information carriers, such as photons. Indeed a major industry,
photonics, has developed around the sending of messages encoded in pulsed light.

Heat pulses, or phonons, rippling through a crystal might also become a major carrier,
says Baowen Li of the National University of Singapore. Li, with his colleague Lei Wang,
have now shown how circuitry could use heat—energy already present in abundance in elec-
tronic devices—to carry and process information.

They suggest that thermal transistors (also proposed by Li’s group in Applied Physics
Letters, 3 April 2006) could be combined into all the types of logic gates—such as OR,
AND, NOT, etc.—used in conventional processors and that therefore a thermal computer,
one that manipulates heat on the microscopic level, should be possible.

Given the fact that a solid state thermal rectifier has been demonstrated experimentally
in nanotubes by a group at UC Berkeley (Chang et al., Science, 17 November 2006) only a
few years after the theoretical proposal of “thermal diode,” the heat analog of an electrical
diode which would oblige heat to flow preferentially in one direction (Li et al, Phys. Rev.
Lett. 93, 184301 (2004)). Li is confident that thermal devices can be successfully realized
in the foreseeable future. (Wang and Li, Phys. Rev. Lett. 99, 177208 (2007))

2007 Nobel Prize in Physics

The 2007 Nobel Prize in Physics was awarded to Albert
Fert (Université Paris-Sud, Orsay, France) and Peter Griinberg
(Forschungszentrum Jiilich, Germany) for the discovery of gi-
ant magnetoresistance, or GMR for short. GMR is the process
whereby a magnetic field, such as that of an oriented domain on
the surface of a computer hard drive can trigger a large change
in electrical resistance, thus “reading” the data vested in the
magnetic orientation.

This is the heart of modern hard drive technology and makes
possible the immense hard-drive data storage industry. Fert and
Griinberg pioneered the making of stacks consisting of alternat-
ing thin layers of magnetic and non-
magnetic atoms needed to produce the GMR effect. GMR is a
prominent example of how quantum effects (a large electrical
response to a magnetic input) come about through confinement
(the atomic layers being so thin); that is, atoms interact differ-
ently with each other when they are confined to a tiny volume
or a thin plane.

All these magnetic interactions involve the spin of an elec-
tron. Still more innovative technology can be expected through
quantum effects depending on electrons’ spin. Most of the elec-
tronics industry is based on manipulating the charges of elec-
trons moving through circuits. But the electrons’ spins might
also be exploited to gain new control over data storage and
processing. Spintronics is the general name for this budding branch of electronics. (Nobel
Prize website: http://nobelprize.org/nobel prizes/physics/laureates/2007/info.html)

Albert Fert

Relativistic Thermodynamics

Einstein’s special theory of relativity has formulas, called Lorentz transformations,
that convert time or distance intervals from a resting frame of reference to a frame
zooming by at nearly the speed of light. But how about temperature? That is, if a speed-
ing observer, carrying her thermometer with her, tries to measure the temperature of a
gas in a stationary bottle, what temperature will she measure? A new look at this con-
tentious subject suggests that the temperature will be the same as that measured in the
rest frame. In other words, moving bodies will not appear hotter or colder.

You’d think that such an issue would have been settled decades ago, but this is not
the case. One problem is how to define or measure a gas temperature in the first place.
James Clerk Maxwell in 1866 enunciated his famous formula predicting that the dis-
tribution of gas particle velocities would look like a Gaussian-shaped curve. But how
would this curve appear to be for someone flying past? What would the equivalent
average gas temperature be to this other observer? Jorn Dunkel and his colleagues at
the Universitat Augsburg (Germany) and the Universidad de Sevilla (Spain) could not
exactly make direct measurements (no one has figured out how to maintain a contained
gas at relativistic speeds in a terrestrial lab), but they performed extensive simulations
of the measurement.

Dunkel says that some astrophysical systems might eventually offer a chance to
experimentally judge the issue. In general the effort to marry thermodynamics with
special relativity is still at an early stage. It is not exactly known how several thermo-
dynamic parameters change at high speeds. Absolute zero, Dunkel says, will always
be absolute zero, even for quickly-moving observers. But producing proper Lorentz
transformations for other quantities such as entropy will be trickier to do. (Cubero et
al., Phys. Rev. Lett. 99, 170601 (2007))

Nuclear Dripline Droops

Several new heavy isotopes have been discovered, at least one of which pushes beyond the
neutron dripline. Driplines are the outer edges defining the zone of observed or expected bound

nuclei on a map whose horizontal axis is the number of neutrons in a nucleus (denoted
by the letter N) and whose vertical axis corresponds to the number of protons (Z). The
nuclear force holding neutrons and protons together (even as the like-charged protons re-
pel each other electrostatically) is so strong that no theory (not even the so called nuclear
shell model, fashioned in analogy to the atomic model) can confidently predict whether a
particular combination of neutrons and protons will form a bound nucleus. Instead exper-
imenters must help theorists by going out and finding or making each nuclide in the lab.

In an experiment conducted recently at the National Superconducting Cyclotron Lab
(NSCL) at Michigan State University, a beam of calcium ions was smashed into a tung-
sten target. A myriad of different nuclides emerged and streamed into a sensitive detector
for identification. Two newly found nuclides—Mg-40 and Al-43—came as no surprise. But
another, Al-42, was more unusual since it violated the provisional prohibition against
nuclei of this size having an odd number of protons and neutrons.

The new nuclides are not stable, since they decay within a few milliseconds. But this
is pretty long by nuclear standards. Why study such fleeting nuclei? Even though they
might not exist naturally, the new nuclides still might play a role inside stars or novas
where heavy elements, including those that make up our planet and our bodies, are cre-
ated. Thomas Baumann suggests that even heavier aluminum-isotopes might exist, and
that it is worth exploring any possible islands of stability, not just those at the very edge
of the periodic table. (Baumann et al., Nature 449, 1022-1024 (25 October 2007))

The Highest-Energy Cosmic Rays

The highest-energy cosmic rays probably come from the cores of active galactic nuclei
(AGN), where supermassive black holes are thought to supply vast energy for flinging
the rays across the cosmos. This is the conclusion reached by scientists who operate the
Pierre Auger Observatory in Argentina. This gigantic array of detectors spread across
3000 sq. km of terrain, looks for one thing: cosmic ray showers.

These arise when extremely energetic particles strike our atmosphere, spawning a
gush of secondary particles. Many of the rays come from inside our own Milky Way, es-
pecially from our sun, but many others come from far away. Of most interest are the high-
est-energy showers, with energies above 10" electron volts, far higher than any particle
energy that can be produced in terrestrial accelerators. The origin of such potent physical
artifacts offers physicists a tool for studying the most violent events in the universe.

To arrive at Earth, most cosmic rays will have crossed a great deal of intergalactic
space, where magnetic fields can deflect them from their starting trajectories. But for the
highest-energy rays, the magnetic fields can’t exert as much influence, and consequently
the starting point for the cosmic rays can be traced with some confidence.

This allowed the Auger scientists to assert that the highest-energy cosmic rays
were not coming uniformly from all directions but rather preferentially from gal-
axies with active cores, where the engine for particle acceleration was prob-
ably black holes of enormous size. The very largest of cosmic ray showers,
those with an energy higher than 57 EeV (1EeV equals 10'® eV), correlated pret-
ty well with known AGN’s. (Auger collaboration, Science 9 November 2007:
Vol. 318. no. 5852, pp. 938-943)

Cooper Pairs in Insulators

Cooper pairs are the extraordinary link-up of like-charged electrons through the subtle
flexings of a crystal. They act as the backbone of the superconducting phenomenon, but
have also now been observed in a material that is not only non-superconducting but actu-
ally an insulator. An experiment at Brown University measures electrical resistance in a
Swiss-cheese-like plank of bismuth atoms made by spritzing a cloud of atoms onto a sub-
strate with 27-nm-wide holes spaced 100 nm apart. Bismuth films made this way are su-
perconducting if the sample is many atom-layers thick but is insulating if the film is only
a few atoms thick, owing to subtle effects which arise from the restrictive geometry.

Cooper pairs are certainly present in the superconducting sample; they team up to
form a non-resistive supercurrent. But how do the researchers know that pairs are present
in the insulator too? By seeing what happens to resistance as an external magnetic field
is increased.

The resistance should vary periodically, with a period proportional to the charge of
the electrical objects in question. From the periodicity, proportional in this case to two
times the charge of the electron, the Brown physicists could deduce that they were see-
ing doubly-charged objects moving through the sample. In other words, Cooper pairs are
present in the insulator. This is true only at the lowest temperatures. One of the research-
ers, James Valles, says that there have been previous hints of Cooper pairs in some films
related to superconductors, but that in those cases the evidence for pairs in the insulating
state was ambiguous. He asserts that the realization of a boson insulator (in which the
charge carriers are electron pairs) will help to further explore the odd kinship between
insulators and superconductors. (Stewart et al., Science 23 November 2007: Vol. 318. no.
5854, pp. 1273-1275)

Persistent Flow or Bose-Condensed Atoms in a Toroidal Trap

A persistent flow of Bose-condensed atoms has been achieved for the first time, of-
fering physicists a better chance to study the kinship between Bose-Einstein condensates
(BEC) and superfluids. Both involve the establishment of an ensemble in which many
atoms join together in a single quantum entity. But they’re not quite the same thing. In a
bath of liquid helium at low temperatures, for example, nearly 100% of the atoms are in a
superfluid state but only about 10% are in a BEC state (in a BEC millions of atoms have
become, in a sense, a single atom). But physicists generally believe that most or all of a
BEC is superfluid. Scientists have been able to stir up quantized vortices in BEC samples,
one indication that BECs are superfluid. But until now researchers had not been able to
get BECs to move around a track in a persistent flow, another sign of superfluidity.

The new experiment, performed by Nobel laureate William Phillips and his colleagues
at NIST-Gaithersburg, the Joint Quantum Institute of NIST and the University of Mary-
land, chilled sodium atoms in a toroidal trap, set them into motion with laser light, and
observed a flow for as long as 10 seconds.

One of the scientists on the project, Kristian Helmerson, says that neutral atoms flow-
ing in a toroidal vessel could be fashioned into the atom analog of a superconducting
quantum interference device (SQUID), which is used as a sensitive detector of mag-
netism. This BEC device, sensing not magnetism but slight changes in direction, could
serve as a sensitive gyroscope, possibly for navigation purposes. (Ryu et al., Phys. Rev.
Lett. 99, 260401 (2007))
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Senior Physicists Group 10
Years Old and Going Strong

By Calla Cofield

In 1996 Dick Strombotne retired
from a long and busy career with the
U.S. Department of Transportation.
Like many physicists, Strombotne
may have been retired, but his love
of physics and his desire to learn
hadn’t waned. Having been a mem-
ber of APS for 40 years, Strom-
botne contacted APS Executive
Officer Judy Franz to see if there
was a local group of physicists with
a similar desire to remain active in
the physics community. Since there
wasn’t one, Strombotne started it
himself. More than 50 physicists
came out for the initial planning
meeting, and in the past ten years,
the contact list of members from
the greater Washington DC area has
grown to 160.

The Mid-Atlantic Senior Physi-
cists Group is now celebrating its
ten-year anniversary. For the past

members and some aren’t. Some
members are senior in age, some
are senior in experience, and some
are both, but despite the name the
activities are open to anyone.

The group’s featured talks have
been about nanotechnology, global
climate change, topics in astrophys-
ics, string theory, supersymmetry,
medical physics, and the evolution
of standard time, to name a few.
They usually take place on the third
Wednesday of each month at APS
headquarters in College Park, MD.
Other activities have included a
visit to the M.C. Escher exhibit at
the National Gallery in Washing-
ton, and tours to different phys-
ics installations such as the David
Taylor Model Basin at the Naval
Research Laboratory, the Applied
Physics Lab at Johns Hopkins, and
a two-day trip to the National Radio
Astronomy Observatory in Green

Photo by Calla Cofield

Richard Strombotne (far left) and other members of the Mid-Atlantic Senior
Physicists Group listen to a talk by David Newell of NIST at the American Center

for Physics in College Park, MD.

decade the group has sponsored
talks on physics, tours to local phys-
ics installations, and trips to more
distant sites. The events are open to
anyone interested in attending.

Strombotne says of the forma-
tion of the group, “For the first
year or so, we had about three talks
in the spring and three talks in the
fall. Now we have a talk in most
months...and tours of some instal-
lation in other months.” Four of the
original ten planning committee
members are still on board with the
group.

Strombotne says they called the
group “Senior Physicists” because
“senior” seemed to describe the
people most interested in participat-
ing. Many of the group’s members
are retired, but many are still work-
ing full or part time. Some are APS

Bank, West Virginia.

For the past ten years the group
has existed as an informal part of
APS. They are considering trying
to become an APS Forum, which
would require 200 members who be-
long to APS. As a forum, the group
would gain additional funding and
exposure, potentially uniting them
with other regional groups of the
same nature, or motivating others
to start these groups where there are
none. Mainly, the group would like
to make themselves known to more
physicists who would be interested
injoining. A website for the group is
scheduled for launch later in 2008,
and until then anyone interested in
attending a talk or activity can con-
tact APS Director of Membership
Trish Lettieri at lettieri@aps.org or
301-209-3272.
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POPA continued from page 1
hydrogen-powered vehicles com-
petitive. The report made headlines
in several major newspapers, on
National Public Radio, and prompt-
ed Congress to hold hearings on the
issues that were raised in the report
(see APS News, May 2004, avail-
able online). In the end, Congress
implemented a program consistent
with the recommendations in PO-
PA’s short report.

In May 2005, POPA released a
second short report on nuclear pow-
er and proliferation resistance titled
“Securing Benefits, Limiting Risk,”
examining technological steps that
could be taken to guard nuclear
power systems from the threat of
theft or diversion. Its impact can be
seen in the controversial fiscal year
2008 omnibus spending bill recent-
ly passed by Congress (see story,
page 1), which eliminated all fund-
ing for both the proposed nuclear
fuel recycling facility and advanced
burner reactor, restricting the U.S.
Department of Energy’s recycling
efforts to a research program.

“We’ve been lobbying for these
outcomes for the last 18 months,
and it’s good to see such clear and
unambiguous results,” says Slakey.

Up next are two short reports,
to be released this month, one on
nuclear workforce and the other on
nuclear forensics. The latter exam-
ines the potential for nuclear foren-
sics to enhance global nuclear deter-
rence. The group’s charge reads, in
part, “In a world with many nuclear
weapons states, the ability of the
US to use scientific techniques to
identify with certainty the origin of
the fissile material used in an attack
is increasingly important.”

Now Appearing in RMP:

Recently Posted Reviews and Colloquia
You will find the following in the
online edition of
Reviews of Modern Physics at
http://rmp.aps.org

Four-body methods for high-
energy ion-atom collisions
DzZevad Belki¢, lvan Mancev
and Jocelyn Hanssen

This review presents a thorough
overview of the current status and
a critical assessment of the existing
quantum-mechanical four-body theo-
ries for energetic ion atom collisions.
A proper description of these collisions
with two active electrons requires the
solution of the pertinent four-body
problems. The analysis considers a
number of inelastic collisions with spe-
cial attention focused on single elec-
tron capture, double electron capture,
transfer ionization, and transfer exci-
tation. Working within the four-body
framework of scattering theory and im-
posing proper Coulomb boundary con-
ditions in the entrance and exit chan-
nels, the review analyzes a number of
the leading quantum-mechanical theo-
ries. The scope of the review is limited
to intermediate and high nonrelativistic
impact energies.
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Shoot-Out at the O.K. Corral

By Michael S. Lubell, APS Direc-
tor of Public Affairs

It was Washington, not Tomb-
stone, and it was 2007, not 1881,
but when Congress finally passed
the Omnibus spending bill for
Fiscal Year 2008 shortly before
Christmas, their labor left many
government activities riddled with
holes.

Like the shoot-out at the O.K.
Corral a century earlier, some of the
facts surrounding the fiscal casual-
ties still remain murky. And just as
Tom McClaury and Billy Clanton
might have escaped the hail of bul-
lets that day had Wyatt Earp and
“Doc” Holliday known they were
unarmed, science might have come
through the partisan fusillade last
year had Congress known the con-
sequences of its actions.

But McClaury and Clanton were
mortally wounded. And though
science is still alive, it is badly in
need of life support.

The dispute between Earp and
the “Cowboys” dated back more
than a year before the shoot-out.
And so, too, with the Fiscal Year
2008 science budget: the seeds of
the antagonism that led to its col-
lapse were sown in 2006.

In his State of the Union Ad-

dress that year, President Bush
unveiled the American Competi-
tiveness Initiative that put the re-
search budgets of the Department
of Energy’s Office of Science, the
National Institute of Standards
and Technology, and the National
Science Foundation on a ten-year
doubling path. The President’s an-
nouncement followed on the heels
of the National Academies’ report,
Rising Above the Gathering Storm,
and the House Democrats’ release
of their Innovation Agenda.

With Congress still in the hands
of the Republicans, who had ca-
tered to the White House during
the previous three years, Washing-
ton assumed that 2006 would con-
tinue the pattern. But by the time
the November elections rolled
around, the Republicans had failed
to pass any domestic appropria-
tions bills. And after their defeat at
the polls, the GOP packed its bags,
leaving behind a huge fiscal mess
for the 110th Democratic Congress
to clean up.

As the Republicans fled, Demo-
crats warned they would have less
than a month to deal with Fiscal
Year 2007 spending before the
2008 budget landed on their desks.

BELTWAY continued on page 12

New Lab Association Elects

The Advanced Laboratory Phys-
ics Association (ALPhA) elected its
first officers in November. The or-
ganization formed last spring after
holding an organizational session at
the 2007 APS March Meeting (see
APS News, May 2007), and now has
over 100 members.

The mission of ALPhA is to en-
courage communication among
those who teach advanced under-
graduate laboratory courses and
provide professional recognition for
those instructors. “ALPhA hopes to
become the central advocacy group
for advanced experimental physics
instruction,” its constitution states.

ALPhA will work closely with
both the American Association of

Physics Teachers (AAPT) and APS.
ALPhA will plan sessions at AAPT
and APS meetings, suggest invited
talks at these meetings, award profes-
sional prizes, and plan special con-
ferences on advanced experimental
instruction. The organization held an
open meeting at the January AAPT
meeting, and will have a similar event
at the 2008 APS March Meeting.
Recently elected ALPhA presi-
dent Gabe Spalding of Illinois Wes-
leyan University has been teaching
advanced lab for 12 years, and re-
gards these courses as challenging.
“There should be thought given to the
experimental curriculum,” he said.
In addition to fitting in with the
rest of the curriculum and teaching

Officers

appropriate experimental skills, these
courses have to teach a “mindset,”
said Spalding. A good advanced lab
course encourages students to take
more ownership of their projects, he
added.

“I believe that ALPhA will have
an enormous impact on the instruc-
tion of the experimental curricu-
lum. This sort of banding together
of dedicated instructors can be
transformative,” said Spalding.

AAPT has established a list-
serv devoted to the teaching of
advanced laboratory courses. The
listserv discusses everything from
technical problems with equip-
ment to issues of curriculum, and
is open to anyone. It can be found

at http://lists.aapt.org/cgi-bin/lyris.
pl?enter=advlabs-1

Joining ALPhA costs $10. To
join, visit http://www.teachspin.
com/signup.shtml

ALPhA’s president, vice-pres-
ident, and board members will
serve two-year terms, the secretary
and treasurer four-year terms, and
the vice-president will automati-
cally serve a second two-year term
as president. The recently elected
officers, most of whom are also
members of APS, are:

President: Gabriel Spalding,
1llinois Wesleyan University

Vice-President: James Lockhart,
San Francisco State University

Secretary: Mark Masters,
Indiana University-Purdue
University, Fort Wayne

Treasurer: Steve Wonnell,
Johns Hopkins University

Elected members of the execu-
tive board are:

Robert DeSerio,

University of Florida

Paul Dolan,

Northeastern lllinois University

Richard Peterson,
Bethel University

Jonathan Reichert,
TeachSpin, Inc.
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he current presidential campaign

cycle started earlier than usual,
giving candidates abundant time to talk
about the issues. Unfortunately, I have
heard little discussion about science
and technology. Candidates carefully
avoid topics that might make them look
too “nerdy,” that is, overly interested in
nuclei, Euclidian geometry or theoreti-
cal chemistry.

Later this year, millions of Ameri-
cans will cast their ballot to elect the next President of the
United States, but few will investigate the candidates’ under-
standing of science. Do you know where your favorite can-
didate stands on science and technology issues? Have you
heard any candidate explain the importance of science and
math education to our national defense, energy solutions,
global competitiveness, health care, or the ability of our stu-
dents to obtain meaningful employment in the future? Have
any discussed the necessity of adequately funding scientific
research?

Before you cast your ballot, consider one additional, hy-
pothetical candidate: “Physicist for President.” Let me first
make it clear: I have absolutely no desire to run for presi-
dent. But as a physicist, I hope that in my lifetime someone
who holds an advanced degree in physics, or some other sci-
ence, will run for and win our nation’s top office.

The physicist’s presidential platform would give science
and technology prominence. The candidate would recognize
that geographic boundaries are almost meaningless in the
21st century. He or she would recognize that the Internet
and other technologies have allowed financial and intellec-
tual capital to flow freely worldwide at nearly the speed of
light. The United States is no longer competing with a hand-
ful of developed countries, but with the entire world.

On October 4,
2007, we recalled
the 50th anniver-
sary of the launch of
Sputnik I into orbit.
People who were
alive in 1957 viv-
idly remember this
event. It shocked the
American public and
dwarfed the achieve-
ments of our rocket
program.  Sputnik
spurred U.S. invest-
ment in aerospace,
culminating in the
Apollo moon land-
ing. It also stimu-
lated a great emphasis on improving our math and science
education programs and sparked an intense focus on equip-
ping our workforce with the skills needed to compete with
the Russians and other foreign countries.

Today, the United States is facing an equally critical chal-
lenge from overseas. Despite lacking the same public prom-
inence as the Sputnik launch, our children are once again
falling behind their peers in European and Asian countries
in the subjects of math and science. As a physicist, it is clear
to me how important these subjects are in preparing students
for the jobs of the future. I am concerned that by the time
another Sputnik-like spark comes along to wake us up to the
crisis looming over our nation’s competitiveness, it may be
too late to act. In order to address this growing challenge, a
physicist would support updating the No Child Left Behind
Act, which has helped countless students in the United States
improve over the past five years. This would help ensure that
students are prepared for the jobs of the future.

A scientist in the Oval Office would bring good analyti-
cal skills to decision-making in the White House, and would
appreciate the need for a population well-versed in science.
A public which understands basic scientific principles and
concepts would produce analytical voters and ensure we are
better stewards of our planet and all that it contains.

A physicist’s platform would also include sustained in-
vestment in fundamental research. President Bush recently
signed into law the America COMPETES Act of 2007. This
law includes provisions to encourage innovation in manu-
facturing and to strengthen many of our federal research and
education programs. It also provides incentives to increase
the number of science, technology, engineering and math-
ematics (STEM) majors and teachers. Also, through its spe-

“Have you heard any
candidate explain the
importance of science
and math education to
our national
defense, energy
solutions, global
competitiveness,
health care, or the ability
of our students to
obtain meaningful em-
ployment in the future?”

A Physicist for President?

By Vernon J. Ehlers

cial focus on the training of teachers, it seeks to improve
STEM education for all of our nation’s children, not just the
ones who will pursue advanced degrees. It strives to equip
all high school graduates with a strong education in science
and math, allowing them to excel in any career path they
choose. The law establishes a pathway to double in seven
years the research budgets of the National Science Founda-
tion, the Department of Energy Office of Science, and the
National Institute of Standards and Technology, and it en-
hances programs designed to improve K-12 teacher content
knowledge in science and math. The successful passage of
this $33.6 billion authorization was in large part due to advo-
cacy by individual scientists across the nation. I was excited
to see the efforts of 12 years of hard work in Congress pay
off when this bill became law, and I am pleased that I was
able to play a part in this success. Clearly, with a scientist
as president, as well as more scientists in Congress, success
could be achieved much more rapidly.

The catch, however, is that the COMPETES Act does not
ensure that this funding actually materializes, since authori-
zation measures must be followed by Appropriation Com-
mittee actions to ensure the funds are allocated and spent. Of
course, the “physicist-for-president” platform would include
a plan to fully fund the
COMPETES Act in the
annual budget request
to Congress. Though
our nation’s president
should have a fiscally
conservative view on
government spending,
this would be the only
part of a platform where
a scientist could clearly
make the case that this
investment is one which
we must not underfund.
It is truly an investment
in our future and would
produce a great return on investment. Americans must rec-
ognize how important basic research is to the vitality of our
nation; fully funding these programs should be a proposal all
would support. Additionally, I expect a scientist running for
president would pledge to permanently extend the research
and development tax credit; this would give companies the
ability to depend on that credit when they conduct long-term
planning for their research and development endeavors.

In summary, the “Physicist for President” platform would
present our nation with a winning array of ideas developed
to put us on the path toward sustained economic competi-
tiveness and bolstered innovation. It would include substan-

“A scientist in the
Oval Office would
bring good
analytical skills to
decision-making in
the White House, and
would appreciate the
need for a population
well-versed in
science.”

tial investments in our nation’s research
and development programs, as well
as sustained efforts to build upon our
successful STEM education programs.
China and India decided 20 years ago
to improve the STEM education of their
students, and today are reaping tangible
results, especially in manufacturing. It
is time for us to catch up to the substan-
tial investments other nations are mak-
ing.
Perhaps someday we will elect a scientist as president.
Until then, I urge my fellow physicists to become involved
in their communities and local politics. Volunteer to speak
at your local high school, so you can excite students about
science. Run for your local school board. Serve as a volun-
teer advisor to an elected
official. Mentor a stu-
dent and encourage him
or her to pursue a college
degree or career in sci-
ence. Exercise your right
to vote. If you interact
with a real presidential
candidate, ask him or her
for positions on these is-
sues. If you would like
to establish a personal
relationship with a can-
didate, I encourage you
to attend their events and
to volunteer to work for
their campaign. Similar-
ly, I urge current policy-
makers to listen to the voices of physicists. Our unique train-
ing provides us with the perspective to approach problems
logically while analytically developing solutions.

I sincerely hope that our next President will share the
same passion and zeal I have for improving our nation’s sci-
ence and education programs, and that our country will grow
and prosper from scientific knowledge! Wouldn’t you vote
for that? And won’t you work to make it happen?

APS Fellow Vernon J. Ehlers received his PhD in nucle-
ar physics from UC Berkeley. A Republican, he has repre-
sented Michigan’s 3rd district in Congress since 1993. He
serves on the Education and Labor, Science and Technology,
Transportation and Infrastructure, and Administration com-
mittees of the House of Representatives.

“In summary, the
‘Physicist for President’
platform would pres-
ent our nation with a

winning array of
ideas developed to
put us on the path
toward sustained
economic competi-
tiveness and
bolstered innovation.”
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All they could do, they said, was pass a Continuing Resolu-
tion, freezing all programs at the previous year’s level. The
President’s competitive initiative, ACI, would have to be put
on hold for a year.

But following an intense lobbying effort, science advo-
cates managed to get a rare limited waiver for the three ACI
agencies, and funding rose, though not as much as the Presi-
dent had requested. With White House science advisor Jack
Marburger still sidelined by illness, the Office of Science and
Technology Policy scolded the Democrats for funding only
half the President’s request: not a word about the failures of
the 109th Republican Congress.

The partisan attack did not sit well with Democrats. Just
hours later, House Science and Technology Committee
Chairman Bart Gordon (D-6th TN) responded, “While the
President’s [FY 2008] budget includes some important fund-
ing increases, it lacks the priorities and consistency to ensure
our competitiveness now and in the long run.”

So much for science bipartisanship! Still, in the coming
months, Congress managed to pass overwhelmingly the
America COMPETES Act that authorized the ACI doubling,
and despite some grumbling, the President signed the bill.
The House also passed spending bills with the ACI increases
included. So too, did the Senate Appropriations Committee.

But the Senate leadership failed to bring any of its bills
to the floor for a vote. Ultimately, the only option was an
eleventh-hour $933 billion Omnibus bill, $22 billion above
the White House bottom line.

The President held to his number, adamantly refusing even
to meet with the Democrats. And in return Democrats swore
that they would “whack GOP priorities” to meet his demand.
They did. In the process, the ACI increases evaporated.

Was science simply caught in the crossfire, or was ACI a
target? We may never know.

APS News welcomes and encourages letters and submissions from its members responding to these and other issues. Responses may be sent to: letters@aps.org




