the time section of the Bureau Inter-
national des Poids et Mesures near
Paris. Leap seconds are “a nuisance,
and they could be a danger,” she adds.

The SRG hasn’t reached consen-
sus, says Dennis McCarthy, director
of time at the US Naval Observatory
in Washington, DC. “But we came up
with a draft recommendation that
asks for the leap second to go away, ar-
bitrarily in 2022—fifty years after its
introduction.” That should give as-
tronomers and others time to cope
with software glitches, he says.

But some astronomers worry that
leap seconds will be dropped sooner and
without adequate notice. “Some people
would like never to insert another leap
second,” says Steve Allen, a telescope
programmer at the University of Cali-
fornia, Santa Cruz’s Lick Observatory.
“Telescope pointing systems are one of
the first things that would break.” It’s
like a Y2K analysis, he says. “You have
to go through and figure out where
there are places that have assumptions
that will become untrue.” It’s hard to
make a good cost estimate, he adds,
“but it could easily come to $10 000 to
$100 000 per telescope.”

“Leap seconds may cause techno-
logical bugs, but getting rid of them
will cause bugs too,” adds Robert Sea-
man, a programmer at the National

Optical Astronomy Observatory in
Arizona. As an example, he points to
Motorola satellite receivers that, in a
few weeks, are expected to be con-
fused about the day because their soft-
ware can’t cope with such a long gap
between leap seconds. Moreover, Sea-
man says, “it doesn’t make sense to
worry [about leap seconds] right now.
There’s no hurry. We have hundreds
of years.”

Toni Feder

Hydrogen-Based
Energy Merits
Research

aking the transition from a fossil
fuel-based economy to one based
on hydrogen will require “revolution-
ary, not evolutionary” scientific ad-
vances, according to a Department of
Energy report that details the chal-
lenges in developing a large-scale
hydrogen-based energy system. The
Bush administration is promoting hy-
drogen as the clean, efficient energy
source of the future, but the report
makes clear that such a future may be
quite distant.
“Bridging the gaps that separate
the hydrogen- and fossil fuel-based
economies in cost, performance, and

reliability goes far beyond incremen-
tal advances,” the report notes. “Fun-
damental breakthroughs are needed
in the understanding and control of
chemical and physical processes in-
volved in the production, storage, and
use of hydrogen.”

The report is the result of DOE’s
Basic Energy Sciences workshop on
hydrogen production, storage, and
use. The May workshop was chaired
by MIT physicist Mildred Dressel-
haus, who directed DOFE’s Office of
Science in the last year of the Clinton
administration.

Although there is a “large gap be-
tween present knowledge and tech-
nology, and that required by a hydro-
gen economy,” the report says, the
scientists on the workshop’s three
study panels became more optimistic
as they “noted the many recent ad-
vances in chemistry, materials re-
search, and computation that are
opening up exciting new research op-
portunities.” The report concludes
that a hydrogen economy offers such
a “grand vision” that there should be
a major, innovative basic research
program in support of a broad effort
across the applied research, develop-
ment, engineering, and industrial
communities.

Dresselhaus said she went into the
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workshop aware of past studies indi-
cating that conversion to a hydrogen-
based economy would be next to im-
possible in the foreseeable future. “As
physicists, we read these things and
assume they are right, that the prob-
lem of using hydrogen [as an everyday
energy source] is so hard that it can’t
be solved,” she said. “But there are a
lot of advances and new developments
out there that haven’t been applied to
hydrogen problems, and many people
in relevant fields haven’t been think-
ing of hydrogen as a research focus,”
Dresselhaus continued. “I'm hoping
this report will get the word out in the
community.”

To move toward a viable hydrogen-
based economy, the report says that
significant advances are needed in
materials science, nanotechnology,
catalysts and catalytic performance,
biological and “bio-inspired” energy
conversion designs, and instrumenta-
tion. Beyond those issues, the report
says there must be a hydrogen infra-
structure “that provides seamless
transitions from production to storage
to use.” Such a system must be
“equivalent to those now in place for
the production and use of fossil fuels
and for electricity.”

Hydrogen must also be economi-
cally competitive with existing en-
ergy systems and, at the moment, the
gaps are enormous, the report says.
Currently, proton-exchange mem-
brane fuel cells for automobiles de-
liver power at about $3000 per peak
kilowatt compared with $35 for the
same unit of energy from an internal
combustion engine, the report says.

One of the defining problems that
indicates how far research has to
progress, said workshop associate
chair George Crabtree of Argonne
National Laboratory, “is a system
that would store enough hydrogen in
a vehicle for a 300-mile trip and be
fast enough to allow for acceptable ac-
celeration of the vehicle.”

Such a vehicle isn’t likely for many
years, but Crabtree said scientific ad-
vances in computing, nanotechnol-
ogy, and other fields are providing hy-
drogen research with tools “that
weren’t there 10 years ago.” Whether
a hydrogen economy is really feasible
remains an open question, “but we
want to make the basic research com-
munity aware of the opportunities in
this field,” he said.

Jim Dawson

Aerobics Acoustics Can Harm Hearing

Working out at a gym may improve your muscle tone, but both the staff and
exercise participants could damage their ears from the loud music, says
physicist Eugenie Mielczarek of George Mason University in Fairfax, Virginia.
Over the past three years, Mielczarek measured sound levels in aerobics and
other exercise classes at three fitness clubs in Fairfax County. At some clubs,
sound levels reached 120 decibels, “close to that of using a jackhammer,”

she says.

Regular exposure to loud music slowly
destroys the delicate hair cells inside the
ear, which reduces the volume and fre-
quency of information transmitted to the
brain. Since 1991, the American Council
on Exercise (ACE) has published noise
level guidelines for its members, but few
instructors follow them. The guidelines,
based on recommendations by the Occu-
pational Safety and Health Administra-
tion, limit noise levels over an eight-hour
period to under 85 dB—the equivalent of
noise from heavy traffic. But some na-
tional fitness club chains hold 45-minute-
long classes at 110 dB, says Mielczarek,
and most instructors teach six to eight
classes each day. “The club staff were ei-
ther unaware that [ACE] guidelines ex-
isted or asked me to leave the class when
| asked them to turn the sound down,”
she adds.

But the volume may soon be turned
down for a different reason, says Cedric
Bryant, ACE’s chief exercise physiologist.
“We've been finding that a lot of instruc-
tors are suffering voice damage from
shouting over the music,” he says.

Paul Guinnessy
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Loud music at fitness clubs may de-
stroy your hearing, says physicist
Eugenie Mielczarek (above).

Army Grants
$50 Million for

Biotech Research

The Army Research Office (ARO) has
awarded a $50 million contract to
a three-university consortium to create
the Institute for Collaborative Biotech-
nologies (ICB), a research organization
that will focus on creating sensors,
electronics, optics, and information-
processing systems based on what the
army describes as “biologically derived
and biologically inspired materials.”
The new institute, to be headed by the
University of California, Santa Bar-
bara, is intended to “improve dramati-
cally the effectiveness of the army by
creating a single conduit for develop-
ing, assessing, and adapting new prod-
ucts and new biotechnologies in direct
support of the army’s mission,” said
Jim Chang, ARO’s director.

In addition to UCSB, the institute
will include MIT and Caltech, as well
as several industrial partners who
will help the university laboratories
with new technology development.
Daniel Morse, chair of UCSB’s bio-
molecular science and engineering
program, will direct the ICB.

“Biology uses precise mechanisms to
produce exquisitely structured materi-
als, and that coordination of biological
function at the molecular, cellular, and
systems level takes place by remark-
ably effective communication and in-
formation transfer,” said Robert Camp-
bell, the army’s program officer for the
grant. “The idea is to understand bio-
logical mechanisms and to harness
them for design and fabrication of new
materials, devices, and systems.”

An example of what the ICB will
be trying to develop is recent work by
Morse. He has shown that fiberglass
silica needles of a certain marine
sponge are made via a protein, which
acts as both an enzyme—catalyst and
a template for growth. That discovery
has been adapted to make photo-
voltaic and nonbiological semicon-
ducting materials.

The new ICB research group will
include “the world’s leaders in discov-
eries of these underlying molecular
mechanisms in nanobiofabrication,”
said Morse. “Our aim is to integrate
work at the three campuses in a seam-
less way.”

In addition to Morse, the ICB lead-
ership will include Frank Doyle, a
UCSB chemical engineer; MIT’s An-
gela Belcher, a professor of materials
and biological engineering; and David
Tirrell, chair of chemistry and chemi-
cal engineering division at Caltech.

Jim Dawson

http://www.physicstoday.org





