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“I finally decided to
get my walk-in tub
from firstSTREET...

Now, I can
enjoy my

bath again

safely!”

“For years, | used to look
forward to my daily bath. It was
my time to get away from the
pressures of daily life. I'd sit back,
relax and before | knew it, | was
refreshed and relaxed. Lately, due
to health and mobility issues, I'd
found it harder and harder to
get in and out of the tub. | was
so afraid that I'd slip and fall
that | began taking showers and
sponge baths. | sure missed
my daily bathing ritual, until a
friend told me about a wonderful
solution. It's called the Walk In
Tub... and it’s changed my life!”

had to give up the therapeutic

benefits of a relaxing, refreshing
bath, you should know more about
our walk-in tubs. They feature a
100% leak-proof, walk-in door with
lifetime warranty, high-contoured
seat, easy-to-reach controls, and a
quick-drain system for maximum
comfort. These tubs are designed for
easy installation by almost any

If you or someone you love has

handyman, and they are backed by
a “best-in-the-business” warranty
that will ensure trouble-free use for
years to come. All models offer
optional jetted air or heated water.
They come in all different sizes with
a variety of features to meet your
every need!

Why wait to rediscover one of
life’s simple pleasures. Our product
experts are standing by to tell you
all about the features and benefits
and to answer any questions you
may have. Call today and enjoy a
bath again, plus enhance the value
of your home.

firstSTREET Walk-In Tub™

Call now for our lowest price ever!
Please mention promotional code 36699
For fastest service, call toll-free 24 hours a day

1-888-464-1886

We accept all major credit cards, or if you
choose,you can pay by check over the phone.
To order by mail, please call for details.

firstSTREET

and Beyond®

1998 Ruffin Mill Road
Colonial Heights, VA 23834

www.firststreetonline.com

for Boomers

Soak away your aches and pains

firstSTREET
exclusive

not available
in stores

All Rights Reserved © 2008 TechnoBrands, Inc.

56271

Features and Benefits:

e Quality construction
e Ergonomic design

e Safe and comfortabl
e Easy-to-Install
Built-in seat -
17" seating height
Models may vary

For millions,
staying in the home
they love is the new
“American Dream.”

It's a fact. The number one
reason people move out of
their current home and into
a nursing home is because
of the fear of slipping and
falling. The number one
place for these falls to occur
is in the bathroom. For
millions of Americans, a
walk-in  tub represents a
in the

home

sound investment

future, enhancing
value, and enabling them to
stay safely and independently

in the home that they love. <
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In The News

STORY ONE

¢ Cepheids could deliver signs
of alien intelligence

ATOM & COSMOS

« Possible image of exoplanet
orbiting a sunlike star

¢ Protons take first trip around
Large Hadron Collider

HUMANS

¢ Nurture alone can lead to
depression

¢ Viewing a Virgin Mary painting
helps Catholics deal with pain

LIFE

¢ Honeybees shimmer
to ward off hornets

e Female frogs put eggs in
many baskets

¢ Ant comes out from the dark

¢ Mosquito’s needle doesn’t
buckle under pressure

EARTH

¢ India-Asia tectonic collision
triggered long-term cooling

¢ Oldest-known rocks uncovered

BODY & BRAIN
« Losing zzz’s may lead to disease

¢ Another strike against
bisphenol A

e Fatty acid makes mice healthy

¢ Men’s brains are dense with
connectors

e Immune cells that can help and
harm

¢ Low-cal diets don’t cut bone
density at all ages

Features

LET’S GET VERTICAL

COVER STORY: Skyscrapers
could take plants as tenants,
bringing food production

to the city.

By Rachel Ehrenberg

THE SCIENCE VOTE

Though science and technology
haven’t been major campaign
issues yet, the presidential
candidates have differing ideas.

By Janet Raloff

DEAD—BUT NOT DUDS

White dwarfs offer insights
into the cosmos and
foreshadow the futures of
most stars.

By Ashley Yeager

Departments

FROM THE EDITOR
NOTEBOOK
FEEDBACK
BOOKSHELF

COMMENT

Nobel laureate Frank Wilczek
argues that scientific

pursuits should be a measure of
“national greatness.”

COVER Long English
cucumber and other
plants grow in the
Science Barge’s rooftop
greenhouse, which
demonstrates urban
farming in action.
Enrico Sacchetti
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FROM THE EDITOR

Politics needs science
for sound policymaking

Politics and science are a lot like oil
and water. One involves machines,
the other is essential for life. And they
don’t mix — at least not very well.

Nevertheless, politics and science
should sometimes be emulsified,
particularly in election years. Poli-
cies adopted in ignorance of (or with
disregard for) science inevitably do damage to the public
good. Decisions on serious science-related issues (stem cell
research, missile defense systems, bioterrorism defense
strategies) can enhance, or undermine, the nation’s health
and safety. Support for basic research (or lack thereof) can
solidify (or destroy) the foundation for future economic
growth and prosperity.

So far, scientific issues have not exactly grabbed center
stage in this year’s presidential election campaign. But some
groups have elicited comments from the candidates (or their
staffs) on some of the central scientific questions likely to
face the next administration. Senior editor Janet Raloff has
used these and other sources (the candidates did not respond
to requests for interviews) to outline the contenders’ posi-
tions on scientifically relevant issues, from energy research
and global warming responses to funding for biomedical
science and the future of the space program (Page 22).

For anyone who believes that science (or Science News)
should stay out of politics, another story in this issue illus-
trates the urgency of connecting science to political decision
making. Staff writer Rachel Ehrenberg reports (Page 14)
on anew study, based on data collected by the U.S. Centers
for Disease Control and Prevention, linking the chemi-
cal bisphenol A to serious human diseases. Widely used in
many plastics, bisphenol A has been repeatedly identified as
a potential risk (SN: 9/29/07, p. 202; SN: 8/11/07, p. 84; SN:
1/21/06, p. 36). Yet the U.S. Food and Drug Administration
has steadfastly maintained that current exposure levels are
not dangerous.

On its face, the new study seriously questions that view.
Supposedly “safe” exposures are dozens of times higher than
the levels of bisphenol A associated with elevated risk of
heart disease, diabetes or liver problems.

It seems to some scientists (SN: 9/13/08, p. 15) that gov-
ernments have been ignoring what researchers have been
finding about bisphenol A. Without prejudging the ulti-
mate outcome of research on this question, here’s a mod-
est hypothesis: Politics has entangled itself in the process of
assessing bisphenol A’s environmental and health impacts.

Let’s hope the next administration will find out if that is so,
and take steps to separate the scientific water from the polit-
ical oil. — Tom Siegfried, Editor in Chief
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“...a significant contribution to a topic that is still
far from settled.”

-The Journal of the Royal Astronomical Society of Canada

“Our Undiscovered Universe is the mental portrait
of a free thinker who is not conformed to the
world of traditional physicists, and it has rarely
been surpassed in the world of popular science
literature.”

-Dr. Hamid Rassoul, Associate Dean: College of

Sciences; Founding Director of GPL; Professor: PSS,
Physics and Space Science, Florida Institute of
Technology

Available for purchase at

WWW.OUR UNIVERSE.COM
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SCIENCE NOTEBOOK

Scientific Observations

“We don’t know what we will find
when we run the LHC. If we did,

it wouldn’t be worth spending all
that time and money on doing the
experiment. The most exciting
result would be something we don’t
expect. That has often been our
experience in the past when we
have pushed our studies to a new
energy range.”

STEPHEN HAWKING TOLD BBC ON SEPTEMBER 9,
THE DAY BEFORE RESEARCHERS SUCCESS-
FULLY SENT A BEAM OF PROTONS AROUND

THE LARGE HADRON COLLIDER’S 27-KILO-

METER TUNNEL.

Science Past I OCTOBER 11, 1958

FISHY CONVERSATIONS — Spiny lobsters are like men, their
voices become deeper as they grow older. This is one of the
preliminary findings of Dr. James M. Moulton of Bowdoin
College, Brunswick, Me., who spent this sum-
mer at the Bermuda Biological Station eaves-
dropping on the conversations of undersea
life. In countless other marine biological sta-
tions and research laboratories throughout
the world, other researchers like Dr. Moulton
are studying the various aspects of the
oceans. The aim is twofold: They hope to unravel some of the
mysteries of what many scientists feel is the “last frontier,”
the oceans. They hope that their studies will one day provide
mankind with limitless harvests that will feed an expanded
population which the land will no longer be able to sustain.

IR ]
VCRENCE NEWS LETTER

Science Future

October 16-25

Imagine Science Film Festival to
be held in New York City. Visit
www.imaginesciencefilms.com

October 28-30
ChemEng08 to be held in
Birmingham, England. Visit
www.chemeng08.com

November 1

The Dibner Hall of the History
of Science opens at The
Huntington Library, Art
Collections and Botanical
Gardens in San Marino, Calif.
Visit www.huntington.org

Science Stats | UNACCEPTABLE EXPOSURE

Percent of children living in counties in the United States in which
levels of each air pollutant in 2006 rose above allowable EPA levels

52.55% 12.63%
Ozone Particulate
Matter
(£2.5um)

8.72%

Particulate
Matter
(<10 um)

SOURCE: WWW.CHILDSTATS.GOV

SN Online
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0.49% 0.07%
Carbon Lead
Monoxide

ATOM & COSMOS

As the summer wanes on
Mars’ northern plain, the
Phoenix Lander works on.
Read “Racing against the
Martian winter” for an
update on the robotic
geologist and its findings.
Pictured above is a 3-D
image of a Martian dust
grain (circled).

MATH TREK

The search for the largest
prime number continues,
with the latest behemoth
weighing in at almost

13 million digits. We’d
show a photo, but that
would require about

30 miles of magazine type.
Read “Largest known
prime number found.”

How Bizarre

Unlike a ball dribbled on

a gym floor, a basketball

that hits concrete lets out

a thump and a high-pitched
ring. Physicist Jonathan Katz
of Washington University in
St. Louis was inspired by his
son to figure out why. After

a few simplifications, Katz
calculated that the initial hit
releases a dull thud because
the ball’s volume changes,
sending a sound wave in all
directions at once. When the
ball bounces back, the air in
it oscillates, making the skin
oscillate and creating the
ring. His paper is available at
arxiv.org/abs/0808.3278.
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&4 We tend to prioritize our daytime activities, but this is one more
example of how important sleep is to maintaining health. 77

— MICHAEL IRWIN, PAGE 14

Inthe News

Atom & Cosmos The beam was on

Humans Believing leads to lack of pain

Life Bees ward off hornets with the wave
Underground ant comes into the light

Earth A cooling collision

Body & Brain Sleep loss and inflammation
Lipid makes mice super healthy

STORY ONE

With a twinkle,
pulsating stars
could deliver

signals from ET

Neutrino beams may turn
Cepheids into messengers

By Ron Cowen

earching forsignalsfrom extra-
terrestrials can be a ticklish
business. Astronomer John
Learned thinks tickling certain
starsinjust the right way might be a good
strategy for ET to phone Earth.

Those stars, known as Cepheid vari-
ables, brighten and dim on a regular
schedule. In 1908, after analyzing stars
on photographic plates at Harvard Col-
lege Observatory, Henrietta Swan Leavitt
reported that a Cepheid’s maximum
brightness depends on the timing of its
bright-dim cycle. The longer the period,
the brighter the star. Other astronomers
soon realized that they could use the
period-brightness relationship to mea-
sure distances to remote galaxies.

A centurylater, Learned and colleagues
are proposing a new use for Cepheids. In
an article recently posted online (arxiv.
org/abs/0809.0339), the researchers
suggest that tinkering with the core of a
Cepheid variable using a beam of neutri-
nos could be an effective way for advanced
civilizations to communicate. This modu-
lation, or “tickling,” would alter the phase
at which the star brightens and slightly
shorten the time it takes for the star to

This Hubble Space Telescope image shows a Cepheid variable (circled) in the galaxy
M100. These stars’ pulsations are used to measure distances to remote galaxies.

wax and wane, creating anew pattern that
distant observers might detect.
Although most SETTI (search for extra-
terrestrial intelligence) programs use
radio telescopes to look for alien broad-
casts, fiddling with Cepheids has advan-
tages for both senders and receivers,
Learned and his colleagues note. Not
only can the stars be seen from afar, but
“Cepheids are great because any emer-
gent civilization will surely find them and
monitor them for the very same reasons
we do,” says Learned, of the University of

Hawaii at Manoa. And astronomers have
searchable records of Cepheids that go
back well over a century.

Another advantage, says Learned, is
that a Cepheid star — unlike a directed
radio signal —would radiate in all direc-
tions, making it more likely that the radi-
ation would be recorded on Earth.

“Ifit could work, then this is an answer
to one way to build an omnidirectional
beacon,” says Jill Tarter, director of the
Center for SETI Research in Mountain
View, Calif. “It would be an example »»

WWW.Sciencenews.org
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IN THE NEWS

For today’s top stories, visit
o7 sN Today at www.sciencenews.org

¥ of an ‘almost natural’ signal that would
get captured in a survey of the universe
by an emerging technology, that’s us, and
finally recognized in a database by some
curious grad student.”

Neutrinos seem ideal for tinkering with
Cepheidsbecause these subatomic parti-
cles travel rapidly and interact with mat-
ter so weakly that they could penetrate
all the way to the star’s core. If delivered
atjust theright time during the Cepheid’s
cycle,whenit’s in its compact, dim phase,
the energetic neutrinos “would change
both the pulsation rate and the peak
amplitude” of the star using a minimum
of energy, Learned says. “We leave it as an
engineering problem for the star-tickling
civilization out there,” to determine the
optimal energy, the researchers wrote.

Detecting the pattern won’t be easy.
“One glitch tells us nothing,” Learned
says. “It will take discerning a pattern
of glitches, and some regularity to find
something interesting.”

Although star tickling is beyond cur-
rent human ability, “it’s silly to try to
guess whether it’s feasible for some
unknown, incredibly advanced civiliza-
tion to be able to do this,” comments Jeff
Scargle of NASA’s Ames Research Cen-
ter in Moffett Field, Calif. “It’s a really
smart idea because ... the star generates
the energy; all you have to do is change it
alittle bit. It’s a nice way to piggyback on
what nature has supplied.”

Back Story | SEARCHING FOR SIGNALS

1960 |
Philip Morrison (shown)
and Giuseppe Cocconi
write “Searching for Inter-
stellar Communications,”
now considered a found-
ing paper in the modern

SETI field. Eridani.

Project Ozma, led by
astronomer Frank Drake
(shown), uses a radio
telescope to search for
ET signals from the stars
Tau Ceti and Epsilon

He points out that research-
ers could start looking for arti-
ficially modulated signals by =
combing through the huge data-
base on Cepheids amassed over
decades by amateur and profes-
sional astronomers.

Neutrinos play a more direct
role in another new way to look
for ET. In a paper posted online
in March, Zurab Silagadze of
the Budker Institute of Nuclear
Physics in Novosibirsk, Russia,

=

.
T

Henrietta Swan Leavitt studied Cepheids at the
Harvard College Observatory in the early 1900s.

details how neutrinos created
by alien civilizations might be detected
on Earth (arxiv.org/abs/0803.0409).
The article is a follow-up to an idea that
researchers first speculated about nearly
three decades ago, Silagadze says.
Particle accelerators that collide beams
of muons — heavy cousins of the electron
—would produce intense neutrino beams.
(Such accelerators are possible with
known technology.) An advanced civili-
zation with such a collider could commu-

nicate with other societies via neutrinos.
The simplest possibility, Silagadze says, is
to “periodically switch on and off the neu-
trino source to organize short and long
signals, a kind of Morse code.”
“Neutrinocommunication schemesare
broad band, and you do not have to know
the transmission frequency,” he adds,
allowing signals to be sent to the maxi-
mum number of unknown civilizations.

1993

NASA halts funding

for the search for ET
signals. Other projects
continue the effort,
including SERENDIP, a
survey using the Arecibo
radio telescope.

1999

SETI@home is launched.
Volunteers use personal
computers in screen-
saver mode to analyze
chunks of data for an
alien signal.

Suppose, Silagadze says, that a civili-
zation within 20 light-years of the solar
system produces 100-trillion-electron-
volt beams of neutrinos directed toward
Earth. He calculates that aneutrino detec-
tor called IceCube, now under construc-
tion beneath ice at the South Pole, could
detect seven to 10 muons per year gener-
ated by neutrino impacts in the ice.

IceCuberesearcher Buford Price of the
University of California, Berkeley, says
that those muons, unlike random muons
from space, “would all point closely in
the direction of the muon collider that
belongs to the advanced civilization.”
The signal would be easier to discern if
the senders turned it on and off.

About half finished, IceCube is now
taking data. Says Price: “We will let the
world know if we see a beam correlated
in both direction and time.” B

2007

The first phase of the
Allen Telescope Array in
California is completed.
Eventually it will scan a
wide range of radio fre-
quencies for ET signals.
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AS HEARD ON PAUL HARVEY NEWS
New advanced portable heater can
cut your heating bill up to 50%

Heats a large room in minutes with even
heat wall to wall and floor to ceiling

Does not get hot, cannot start a fire and
will not reduce humidity or oxygen

A new advanced quartz
infrared portable heater, the
EdenPURE™, can cut your
heating bills by up to 50%.

You have probably heard
about the remarkable Eden-
PURE™ as heard on Paul Har-
vey News and on television
features across the nation.

The EdenPURE™ can pay
for itself in a matter of
weeks and then start putting
a great deal of extra money
in your pocket after that.

A major cause of residen-
tial fires in the United States
is portable heaters. But the
EdenPURE™ cannot cause a
fire. That is because the
quartz infrared heating ele-
ment never gets to a tempera-
ture that can ignite anything.

The outside of the Eden-
PURE™ only gets warm to the
touch so that it will not burn
children or pets. Pets can
sleep on it when it is operating
without harm.

The advanced space-age
EdenPURE™ Quartz In-
frared Portable Heater also
heats the room evenly, wall-
to-wall and floor-to-ceiling.
And, as you know, portable
heaters only heat an area a
few feet around the heater.

Unlike other heating
sources, the EdenPURE™
cannot put poisonous carbon
monoxide into a room or any
type of fumes or any type of
harmful radiation.

Q. What is the origin of
this amazing heating ele-
ment in the EdenPURE™?

A. This advanced heating
element was discovered acci-
dentally by a man named
John Jones.

Q. What advantages does
infrared quartz tube heating
source have over other heat-
ing source products?

A. John Jones designed
his heating source around
the three most important
consumer benefits: econo-
my, comfort, and safety.

In the EdenPURE™ sys-
tem, electricity is used to gen-
erate infrared light which, in
turn, creates a very safe heat.

After a great deal of re-
search and development,

Cannot start a fire;

can touch or sit on it without harm

very efficient infrared heat
chambers were developed
that utilize three unique
patented solid copper heat
exchangers in one Eden-
PURE™ heater.

Q. How can a person cut
their heating bill by up to
50% with the EdenPURE™?

A. The EdenPURE™ will
heat a room in minutes.
Therefore, you can turn the
heat down in your house to as
low as 50 degrees, but the
room you are occupying,
which has the EdlenPURE™,
will be warm and comfort-
able. The EdenPURE™ is
portable. When you move to
another room, it will quickly
heat that room also. This can
drastically cut heating bills, in
some instances, by up to 50%.

The EdenPURE™ comes
in 2 models. GEN3 Model
500 heats a room up to 300
square feet and GEN3 Model

Never be cold again

b

a child or animal

1000 heats a room up to 1,000
square feet.

End of interview.

The EdenPURE™ will pay
for itself in weeks. It will put
a great deal of extra money
in a users pocket. Because of
today’s spiraling gas, oil,
propane, and other energy
costs, the EdenPURE™ will
provide even greater savings
as the time goes by.

Readers who wish can ob-
tain the EdlenPURE™ Quartz
Infrared Portable Heater at a
$75 discount if they order in
the next 10 days. Please see
the Special Reader’s Dis-
count Coupon on this page.
For those readers ordering af-
ter 10 days from the date of
this publication, we reserve
the right to either accept or re-
ject order requests at the dis-
counted price.

How it works:

Heats floor to the
same temperature

as ceiling. \.j

1. Electricity ignites powerful
quartz infrared lamp.

3. The heat from the copper tubing rides the
humidity in the room and provides moist,
soft heat ceiling to floor, wall to wall with-
out reducing oxygen or humidity.

2. The quartz infrared lamp without
combustion gently warms the
patented cured copper tubes.

SPECIAL READER’S DISCOUNT COUPON

The price of the EdlenPURE™ GEN3 Model 500 is $372 plus $17 shipping for a total of
$389 delivered. The GEN3 Model 1000 is $472 plus $27 shipping and handling for a total
of $499 delivered. People reading this publication get a $75 discount with this coupon and
pay only $297 delivered for the GEN3 Model 500 and $397 delivered for the GEN3 Mod-
el 1000 if you order within 10 days. The EdlenPURE™ comes in the decorator color of
black with burled wood accent which goes with any decor. There is a strict limit of 3 units
at the discount price - no exceptions please.
Check below which model and number you want:

[J GEN3 Model 500, number [J GEN3 Model 1000, number
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Astronomers snap extrasolar image

Shot may be the first of an exoplanet orbiting a sunlike star

By Ron Cowen

After years of false alarms, astronomers
may finally have recorded the first image
of aplanet orbiting a sunlike star beyond
the solar system.

The body, about eight times Jupi-
ter’s mass, lies exceptionally far from
its presumed parent star — roughly 11
times Neptune’s average distance from
the sun.

“If this object is a planet at such a
wide separation, it would challenge
our conceptions of planet and compan-
ion formation,” says Adam Burrows of
Princeton University.

Inanarticleposted online September10
atarxiv.org/abs/0809.1424, codiscoverers
David Lafreniere, Ray Jayawardhana and
Marten H. van Kerkwijk of the Univer-
sity of Toronto caution that there’s a
chance that the object merely resides in
the same part of the sky as the star but is
not gravitationally bound to it.

But if the body does orbit the young
sunlike star, which has the unwieldy
name 1RXS J160929.1-210524, it could

pose aproblem for planet formation the-
ories. A widely accepted model suggests
that the planet-forming disks of gas, dust
and ice surrounding newborn stars con-
centrate material close to their stars.

“The bulk of the material from which
planets might form is significantly closer
to the parent star,” Burrows says.

The outermost parts of such disks
wouldn’t contain enough material to
assemble a Jupiter-mass planet at the
distance from the star — 330 astronom-
ical units, or 330 times the separation
between Earth and the sun — at which
the team found the faint object.

“At hundreds of astronomical units
from the star, the density of material in
the disk is so low that any small seed of
planet would not be able to grow [large]
enough before the disk vanishes in a few
million years,” Lafreniére says.

He and his colleagues found the object
by using a special optics system on the
Gemini North telescope atop Hawaii’s
Mauna Kea. They scoured the vicinity
of some 85 stars belonging to the Upper
Scorpius association. Stars in this group

The faint dot at upper left could be an
extrasolar planet orbiting a normal star.

lie 500 light-years from Earth and are
only about 5 million years old. The sun
is 4.56 billion years old.

Most of the more than 300 extrasolar
planets astronomers have discovered
since 1995 have been detected indirectly.
Thoughresearchersimaged an exoplanet
around a brown dwarf in 2004, no one
has recorded an image of a planet orbit-
ing a sunlike star.

Astronomers will need to track the
motion of the newly discovered body
across the sky for one to two years to
determine whether it moves in sync with
the star, Jayawardhana says.

¥ {mm)
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Around the ring

One short trip for a proton, one not-so-giant step for man-
kind, it turns out. On September 10 scientists at the Large
Hadron Collider, near Geneva, successfully steered the first
beam of protons around the accelerator’'s 27-kilometer
circular track. After entering the tunnel, the beam twice

Image
(16,6148, -0, 4876, 319G)

struck a scintillating screen, causing atoms in the screen
to emit light. The first yellow spot in the screen grab at left
was created just after the protons were kicked onto the

correct trajectory by the injection system. The second spot
was generated after the protons made one complete revo-
lution, again striking the screen. But just nine days after
this initial success, a faulty electrical connection in the
tunnel led to a helium leak. Officials say the setback, com-
bined with the closing of the accelerator during the winter
to save fuel costs, means the long-awaited collision won't
be attempted until at least next spring. — Ron Cowen
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Mom can increase her child’s risk
of depression via nurture alone

New study suggests fathers don’t have the same influence

By Bruce Bower

Some youngsters get depressed in the
absence of any genetic legacy, a new
investigation finds.

Researchers report that having a
depressed mother substantially ups
a teenager’s likelihood of becoming
depressed, even if he or she was adopted
and shares no genes with the mother.

This finding provides the first direct
evidence that purely environmental fac-
tors can promote depression in the chil-
dren of depressed women, says a team led
by psychologist Erin Tully of the Univer-
sity of Minnesota in Minneapolis.

A depressed father does not increase
the risk of depression in adopted or non-
adopted teens, the teamreportsin the Sep-
tember American Journal of Psychiatry.

Two other investigations, both pub-
lished in the same journal, further
emphasize nurture’s role in depres-
sion, showing that successful treatment
of depressed mothers spurs emotional
gains in their depressed children.

“There is an environmental liability
of maternal depression that cannot be
accounted for by genes but that almost
certainly interacts with genetic factors
to create depression risk in children,”
Tully says.

Depression can impair amother’s par-
enting skills, cause marital conflict and
disrupt a youngster’s ties to peers and
school — and these outcomes can in turn
spread depression from mother to child,
she suggests.

A growing number of studies demon-
strate difficulties that depressed mothers

have in interacting with their children,
remarks psychiatrist John Markowitz of
Columbia University. Tully’s study “bol-
sters the evidence that maternal, more
than paternal, depression meaningfully
affects children through home life, not
just heritability,” he says.

Tully and her coworkers studied 568
adopted adolescents, most from Asian
countries, 416 non-adopted adolescents
and one or both parents of all the chil-
dren. Nearly all parents and non-adopted
kids were white, and all the families lived
in Minnesota. Most adoptions occurred
before age 1.

Psychiatric interviews with the par-
ents and teenagers probed for current
and past symptoms of major depression
and other psychological conditions.

While living with a depressed mother
boosted the mood disorder’s prevalence
inadopted teens, non-adopted teens with
depressed mothers were even more likely
tobecome depressed. Having a depressed
motheralso increased the rate ofbehavior
problems in both groups. &)

Pain relief you

can believe in

Study finds religious thought
alleviates hurt for Catholics

By Bruce Bower

Brain researchers are exploring what
might be called faith-based analgesia.

Stimulating a religious state of mind
in devout Catholics triggers brain pro-
cesses associated with substantial relief
from physical pain, report neuroscientist
Katja Wiech of the University of Oxford
in England and her colleagues online
September 5 in Pain.

“Our data suggest that religious belief
alters the brain in away that changes how
a person responds to pain,” says study
coauthor Irene Tracey, also of Oxford.

Practicing Catholics perceived electri-

cal pulses as less painful while viewing
an image of the Virgin Mary than while
viewing a non-religious picture. Func-
tional MRI showed a change in these vol-
unteers’ brain activity only while looking
at the religious icon.

In contrast, professed atheists and
agnostics derived no pain relief from view-
ing the same religious image while getting
uncomfortably zapped on the hand.

“What’s exciting is that this new study
shows a neural mechanism by which
religious belief affects pain perception,”
remarks psychiatrist Harold Koenig of
Duke University in Durham, N.C.

In alternating trials, 12 Catholics and
12 atheists or agnostics spent 30 seconds
observing an image either of a paint-
ing of the Virgin Mary or of Lady with
an Ermine, by Leonardo da Vinci. The
images remained visible as participants
received 20 brief electrical pulses deliv-
ered to the back of the left hand.

- e
Researchers measured pain perception
while people viewed a Virgin Mary image
(right) or Lady with an Ermine (left).

Pain relief for Catholics was accompa-
nied by vigorous activity in the right ven-
trolateral prefrontal cortex, which has
been linked to pain relief associated with
emotional detachment and perceived
control over pain. This response was not
observed in non-religious volunteers.

Religious belief represents one of many
ways to reappraise the meaning of pain,
says Tor Wager of Columbia University.
Evidence suggests placebo treatments
can activate the same brain region. &)
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Giant honeybees skilled at the wave

Attacking hornets repelled when colony shimmers en masse

By Susan Milius

Like fans in a stadium, giant honeybees
attheir nest make big, rippling audience
waves, new video shows.

And the bee waves are spooky enough
to drive away predatory hornets, an
international research team reports
online September 10 in PLoS ONE.

Gianthoneybees (Apis dorsata), unlike
western honeybees, form open nests
without outer coverings. Thousands of
the giant bees cling to each other, some-
times seven layers deep, in amass around
the home comb, says Gerald Kastberger
of the University of Graz in Austria.

Wave patterns swirl across the outer
layer of this mass as a sequence of bees
tip their long abdomens up and down.
Kastberger and colleagues filmed and
analyzed some 450 bee waves, called
shimmering, in two colonies in Nepal.

Moving bee patterns, Kastberger says,
offer a way to study the problem of self-
organization. “It’s aquestion of organiza-

Giant honeybees mass around a central
comb, as Gerald Kastberger observes.

tion of a team without a chief,” he says.

Smaller waves of a few bees break out
as nest mates arrive and take off. When
bee-hunting hornets buzz in, however,
bees wave big — 70 bees can flip into
action in 600 milliseconds, and hun-
dreds more join in as the pattern swirls
over the nest.

Asthesebighornets, which hunt adult

bees as food, dive toward a massive bee
nest, the hornets “probably think it is
a very nice supermarket where they
can get everything without paying,”
Kastberger says.

But ripples of bee rears can change a
hornet’sdirection. At closer than 52 cen-
timeters, the hunter veers away as the
audience waves. The bees’sudden motion
may startle the predator, but whatever
the mechanism, it works, Kastberger
says. Waving maintains a rough no-
hornet zone around the colony.

The new data support what observers
have guessed, says Michael Breed of the
University of Colorado at Boulder, who
studies social insects. “To anybody who
sits and watches these bees for any length
of time, it’s clear the shimmering is hap-
pening when there’s a hornet around.”

“I have seen the same thing in Apis
cerana [asmaller bee species] in Japan,”
says Randall Hepburn of Rhodes Univer-
sity in Grahamstown, South Africa.

Besides the new paper’s descriptions
of predator-prey dynamics, Breed wel-
comes details on bee wave-making. “One
of the intriguing things,” he says, “is that
it’s really pretty.” B

Female frogs
play the field

Multiple partners improve
odds of offspring survival

By Rachel Ehrenberg

The danger of putting all your eggs
in one basket is very real for a small
Australian frog.

A new study has found that female
Pseudophryne bibronii frogs lay eggs
fathered by up to eight different males in
up to eight different nests. The mothers
aren’t being risqué — the extreme behav-
ior actually reduces the risk of offspring
death, a team reports in the Proceedings
of the Royal Society B.

While polyandry — one female mat-
ing with multiple males —is common
among animals, eight partners in a row
is a record for vertebrates, says Phillip
Byrne of Monash University in Mel-
bourne, Australia, who led the new study.
Such dalliances might be widespread in
unpredictable environments or in mat-
ing systems where the male is in charge
of the nest, the research suggests.

Male P. bibronii frogs make nests in
little soil depressions along small water-
ways that come and go with the rains.
Responding to calls from males, females
come to mate and lay eggs, but dads stay
with the nest and developing young.
Nurseries must stay wet enough that eggs
don’tdry outand must flood early enough
for tadpoles to have time to become full-
grown frogs (but not too early or the eggs

getwashed away). Because the mom can’t
really predict which nests are best —it
largely depends on when and how much
it rains — there is always a high risk that
her whole brood will be killed.

Led by Byrne, researchers staked out
nests in Australia’s Jervis Bay National
Park, collected fertilized eggs and reared
the froglets. Genetic analyses revealed
that, on average, females divided their
eggs among the nests of five males. If a
female visited more nests, then more of
her offspring survived.

That direct link is surprising, com-
ments Malte Andersson of the Univer-
sity of Gothenburg in Sweden. The usual
reasons invoked for multiple mates are
the odds of mating with a lousy dad or a
dad with inferior genes, rather than pro-
tection against nest failure. &)
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Researchers dig
new ant species

Bizarre insect suggests
ancient underground world

By Susan Milius

A new ant discovered in the Amazon
looks so odd that scientists are choos-
ing Latin names that playfully suggest
the creature comes from Mars.

Yet the species Martialis heureka
could help rewrite the history of ants on
Earth.

Found in Brazil, the ant has a pale body
and no eyes, says Christian Rabeling of
the University of Texas at Austin. Its
mouthparts stick out like sharp forceps
and are longer than the rest of its head.

Its DNA may be even more interest-
ing. Genetic analysis puts the new ant
so far from other species that it deserves
its own subfamily, Martialinae, Rabeling
and his colleagues report online Septem-
ber 15 in the Proceedings of the National
Academy of Sciences. It’s the first new
subfamily described for aliving ant since
1923, the discoverers say.

“It’s an incredibly bizarre-looking ant
morphologically, which for ant biologists
is really exciting,” said Corrie Moreau,
after seeing a picture. An ant special-

ist at the Field Museum
in Chicago, she says she
can think of a few other
species with each of the
new ant’s peculiar fea-
tures. But to find those
rare traits combined in
one species is unique,
she says.

DNA analysis suggests
that the odd species
comes from the earliest
branch of the ant family

This newly discovered ant, with mouthparts like for-
ceps and no eyes, lives underground in the Amazon.

tree that still has living
members, Rabeling says.

That suggestion fits with a puzzling
twist on ant history that has emerged
from recent studies using DNA similar-
ities to construct family trees.

“Ants evolved from wasps — everybody
agrees on that,” Moreau says. However,
DNA-based family trees, including one
she worked on, looked as if other special-
ized underground ants were the most
ancient living lineage.

Thenew species could easilybe another
subterranean ant, Moreau speculates,
since it has no eyes, a bleached color and
extreme mouthparts. Adding it to the
family tree strengthens the evidence that
some of today’s underground ants really
do come from ancient lineages.

Just how those lineages went under-
ground isn’t clear, Moreau says. Perhaps

the first ants really were subterranean
specialists. Or perhaps ants first evolved
above ground, but the only surviving
descendants of those early ancestors
come from lineages that literally went
under.

Rabeling happened upon the new spe-
cies while rummaging in forest leaf lit-
ter atdusk. A coauthor had collected two
earlier samples butlost themin a storage
mishap. The researchers have called for
more searches.

Naming a species based on a single
specimen doesn’t strike Moreau as odd,
she says. “The fact that a single ant ‘redis-
covered’ in the rainforests of Brazil can
tell us so much about the evolution of the
ants highlights how little we know about
the diversity of life on the planet,” she
adds. m

This bite won’t hurt

By dissecting the physics of mosquito bites, research-
ers have uncovered some of the bugs’ stealthy tricks.
Melur Ramasubramanian of North Carolina State Uni-
versity in Raleigh and his colleagues wondered how a
mosquito’s fascicle, the needle in its proboscis, can
enter the skin without buckling—despite being so

thin and not so stiff. A sheath, called the labium, that
normally wraps around the needle increases its stiff-
ness by a factor of five, preventing it from buckling, the
team reports in the December 2008 Bioinspiration &
Biomimetics. As the fascicle enters the skin, the labium
pulls back. The technique could provide inspiration for
needles that hurt less. — Davide Castelvecchi &)
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Continental clash cooled climate

When India and Asia collided, sources of CO, disappeared

By Sid Perkins

When the tectonic plate carrying
India slammed into Asia about 50 mil-
lion years ago, the ensuing geological
changes triggered a long-term cool-
ing trend — a trend that later enabled
Antarcticice sheets to grow, anew study
suggests.

of basaltic rocks formed from volcanic
eruptions just a few million years ear-

lier — consumed large volumes of CO,,.
When the volcanic basalts formed,
only 3 percent of Earth’s continental
land area sat within 10 degrees of the
equator. But as tectonic motions carried
India into the tropics and shifted other
land masses, that propor-

Before the collision, volca- When the tion increased to about 20
noes along the rim of south- collision shut percent. The high tempera-
ern Asia spewed immense down some ture and rainfall of the trop-
quantities of carbon dioxide . ics increased erosion on the
into the atmosphere. Much of geOIOglcaI landmass, essentially soak-
that planet-warming green- processes, ing up large amounts of CO,
house gas came from seafloor, the climate from the atmosphere.
carbonate-rich sediments ended up in This double whammy,

thatwere being shoved below
Asiaby tectonic movements,
says Dennis V. Kent, an earth scientist at
Rutgers University in Piscataway, N.J.

The tectonic plate that carried what is
now the Indian subcontinent split from
Gondwana, the supercontinent that sat
astride the South Pole, about 120 mil-
lion years ago. The subcontinent began
to move quickly northward, at times
migrating 25 centimeters per year, Kent
says.

Before India reached the tropics, a
spate of volcanic activity lasting a mil-
lion years spewed about 4 million cubic
kilometers of basalt lava — an outpour-
ing that contributed to the demise of the
dinosaurs, some scientists propose.

By about 50 million years ago, when
India crashed into Asia, atmospheric CO,
levels sat well above 1,000 parts per mil-
lion. But after the collision, seafloor sedi-
ments were no longer a volcanic source
of CO,, so levels began to drop, Kent and
his colleagues argue in a paper published
online September 22 in the Proceedings
of the National Academy of Sciences.

Simultaneously, erosion of rocks on the
Indian subcontinent — in particular, the
chemical weathering of a large amount

the icehouse.

the researchers speculate,
caused atmospheric con-
centrations of CO, to plummet, cooling
Earth significantly.

Between 50 million and 34 million
years ago, as erosion and other geologi-
cal processes sapped the greenhouse gas
from the atmosphere, CO, levels dropped
close to modern-day, preindustrial levels
of about 300 parts per million.

Other changes in landmass distri-
bution in the Southern Hemisphere
resulted in changes in ocean currents in
the region, which led to further cooling
and the development of permanent ice
sheets on Antarctica.

The new analyses “describe a perfect
storm of carbon cycling,” says Mimi Katz,
a paleooceanographer at Rensselaer
Polytechnic Institute in Troy, N.Y.

Pre-collision volcanism and other geo-
logical events contributed to the warm-
est climates of the 65 million years before
today. But, she notes, when the India-
Asia collision shut those processes down,
the climate ended up in the icehouse.

“This is a very interesting and imagi-
native paper,” says Karl Turekian, a geo-
chemist at Yale University.

He notes, however, that high CO, con-
centrations and temperatures worldwide
50 million years ago ensured extensive
erosion of continental rock everywhere,
not just in India, casting some doubt on
Kent’s estimate of India’s importance in
the cooling.

William F. Ruddiman of the University
of Virginia in Charlottesville agrees that
the relative contributions of all of these
carbon-dioxide-sopping processes have
yet to be determined. W

Aged crust

Northern Quebec may host the world’s old-
est rocks. Geochemical analyses reported
in the Sept. 26 Science hint that some
rocks (shown here with a hammer for
scale) along the eastern shores of Hudson
Bay are 4.28 billion years old. Previous
studies have suggested that tiny crystals
called zircons in some sedimentary rocks
in Western Australia first solidified—in
rocks that have long since eroded—about
4.4 billion years ago. But the Canadian
rocks, which have been heated and
squeezed deep in the Earth, may be the
world’s oldest intact rocks, Jonathan O’Neil
of McGill University in Montreal and his
colleagues speculate. —Sid Perkins )
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Late nights tied
to inflammation

Key protein spikes in women
with mild sleep deprivation

By Tina Hesman Saey

Staying up late makes for a swell time,
but not in a good way.

A study in the Sept. 15 Biological
Psychiatry offers more evidence that
lack of sleep is linked to inflammation,
which canlead to disease. After one night
of too little sleep, women volunteers had
higher levels of a chemical that triggers
inflammation.

Previous research with animals has
shown that staying up all night can trig-
ger stress reactions, including elevat-
ing some markers of inflammation. But
people usually experience milder sleep
deprivation, missing only a few hours
each night.

The increase in markers of inflamma-
tion after mild sleep deprivation shows
how stressful common sleep loss is, com-

ments Amita Sehgal of the University of
Pennsylvania in Philadelphia.

“The fact that this happens in a sce-
nario that more commonly is experi-
enced by people indicates that this is
more of a health concern than previously
thought,” Sehgal says.

Michael Irwin of the University of Cali-
fornia, Los Angeles and colleagues tested
levels of a protein called NF-kappaB in
the blood of 14 healthy volunteers, seven
men and seven women. The protein is a
key regulator of inflammation, and its
activity has been linked to diabetes, heart
disease and cancer.

The volunteers normally slept from,
on average, 10:30 p.m. until 7:30 a.m. The
researchers drew blood from the volun-
teersin the morning after anormal night
of sleep, after anight in which the volun-
teers stayed awake until 3:00 a.m. and
again after a night of recovery sleep.

One late night was all it took to cause
a spike of the inflammation-promot-
ing protein in women, the researchers
found. The levels dropped to normal
after the night of recovery sleep.

Menin the study didn’t show any differ-

ence in the levels of NF-kappaB in their
blood after missing some shut-eye. But
Irwin cautions against making too much
of the gender differences until larger
studies can confirm the results. Women
do have a greater risk of developing sleep
and inflammatory disorders as they age,
but men also suffer from these illnesses.

“The findings really stress the impor-
tance of a good night’s sleep,” Irwin
says. “We tend to prioritize our daytime
activities, but this is one more example
of how important sleep is to maintain-
ing health.” m
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Levels of NF-kappaB in white blood cells
spiked in women who missed some sleep.

Plastics chemical takes another hit

For the first time, study links bisphenol A to heart disease

By Rachel Ehrenberg

A newstudy has linked the plastics chem-
ical bisphenol A to heart disease. Based
on asample 0of 1,455 U.S. adults, the study
also adds to evidence linking BPA to liver
enzyme problems and type 2 diabetes.

While the liver and diabetes links are in
line with animal studies, the connection
to heart disease is new, says study leader
David Melzer, an epidemiologist at the
University of Exeter in England.

“The good news is these are man-
made exposures,” says Richard Stahlhut,
an environmental health fellow at the
University of Rochester in New York. “If
the findings hold up, we could get rid of

BPA and hopefully people get better. The
bad news is it would mean that our sys-
tem by which we determine risk is really
flawed.”

BPA is found in plastics used in baby
bottles and aluminum can linings. In
Augustthe Food and Drug Administration
issued a draft assessment decreeing that
BPA is safe at current exposure levels.

The new study, published in the Sept. 17
Journal of the American Medical Associa-
tion, is based on the National Health and
Nutrition Examination Survey. That sur-
vey, NHANES, uses physical examinations,
clinical tests and personal interviews
to gauge the health of the U.S. popula-
tion. The recently released 2003-04

NHANES provided the first large data set
on BPA levels in human urine.

People with the highest urine levels of
BPA (in the top one-fourth of the study
population) were more than twice as
likely to have diabetes or heart disease
as those with lower levels. Researchers
estimate that participants in the high BPA
group were probably exposed to an aver-
age of 50 micrograms a day, far below lev-
els currently considered to be safe.

Studies on animals have linked bis-
phenol A, which mimics the hormone
estrogen, to liver damage, obesity and
reproductive problems.

“The FDAis nowlooking, and they have
decided BPA is not a problem, in spite of
the evidence for harm gathered in ani-
mal studies,” says Ana M. Soto of Tufts
University School of Medicine in Boston.
“I think this paper argues otherwise.” &)
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Lipid serves as
healthy hormone

Mice benefit from fatty acid

By Tina Hesman Saey

Some fats are just better than others.
Omega-3 fatty acids, including fats that
make up fish oil, have been recognized for
their health-promoting benefits.

Well, move over, omega-3s; now there’s
a fat that’s even phatter. Researchers at
Harvard University and Lipomics Tech-
nologies in West Sacramento, Calif., have
discovered that a fatty acid, a type of
lipid, can make mice super healthy.

An omega-7 fatty acid called C16:1n7-
palmitoleate works as ahealth-promoting
hormone, the researchers report Septem-
ber 19 in Cell. Palmitoleate is made by fat
and liver cells, the team discovered. The
fatty acid signals muscles to respond to
insulin, prevents the buildup of fats in the
liver and reduces levels of
inflammatory chemicals
made in fat cells.

“A caveman

Previous research had shown that block-
ing the proteins could improve health.
Butmicelackingboth proteins had health
“beyond the normal range,” Hotamisligil
says. “Almost indestructible. No heart
disease, fatty liver disease, diabetes. No
asthma, nothing.” And their health held
up even when they ate a high-fat diet.

But it wasn’t obvious why the mice
were so healthy. “The general dogma
in the field is the more fatty acids you
have in the blood, the sicker you are,”
Hotamisligil says. But the mutant mice
had slightly higher levels of fatty acids
in their blood than normal mice.

When examining which fats were pres-
ent in the iiber-healthy mice, the scien-
tists found that palmitoleate, normally
rare, was the third most abundant fatty
acidin the healthy mice’s blood. The lipid
improves muscle responses to insulin
and prevents liver cells from accumulat-
ing other harmful fats, the researchers
found. Because the mice were missing
the two proteins, their fat cells were not
able to store fat. The fat
cells instead made lipids,
primarily palmitoleate.

The new study “really
suggests thatlipids — fatty
acids — could have a sig-
naling effect,” says Clay
Semenkovich of Wash-
ington University in St.
Louis. “This is something
people have postulated for
awhile, but has been diffi-

chasing a deer

probably had
active production
of this [lipid], but
nhot us constantly
stuffing ourselves

with calories.”
GOKHAN HOTAMISLIGIL

Liver cells also make the
lipid hormone, the team
found. In normal mice,
the lipid is produced at
low levels. When these
mice eat a high-fat diet,
their cells cut palmitoleate
production in half. But the
super-healthy mice con-

cult to get ahandle on.”

Palmitoleate is the first lipid demon-
strated to work as a hormone, a job usu-
ally done by proteins, such as insulin, or
by small molecules, such as adrenaline.
Ifthelipid works the same way in people
as in mice, it could someday be added to
foods or given as a supplement to ward
off heart disease and diabetes.

Researchers led by geneticist Gokhan
Hotamisligil of Harvard had previously
created extraordinarily healthy mice by
preventing the mice from making two
proteins that normally bind to fatty acids.

tinue making lots of the
lipid, even when they eat diets rich in fat.

People probably also respond to high-
fat diets by producing less palmitoleate,
Hotamisligil says. “A caveman chasing a
deer probably had active production of
this material, but not us constantly stuff-
ing ourselves with calories.”

Rather than supplementing the diet,
Hotamisligil thinks it would be healthier
to persuade people’s fat cells to produce
more of the lipid. “What you make your-
self is always the best,” he says. “It’s like
homemade cooking.” &)

News Briefs

Highly wired

Men are dense — in the temporal
neocortex anyway. An investiga-

tion of brain tissue recovered from
epilepsy patients during surgery
showed men had a higher density
of brain cell connectors, called
synapses, than their female counter-
parts. The finding might explain why
men have better spatial perception,
while women can talk faster and
better remember what they hear,
Javier DeFelipe of the Cajal Institute
in Madrid, Spain, and his colleagues
suggest online September 8 in the
Proceedings of the National Academy
of Sciences. —Ashley Yeager )

Location, location, location
Talk about a mixed blessing. Two
new studies in the Sept. 17 Journal
of Neuroscience show that immune
cells known as macrophages can
do an injured neuron good or can
impart further harm, depending
where on the neuron’s brain-to-organ
path the injury is located. If the
wound is in the brain or spinal cord,
macrophages can prevent regenera-
tion. But if the injury is in other parts
of the body, macrophages help heal
the hurt. —Tina Hesman Saey )

Low-cal bones

Cutting way back on calorie intake
for a short time doesn’t take a bite
out of bones in volunteers who
haven't yet reached middle age,

a new study shows. The finding,
reported in the Sept. 22 Archives
of Internal Medicine, thickens the
debate over calorie restriction.
Leanne Redman of Louisiana State
University in Baton Rouge and
colleagues focused on bone density
as measured by X-rays before vol-
unteers began dieting and again six
months later. — Nathan Seppa &)
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By Rachel Ehrenberg

O om

ocally grown food is often touted

as a perk of rural living. But if

Dickson Despommier has any-

thing to sayaboutit, city dwellers
will soon have the same environmental
bragging rights.

Despommier wants cities to grow
their own food. Not in rooftop gardens
or neighborhood plots, but in light-filled
buildings of glass and steel; tilapia on the
first floor, tomatoes on the 12th.

It’s called vertical farming, baby, and it
may be coming to a skyscraper near you.

The idea is bold, but Despommier
makes a compelling case. Across a scat-
tering of labs and disciplines, research-
ers are refining the technologies needed
for the 21st century’s Hanging Gardens
of Babylon. Energy efficiency and envi-
ronmental impact are no longer concerns
ofthe fringe. Increasingly, architects and
city planners are looking to incorporate
nature, rather than exclude it.

Some say the science for successful
urban farming is already here. For years,
NASA researchers have been exploring

ENRICO SACCHETTI
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methods for growing plants on Mars,
making midtown Manhattan seem not so
far-fetched. Systems for growing plants
without soil — hydroponics — are already
inwide use. More recent are major devel-
opmentsin efficient artificial lighting and
climate control technologies.

The benefits of urban farming range
from meeting a concrete need to feed the
Earth’s growing population to more nebu-
lous perks, such as reducing wars fought
over natural resources, advocates say. And
the hurdles are like those that impede
large-scale change wherever practices
and policies are firmly entrenched — even
if those practices and policies are ineffi-
cient and outdated.

Skeptics argue that the costs will always
outweigh the benefits, so efforts should
focus on improving efficiency in current
production systems.
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Vertical farming won’t get a free pass,
says Gary Lawrence, a former planning
director for the city of Seattle who is now
with Arup, a London-based engineer-
ing and design firm. (Arup’s green proj-
ects include the “living roof” on the new
California Academy of Sciences building
in San Francisco and Dongtan, the eco-
city planned for an island off Shanghai,
China.) “There’s a huge amount of
research going on, but we need to get the
costs down,” he says.

Reducing carbon dioxide emissions
from food transport, using biofuels or
generating methane from compost have
to make good business sense, Lawrence
says. Ultimately, “the choice to act is a
policy and financial issue.”

Purely as a numbers game, vertical
farming makes sense, says Despommier,
who makes his academic home in the
environmental health sciences depart-
ment at Columbia University.

By his calculations, it currently takes
a chunk of land the size of the state of
Virginia to feed New York City. A 2007
United Nations report estimates that
there will be nearly 5 billion urban dwell-
ers worldwide by the year 2030, com-
pared with 3.2 billion today. Where will
their food graze and grow?

“We need to find new ways to grow
food,” says Benjamin Linsley, spokesman
for New York Sun Works, a sustainable-
engineering firm. “If you can stick farm-
ing anywhere you like — and say ‘we don’t
need soil’ — then a huge door opens.”

There is more to vertical agriculture
than addressing the land-to-mouth ratio,
say proponents. Growing food in the
asphalt jungle could help return stability
to an easily perturbed agriculture sector,
one where increased demand for a single
crop, such as corn, is felt from movie the-

aters to hog farms. And urban farming
enhances a city’s ability to deal with haz-
ards and disasters, Lawrence says.

“In the developed world our entire
system of getting food to people has to
do with just-in-time delivery,” he says.
“Our trucking systems have to work; our
trains have to work. No one has inventory
anymore. We saw the most tragic example
of this in New Orleans with Katrina. As
a community becomes isolated, how do
they feed themselves?”

Despommierenvisionsbuildingswhere
water is recycled throughout, nonedible
plant parts are composted and methane
is collected and turned into heat. Water
from pools holding freshwater fish, such
as trout and striped bass, is filtered and
routed to peppers and strawberries, which
are pollinated by resident bees. Chickens
cluck on one floor while pigs snuffle about
on another — their waste turned into pel-
lets that become an energy source.

The idea appears immensely practical
from afood production point of view, but
Despommier doesn’t stop there. Vertical
agriculture offers the promise of urban
renewal, he says. Abandoned properties
become vibrant neighborhood centers.
The first floor of each building might host
a farmers market, providing jobs along
with fresh, healthy produce.

Ecobenefits

Then there are the ecological benefits
of subverting the dominant agricultural
paradigm. A parasitologist by training,
Despommier points out that turning for-
est into farmland can unleash infectious
diseases and enhance their spread. Tradi-
tional farming has left waterways polluted
with fertilizer and pesticides. Recent anal-
yses find that topsoil is eroding 10 times
faster than the natural replenishment
rate in the United States, and in China
and India it is 30 to 40 times faster than
the natural rate.

The Living Skyscraper, illustrated here,
is one vertical farming concept put forth
by architects and engineers. Proponents
envision cities that grow their own food
all year, reducing the environmental toll
wrought by conventional farms.
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Vertical farms would soften the blow
of traditional farming, says Despommier,
giving injured land the chance to heal.

“I'want to put trees back on the land. I
want to be the Lorax,” he says, referring
to the mustached Dr. Seuss character who
“speaks for the trees.”

Despommier’s vision and enthusiasm
hint at the quixotic. Taped to the edge
of his desk is a yellowing fortune from a
cookie eaten long ago: “Nothing is impos-
sible to a winning heart.” The vertical
farm project’s website (www.verticalfarm.
com) asks, “Don’t our harvestable plants
deserve the same level of comfort and
protection that we now enjoy?”

In a year of near-record flooding in
parts of the Midwest and Northeast, the
question seems less tongue-in-cheek.

“What happens outside is lightning
bolts strike; there are floods, pests,
drought,” says Despommier. “You can
control everythingindoors. You can’t con-
trol anything outdoors.”

Plant growth in indoor environments
cannowbe controlled withunprecedented
precision, as can the environments them-
selves, says Gene Giacomelli, director of
the Controlled Environment Agricul-
ture Center at the University of Arizona
in Tucson. The center’s current research
projects include refining a technique that
limits water to the precise amount needed
for growth. In this setup, known as deep
flow hydroponics, the plants float on a
body of water, completely covering the
surface. With the right software and an
Internet connection, scientists can moni-
tor the pH, amount of nutrients, dissolved
oxygen, air temperature, humidity, light
intensity and CO,, from a distance.

But as a scientist involved with devel-
oping greenhouses for the South Pole,
the moon and Mars, Giacomelli is famil-
iar with the difficulties of growing things
where they don’t usually grow.

“If I'was going to play devil’s advocate,

Controlling the environment in vertical
farms, including the arrangement of
various crops, is critical to success.
The light, temperature, humidity and
pollinator preferences of plants are
among the important considerations.

I’d say it is going to be tough,” he says.
“You're forcing abuilding, which typically
wants to be low humidity — to have dust
rather than mildew —to be something
that needs high humidity. At the end of
the day it is going to be raining in these
buildings.”

Climate control is an issue for both the
structure and its inhabitants. Plants can
be finicky creatures. Some, such as let-
tuce, prefer cool weather, while melons
and tomatoes like it warm.

Lighting is another factor. The major-
ity of edible crops are what gardeners
call “full sun” plants. Evenly distribut-
ing light across all plants —so all can go
about their photosynthesizing business
withoutburning or shivering —is no small
task, Giacomelli says. Renderings of verti-
cal farms often incorporate artificial light,
preferably cast by light-emitting diodes,
or LEDs. These are enormously more
efficient than incandescent bulbs, which
exude about two-thirds of their energy as
heat, not light.
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Tomatoes

Scientists at NASA and elsewhere
are fine-tuning LEDs to emit light in
the wavelengths best for plants, which
research suggests is mostly red and blue
light. (Scientists at the Kennedy Space
Center found that with no green light,
their lettuce looked purplish-gray, mak-
ing monitoring plant health difficult.
Adding 24 percent green light enhanced
growth and improved aesthetics.)

“LEDs are coming on strong — they
work very well from a biological stand-
point,” Giacomelli says. “But for now,
theyjustaren’tas cost effective as a high-
pressure sodium lamp.”

Giacomelli sees light distribution,
climate control and the integration of
cooling and heating systems as verti-
cal agriculture’s primary challenges.
He doesn’t doubt it can be done —the
greenhouses at the South Pole produce
enough veggies that the core group of
50 to 70 people can have a fresh salad
at least once a day, every day of the year.
But any farming in a controlled envi-
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ronment requires a serious mechanical
thumb in addition to a green one, he says.
It isn’t clear whether vertical farming
will ever be realized, but the idea does
have legs. In May, at the World Science
Festival in New York City, Despommier
presented the vertical farm project to an
audience peppered with Nobel laureates.
He has been contacted by an MIT profes-
sor who wants to include vertical farm
designing in his capstone course.

Financial obstacles

Even if the idea takes off, actual con-
struction of a vertical farm is probably
years away — estimates range from five
to 15, atleast. A building-sized stumbling
block is cost.

One financial issue to contend with is
competition with more lucrative struc-
tures, says New York Sun Works’ Lin-
sley. “With urban farming the biggest
challenge is finding land,” he says. The
low yield and profits from a single-story,
ground-level greenhouse can’t compete
with the profits offered by development.
The condo always wins.

And single-story — or single-roof-
top — gardens can’t feed the masses. This
realization was the seed that bloomed
into vertical farming, says Despommier.
In his ecology course at Columbia, stu-
dents were tasked with calculating the
amount of food they could grow if all of
Manhattan’s residential rooftops were
gardens. The math said these roofs could
provide a paltry 2 percent of the caloric
needs of New York City.

There are many benefits to outfitting
buildings with living roofs, Despommier
says. “But the fact is, rooftop gardening
is a trivial activity when you look at food
production.”

Their naive enthusiasm crushed, his
students became surly but then bounced
back with vigor. Not only does New York
have plenty of rooftops, it has plenty of
abandoned buildings —why not farm
from basement to penthouse?

The cost —in both dollars and emis-
sions — of retrofitting old buildings, or
building new ones from scratch, is so
great that it is hard to imagine getting
any environmental bang for the buck,

Swiss chard flourishes sans soil in the
Science Barge. Nutrients added to
water circulate among the crops.

says Christopher Weber of Carnegie
Mellon University in Pittsburgh. Weber,
who investigates environmental impacts
offood production and consumption, says
the assumptions thatvertical agriculture
proponents begin with are faulty.

“We are not running out of land. We
could easily grow twice as much food as
we are currently growing,” he says. And
that’s under today’s inefficient regime.
As changes happen in the current sys-
tem — shifting from grain-fed to grass-
fed cattle, for example, or improving
efficiency by tailoring crops to the local
environment — there will be even more
land available for food production.

For those who can’t wait for the urban
farms of the future, rooftop gardens that
use existing technologies can provide
healthy produce and put urban dwellers
in touch with food roots, Linsley says.
The Science Barge, a brainchild of New
York Sun Works and its sister company
BrightFarm, offers a rooftop garden pro-
totype, a public demonstration of urban
farming that comes close to being carbon
neutral. Two greenhouses sit atop an old
barge, which for much of this summer was
parked on the Hudson off the 68th Street
pier. Roughly 80 percent of the barge’s
energy comes from two solar panels that
track the sun. An array of tiny windmills
and a biodiesel generator fill in the gaps.

Within the greenhouses are stacked
towers of strawberry plants, rows of leafy
greens such as chard and basil, and climb-
ing peppers, melons and tomato plants.
The plants are grown hydroponically; the

essential nutrients are added to collected
rain and river water, which is circulated
among the plants with a series of tubes
and gutterlike containers. Everymonth or
so, when algae begin to gunk up the pipes,
the crew cleans out the tanks and gutters.
A bed of nonedible marsh grasses at the
opposite end of the barge drinks the old
water, closing the loop.

More than just an education center for
local schools, the barge is aresearch cen-
ter for urban agriculture. Sun Works is
already using data from the barge in roof-
top garden designs for three Manhattan
schools. In addition to capturing storm
water and preventing heat loss from the
buildings, the gardens will provide fresh
veggies for the lunchroom.

“We don’t just want to prove to people
thatitworks,” Linsley says. As important
asthe proofof principle is the data gather-
ing. A sophisticated array of sensors and
machines records the patterns of energy
use, which can be extrapolated out to
larger projects and systems.

“A lot of people in the foodie world
are wedded to organic techniques,”
Linsley says. “But they very quickly
realize that we can’t feed the world with
organic techniques.” Rural farming isn’t
going to disappear, he says, and crops
such as apples and corn might never
make sense in a greenhouse. Grow those
crops organically where you can, and
complement these organic farms with
high-yield greenhouse production that
is done sustainably, he says.

Along with all that environmentally
friendly stuff, one of the most persuasive
arguments for growing food in cities is
obvious to anyone who has eaten atomato
that has been picked too soon and grown
to survive a week in a refrigerated truck.

“People are very aware that food
doesn’ttaste as good as it should,” Linsley
says. The produce grown on the Science
Barge is a testament to what city-grown
produce could and should be. “Our toma-
toes are radically different.”

Explore more

B Controlled Environment Agriculture
Center at the University of Arizona,
ag.arizona.edu/ceac/
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The Scie

Onthe surface, the presidential contenders appear to take si

differences emerge. Because Senators Barack Obama and
don’tintend to, Science News runs down what these candi

“My administration will

increase funding for basic

research in physical and
life sciences, mathematics
and engineering at a

rate that would double
basic research budgets
over the next decade.”
Barack Obama to

Science Debate 2008

The Political Climate

Linking energy to greenhouse risks

cience and technology have not
S played out as major presidential

campaign issues this year. And
following Sen. John McCain’s unex-
pected announcement that Alaska Gov.
Sarah Palin would be his running mate,
even foreign policy and major energy
issues have been relegated to the back
seat as the media feverishly probe the
views, background and administrative
history of Palin —a newcomer on the
national scene.

But B.P. —before Palin — a diverse body
of video clips, Internet-posted position
statements and campaign remarks by
McCain and Sen. Barack Obama had
already emerged, and some did touch on
S&T issues. Most focused on energy or the
climate and shared common themes.

For instance, both candidates have
described an urgent need to wean Ameri-
cans from fossil fuels. An escalating risk
of catastrophic climate change is one
reason, but hardly the only one, the can-
didates give for their concern.

“Climate change is real,” McCain said
at the Clean Cities Congress in Phoenix
as early as May 2006. “While there are

still a few skeptics of climate change, the
evidence supporting the causes of rising
global temperatures as human-induced
is overwhelming.” Acknowledging that
skeptics remain, he argued that “almost
any credible organization will tell you
that the evidence is growing and becom-
ing clearer every day, despite the reluc-
tance of the [Bush] administration to
do anything meaningful about climate
change.”

Obama also contends on his website
that the nation faces major challenges
from global climate change and from
a dependence on foreign oil, “both of
which stem from our current depen-
dence on fossil fuels for energy.” As
such, “we have a moral, environmental,
economic and security imperative to
address our dependence on foreign oil
and tackle climate change in a serious,
sustainable manner.”

It’s how each candidate would manage
these problems that differs.

Both claim they would lower the
nation’s carbon footprint by shrinking
reliance on oil. Explained McCain: “We
face the reality that oil supplies will fall
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milar stances on science and technology. But probe abit, and

John McCain have never formally debated S&T issues, and

dates and their campaigns have been saying.

REUTERS

in this century.... Growing demand [for
oil] and limited supplies mean one thing:
higher prices. And that’s particularly so for
oil, which accounts for about half of gaso-
line’s price at the pump.” Last year, he said
that “the answer to high gas prices cannot
be to produce more oil.... Gas prices are
nothing less than a call to action to wean
ourselves off of 0il.”

Asthose pricesbumped up dramatically
this year, McCain modified his stance. He
now enthusiastically backs new drilling at
offshore U.S. sites, especially in the Atlan-
tic and Gulf of Mexico.

Obama’s energy strategy also calls for
cutting oil use within the next decade.
In his case, it would be by an amount
that exceeds what the United States now
imports from the Middle East and Vene-
zuela— some 3.7 million barrels per day.

Although he has not been much of a
proponent of oil drilling as a route to
energy independence, Obama applauded
an August 1 proposal floated by a bipar-
tisan coalition of Senate colleagues, the
“Gang of 10.” That group wants to dra-
matically increase oil drilling off U.S.
coasts (see the August 2 Science & the
Public blog at www.sciencenews.org),
he noted, and “would repeal tax breaks
for oil companies so that we can invest
billions in fuel-efficient cars, help our
automakers retool and make a genu-

By Janet Raloff

ine commitment to renewable sources
of energy like wind power, solar power
and the next generation of clean, afford-
able biofuels.”

No amount of drilling will sate Amer-
ica’s escalating appetite for electricity.
McCain would end what has essentially
been a roughly 30-year moratorium
on utilities’ purchases of new nuclear
plants. “Nuclear power is a key technol-
ogy for addressing climate change,” he
said at the Clean Cities Congress. “We
simply cannotignore this emissions-free
technology.”

Obama’s proposed energy policy,
unveiled in an August 4 speech, similarly
argues that “itis unlikely that we can meet
our aggressive climate goals if we elimi-
nate nuclear power as an option.” How-
ever, he argues, before pushing for greater
reliance on this source, “key issues must
be addressed including: security of
nuclear fuel and waste, waste storage and
proliferation.” He has already introduced
legislation proposing new guidelines to
track, control and account for used fuel
from commercial power plants. And if
he had his way, Obama would scrap long-
standing plans to make Nevada’s Yucca
Mountain the nation’s storage depot for
high-level nuclear-waste.

In addition, Obama would invest in
advanced automotive vehicles —and
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Obama

Nuclear Energy

Although “it is unlikely that we can
meet our aggressive climate goals if
we eliminate nuclear power as an
option ... key issues must be
addressed including: security of
nuclear fuel and waste, waste storage
and proliferation.”

Science Education

“There’s a difference between
science and faith.... And | think
it's a mistake to try to cloud the
teaching of science with theories
that frankly don’t hold up

to scientific inquiry”

Biomedical Funding

Obama pledged to increase

funding for NIH, the Centers for
Disease Control and Prevention and
the Agency for Healthcare Research
and Quality. He also volunteered that
the FDA is badly underfunded.

push for deployment, during the next
eight years, of a million plug-in hybrids
that get more than 150 miles per gal-
lon in short-haul driving. Half of Uncle
Sam’s auto purchases by 2012 would have
to be plug-in hybrids or fully electric
vehicles. And as a carrot to consumers,
Obama’s administration would propose
atax credit of $7,000 for purchasing such
advanced-tech vehicles.

Within four years, under his plan,
renewable energy sources such as wind,
solar and geothermal should grow to
power 10 percent of U.S. electricity —up
from roughly 4.1 percent today. Obama
would also instruct the Department of
Energy to enter into public-private part-
nershipsfor the development of five “first-
of-a-kind” commercial-scale, coal-fired
power plants that pioneer new technolo-
gies for carbon capture and sequestration,
and mandate that all newvehicles by 2012
be able to flexibly switch between gasoline
and blends containing biofuels.

Finally, Obama said during his energy
speech thathe would increase automotive

fuel efficiency standards 4 percent annu-
ally. This alone, the Obama campaign says,
“would save nearly a half trillion gallons
of gasoline and 6 billion metric tons of
greenhouse gases.” McCain, by contrast,
has argued against mandatory increases
in automotive fuel-efficiency standards.
At an April 11 briefing in Washing-
ton, D.C., McCain adviser R. James
Woolsey noted that his candidate is
considering a carbon dioxide reduc-
tion package that would also focus on
developing plug-in hybrids, mandating

flex-fueled vehicles and helping auto-
makers retool their vehicles to weigh
less and guzzle fewer gallons per mile.

Woolsey, CIA director under Presi-
dent Bill Clinton, noted that his candi-
date’s energy policy remains a bit vague
on details because McCain wants the
government “to have a general direc-
tion — such as away from carbon, which
he strongly promoted, or away from old
wasteful subsidies — but not get into the
business of picking winners.” That is, not
specifying which technologies to back.

Research and Education
Spending priorities differ

Federal funding for academic research
—a major engine of innovation — has
experienced an “unprecedented” two-
year decline, the National Science Foun-
dation reported in late August. Between
fiscal years 2005 and 2007, Uncle Sam’s
share of academic research funding fell
from 64 percent to 62 percent. To take up
the slack, universities turned to industry
backers and others. Universities have also
“tapped into their own endowment and
gift funds,” according to a report in the
Aug. 25 Inside Higher Ed.

“If we don’t fund basic research at a
high enough level, over time it will catch
up with us,” diminishing research payoffs
in terms of ideas, products and spin-off
technologies, says Samuel M. Rankin IT1.
Associate executive director of the Ameri-
can Mathematical Society, in Washington,
D.C.,, he’s also a spokesman for the Coali-
tion for National Science Funding.

Obama told the Science Debate 2008
committee (a group that unsuccessfully
called for the major presidential candi-
dates to debate on S&T issues) that he
would double federal funding for basic
research — pioneering studies for which
applications may not yet be apparent. He
would also “put basic defense research
on a path to double.”

Douglas Holtz-Eakin,aMcCain adviser,
agrees with charges that President George
W. Bush’s policies have amounted to a
war on science. “This is a sad era in that

regard,” he said in August in a National
Public Radio interview. He added, how-
ever, that McCain believes that Obama’s
call for doubling basic research invest-
ments is unreasonable because it “doesn’t
reflectabalancing of relative priorities” in
this era of “scarce taxpayer dollars.”

Stacie M. Propst of Research!America, a
biomedical advocacy group based in Alex-
andria, Va., points to similar variances in
responses to policy questions her group
sent to the candidates.

Take the National Institutes of Health.
She says inflation has eroded the buying
power of its research budgets. McCain
told her group that he strongly supported
funding for NITH — and for the Centers
for Disease Control and Prevention and
the Agency for Healthcare Research and
Quality. However, McCain’s campaign did
not check abox saying he would increase
funding for any of these agencies.

In contrast, Obama checked boxes to
increase funding for all three agencies. He
added that the FDA isbadly underfunded,
urgently needs better experts to inspect
food and other regulated products, and
must abolish “pressures to silence inter-
nal drug-safety critics” or attempts to
protect drug companies from product
liability.

In general, Propst says, there are many
“commonalities” in the candidates’ atti-
tudes toward biomedical research, includ-
ing the favoring of an expansion in federal
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funding for embryonic stem cell research.
However, McCain’s answers do suggest
“a pretty big distinction, in our minds,”
from the aggressive support for research
evinced by Obama’s responses, she says.

Interpretative differences also emerge
inthe candidates’ attitudes toward evolu-
tion. Although both profess to believing in
it, they differ on the appropriateness of
teaching creationism —sometimes por-
trayed as “intelligent design” —in public
schools. Obama told the York Daily Record
in Pennsylvania that “there’s a difference
between science and faith.... And I think
it’s a mistake to try to cloud the teaching
of science with theories that frankly don’t
hold up to scientific inquiry.”

In contrast, McCain’s campaign told
the Christian Broadcasting Network
last year that “McCain believes evolu-
tion is supported by science, but that we
shouldn’t be afraid to expose students
to other theories.” Two years earlier,
McCain said much the same thing in a
videotaped meeting with staffers from
the Arizona Daily Star. When asked
whether children should learn about
intelligent design in science classrooms,
McCain responded that plenty of scien-
tists think so —and “all points of view
should be presented.”

Both candidates strongly support the
space program and value domestic devel-
opment of innovative technologies, and
both would continue aggressive wet-
lands preservation. However, Obama’s
campaign has released far more data on
its candidate’s S&T views and education
proposals than has McCain’s.

For instance, Obama told the Science
Debate 2008 group that he would “guar-
antee” students have access to strong sci-
ence curriculaatall ages “so they graduate
knowing how science works using hands-
on, IT-enhanced education.” He also
vowed to launch a scholarship program
to subsidize the education of teachers
who commit to teaching in “a high-need
school.” Priority would go to those who
would teach math and science. And new
Teacher Residency Academies would
place 30,000 educators at high-need
schools, Obama said, “training thousands
of science and math teachers.”

McCain countered aweeklaterwith his
S&T teacher proposal. He would reallo-
cate federal Title IT funding by earmark-
ing more of it to reward high-performing
teachers, principals and schools. Priority,
he told Science Debate 2008, would go to
teachers working in the “most challeng-
ing educational settings and who teach
science or math.” He would also set up
a $250 million competitive grant pro-
gram for states that commit to expand-
ing online education opportunities.

Obama has posted a detailed technol-
ogy agenda. Among its goals: making
broadband Internet access universally
available; increasing the “transparency”
of federal decision making by posting
almost all documents and broadcast-
ing most meetings online; and appoint-
ing the nation’s first Chief Technology
Officer, who would ensure that all fed-
eral agencies seamlessly communicate
their datainternally and with the public.
That’s a tall order, but points to Obama’s
recognition of how integral Internet
access and data-searching have become
for most Americans.

McCain, in contrast, boasts about his
low-tech lifestyle. In a brief interview
posted on YouTube, Mike Allen of Yahoo!
News asked McCain whether he used a
PC or Mac computer. His answer: “Nei-
ther. I am an illiterate that has to rely
on my wife for all of the assistance that I
can get.” Many tech pundits and bloggers
latched onto this professed discomfort
with the cyberworld as alikely reason for
McCain’s sketchily detailed tech policy.

Albert H. Teich, Science & Policy Pro-
grams director at the American Associa-
tion for the Advancement of Science, in
Washington, D.C.,hasexpressed concerns
over the degree of McCain’s comfort with
technology and over his misunderstand-
ing of science and its value.

For instance, Teich notes, the can-
didate has repeatedly lambasted a fed-
eral study for analyzing DNA in grizzly
bear fur. Researchers outside the proj-
ecthave generally argued that the study’s
data could prove extremely useful to
conservation of this animal — an elusive
species threatened with extinction. Its
population may total only 1,500 individ-

McCain

Nuclear Energy

“Nuclear power is a key
technology for addressing climate
change. We simply cannot ignore
this emissions-free technology”

Science Education

When the Arizona Daily Star

in 2005 asked McCain whether chil-
dren should learn about intelligent
design in science classrooms,
McCain responded that plenty

of scientists think so—and

that “all points of view should

be presented.”

Biomedical Funding

When asked about biomedical
agencies, McCain said he strongly
supports funding for NIH, the
Centers for Disease Control

and Prevention and the Agency
for Healthcare Research

and Quality.

uals throughout the lower 48 states. Yet
McCain jokes that these studies must
have been for paternity tests. Calling the
work frivolous, McCain’s TV ads argue
that the research should be abolished.

Such assertions haven’t gotten a lot
of attention, Teich says, “but for me
they’re bright lines” calling into question
McCain’s science literacy.

Then again, with the notable exception
of British chemist Margaret Thatcher,
most world leaders don’t consider sci-
ence one of their strengths. Indeed, that’s
why most surround themselves with
legions of expert advisers. B

Explore more

B www.sciencenews.org/TheScienceVote
Visit this site to read a list of both
candidates’ answers to Science
Debate 2008, along with their
answers on biomedical research,
analyses of the role of science issues
in the campaign and the Science News
blogs “McCain is bullish on research”
and “Obama likes research.”
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White dwarfs shed light on physics and the fate of the COSMOS By Ashley Yeager

mid the liveliest stars in the

cosmos lie stellar corpses. Of

these dead stars, the most

abundant are white dwarfs
— stars that in their prime were similar
to the sun. These dense corpses fore-
shadow what will become of most of the
stars in the universe.

Although white dwarfs are dead, they
aren’t useless. Postmortem examina-
tion shows they have different masses
and different chemical makeups. Some
are strongly magnetic. Others pulsate. A
few even have orbiting planets and debris
disks. “Understanding why these cadavers
are all different might help us understand
the lives of normal stars,” says Patrick
Dufour, an astronomer at the Univer-
sity of Arizona in Tucson. “And although
we think we know how stars evolve and
die, there are still many things we don’t
understand in detail.”

Thatis why Dufour and others perform
what he calls a “kind of autopsy” on these
stars. But unlike human pathologists
who can carry out up-close and personal
inspections, white dwarfastronomers are
limited to their sense of sight and tele-
scopes to dissect their corpses.

Among the most intriguing of white

e

dwarfs are the ones that pulsate, says
Donald Winget, an astrophysicist at the
University of Texas at Austin. Lately new
telescopes have provided astronomers a
better glimpse of these particular corpses,
opening a window to unexplored, exotic
physics. Studies of pulsating white dwarfs
promise insightinto the dark matter hid-
ing in the cosmos, provide valuable data
on the expansion of the universe and offer
clues about whether exoplanets can sur-
vive the death of their parent star.

Taking a pulse

So far, astronomers have discovered
three families of white dwarfs, which, on
average, are about the mass of the sun and
fit into a space about the size of Earth.
That mass-to-space ratio makes these
stars extremely dense, about 200,000
times Earth’s density. What distinguishes
one type of white dwarf from another is
its veneer. This outer coat may be com-
posed of hydrogen, helium or, as Dufour
discovered last year, carbon. Then in May,
Winget and his colleagues found that
one of these new carbon-veneered white
dwarfs pulsates too.

Thinking about a pulsating white dwarf
might elicit imagery of a star expanding

and contracting. But pulsating white
dwarfs do not throb this way. Because of
their strong gravity, much of the motion
is a “sloshing” of material around the star,
not an in-and-out motion, says astrophys-
icist Agnes Kim of Georgia College & State
University in Milledgeville.

When the material “splashes” together
on the star’s surface and that region
becomes hot, astronomers see the pul-
sations as abrightening, Kim says. Where
the stellar material pulls apart, the tem-
perature drops, and astronomers see the
region dim.

Measuring white dwarf pulsations is
similar to measuring seismic waves trav-
eling through the Earth. Because parallels
exist between seismological vibrations
and white dwarfvibrations, astronomers
dubbed the technique asteroseismology.
Winget thinks of the stars’ vibrations in
terms of hearing a bell. “From its ring
you can tell the size of the bell and what
it is made of,” he says. “How it shakes or
vibrates tells about its structure.” Simi-
larly, measuring light vibrations reveals
data about a white dwarf’s structure and
chemical composition.

“But white dwarfs aren’t doing any
nuclear reactions. They have no energy
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An artist’s conception shows what a planetary disk surrounding a white dwarf might look like.

source,” notes Michael Montgomery,
an astrophysicist and a colleague of
Winget’s at UT Austin. “So, it’s like when
you take a hot lump of coal out of the fire;
it just sits there and cools off. These stars
are like those lone lumps of coal. They are
just sitting there cooling off.”

Montgomery explains that of the white
dwarfs that pulsate, a subset of them pul-
sate soregularly that astronomers can use
the dead stars as precision timepieces.
“They hardly lose any time at all,” he
says. In fact, the record for the least time
lost by a white dwarf is one second every
10 million years.

“I think of these stars like a heated
bell,” Kim says. “As the bell’s metal cools,
it will change temperature and density,
and therefore the sound, the pitch of it,
will change slightly. The same is true for
the white dwarf, so the frequency of the
light pulses change slowly too.”

Kim’s research uses pulsating dwarfs
tolook for clues to the nature of the dark
matter thatlurks unseen in space. Digging
through the observational literature, she
found 30 years’ worth of data tracking
one dwarf’s pulsation and cooling. She
observed the star and correlated how fast
its pulse periods were changing with how

fast it was cooling and determined how
much energy the star should be losing.
The measurements allowed room for
extra cooling from unseen particles, she
says. For her doctoral thesis last year,
Kim argued that the star was giving off
subatomic particles including neutrinos
and the theorized, but undetected, axion.
Axions were “invented” to solve a prob-
lem in the standard model of particle
physics, which describes nature’s forces
and the basic building blocks of matter.
Axions could also make up the dark mat-
ter needed to explain unexpected motions
observed in galaxies and galaxy clusters.
Not much is known about the particles,
though, since, if they exist, they have so
far eluded physicists’ traps. To place a
limit on how massive axions could be,
Kim began by assuming that they were
released as a white dwarf lost heat.
Axions cannot contribute too much to
cooling. Otherwise, “we would definitely
see the pulse periods change faster than
we do,” she says. She concluded that the
axion mass should be less than 25 milli-
electronvolts, or meV. An electron’s mass
is around 500 kiloelectronvolts, roughly
20 million times greater. The findings
appeared in The Astrophysical Journal

in March. (The preprint of the paper is
online at arxiv.org/abs/0711.2041.)

Morerecently, Jordi Isern of the Blanes
Advanced Studies Centre’s Institute of
Space Sciences in Bellaterra, Spain, and
colleagues lowered Kim’s upper limit on
the axion mass to 5 meV, using a differ-
ent method still based on light from white
dwarfs. The results appeared in the Aug. 1
Astrophysical Journal Letters.

“The jury is still out on these results,
and the Spanish authors admit there
are many things they did not take into
account,” Montgomery says.

Techniques used to put mass limits on
particles are notlimited to axions. Astron-
omers can predict upper mass limits for
neutrinos and other proposed dark mat-
ter candidates too, Kim says. Finding a
limit for the particle candidates’ masses
is a first step to figuring out what dark
matter is, Winget says.

Ending in style

White dwarfs have already played a
role in discovering another of the uni-
verse’s dark secrets —dark energy. That’s
the term astronomers use to describe a
mysterious force causing the universe to
expand at an accelerating rate.
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Evidence for dark energy came in the
1990s from studies of type 1a supernovas,
believed to occur when a white dwarf
explodes after stealing matter from a
nearby companion. So much mass piles
up on the white dwarf that its core can
no longer support its mass, leading to
nuclear detonation in a flash as bright
as abillion suns.

Because white dwarfs should all explode
after reaching a similar mass — about
1.4 times the sun’s mass — the explosions
should all produce about the same bright-
ness. So astronomers consider white
dwarf supernovas “standard candles”
for measuring distances to far-off galax-
ies. Since light from distant galaxies rep-
resents conditions in the universe long
ago, studying these explosions can reveal
details of cosmic history. To astronomers’
surprise, supernova data showed the uni-
verse’s expansion was accelerating, not
slowing as previously believed.

Further explanations for the cause
of the acceleration require more pre-
cise data about white dwarf supernovas.
It turns out that they do not really all
explode with the same brightness, so
astronomers need more information on
the mass and makeup of white dwarfs, and
on howtheyexplode, to make appropriate
corrections in the calculations.

“We have come to realize that these
supernovae explode by the same mecha-
nism, but there are different things going
on. Some explode at a slightly smaller
mass, some at slightly heavier mass,” says
astrophysicist Sumner Starrfield of Ari-
zona State University in Tempe. “And the
truth is, we just don’t know what the stars
that lead to supernovae are like because
the explosions are hard to observe.”

White dwarf pulsations, minor changes
in light output over time, help astrono-
mers probe the nature of dark matter,

investigate dark energy and search for
distant Earthlike planets.

In February, astronomers from
Germany and the Netherlands reported
in Nature on a supernova in a binary sys-
tem including a white dwarf, supporting
the standard view that type 1a supernovas
involve the dead stars. Determining what
the parent stars of such supernovas are
made of would be possible if astrono-
mers could find a binary system in which
one of the partners was a pulsating white
dwarf, and could study the system before
it exploded. In such cases, the pulsating
dwarf would give astronomers a “long-
handled spoon for studying these stars’
interiors,” Starrfield says.

Astronomers might be able to use
that long-handled spoon not only to get
a taste of white dwarf interiors, but also
toinvestigate the possibility of planets or
other objects orbiting the star.

Getting around

About three years ago, astrophysicist
EricBecklin,nowatNASA Ames Research
Center in Moffett Field, Calif., and col-
laborators found dusty debris disks
around five white dwarfs. All five dwarfs
showed traces of metal nearby. “Solitary
white dwarfs don’t have these metals,”
Becklin says. “The metals could have
never formed in these stars, so basically
this tells us that asteroids and maybe
even planets are going around these for-
mer sunlike stars.”

Further evidence for whether an object
orbits a white dwarf could come from
studying the timing of the stellar corpse’s
pulsations. Because time can be tracked
with such precision, astronomers know
exactly how many seconds or minutes
should elapse between one pulse and the
next —unless there is an exoplanet lurk-
ingin the shadows.

If a big object is going around the
white dwarf, Montgomery says, it pulls
the star slightly closer or slightly farther
away from Earth depending on where
the planet is in its orbit. When this hap-
pens, the light from the white dwarf has
to travel either slightly less or slightly
more distance to reach Earth. “So some
of the pulses will come early,” says Fergal
Mullally of Princeton University. “And
sometimes, pulses will be late.”

Looking for those signature changes in
pulsationsin 15 white dwarfs, Mullally has
so far found only one beginning to show
the patterns expected when an exoplanet
orbits the star. “The problem with white
dwarfsis that we should be finding planets
like Jupiter, meaning they have an orbit
that takes several years,” he says.

Mullally has been tracking his candi-
date star for about five years but has only
seen half to two-thirds of the signature
light pattern a planet’s presence should
show. Soon the pulsations should show a
delay. If they do, that would complete the
planet’s signature pattern, he says.

Further prospects for success in finding
planets around white dwarfs comes from
Roberto Silvotti of the Osservatorio Astro-
nomico di Capodimonte in Naples, Italy,
and colleagues. Last year in Nature, they
reported that they found a planet three
times the mass of Jupiter orbiting a star
on the road to white dwarfhood. During
death, the star expanded, almost engulf-
ing its planet with its gases. The star lost
allits hydrogen, shrunk to halfits size and
now fuses helium and carbon. The surviv-
ing planet suggests that planetslike Earth
could endure the violent death of their
parent stars. To confirm the idea, astron-
omers would need to find planets around
an actual white dwarf, Winget says.

Another way to seek signs of these
planets could emerge from the metallic,
dusty debris disks surrounding Becklin’s
white dwarfs. Three of those stars pulsate.
Astronomers would like to find a signa-
ture variation in the light pulses that
might characterize the debris disks.

Winget says he and others could then
look at the light signatures from the
roughly 200 pulsating white dwarfs so far
discovered and figure out what fraction of
them have orbiting asteroids, debris disks
and possibly even planets.

“Thisisanimportantarea,” Winget says,
“because we ultimately learn more about
the fate of solar systems.” And maybe, he
adds, “we_.could even better understand
what will happen to our own.” &

Explore more
B White Dwarf Research Corporation,
www.whitedwarf.org
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Only in the north

Itis not clear in the fine article on vol-
canoes (“Disaster goes global,” SN:
8/30/08, p. 16) how dust from the erup-
tion of Huaynaputina, well south of the
equator, in 1600 could affect only the
Northern Hemisphere.

David Bronson, Biddeford Pool, Maine

For one thing, there’s less real estate in
the Southern Hemisphere to have been
affected. Also, the apparent lack of agri-
cultural effects probably stems from
population distribution at the time this
eruption popped off. Australia was inhab-
ited only by Aborigines until 1787 or so,
and Cape Town, South Africa, wasn’t
settled until the mid-1600s. There’s also

a dearth of written records for the hemi-
sphere from that time. Research examin-
ing tree rings and other climate proxies at
Southern Hemisphere sites would prob-
ably show effects from the eruption in that
half of the world too. — Sid Perkins

Not so small

Contrary to the title and the first sen-
tence of the article, hydrogen is not
“the smallest atom of them all” (“Spot-
ting the smallest atoms,” SN: 8/16,/08,

p. 7). Atoms with more numerous elec-
trons display decreasing radii. As there
is one proton for each electron and
because the size of the proton is negli-
gible compared with the atomic radius,
the increasing number of protons in the
nucleus increases the positive charge of
the nucleus, drawing the electrons into
tighter orbitals. Thus helium, with two
protons, has the smallest atomic radius
and is followed by hydrogen.

Simcha Pollack, Jamaica, N.Y.

The size of atoms can be measured or
calculated in different ways, says
Jannik Meyer of the University of Ulm in
Germany. Under a transmission electron
microscope, atoms “look” larger if their
nuclei have more electric charge, which
makes the atoms scatter the micro-
scope’s electrons. “In our work all that
matters is how much the atom scatters
electrons,” Meyer says. “Hydrogen is the

lightest element, and it has the smallest
charge.” — Davide Castelvecchi

Just checking

In regards to the phone conversa-

tion between Alice and Bob during
which they compare the keys they have
received from Charlie (“Welcome to the
quantum Internet,” SN: 8/16/08, p. 24):
If the keys do not agree, Alice and Bob
conclude that someone (Eve) has inter-
fered, and it is clear that they cannot use
the key. But what if someone listens in
on the telephone conversation?

Steven Africk, Newton, Mass.

Alice and Bob only use a random sub-
set of the strings of Os and 1s for a spot
check. (They agree to check the same
subset. Bit No. 7, bit No. 21, bit No. 33
and so on, for example.) Eve doesn’t
know in advance which subset they’re
going to check. If the spot check shows
no signs of eavesdropping, Alice and Bob
use the remaining bits — the ones they
haven’t compared over the phone — as
their key. — Davide Castelvecchi

The migrating eye

Regarding “The wandering fish eye”
(SN: 8/2/08, p. 11): As I understand
Darwinian theory, it basically says that
arandom change in an organism, if it
confers a survival advantage, will tend
to be passed on to that individual’s off-
spring, thus gradually increasing the
population of that organism with that
trait. I can understand why the present
one-sided eye position is advantageous
for flatfish. But how did the slightly
migrated eye confer an advantage?
Clark Waite, Hurst, Texas

Adaptive questions are always tricky to
answer. Some scientists speculate that

a slightly migrated fish eye could have
benefited fish that did not lie completely
flat on the seafloor. These fish could have
propped themselves up a bit with their
fins, tilting their bodies. In this case, any
movement of the eye would give the fish a
better view. Another possibility is that a

shifted eye would avoid contact with the
seafloor after a fish already began lying
flat, preventing damage to the eye. In this
scenario, only later in evolutionary his-
tory would the eye shift become important
for improved vision. —Ashley Yeager

Correction: An article in the August 30
issue (“Team toys with tons to simulate
quantum world,” SN: 8/30/08, p. 5) incor-
rectly says that the number of spin states
of a 100 particle system, 2!°, is greater
than the number of protons in the known
universe. The article should have said
2590 the number of spin states of a 300
particle system, is greater than the num-
ber of protons, about 10°°, in the universe.

Send communications to:
Editor, Science News

1719 N Street, NW
Washington, D.C. 20036
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All letters subject to editing.
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A History of Paleontology lllustration
Jane P. Davidson

he first artist to depict a fossil didn’t

even realize he was doing so: The
“tongue stones,” actually fossilized shark
teeth, were natural curiosities thought
by many in the 15th century to offer pro-
tection against illness and snakebite.

Although artists have been creat-
ing pictures of fossils for more than
500 years, Davidson’s book is the first
to comprehensively tackle the topic
of how those remains have been por-
trayed through the ages. This richly
illustrated volume follows the devel-
opment of paleontological art from
ancient woodcuts, etchings and paint-
ings to modern photography and 3-D
digital renderings.

Throughout its history, paleontolog-
ical art has been suffused with a desire
for visual realism and a careful atten-
tion to detail, the author argues. These
characteristics lend the illustrations
an aesthetic all their own, whether
showing the fossils, the organisms or
the environments in which the organ-
isms lived.

Paleontological artists use illustra-
tions not only to transmit detailed
information among researchers but
also to arouse interest and spread
information among the public: What
schoolchild doesn’t get a thrill out of
the latest sketch of Tyrannosaurus rex?

While the book focuses on scientific
illustrations, it also describes significant
works of art seen in
popular venues such
as museums and
other public displays.
In many instances,
discussions of images
include historical sig-
nificance as well as
biographical details
of the artists and their times.
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The scientific revolution that has
recently transformed dinosaurs from
lumbering, slow-witted reptiles to agile
creatures has influenced depictions in
print and art, as well as those in mov-
ies such as Jurassic Park and televi-
sion series such as BBC’s Walking with
Dinosaurs. — Sid Perkins
Indiana University Press, 2008, 217 p., $39.95.

Physics for Future Presidents:
The Science Behind the Headlines
Richard A. Muller
he next president of the United
States won’t have a physics
Ph.D. —but he will develop policy on
physics-related matters.

In this election year, Muller, a profes-
sor at UC Berkeley, has put together a
guide for the country’s incoming leader.
But the purpose of the book is primar-
ily to inform voters. Muller shares sta-
tistics and corrects misunderstandings
relating to terror-
ism, energy, nuclear
weapons, space and
global warming.

Muller writes for
the educated reader,
not the physics
expert. Readers, for
example, might be
surprised to learn that gasoline is one
of the most useful weapons for terror-

PHYSICSIFUTLIRE
PRESIDENTS

ists: It is low-tech and easy to get, and
one ton releases the explosive energy of
15 tons of TNT, Muller writes.

But the way Muller relates principles
of physics to political policy will interest
scientists as well. He explains that the
explosive energy of fuel in a jet crashing
into a building suggests leaders should
focus on preventing terrorists from fly-
ing planes, rather than worrying that
terrorists will create nuclear weapons.

Muller even-handedly acknowledges
disagreements over interpretations of
data. He writes that “global warming is
real. It is very likely caused by humans.”
But he also criticizes people who distort
information for emotional impact.

If you're seeking the basics or looking
for policy suggestions based on sound
scientific reasoning, this book offers
enlightenment — whether you expect
to one day be a world leader or not.

— Heather Benjamin
W.W. Norton & Company, 2008, 380 p., $26.95.

Falcon Fever:

A Falconer in the
Twenty-first Century
Tim Gallagher

An intimate look at the
tradition and subcul-
ture of falconry.
Houghton Mifflin, 2008, 326 p., $25.
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Miscarriage, Medicine

& Miracl Miscariage,

iracles Medicirg &
Bruce K. Young and Miraclae
iracles

Amy Zavatto " ’

A leader in obstetrics

and gynecology

explains how to prevent

and deal with miscarriage.

Bantam Dell Publishing, 2008, 334 p., $25.

Reign of the Sea
Dragons

Sneed B. Collard Il

Kids will learn about

the monsters that

swam in the seas while
dinosaurs roamed Earth.
Charlesbridge, 2008, 61 p., $17.95.

Solving Stonehenge:
The New Key to an
Ancient Enigma
Anthony Johnson
This prehistoric
monument still holds
undiscovered clues to the past.
Thames & Hudson, 2008, 288 p., $40.

The Primate Family
Tree: The Amazing
Diversity of Our
Closest Relatives
lan Redmond

A portrait of lemurs,
monkeys, apes and others, with
color photographs and a foreword by
Jane Goodall.

Firefly Books, 2008, 176 p., $35.

How to Order To order these books or others,
visit www.sciencenews.org/bookshelf. A click on
a book’s title will transfer you to Amazon.com.
Sales generated through these links contribute
to Society for Science & the Public’s programs
to build interest in and understanding of science.
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“...a significant contribution to a topic that is still
far from settled.”

-The Journal of the Royal Astronomical Society of Canada

“Our Undiscovered Universe is the mental portrait
of a free thinker who is not conformed to the
world of traditional physicists, and it has rarely
been surpassed in the world of popular science
literature.”

-Dr. Hamid Rassoul, Associate Dean: College of

Sciences; Founding Director of GPL; Professor: PSS,
Physics and Space Science, Florida Institute of
Technology

Available for purchase at

WWW.OUR UNIVERSE.COM
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COMMENT

Frank Wilczek

@

For more Comment, visit COLUMNS
at www.sciencenews.org

‘National Greatness’ versus real national greatness

n 1993, the U.S. Congress cut off

funds for the Superconducting

Super Collider, or SSC. After years

of planning, two years of major
construction and $2 billion spent, the
most enduring achievement of the still-
born project was a tunnel from nothing
to nowhere near Waxahachie, Texas.

The SSC would have enabled us to
explore nature in more extreme con-
ditions —higher concentrations of
energy — than ever before. It would have
yielded fundamental new insights into
the origin of the universe and the nature
of matter, space and time. Thousands
of scientists devoted big parts of their
careers to the SSC project.

From the ashes of that debacle, a
phoenix now rises. The Large Hadron
Collider, or LHC, a roughly equiva-
lent instrument, has begun to operate
at Europe’s CERN laboratory. Within
the LHC’s 27-kilometer underground
circular tunnel, two beams of protons
will circulate in opposite directions at
99.999999 percent the speed of light.
At a few points the beams will cross;
there protons will collide with unprec-
edented violence. Detectors the size of
jumbo jets, crammed with sensitive,
agile electronics, will monitor those
nano-microexplosions and feed obser-
vations into the Grid, an Internet on
steroids ready to analyze petabytes of
information as they gush forth.

Bigger, faster, smarter than anything
previously attempted, the LHC is mod-
ern civilization’s answer to the pyramids
of Egypt, but better: a monument to
curiosity, not superstition, whose scale
reflects function, not vainglory.

A consortium of European countries
will have spent something in the neigh-
borhood of $10 billion to build the LHC.
(The U. S. contributed about $500 mil-
lion, mainly to help build detectors.)

As the LHC surveys the territory
that the SSC abandoned, the same dis-
coveries will be made, albeit a decade

delayed and datelined Geneva rather
than Waxahachie. American scientists
will share in the knowledge gained, and
some will even participate in the exper-
iments, while American taxpayers will
be spared the bill.

Should Americans take pride in their
cleverness, at getting oth-
ers to do the work and foot
the bill? I don’t think so.

Even from a hard-nosed
economic perspective, the
picture is far from clear.
Most LHC construction
work was subcontracted
locally, putting the money
right back in circulation.

The LHC

the origin of mass, evidence for unified
field theories, the quantum dimensions
of supersymmetry, the material that
makes the astronomers’ missing matter,
superstrings, braneworlds ... or some
wonder that escaped the fertile imagi-
nations of theoreticians — has occurred
in Europe, at CERN. All
humankind will share in
the discoveries, and all
should take pride in them;
but Europeans will have
earned glory.

Today there’s much
talk about “national
greatness,” usually
defined in terms of win-

Corflpa-ni.es anfi WOI'.k- is modern ning Wars and ir.nposing
ers in civil engineering, o . , our will on foreigners
cryogenics, magnetism civilization’s around the world. I think
and electronics acquired answer to the we’d do better to empha-
cutting-edge expertise pyram ids of size a different kind of

and experience. Over the
medium-to-long term,
building the LHC was probably a wise
investment.

But suppose the LHC really was a net
expense for Europe and the SSC would
have been a net expense for America.
We still should have done it.

By failing to follow through, we
missed a rare opportunity to make a
lasting statement about the sort of peo-
ple we are (or used to be?) —a statement
that people would continue to hear for
as long as people remain curious about
the physical world.

Explorers and immigrants popu-
lated America. Inventors and builders
transformed a wilderness into a mod-
ern industrial civilization, opened it to
the world and exported its fruits. The
frontier defined our national character.
Today our geographic frontiers have
been tamed, but the uncharted frontiers
of science are bigger than ever.

Before long, very likely, we’ll see
headlines announcing that a great dis-
covery — the cosmic molasses that is

Egypt.

greatness: a greatness
that takes us back to our
roots, emphasizing exploration, open-
ness and (yes) generosity.

William James spoke of the moral
equivalent of war: intense effort for
large goals that can inspire, but need
not involve conflict or destruction. We
should aspire to be entrepreneurs in the
business of advancing human knowl-
edge, not free riders; producers, not
parasites. We missed a chance for this
sort of national greatness when the SSC
became the LHC.

Let’s learn from that mistake. Other
opportunities beckon: We could survey
our part of the galaxy for Earthlike plan-
ets and see if their atmospheres display
signs of life, or we could mount a full-
scale scientific assault on the aging pro-
cess, for example. Are we game for some
real greatness? B

Frank Wilczek of MIT is a Nobel laure-
ate in physics and an incoming member
of the Board of Trustees of Society for

Science & the Public. frankwilczek.com
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It Pays to Know Your Planet

The Nature of Earth: An Introduction to Geology
Taught by Professor John ). Renton, West Virginia University

Geology, the study of Earth’s physical structure and resources, is a
fascinating subject you can participate in every day. The Nature of
Earth: An Introduction to Geology presents this scientific field in
all its richness. In this course, you learn how the rocks under your
feet are formed, how to recognize a killer volcano, how groundwa-
ter is produced, and what plate tectonics reveals about why natural
phenomena occur where they do.

But geology is also about everyday human issues, including the
fluctuation of gas prices and what to do when a well runs dry.
Taught by award-winning Professor John J. Renton—an educator
who has taught introductory geology for over 35 years—these 36
lectures reveal the wonders of geology. They also teach you how to
find the history and meaning hidden in the many pieces of Earth.

This course is one of The Great Courses, a noncredit, record-
ed college lecture series from The Teaching Company. Award-
winning professors of a wide array of subjects in the sciences and
the liberal arts have made more than 250 college-level courses that
are available now on our website.

Order Today!
Offer expires Weo(neso(ay, December 10 , 2008

The Nature of Earth: An Introduction to Geology
Course No. 1700
36 lectures (30 minutes/lecture)

Lecture Titles

1. Origin of the Universe 19. Streams—The Major Agent of Erosion

2. Origin of the Solar System 20. Sculpting of the Landscape

3. Continental Drift 21. Stream Erosion in Arid Regions

4. Plate Tectonics 22. Ice Sculpts the Final Scene

5. The Formation of Minerals 23. Groundwater

6. Classification of Minerals 24. The Production of Groundwater

7. The Identification of Minerals 25. Karst Topography

8. Kinds of Rocks 26. Groundwater Contamination

9. Sedimentary Rocks 27. Rock Deformation

10. Metamorphic Rocks 28. The Geologic Structures

11. Volcanic Activity 29. Faults and Joints

12. Phases of Volcanic Activity 30. Earthquakes

13. The Hawaiian Islands and 31. Damage from Earthquakes
Yellowstone Park 32. Seismology

14. Mass Wasting—Gravity at Work 33. The Formation of Mountains

15. Mass Wasting Processes 34. Orogenic Styles

16. Weathering 35. Economic Geology of Coal

17. Soils and the Clay Minerals 36. Economic Geology of Petroleum

18. Climate and the Type of Soils
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+ $15 Shipping, Processing,
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Priority Code: 30669

The Joy of Lifelong Learning Every Day™
‘GREAT PROFESSORS, GREAT COURSES, GREAT VALUE
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What makes them different
from all others?

Bose QuietComfort®2 Acoustic

QuietComfort 2 headphones deliver an unmatched combination of
noise reduction, lifelike audio performance and comfort. This is a
result of our continuous research, over a period of 30 years since our

| original invention in 1978, to steadily improve the
o performance and comfort of our noise reducing
headphones. They have now become the most
highly acclaimed headphones worldwide.

Reduce unwanted noise. Bose patented noise
reduction technology fades irritating distractions
with the simple flick of a switch. With less noise, your world becomes
peaceful. You'll find flying more relaxing, in-flight entertainment
clearer and more satisfying. TechnologyReview.com says, “It’s as if
someone...found the volume control for the world, and turned it
way, way, down.”

Enjoy music more. Even when you listen to music at home or in the
office, Bose noise reduction lets you hear more of the subtle details

Bose® patented noise
reduction dramatically
fades distractions.

Bose patented TriPort®
acoustic design delivers
lifelike audio.

Bose patented ear
cushions maximize
comfortable fit.

Noise Cancelling” headphones

that make it so enjoyable. And our patented TriPort acoustic design
enables a level of lifelike performance that has made Bose the most
respected name in sound. Travel + Leisure Golf explains, “Forget ‘con-
certlike” comparisons; you'll think you're onstage with the band.” Or just
unplug the audio cord and relax as Bose noise reduction envelops you
in tranquility.

Experience a uniquely comfortable fit. Bose patented ear cush-

ions, our choice of lightweight materials, minimal clamping force — these
all add up to a fit that stays comfortable for hours. And that's a real
difference you won’t find in conventional headphones. Rich Warren of
the News-Gazette reports, “It's easy to forget they are on your head.”

FREE
shipping
with your

order.

Yours for a month, risk free. To fully appreciate the
difference, we invite you to try Bose QuietComfort 2
headphones for a full 30 days — when you fly, when you
work, when you relax at home. The more time you spend
with them, the more you'll appreciate how different they really are.

Use your own major credit card for low monthly payments with no interest charges from Bose.

To order or learn more:

1-800-725-2073, ext. q6708 www.Bose.com/QC
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