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APS Commemorates Birth of the Transistor

On December 14,
APS President (now past-
President) John Hopfield
visited Bell Labs in New
Jersey, where he had
been a postdoc in the late
1950's. His purpose was
to present a plaque, on
behalf of the APS Historic
Sites Initiative, honoring
the invention of the tran-
sistor by (in alphabetical
order) John Bardeen,
Walter Brattain, and
William Shockley. “I am
immensely pleased to be
here as the representa-
tive of the American
Physical Society in the
proceedings today,”
Hopfield said at the pres-
entation ceremony.
“Many years ago, | was a
kid interested in electron-
ics, and built radios based
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on a single vacuum tube, normally a triode. Elegant little machines, with this
single triode serving simultaneously three functions, as the RF amplifier, the
detector or demodulator, and the audio amplifier. A vacuum tube triode would
cost about $1.00. How preposterous it would have seemed that someone
would tell me that | would have, in my laptop computer, 10 billion dollars worth
of vacuum tube-equivalents, inflation non-adjusted. Multiply both numbers by
10 to account for inflation over the years, and that does not alter the amaze-
ment.” Hopfield concluded his remarks with “| am personally so happy to be
part of an occasion commemorating the past, honoring the present, and look-
ing to the future of Bell Labs. And honoring and commemorating three distin-
guished members of the American Physical Society.”

In the photo, Hopfield (right) looks on while President of Bell Labs, Jeong
Kim, signs the official APS register of historic sites.
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APS Membership Sets A New Record in 2007

The official APS membership
count set a new all-time record again
in2007. The count, taken on January
8, 2007, blasted through the 46,000
barrier, reaching a total 046,293 for
an increase of 774 over 2006.
Analysts said that the declining price
of oil, coupled with a modest infla-
tion rate, had absolutely nothing to
do with it.

Rather, according to Director of
Membership Trish Lettieri, continued
growth in the student member cate-
gory was the leading factor.
“Although every member category
had fluctuations throughout the year,
the overall growth correlates to the
increase in student members,” she
said. “Students are up 793 from last
year, for a total of 10,838 student
members.”

Students in North America receive
one year free as a trial membership,
and their dues after that are current-
ly $28 per year. Lettieri says it’s
encouraging that the student catego-
1y is so strong, because it augurs well
for the future of the Society.

One area in which membership

totals play an important role is with
respect to lobbying activities. As a
registered lobbyist in Washington,
APS seeks to promote the health of
the profession by arguing for sci-
ence funding, and to bring science
into the policy arena by advocating
on issues mandated by Council. The
impact that APS can have is related
to the size of the Society. By law, APS
lobbying is limited by the amount of
membership dues. In addition, the
more members who engage in grass-
roots activities such as letter-writing
and personal visits to Congress, the
more effective APS can be.

APS membership also has a sig-
nificant international component.
There are over 9500 members from
outside the US, representing 21% of
the total. The countries with the
largest representation are Japan
(1805) and Canada (1198).

While the student members con-
tinue to increase, at the other end of
the demographic spectrum, retired
members also show modest growth.
Their number went up from 5534 in
2006 to 5598 in 2007.

10 years of APS
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Serious Consequences Loom If FY07 Budget Is Frozen

Instead of the expected increases,
federal funding for physical sciences
for Fiscal Year 2007 may be frozen
at FY06 levels because Congress
failed to pass a budget for FY07.
This will have serious consequences
for the science and education pro-
grams in the United States, including
potential cutbacks in operations at
several major national labs, delays in
some scheduled projects, and reduc-
tions in the number of new research
grants.

Expected budget increases for the
physical sciences were put on hold
last fall when Congress adjourned
having passed only two appropria-
tions bills, for homeland security and
defense. A continuing resolution kept
funding at FY06 levels through mid-
February 2007.

When the new Congress took
office in early January, congression-
al leaders announced their intention
not to address FY07 funding bills, and

instead pass another continuing res-
olution holding funding at FY06 lev-
els throughout all of FY07, which
ends in October. This would allow the
new Congress to turn its attention to
FYO08 funding, with the President’s
FYO08 funding request scheduled to
be released in early February.

After decades of relatively flat
funding, FY07 was expected to be a
good year for physical science fund-
ing. President Bush’s proposed
American Competitiveness Initiative,
which had bipartisan support, would
have doubled funding for science
over ten years. For FY07, the admin-
istration had requested a 14% increase
for the Department of Energy Office
of Science and a 7.8% boost for the
National Science Foundation.

Instead, without action by
Congress, funding will be held at
FY06 levels, which was a poor year
for physical science funding. The
$3.5-billion FY 2006 appropriation

Thursday Night Football with Tim Gay

March Meeting attendees are
invited to join Denver-area res-
idents on Thursday, March 8 for
a night of football physics with
Tim Gay, Professor of Physics
at the University of Nebraska—
Lincoln. Gay is author of The
Physics of Football: Discover
the Science of Bone-Crunching
Hits, Soaring Field Goals, and
Awe-Inspiring Passes. The talk
will begin at 7:00 p.m. and be fol-
lowed by a book signing.

for the DOE Office of Science rep-
resented a real decline of almost 7 %.
Some national labs had been delay-
ing cuts in operations in 2006 based
on the expectation that funding would
increase in 2007. In addition, man-
dated raises and other increases have
automatically taken effect, meaning
that just to maintain the same level
of effort in 2007 requires more fund-
ing.

In early January APS Executive
Officer Judy Franz sent an alert to all
APS members, asking them to write
to their representatives and urge
Congress to enact increases for the
budgets of the NSF, DOE Office of
Science, and NIST Scientific and
Technical Research and Services
(STRS) account in the upcoming
Continuing Resolution for FY07.

It is possible that Congress could
make adjustments for select agen-
cies when it passes the yearlong res-
olution. Congress could allow the
DOE to reprogram their allocations
to fund the DOE Office of Science
at the proposed FY07 levels by shift-
ing funds that had been allocated to
the cleanup of several large nuclear
waste sites since the cleanup is now
complete.

One lab that would be particular-
ly hard hit by the budget freeze would
be the Relativistic Heavy Ion Collider
(RHIC) at Brookhaven National
Laboratory. The FY06 budget left
RHIC with a shortfall of about $20
million, and RHIC was only able to
keep running thanks to private dona-

BUDGET continued on page 3

PhysicsQuest Kits Are
Back by Popular Demand

Buoyed by the enthusiastic
response of teachers and students, the
APS has extended funding for its
year-old PhysicsQuest program for
several additional years.
PhysicsQuest is a story-based learn-
ing adventure that consists of a free
activity kit sent to registered 6th to
9th grade physical science teachers.

“PhysicsQuest provides 6th to
9th graders with a positive and fun
experience with physics,” says
Jessica Clark, Head of Public
Outreach for APS. By con-
tinuing the program, the
APS hopes to not only
increase the number of
participating class-
rooms, but also to
“foster a locally active
community of physi-
cists—one that impacts
the science education in
their local areas.”

The kits are provided to teachers
free of charge, one per class, although
educators may register more than
one class. Students work together
to complete four experiments to gath-
er “clues” to the “mystery.” They
then submit their results to APS for
a chance to win prizes. The kit
includes teacher guides, student
guides, and all of the materials stu-
dents will need to complete the
experiments. Last fall, the Society set
out a total of 8650 kits to more than
2100 teachers.

The PhysicsQuest program was
established in 2005 as part of the
World Year of Physics celebrating
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Einstein’s “miracle year,” in which
he published three papers that helped
revolutionize physics. In 2005, stu-
dents were asked to solve the mys-
tery of Einstein’s “hidden treasure,”
using clues provided in the activity
kits.

Teachers responded with enthu-
siasm, praising the program for its
innovative approach to encouraging
middle school students to partici-
pate in hands-on physics. “The best

part was to see the interest that
was sparked in students who
are normally disinterest-
ed,” one teacher wrote.

Said another, “I believe
that many of my stu-
dents have decided to
study physics at the
high school level, when
before they believed that
they were not smart
enough to do so.”

That is one of the primary goals
of'the program, according to Kendra
Rand, Public Outreach Specialist
for APS: to provide students with a
positive experience with physics, in
hopes that they will be more open to
participating in future physics expe-
riences. “We realize that a 50-minute
class activity won’t effectively teach
students about circuits,” says Rand.
“But if it can draw them in enough
so they consider taking physics when
choosing their high school classes,
or to consider a more challenging sci-
ence project, we consider that a
success.”

PHYSICS QUEST cont. on page 4
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Members in the Media

This Month 1n Physics History

“Our opinion is that fractal
analysis doesn’t give you the right
to have an opinion.”

Harsh Mathur, Case Western
Reserve University, claiming mis-
use of fractal analysis to judge the
authenticity of a Jackson Pollock
painting, Cleveland Plain Dealer,
December 25, 2006

“I welcome open, intelligent dis-
cussions on fractal analysis. My
scientific reputation does not hinge
on this controversy, but rests on the
more than 200 publications I have
authored in the past 20 years.”

Richard Taylor, University of
Oregon, on other people s criticism
of his work on fractal analysis of
Pollock paintings, Cleveland Plain
Dealer, December 25, 2006

“We feel that we’ve really only
scratched the surface and the comet
has already given us some surpris-
es and mysteries. So it's going to
keep us busy for a long time.”

Andrew Westphal, University of
California, Berkeley, on analyzing
dust grains collected from a comet
with NASA's Stardust mission.
Contra Costa Times, December 15,
2006

“I couldn’t figure out why. It
drove me nuts. But when I began to
study it, it turned out to be all basic
physics.”

Diandra Leslie-Pelecky,
University of Nebraska-Lincoln, on
seeing a race car crash into a wall,
which inspired her to write a book
on the physics of NASCAR,
Christian Science Monitor, January
2, 2007

“Supersymmetry is a vital part
of string theory, so if the LHC does-
n’t find it, that would argue strong-
ly against string theory. If it is

observed, you can say that string
theory has not been disproved, but
not that it has been validated.”
Lawrence Krauss, Case Western
Reserve University, Wall Street
Journal, January 5, 2007

“I thought he was trying to do
what he could to keep a declining
operation functioning as well as he
could.”

Gerald E. Marsh, on Linton
Brooks’ dismissal as head of the
National Nuclear Security
Administration, The New York
Times, January 5, 2007

“I like to think of visible matter
as the olive in the martini of dark
matter.”

Sean Carroll, Caltech, Los
Angeles Times, January 8, 2007

“It was as if his internal organs
received a severe sunburn and
peeled.”

Peter D. Zimmerman, King's
College, London, on the poisoning
of Russian spy Alexander Litvinenko
with polonium-210, Los Angeles
Times, January 1, 2007

“Nobody has built an instrument
this sensitive. It is a probe into the
unknown.”

Ramanath Cowsik, Washington
University, on an experiment to
measure gravity more precisely, St.
Louis Post-Dispatch, January 8,
2007

“It’s one thing to have all the
components working and another to
have them all working together. To
me, that’s the key technical issue
that has yet to be resolved.”

Raymond Jeanloz, University
of California, Berkeley, on untest-
ed replacement nuclear warheads,
The New York Times, January 7,
2007

February 3, 1851: Léon Foucault demonstrates
that Earth rotates

Engineering Academy Seeks Grand Challenges

In September, the National
Academy of Engineering will
announce 20 Grand Challenges in
Engineering for the 21st century.
The challenges will be identified
by a distinguished panel, chaired
by former Defense Secretary
William Perry. Says NAE President
William Wulf, “we hope that the
outcomes of this project will pro-
vide a guide toward the future for
engineers, a tangible motivation for
young people who want to make a
difference, and a better public
understanding about how engineer-
ing shapes our world.”

The Academy and the commit-

tee are asking for community input,
which can be given at the Grand
Challenge web site, www.engineer-
ingchallenges.org. According to
Waulf, those nominating grand chal-
lenges should consider particular-
ly the areas of their expertise, and
include pertinent back-up materials.
Among the other committee
members are former NIH Director
Bernadine Healy, “Applied Minds”
Chairman and former Disney
Imagineer Danny Hillis, Google
co-founder Larry Page, APS Fellow
and Princeton professor Robert
Socolow, and human genome
sequencer J. Craig Venter.

y the mid 19th century, most educated peo-

ple knew that Earth spins on its axis, com-

pleting a rotation once a day, but there was
no obvious visual demonstration of the Earth’s
rotation, only astronomical evidence.

As early as Galileo’s time, scientists had tried
to demonstrate Earth’s rotation by dropping objects
and measuring how far eastward they landed, but
these efforts were too crude and inaccurate to be
conclusive.

Not until Léon Foucault’s famous pendulum
demonstration in 1851 was there clear dynamical
proof of Earth’s rotation.

Jean Bernard Léon Foucault was born in
Paris in September 1819, the son of a pub-
lisher. In his school days, he was a
rather timid boy and never had much
success academically. Much of his
education was obtained at home.
His mother wanted him to
become a doctor, so he enrolled
in medical school, but he quick-
ly found he couldn’t stand the
sight of blood and dropped out.

Foucault lacked formal sci-
entific training, but he had great
dexterity, a talent for building
mechanical gadgets, and a great
intuitive understanding of nature.

After leaving medical school,
Foucault worked as a lab assistant.
He then took an interest in the
recently invented Daguerre photo-
graphic process and used it to pro-
duce the first photograph of the sun.
With his collaborator Armand Fizeau, he

devised a way to measure the speed of Hulton Getty/Stone

light using rotating mirrors, and in 1850, he showed
that light travels more slowly in water than in air.

One night in early January 1851, at about 2 a.m.
according to his journals, Foucault had an insight.
He realized that if he could devise a way to hang
apendulum from the ceiling in such a way that the
pendulum was free to swing in any direction, he
would be able to see the effect of Earth’s rotation.
It would appear that the pendulum’s path was slow-
ly shifting, while in fact the pendulum’s plane of
oscillation would stay fixed while Earth turned
beneath it.

He realized the pendulum had to be designed
very carefully. The bob must be perfectly symmet-
rical. When starting the pendulum swinging, it had
to be released gently, as the slightest push would
ruin the demonstration. But if done properly, it
would be the first clear and dramatic demonstra-
tion of the Earth’s rotation.

After successfully completing the experiment in
his basement, he was ready to try it on a larger scale.
On February 2, 1851, Foucault sent a notice to sci-
entists in Paris, saying “You are invited to see the
Earth turn.”

The next day, in the Meridian Room of the Paris
Observatory, the assembled scientists did indeed
witness the Earth turn. The first pendulum demon-

stration was a success.

Foucault had also derived a simple equation,
known as his sine law, which gives the time it
would take for a pendulum at any given latitude to
complete a rotation. At the equator, the pendu-
lum’s plane of oscillation would never move, while
at the North Pole the plane of the pendulum would
complete a 360 degree rotation in 24 hours. In
Paris, the pendulum would turn 270 degrees in a
day.

Although this first demonstration was a suc-
cess, the elitist scientific establishment, which had
never accepted Foucault because of his lack of sci-
entific training, was slow to appreciate his
results. Possibly they were annoyed that
they had not made the discovery them-
selves. Some tried to claim priority,
but Foucault was indeed the first to

propose the simple sine law. In
fact, some scientists at the time
had predicted that the effect
Foucault had so clearly demon-
strated would not occur at all,
or would be too small to
observe.

Foucault repeated the
demonstration for the public in
March in the Pantheon, an ideal

building for such an impressive
demonstration because of its high

dome. Foucault had the
Pantheon’s elegant marble floor
covered with a wood platform, on
which he spread a thin layer of sand,
so that the pendulum pointer traced out
its path in the sand, making the slow
rotation clear. The pendulum itself was
a 28 kg brass bob, 38 cm in diameter, hanging on
a 67 meter long wire.

The public was enthralled by the striking demon-
stration. Ordinary Parisians flocked to see the
exhibit. Foucault became a celebrity, and soon
many more such pendulums appeared in cities
around the world.

Foucault continued his scientific work. Within
a year of first demonstrating his pendulum, Foucault
went on to invent the gyroscope as another way to
show Earth’s rotation. For another exhibition of the
pendulum in Paris in 1855, Foucault invented a
device that would give the bob an electromagnet-
ic kick to keep it from slowing down and eventu-
ally coming to a stop.

Napoleon III, who was himself an amateur sci-
entist and supportive of Foucault, arranged for him
to hold the position of Physicist Attached to the
Imperial Observatory, where he made significant
improvements to the telescopes. Still the French
Academy of Science was reluctant to elect him to
membership. Eventually, after petitioning several
times, Foucault was finally elected in 1865. He died
in Paris on February 11, 1868, at age 49.

The public continues to be fascinated with
Foucault pendulums, which can be found in science
museums and other public spaces around the world.
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BUDGET continued from page 1
tion. This year, with funding frozen

and no private donation, RHIC will
be forced to shut down for the year,
said Brookhaven director Sam
Aronson. “The long and short of it is
that we would not be able to operate
the machine this year.”

This is a particularly unfortunate
time for a budget freeze, because
RHIC scientists were gearing up to
upgrade the detectors and were look-
ing forward to a high statistics run
with heavy gold ions. RHIC was hop-
ing to get some more good results
before the more powerful LHC heavy
ion effort goes online.

In addition to delaying the sci-
ence for a year, said Aronson, “That
doesn’t send a good message to the
community.”

Brookhaven was also planning a
new light source, the NSLS, which
was scheduled for $45 million for

project-related R&D in FY07. That
project would be delayed as well.

If there is no funding above the
FYO06 level, staff reductions at
Brookhaven will be necessary, said
Aronson. Electric power costs and
manpower costs are significant.
“When we have a bad budget year,
we can’t help but look at potential lay-
offs,” said Aronson. As many as 100-
200 staff members could be cut, he
said.

Continuing funding at the FY06
level would also force Fermilab to
shut down for a month. In a report to
DOE Undersecretary Ray Orbach in
December, Fermilab Director Pier
Oddone pointed out that Fermilab’s
major facility, the Tevatron, had only
ashort time to run before being super-
seded by the LHC at CERN. “The
Tevatron program is constrained by
the start-up of LHC,” Oddone’s report

says, “so it must be run effectively
during the limited time before shut-
down in FY20009. It does not make
sense to shut down the Tevatron for
the remainder of the year in a man-
ner similar to BNL’s stopping oper-
ation of RHIC while maintaining the
work force to run the facility at some

later year.”
Fusion science would also suffer

cutbacks. Last fall the US signed an
agreement to contribute to ITER (see
International News on this page), but
under a continuing resolution, the
US contribution would be reduced to
half the planned level. US R&D
efforts for ITER would be severely
limited, delaying the progress of
R&D for the US hardware contribu-
tion by a year.

“The impact of not doing the
ITER work would really be failing to
meet an international commitment,”

The ITER Agreement—-Four Decades for Me and Counting

The agreement that was recent-
ly signed by seven major scientific
powers to construct ITER (former-
ly known as the International
Thermonuclear Engineering
Reactor) represents a milestone in
international scientific collabora-
tion. More than an agreement to
build a multibillion dollar scientif-
ic facility, this accomplishment rep-
resents a joint statement on how
these seven Parties, representing
half the world’s population, can
work together toward a common,
major, and long-term scientific goal.

ITER is a joint international
research and development project
that aims to demonstrate the scien-
tific and technical feasibility of
fusion power. The partners in the
project—the ITER Parties—are the
European Union (represented by
EURATOM), Japan, the People’s
Republic of China, India, the
Republic of Korea, the Russian
Federation and the USA. ITER will
be constructed in Europe, at
Cadarache in the South of France.
For more information, please see
www.ITER.org

It has been a long time coming.
In 1968, I was one of 60 US fusion
scientists who joined hundreds of
researchers from other nations at
the first International Atomic Energy
Agency (IAEA) fusion energy con-
ference in the USSR in
Academgorodok, near Novosibirsk.
The tokamak magnetic confinement
experiments—the basis for
ITER—were first broadly discussed
in an international forum there. In
addition to the technical discussions,
and despite the Cold War tensions,
we got to know each other through
personal interactions, e.g., playing
frisbee, exchanging token gifts. I
believe these interactions led to suc-
cessful bilateral fusion activities
arising from the 1973 Nixon-
Brezhnev Atomic Energy agree-
ment. During the 1970/80s, frequent
broadly based informal interactions
between U.S. fusion scientists and
their European Community counter-
parts built a straightforward work-
ing trust between many of us on
both sides. In November, 1979, now
representing the US Department of

By Michael Roberts

Energy, I sat down for the first time
in a bilateral program negotiation
with my Japanese counterparts, try-
ing to implement what President
Carter and Prime Minister Fukuda
had recently agreed should happen.
In front of us was a first year plan
of 29 research exchange visits, and
both programs’ governmental and
technical leaders expected us staffers
to report back soon. We kept send-
ing notes requesting more time and
after EIGHT HOURS of argument
brought in our recommendations
for the first annual plan of activities.
Two decades later, with the help of
smooth running prior staff work,
we would be able to approve plans
of hundreds of complex interactions
in literally one minute at formal
meetings, leaving time for substan-
tive discussion of program issues.
Multilateral engagement in fusion
intensified in 1982, when French
President Mitterand led the
Versailles Summit to adopt an ini-
tiative on Technology, Growth and
Employment including a Fusion
Working Group. I had the good for-
tune to participate in this activity that
developed a Western world fusion
plan in 1983-4. This in turn led to
discussions with the USSR toward
a world program plan for major
facilities. By the time of the
November, 1985 US-USSR Geneva
Summit, Academician Evgeniy
Velikhov had conceived of what has
become ITER, an idea that was
adopted by President Reagan and
General Secretary Gorbachev and
then presented to the European
Community (EC) and Japan. When
ITER was born, international fusion
was based principally on collabora-
tion among the EC, Japan, US and
USSR. In the next decade, US fusion
bilaterals developed with China and
Korea led to working relationships
with fusion programs in these coun-
tries. A bilateral arrangement with
India, the last major fusion program
state not in the international collab-
oration milieu, is just now being
developed as a result of the meet-
ing between President Bush and
Prime Minister Singh in mid-2005.
Nonetheless, there is a long histo-
ry of personal US-India fusion rela-
tions; as the head of the Indian

fusion program, I and other interna-
tional colleagues worked together on
the IAEA’s International Fusion
Research Council and built person-
al friendships that facilitated India's
involvement with ITER. With bilat-
erals with India now being devel-
oped (starting with the EU, US, and
Korea), all the world’s major fusion
programs are now interacting
through ITER and, in part, through
bilaterals as well.

Strengthening these many bilat-
eral programs was the multilateral
International Energy Agency (IEA)
fusion activity. In each of the bilat-
erals and in the IEA and TAEA fora,
I was privileged to be the US
Executive Secretary or US working
level representative, providing a
quarter-century of continuity for US
international fusion collaboration. In
these roles, I learned to listen, per-
suade, compromise and generally
find ways to implement agreed poli-
cies. During these years, the under-
lying bilaterals and multilaterals
have matured, and the scientific and
administrative work on the ITER
project has advanced. These activ-
ities enabled the building of trust
among us representatives of the
involved governmental authorities
(the Parties to the ITER Agreement)
and built a strong base for serious
ITER negotiations conducted at the
political and diplomatic level since
2001. While the early years of ITER
(~1985-2000) could be said to have
focused on the “What of ITER”
(i.e., the scientific objectives, basis,
approach and design), the formal
governmental negotiations since
2001 have turned to the “How of
ITER” (i.e., resources, governance,
legal matters)—a shift of emphasis
that has implications that go well
beyond fusion research.

Those most directly interested
in the “What of ITER” are fusion
scientists, since the issues addressed
are largely fusion technical ones. I
believe the broader science com-
munity also has an interest both in
ITER science and in the funding
competition ITER represents. The
“How of ITER,” on the other hand,
directly affects government ele-
ments outside of the fusion pro-

ITER continued on page 11

said Rob Goldston, director of the
Princeton Plasma Physics Laboratory.

As an alternative, if the DOE is
allowed some flexibility, the US could
maintain a $45 million minimal fund-
ing level for ITER by cutting domes-
tic fusion research programs, includ-
ing the NSTX at PPPL. Either way,
said Goldston, “It would be really
devastating.”

According to an analysis by the
APS Washington office, at NSF the
funding freeze would resultina 10%
reduction in the number of new
research grants and $439 million in
missed opportunities for scientific
discoveries, including programs
designed to implement the American
Competitiveness Initiative.

The APS Washington office also
predicts that if Congress fails to
increase the DOE Office of Science
budget, as many as 2000 scientific

and technical staff members at the
national laboratories will lose their
jobs. In addition to the cuts at RHIC
and Fermilab, one of the four syn-
chrotron x-ray sources that are cru-
cial to biomedicine and materials sci-
ence will be threatened with closure,
and the opening of the new $1.4-bil-
lion Spallation Neutron Source at
Oak Ridge National Laboratory will
be delayed by a year.

Other DOE-SC user facilities will
suffer major cutbacks in operating
time, and construction of new facil-
ities, including the Linac Coherent
Light Source at Stanford, will be put
on hold or delayed. University
research support will also decline by
about 10 percent.

APS members can find out more
and write to Congress by going to
http://www.aps.org/policy/issues/rese
arch-funding/budgets.cfm

Physicist Finds His Fortune In the Cards

Not many people would drop
$5000 on a celebratory dinner for 25
friends at the Voodoo Lounge in Las
Vegas, but that’s just what particle
physicist Michael Binger did last
August. Binger could well afford the
tab: he’d just placed third in the 2006
World Series of Poker, walking away
from the tables with a cool $4.1 mil-
lion. Not bad for a few weeks’ work.

The World Series of Poker is a
world-class event, and the No-Limit
Texas Hold-Em Championship is the

ed a bit from his graduate studies: he
did three years of graduate work,
took a year off to play poker, then fin-
ished up his last three years. He
admits that he might have finished
sooner, and had a higher rate of pub-
lication, if he’d focused more on his
research. But there was no quench-
ing the poker fire. Two months after
successfully defending his disserta-
tion, he was back at the WSOP main
event, and this time the gamble paid
off.

There is unques-

the competition,
with more than 8700
people coughing up
the  requisite
$10,000 buy-in in
order to do battle
over the course of
several weeks.
Eventually it comes
down to nine players
at the final table.

undisputed king of
HE _[x Bepe

tionably an element
of statistics and
probability
involved in Texas
Hold-‘Em, so
Binger’s physics
training came in
handy, particularly
when he was just
starting out: “It was
helpful to know the

Binger came into the
finals ranked 8th, with
just over $3 million in chips.
Somehow he parleyed that into his
impressive third-place finish against
some of the best professional poker
players in the world, including Jamie
Gold, who won top honors and $12
million.

In reality, Binger’s “overnight
success’” was the culmination of years
of practice—almost as many years as
the 29-year-old spent earning his
PhD. A love of physics came first.
Binger was a hard-core Star Trek fan
as a child, and avidly devoured pop-
ular science books in high school. He
credits his high school physics teacher
with encouraging his fledgling inter-
est in the subject, and by graduation,
“it was kind of a given” that he’d
make physics his chosen career.

As for poker, Binger didn’t get
serious about the game until he began
his graduate studies in physics at
Stanford Linear Accelerator Center
(SLAC) under Stanley Brodsky.
Binger’s research focused on quan-
tum chromodynamics, supersymme-
try, and the Higgs boson.

Binger started playing small-
stakes games at local poker rooms in
the Bay Area, then moved up to local
$200 tournaments. Eventually he
amassed a sufficient bankroll to com-
pete in higher-stakes games, although
for the 2003 WSOP, he stuck with the
$1500 event. He played in the main
event for the first time in 2005 and
admits he performed horribly.

Binger’s passion for poker detract-

Michael Binger

odds of getting
dealt certain hands.”
But he cautions against putting too
much stock in the numbers, since
poker is only partially about the math.

“It’s not solvable by a computer,
and there’s not an exactly perfect
model,” he told SEED magazine
shortly after his WSOP success. “It’s
based on an infinite number of vari-
ables. It’s not just the odds of hav-
ing the best hand, drawing the best
hand, the size of the pot, or other
numerical factors.”

Another key variable is Lady
Luck. Every serious poker player
has his or her share of “bad beat” sto-
ries. That’s what happens when you
place a large bet holding the best
starting hand, and yet still end up
losing on the draw. The worst disap-
pointment is getting “sucked out on
the river”: when you’re ahead until
the very last card is drawn, almost
assured of victory, but your oppo-
nent beats the odds to make that gut-
shot straight, beating out your three
of a kind.

That’s exactly what happened to
Binger during the 2006 WSOP com-
petition. He had a day off before
heading into the final round, and
decided to play a few no-limit ring
games in the host casino. He went all-
in with a huge advantage over his
opponent, and lost on the very last
card. The pot size: $18,000. They
agreed to run the cards again to see
what would happen, and Binger’s
opponent once again made the

PHYSICIST continued on page 11
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The Virtues of Virtual Experiments

From across the pond comes the
sad news that the University of
Reading is phasing out its physics
department, due to “budgetary con-
straints.” Despite protests from the
British physics community, led by
the Institute of Physics (the rough
UK equivalent of the APS), the uni-
versity’s ruling council voted deci-
sively last fall to close the depart-
ment by 2010, after the currently
enrolled students have had a chance
to graduate.

Philip Diamond, assistant direc-
tor for Higher Education and
Science at the IOP, noted that “the
Higher Education Funding Council
for England has now announced an
additional £75m to support very
high-cost subjects, including
physics, from 2007-08 over three
years. It is sad that this funding was
not enough to save Reading’s
physics department but the insti-
tute hopes that it will prevent more
closures in the future.”

Diamond’s statement acknowl-
edges the fact that teaching physics
is typically a more expensive enter-
prise than teaching, say, English
literature. In major research uni-
versities, the extra expense is due
in part to the laboratory space and
equipment necessary for faculty
members to do their research, but
in smaller institutions, the big extra
item is the space, equipment and
staff time for all the teaching labo-
ratories. Many smaller American
colleges and universities simply do
not offer physics majors, even
though they do have majors in
chemistry and biology. Physics is
squeezed between the high cost of
teaching and the typically lower
enrollments of majors compared to
its sister sciences. In 2004, about
25% of all bachelors’ degrees were
awarded to students in colleges or
universities that did not have a
physics major program.

A ray of hope in this perilous
situation may come from a paper
published in the recently established
online journal Physical Review
Special Topics: Physics Education
Research. The abstract of the paper,
by N. D. Finkelstein et al. ( Phys.
Rev. ST Phys. Educ. Res. 1,010103
(2005)), is worth quoting in full:

This paper examines the effects
of substituting a computer simula-
tion for real laboratory equipment
in the second semester of a large-
scale introductory physics course.
The direct current circuit laborato-
ry was modified to compare the
effects of using computer simula-
tions with the effects of using real
light bulbs, meters, and wires. Tivo
groups of students, those who used
real equipment and those who used
a computer simulation that explic-
itly modeled electron flow, were
compared in terms of their mastery
of physics concepts and skills with
real equipment. Students who used
the simulated equipment outper-
Jformed their counterparts both on
a conceptual survey of the domain
and in the coordinated tasks of
assembling a real circuit and
describing how it worked.

In addition to being better ped-
agogically, the simulated laborato-
ry is, of course, also less expensive
to operate. Almost all undergradu-

ates these days have their own com-
puters. Although some computers
should be made available in the
physics building for their use, most
of the students could log in and do
the simulated experiments from
their dorm rooms, libraries or study
halls. There will be no need for staff
to make sure the equipment is func-
tioning, that proper safety proce-
dures are being followed, and that
all the other time-consuming but
non-educational aspects of running
an instructional laboratory are taken
care of. And the considerable space
set aside for laboratory work in
introductory courses can be reduced
to practically nothing.

Computer simulations as instruc-
tional devices have a significant
history of success, even in areas
where learning the material is of
critical importance. Perhaps the best
example is the use of flight simu-
lators to teach pilots how to fly par-
ticular aircraft. First the pilot mas-
ters the basics using the flight sim-
ulator (undergraduate work) and
only then does he or she get to prac-
tice on the real thing (graduate
work). It’s hard to imagine that sig-
nificant damage would be done to
the training of future generations of
physics majors if most of their
undergraduate laboratories were
replaced by well-designed simula-
tions on the computer.

One should also recognize that
computer simulation is an important
mode of research in its own right.
Very often theories are tested more
rapidly and effectively using sim-
ulations instead of actual experi-
ment. And experiments depend on
computer simulations for both
design and data analysis. Event sim-
ulators are crucial in planning par-
ticle accelerators, and in comparing
what is observed with what is pre-
dicted. Familiarity with the tech-
niques and capabilities of comput-
er simulation will add to the educa-
tional experience, not diminish it.
And since simulations also find
wide application in the commer-
cial world, physics majors who pur-
sue career options other than grad-
uate school will benefit from using
them in their undergraduate courses.

Undergraduate laboratories, in
their current incarnation, serve a
variety of purposes. They teach
physics (although, apparently, less
well than analogous simulations);
they hammer home the message
that physics is, at bottom, an exper-
imental science; they keep students
out of mischief on long afternoons;
they provide a fund of anecdotes,
typically more amusing to retell
than to experience—the time I near-
ly got electrocuted; the time my
cell phone fell in the liquid nitrogen;
the time I dropped the (fill in your
favorite expensive piece of equip-
ment) on the floor. It is unlikely
that the good old-fashioned under-
graduate laboratory will ever com-
pletely disappear. But at the very
least, if a college or university is fac-
ing the loss of its physics depart-
ment, the replacement of real exper-
iments by virtual ones is a very
minimal price to pay for keeping the
enterprise afloat.

—Alan Chodos

PHYSICS QUEST continued from page 1

This year, the story line cele-
brates Ben Franklin’s 300th birth-
day year, with experiments built
around Franklin’s work with lens-
es, electrostatics, and heat trans-
fer, all while trying to decode a
secret message from 1778 by com-
pleting a “magic square”: a square
grid of empty boxes, in this case,
3 rows and 3 columns, which are
then filled in with numbers accord-
ing to a predetermined pattern. The
young Ben Franklin loved to
arrange numbers into patterns with
special properties using such magic
squares.

Even a critical misprint (since
corrected) in the kit turned out to
be educational. Frank Egan home-
schools his three children—ages 10,

P~ zZero

8 and 6-and ordered a
PhysicsQuest kit after hearing about
it from fellow homeschoolers. All
three kids enjoyed the activities so
much that they worked on it all
through the first weekend, eager
to solve the “mystery.” But when
they decoded the message, it did-
n’t make any sense: “American del-
icacies I now miss especially.”

Then 10-year-old Frank had an
epiphany, realizing that with the
numbers 2 and 5 in the correct posi-
tion in the magic square, there was
only one other possible solution.
When he tried it, it gave up the
right secret message (which cannot
be printed here because it’s, well,
secret.).

Chalk up a few bonus points for

the homeschooled kids: they were
the first to find the error. And Egan
says they’re eager to participate in
next year’s PhysicsQuest project
as well. “All three children loved
doing the experiments and solving
the mystery,” he said. “It was a
great learning experience for them,
even more so because of the extra
challenge provided by the error.”

Next year’s PhysicsQuest activ-
ity kit will focus on temperature. It
is being designed in conjunction
with a PBS documentary current-
ly in production, Absolute Zero and
the Conquest of Cold.

ON THE WEB: http://www.
physicscentral.com/physicsquest

http://www.absolutezerocam-

paign.org

The Lighter Side o

f Science

The Uncertainty of Cat Molecules

Physicists keep uncovering evi-
dence that unpredictability rules the
universe. Molecules and atoms are
not solid bits circling one another
systematically but erratic little things
with fuzzy edges and minds of their
own. Newton’s ordered universe is
dead.

This is not news to me. I am self-
employed, and I live with cats. But
for those who find uncertainty hard
to grasp, the theoretical physicist
Erwin Schrédinger some years ago
illustrated it with a thought experi-
ment, the famous Schrodinger’s Cat:

In a box, place a bit of radioac-
tive material, a Geiger counter, a
canister of poison gas, and a charge
device. Connect the Geiger count-
er to the charge device and the
device to the canister, so that if a par-
ticle emitted from the radioactive
source hits the Geiger counter, it
triggers the charge, blows the cap on
the canister, and releases the poison
gas. Into this arrangement, drop a
live cat. Close the box, and leave for
an hour. When you return, will you
have a live cat or a dead one? There
is no way to tell in advance, the
emission of radioactive particles
being random.

What a pathetically limited view
of uncertainty! Imagine if
Schrodinger had taken into account
the documented facts about cat mol-
ecules:

1. Cat molecules have been
known for centuries to be fuzzy
around the edges and highly unpre-
dictable.

2. A majority of cat molecules
enjoys taking off in the same direc-
tion at the same time—enough, at
least, to propel the entire cat mass
across a room at slightly less than
the speed of light.

3. A significant minority of cat
molecules is governed by the scien-
tific principle of contrariness. When
the majority of cat molecules starts
moving in one direction, the contrar-
ion molecules rush headlong in
another.

4. The motion of a cat mass, then,
is the sum of the vectors of warring
molecules. Thus the direction in
which a cat mass will travel is entire-
ly unpredictable.

5. All cat molecules become
extremely agitated at the prospect of
confinement in a box.

Add these facts to Schrodinger’s
experimen