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[public policy] capabilities.”

“There are notable exceptions,
such as Ghana, where scientists have
long had a role in government,” says
Irving Lerch, director of international
affairs at the American Physical Soci-
ety. But, he adds, most countries have
focused on obtaining advice or re-
sources from specialized United Na-
tions agencies instead of developing
local institutions to provide local so-
lutions. To help develop long-term
sustainable support, the NAS has
started a 10-year program to conduct
joint policy advisory studies with
African academies of science. Each
study will focus on a critical issue fac-
ing the nation involved. “There are

many good African scientists out
there who are strongly committed to
the improvement of their own soci-
eties,” says NAS’s Clegg. With sup-
port, he adds, they can have a major
impact.

New academies might be valuable
to more than just developing coun-
tries. For the US to “have a population
that is so ignorant of how most of the
world lives is a threat—both to the US
and to the rest of the world,” says NAS
President Bruce Alberts. “As a start,
it is critical that we find a way for a
large proportion of our nation’s young
scientists to engage with their col-
leagues in developing nations.”

Paul Guinnessy

Leap Second Debate Heats Up

eep leap seconds, and glitches in

telecommunications, navigation
by satellite, and legal marking of time
could become more frequent and seri-
ous. Lose them, and astronomers will
have trouble pointing their telescopes,
and eventually the time of day will get
out of sync with Earth’s rotation.

At the crux of a debate about
whether to continue inserting leap
seconds into Coordinated Universal
Time (UTC), the standard in many
countries, is the unpredictability of
Earth’s rotation. Millennia-old eclipse
data show that Earth has long been
slowing down. Nowadays, Earth’s ro-
tation is measured by observing
quasars with very long baseline radio
interferometry. The deceleration is
chiefly due to the tidal pull of the
Moon; fluctuations on shorter time
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scales come from, among other things,
the oceans and atmosphere and
core—mantle interactions.

Aleap second every year or two has
been the norm, though none has been
added since 1999, and timekeepers
predict that more leap seconds will be
needed in the future. Without leap
seconds, official time will diverge from
solar time by an estimated two min-
utes by the end of this century; in
3000 years, the drift might be about
eight hours.

This month, a special rapporteur
group (SRG) will submit its recom-
mendations on the leap second to
the International Telecommunication
Union, where the matter will wend its
way through various committees be-
fore a final decision is reached—a
process that could take years. Says

SRG chair Ron Beard, a physicist at
the US Naval Research Laboratory,
“The issue is: Is relating to the solar
day of significance? And how does that
weigh against the problems that come
with introducing integral seconds?”

Before 1972, clocks were corrected
with fractions of seconds and by ad-
justing the length of the second. Since
then, leap seconds have been added
to keep UTC within nine-tenths of a
second of solar time and synchronized
with international atomic time, but
with an offset—currently 32 seconds.
The atomic second is based on the
frequency of a hyperfine transition in
cesium.

But with technology relying in-
creasingly on the precision of atomic
time, the leap second has come under
scrutiny. Abolishing it would have po-
litical, economic, legal, religious, and
safety implications. Says SRG secre-
tary William Klepczynski, an as-
tronomer and timekeeping consult-
ant, “There are all sorts of little
technical problems that you can see
start to raise their heads in our soci-
ety. Before they become big problems,
we should have one time for every-
body.” For example, he says, bank
recordings of interaction times run
into trouble when computers can’t dis-
tinctly label a leap second. When leap
seconds were inserted in 1994 and
1997, he adds, the Russian global po-
sitioning system, GLONASS, went off
the air for several hours. Mistakes in
timekeeping could lead to flight acci-
dents, says Felicitas Arias, who heads

Sundials are the only clocks that mark
time directly from Earth’s rotation around
the Sun. The cesium fountain standard
atomic clock (left) at NIST in Boulder,
Colorado, keeps time to about one sec-
ond in 30 million years. It is one of sev-
eral clocks worldwide used by the Bu-
reau International des Poids et Mesures
to monitor international atomic time.
(Sundial image used with permission of
the Master and Fellows of Gonville and
Caius College, Cambridge, UK.)
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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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