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EDITORIAL

A 2020 vision for global science

New Scientist's poll offers food for thought, says Martin Rees

WELIVE inaworld thatis more interconnected -
and more vulnerable - than ever before. The
fallout from the banking crisis was worldwide.
Concerns about infectious diseases have risen
and fallen in the public’s consciousness, and
while no catastrophic pandemic has yet hit

us, it is clear that preventive measures require
global monitoringand cooperation. There has
alsobeena stronger focus on crises thatare
lessimmediate but deeply disquieting: the
pressureson energy and resources caused
byalargerand more empowered population,
and aggravated by anthropogenic climate
change. Thisisthefirstcenturywhenone
species, ours, risks irreversibly degrading

the entire planet’s environment.

The meeting of the world’s science
academies in January gave New Scientist
aunique and exclusive opportunity to
canvass the opinions of scientists from both
developing and developed nations on what
they see as the big challenges facing their
countries and theworld (see page 22 for
the results). Thethree-day conference,
hosted by the Royal Society as part of its 350th
anniversary celebrations, brought together
103 science academiesfrom around the
world -awealth of international expertise.

Climate change topped the poll of
70 scientists from 62 academies as the issue
thatwas of mostconcernona global level;
frustration at the limited progress in
Copenhagen was still fresh in people’s minds.
Food security, an issue that the Royal Society

recently identified as particularly significant
and investigated in its Reaping the Benefits
report, also came high on the list. Other
environmental concerns were water shortages
and loss of biodiversity, both aggravated

by population growth.

These were, arguably, predictable but there
were surprises too. Participants from higher-
income nations showed little concern about
water security, despite the fact that it is
regularly highlighted as a significant issue.
Pandemics came surprisingly lowdown too,

PROFILE
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possibly because swine flu was less serious
than feared. Thelow ranking of terrorism
perhapsindicated that, in the developing
world, it affects much smaller numbers of
people than endemic poverty —even though
thelatter is farless newsworthy.

At national level, education is highlighted
as one of the most significant concerns. This is
trueforwealthy countriesand even more so
among the lower-income ones. It is reassuring
to see this recognition that science isalong-
term investment. Science can not only help
solveglobal problems but isalsoa key
economic driver. Many national governments
are acting on that and investingheavily in it.
The UK must hope that its next government
will not allow science to beleft behind.

The pollalso containsa warning. In the
developed world, the public’s perception of
scienceisdistinctly ambivalent, despite the
extent towhichit is the key to our prosperity.
Such public doubt should not deflect
scientistsfrom facing up to the immense
globalchallengeshighlighted in the survey.
Scientific organisations must continue to
present politicians and the publicwitha
balanced assessment of the evidence in their
fields—and, crucially, indicate the level of
confidence in their estimatesand the range
of uncertainties.

Wemustreiteratethat the needs of the
world -better food supplies, clean water,
adequate energy and equitable policies
to preserve ecosystemsand the climate -
cannot be met without the application of
the bestavailable science. But first of allwe
mustenhanceourdialogue with politicians
and thewiderworld,and ensure that we
sustain the public’s trust. B

TECHNOLOGY Visual tricks

and also the launch of NASASs shuttle

() appeartoquickendownloads
Don'twaste money boosting your
network speeds: simple optical
illusions can make itappear that
downloads are happening far quicker

COLLIDERS Rapper'srevenge -
particle-physics-style Fermilab
isgettingupin thelLarge Hadron
Collider's face. A new rap video
hasbeen released thatdescribes
the prospects of finding the Higgs
boson at the Tevatron callider at

Fermilab inlllinois. The “LHC rapper”
known as Alpine Kat, who arguably
started the physics-rap genre with
her own songin 2008, offers
herverdict

GREEN MACHINE A makeover for
the internal combustion engine
Even petrol-heads can make
carbon-cutting changes to their
behaviour. A new breed of engines
promise to make better use of the
fuelthey consume - asmallstep
towards cutting emissions

TECHNOLOGY The iPad: touching
the future The revolution might not
be televised, but could it be “padded"?
Ourreporter gets hands-on with
theiPad- Apple'slatest attempt to
redefine what a computer should be

CULTURELAB Partyingonthe
anniversary of Gagarin’s flight
“Yuris Night” at NASAS Ames Research
Center was not your average science-
based party. We attended the bash

to celebrate Yuri Gagarin's historical
journey into space on 12 April 1961,

programme, exactly 20 years later

ZOOLOGGER The archerfish
masters the science of spitting
From beneath the surface, archerfish
hawk jets of water onto prey toknock
them down to the surface, where
they are devoured. The trick requires
eyes adapted forvision in and out

of the water

For breaking news, video and online
debate, visit newscientist.com
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UPFRONT

LHCis on the right track

IT'Sfirst blood to the massive
Atlasdetector at the Large Hadron
Collider. Justdays after the physics
programme started, Atlas has
reported its firstdetection of

W boson particles.

W bosonshavebeen seenat
other colliders, but before any of
the detectors atthe LHC can attempt
to discover new particles they must
“rediscover” established ones. It is “an
excellent sign” to spot the particles so
soon, says Fabiola Gianotti, who heads
the Atlas team. “It demonstrates that
boththe LHCaccelerator and Atlas
work extremely well.

W bosonsdecay almostinstantly
into leptons and neutrinos. Ontwo
occasions since the machine began
collisions at7 teraelectronvoltslast
month, the leptons - either a positron

Uranium theftrisk

IF POLITICIANS are serious about
nuclear security, they should start
listening to scientists. That'sthe
appeal from scientificgroups
asworld leaders promised
bettersecurityatasummit in
Washington DC this week, but
saidlittleabouthow to achieve it.
Atthesummit,47countries
pledged to prevent the theft of
fissile material, which could be
used tocreatea nuclear bomb,
by securing all stockpiles within
four years. Some of the world’s
estimated 2100 tonnes of
plutonium and highly enriched
uranium (HEU) are kept in poorly
guarded buildings, and there have
been 18 known attempted thefts

"Therehavebeen
18 attempted thefts
of fissile material
documented since 1993"

since 1993. One crude bomb could
cause global economic chaos, a
report by nuclear security expert
Matthew Bunn of Harvard
University warned last week.
Yetthereareat present no
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oramuon - have beendetected

in Atlas’s calorimeter and muon
chambers.Neutrinosdonotinteract
with the detector, but their presence
wasinferred from the imbalance of
the decay'stotal momentum - its
"missing energy" (see diagram, right).

The detectionisinterestinginits
own right as new particles, such as
the Higgs boson, have been predicted
to decay into W bosons, saysAtlas
physicist Andreas Hoecker. “W bosons
arereally very central.”

David Barney, amember of therival
CMSdetectorcollaboration, points to
an "element of healthy competition
between the two big general-purpose
detectors”. He saysthat many
interesting events will be needed
frombothdetectors toproducea
complete picture.

agreed standards for what is
required to make fissile material
“secure”, says Ed Lyman, a senior
scientistat the Union of Concerned
Scientists in Washington DC.
TheInternational Atomic Energy
Agency has only voluntary
guidelinesdating from 1999, and
efforts to update them in time
for this week’s summit failed:
national nuclear agencies baulk
at theidea of an outside agency
imposing, and possibly verifying,
expensive security measures.
Whathasbeenagreed so far, says
Lyman, offerslittle improvement.
For instance, nationsare still not
required to post armed guards at
stockpiles of fissile material.

The American Association
for the Advancement of Science
and the UK’s Royal Society have
argued in recent reports that
more research could aid
international cooperation, as
well as improving technology. For
example, networks of gamma-ray
spectroscopes could help to spot
smuggled fissile material; shared
databases on stockpiles of fissile
materials could make it easier to
pinpoint sources; and HEU could
be replaced as a fuel.

Laser blasted

THE world’s largest laser is meant
to spark offa fusion reaction this
year—but don’t bank onit. So says
the US government’s watchdog in
acritical report about the National
Ignition Facility (NIF).

The $3.5billionlaser array at
Lawrence Livermore National
Laboratory in California is meant
tofire pulsesfrom192 laser
beams to trigger nuclear fusion.
NIF physicists have said they hope
toreach “ignition” — generating
asmuch fusion energy as is

contained in the laser pulse -
atalaserenergy of1.2 to
1.3 megajoules, well short of the
machine’s 1.8-megajoule capacity.
But the GAO says that many
independent researchers think
at least 1.8 megajoules will be
required, because some laser light
could be deflected by the plasma
it creates. Firingonfull power
could also damage high-power
optics in the machine, they warn.
An NIF spokesperson told New
Scientist that staff are confident
they can achieve ignition at no
more than 1.5 megajoules.

Health worries over soap additive

THE safety of antimicrobial soaps
and toothpastesis under review
following concerns that they could
interfere with hormones in the body.
Lastweek, the USFood and Drug
Administration said it will re-evaluate
the safety of triclosan, which
isaddedto plastics, soapsand
toothpastes tokill bacteria and fungi.
The agency isnotyet recommending
thatconsumers avoid such products.
Over the nextyear, the FDA will
look at evidence that triclosan might

affect the development ofthe
nervous system, in which thyroid
hormones play akeyrole, or the
reproductive system. One recent
study showed that triclosan lowers
levels of thyroid hormones in rats,
while a 2008 report found that it
boosts the effects of oestrogen
and testosterone.

Sarah Janssen of the Natural
Resources Defense Council, a US
environmental advocacy group, says
the announcement is “long overdue”.
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Aid gone wrong

DEEP-POCKETED donors are

inadvertently encouraging

governments to slow their

health spending in parts of

the developing world.
Government spending on

healthcare in developing countries

"For every $1 of aid, poorer
countries cut theirown
health contribution by
nearly 50 cents”

between 1995 and 2006 doubled
to $18 billion, with one-third
of these increases coming from
foreign governments and
aid organisations.
ChristopherMurray’steam at
the University of Washington in
Seattle collected a range of data
onhealthspendingand then
createda model to describe the
relationship between foreignaid
and domestichealth funding.
Although domestic health
spending increased overall, it fell
asa proportion of total budgets.
Murray’s team found that for
every S1of health aid developing
countries received, they cut their
owncontribution by nearly
5O cents. Sub-Saharan African
countries made the deepest cuts.
Meanwhilecountriesin Asia,
Latin Americaand the Middle
Easttended toincreasetheir
ownhealth spending alongwith
increased aid (The Lancet, DOL:
10.1016/50140-6736(10)60233-4).

May harm more thangerms

Whale on the menu

PROPOSALS toresume
commercialwhalinghavebeen
dealt a blow by DNA detective
workshowingthat restaurantsin
the USand South Korea illegally
sold whale meat from Japan.
InJune, Japan, Iceland and
Norway areexpected to ask
the International Whaling
Commission (IWC) for permission
toresumecommercial whaling.
They say they can prevent
smuggling by matching the DNA

"Whale meat sold outside

Japan came from the same
animal as that sold inside,
showingitwasillegal”

of whale meat sold in markets
toaregisterof all legally caught
whales. But all have refused to
make their DNA registers public.
Tofind out theoriginofwhale
meat being sold outside Japan,
Scott Baker of Oregon State
University in Corvallisand
colleagues secretly took samples
fromtworestaurants,onein
Santa Monica, California, and
anotherin Seoul, South Korea.
They compared the DNA with that
from samples bought in Japan,
and found that they came from
the same animals - proving that
meat from whaleshunted in
Japan’sscientific programme
have been illegally soldabroad

(Biology Letters,DOI: 101098/
rsbl.2010.0239). The findings
resulted in police raidson the
restaurants last month.

Baker says the monitoring
system can only work if Japan,
Iceland and Norway make their
DNA registers publicly available,
and hand them over toan
independent body like the IWC so
routine checks can be carried out.

Deep volcanic vents

AT 5000 metres beneath the
Caribbean waves—where the
water pressure is equivalent to the
weight of five hefty menbearing
downon each square centimetre
ofrock—a submersible has
discovered theworld’sdeepest
volcanicrift, spewing water

that is hot enough to melt lead.

“It was like wandering across
the surfaceofanotherworld,”
says Bramley Murton of the
international collaboration
InterRidge, who filmed the vents
from a remotely operated
submarine. “The rainbow hues
of the mineral spiresand the
fluorescent blues of the microbial
mats covering themwerelike
nothinglhad seenbefore.”

The InterRidge team will be
exploring the ridge until 21 April,
and hopestodive to 6000 metres.
The previous deepest known vent
was 4200 metres downon the
Mid-Atlantic ridge.

60 SECONDS

Ice triggers tsunami

A massive chunkof glacier plunged
into aPeruvianlake on Sunday,
triggeringa tsunami. The wave
breached levees 23 metres high,
causing mudslides near the town of
Carhuaz, 300 kilometresnorth of
Lima. The mud swept away houses
and destroyed awater-treatment
plant. Glaciers in the Andes have lost
20 per cent of theirvolume since the
1970s. Researchers say the trendis
linked to climate change.

Batteriesforeggs

Nuclei fromfertilised human eggs
havebeentransferredintodonor
eggs, leavingthe old mitochondria
behind (Nature,DOI;10.1038/
nature08958). Mitochondriaare the
powerhousesofacell - by replacing
faulty mitochondriawith fresh ones
inthenewegg, itmightbe possible
to prevent mitochondrial diseases
from being passed onto children.

Howarsenickills cancer

Nowwe know how arsenic trioxide
successfully treats90 per cent of
people witha rare blood cancer
called promyelocytic leukaemia.
The chemical binds toand disables

a protein that otherwise prompts
the cancer cellsto grow and multiply
(Science, DOI:10.1126/
science.1183424).

Pollute thy parent

Ageneration of Earth-like planets
seemtobe pollutingtheirparent
stars. Jay Farihi of the University of
Leicester, UK, studied 146 white
dwarfs, and found that many had
atmospheresrichinheavyelements.
These musthave come from
vaporised rocky planets, Farihi told
the National Astronomy Meetingin
Glasgow, UK.

Thislady’s notreturning

An attemptto shake upthe
venerable Royal Institution, London,
by ousting its council and reinstating
its ex-director, Susan Greenfield,

has failed. Instead, 81 per centof
membersvoted toretain the council.
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THIS WEEK

Quiet sun puts
Europe onice

Solar cycles may be conspiring to send northern
Europe into a modern-day Little Ice Age

Stuart Clark

BRACE yourselffor more

winters like the last one, northern
Europe. Freezing conditions
could become morelikely: winter
temperatures may even plummet
todepthslast seenat the end of
the 17th century, a time known

as the Little Ice Age. That's the
message from a new study that
identifiesa compelling link
between solar activity and winter

temperatures in northern Europe.

Theresearchfindsthat low
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solaractivity promotes the
formation of giantkinksin the
jet stream. These kinks can block
warm westerly winds from
reaching Europe, while allowing
inwindsfromArctic Siberia.
When this happens in winter,
northern Europe freezes, even
though other, comparable regions
of the globe may be experiencing
unusually mild conditions.

Mike Lockwood at the
University of Reading in the UK
began his investigation because
these past tworelatively cold

Britishwinters coincided with a
lapse in the sun’s activity more
profound than anything seen
for a century. For most of 2008-9,
sunspotsvirtually disappeared
from the sun’s surface and the
buffeting of Earth by the solar
magneticfield dropped to record
lows since measurements began,
about 150 yearsago.

Lockwood and his colleagues

took average winter temperatures

from the Central England
Temperature dataset, which
extends back to 1659, and

compared it with records of highs
and lows in solar activity. They
found that during years oflow
solaractivity, wintersin the UK
were far more likely to be colder
than average. “Thereisless than
a1percent probability that the
result was obtained by chance,”
says Lockwood, ina papertoappear
in Environmental Research Letters.
Judith Lean, a solar-terrestrial
physicist at the US Naval Research
Laboratory in Washington DC, says
the analysis is statistically robust,
and reckons it forms a piece in the
larger puzzle of how solar activity
influences weather. Often cited by
climate-change scepticsasa cause
of globalwarming(see“Whatare
youup to, sunshine?”), the effects
of solar cycleshavelargely evaded
the grasp of climate modellers.

"Northern Europe freezes,
even though comparable
regions experience
unusually mild conditions”

Lockwood found thatwhenhe
removed 20th-centurywarming
due toindustrial emissions from
his models, the statistical link
between solarlowsand extreme
winters was stronger, suggesting
the phenomenonisunrelated
to globalwarming. But the sun
undeniably hasa big influence on
weathersystems: it is,afterall, the
energy sourcethat powers them.
“All the little pieces are adding
up into something much bigger,”
says Lean. “People are beginning
torealise that European weather
is particularly susceptible to solar
activity.” A study she published
in 2008 found that warmer-than-
average temperatures were
more likely in northern Europe
when solaractivity ishigh
(Geophysical Research Letters,
DOI: 10.1029/2008GL034864).
Lean saysresearch like hers and
Lockwood’s is hel ping to overcome
along-standing reticence among
climate scientists to tackle the
influence of solar cycles on the
climate and weather. A big clue to
the nature of this influence may
lie in work published in 2008
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by David Barriopedroat the
University of Lisbon, Portugal,
and colleagues. They investigated
so-called “blocking events” in the
mid-latitude jet stream during the
wintersof 1955-99.

Thejetstream brings winds
from thewest,overthe Atlantic,
and into northern Europe.
Blocking occurs when the
meanders in the jet stream
become so large that they double
back on themselves, halting the
prevailing westerly winds and
allowing cold north-easterlies
totakecontrol (see diagram).
Barriopedro found thatwhensolar
activity islow, the blockingevents
moveeastwards across the Atlantic
towards Europe, effectively
opening an atmospheric corridor
to the frigid Siberian Arctic.

Buthow can solar variability
influence the jet stream? One
fingerof suspicion is pointing
at thestratosphere, the layer
of the atmosphere that lies 20 to
sokilometres above our heads.
There, patternsof winds and
temperature are known to be
influenced by solar activity, says
Lockwood. This is because peaks
inultraviolet radiation emitted
by the sunboost ozone formation
in thestratosphere, which in
turnabsorbsmore ultraviolet
and heats up. The heating is
greatest in the region of the

WHATAREYOUUPTO,SUNSHINE?

How much influence solar activity
wields over our climate has vexed
scientists for centuries. Take the
British astronomer William Herschel:
inthe late 18th century, he compared
the price of wheatin England with
the number of sunspotsand
suggested that yearswithmore
sunspots produced good harvests,
keeping the price lower.

Since the discovery of the 11-year
solar cycle in the mid-19th century,
many have sought to make links
between different elementsof
solarvariability and changesin
climate. Here's a snapshot of
theargumentsand the evidence.
Cosmicrays: One persistent claim
isthatcosmic rays could affect

stratosphere nearest to the sun
and soa temperature gradient
appears across the stratosphere
and winds are born.

How thisaffectsthe weather
below is still debated. Very little
isknownabout the physics that
governs the stratosphere, but one
pattern that is emerging is that
stratospheric “weather” islinked to
the troposphere below it —where
our everyday weatherand currents
like the jet stream reside. Edwin
Gerberof New York University
studies these interactions. He and

cloud formation, influencing
climate - butmostanalyses have
found little or no correlation. CERN
in Switzerland is running an
experiment that will provide data
abouthow likely such particlesare
to cause cloud formation.
Sunspots: People havetriedto link
the number of sunspots during the
20th century with rising global
temperatures. Butaverage sunspot
numbers have been dropping

since the 1920s. Global mean
temperatures, meanwhile, have
risen over the same period.
Ultraviolet rays: Lesseasyto dismiss
hasbeentheideathatchangesin
ultravioletradiationfromthe sun,
a quantity closely linked to solar

colleagues showed in2009 that
upward movements of air in
the troposphere canchangethe
patterns of stratospheric winds.
These changes, inturn,can
be reflected backdowntothe
troposphere and influence
weather at the surface of the
Earth (Geophysical Research Letters,
DOI: 10.1029/2009GL040913).
“Changesin the stratospheric
winds influence the path of winter
stormsacross Europe,”Gerbersays.
If researchers can prove that the
sun can similarly induce changes

Kinky jet stream

Agiantkinkis morelikely toforminthe jet stream whensunspotactivityislow.
This trend may be linkedto changes instratosphericwinds

activity, could influence the climate.
Direct measurementsonly began
in 2003. However, average solar
activity has fallen over the last two
decades while temperatures have
risen, makingit unlikely that UV
radiation isa dominant driver of
global temperatures.
Irradiance: Measurements ofthe
sun’s brightness - anindicator of its
energy output-only beganin1977.
Irradiance rose between1977 and
19B5, but has been dropping since.
Since about 1985, all the solar
factorsthatcould have warmed the
climate have beengoingin the wrong
direction, saysLockwood. “If they
were really a big factor we would
have cooling by now.”

in the troposphere via the
stratosphere, which Gerber
thinks they will, this could solve
one of the biggest puzzles of the
Little Ice Age- namely, that it
appeared to have been a peculiarly
European phenomenon, with
other parts of theglobelargely
spared. The effects of the sun on
the stratosphere are not global,
says Lockwood. “They change the
way the atmospheric energy is
distributed around the world
rather than change the total
amountof energy being put into it.”
Future studies may show that
the effects of changes in solar
activity can be felt further afield,
but fornow it seems that Europe is
particularly susceptible because it
happens to sit under the northern
jet stream at alongitude where its
meanders can grow into kinks.
Although sunspot activity
isgradually returning,
astronomers are not expecting
it toreachits previously high
levels. So if Lockwood is correct,
while the general temperature
trend in the northernhemisphere
will increase inline with global
warmingover the coming
decades, northern Europe can
look forward to some moreharsh
winters. It may be time to buy
some decent gloves. B
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Why neutron stars have
a heart of darkness

DARK matter may be prompting
black holes to appear
spontaneously in the hearts of
distant exotic stars. If so, thiscould
hint at the nature of dark matter.
Arnaud de Lavallaz and
Malcolm Fairbairn of King’s
College London wondered what
would happen when dark matter—
which makes up most of the mass
ofgalaxies—issucked into the
heartof neutron stars. These
stars, the remnants of supernova
explosions, are the densest known
stars in the universe. It turns out

thatthe outcome depends on the
nature of dark matter.

Most ofthe favoured theories
of dark matter suggest each
particle of thestuffis also an
antiparticle, meaning that they
should annihilate each other
when they meet. But Fairbairn
and de Lavallaz considered a dark
matter particle ofa different type,
which isnotalso its antiparticle.

The pair calculated what would
happenifdark matter particles
like these were attracted by the
intense gravity of neutronstars.

Because they would not
annihilate each other, the dark
matter particles would end up
forming a smaller, dense star at

the heart of the neutronstar. If the

neutron star were near the centre
of the galaxy, for example, and
surrounded by an abundance of
dark matter, then it would
continue to accrete dark matter.
Eventually, the mass ofthe
dark matter star would exceed its
“Chandrashekar limit” - beyond
which a star cannot withstand
gravitational pressure. The
dark matter star would collapse
intoa black hole. “Then the
neutron star won't be able to
surviveanymore, and it’ll
collapse too,” says Fairbairn.

“It would be pretty catastrophic.”

Their calculations show that ifa
neutron star collapsed in this way
the result would be a burst of
gamma rays, which could be
spotted from Earth (arxiv.org/
abs/1004.0629).

Various underground
experiments back on Earth have
been trying to detect dark matter,
usingdifferent techniques. While
none of the majorexperiments
haveseenanythingyet, physicists
running the Dark Matter (DAMA)
experiment inside the Gran Sasso
mountain inItaly have been
saying for some time thatdark
matter particlesarehitting their
detector. Most physicistsare
sceptical of the DAMA results
because it doesn't sit well with
favoured theorieson the nature
of dark matter.

Fairbairn says that the DAMA
experiment could be sensitive to
dark matter particles that do not
self-annihilate, which might
explainwhy it is seeing
something and others are not.

Dan Hooper of Fermilab in
Batavia, [llinois,agreesthe pair’s
scenariois plausible because the
existenceofdarkmatter particles
thatdo not self-annihilate cannot
be ruled out. “Wecould look for
evidencethat neutronstarsdon'’t
liveverylongin regionswithalot
of dark matter,” he says. “I find
exciting the prospect of using
exotic starsasdark matter
detectors.” AnilAnanthaswamy B

‘Dark sun’is one
of our nearest
neighbours

YOU can forget sunbathing onany
planetaround this star. A dim object
less than 10 light years from Earth
may be the closest brown dwarfyet
found - and it is so cold that anyone
onan orbiting planet would see it as
adark sunin a starry daytime sky.

The discovery suggests that brown
dwarfs are common, so there could
beothersevencloserto Earth.
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Brown dwarfshave so little mass
thattheydon'tgethot enough to
sustain nuclear fusion, which powers
stars like the sun. Still, they do shine,
inaway:they glow from the heat of
their formation, then cool and fade.
Philip Lucas of the University of
Hertfordshire in Hatfield, UK, and
his colleagues detected the lightless
star, named UGPS 0722-05, from this
infrared radiation.

They thinkitisonly about 9.6 light
years from Earth, a bit more than
twice as faras Proxima Centauri,
our neareststarafter the sun.

Not since 1947 have astronomers

found a new star so close to Earth.

"“Creat stuff!”says Todd Henry, a
nearby-star researcher at Georgia
State University in Atlanta, whowas
notpart of the team.“This discovery
is as cool asits temperature.”

The team caution that their
estimate of the brown dwarf's
distance is preliminary, butif correct,
itis closer than any other known. The
previous record-holder is a pair of

“It's the coldest brown

dwarf ever seen, witha
temperature of 230 °C at

most. And it's the dimmest”

brown dwarfs around the star Epsilon
Indi, 11.8 light years from Earth.

The new-found brown dwarf
breakstwo otherrecordsas well.
It'sthe coldest ever seen, with
atemperature of 230 °Cat most.

And it's the dimmest: it emits only
0.000026 per cent as much energy as
our sun (arxiv.org/abs/1004.0317).

The object's feeble radiation
outputexplains why it has only now
been spotted, despite its proximity.

It was found after surveyingjustafew
per cent of the sky, which implies that
many morebrown dwarfsare lurking
nearby undetected. KenCroswell B
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No fear of strangers,
no racial prejudice

Andy Coghlan

CHILDREN with a rare genetic
condition seem tolack any kind
of racial bias, unlike any other
children previously tested.
Thesechildrenarealso unusually
gregariousand unafraid of
strangers, leading to the
suggestion that fear of people
whoaredifferentfrom ourselves
underlies racial prejudice.
Childrenwith Williams
syndrome, as this condition is
called, have mild to moderate
learning difficultiesand a
distinctive facialappearance.
Their most striking characteristic,
though, is extreme sociability.
“They don't recognise danger
infacesand [they]approach
anyone,” says Andreas Meyer-
Lindenberg of the Central
Institute of Mental Health in
Mannheim, Germany, whose

Do Dartmoor
stones have link
to Stonehenge?

LITTERED across the hills of Dartmoor
in Devon, southern England, around
80 rowsand circles of stones stand
sentinel in the wild landscape.

Now, striking similarities between
one of these monumentsand
Stonehenge, 180 kilometrestothe
east, suggestthey may be thework
of the same people.

The row of nine stones on Cut Hill
was discovered in 2004 onone of the
highest, mostremote hills of Dartmoor
national park. “It is on easily the most
spectacular hill on north Dartmoor,”
says Andrew Fleming, president of
the Devon Archaeological Society. “If
you were looking for adistant shrine
in the centre of thenorth moor, that's
where youwould putit.”

teamled the new study.

In earlier research on children’s
reactions toangryfaces, his group
attributed lack of fear to reduced
neural activity in the amygdala, a
brain region that processes social
threats. Since racial bias in adults
hasbeen also linked to overactivity
in thisarea, his team speculated
that people with Williams
syndrome wouldn’t favour their
own race because of deficiencies in
theirability to process social fear.

Tofindout, they presented 40
whitechildren,aged 5 to17, with
one white and one dark-skinned
cartoon character and asked them
tomatchup the characters with a
positive or negative description.

The2o childrenwho were
developmentally normal had the
usual biases towards theirown
racial group, which appear in
infantsasyoungas 3 yearsold.
They almost always paired

RalphFyfe of the University
of Plymouth and independent
archaeologist Tom Greeves have now
carbon-dated the peatsurrounding
thestones. This suggests thatat
least one of the stones had fallen-
or been placed flat on the ground -

descriptions such as “kind” and
“smart” to thewhite character
and negative descriptions, such
as “ugly” and “stupid”, to the dark-
skinned protagonist. Not so the
20 children with Williams, who
were just aslikely to praise a
dark-skinned character as they
were toadmonisha whiteone
(Current Biology, DOI: 10.1016/j.
cub.2010.02.009)

“Thisis the best evidence
yet that racial stereotyping
isdictated by social fear,” says
Meyer-Lindenberg.

Surprisingly, the Williams
childrendisplayed the same

"This is the best evidence
we have sofarthat
racial stereotypingis
dictated by social fear”

gender biases as other children,
with boysloading praiseonto
malecharactersand girls
favouring the females.
“Thesefindingsare useful
because they show that
each kind of prejudice is
distinctive,” says Susan Fiske
of Princeton University.

by between 3600 and 3440 BC,

and another by 3350 to 3100 BC

(Antiquity, vol 84, p55).
Thatcomesasasurprise to

archaeologists, who, on the strength

of artefacts found nearby, had

assumed that Dartmoor monuments

Tofurtherexplore thelink
between fear of strangers and
racial bias, Meyer-Lindenberg’s
team plan to scan the brains of
children with Williams to see how
theiramygdalae respond during
similar tests ofracial bias.

AndreasOlsson of the
KarolinskaInstitute in Stockholm,
Sweden, also thinks that alack of
fear could explain why Williams
children are unbiased toward
other racesand so extroverted.

The new paper backs up
work in 2005 by Olsson’s team,
which also found a link between
fear and racial bias. Black and
whiteuniversity studentswere
conditioned toassociate
photographsofblackand white
individuals with a slight shock.
They retained the association
longer, evenwithout the shock,
if the photograph depicted
someone of a different race. This
suggests that the students were
already fearful of other races.

YetMeyer-Lindenberg's
colleague Andreia Santos stresses
that their team'’s findings do not
say whether racial stereotyping is
innate orlearned. B

like CutHill and Stall Moor (pictured)
dated from the Bronze Age, around
2100t0 1600 BC. Instead, Fyfe
suggests that Cut Hill is from the
Neolithic period, the same period
thatStonehenge was built.

Unlike Stonehenge, the 2-metre-
tall Cut Hill stones lie flat on the
ground, parallel to each other and
between 19 metres and 34.5metres
apart, like the sleepers of agiant
railway track. Packing stones
discovered at the end of one of the
megaliths suggest at least one of
them stood erectat some point, but
the regularity of their current layout
makes it likely they were deliberately
placed thatway, Greeves says.

What's more, the stones’ alignment
with the summer and winter solstices
seems identical to that of Stonehenge,
Newgrange in Ireland and Maes Howe
in Scotland. “It could be coincidence,
butit's striking,” says archaeologist
Mike Pitts. Linda Geddes B
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Amazon life owes
a thing or two to us

Anil Ananthaswamy

DON'T tell Sting, but human
activity may not be all bad news
for the Amazon. A study of South
American savannahs suggests
thateven before Europeans
arrived, farmers were changing
ecosystems with alandscaping
method previously unrecognised
in the region. What's more, the
pre-Columbian alterations may
have increased biodiversity.

“Human actions cannot always
be characterised as bad for
biodiversity,” says Doyle McKey
ofthe University of Montpellier 2,
France. “Some might be good.”

McKey and his colleagues came
to their conclusion after studying
some strange features of the
savannahs of French Guiana.
These plainsare flooded during
therainy season, dry and parched
in the summer, and often burned
by fires. It was while walking

through thislandscape that
McKey started wondering about
undulations in the terrain. It
turned out that they are mounds,
mostly about 1.5 metres across
and 30 centimetres high. McKey
thinks that pre-Columbian
farmers made them as beds for
crops thatdrained well inthe
rainy season.Sureenough, when
the team tested the mounds’
drainage capacity, they found
itwas nine times as highas the
seasonally flooded savannah.
Once these fields were
abandoned between 800 and
400 years ago, plants and animals
colonised the mounds, creating
anew ecosystem. Specifically,
McKey'’s team found that the leaf-

cutterant Acromyrmex
octospinosus, the predatory ant
Ectatomma brunneum and the
Nasutitermitinae subfamily of
termites preferred to build their
nests on theraised beds. The
Acromyrmex, which are fungus-
growing ants, even transported
large quantities of organic matter
to their nest. This in turn has
caused the plants on the mounds
togrowbigger and theirroots
deeper. The consequent structural
integrity of the mounds and their
excellent permeability to water
has protected them from erosion
by flood waters (Proceedings of the
National Academy of Sciences,
DOI: 10.1073/pnas.0908925107).

McKey expects that the
alterations have been beneficial
for the biodiversity of the area.
“It's clear that a savannah with
thisheterogeneity will have a
higher biodiversity than just a
flat savannah,” he says.

Besides French Guiana, such
mounds can be found in Surinam,
Belize, Venezuela, Ecuador, Bolivia
and Mexico. The new study is
bound to further fuel the debate
over whether most of the Amazon
rainforest and the associated
savannahsare pristine ecosystems.
“Tomy mind, thedebatehas
been too black-and-white,” says
McKey. “Nature and culture are
interacting to produce interesting
things, and maybethat is the way
thisdebate should go.” B

Entangle qubits
for truerandom
number machine

PURE randomness is surprisingly
difficultto create, evenif youdrawon
theinherent randomnessofquantum
mechanics. Now, though, a"true”
random number generator is on the
cards, which may help create the
ultimate cryptographic messages.
Existing quantum random number
generators are only as reliable as
their parts.Forexample, some
devicessendsingle photonsthrough
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abeam-splitter and record the path
taken, buta patterncould emerge
overtime if the beam-splitter comes
to favour one direction or the
materials degrade. A new number
generator produces random strings

of numbers without the worry of such

flaws, because itrelies on the
inherently random behaviour of
twoquantum-entangled objects.
Entangled objectsviolate the
“Bellinequalities”, which provides
mathematical proof that their
behaviourisdefinitively random. It
doesn’t matter who made the objects
or how, says team member Antonio
Acin of the Institute for Photonic

Sciences in Barcelona, Spain.

Two ytterbium ion quantum bits
or qubits were trappedin separate
vacuum chambers. When they each
emitted a photon, the interactions
betweenthe photonsentangled the
two ions. Theteamfed numbersinto
thedevice, causing microwave
oscillators to turn the qubits in one
oftwodirections. The qubits were
then exposed tolight, and arandom
string of ones and zeros was

"The new number generator

relies on the inherently
random behaviour of two
entangled objects”

recorded, depending on whether or
not they shot photons toa detector.
We know that the ions are entangled
because they emit photonsinthe
same way.

Toremove any chance of human
error during measurement, this string
was fed into amathematical formula
that removed traces of pattern, but
cannotgenerate randomness itself
(Nature, DOI:10.103B/nature09008).

“If the same task canbe
implemented over some distance,
it can lead todevice-independent
cryptography,” says cryptography
pioneer Artur Ekert of the University
of Oxford. Kate McAlpine B
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INSIGHT

Jackhammer drill will go deeper faster
to keep trapped miners alive

FATAL cod mineaccidents over the
pastmonth in West Virginia and China
offer agrim reminder of how difficultit
can be toreach workers underground
when their usualrouteto the surface
is cutoff, Inmany such accidents,
even the best rescue technology can
fal to get to people quickly enough -
sohow could it beimproved?

When people are trapped below
ground, it can often be a race against
time for the rescue teams above
them to drill narrow boreholes

through which they can lower food
and water, blow in oxygen, or suck
outdangerous gases such as methane
or carbon monoxide.

Though no two minesare alike, it
typicallytakes 10 hours tobore every
300 metres. Conventional rotary drills
arelimited inhowfast they can cut,
and they slow right down when drilling
through granite or other hard rock.

In 2007, arescueeffort atthe Crandall
Canyon mine in Utah failed afterit took
about40 hours to drill 500 metres.

Nine miners and rescue workers died.
A"superdrill”now under
developmentcouldhelp.On 30 April,
researchers at Sandia National
Laboratories in New Mexico are due
todeliver preliminary results tofederal
mine safety officials on a drill that can
penetrate hardrock significantly faster
than conventional drills. "It can go
through granite like it's cutting butter,”
says Gerald Finfinger of The National
Institute forOccupational Safety and
Health (NIOSH), the USfederal agency
thatis funding Sandia's research.
“Ina normal drill operation, you could
sit there andreada book and barely
seeitpenetrate”

Help will be at hand sooner for
miners trapped underground

Inlaboratory tests, Sandia's
high-speed drill bored ahole 10 to
15 centimetres in diameter through
30 centimetresof granitein
6 seconds. This meansitshould
be able to penetrate 300 metres
of hard rock in under 2 hours.

Unlike the shearing or chipping
employedby conventional rotary drills
developedforthe oil and gasindustry,
the new drill employs a high-powered
pneumatic jackhammerwith
button-shaped tungsten carbide
bits tofracture the rock and break
itintoafine powder.

The drill could be available for mine
rescues within two years. However, it
wouldn't have significantly changed
the outcome inWest Virginia, where
rescueteamswere able to drilldown
inarelatively shorttime, or China,
where many minersescapedthrough
partially flooded mineshafs.

NIOSH has also commissioned
Sandia todevelop a robotic scoutthat
rescue teams could send intoa mine
tocheck for survivors and assess
whether itissafeto enter. The plan
now isto testitunder realistic
conditions with a mine rescue team.
Finfinger says thatif itis tobe of
any use, “it has to make rescue faster
orsafer”. PhilMcKenna B

First glimpse of
Mirror neurons
in humans

BRAIN cells that may underlie our
ability to empathise with others have
beendetected directly in people for
the firsttime.

Monkey brains have been shown
to contain so-called “mirror” neurons,
which fire both when the animal
performsan actionand when it
observes others performing that
action. Untilnow, the only evidence
that our brains contain similar
neuronshasbeenindirect, derived
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from functional MRI scans.

Now Roy Mukamel at the University
of California, Los Angeles, and
colleagues have observed mirror
neuronsdirectly in humans. They
used electrodes to record brain
activityin the medial frontal and
temporal cortices of 21 people
awaiting surgery to treat epilepsy,
while they made - or observed
others making - graspingactions
and facial expressions.

The majorityof these neurons
responded only to the observation
or execution of an action, but B per
centofthe cells responded to both
(Current Biology, DOI:10.1016/].
cub.2010.02.045). These areas of the

brain are involved in planning and
controlling actions, abstract thinking
and memory.

Mirror neurons were thought to
exist primarily in regions of the brain
involved in performing actions, so

"Mirror neurons were

observed directly using
electrodes torecord brain
activity in humans”

their presence inotherregions
suggests that this is not their only role.
Other studies have found that people

who appear to have more active mirror

neurons also tend to be more
empathetic. Marco lacoboni, another

member of the team and also at UCLA,
says his team’s results suggest that
human mirror neurons provide “arich
reflectionof the actions of others”.
Alfonso Caramazza at Harvard
University rejects this idea.”We
should abandon the notion that these
neurons are allowing us to mirror
another's actionsinternally,” he says.
Both agree that the ultimate test
would be to block mirror neuronsin
animals and see if they no longer
comprehend the actions of others.
There is no easy way to do this yet,
says Mukamel, but optogenetics - the
ability to manipulate or block neural
activity using light - may one day
provide a solution. Helen Thomson W
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It pays to remember
what made you sad

JessicaHamzelou “relieve some or most of the

sad feelings”, according to Todd
FORGETTING your woes might Sacktorat Downstate Medical
make you feel worse, not better. Center in New York City.
People with impaired memory feel Feinstein’s team also showed
sad even when they haveforgotten  the two groups funny clips
what made them sad in the first and found a similar pattern of
place —a finding that suggests responses, though the difference
emotionsand memoryarenotas  was less marked. “Sadnesslasts
intimately linked aswe thought.  longer,” Feinsteinsays.

Neuroscientist Justin Feinstein Theresults highlight the
at the University of lowa in lowa
City showed a compilation of "People with impaired
heart-rending clips from films memory feelsad even
such as Forrest Gump to ten when they have forgotten

people, five of whomwereunable  what made them sad”
to form new memories because of

damage to their hippocampus. importance of being respectful to
Ten minuteslater, histeam tested  people with advanced Alzheimer’s
their memories. disease, Feinstein says. Even if
Theamnesiacs feltalingering  such people do not remember
sadnesseventhoughthey being on thereceiving end of
struggled torememberdetailsof  insensitive behaviour, they may
the clips, whereas those with still feel distressed —and for
healthy memories felt fineby longer than other people.
then (Proceedings of the National It is also possible that using

Academy of Sciences, DOI:10.1073/  drugs to block painful memories
pnas.0914054107). “lamsurprised  in people with post-traumatic
thattheemotion lasted solongin  stressdisorder may actually

amnesiacs,” says Feinstein. hamper their recovery, Feinstein

Theexplanation may be that says.“By not having that memory,
it istheability tostoreand reflect ~ youmight actually prolongthe
on emotional events that can emotional pain,” he says. B
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IN BRIEF

New-found hominid cousin is a brain teaser

NOT only have we found along-lost cousin, but

it now appears that the skull of newly unveiled
Australopithecus sedibacontains a print of itsbrain.
The skull of the young male australopithecine, unearthed
in South Africa, is sowell preserved that early analysis
of X-ray tomographic images taken at the European
Synchrotron Research Facility (ESRF) in Grenoble,
France, reveals that the brain may have left its imprint
on sediment filling the skull. Though tantalising, Paul
Tafforeau, a palaeontologist at the ESRF, is cautious
aboutwhat newinsights theimprint may yield.

Brain or nobrain, A. sedibais significant because its
anatomy is the most similar of any australopithecine yet
found to the true humans thatevolved into us. Two partial
skeletons, one of a male child aged 9to 13yearsand the
other of an adult female, were dug up in the Cradle of
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Humankind world heritage site near Johannesburg

by Lee Bergerofthe University of the Witwatersrand

in Johannesburgand colleagues. They are between
1.95 and 1.7B million years old (Science, vol 328, p 195).

Though its physical features are the most human-like
ofanyaustralopithecineyetdiscovered, A. sedibais
hundreds of thousands of years younger than theoldest
fossils assigned to the genus Homo, meaningitis unlikely
to be our directancestor.

The juvenile is the most complete australopithecine
skeleton yet found fromthe period: itincludes muchof
the skull and large parts of an arm, leg and pelvis. Both
hominids were about 1.2 metres tall, with ape-sized
brains. “This is the most human-like australopithecine
yetdiscovered,” says Chris Stringer of the Natural History
Museum in London, who was notinvolved in the study.

Nicotine may raise
Alzheimer'srisk

SMOKING could predispose
people to dementia, not protect
them as had been suggested.

Rats with brain plaques develop
further symptoms of Alzheimer’s
when given nicotine.

In Alzheimer’s disease, the
brain becomes riddled with
amyloid plaques and tangles
of tau proteins. Low doses of
nicotine reduce the number
of plaques in rats, yet little was
known about the effect on the
protein tangles.

Tofind out, Yan-Jiang Wang’s
team at Third Military Medical
University in Chongqing, China,
injected plaques into the brains
of healthy rats and gave somea
smoker’s daily dose of nicotine
for twoweeks, others nothing.

Alltheratsshowed early signs
of tau tangles and had difficulty
navigating a maze, but the ratson
nicotinewereworse off (European
Journal of Pharmacology, DOI:
10.1016/j.ejphar.2010.03.029).

People pick up
peppervirus

COULD a plant virushavefound
away toinfect humans?

It hasalways been assumed
that plant viruses cannot infect
animals, and vice versa. But now
Didier Raoult at the University of
the Mediterranean in Marseille,
France, and his team have found
RNAfromthe pepper mild mottle
virus in the faeces of 7 per cent of
the3o4 adultsthey tested. Those
with the virus were more likely
toreport fever, abdominal pain
and itching than thosewithout
it (PLoS One, DOI: 10.1371/journal.
pone.0010041). The team is now
lookingfordirect proofthat the
virus causes these symptoms.

But Robert Garryat Tulane
University in New Orleans,
Louisiana, doubts that a plant
virus could recognise animal cells.
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Volcanic surprises
from angry Venus

VENUS's namesake may be the
goddess of love, but the planet
looks more angry than passionate.
Twostudies thatreveal recentlava
and the largest known volcanoin
the solar systemraise the possibility
that huge fiery outpourings could
still happen there today.

Many planetary scientists
had thought Venus's surface was
geologically dead. Suzanne Smrekar
of NASA's Jet Propulsion Laboratory
in Pasadena, California, and
colleaguesfound signs of relatively
recentvolcanismby measuring the
infrared”glow" of solidified lava
in three regions in its southern
hemisphere. Newer volcanicrock
onVenustends to emit more
infrared, because atmospheric
gasesweather older rocks and
change their composition (Science,
DOI:10.1126/science.1186785).
Pinning down the exactage of the
rocksis tricky, butthey could be mere
hundreds of years old, says Smrekar.

Inanotherstudy, to appearin
Geologyin May, areanalysis ofa
raised oval feature called Artemis
suggests it could be the largest
known volcanic structure in the
solar system. Vicki Hansen ofthe
University of Minnesota at Duluth
found signatures of volcanism, such
as"wrinkleridges” causedbylava
cooling, across an oval 13,000
kilometres wide. The lava's ageis
unknown. Artemis is now inactive.

Nanotube ‘black hole’ promises exotic new states of matter

AN ARTIFICIAL “black hole”
designed to capture wayward
atoms could pave the way foran
atom trapthat will yield previously
unknown states of matter.
Ateam led by Lene Hau of
Harvard University has mimicked
thedeath spiral of matter falling
intoa cosmicblackhole. By
applyinga voltage acrossacarbon
nanotube -a rolled-up sheet of
carbon atoms—the team can
generate a powerful electric field.
Thistugsat nearby rubidium
atomswhich have been chilled
toafraction ofa degree above

Self-doubt s not
uniquely human

THERE goes another sophisticated
mental feat once thought to be
uniquely human. Apes may be
sufficiently self-aware to doubt
their own knowledge.

Josep Call of the Max Planck
Institute for Evolutionary
Anthropology in Leipzig,
Germany, put food in one of two
opaque plastic pipesand had
watching bonobos, chimpanzees,
gorillasand orangutans pick the
one with the food. If they were
made to wait, the apes sometimes
forgot where thefoodwas, but by
andlargethey didwell on the task.

To testif the apes doubted their
owndecisions, Call gave themthe
optionto peekintotheend of the
pipes before they chose one. He
found that the apes were more
likely to check the pipes if they
had to wait before picking one
{Animal Cognition, DOI: 10.1007/
$10071-010-0317-x). Call says this
suggeststhat the apes had begun
to doubt their memory.

Earlier studies have shown that
apesand other mammals can be
aware that they do not know the
answer to a test. However, Call
claims that the doubt apparently
revealed by his trials represents
asubtle thought process not
previously seen beyond humans.

absolute zero: a positive charge
on the surface of the nanotubes
attracts the rubidium atoms’
electrons, while the positively
charged nucleus is repelled.

This polarisation causes the
atoms to spiral towards the
nanotube, speeding them up
until the atomscircle it in just
afew trillionths of asecond.
Eventually each atom’s outermost
electron detaches and enters the
nanotube through a process
called quantum tunnelling. The
positively charged rubidium ion
that it leaves behind is repelled by

the positively charged nanotube
and slingshotsaway (Physical
Review Letters, DOI: 10.1103/
PhysRevLett.104.133002).

Modifications to this set-up
could produce a trap capable of
keepinga cloud of cold atoms
spinning around the nanotube.
“Onecould use the system to make
completely new states of cold atom
matter,” says Hau. It could also be
used todetect trace amounts of
gas, or beadapted to make precise
atom interferometers, which
measure small variations in
gravity, she says.

Caterpillars walked, then talked

SOME caterpillars drag their back
ends along leaves to ward off
intruders on their territory. Now it
seems this “anal-scraping” - which
createswarning vibrations - evolved
fromwalking. Itis the strongest
evidence that communication signals
can evolve fromthe exaggeration
and repetitionofroutine behaviours.
Jayne Yackof Carleton University
in Ottawa, Canada, and colleagues
comparedthe genesof more than
30 species of caterpillar. They found
that scrapers tended to be species
that have evolved more recently, and
thattheysettle disputeswithan

intruder without fighting. Instead,
they wiggle their rear, causing
oar-like appendagestoscrapeand
drumagainst the leaf below (Nature
Communications,vol 1,p1).
Crucially, both types of species
movedtheir rearsegmentsinan
identicalway when faced withan
intruder. Non-scrapers have prolegs
instead of oars, and the wiggle
propels them forwards as they
fight off anintruder. Yack says this
suggeststhe oars evolved from
prolegs, allowing new forms of
communication to emerge - and both
parties in a dispute to avoid injury.

17 April 2010 | NewScientist | 15
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TECHNOLOGY

Prolific postersare
top of the blogs

WHEN it comestomaking friends
onlineit is the quantity, not quality,
of your blog posts that counts.
Susan Jamison-Powell at
Sheffield Hallam University in
the UK studied the popularity of
75 bloggers on the site Livejournal.
com. She looked at the number
of friends each blogger had, the
number of posts they made, the
total number of words written
and the overall tone of the posts.
Shethen asked the bloggers to
ratehowattractive they found
each of their peer’s blogs.
Shefound that the morewords
ablogger posted, the more friends
they had and the higher their
attractivenessrating. The tone
of their posts—whether they
contained mostly positive or
negative comments —had no effect.
Thefindingswere presented at
the British Psychological Society’s
annual conference this week.

kilometresis the
altitude reached by
NASA's uncrewed
Global Hawk aircraft
asitstudiedtheair
over the Pacific Ocean

Fordaily technology stories, visit www.NewScientist.com/technology

Gem of anidea for
cooler computing

DIAMONDS could bea nelectronic
engineer’sbest friend, thanksto

a new technique that uses slivers
of synthetic gems as the basis for
superior microchips.

Pure diamond isan electrical
insulator, but given the right
impurities it becomes a
semiconductor. Crucially, it isalso
the best heatconductoron Earth,
so synthetic diamond could make
microchips that handle high-
power signals but do not require
power-hungry cooling systems.

“Diamond-based control
modulesin electric carsand
industrial machinery could lead

toconsiderableenergy savings,”
says Hideaki Yamada of the
National Institute of Advanced
Industrial Science and Technology
in Tsukuba, Japan.
Yamada'steam used a
technique called chemical
vapour deposition to “clone”
synthetic diamonds. Yamada’s
clones all have the same crystal
lattice structure, sowhen
bonded together they form
a monocrystalline mosaic.
Theteam have sofarcreated
25-millimetre-square wafers
from sixsmallerclonesand hope
to make them bigenough for
microchip manufacture. The work
was presented at a meeting of the
Japan Society of Applied Physics
at Tokai University inMarch.

“Opposition tokilling Constellationis growing”

Texan congressmanPete Olsoninsists thatthereis stillachanceto push for NASA's at-risk
Constellation programme, which aimstoreturn astronauts to the moon, asthe agency's
budget s yet to be finalised (usatoday.com, SApril)

17 April 2010 | NewScientist|17



TECHNOLOGY

Robots with skin enter

ou

“touchy-teely world

If humanoid robots are ever to move among us, they will first need to getin
touch with the world - and learn to interpret our fuzzy human language

Paul Marks

BEAUTY may be only skin deep,
but for humanoid robotsa fleshy
covering is about more than mere
aesthetics, it could be essential to
making them socially acceptable.
Atouch-sensitive coating could
prevent such machines from
accidentally injuring anybody
within their reach.

In May, a team at the Italian
Institute of Technology (IIT) in
Genoawilldispatchtolabsacross

18| NewScientist |17 April 2010

Europe the first pieces of touch-
sensing skindesigned for their
nascent humanoid robot, the
iCub. The skin IIT and its partners
havedeveloped contains flexible
pressure sensors that aim to put
robots in touch with the world.
“Skin has been one ofthe
big missing technologies for
humanoid robots,” says roboticist
GiorgioMettaat [IT. One goal of
making robots inahumanoid
form is to let them interact closely
with people. But that will only be

possible ifarobotis fully aware
of what its powerful motorised
limbs are in contact with.
Roboticists are trying a great
variety of ways to make a sensing
skin. Early examples, such as the
CB2 robot, built at Osaka
University inJapan, placed a few
hundred sensors in silicone skin.
But now “many, many sensing
methods are emerging”, says
Richard Walker of Shadow Robot,
London.Untilalot of robotsare
using them, it is going to be hard

to say which are best suited for
particular applications.

What's more, there are many
criteria the skin has to meet, says
Metta: it must be resilient, able to
covera large surface area and be
able to detect evenlight touches
anywhere on that surface.“Many
ofthese factors conflict with each
other,” he says.

The iCub isa humanoid
robot the size of a child of three-
and-a-halfyears old. Funded by
the European Commission, it was
designed to investigate cognition
and howawareness of our
limbs, muscles, tendons and
tactile environment fuels the
development of intelligence.

The iCub’s technical specifications
areopen-source and some 15 labs
across Europe have already
“cloned” their own, so IIT’s skin
design could find plenty of robots
toenwrap.

Theskinismadeup of
triangular, flexible printed circuit
boardswhich act as sensors, and it
covers much of iCub’sbody. Each
bendy triangle is 3 centimetres to
asideand contains 12 capacitive
copper contacts (pictured). Alayer
of silicone rubber acts asa spacer
between those boardsand an
outer layerof Lycra that carriesa
metal contact above each copper
contact. The Lycra layerand
flexible circuits constitute the two
sidesof the skin’s pressure-sensing
capacitors. This arrangement
allows 12 “tactile pixels”—or
taxels—tobesensed pertriangle.
This taxel resolution is enough to
recognise patterns suchasahand
grasping therobot’sarm. The
skin can detect a touch as light
as 1 gram across each taxel, says
Metta. It is also peppered with
semiconductor-based temperature
sensors. This version of the skin
will be released in May.

Later, IIT plans to add a layer
of a piezoelectric polymer called
PVDF to the skin. While the
capacitance sensors measure
absolute pressure, the voltage
produced by PVDF as a result of
its deformation when touched
can be used to measure the rate
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of change of pressure. So if the
robot runsits fingertipalonga
surface, the vibrations generated
by friction give it clues about what
that surface is made of. Such
sensitivity might help it establish
the level of grip needed to pick up,
say, aslippery porcelain plate.
Philip Taysom, CEO of British
company Peratech of Richmond,
North Yorkshire, is not a fan of
sensing skins based on capacitors,
which he sayscan lose sensitivity
with repeated use. Peratech’s
answer isa stretchy, elastic
material it calls quantum
tunnelling composite (QTC).
This comprises a polymer such
as silicone rubber that is heavily
loaded with spiky nickel
nanoparticles. A voltage is applied
across the skin,and when it is
pressed, thedistance between the
nanoparticleswithinthe polymer

Parlez-vous robot?

If you've evertried to directalost
tourist to their intended destination,
you'llknow how difficult directing
someone thatdoesn't speak your
language can be. Directing robots
presentsarelated challenge.
Typically, robots respond well
topreciseinstruction setsbutthey
are flummoxed if theirinstructions
aregiven inthe fuzzy, everyday
language so beloved by humans.
Now ateamat the University of
Washingtonin Seattle have
developed translation software
which could enable rabots to
understand a set of natural-language
directions. The technology could
make it easierto control robots in
situationslike searchand rescue,
where it can be preferable to send
arobotrather thanahuman.
Cynthia Matuszek and her
colleagues used the principles of
machine translation - commonly
used online to translate text of one
languageintoanother - to develop
anavigation program for robots.

Safer totellarobotto look around
inside a quake-damaged building

diminishes, which results in
electrons flowing, or “tunnelling”,
from one nanoparticle spike
tothe next inthe areabeing
touched. Crucially, the material’s
electrical resistance drops
dramatically and in proportion

“Skin has been one of the
big missing technologies
in the designing of
humanoid robots”

to the force applied, so the touch
can beinterpreted.

At the Massachusetts Institute
of Technology’s Media Lab, Adam
Whitonisdevelopinga QTC-based
sensing skin fora commercial
robot-maker which he declines
toname. Instead of a tight,
conforming skin, Whiton uses
aloosercovering, more akin to
clothing. “Wecover ourselves

Machine translation tools are
designed to learn from previous
efforts, improving their accuracy
through experience.

The team first sent a small mobile
robot to explore and map portions
oftwobuildings on campus. The
researchersthen generated random

with textileswhenwe interact
with people, so clothing may bea
better metaphorasa humanoid’s
pressure-sensitive surface
covering,” he says.

Natural gestures, like tapping
ahumanoidon thebacktogetits
attention, orleadingit by thearm,
can be easily interpreted because
QTC boasts high sensitivity, he
says. But novel skin capabilities
could beon theway, too.For
example, QTC canalso actasan
electronic nose. Careful choice
of the material’s base polymer,
says Taysom, means telltale
resistance changes can be induced
by reactions betweenvolatile
chemicalsin the air-so it can
becomeane-noseaswellasa
touch sensor, able to detect,
forexample, a gasleak inyour
home. “This showswecan
probablybuildinto robotsa lot

paths through the maps and asked
human volunteers toannotate the
routes withnatural commands,
suchas”turnright”, or “take the
second left” thatwould have led to
successfulcompletionof each path.

Matuszek used these maps to train
the navigation program, which

ofthings thatourskin can’tdo.It’s
anotherreason not to stick rigidly
to the human skin metaphor,”
says Whiton.

That’s not to say our skin isn’t a
great influence. Shadow Robot will
soon start testing a novel human-
like touch-sensing fingertip from
Syntouch, a start-up based in
California. Its fingertip comprises
a rubbery fluid-filled sac that
squishes justlike areal fingertip,
and is equipped with internal
sensors that measurevibration,
temperature and pressure.

Whichever of the emerging
technologies prevail, sensing
robot skins should help us get
along with our future humanoid
assistants, says Whiton. “Right
now, robots are about as friendly
as photocopiers. The interactions
skins encourage will make them
much friendlier.” B

learned to associate the various
human commands with specific
types of route-finding behaviour.

The navigation program was then
run on avirtual robot, whichwas
given natural-language directions
foravariety of previously unknown
routes through the maps. The virtual
robotwas able to successfully
complete 10 of the 14 direction sets
on its first attempt. The results were
presented at the International
Conference on Human-Robot
Interactionin Osaka, Japan, in March.

“I'mglad to seework thatis getting
back to theoriginal dreams of the
field, like havingarobotthatyoucan
talk with naturally,” saysRay Mooney,
amachine-translation researcher at
the University of Texas in Austin.

He says that previous attempts
to give robots instructions have
favoured explicit rules for sentence
structures, semantics and syntax.
He says this “traditional” approach
is labour intensive and requires
strictly defined commands, making
it cumbersome in emergency
situations where manyrobotsare
deployed. MacGregor Campbell l
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How to create an online
museum of everything

HAVEyouever comeacrossan
unusual objectand wanted to
know its history? Soonyoumight
simply be able to retrieve the
details on your smartphone.

That’sthe idea behind a new
scheme for creating web pages
about physical objects. Its creators
say it could changethewaywe
store memories about objects
and even places.

The project is based on the
concept of the “internet ofthings”-
the idea that physical objects can
have anonline presence. A simple
example of this isa database that
keeps track ofthe stock ina
warehouse by listening for signals
fromthe ID chip on each item.

The Tales of Thingswebsite,
whichwentlivethis week, aims to
take this idea into a new realm. It
allows users to create an entry on
the siteforany object theylike. A
basic entry features an image and
associated text,butaudio,video
and other content can alsobe
added. The site then generatesa
unique two-dimensional barcode,

known as a QR code, for the user
to print offand attach to the object.
Anyone then scanning the code
with aweb-enabled device will
seetheobject’sonlineentry. The
team behind the website has so far
developed scanning software for
the iPhone and devices running
the Android operating system.
Linking objects with people’s
memories of those items could
be one of the most interesting
uses forthesite, says Andrew
Hudson-Smith of University
College London, one ofthe five
UK academic institutions behind

the project. Museum curators
havealso expressed an interest in
tagging theircollections, he says.
The system will be
demonstrated at next month’s
FutureEverything conference in
Manchester, UK. Donationstoa
charity shop near the main

“"The widespread use of

smartphones means many
people now own devices
that can read QR codes”

conference venue will be tagged
and the donors encouraged to tell
a briefstoryabouteach item,
whichwill be included in the
object’s Talesof Things entry.
Henry Holtzman at the
Massachusetts Institute of

Technology, one of the first
researchers towork on the
internet of things, says he likes
theidea of linking memories to
objects. But he questions whether
casual users will take the trouble
todocument items in this way,
since the benefits of the site will
only becomeclearonceit coversa
large number of objects. “How do
they get to critical mass?” he asks.
Hudson-Smith saysthatthe
widespread use of smartphones
will help such projects because
many people now owndevices
thatcanbeused toread QR
codes. The possibility of linking
anobject’'sentry toitsowner’s
Facebook profile or Flickr images
of the item may also draw users
tothesite, he adds. JimGiles B

Telling tales

A do-it-yourself method for cataloguing physical objects online could make museums

and galleries a more interactive experience

Createan entry on

talesofthings.comto

generate a QR code

Attachthe QR
code to the
relevant object

Web-enabled
deviceswitha
barcode reader
display information
aboutthe object

INSIGHT

US court ruling on internet requlator’s
powers leaves key question unanswered

SHOULD theinternet treat all data
equally, regardless of whetheritis
part of a multi-gigabyte video file ora
short email? A ruling by the US Court
of Appeals lastweek has left the
issue as murky as ever.

Nearly two yearsaqo, the US Federal
Communications Commission (FCC)
censured network operator Comcast
fortrying toimpose restrictions on
“bandwidth hogs" who use BitTorrent
and other file-sharingsoftware.
These systems eat up huge amounts
of data capacity, and so can degrade
theserviceto other customers.

TheFCCintervened on the basis of

20| NewScientist | 17 April 2010

Tnstant
Downloads
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Fastdownloading for some
means delays for the rest

the "net neutrality” principle thatall
datashouldbe treated equally, but
theCourtof Appealshasnowruled
thatthe FCC cannot dictate how
internet service providers manage
their networks. Confusingly, both
sides have declared their support for
netneutrality. The FCC reaffirmed its
commitmentto “preserving afree and
openinternet’, while Comcast says it
100 “remains committed to the FCC's
existing open internet principles”.

Butthe key problem remains
unresolved: whenlarge numbers of
customerswantto access the internet
simultaneously, how can trafficbe
managed in away that prevents those
whoare transferring huge multimedia
files clogging up the netwaork?

Johan Pouwelse, apeer-to-peer

researcher atthe Delft University
of Technology in the Netherlands,
suggests that a different kind of
charging tariff could help. Instead
of charging customers on the basis of
download speeds, network operators
should charge users and content
providers according to how much data
they download or upload. “They could
do thatwithout interferingwith traffic,
in an entirely net neutral way," he says.
This proposal would be opposed by
internet giants such as Googleand
Facebook, who generate large volumes
of web trafficand so could face higher
charges. But with high-speed broadband
stimulating an ever-growing appetite
for bandwidth, some way mustbe
found tofairly share outthe internet’s
limited resources. Gareth Morgan H
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SURVEY INTERNATIONAL OPINION

Science’s global challenge

What do the leading lights of science in nations around the world identify as the most pressing
concerns forhumanity, and what are the prospects for progress? When the InterAcademy Panel -
the global network of the world's science academies - met at the Royal Society in London this year,
we asked them to tell us. 70 members of 62 academies, from Albania to Zimbabwe (see flags,
above), responded to a New Scientist questionnaire. Here are the key results

1. Confronting dimate change

Outer rings
show overall response

Horizontal bars

show number of respondents
who chose each option, grouped
bytheir nation’s income

$$$ = High-income nations,
based on OECD and World
Bank ratings (bitly/rVcMm)

$ =Law toupper-

middle-income nations, How Conﬂdent areyou
based on World Bank . .
ratings that the world's governments will

reach an effective agreement that
will tackle climate change through
emissions reductions?

9SS S

o vey B
Neutral
Not very

0 Notatall

SURVEY BY ROCERHIGHFIELDAND CRAHAM LAWTON
ANALYSIS BY HENRYGOMM; GRABHICS BY NIGEL HAWTIN
THANKS TOALICEHENCHLEY ROYAL SOCIETY)ANDIOANNALACEY (AP

SOMEACADEMIESARE MULTINATIONAL AND SOARENOT REPRESENTEDBY ANATIONAL FLAG
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2. What trust and understanding do people in your country havein science?

$$S S

High degree
Some extent [

Mixed
Mistrust

Great
Reasonable
Medium
Some
Little

3. Looking ahead to 2020, what three issues concern you mostat a national and global level?

National Global
50 50
40 40
30 30
20 20

10 10
0 IIII--____ 5

$$S $ $$S S

Climate change
Foodsecurity
Clobal population
Education
Energy security
Biodiversity
Water security
Nuclear issues
Pandemics
Pollution
Ageing population
Terrorism
Poverty
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OPINION LETTERS

Find the causeof pain

FromL.S. Illis

You report Beverly Collett and
Irene Tracey as calling for pain
tobetreated asadisease (6 March,
p 6). Thiswould be a terrible,
retrogradestep.

Iretired in 1995 after 15 years
runningaclinic treating patients
with intractable neurological
pain. It was fascinating. All the
patients—and Ido meanall-
had previouslyhad their pain
“treated” by otherdoctors who
had not first made a diagnosis
ofits cause.

Patientswith intractable pain
invariably suspect that something
nasty iseatingaway inside them.
Imagine the effect that this,
combined with the pain itself,
would have.

Wetook a comprehensive
history, and afterappropriate
investigations gave a detailed
explanationofthe cause of the
pain. Evenwhen treatmentwas
not successful inalteringthe
experienceofthe pain, patients
stated thatknowingits cause
enabled them torelegateit toa

minor aspect of their life, instead
of dominating it.
Lymington, Hampshire, UK

Empathy excess

FromJaques de Boys

Helen Thomson writes that all
documented pain synaesthetes
suffered traumatic pain before
developing the condition: “Many
areamputees, and their phantom
limb isthe site of the pain they
feel when faced with another’s
distress” (13March, p42).

Allmy life-Iamnow 64—
whenever| heard about someone
being sliced by a sharp object I felt
a sharp pain in my circumcision
scar.Now [ know why. My case
may expand the understanding
of this phenomenon: unlike most
amputees, [wasonlyaweek old
when Iwascircumcised and have
no conscious memory of it.

It wasa routine circumcision
performed by acompetentdoctor,
but in late 1945 newborns being
circumcised in the UK probably
did not receive any anaesthetic.
Address supplied, Canada

Enigma Number 1591

Pseudo coup

BOB WALKER

AllPenny had to dothisweekwasfill
in the missing numbers so thateach
row, each column and each three-by-
three square all had each of the

numbers 1 t09. In printing outthe puzzle 8
Joe had interchanged some of the three-

by-three squares. Penny worked out
which andfilled in allthe missing

numbers. What number did Penny place

in thesmall shaded square?

6 2 9
84 314|2]| |6
9|8 5

3|98 7

wn
w
'—I

7 7135

416 415
3 2| 8|4

311]6 7

WIN £15 will be awarded to the sender of the first correct

answer opened on Wednesday 19 May. The Editor's decision is final.
Please send entries to Enigma 1591, New Scientist, Lacon House,

84 Theobald's Road, London WCLX 8NS, or to enigma@newscientist.com

(please include your postal address).

Answerto 1585 Diving Points: The number is 6290

The winner Peter Topping of Largs, Ayrshire, UK

The answer to Enigma 1583, sent in by the winner Paul Stifiman, is

24 March and 26 July. We published the wrong answer in our 3 April issue.
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Muscular thinking

From Paul Ellis

The idea that you can “let your
body do the thinking” may go
back furtherand wider thanyou
suppose (27 March, p5and p 8).

When the mathematician
Jacques Hadamard wasdoing the
research that formed the basis of
hisbook Psychology of Invention
in the Mathematical Field in
the late 1930s, he asked Albert
Einstein about “elements in
thought”. Einstein responded:
“The above mentioned elements
are, inmy case, of visual and some
of muscular type.”

Perhaps such a kinaesthetic
approach to thought is sensible
whentrying to conceive ofthe
curved space of general relativity.
London, UK

From Peter Harrison

Aslread of Tobias Loetscher’s
finding thatwhen people think of a
number smaller than the previous
one theylook to the left and down,
I found myself imagining larger
numbers to the left and farther
down than smaller ones.

[ realised [ was subconsciously
thinking of a spreadsheet. It seems
alifetime of using tableswith
headingsacrossthe topand down
theleft has com pletely obliterated
the influences of my early years.
Fetcham, Surrey, UK

Why flap over bats?

FromKeith Alexander
Inyour editorial you repeat
uncritically the propaganda that

so many bat conservationists use
totry to justify the conservation
of their favourite organisms

{27 March, ps).

Somebatsdo feed on insects,
butwhatistheevidencethat they
selectively eat insects that damage
farmers’ crops? Won't some
insects be beneficial to farmersin
being the predators and parasites
of those pests? Others may well be
pollinators of some of those crops.

Do farmers really cut down
their pesticide usage when they
seebats flying over their crops?
Exeter, Devon, UK

From Matthew Smith
If white nose syndrome is caused
by afungal infection, then it is
likely that those few bats that
survive will possess traits that
make them resistant to the
disease. Thesewill go ontobreed
anew generation of resistant bats.
Batswillbeat thisdisease
without the help of humans,
aswill the ecosystems that may
themselves become significantly
impacted by the loss of bats.
Let’'sbe honest: thereasonwe
want to limit the disease is
becauseitmayharmus, either
throughreducing the ecosystem
services bats provide or by altering
ourview of whata “proper
ecosystem” should be like.
Cambridge, UK

Sniff at pheromones

From Tristram Wyatt, Department
of zoology, University of Oxford

[ agree with Richard Doty that
there is not likely tobe a human
pheromone to make anyone
irresistible (27 February, p 28),
butthatdoesnot mean thereare
no human pheromones.

Other mammals havesmall-
molecule pheromones. All rabbit
pups, for example, respond
to theirmother’smammary
pheromone, 2-methylbut-2-enal
(Nature,vol 424, p 68).

Inaddition to pheromones,
mammalshavesignature
mixtures, the complex smells
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unique to each individual,
which are part genetic and part
acquired. It is this combination
ofvariabilityand learning that
sets signature mixturesapart
from pheromones (See my essay
in Nature, vol 457, p 262).

There maybedebate about the
statisticsof menstrual synchrony
in humans, but the physiological
evidence that there maybea
so farunidentified pheromone
inwomen'’s underarm secretions
that can affect other women,
especially their menstrual cycles,
still stands.

Oxford, UK

Richard Doty writes:

B In The Great Pheromone Myth

I showed, case by case, how major
claims of the identification of
pheromonesare not reproducible,
orarebased on findings in
whichlearningornovelty play
the primaryrole,or point to
chemicals that fall short of truly
oruniquely mimicking the actual
behavioural or endocrine
processesobserved in normal
circumstances.

Militaryinnovation

From Ian Gilbert
Henrik Tschudi proposes that
scientists pledge not to do
research that would be harmful
tolife on Earth, taking into
accountall possibleapplications
(13March, p 26). This could
eliminate most scientific projects.
Theinternet was invented
by the US Defense Advanced
Research Projects Agency for

military communications.
Battlefield injuries lead to medical
advances, funded by the military
with the primary purpose of
saving soldiers’ livesand limbs.
Nuclear power technology was
originally funded by -you
guessed it—the US Department

of Defense.

Conversely, the pledge would
bar such non-military research as
pharmaceutical development,
medical technology, automotive
and aviation research, and, of
course, all computer technology,
because the possible applications
include military uses.
Washington DC, US

Neuroscience ethics

FromMartha Farah,

Center for Neuroscience & Society,
University of Pennsylvania

Curtis Bell asks us to refuse to
participate in theapplication of
neuroscience to goals that violate
humanrightsand international
law (6 February, p 24). This has
sparkedanimportant and
overdue discussion among
neuroscientists concerning the
“dark side” of our field.

Cognitive and affective
neuroscience have come of age
and are now of practical interest
in many fields involving human
behaviour, including business,
education, lawand, as Bell
reminds us, warfare. Butdrugs
whichenhance the effectiveness
of soldiers, to give just one
example, canalso enhance
anyoneworkingunder fatigue
and stress, including soldiers on
rescueoperationsand surgeons
on night call.

Like Bell,Iam against wars of
aggression, but I believe that we
should mobilise against them as
citizens, rather than refuse, as
neuroscientists, to develop
technologies that can help
peacekeepers and rescue workers.
More good can be done by
increasing transparency in
neuroscience research and
by raising awareness among

scientists and the public of its
socialimpact.
Philadelphia, Pennsylvania, US

Free willand blame

FromMartin Hobbs

As Holly Anderson describes
Eliezer Sternberg’s book My Brain
Made Me Do It, both seem
concernedabout the problem of
freewill, but then speak of moral
responsibility (27 March, p 50).

Confusion betweenblame and
responsibilty often muddies the
discussion of such issues. IfI were
to hurt another person I would
undoubtedly beresponsible.

Whether my choice of action
was determined by my genes,
my nurturing, my culture, my
neurons, God, the devil, or little
greenmen from Alpha Centauri,
it would be my hands committing
thedeed. Regardless of the
physical and chemical processes
that underlie our choices, our
decisionswill in some partbe
determined by our genetics, our
nurturing and feedback from
previous decisions.

The freedom I have to make
decisionsis probably quite small-
otherwise Iwouldn’t continue to
make the same bad decisions over
and over again for most of my life.
Idon't believe anyone is toblame
for theiractions; yetIhold them
all fully responsible.

ThusI makeamendsforthe
timeswhenlhurtothers,and
wouldlikeothers to do the same.
Iwould like tolivein a society
withalegal system that also
seekstodo the same, rather

thanoneintenton punishing
people —~whichseems to be more
about appeasing the “moral”
indignation of others than finding
solutions to society’s problems.
Brighton, UK

Trojan wars

From Peter Brooks
Youadvise readers to click ona
link in an email only if it comes
from a trusted contact (20 March,
p 20). Never click on such links.
Youshould copy the linked
address and paste it intoa plain-
texteditor,andlearnhowto
examine it for suspicious signs.
Mostly, it will be harmless. But
one time your trusted contact will
havehad theircomputer hacked,
and it will have sent emails to
everyone in their address book.
Following the link in that email
may takeyoutoasite that in
turnhacksintoyourmachine,
and makes it send emails to all
your contacts.
Los Angeles, California, US

For therecord

B The medical TV dramathat
included 85 instances of sexual
misconduct was Grey's Anatomy,

not House (3 April, p5).

B The designer of antennas for robot
submarines is Jake Piskura, not
Piscura (27 March, p56).

B Edward Witten would be better
described as “string theory's leading
architect” than as its founder

(13 March, p28). Its foundersinclude
Gabriele Veneziano (2 September
2006, p28)and Yoichiro Nambu and
Jeffrey Goldstone (10 April 1999, p 32).

Letters should be sent ta:

Letters to the Editor, New Scientist,
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OPINION PROFILE

ubble? Phoenix, more like

Twenty years after its launch, the Hubble Space Telescope’s spectacular images are
a familiar sight. Yet it isincredible that the observatory has survived this long, given
the near-death experiences ithasfaced along the way, says David Shiga

LIKEthespacetelescope he championed,
astronomer Lyman Spitzer faced some
perilous momentsin hiscareer. Most notably,
ona July day in 1945, he happened to be in the
Empire State building when a B-25 Mitchell
bomberlost itsway infogand crashed into the
skyscraper 14 floorsabove him. Seeing debris
falling past thewindow, his curiosity gotthe
betterofhim, as Robert Zimmerman recounts
in his Hubble history, The Universein a Mirror.
Spitzer tried to poke his head out the window
to see what was going on, but others quickly
convinced him it was too dangerous.

Spitzer was not the first astronomer to
dream of sending a telescope above the
distorting effects of the atmosphere, but it was
his tireless advocacy, in part, that led NASA to
launch the Hubble Space Telescope in 1990.

Initially jubilant, astronomers were
soon horrified to discover that Hubble’s
2.4-metre main mirror had beenground to
thewrongshape. Although it was only of f
by 2.2 micrometres, this badly blurred the
telescope’s vision and made the scientists
whohad promised the world new imagesand
science inexchange for $1.5 billion of public
money the butt of jokes. The fiasco, inevitably
dubbed “Hubble Trouble” by the press, wasn't
helpedwheneventhelimited sciencethe
crippled Hubble could do was threatened
asits gyroscopes, needed to control the
orientation ofthe telescope, started to fail
onebyone.

By 1993, as NASA prepared tolauncha
rescue mission, the situation looked bleak.
The telescope “probably wouldn’t have gone
onformorethana yearortwo”without
repairs, says John Grunsfeld, an astronaut

PROFILE

Named after the astronomer Edwin Hubble, the
Hubble Space Telescopewaslaunched in April 1990.
[twas the first space telescope designed to be
servicedinspace, which is lucky, all things considered
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who flew on themost recent Hubble servicing
mission. Happily, the rescue mission wasa
success. Shuttle astronauts installed new
instruments that corrected for the flawed
mirror, and replaced the gyroscopes.

Two years later, Hubble gave us the deepest
ever view of the universe, peering back to an
erajust1billionyearsafterthe bigbang to see
the primordial building blocks that aggregated
to form galaxies like our own.

The success of the 1993 servicing mission
encouraged NASA to mount three more (in
1997,1999 and 2002). Far from merely keeping
the observatory alive, astronauts installed
updated instruments on these missions
thatdramatically improved Hubble’s power.

“The Hubble telescope is
really only nowreaching its
full stride, after 20 years”

[t was “as if you took in your Chevy Nova
[for repairs] and they gave you back a Lear
jet,” says Steven Beckwith, who from1998
to2005headed the Space Telescope Science
Institute (STScl) in Baltimore, Maryland,
whereHubble’sobservationsare planned.

Along the way, in 1998, Hubble’s
measurements of supernovas in distant
galaxies unexpectedly revealed that the
universe isexpandingat an ever-increasing
pace, propelled by a mysteriousentity now
known as dark energy. In 2001 the space
observatory also managed to make the first
measurement ofa chemical in the atmosphere
ofa planet inan alien solar system.

Despite its successes, Hubble’slife looked
like it would be cut short when in 2004, NASA’s
thenadministrator Sean O’Keefe announced
the agency would send no more servicing
missions to Hubble, citing unacceptable
risks toastronauts in the wake of the Columbia
shuttledisasterof2003, inwhich the craft
exploded on re-entry, killing its crew.

By this time, three of Hubble’s gyroscopes
were already brokenor ailing and no one
was surehow long the other three would
last. Citizen petitions and an outcry among
astronomers put pressure on NASA, and after
a high-level panel of experts declared that
another mission to Hubble would not be
exceptionally risky, the agency reversed
course, leading to the most recent servicing
mission, in May 2009.

Nomoreare planned. The remainder of
theshuttle fleet that astronautsused to reach
Hubble is scheduled to retire by the year’s end.
And in 2014, NASA plans tolaunch Hubble’s
successor, an infrared observatory called the
James Webb Space Telescope, which will probe
galaxies even further away and make more
measurements of exoplanet atmospheres.

AccordingtoGrunsfeld, now STScI’s deputy
director, plans are afoot fora robotic mission
tograbHubblewhenitreachestheend of its
useful life, nudging it into Earth’satmosphere
where most of it would be incinerated. Only
the mirror is sturdy enough tosurvive the
fall into an empty patch of ocean.

But let’s not get ahead of ourselves— Hubble
is far from finished. The instruments installed
inMay 2009, including theWideField Camera 3,
which took thisimage of the Butterfly nebula,
3800light yearsaway, have boosted its powers
yetagain. It might have as much as a decade of
life left evenwithout more servicing. “It really
isonly reaching its full stride now, after
20 years,” says Grunsfeld.

Akey priority forHubblewill be to explore
the origin of dark energy by probing forit at
earlier times in the universe’shistory. Hubble
scientist Malcolm Niedner of NASA’s Goddard
Space Flight Center in Greenbelt, Maryland, is
not willing to bet on what its most important
discovery will be. “More than half of the most
amazing textbook-changing science to emerge
from this telescope occurred in areas we
couldn’t even have dreamed of,” he says.
“Expect the unexpected.” ®
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COVERSTORY

A colossal eruption from
the Toba supervolcano
rocked early humans. Now
a picture of the fallout is
emerging from the ashes,
says Kate Ravilious

HE first sign that something had gone
Tterribly wrong was adeep rumbling

roar. Hours later the choking ash arrived,
falling like snow ina relentless storm that
raged forover two weeks. Despite being more
than 2000 kilometresfrom the eruption,
homininslivingas faraway as eastern India
would have felt Toba'’s fury.

Toba is a supervolcano on the Indonesian
island of Sumatra. It hasblown its top many
times but this eruption, 74,000 yearsago, was
exceptional. Releasing 2500 cubic kilometres
of magma —nearly twice the volume of mount
Everest—the eruption was more than 5000
timesaslarge asthe 1980 eruption of mount
St Helens in the US, making it the largest
eruption on Earth in the last 2million years
(see “Blownaway”, page 31).

Thedisaster is particularly significant
since it occurred at a crucial period inhuman
prehistory-when Neanderthalsand other
homininsroamed much of Asia and Europe,
and around the time our direct ancestors,
Homo sapiens, were firstleaving Africa to
ultimately conquerthe world. Yet withno
recent eruptionsforeasy comparison, the
fullextentofits fallout and impact on early

ON the exploding
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humans has been shrouded in mystery.

Now dramatic finds from archaeological
digs in India, presented in February ata
conference at the University of Oxford, are
finally clarifying the picture of the eruption
and its effects, and how it shaped human
evolution and migration. Further results from
the digs may even rewrite the timing and
route that modern humans took out of Africa.

The new work portrays a somewhat
different view of the eruption from the most
popular current theory. Previous com puter
models of the eruption had suggested the
eventwas truly cataclysmic—very nearlya
doomsday forearly humankind. With
calculations based on the assumption that
Toba belched out 100 times more aerosols
than the 1991 eruption of mount Pinatubo in
thePhilippines, and scaling the environmental
effectsaccordingly, the models suggested
global temperatures dropped by about 10°C
following the blast. This supports the ideaof a
decade-long “volcanic winter” and widespread
catastrophe (Journal of Geophysical Research -
Atmospheres, vol 114, p D10107).

Tomake mattersworse, the aerosolswould
haveblocked out life-giving sunlight and
absorbed water vapour in the atmosphere,
causinga dryer global climate for the next
fewyears. This would have resulted in a rapid
decline in tree cover and a concomitant
expansion of grasslands, leading to the
extinction of many mammals and nearly
wipingourancestors out (Palaeogeography,
Palaeoclimatology, Palaeoecology, vol 284,
p295). The few primitive humans that did
survive theeruption would have had toact
fast, quickly adapting theirway oflife to suit
the new conditions, travelling further to find

foodand cooperating with neighbouring
populations in the battle for survival.

Indeed, theevent may havedrastically
altered the path of evolution for ourown
species, Homosapiens.Modern humans,
whowerestill thought tobeliving in Africa,
would havebeen whittled down to just a few
thousand breeding pairs scattered in
dispersed refugia—-creating a so-called
“genetic bottleneck” in evolution. As the
separate coloniesdeveloped independently of
oneanother, they would have sown the seeds
for the genetic differences between races once
these separate groups eventually left Africa.

Yet this theory has drawn some criticism
sinceit was first put forward 17 yearsago,with
scholarssuch as Hans Graf, anatmospheric
scientistat the University of Cambridge,
believing that the climate change following
the explosion has been wildly overestimated.

For Graf, the cruxof the argument concerns
the precise cooling effect of the sulphur
dioxide released by the explosion. During
smaller eruptions, like that of mount
Pinatubo, most of the released sulphur
dioxide reactswith hydroxide (OH) ions from
water molecules in the atmosphere to form
particles of sul phate —a highly reflective
substance that bounces sunlight back into
space before it can warm the Earth.

Previous estimateshad placed Toba’ssulphur
dioxide production at 100 times that of mount
Pinatubo’s output. Graf thinks this figure is
misguided: recent chemical analyses of Toba's
fossilised magmasuggests it should be roughly
halfthat. “We think Toba was more of a giant
in ash production, not sulphur,” says Graf.

What's more, he says, the atmospheric effect
ofa super-eruption isincomparabletoa >

-artn
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"Early humans would have
had to adjust to colder
temperatures after the
eruption, economising
as resources dwindled”
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smaller, typical eruption. Whereas mostof
thesulphurdioxide from mount Pinatubo
would have been rapidly converted to sulphate
particles, there simply would not have been
enough OH ions in theatmosphere available
to react with all the sulphurdioxide released
by Toba, delaying the formation of these
reflective particles. Even those particles that
had formed would have probably clumped
together and settled to the ground rather
than stay in the atmosphere.

Takingall of this into account, Grafand his
colleaguessuggest a new estimate of global
cooling of just 2.5°C, which lasted forjust a few
years. According to this model, the effects were
also highly regional. In places like India the
average tem peratures may only have fallen by
about 1°C—not such a dramatic climate shift.

Thisnew view ishighly contentious.
Alan Robock from Rutgers University in New
Brunswick, New Jersey, who came up with the
original simulations, stands by his original
predictions. “Our modelshowed that extra
water would belofted into the stratosphere
because of warmingat the top ofthe
troposphere [thelowestlayerin the
atmosphere], so waterwould not be alimiting
factor,” he says.“We simulate a decade or two
ofvery cold, dry, dark conditions, whichwould
have been difficult for humans to adapt to.”

Yet recent archaeological and geological
work in India seems to support Graf’s claims,
suggesting the environmental impact of the

The landscape after Pinatubo’s eruption may give
a glimpse of what early humans experienced



super-eruption was much less than previously
imagined. Firstly, had there been asudden
deforestation event caused by thecoolingand
drying of the atmosphere, topsoil no longer
anchored by trees would be expected to wash
down intovalleys, where it would quickly
accumulate. “We don’t find a rapid influx of
soil arriving on top of the ash layers,” says
Peter Ditchfield of the University of Oxford.
To build further evidence, Ditchfield
analysed the ratio of different carbon
isotopes —which are each absorbed at different
rates by different plants—inancient plant
remains in the Jwalapuram region of southern
India and the Middle Sonrivervalley in central
northern India, both of which are around
2000 kilometres from Toba. He saw only a
slight increase in the carbon-13 isotope after
the Toba eruption, which suggeststhere
was just a small increase in grassland
environments at this time. “Woodlands
weren't obliterated by Toba. We see a diverse
range of habitats persisting after the eruption,
which would have provided adiverserange of
game and hunting opportunities,” he says.
Nevertheless, hominin speciesliving at the
time ofthe eruption would undoubtedly have
faced tough conditions. The blanket of ash, for
example, would have been quickly washed
into the freshwater supplies: Ditchfield found
deposits up to 3 metres deep on the valley
floorswhererivers would once have flowed.
And thereisnodoubt thatin the years
immediately following the eruption the early
humans would have had to adjust to colder
temperatures, probably havingtoeconomise
significantly as food resourcesdwindled.

Flight totherefugia

“We are not saying that it wasn't dif ficult
forhumans after Toba,” says Mike Petraglia
at the University of Oxford, who hasled the
investigations. “We are just saying that we
don’t think it was a catastrophic change.”

The remains of hominin species living at the
time ofthe eruption would shed some light on
lifeduring this difficult period, but sadly no
skeletonshavebeen preserved in the sediments.
“The moist tropical environment is not good
for preserving bone,” explains Petraglia.

Nevertheless, the tools that they left behind
provide awindow into theirowners’lives.
Petraglia and his team have investigated a
number of sites at Jwalapuram. One has been
particularly fruitful. Labelled Jwalapuram 22,
it was probably a hunter-gatherer camp. It has
yieldedmorethan 1800tools,includingstone
flakes, scrapers, points —the everyday tools for

Blown away

The super-eruption that occurred 74,000 years ago in Taba,

Indonesia, dwarfs any volcanic eruption in the last 2 million years

Toba: 74,000 years ago (2500km3of magma)

Mount Pinatubo: 1991 (5km?)

Mount StHelens: 1980 (0.5km?)

cuttingand scraping —and the stone “cores”
leftover following tool manufacture.“The
surface is just littered with stone tools, and
then buried by the Toba ash,” says Michael
Haslam, also at the University of Oxford.
Surprisingly, hominin life appeared to
continue in the same vein immediately after
the eruption, with hundreds more stone tools
in thelayersimmediately above the ash fall.
Theteamuncovered a similar story 1000
kilometres further north of Jwalapuram, in
theMiddleSonrivervalley. “We seeverylittle
change in tool technology across the Toba ash.
They may have had to relocate fora short
period of time, but within a generation or
so theywereback where they were before,
making the same kinds of stone tools,” says
Chris Clarkson, a stone-tool specialist from
the University of Queensland in Brisbane,
Australia, whoworked at the digs inIndia.
Again, that'snot tosay theeruption was
aneasyrideforthehomininsliving inIndia.
Jwalapuram and the Middle Son valley may
have been special cases—refugia in which
hominin populations sheltered when the
times got tough. Jwalapuram, for example, is
anancient type of Indian geological formation
known asa Purana basin, which contains
highly fertile soiland abundant freshwater
springs protected from contamination by the
surface ash. Such circumstances could have
buffered some of the effects of the eruption.

SOURCE: SPARKS, S. & SELF, S ETAL, 2805:SUPER-ERUPTIONS: CL®BAL EFFECTSAND
FUTURE THREATS. REPORT OF AGEOLOGICAL SOCETY OF LONDON WORKING GROUP
(2ND (PRINT) EDN.)/ STEPHEN SELF AND STEPHEN BLAKE (ELEMENTS, VOL4, P41)

“There are springs popping out everywhere

in these basins, they contain plentiful rocks
for making stone tools and their vegetation is
generally resilient to environmental changes,”
explains RaviKorisettarof Karnatack
University in Dharwad, India. Still, the
findings present achallenge to the traditional
view of Toba as a devastating catastrophe for
hominins alive at the time.

Stanley Ambrose at the University of Illinois
atUrbana-Champaignis aleading proponent
of the catastrophe theory. He says he has
observed strong evidence for technological
change in south and east Africa following the
eruption, which mayhave resulted froma
need to adapt to pressured conditions, and
reckons India should be no different. He says
that flood erosion may have released some of
the tools from the older sediment at the
Indian sites, re-depositing them in younger
sediments and creating the illusion of
continuity. Not so, says Haslam. While he
admits the artefacts do show some signs of
abrasion, he reckons they shifted onlya short
distance through thelayers of sediment—not
enough to skew the dating significantly.

Answering such queries is of the utmost
importance, since the new, less-devastating
picture of the Toba eruption painted by recent
research could have wide ramifications for
theories of human evolution and migration.
Justhow wide depends on which speciesof >
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"If the Indian tools were
made by Homo sapiens,

human produced the tools found in India.
According to the traditional view, modern
humans did not arrive in this part of Asia until
60,000 yearsago or later, at least 14,000 years

the findings could rewrite
the textbooks on human
migration from Africa”

after the Toba eruption. Before this time,

modern humans are thought to have been
confined to Africa, barring one failed dispersal
to the Levant —the eastern part of the

Mediterranean —about 125,000 years ago.
If you follow this line of reasoning, the

tools must therefore be the product of a more

primitive species, perhaps the descendents
of Homo erectus, which first occupied India

700,000 years ago or more. The new evidence

would still be significant should that be the

case, since the survival of these species would
suggest the eruption may not have had a drastic

impact on the Homo sapiens populations in

TODAY'S

SUPERVOLCANOES

The term “supervolcano”
referstoanyvolcano capable of
throwing out at least 300 cubic
kilometres of magmaduringan
eruption.Atleast one of these
beasts explodes every 100,000
years or so, the geological record
suggests. One of the most
recent was the Toba eruption,
74,000 yearsago. A medium-
sized super-eruption, releasing
1000 cubic kilometres of
magma, would wreak the same
devastation asa 1-kilometre-
wide asteroid smashinginto the
Earth.Thebadnewsisthat such
asuper-eruptionisfiveto

10 times more likely than an
asteroidstrike, according to a
2005 report by the Geological
Society of London.

Previous super-eruptions
have beenlinked tomass
extinction events, such as
the Permian mass extinction
250 millionyears ago, which
wipedout more than 90 per
cent of marine speciesand was
associated with an eruption at
the Siberian Traps. The eruption
ofthe Deccan TrapsinIndia,
togetherwitha meteorite
impact, might even have
finished off thedinosaurs.

There isno doubt that

Earth will experience more
super-eruptions.“Itis nota
question of 'if’ - itisa question
of ‘when’" says Bill McGuire,
director of the Aon Benfield
HazardResearchCentre at
University College London.
Possible contenders for
the next eruption include
Yellowstone volcanoin
Wyoming, the Phlegrean fields
volcanowestofNaples, Italy,
and Lake Taupoin New Zealand.
However, thereare many other
areas where asupervolcano
could one day pop up, including
Indonesia, the Philippines,
several Central American
countries, Japan, the Kamchatka
peninsulain eastern Russia, and
even Europe (theareaaround
Kos and Nisyros in the Aegean
Sea might be a supervolcano).
Astherecentresearchinto
theimpact of the Toba eruption
reveals, super-eruptions
may not necessarily be as
catastrophic as we fear. That
said, a super-eruptionwould
almost certainly devastate our
civilisation. Unlike the humans
living when Toba erupted, we
depend on globalised trade and
food production, with much
reliance on air travel and

space-borne communications,
all of which would be severely
knocked by a super-eruption.
Using similar considerations
asthey did for the Toba model,
Hans Graf and his team at the
University of Cambridge predict
a Yellowstone super-eruption
would cause the global
temperature to drop by atleast
1°C.Several centimetres of ash
would blanketall of North
America. Oceans would become
evenmore acidified and plant
growth across the globe would
bedisrupted for several years.
The Geological Society of
London’s working group went
one step furtherin 2005 when
theydescribed the impact of
a generic super-eruption. “An
area the size of North America
or Europe could be devastated,
and pronounced deterioration
of global climate would be
expected forafewyears
following the eruption. Such
eventscould result in the ruin
ofworldagriculture, severe
disruption of food supplies,
and mass starvation. The
effects could be sufficiently
severe to threaten the fabric
of civilisation,” they conclude.
Sofingerscrossed, everybody.
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Africaeither, throwing the “genetic bottleneck”
theory of human evolution into doubt.
Petragliaand his colleagues have much
grander claims, however. They report evidence
that the tools in India were indeed made by
Homo sapiens—afinding that, if true, would
rewrite the textbooks on human migration
from Africa (see “Routes out of Africa”, right).
Previous evidence would just about allow
an earlier migration. Fossil evidence from this
period of human prehistory is pretty thin in
the ground, so scientists have turned to
genetics to retrace our ancestors’ footsteps.
By analysing the differences in mitochondrial
DNA between modern aboriginal populations
fromdifferent parts of theworld, and
considering how long it would have taken for
these variations to emerge, Martin Richards
at the University of Leeds, UK, Stephen
Oppenheimer at the University of Oxford and
colleagues havecalculated that the earliest
date fora migration out of Africawould have
been 71,000 years ago. That is some 3000
yearsafter Toba blew (The American Journal of
Human Genetics, vol 84, p 740). Many others
go even further, believing the likely date of exit
to have been just 60,000 years ago. However,
the large uncertainties associated with these
techniques give a small probability that a pre-
Toba migration may have been possible.

Indian invasion

In fact, there are other reasons to challenge
theestablished theory ofa late dispersal. Some
Australian artefacts suggest modern humans
made it to that part of the world 60,000 to
50,000 years ago, thousands of years earlier
than current theorywouldallow (Nature,

vol 345, p153). And at Kota Tampan, in the
Lenggong valley in Malaysia, archaeologists
have uncovered a stone-tool culture spanning
from74,000yearsto 4000 yearsago. Since
thetoolsdon’t change at all during this
period, itwould seem they were all produced
by the same species of human. A10,000-year-
old Homo sapiens skeleton found at Kota
Tampan suggests that this specieswas the
modern human.

Thetools discovered in Indiawould seem
to provide further tentative evidence fora
pre-Toba migration. Firstly, Clarkson has
spotted a subtle change in the way the tools
inIndia were manufactured about 80,000
yearsago (6000 years before theeruption)
that may beevidenceofa Homo sapiens
invasion at this time. “They start to make
better use of the stone and strike multiple
flakesoffina more radial pattern, often



from only one side of the core,” he explains.

Comparing the patterning he sees on the
Indian cores with more than 800 stone cores
belonging to both modern humans and other
hominins at sitesall overthe world, Clarkson
finds that the Indian cores most resemble the
cores made by modern humans in south
Africa, south-east Asiaand Australia.
Meanwhile, the older Indian cores, witha
flatter and more circular shape and often
worked on both sides, have more in common
with cores made by Neanderthalsand other
non-modern humans. “Tool-making is a skill
and it takes a close apprenticeship to learn
these methods. This was a cultural behaviour
that was taught and passed down the
generations,” he says.

Furtherevidence for modern humans
oustingnon-modern hominins in India at this
time comes from the tools themselves, with
heavy hand-axes being abandoned for more
lightweight tools. Petraglia and his colleagues
havealsouncovered three possible projectile
pointsfrom beneath the ash at Jwalapuram 22,
two of which are shaped carefully at the blunt
end, apparently to enable them to be hafted
onto a spear—a tool generally associated with
Homosapiens.

Ambrose is dismissive of the suggestion of
modern humans arriving so early in India. “It
is completely conceivable that Neanderthals
could have made these hafted projectile
weapons,” he says. But others are more
supportive of the idea. Chris Stringer from the
Natural History Museum in London thinks it
is possible that these tools are evidence of
modern human activity, although he doesn’t
feel the evidenceis conclusive. Robin Dennell,
anarchaeologist at the University of Sheffield,
UK, is thoroughly impressed by the research.

“Clarkson’swork isexcellent.I'm prepared
to argue that Homo sapiens was in India pre-
Toba,” he says.

If modern humans really did live in India at
this time,whatroutedid they take from Africa
to Asia? There is some good evidence that
modern humansfirstattempted to leave
Africa across treacherous desert regions into
the Levant 125,000 yearsago. Archaeologists
had previously assumed the venture
ultimately failed due to the adverse
conditions, and that it was only much later,
when humans tried coastal routes, that they
succeeded. Petraglia, however, thinks that the
wide range of new evidence in India challenges

Routes out of Africa

Traces of modern humans and new environmental models
suggest that Homo sapiens migrated thousands of years
earlierthan the accepted date of ~60,000 years ago

LEVANT
Remainsfrom

130,000 years ago J EBEL FAYA

Remains earlier than
85,000 yearsago

The eruption of mount St
Helens was 5000 times
smaller thanthatof Toba

thisview. “We're suggesting that perhaps
thiswasn't a failed dispersal,” says Petraglia.
“Maybe these people got out across Arabia
and overto India afterall.”

“There could easily have beena core
populationof Homo sapiens in southern
Arabia by 100,000 years ago,” agrees Dennell,
“and that population could then have been
the source of populations that subsequently
dispersed eastwards across southern Asia.”

Evidence in the Thar desert in Rajasthan,
northernIndia, seems tosupport thisidea,
with remains suggesting that modern humans
wereadept at crossing desert regions,hopping
fromoasis to oasis. “In the Thar desert we find
fossilised sand dunes. After cutting them open
like cabbages, we have found stone tools
inside,” says Hema Achyuthan, from Anna
University in Chennai, India. Unfortunately,
the toolsare hard to date precisely, but they
do show strong similarities to those found
inJwalapuram and the Middle Son valley.

But here’s the killer question: if modern
humans did migrate to Asia so early in
prehistory,why isn’t their journey reflected
in modern mitochondrial DNA? Sacha Jones,
at the University of Cambridge, thinks she has
asolution that may just reinstate Toba’s
importance in human evolution.

She suggestsadoubledispersal from Africa,
with the first migrants arriving in India pre-
Toba around 80,000 yearsago and bringing
the new tool technology Clarkson observed.
Later, more than 10,000 years after the Toba
eruption of 74,000 years ago, a second waveof
migrantsarrived that sounded the death knell
for the early pioneers. “This explains the pre-
Tobatoolswefind in India, but it also fits with
the genetic data,” says Jones. “If the older
population were wiped out then no genetic
signature would remain.”

If this theory reflects the reality, the role of
Toba’s eruption in human evolution may have
been highly significant afterall, weakening
thefirstwave of migrants and pushing them
into luscious refugia. Thelater, competitive
migrants would have then elbowed their
distant cousins off their bountiful land,
finishing themoffin the process.

It'satempting proposition that promises
to tieup theloose ends of the other theories—
though much more archaeological evidence
isneeded toshore it up. As the digs in India
continue, alleyeswill besearchingforthose
elusive human remains, perhapsevena
skeleton cocooned in the ash, that could
settle the score once and forall. W

Kate Raviliousisa writer based in York, UK
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We have an irrepressible urge to push our boundaries and
set records. How much further canwe go, physically and
mentally, before we reach our ultimate limits?

DOUT
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CONCENTRATE!

It'sa challenge thatmost of us
have faced when up against an
essay deadline, alate-night crisis
inthe office or perhaps along car
drive.Just how long can we push
ourselves mentally before our
brain needs a break?

For peopleinjobs where
concentration is critical, like
truck drivers, power-plant
operators or airline pilots, a
12-hour shift is the limit for
most. But pity doctors. complex
surgery can go on forhours
longerthan that, although the
lengthiest operations tendtobe

sharedbymore thanone team.
until 2004, doctors inthe UK

onweekend shifts used towork

from Friday morning to Monday

evening - that's 80 hours in total.

Atbesttheywouldsnatcha few
hours of sleep; at worst, none at
all."You could be working the
vastmajority of that time,”
recalls Helen Fernandes, a
neurosurgeon atAddenbrooke's
Hospital in Cambridge, UK.
Ourpowersof concentration
decline as the hours tick away.
We become less efficient, and
takelonger to make decisions

and to sound the alarm when
things gowrong. “Vigilance is
one of the areas most sensitive
tofatigue,” says neuroscientist
David Dinges at the University
of Pennsylvania in Philadelphia.
Dinges'steamused MRIto
study the brainsof people doing
avigilance task.As people's
reaction times slowed, activity in
certain brain areas waned. Dinges
found that performancein the
testcould be predicted from
the level of blood flow in the
subjects right fronto-parietal
network. Clare Wilson

Has Usain Bolt reached
the ultimate speeda

humancanrun?

ABHORA
VACUUM?

Sadly we know how long humans
can survive if suddenly exposed to
the vacuum of space. Three Soviet
cosmonautsdiedin 1971 whena
faulty valve caused their Soyuz 11
capsule to depressurise atan
altitude of 168 kilometres, shortly
before re-entryinto the Earth's
atmosphere. Investigations
revealed that the cabin pressure
dropped to zero for 11 minutes and
40 seconds, until the capsule hit
the atmosphere. The crew died
within 30 to 40 seconds from
hypoxia."You need both oxygen
andair pressure todeliver oxygen
to the brain,” says Jonathan Clark, a
former space shuttle crew surgeon.

Itispossible torecoverfrom
shorterspellsinavacuum,
however.In1966 aNASA technician
was testinga spacesuitin a vacuum
chamber when the pressure
dropped to the level you would
experience atan altitude of 36,500
metres. He passed out after 12 to
15seconds. Thelast thing he
recalledwasthesalivaboiling off
his tongue; that's because water
vaporises at low pressure. He
regained consciousness within
27 seconds when the chamber was
repressurised to the equivalent
of an altitude of 4200 metres.
Although he was pale, he suffered
no adverse health effects.

When the external pressure
reduces, gas bubbles form in the
blood, leading tolung damage
within minutes. And the nervous
system can be damaged within
hours due to nitrogen dissolving
out ofthe blood. A suddendropin
pressure can be devastating: air
trappedin the lungs explodes
within seconds. However, if you
approach near-vacuum inamore
gentle fashion and with intensive
medical care standing by, itis
possibletosurvive uptoaminute,
says Clark. Valerie Jamieson
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David Blaine starved
himself for 44 daysina
glassboxinLondon

TOTAL
RECALL

Rememberingan11-digit telephone
numberishard enough for most of us.
Yet one of the current record-holders
fora feat of memory, Chao Lu of China,
was able toaccurately recite 67,890
digits of pi from memory in 2005.

But s that amere drop in the ocean
comparedto the brain's true capacity?

Our ability to absorbinformation is
vast. In1986 Thomas Landauer, then
atBell Communications Researchin
Morristown, New Jersey, looked at
studies of how muchvisual and verbal
information subjects stored while
examining images and text, and how
quickly they forgotit. This led him to
estimate that the average adult stores
around 125 megabytes of this type of
information in their lifetime - enough
tostore the contentsof100books the
length of Moby Dick.

Accurately memorising along string
of digits in the correct order is amore
demanding task than memorising ad
hoc facts about a text or a picture.
Todiscover the limit of the length
of a single memory, itmay be more
informative to consider the techniques
usedby the memory champions.

Manyofthem use a mnemonic
method. Before starting to memorise
anumber, theyassociatea person or
objectwitheachfour-digitnumber
from0000t09999.The digits of pi
canthen be translated intoa sequence
ofthese people and objects, which the
memoriser links by makingup a story.
Thishelps add interest to the random
sequence of numbers and pegs down
the memory.

Lutakes roughly 1000 hours to
memorise 40,000 digits. Assuming
this rate would apply no matter how
big the memory feat, someone who
started memorising a number at the
ageof20and spent12 hours aday
atit, every day, would be able to
remember around 8,760,000 digits
by their70thbirthday. David Robson
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KEEP COOL AND CARRY ON

Humans hate being cold,
and for good reason: our
long-limbed bodies are
exquisitely adapted to lose
heat, not toretain it. This
makes perfect sense in the
intense heat of the African
savannah, where humans
evolved. Without our
technological adaptations
to cold - clothing, heating,
shelter - that's where we'd
all still be living, says Mike
Tipton of the University of
Portsmouth, UK, who studies
human thermoregulation.
Survivingthe coldis all
aboutprotectingcorebody
temperature. This is usually

at37°C, butittakes
surprisingly little foritto
startdropping. An ambient
temperature of20°Ccan
induce hypothermiaif
conditions are wetand windy,
says Francois Haman, a
physiologistat the University
of Ottawa, Canada.
Whencold, the body
startsto shiverand shuts
down blood flow to the
extremities. If core
temperature falls by just
2°C, hypothermiasetsin:
firstwe starttolose
consciousness, thenthe
heartloses rhythm. Death
follows atabout 24°C, when

the heart stops. Usually.

People have been known
to survive much lower core
body temperatures. Anna
Bagenholmsurvived the
biggest drop ever recorded,
t013.7°C, when she fellinto
apart-frozen stream and
became trapped under ice for
80 minutes.

The constant flow of icy
water cooled her body to
such anextentthat by the
time her breathingand
heart had stopped, her brain
needed very little oxygen in
order to survive, giving her
the chance of complete
recovery. James Mitchell Crow



John Stapp holds the
recordforsurviving the
greatest g-force

WAKEY, WAKEY

On 28 December 1963, Randy Gardner, a 17-year-old schoolboy in San Diego,
California, got up at 6 am feelingwide awake and raring to go. He didn't go back
tosleep again until the morning of 8 January 1964. That's 11 days without sleep.

Gardner's 264 hours remains the longestscientificallyverified period without
sleep, breaking the previous record of 260 hours. Itwas described in a 1965
paper by sleep researcher William Dement of the Stanford University School of
Medicine in California, who stayed awake with Gardnerfor the final three days.

Gardner experienced mood swings, memory and attention lapses, loss of
coordination, slurred speech and hallucinations, butwas otherwise fine. His
firstsleepafter those 11 days lasted just14hours.

According to Dement, Gardner did not consume any stimulants during his
“"wakeathon”, He did, however, have peoplearound himkeeping him awake.
Without such help you would be fighting hard to stay awake after 36 hours,
and would find the urge to sleep near-irrepressible by 48.

But you'd probably be snatching subtle bursts of sleep even before you finally
wenttobed: sleep-deprived people slip in and out of “microsleeps’ - seconds of
sleep that occur without you noticing them, often with your eyes open.

Microsleeps aside, how long couldGardner have gone on for? Nobody knows
for sure, but we do know that sleep deprivation is eventually fatal. Rats thatare
kept awake die after two weeks, less time than it takes them to starve to death.

There are no records of a human having been intentionally keptawake long
enough tokill them, but a hereditary disease called fatal familial insomnia
suggests there is an ultimate limit. The disease eventually rabs victims of the
ability to sleep. Death follows within three months. Graham Lawton

MEET THE
G-MONSTERS

The swooping, sickening sensations
you experience on aroller coaster
come courtesy of briefg-forcesof up
to 5 g. Rides have to be designed so
people don't black out.

Ourtolerance of g-forces depends
notonly onthe magnitude and
duration of the acceleration or
deceleration butalsoon the
orientation of ourbody.Weare most
vulnerable to aforce acting towards
thefeet, because this sends blood
away from the brain.Fiveto 10
secondsat4to5 gvertically typically
leads to tunnel vision and then loss
of consciousness.

Fighterjetscanpullupto9g
vertically, and the more a pilotcan
take without blacking out, the better
their chances in a dogfight. Some
pilotswear “g-suits” which help push
the blood away from theirlegs and
towards the brain. People with the
highest gtolerance areknownas
“g-monsters"."Wehave had people

whohavebeen perfectly conscious at
6g,” says physiologist Alec Stevenson
of UK-baseddefence firm Qinetiq.
Others passoutat 3g, he says.

Pilots can boost their natural
g tolerance by training inside
centrifuges, like the one Qinetiq
hasinFarnboroughin Hampshire.
Theylearn totense theirlegand
abdominal muscles to pushblood to
the upper body, and to breatheina
specialway, straining hard as if
defecating when constipated, to
raise blood pressure.

The greatest vertical force anyone
has withstood is 31.25g, although
forthatthe subject, NASA doctor
R. Flanagan Graywas in a special
water tank that pressurised his body
to help him take the g's.US air force
pioneer John Stapp holds the record
for highest horizontal acceleration,
setin aseries of rocket-sledge
experimentsin thelate1940s.In one
testhewithstood 46.2 g. Clare Wilson
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"On'y a handfu' of
peop'e have made it to
the summ't of Fverest
wthout oxygen”

PEAK ENDURANCE

Altitude has strange effects on the
body, and it's mostly down to the
reduced pressure of oxygenin the
air. Cells need oxygen in order to
survive. Athigher altitudes
haemoglobin, the blood protein that
transports oxygen fromthe lungs
tocells, cannot absorb oxygen to

its full capacity, creating a deficit in
thebody.

The brainis verysensitive to
oxygen levels, which is why
headaches and dizziness are the
first signs of altitude sickness. With
prolonged stays above 5000 metres,
muscle mass deteriorates and the
risk of fatal fluid accumulationin the
lungs and brain increases. Go higher
than around 7500 metres and the
magnitude of the oxygen deficit can
lead to loss of consciousness and,
ultimately, death.

What about living at altitude?
Well, almost half the population of
Bolivia lives in the country's Altiplano
region, 4000 metres abovesealevel.
But go much higher and problems
kick in. Some Chilean mine workers
spend several weeks ata time at
5800 metres, butthey probably
couldn'treproduce there because
altitude temporarily suppresses male
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fertility, says Mike Crocottof the
University of Southampton in the UK,
who studies the physiological effects
of altitude.

Most people can adapt to altitude
if they take time toacclimatise.

A good rule of thumbis that the
higheryougo, the shorter you
should stay. If you were suddenly
transported tothe summit of Everest
(8848 metres) without acclimatising
first, youwould probably be deadin

2 minutes.

Only a handful of people have
made it to the summit without
supplemental oxygen. Babu Chiri
Sherpa set the record forremaining
atthe top of Everestwithout oxygen
for2lhoursin1999. He was
probably genetically primed to cope
at altitude, says Grocott.

What s the limitbeyond which
unaided survival isimpossible? Asit
happens, the summit of Everestis
pretty close toit. There has been
just one ascentwithout breathing
apparatus in winter,when
baromedtric pressure falls and
therefore the amountof oxygen
drops further than ever, says Grocott.
“Id quess the limit would be about
9000 metres.” Linda Geddes

Babu Chiri Sherpa
stayed atthe summit
of Everest for 21 hours

LIFTING
THELIMIT

In the heaviest dead lift recorded,
British weightlifer Andy Bolton lifted
4575 kilograms from the floor to

his thigh.

Strongmen like Boltonare perhaps
fiveor six timesstronger than the
averageman, who willoftenstruggle
tolift45kilograms over his head, says
Dan Wathen, an athletics trainer at
Youngstown State University, Ohio.
The record for an overhead lift is
2635 kilograms.

Sowhatis the maximum weight
a human could everlift? Todd Schroeder
atthe University of Southern California
in Los Angeles thinks we are already
close to the maximum. “If you look over
time at the records for maximal lifts,
they have crept up but are starting to
plateau,” he says. “Today's weightlifters,
including those that use steroids, are
near the limitof human potential.”

It is the muscles that set the limit.
Most failures tolift a givenamount do
not damage the body: the weightlifter
simply cannot overcome aload. Butin
cases where something does give way,
it is usually the muscle fibres that tear,
often near the tendon.

Similarly, it is control of the muscles
that gives weightlifters their advantage.
The body has natural inhibitory
mechanisms designed to keep us from
hurting ourselves by trying to lift too
much. These work by controlling how
many muscle fibres are activated at
any one time. Weightlifters learn to
suppress these signals, enabling them
touse a larger fraction ofthe muscle’s
potential in lifting.

Beyondthat, thekeytosuccessis
training, though geneticsplaysarole.
Shortlimbs favour strength, says
Wathen, a former weightlifter, and
some people have more muscle fibres
thanothers. JessicaMarshall



ALETHAL
BLUE GLOW

In September 1987, two men entered
an abandoned medical clinicin Goiania,
Brazil, and dismantled what they
thoughtwasa piece of valuable
equipment. Within a day, both were
vomiting. Diarrhoea and dizziness
struck next. Unbeknown to them, the
“scrap” contained a highly radioactive
source used to treat cancer patients.
Scrap dealer Devair Ferreira, who
boughtthe source, was intrigued by
the blue glow it emittedin the dark. He
kept the mug-sized canister of powder
in his dining room and invited friends
and family around tomarvel at it. They

touched the powder and daubed it on
their bodies like carnival glitter, taking
fragments of theradioactive caesium
chloride salthome. Withina month,
Ferreira'swife, his 6-year-oldniece
and two of hisemployees had died
fromacuteradiation syndrome. In
total, 249 people were contaminated.
Radiation doses, measured in
sieverts, are calculated by taking into
account the type of radiation and the
area of the body that has been
irradiated. All of the fatalities received
between 4.5 and 6 sieverts ina matter
of days. That's a huge dose when you

consider that each yearwe receive
an average of 24 millisieverts from
natural sources such as radon.

The threshold for an early deathis
around 2 sieverts, and death is highly
likely at 6 sieverts, though Ferreira
received 7 and survived. He died in
1994 as a consequence of alcoholic
liver cirrhosis. No one knows for sure
why Ferreira survived the radiation.
Themostlikely explanationis thathe
spent more time outof the house than
his wife. This gave the cells in his body
time to repair some of the damage
done. Valerie Jamieson

Stephane Misfud can
hold hisbreath 10times
longer than most people
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n God we trust;
hers must pay cash”

Sign on amarket stall
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Cash that can't be faked? Quantum mechanics could
soon make it a reality, says Justin Mullins

HERE is something special about cold,
Thard cash. Perhapsitis that its valueis

guaranteed by thegovernmentofthe
day,or thatyoucanstashitunder thebed
whena banking collapsethreatens. Maybe
itisthe freedom that cash allows: the ability
tolivewithout banksor credit cards or taxes.

Quantum physicists think alot about cash.
Not just any old money, youunderstand.
They think about quantum cash. Quantum
banknotes aren’t like credit cards or dollar
bills. They are simply information: a mixture
of bits—the0sand 1s that we use to send
electronic transactions -and quantum bits,
or qubits, that are governed by the laws of
quantum mechanics and can be both a 0 and
1at the same time.

Since quantum money is just information,
it can be stored and transmitted just likea
digital picture or a text file. But because it has
quantum properties too, it cannot be copied.
It is this combination that makes quantum
cash so attractive: whoever is in possession of
it has exclusive and unequivocal ownership of
it, just as with hard, physical cash and unlike a
credit card. That is not the only use for
quantum cash, though. To physicists,

quantum cashisatoy problem, a sort of
test case with which to study the strange
properties of quantum mechanics.

Now the theoretical foundations are almost
in place that could one day allow quantum
cash to become areality.These techniques
could potentially beusefulforother
applications, too, such as making software
impossible to pirate.

Theideaof quantum money was first
suggested in1968 by Stephen Wiesner, a
physicist then at Columbia University in
New York. He envisaged creating a banknote
containinglight traps that could somehow
store a few dozen photons. Being quantum
objects, photons can never be counterfeited
thanks to something called the no-cloning
theorem. This states that quantum objects
can never be perfectly copied since any
measurementoftheoriginal also destroys its
ability tobeaOand a1 at the same time and
forces it to beone or the other.

In Wiesner's scheme, the polarisation of
these photons would act as a unique identifier
for the banknote. These polarisations would
be known only to the bank, so anybody
wanting to check the authenticity ofthe

banknote need only take it to their local
branch, which would use its prior knowledge
of the polarisations to check it. And since the
photon states cannot be copied, neither can
the banknote.

Wiesner'soriginal idea has a serious flaw.
One important feature of a practical currency
is thatanybody should be able to authenticate
it. Thatis why the banknotes in your wallet
have watermarks,hologramsand ink that
fluoresces in ultravioletlight —features that
allow anybody to be pretty sure that the
banknote is real. But with Wiesner’s quantum
money, youwould have to take yourquantum
cash to the bank every time you want to check
it. “That just wouldn’t work,” says Scott
Aaronson, a computer scientist at the
Massachusetts Institute of Technology.

Wiesner'squantum money remained little
more than a theoretical oddity for 40 years
and was pretty much forgotten, though his
workon exploiting quantum mechanics for
sending secret messages became hugely
influential. Then last year, Aaronson proposed
anew approach that doesaway with the
banknote and concentrates instead on the
stream of information that represents
quantum cash.

Talk to cryptographers about protecting
information and they will tell you that there
are twodifferent kinds of security.The
gold standard is “informational security”,
where mathematicians can prove beyond
doubt that a piece of information is secure.
An example of informational security is
quantum key distribution, a technique that
exploits thelaws of quantum mechanics to
send messages in a way that cannot be >
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surreptitiously overheard. The security is
guaranteed by the laws of physics.

Thiskind of security ishard to come by, so
we usually have to resort to the second type,
called “computational security”. Here
information is protected by a code that, while
not impossible to break, is so difficult to crack
that nobody could feasibly doit, even with the
world’s most powerful computers. An
example is the RSAalgorithm, which is widely
used toencrypt e-commerce transactions
and other forms of communication.

RSAisanexampleof publickey
cryptography, in which the method for
encrypting messages is sim ple and made
available toanyone. However, the process for
decrypting messages is kept secret, so only

significantly. So Aaronson decided to devise
aquantum money scheme that was merely
computationally secure, and he based it on the
kind of asymmetric mathematics behind
publickey cryptography.

In Aaronson’s scheme, so-called “public key
quantum money” isalwaysissued in two parts.
The firstis the quantum state. This might
belong to a group of photons with a particular
set of polarisations, which the issuing bank
keeps secret. The second part is a circuit (or the
plans forsuch a circuit) that verifies whether
the secret set of polarisations is present in
something purporting to be quantum cash.
Such acircuitwould be to quantum
transactions what an ultraviolet lightis to
today’s banknotes. A shopkeeper might keep

“Quantum objects can never be
perfectly copied since any measurement

simply destroys them”

those in theknow can read encrypted
messages. The security of publickey
cryptography relies on a certain kind of
mathematical relation, called a trapdoor
function, that is asymmetric —easy to
calculate in onedirection buthard todo
in reverse. The most famous example is
multiplication. It is easy to multiply two
numbers together to get a third, but much
harder to start with the third number and
work out the two factors used to generate it.

This is exactly what RSA encryption
relies on, and the fact that it is always possible
to make the starting numbers so big that no
computer could factor their product in any
reasonable time. Com puter scientists call
this kind of problem “computationally hard”.
RSA encryption may not be impossible to
crack but it is so hard to tackle that it is
practically impossible.

Wiesner’s quantum banknotes are
informationally secure, but making quantum
money that anybody can authenticate
changes the nature of the problem
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adevice containing thecircuit behind thetill
to checkany quantum money usedina
transaction, rather than having to take the
money to a bank as in Wiesner’s scheme.
Thiscircuit performs the same role
as the trapdoor functions in public key
cryptography. The process of verifying the
secret using the circuit is easy but the process
ofworking out the secret polarisations of the
photonsishard. The security ofthe scheme
relies entirely on thedifficulty of this task.
Aaronson gives the example of a thief who
has broken into ashop and stolen the
quantum verifier. Thethiefthen proceeds

THEQUANTUM
CASHMACHINE

There are significant technological barriers to
creating quantum money. One problem is finding
away tosend qubits - chunks of quantum
information - over the internetin the same way
as email. We know how to send qubits from one
placetoanotherintheformofphotons,butonly
through single stretches of optical fibre; they
cannot be routed from one fibre toanother
without destroying them. Then there is the fact
that, at present, we can store qubits only for
microseconds at a time. While it might sometimes
seemas though conventional cash can disappear
from our wallets faster than this, we will need to
be able to store qubits safely for years or decades
to make quantum money apractical proposition.

\ J

™E NOTE
yoR ALL DEBT

tofeed randomly generated quantum states
into the verifier, hoping to find one that it
accepts. “I proved that acounterfeiterwould
havetouse this box an unfeasible number of
times,” he says. “This rules out a large class of
‘brute-force’ attacks against quantum money.”
The devil is in the detail, however. In trying
toflesh out exactly how to construct a
quantum verification circuit, he and others
have run up against one problem after another.
The trouble with computational security is
its reliance on the idea that a mathematical
process is much more difficult in one direction
than the other. While this may seem obvious
from all attempts to perform calculations
on the chosen task, it isoftenmerelyan
assumption. So the task for Aaronson and his
colleaguesis tofind aquantum processwhich
we have good grounds to think is asymmetric,
and which could therefore form the basis for
the security of quantum money. “That’s an
entirely new problem in cryptography,”
says Aaronson.

How secure is secure?

Not having an agreed way of making tasks
computationally secure makes this problem
much more difficult to solve. Aram Harrow,
a mathematical physicist at the University
of Bristol, UK, agrees.“We need to find a
plausible assumption to base the security on,
and unfortunately it's very difficult to show
that anything is very com putationally hard,”
he says.
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That hasn’t stopped Aaronson and his
colleagues trying.Over the last year or so,
they have teamed up to form a “quantum
money club” to find newwaysof making
quantum money computationally secure.
They then look for weak links in their own
work. Together, they havedeveloped several
important classes of scheme and then gone
on to break each one.

Last summer, Aaronson published one
such scheme, claiming the first evidence for
quantum money that anyone can verifyand
only banks can clone. “That one stood for five
months,” he says. Then a group turned up at
his doorwith a proof it wasn't true. “I did the
only thingI could in such circumstances:
[joined their paper.”

In December, their joint paper breaking
Aaronson’sown quantum money scheme
was published on the physics preprint server
(arxiv.org/abs/0912.3825). The team behind
it has an impressive pedigree and includes
theoretical physicist Peter Shor of MIT, who
previously developed a quantum computer
algorithm that could factornumbers faster
thana conventional computer.

Theloophole they found in Aaronson’s
scheme was that the verificationalgorithm
does not make a perfect check on the photon
polarisations. So a hacker doesn’t need to
know theoriginalquantum state to fool the
verifying circuit into thinking the secret
polarisationsare present. Tocounterfeit this
particular form of quantum money, the
hacker would only need a stateclose enough

to the original to pass the test. This is much
easier fora hacker towork out, says Andrew
Lutomirski, a graduate student in theoretical
physicsat MIT and one of the group that broke
Aaronson’s scheme.

All was not lost, however. As well as breaking
this scheme, Aaronson, Lutomirski and
colleagues put forward a new one which takes
adifferent approach: it producesa quantum
state that is secret,even from the bank that
created it. Thistime the bank hasa different
way of making the quantum states that form
the secret part of the quantum money. As part
of the “minting” process, the bank measures
part of the secret quantum state whileleaving

that even conventional money does not have.

There is a sting in the tail, however. While
the members of the quantum money clubare
pretty sure that collision-free quantum
money iscomputationally secure, they
have not been able to prove it.

Despite the failure to nail quantum cash,
the efforts to study it have revealed new
insightsinto the behaviour of quantum states.
Some members of the quantum money club
are using these ideas toexplore the limits of
what can be known about a quantum state.
Quantum mechanics says you cannot
measurea state without destroying it, but
the team’s work on quantum money has
shown that it is possible to verify a quantum
state is physically present, even though they
know nothing about that state. In effect, they
are able to get some information about it
withoutdestroying it.

Now the quantum money club is exploring
whatother information can be extracted
about a quantum state using verifying
algorithms. That is potentially bad news for
quantum money: it may be that a verifying
circuit willalwaysallow the user to gain
enough information about the quantum
state to make a counterfeit. However, Shor
and colleagues suspect not.

The constant creation and cracking of
quantum money schemes is forcing them to
the conclusion that a radically new approach
is needed. “Much as we wish it were otherwise,
it seems possible that public key quantum
money intrinsically requiresanew
mathematical leap offaith,” they say in their
paper. They havein mind arevolution as big
as the one that made publickey cryptography
possible in the 1970s - though when that new

“Itisjust as difficult for a bank to create
counterfeit quantum cash as for anyone
else - unlike conventional money”

therest of the state unmeasured. This leaves
the unmeasured part with certain properties
thatworklike a quantum watermark. And a
verifying circuit can use this subsequently
to authenticate the money.

This means the bank can publisha
verification algorithm that allows anybody to
check the money, but which cannot be used
to counterfeit it. Aaronson and Lutomirski call
this “collision-free quantum money”. The
beauty of this publickey scheme is that it is
justasdifficult forthebankto create
counterfeits as foranybody else —a property

breakthrough might happen and what
advances will set it off is anybody’s guess.
Evensso, the process of studying this
problem is turning out to be fruitful. “It’s
opening up awhole newareato study,” says
Harrow. The greatest legacy of the race to
create quantum money may not be a new
kind of currency, at least not in the short term.
Instead, we are getting a better understanding
of the fundamental laws of physics. It isa
trade-off most would say was worthwhile. B

JustinMullinsis aconsultant editor for New Scientist
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BOOKS &ARTS

The stage and the drama

Where Richard Feynman saw a godless universe, his friend Herman Wouk sees something else

THE physicist Richard Feynman
said, “It doesn’t seem to me that
this fantastically marvellous
universe, this tremendous range
of time and space and different
kinds of animals, and all the
different planets, and all these
atoms with all their motions, and
soon, all this complicated thing
can merely be a stage so that God
can watch human beings struggle
for good and evil-which is the
view that religion has. The stage
is too big for the drama.”

More yearsago thanIcare to
reckon up,I met Feynman. [ was
then out to write a sort of Warand
Peace of War World II, and early
on in the moonstruck enterprise

I realised that if Iwere at all serious

about it, Thad tolearn something
rightawayabout the atomic bomb.
Tolstoy could not consult Kutuzov,
the general who drove Napoleon
out of Russia, because the canny
old one-eyed field marshal

was long since dead; but when
Istarted to work on my unlikely
notion nearly all the men who
had created the bomb werealive,
and several of them were at the
California Institute of Technology,
including Feynman. President
Truman, who had been an
artilleryman in World War |, said
ofthe bomb, “It was a bigger piece
of artillery, sol used it,” a striking
remark whichshowsupinmy
War and Remembrancebut surely
something less than the whole
story. So Iwent to Caltech to talk to

PROFILE

Herman Wouk is the Pulitzer prize-
winning author of The Caine Mutiny
and other novels. The Language
God Taiks is published this month
by Little, Brown and Company
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those who knew the whole story.
This may seem monstrously
pushy, and no doubt it was.
Like many novelists Ihavespun
my books out of my experiences
when Icould, but inattempting
work faroutside my own
relatively jog-trot existence [ have
had to pick other men’s brains.
My World War Il service, three years
ondestroyer-minesweepers in the
Pacific, gave me the substance of
The Caine Mutiny, but taught me

nothingat all about the world
storm that swept me from
Manbhattan to the south Pacific
like a driven leaf. When the bomb
fell on Hiroshima my ship wasa
bobbing speck on picket duty in
the rough waters of f Okinawa, and
we had just survived a kamikaze
attack unscathed; so I joined
heartily in the merriment aboard
ship, very glad that [ had survived
the war and would soon go back
tomy free civilianlifeand marry

my sweetheart. As to the larger
issues of droppinga whacking
new bomb made of uraniumon
aJapanesecity, [ was innocent
and indifferent. The radio said
that our scientists had “harnessed
the power of thesun”, and that
wasquiteenoughforme and
forall of us aboard that old four-
piper, halfway around the world
from home.

The Caltech scientists received
me cordially, and talked freely
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about theiradventures inworking
on the bomb. [ remember one
physicist telling me, for instance,
howhedrove to the Trinity test
site in New Mexico with thedread
plutoniumcorein the back seat
of his car. But toa man, one after
another, they warned me so
earnestly not to try to see Richard
Feynman that [ began to think of
him as a human plutonium core.
However, [ had nothing tolose so
Idid try, and somehow I found
myselfin his office, talking toa
lean guy in white shirtsleeves,
with long hairand a sharply
humorous countenance calling
to mind a bust Voltaire. It didn't
gowellat first.

“Youknow,”he said, as I groped

From afar, Richard Feynman seemed
as dangerous as plutonium

toexplainmy purpose, “while
you'retalking, you're not learning
anything.” SoIblurted out

baldly, any old way, my vision

of afictionwork throwing a rope
around thewhole global war.
AsIspoke,an enigmaticlook came
overthatstrongface, something
likeremote tolerant amusement.
“Well, that’s the sort of thing
genius reaches out for,” he said,
and he tookoverthe conversation.

Inswiftstrokes Feynman
brought the entire Manhattan
project tolife, the excitement and
the perils alike, mentioning that
once in a laboratory corridor he
passed uranium materials stacked
so carelessly that a chain reaction
was withina whisker of going off.
His main point was that the whole
enterprise was gigantically messy,
and that the atomic bomb was by
no meansat a frontier of science.
He put it so: “It wasn’t alion hunt,
it wasa rabbitshoot.”Therewas no
Nobel prize, that is to say, in the
concept or the calculations; it was
justa challenge, if a huge one, to
audaciousinnovative technology
and brute industrial effort.

This formidable fellow walked
out of the building with me, and
said as we were parting: “Do you
know calculus?” [admitted that I
didn’t.“Youhad better learn it,” he
said. “It'sthe language God talks.”

Asa Columbiaundergraduate,
imbibing the Greek philosophy,
comparative religion and general
humanism of the noted core

“I've been stashing false
starts on the answer
offered by the Bible to the
grand ‘Why?’ of the child”

curriculum, I rode the subway to
the Bronx once a week to study
the Talmud with my grandfather.
The Talmud isa hard grind in
Aramaic,and tolighten up things
Iwould now and then venture

an agnostic prod at some tender
pointof our faith-say, Joshua’s
stopping the sun and moon.
Grandpa would respond with
good-natured scorn, stroking

his full beard, “Where are you

creeping with your lame paws?”
It was more pungent in Yiddish,
butyouget the idea.

That question has been
occurring to me as [ write these
words. Disqualified as Thave
described myself for getting into
these deep murky waters —no
academic credentials to speak
of, no mathematics beyond
half-forgotten algebra—where
am I creeping with this
venturesome causerie?

Fair question, reader, solet
me inviteyou into the workshop
ofanold author still creating
stories, my work, my intermittent
despair, and my lifelong fun. With
anew novel recently publishing
and anotheron the stocks, [ have
stepped back from my desk, drawn
breath, and glanced around the
shop for overlooked items. One
folderlabelled A Child’s Garden
of God lies to a side, more scuffed
than most, in which for years've
been stashing false starts on the
answer offered by the Bible (insofar
as [ can grasp it) to the grand
Why ofthe child and of stumped
agnostics. No wonder [havekept
putting it of f! A big bite.

Newtonsummed up his
lifework: “I know not what I seem
totheworld, but to myselfI seem
tohavebeen only like a boy
playing on the seashore, and
diverting myself in now and then
finding a smoother pebble ora
prettier shell, whilst the great

Wouk (second from left) ina1953
TV show with Ethel Waters(farleft),
Crace Kelly and Charles E. Wilson

oceanof truth lay all undiscovered
before me.”
It was this child having fun
on the beach who came upon
the smoother pebble called the
calculus (oddly, the word means
“pebble”), enabling thinkers after
him toventure far out on that
oceanoftruth, towardadistant
shoreoffinal theory which, as
they keeplearningto their gloomy
puzzlement, ever recedes. Isaac
Newtonnot only found Feynman'’s
“language God talks”, he also
mastered God's Bible, afact that
embarrasses some scientists.
Newton putFeynman’sdictum
on calculus, which he called
“fluxions”, in plainwordssuited
to his own faith: “God created
everything by number, weight, and
measure.” An agnostic paraphrase
for our day might be: “All that
is truly knowable is knowable
only by numbers, weight, and
measure.” Or as James Jeans put
it, “God isa mathematician.”
Isthe stage really too big for
thedrama,asFeynmanasserted?
believe it’s possible to disagree, and
that isthe theme of my book.

Taken from Herman Wouk's The
Language God Talks: On science and
refigion, reprinted with permission of
Little, Brown and Company
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False economy

Are we doing more harm than good in trying
tobe environmentally friendly consumers?

Green Gone Wrongby Heather Rogers,
Verso/Scribner, £16.99/526

Reviewed by Peter Aldhous

[LIVEin the San
Francisco Bay
Area, the epicentre
of smug green
consumerism,
where self-
proclaimed
environmentalists
drive to wholefood shops toload
their fuel-inefTicient hybrid SUVs
with too much organic produce.
They should read Heather
Rogers’s stories and weep.
Rogerstravelled along way to
investigate the emerging green
economy. Her destinations
included supposedly organic
sugar-cane plantations in
Paraguay and tracts of rainforest
in Borneo that are being felled
to produce palm oil for biofuel.
Having flown all over the
globe, Rogers did not try to
salve her conscience by buying
“carbon offsets”, which are
supposed to negate air miles
by funding tree-planting or
renewable electricity projectsin
developing countries. When you
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read her account of the problems
withauditingthese schemes in
India, you'll understand why.

Green Gone Wrong is primarily
a fast-paced travelogue, which
leads to some loose ends and
anuneven structure. InIndia,
forinstance,wearetold that
a carbon-offsetting project is
“perhaps” composting ash into
organic fertiliser, “but I saw no
trace of it”. (Having done my
share of “touristic” journalism,
I'veexperienced similar
difficulties: ona flyingvisit,
itis hard to tell whether you're
lookingat part of the problem,
or part of the solution.)

The section on housing,
meanwhile, is dominated by a
glowing account of developments
inGermany that put more power
into the grid than they remove.
Iwould like to have seen more
discussion of whetheror not
this is because green housing
isintrinsically easier to get
rightthan greenagriculture.

[wanted a synthesis, not a
succession of anecdotes. In
this regard, another problem
is Rogers’sapparent distrust of
quantitative analysis. For example,

she dismisses analysis of the total
greenhouse emissions over the
production cycle of a food as often
failing to capture the realities of
how crops are grown in distant
lands. Maybe so, but without
quantitativerigour, we are forced
to lean on assumptions that may
be as ill-founded as those this
bookdemolishes.

Rogersseems toview nuclear
powerasbad and small farms as
good. But can wedevelopalow-
carbon economy withouta
nuclear component, and does
a local farmers’ market result
inhigher or lower greenhouse
emissions per kilo of produce
than afood industry that
achieves economies of scale by
hauling much larger quantities
of food, even if the distances are
greater? A truegreeneconomy
can be built once wehave the
answers to these and other
equally tricky questions.

Statistically confused

Galileoin Pittsburgh by Clark Glymour,
Harvard University Press,
£2095/527.95

Reviewed by Jo Marchant

AFTER a career
involving
everything from
building Mars
robots to
predicting
wildfires to
teaching courses
on Freud, science philosopher
Clark Glymour invites us to
share hisaccumulated wisdom.
Theresulting essayscover
adizzying range of topics, but
Glymour has a central theme:
thatwhilestatisticsand
computershave made science
more powerful, they have also
made it easierthan everfordata
to be misunderstood and abused.
“We have notyetquiteabsorbed
the complexity of ourown
science or what our uncertainty
about it means for practical
policy,” he writes.
Thetitle essay draws parallels

between the trial of Galileo

and the accusations of scientific
misconduct faced by University
of Pittsburgh statistician Herbert
Needleman overhis lead-toxicity
data. While this comparison is
unconvincing, what could have
been a tedious collection of
musings turnsout to bea sharp
and thought-provoking book.

Biological theology

The Brain and the Meaning of Life
by Paul Thagard, Princeton University
Press, £20.95/529.95

Reviewed by Amanda Cefter

PAUL Thagard’s
bookisa
thoughtfuland
well-researched
attemptto
answer that most
fundamental
existential
question: why not kill yourself?
Or, togiveit a positive spin,
what gives life meaning?

Thagard laysout detailed
arguments that reality is knowable
through science, that minds
arenothingother than material
brainsand that thereare no
ultimate rights and wrongs
handed down by a supernatural
being. Religious ideas such as free
will and immortality have been
undermined by science-and
so,some might think, has the
possibility forabsolute statements
about the meaning oflife. Thagard
says otherwise. He believes that
achieving goals in love, work
and play make life meaningful,
not as a matter of philosophy
but as a matter of biology.

Forinstance, animals that lack
social bonds are unhealthier
than those who enjoy close
relationships, so pursuing goals
inlove makeslife meaningful
because it satisfies vital biological
needs. By connecting moral
questions to objective facts about
theuniversal structure ofbrains,
Thagard hopes to pave the way for
amorality that is rooted in science
rather than religion.

PAUL THAGARD

nz ERAIN
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THE INSIDER

As we continue to unravel the secrets of cancer, and with
the promise of personalised treatments on the horizon,
James Urquhart finds out what it takes to be a perfect

match for cancer research

“DEDICATED, passionate about science, loves
numbers and solving life’s mysteries—seeks
arush of excitement.” No, New Scientist isn’t

runningalonelyheartscolumn. But if we were,

an ad like this might catch the attention of
admirers from an unexpected quarter. That's
because it mentions attributes that are highly
sought after by cancer researchers hoping to
find someone who wants a rewarding career
in their field.
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Thesearen’t the only useful traits for
uncoveringcancer'’s secrets. “You need to
have strong personal motivation-youdon'’t
do it for the money,” says microbiologist
Nina Salama. She runs alab at the Fred

Hutchinson Cancer Research Center in Seattle,

one of 65 labs designated as “comprehensive
cancercentres” by the National Cancer
Institute (NCI) inthe US. “Cancerisa really
interestingand important problem.

It’s something worth being passionate about.”
Salama’s passion lies in picking apart the
genes of a gut-dwelling bacterium called
Helicobacter pylori. The microbe causes
chronic inflammation in the stomach that
can lead to ulcers, and in the 1990s it was
linked to stomach cancer- the second most
deadly cancer after lung cancer. Salama is
studying H. pylori’s genesto decipher the
biochemical chatter between the bacterium
and its host. She hopes this will explain how
gastric cancer developsand lead to better
diagnostic techniquesand drug treatments.
Over in the UK, new drugs are Gert Attard’s
concern. A physician by training, he opted to
pursue a career in cancer research after his
grandfather died of colon cancer. He now
works at the Institute of Cancer Research in
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Sutton, evaluating newways to treat prostate
cancer. When not in the lab, Attard teaches
and works at The Royal Marsden, a specialist
cancer hospital nearby. “Big advances
desperately need to be made, and are being
made, so it'savery exciting period to be doing
cancer research,” Attard says. “Weare reaping
the rewards of 40 years of good research, with
true benefits being seen for patients after so
manyyearsof frustration.”

One promising drug Attard’s lab is working
onisabiraterone, a treatment for prostate
cancer thatworks by blocking the production
of testosterone. Early clinical trials suggest it
could be used totreat up to 80 per cent of
patients with the most aggressive and drug-
resistant form of the disease.

But success in this field doesn’t come easily,
Attard says. “You have to have an ability to
cope with disappointment because for every
successful lab result there are a hundred
failures.” Coping with the disappointment
comes fromdogged persistence and belief in
yourideas, he says, and the reward when you
get it right makes it all worthwhile. “Expect
amazing highs when results gowell.”

Teaming up

There is agrowing emphasis on collaboration
with researchersfrom other fields, Salama
says. “Being able towork with a team where
people have different areas of expertise and
beingable tocommunicate across those
groupsisincreasingly important,” she says,
adding that this will improve the quality

of research.

[t was an interest in interdisciplinary
science thatlanded Franziska Michor of the
Memorial Sloan-Kettering Cancer Center in
New York City herdreamjob.Armedwith

enthusiasmand a background in evolutionary

biology and mathematics, she hopes to make
adifference in the fightagainst cancer by
leading one of the 12 Physical Sciences—
Oncology Centers dotted around the US.

The centres were launched lastyearby the
NCI, which awarded substantial grants to
leading US cancer institutes toinitiate
collaborations involving the physical sciences
and oncology.The ideais toexpand our
knowledge of how physical laws govern the
emergence and behaviour of cancer.

“Using this convergenceof dif ferent
fields to come up with all sorts of new ways
of looking at cancer is really interesting —and
it'salot of fun too,” says Michor. Under the
NCl initiative, herlab is receiving an
$11 million grant over five years to work out

Janet Shipley Case study

Janet Shipley
works on
molecular
cytogenetics
at the Institute
of Cancer
Research in
Sutton, UK. She studies how
proteinsare expressedin
tumours with aview to
discovering genetic markers
for cancer and potential
therapeutictargets.

How did you get involved in
cancer research?

['vealways beeninterestedin
biology and had a deep fascination

recentyears?

the evolutionary dynamics of cancer. Since
mutations play arolebothin cancerand in
evolution, and since evolution can be
modelled mathematically, Michor’sapproach
could yield somefascinating results.
Michor’slab isdeveloping a number of
mathematical modelsfordifferent cancers,
including one to understand how lung cancer
cells mutate to become resistant todrugs,
and another to determine the sequence of
mutations that can give rise to a brain tumour.
By collaborating with other labs, Michor can
translate her predictive models into animal
and cellline models and can test them by
genetically engineering those systems.

Making it personal

Mathematical modelling isjustoneapproach
tounderstanding how the development of
each type of cancer is unique to individuals.
Ifwe can discover the pattern of genetic
mutation in cancers, then personalised
treatments will become possible. Leading
the effort are ambitious projects such as the
NCI's Cancer Genome Atlas, which uses
genome analysis techniques to catalogue
these mutations.

The Cancer Genome Project (CGP) at the
Wellcome Trust Sanger Institute in Hinxton,
UK, has also made significant breakthroughs.

for trying tounderstand why we
arethewayweare. Thereismuch
todiscover, especially why it goes
wrongin diseases like cancer.

What's the best motivation
someone in your field can have?
The almost obsessive pursuit of
trying to understand and discover
new things. This, combined with
the ultimate objective of helping
people with cancer, provides me
with powerful motivation.

How hasthe field changedin

The mapof thehumangenome
and an understanding of the role of

"Experiments churn out vast amounts

of data, so programmingskills and an
analytical bent are desirable”

gene products has provided

a new framework for research.
There has been a massive increase
in the available information that
has to be factored into each study,
which requires computational
skills and the ability to take a

more collaborative approach.

Whatadvice would you give
anup-and-coming researcher?
Think carefully - you have to

be highly committed and not
afraid to work extremely hard.
Theoldadage of 99 per cent
perspirationand 1 percent
inspiration is certainly true for
this line of work.

In December last year, it reported the first
genetic sequences oflung and skin cancer
cells, revealing every mutation these cellshad
acquired over their lifetime. By comparing
the genetic make-up of diseased and healthy
cells in individuals, the project wasable to
identify the mutations that had caused cells
to turncancerous.

“Ifyouhavethe genomes of individual
patients, simple blood tests could be
developed todetect cancer-specific gene
mutations, because cancer cellsleak DNA
into theblood,” says Mike Stratton,

a co-leader of the CGP. This could point the
way to suitable personalised treatments.
Sequencinganentiregenomeis still very
expensive, but Stratton hopes that advances
in technology could soon make it an everyday
diagnostic tool.

Evenso,currenttechnology already
allowsevensmall labs to explore the
expression oftens of thousands of genes in
a single experiment, whereas 10 years ago
workingonasingle geneat a time was the
norm. This means experiments now churn
out vast quantities of data, so programming
skillsand an analytical bent are also highly
desirable skills.

“Within five yearswhat we will know
about the genetic processes which underlie
all cancers will be transformed,” predicts
Stratton. “It'san extraordinarily exciting time
to be entering cancer research.”

James Urquhart is an intern at New Scientist
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Molecular Genetics, Structure Function

Albert Einswin College of Medicine Proton-Coupled Folate/Antifolate Transporter

Oof YRS VA U IYERSITY

A postdoctoral position is available for studies on the structure-function,
molecular genetics, and bhiological/pharmacological properties of the proton-
coupled folate transporter (PCFT) recently cloned by this laboratory (Cell
127:917, 2006) and the mutations that are the basis for the autosomal
recessive disorder, hereditary folate malabsoption. PCF T mediates intestinal
folate absorption and transport of antifolates into tumor cells, particularly
in an acid microenvironment. Candidates should have a strong background
in molecular hiology and/or physiology/electrophysiology/ homology modeling
and a track-record of productivity during their doctoral training. Email resume
and the names of three references to:

I. David Goldman, MD, (i.david.goldman@einstein.yu.edu), Departments of
Medicine and Molecular Pharmacology, Albert Einstein College of Medicine
Cancer Center, Jack and Pearl Resnick Campus, Bronx, New York 10461

Faculty Position, Pharmacology and Toxicology
Dartmouth Medical School

The Department of Pharmacology and Toxicology in collaboration with the Norris Cotton Cancer
Center at Dartmouth Medical School and Dartmouth Hitchcock Medical Center seeks candidates
for a tenure-track or tenured faculty position at the rank of Assistant, Associate or Full Professor.
Our goal is to recruit an established investigator and cancer/molecular biologist with expertise in the
broadly defined area of molecular therapeutics with strengths in specific areas such as intracellular
signaling, genome maintenance and stability, drug discovery and/or structural biology using modern
experimental model system. Candidates should have a Ph.D.,, DV.M, and/or M.D. degree(s), an
outstandingacademic record and an externally funded research program. Additional information is
available on the departmental and Cancer Center websites: ;.
and

Applicants should submit, in electronic PDF format, a curriculum vitae, statement of research interests
and accomplishments, record of extramural grant support and contact information, including email
addresses forat least three references to: Review
of applications will begin immediately and will continue until the position is filled. Dartimouth is an
Affirmative Acion/Equal Opportunity Employer. Women and members o f minority groups are strongly
encouraged to apply.

Location

Alumni Auditorium
Calumbla University,

Registration

Registratien Is free, Butrequired
Register by May 1,2010

httphicee columbia.ed whbws/ College of Fhysicians and Surgeons
650 West 168th Streer
New York, NY 10032
of Sclences

CANCER BIOLOGY PROGRAM

Tenure-Track Position in the areas of Epigenetics
and/or Progenitor/Stem Cell biology

FOX CHASE CANCER CENTER

We are recruiting o new faculty member who will complement and
strengthen our ongoing programs in Epigenetics and Progenitor /Stem Cell
Biology (EPC). We seek tofill a position at the Assistant Professor level, but
consideration will also be given to established investigators. The successful
applicant will receive a generous start-up package to develop a vigorous,
extramurally-funded research program.

Current EPC members use a variety of models to study diverse biological
processes that span chromosome biology to stem cell biology. See:
http:/ /keystone.foxchaseprojects.org /keystone /epigenetics_keystone.html

Fox Chase, located in suburban Philadelphia, offers a highly interactive,
multidisciplinary environment, with over 50 active research laboratories
on the 17-acre Fox Chase campus. Researchers are supported by
state-of-the-art Core grant funded facilities, extramural and intramural
postdoctoral training grants, a graduate training program, endowed
fellowships, and an outstanding funding record for investigator-initiated
grant applications.

Applications will be reviewed starting April 15, 2010. To apply please send
CV, description of research plans, and 3 letters of recommendation to:

Dr. Tim J Yen | Cancer Biology Program | c/o Anne Carson | Fox Chase Cancer
Center | 333 Cottman Ave. | Philadelphia, PA 19111 | (A_Carson@fccc.edu)

Fox Chase Cancer Center is an Affrmative Action/Equal Opportunity Employer
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Genomics Institute of the
T, Nevarils Reavarch
Foundation

Associate Director, Oncology Drug Discovery

Individual will be responsible for oversight and direction of the in vitro biology (cell and
molecular biology, biochemistry) drug discovery efforts within our oncology program
and will play a key role in building a strong and innovative oncology project portfolio.
The successful candidate will work with multi-disciplinary groups including medicinal
chemistry, ADME/PK, in vivo biology and genomics/proteomics technology groups.
Projects will encompass low molecular weight and biologics (antibodies and proteins)
efforts and will often be multi-site collaborations. This position will have supervisory
responsibility of Ph.D. scientists and scientific associates optimizing molecules toward
clinical candidates and performing target identification/validation.

Required qualifications and experience

+ Ph.D. ina relevant field with 8+ years of biotechnology/pharmaceutical drug
discovery experience. Candidates with an outstanding facultytrack record in
oncology willalso be considered.

+ Adetailed understanding of pathways and mechanisms relevant to oncology

+ Demonstrated expertise in identifying and validating innovative drug targets

+ Strong project leadership experience on projects that have produced clinical
candidates

+ Established record of scientific achievement

+ Excellent written and oral communication skills

+ Experience supervising research associates and Ph.D. scientists

+ Highlevel of self-motivation, attention to detail and ability to thrivein a
goal-and team-oriented setting

+ Experience working as part of multi-site collaborative projects a plus

The Genomics Institute of the Novartis Research Foundation (GNF) is dedicated to the
development and application of new methods and techniques for genome-wide biological
discovery and biomedical research. GNF offers excellent compensation and benefits
package. Visit our website at www.gnf.org EOE

Please submit your CV and any supporting documents to:

Genomics Institute of the Novartis Research Foundation | Job Code: JH03-031
10675 JohnJay Hopkins Drive | San Diego, CA92121 | Fax: 858/812-1670

or or submit online to jobs@gnf.org
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ONAL

Department of Health and Human Services

E National Institutes of Health

C
INSTITUTE

National Cancer Institute

Postdoctoral Positions for M.D.s, D.V.M.s, Ph.D.s, and J.D.s

The National Cancer Institute (NCI), a major research component of the National Institutes of Health (NIH) and the Department of Health and
Human Services (DHHY), is recruiting for postdoctoral positions in three program areas: The Center for Cancer Research (CCR), The Division of
Cancer Epidemiology and Genetics (DCEG), and The Cancer Prevention Fellowship Program (CPFP). Candidates for all three programs must have
a doctoral degree (M.D., D.V.M,, Ph.D., ].D., or equivalent) and have less than five years postdoctoral experience.

One of the worlds largest cancer research centers, the Center for
Cancer Research (CCR) utilizes the breadth of its researchers to foster
interdisciplinary programs and facilitate translational research. The CCR
website at offers detailed descriptions of its 54 basic
research laboratories, clinical branches, programs, and close to 300 Principal
Investigators. Also provided are links to important information, including
postdoctoral position openings. Candidates may apply online at |
: or by email © o
The Division of Cancer Epidemiology and Genetics (DCEG) conducts
anational and international program of population, family, and laboratory-
based studies to elucidate the environmental and genetic determinants
of cancer. DCEG is staffed by a faculty of world-class epidemiologists,
geneticists, biostatisticians, physicians and others who are committed to
excellence in epidemiological research. The DCEG website at

. provides detailed descriptions of its diverse research portfolio as
well as links to important information, including how to apply.

The Cancer Prevention Fellowship Program (CPFP) offers a three to
four year postdoctoral training program in cancer prevention and control.
Program features include: 1) A tuition-paid opportunity to obtain a
Master of Public Health (MPH) degree during the first year; 2) Mentored
cancer prevention research opportunities in areas of epidemiology,
biostatistics, laboratory, clinical, and social and behavioral sciences at the
National Cancer Institute or the Food and Drug Administration; and 3)
Participation in the NCI Summer Curriculum in Cancer Prevention as
well as professional development courses. Postdoctoral candidates must
be US Citizens or Permanent Residents (or be an applicant from the
Ireland-Northemn Ireland-NCI Cancer Consortium). The CPEP website
at . - provides derailed program and
application information. Applications for the CPFP are accepted online
from May 1, 2010 through September 1, 2010 for entry into the program
in June 2011.

The CCR, DCEG, and CPFP share a commitment to training individuals from a variety of health and biomedical disciplines to become leaders in
cancer research. Stipends are competitive and commensurate with experience.

DHHS, NIH, and NCI are Equal Opportunity Employers

Staff Opportunities - St. Jude Children’s Research Hospital

The St. Jude Children’s Research Hospital - Washington University
Pediatric Cancer Genome Project is an unprecedented effort aimed
at understanding the genetic origins of childhood cancers.

The Computational Biology Department at St. Jude Children’s Research

Hospital will have a lead role in analyzing data generated from sequencing

the genomes of more than 600 childnhood cancer patients

(www.pediatriccancergenomeproject.org). As part of the project, the

Computational Biology Department has new and exciting opportunities for

individuals with expertise in bioinformatics, computer science or related

fields.

Bioinformatics Research Scientist (Job number 18228)

Associate Research Scientist (Job number 18229)

For specific job requirements and to apply, visit our Web site,

www.stjude.org/jobs.

Ranked inthe Top 10 best places toworkin academia yearly since 2005.
www.stjude.org/jobs | Named the nation’s No. 1 pediatric cancer care hospital by Parenis magazine, 2009
An Equal Opportunity Employer — @ 2009 St. Jude Children’s Research Hospital

17 April 2010 | NewScientist | 53




OPPORTUNITIES IN CANCERRESEARCH

= Washington University in St Louis

ScHooL OF MEDICINE

Breast Cancer Post-doctoral Fellowship

Washington University School of Medicine is one of the top
five US medical schools based on NIH grants. The Division
of Oncology and the Genome Center here are using next-
generation genome sequencing on human cancers (Ley TJ, et
al. Nature 456:66-72, Nov. 6, 2008 and Ding L, Ellis MJ, et al.
Nature April 15, 2010).

Dr. Ron Bose in the Division of Oncology studies protein
kinase mutations in breast cancer. The ideal candidate for
post-doctoral position in the Bose lab will have very strong
background in molecular biology, such as PCR-based gene
cloning, viral vectors, or making stable cell lines, be a dedicated
and hard-working scientist, and have strong publications.
E-mail your CV and names of three references to
rbose@dom.wustl.edu.

For further information:
http://hematology.im.wustl.edu/faculty/bose/boseBio.html
and
http://dbbs.wustl.edu/
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UNIVERSITY OF PITTSBURGH CANCER INSTITUTE

NCI-Designated Comprehensive Cancer Center

Postdoctoral/Research Associate Position In Tumor Virology

Our laboratory investigates new human tumor viruses using
DTS (Feng H, Shuda M, Chang Y, Moore PS. Clonal Integration
of a Polyomavirus in Merkel Cell Carcinoma. Science 2008;
319(5866):1096-100). Current studies involve programmed
frameshifting, tumorigenesis and innate immune evasion for
KSHV and MCV (a new human polyomavirus), as well as
searches for other new human tumor viruses. The successtul
applicant should have experience in tumor virology, molecular
biology and/ ot genomic analysis.

Send CV and three references by fax 412-623-7715 or mail to:
Patrick S. Moore, MD MPH and Yuan Chang, MD
Molecular Virology Program, Res Pav 1.8

University of Pittsburgh Cancer Institute N C |
5117 Centre Ave, Pittsburgh, PA 15213 CCC
http:/ /www.tumorvirology.pitt.cdu/positions.html

ool b e

University of Pittshurgh is a Fgual Fmployment Oppartunity | Affirmative Action Fmployer.
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THE UNIVERSITY OF
ALABAMA AT BRMINGHAM

The University of Alabama at Birmingham (UAB] is one of
the premier research universities in the US with
internationally recognized programs in AIDS and bacterial
pathogenesis, bone biology and disease, cancer, disbetes
and digestive and kidney diseases, free radical biology,
immunclegy, lung disease, neuroscience, trauma and
inflammation, and basic and clinical vision science among
others. UUAB 1s committed to the development of
outstanding postdoctoral scientists and has been
consistently ranked in recent years as one of the top ten
locations among US universities for training postdocteral
scholars.

UAB faculty are well funded [20th overall in NIH funding],
utilize muitidisciplinary approaches, and provide excellent
research training environments that can lead exceptional
candidates ta entry leve positions N academia,
government or the private sector. Full medical coverage
(single or famly}, competitive salaries/stipenss, sick
leave, vacation, and maternity/paternity leave are offered
with every position. Depending on the source of funding,
other benefits may be available.

Birmingham is a mid-size city centrally located in the scutheast near beaches and maountains and enjoys
a moderate climate for year round outdoor activities and a cost of living rate lower than most
metrapolitan areas.

The city's rapid growth in its infancy in the late 1Sth century earned it the nickname “The Magic City,” but
the magic didnt stop there. Come and experience the magic for your self!

Visit our web site at www.postdacs.uab.edu under Sostdoctaral Opportunities to view posted positions.
Send your CV and cover letter to the contact name for those pesitions for which you are quslifed and
which interest you.

University of Alabama at Birmingham, Cffice of Postdactaoral Education, 1530 3rd Averue S., 177
Shefby, Birmingham, AL 35284-2182, 205-89/73-7020/975-7021.

UAB is &n equal emplayment oppartunity employer.

17 April 2010 | NewScientist | 55



OPPORTUNITIES IN CANCERRESEARCH

University of Michigan

HEMATOLOGY/ONCOLOGY FACULTY POSITIONS

The Division of Hematology/Oncology of the Department
of Internal Medicine and the University of Michigan
Comprehensive Cancer Center invite applications for
faculty positions in two areas.

The first position is for candidates with an interest in
genitourinary cancer clinical research. The desired
candidates should have documented expertise in the
design and execution of Phase | and Il clinical trials to test
novel therapeutic agents targeting genitourinary cancers.
The selected candidate will join an established Program
in Genitourinary Oncology at the University of Michigan
Comprehensive Cancer Center which includes over 30
faculty from 10 departments with annual direct funding
of S$6M. The Program has a robust translational research
focus in all GU cancers for which there are specific multi-
disciplinary clinics and tumor boards. Other areas of
research interest include characterization of GU cancer
stem cells, and development of novel combined modality
therapies of GU cancers involving immunotherapy,
chemotherapy, and radiotherapy.

The second position has a focus on clinical research in
hematopoietic cell transplantation as a treatment modality
for hematologic malignancies. Candidates should have
documented expertise in the evaluation and management
of patients with malignant hematopoietic disorders
and hematopoietic stem cell transplantation. Selected
candidates will be members of an established clinical and
translationalresearch programin hematologic malignancies
within the University of Michigan Comprehensive Cancer
Center, which includes 34 facultymembers with $6.3M in
research funding.

Applicants {(who must be either U.S. citizens or permanent
residents) must be board certified or eligible in internal
medicine and hematology and/or medical oncology.
Faculty track and rank will depend upon prior experience.

Candidates should submit a curriculum vitae, a list of three
references, a concise statement of research goals, and a
letter of application to Kathleen A. Cooney, MD, Chief
of the Division of Hematology/Oncology, Department
of Internal Medicine and Associate Director for Faculty
Affairs, University of Michigan Comprehensive Cancer
Center, 7216 CC, 1500 E. Medical Center Drive, Ann Arbor,
M| 48109-5948; e-mail: kcooney@umich.edu

The University of Michigan is an equal opportunity/
affirmative action employer and encourages nominations
and applications from women and minority candidates.
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BM™N ImmunoTherapeutics

Clinical Scientist/Assistant Medical Director

The Clinical Scientist position is responsible for activities to suppart the clinical and
translational development of poxviral based immunotherapy products for cancer.
BN-ImmunaT herapeutics (BNIT) is developing active vaccine based immunatherapies
in collaboration with the National Cancer Institute. BNITis located n Mountain View,
CA and is a subsidiary of Bavarian-Nordic (http://www.bavarian-nordic.com).

Specific respansibilities include:

Assisting with writing and researching of clinical protocols and clinical study
reports, data management and scientific evaluation of clinical and immunological
data, updating Investigators Brochures, IND filings, and Annual Reports as well
as working on translational immunology studies.

Requirements:

PhD. or MD. Excellent written and verbal communication skills. Strong computer
literacy skills. Understanding of and experience with industrial drug development.
(ncalngy experience preferred.

We nifer a competitive compensation package including stock options, healthcare benefits

and a 40I(K) plan.

(ualified candidates please send your CV to:
BN ImmunoTherapeutics, Inc. at he@bn-it.com

UNIVERSITY OF‘l@

Cincinnati

Postdoctoral
Researchers

The Department
Cancer and Cell ’

University of Cincinnati

Vibrant and rapidly growing department
seeks skilled and confident postdoctoral
researchers. Multiple funded positions
are available—-many with new faculty
recruited from high-profile laboratories.
Visit our website to learn more about
research opportunities:
http://cancerbiology.uc.edu/postdoc.aspx

An affirmative action/equal opportunity institution
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UNC

OF MEDICINE

Faculty Positions in Cancer and Stem Cell Research

Cancer Genetics

As part of the University Research Fund initiative, the UNC Lineberger Comprehensive Center, the Center for Genome Sciences and the
Department of Genetics at UNC Chapel Hill are continuing expansion with new faculty recruitment (rank open) in the area of Cancer Genetics. The successful
applicant will establish a vigorous research program and contribute to on-going efforts to dissect the genetic and biological bases of cancer susceptibility and

development. Priority will be placed on individualsapplyingsystemsbiology approaches in relevant mouse models.

Applicants should have a PhD or MD/PhD degree. Applicants should apply online at http://jobs.unc.edu/1002165 and attach a coverletter, curriculum vitae,
and a statement of research interests (maximum 2 pages). Four letters of recommendation should be sent as email attachments to:
Cathy Cornett ccornett@med.unc.edu

UNC at Chapel Hill Stem Cell Initiative
The University of North Carolina at Chapel Hill invites applications for academic positions (rank open) in Stem Cell Biology. These faculty positions reflect
a continuing expansion of the stem cell initiative housed in the UNC Center for Stem Cell Biology and Regenerative Medicine. Each successful candidate will
be expected to develop a vigorous, externally funded research program based on fundamental questions related to the biology of embryonic or adult stem cells.
Specific areasinclude: 1):Researchexploring the molecular regulation of embryonicstem cell pluripotentialityand differentiation, including genomic remodeling
and nuclear reprogramming, 2): Activeresearchprograms focused on defining the potential of both embryonic and adult stem cellsin the treatment of diseases.

Applicants should have a PhD or MD/PhD degree. Applicants should apply online at http://jobs.unc.edu/1002061 and attach a curriculum vitae and cover
letter. Four letters of recommendation (hard copy) should be sent to:
Dr. Larysa Pevny, Director, Center for Stem Cell Biology and Regenerative Medicine
UNC at Chapel Hill
8109b Neuroscience Research Bldg, Campus Box #7250
Chapel Hill, NC 27599-7250

Application deadline: open until filled.

The University of North Carolina at Chapel Hill is an equal opportunity/ADA employer. Women and minorities are encouraged to apply.

Position with Tenure
Department of Symptom Research

The Department of Symptom Research is seeking an established clinical
or basic scientistto contribute to a multidisciplinary effort examining the
mechanisms of symptom expression and developing novel biobehavioral
methods of symptom management. Symptoms of interest include pain,

Postdoctoral Fellow in Cancer Systems Biology

Postdoctoral position at Microsoft Research New England in Cambridge,
MA, to work on a joint project with the Computational Biology Center
at Memorial Sloan Kettering Cancer Center, New York, and Politecnico di
Torino University, Italy.

The project goal is to apply techniques from statistical physics, and newly
developed algorithms, to analyze a rich set of genomic, epigenetic,
molecular profiling and patient data from several extensive clinical studies,
including The Cancer Genome Atlas. This position represents a unique
opportunity to develop and apply new computational methods to problems
such as the discovery of candidate markers for early screening or disease
prognosis, the understanding of cancer pathogenesis and the development
of personalized therapies. Deep expertise in algorithm development
or statistical physics, and demonstrated creativity in biological research
required. This position might be especially suitable for a recent Ph.D. from
an interdisciplinary graduate program that emphasizes strong quantitative
skills together with cell, developmental or cancer biology. The position is
initially for two years and is based in Cambridge, MA, at Microsoft Research
New England, but will require frequent travel to MSKCC in New York, and
occasional travel to Torino, Italy.

To be considered for employment for post-doctorate opportunities, you
will require your CV, your publications list, a research statement, and at
least three letters of recommendation. To express your interest in applying,
contact irenem@microsoft.com, Business Manager of Microsoft Research,
New England.

Microsoft’

Research

fatigue, emotional distress, disturbed sleep, neuropathy, and other
symptoms thatlimitcancer treatmenttolerability, cause significantdistress,
and impair cancer survivorship. This scientist will lead a multidisciplinary
team that includes basic, behavioral, and clinical scientists.

The candidate must be willing to develop projects withinthe context of this
multidisciplinary research approach, which includes both animal and human
studies and randomized clinical trials. The program is well-funded with
program project and other NIH and industry grants. We expect candidates
with a record of funded research and significant research accomplishment,
both of which are required for a tenured faculty appointment in a major
academic researchinstitution. This position is available in early 2010.

Applicants should submit curriculum vitae and names ofthree referencesto:
CharlesS. Cleeland, PhD
Chair, Department of Symptom Research
Division of Internal Medicine
The University of Texas M. D. Anderson Cancer Center
1400 Pressler Drive, Unit 1450, Houston, Texas 77030
Email: mrodgers@mdanderson.org ¢ Phone: 715-745-8174

THE INIVERSITY OF TEXAS

MDANDERSON
CANCERCENTER

Making Cancer History®

M. D. Anderson Cancer Centeris an equal appartunity employer and does not discriminate an
the hasis ofrace, colar, national arigin, gender, sexual orientation, age, religion, disahility or
veteran status except where such distinction is required by law. All positions at The University
of Texas M. D. Anderson Cancer Center are security sensitive and subject ta examination
of criminal history record infarmation. Smoke-free and drug-free enviranment.
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Biotechnology Davis Site
Lead (001)JU)

Monsanto

CA - California
Asuccessfulcandidate for this
role will bring sufficient scientific
and people leadershiptoensure
continued technical contribution
fromthe site. Scientifically the
individual should demonstrate
leadership in a discipline of

plant biology or plant transgenic
engineering.

For more information visit
NewScientist|obs.com Job ID:
1400750815

Research Agronomist
(001)M)

Monsanto

MO - Missouri

The successful candidate will
conduct laboratory, greenhouse
and field agronomic and

plant assessmentand tissue
production studies necessary to
support worldwide registration,
commercialization and monitoring
of agricultural crops.

For more information visit
NewScientist|obs.com Job ID:
1400750395

Seed Technician Il (OO1HT)
Monsanto

IA - lowa

We currently have openingfora
Seed Technician. Seed Technicians
areinvolvedin anumberof

facets of seed production within
alocation, This may include

crop production, conditioning,
maintenance, packaging, or
warehousing. This position willbe
locatedatourStorm Lake site.
For more information visit
NewScientistjobs.com Job ID:
1400750730

Biobanking Project Leader
Novartis Institutes for
BioMedical Research (US)

MA - Massachusetts
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Provide strategic and operational
leadership of the Novartis Strategic
Sample Acquisition / Biobanking
Project Define the vision and
ensureitsimplementation in close
collaboration with key stakeholders
and the Steering Committee.

For more information visit
NewScientistjobs.com Job ID:
1400748130

Carbon Cycle 2.0 Campaign
Manager

Lawrence Berkeley National
Laboratory

CA - California

Renewable energy sources

such as bio-fuels and artificial
photosynthesis. Energy efficiency
at home, at work, and around the
world. The ability to observe, probe
and assemble materials atom by
atom. Climate change research,
environmental science, and the
connections between them.

For more information visit
NewsScientistjobs.comJob ID:
1400750763

Computational Chemistry
and Biology Opportunities at
D.E. ShawResearch

D. E. Shaw Research

NY - New York

Extraordinarily gifted computational
chemists, biologists, and other
computationalscientistsare
sought tojoinaNew York-based
interdisciplinary research group
thatis pursuing an ambitious,
long-term strategy aimed in part
atfundamentally transforming the
process of drug discovery.

For more information visit
NewScientistjobs.com Job ID:
1400752860

Director/Assoc. Dir, Portfolio
Planning

Genentech

CA - California

This position reports to the head

of Pipeline and Portfolio Planning

in Global Product Strategy. The
Directorwill lead ateamtosupport
theOncology Disease Biology Area

East Coast Office

225 Wyman Street

Waltham, MA 02451

Email NSSales@NewsScientist.com
Phone 7817348770

Fax 7203569217

West Coast Office

201 Mission Street, 26th Floor
SanFrancisco, CA94105

Email NSSales@NewScientist.com
Phone 4159083353

Fax 4155436789

Calls may be monitored or recorded for staff training purposes

(DBA) and governance committees
to optimize development plans

by partnering with Project and
Lifecycle teams and functions,
andproviding portfolio insight and
analyitcs.

For more information visit
NewScientistjobs.com Job ID:
1400750856

Early Candidate Medical
Director, Bone

Pfizer US

PA - Pennsylvania

Contributes to ensuring strategic
alignment between the Specialty
Business Unit and corresponding
Research units in defining product
conceptsand by supporting
POM/POC development paths
and participating in Disease Area
Working Groupsat the direction of
the TA Lead.

For more information visit
NewScientistjobs.com Job ID:
1400749628

Early Career Scientists and
Engineers: Computational
Biochemistry Research
Group

D. E. Shaw Research

NY - New York

Extraordinarily gifted early career
scientists and engineersare
soughttojoin aNew York-based
interdisciplinary research group
pursuing an ambitious, long-
term project aimedin part at
fundamentally transforming the
processofdrug discovery.

For more information visit
NewScientistjobs.com Job ID:
1400752859

EPIDEMIOLOGIST (RESEARCH
ASSOCIATE IV), Alberta,
Canada

Alberta Cancer Board

AB - Alberta

The Epidemiologistis partofan
established research support team
which currently includes several
MSc trained epidemiologists and
statisticians, aswell as database
anddata collection programmers,

research assistants and grant
administrators.

For more information visit
NewScientistjobs.com Job ID:
1400748870

Industrial Post Doctoral
Position -Neuroscience
Pfizer US

CT - Connecticut

Michael . Fox Foundation funded
post-doctoral position is available
inthe Neuroscience Research
UnitatPfizer, located in Groton
Connecticut, toinvestigate potential
substrates of LRRK2 and their role
in Parkinson's Disease.

For more information visit
NewScientistjobs.com Job ID:
1400749637

Postdoctoral fellowshipin
Maternal and Child Nutrition,
Division of Nutritional
Sciences

Cornell University

NY - New York

The successful applicant will have
aPhD, MD orequivalent degree
and arecord of accomplishment

in a related science (nutritional,
biological, chemical or social), public
health, epidemiology or medicine,
and will be committed toa career
of research in Maternal and Child
Nutrition.

For more information visit
NewScientistjobs.com Job ID:
1400750766

POSTDOCTORAL POSITION
IN IMAGE ANALYSIS/
COMPUTATIONAL
NEUROSCIENCE

Washington University School of
Medicine, St. Louis

MO - Missouri

Qurlab is dedicated to studying

the mechanisms of synaptic
transmission atindividual synapses
andthe role of synaptic plasticity
ininformation processing. Several
current projects have translational
emphasis on dysfunction
ininformation processingin
neurological disorders such as
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mental retardation and Alzheimer's.
For more information visit
NewScientistjobs.com Job ID:
1400748876

Postdoctoral Research
Fellow

Genentech

CA - California

The successful applicant will have
broad knowledge of cell biology
and/orimmunology andinitiate
aresearch projecttoinvestigate
the relationship between cellular
signaling pathways and epithelial
cell biogenesis, orthe cell biological
mechanisms underlying the
function of dendritic cells.

For more information visit
NewScientistjobs.com Job ID:
1400750780

Postdoctoral Research
Fellow

Moffitt Cancer Center

FL - Florida

One fully funded post-doctoral
position is available to study the
role of tumorsuppressor genes and
signaling molecules in oncogenests,
angiogenesis and tumor metastasis
especially in contextoflung cancer,
For more information visit
NewScientistjobs.com Job ID:
1400750733

Postdoctoral Research
Position

University of Tennessee
Memphis Health Science Center
TN - Tennessee

The ideal candidateforthis

position would have the following
capabilities: intermediate to
advanced skills with the use of AFM
inimaging and indentation of living
cells; a backgroundin engineering;
proficiency in Matlab and other
computational software; experience
in cel culture and microscopy; ability
toworkin adiverse and multi-
disciplinary environment.

For more information visit
NewScientistjobs.com Job ID:
1400751184

Principal Scientist
Genentech

CA - California
ServingResearch and Discovery

at Genentech, this outstanding
laboratory conducts groundbreaking
proteomic research using state of
the art instrumentation, primarily
mass spectrometers butincluding
n-terminal sequencers, protein and
peptide separations technology,
andenzymatic and chemical
manipulations.

For more information visit
NewsScientistjobs.comJob ID:
1400747959

Program Leader

Pioneer Hi-Bred

IA - lowa

Accountable forthe successof the
assigned program(s). Ensure the
programis linked tothe Enterprise
strategy and business plans.

Own andbe accountablefora
comprehensive understandingand
accurate communication of the
status of aprogramatanyone point
intime

For more information visit
NewsScientistjobs.comJob ID:
1400750481

The University of Washington Department of Bioengineering
Tenure Track Position in Pharmacometrics

The Department of Bioengineering and the School of Pharmacy at the University of Washington
invite applications for a tenure track position in the area of Pharmacometrics. The primary
appointment will reside in the Department of Bioengineering, School of Medicine, with a joint
appointment in the Department of Pharmaceutics, School of Pharmacy.

Applications are sought at all levels including Assistant, Associate or Full Professor. Ph.D.,
PharmD or M.D. degrees are required. Applications must be submitted electronically at
- Applicant review will begin
April 2010 and continue until the position is filled. All positions are contingent on the
availability of funding.

The University of Washington is building a culturally diverse faculty and strongly encourages applications
fromwomen, minorities, individualswith disabilities and covered veterans. The University of Washington
is the recipient of a 2006 Alfred P. Sloan Award for Faculty Career Flexibility and a 2001 National
Scienice Foundation ADVANCE Institutional Transformational Award to increase the advancement of
women faculty in science, engineering and math. The University is an Equal Opportunity, Affirmative

Research Assistant - Boston -
Children’s Hospital

Children's Hospital, Boston

MA - Massachusetts

A Research Assistant Position

is available in the Division of
Immunology at Children's Hospital,
Bostonto participate in studies

of allergic pathogenesis. Previous
experience in cellular and molecular
immunology and mouseworkis
desirable butnotrequired.

For more information visit
NewsScientistjobs.comJob ID:
1400750431

Scientific Associatell,
Developmental & Molecular
Pathways

Novartis Institutes for
BioMedical Research (US)

MA - Massachusetts

Perform duties of molecular/in
vivo biologistin Developmental
andMolecular Pathways
Departmentwithin the Exploratory
Pharmacology Unit. Conduct
molecular biology experiments
including molecular cloning, cell
and tissue culture, transfection,
infection, RNA isolation, and
Northern, Western and Southern

Action Employer.

blotting.

For more information visit
NewsScientistjobs.com Job ID:
1400748126

Scientist - Neuroscience
Genentech

CA - California

This individual willleadasmallteam
that will use molecular, genetic,
imaging and/or biochemical
techniquestoinvestigate the
molecular mechanisms of nervous
system disorders and toparticipate
indrug discovery projects.

For more information visit
NewsScientistjobs.com Job ID:
1400747963

Scientist, Electrophysiologist
Genentech

CA - California

Wehave an opening for atalented
electrophysiologist tojoin our
Biochemical Pharmacology group
as partof the small molecule drug
discovery programin our South San
Franciscolocation. The successful
candidate will be responsible for
providing supportforspecific
projects in the neuroscience and
immunology indications using
invitroelectrophysiological
techniques.

For more information visit
NewsScientistjobs.com Job ID:
1400747961

Senior Computational
Biologist

Genentech

CA - California

Weare seeking a highly motivated
individualto help with analysis of
next generation sequencing datain

basicand applied research work that
willenhance our understanding of
cancer andother diseases.

For more information visit
NewScientistjobs.com)ob ID:
1400750782

Senior Engineer, Biologics
MSAT (Fill-Finish)

Genentech

CA - California

The successful candidate will also
be responsible for providing ongoing
technical support for manufacturing
processes across the Genentech/
Roche network.

For more information visit
NewScientistjobs.com)ob ID:
1400752840

Senior Research Associate-
Microbial Pathogenesis
Genentech

CA - California

The successful candidate wil
utilize awide range of in vivo and
invitro approaches tounderstand
the molecular pathogenesis

of infectious diseases and
mechanisms amenable to
therapeuticintervention.

For more information visit
NewScientistjobs.com)ob ID:
1400751255

Senior Research Scientist,
Target Refinement

Pfizer US

MA - Massachusetts
Asacoremember of the Target
Refinement team, simultaneously
execute and deliver multiple
Target Refinement projectsfrom
biochemical assay development
through data generation and
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Editor: Trends in Cell Biology

We are seekingto appoint a new Editor for Trends in Cell Biology, to be based
in the Cell Press offices in Cambridge, MA.

As Editor of Trends in Cell Biology, you will be responsible for the strategic
development and content management of the journal. You will be acquiring
and developing the very best editorial content, making use of a network of
contacts in academia plus information gathered at international conferences,
to ensure that Trends in Cell Biology maintains its market-leading position.

This is an exciting and challenging role that provides an opportunity to stay
close to the cutting edge of scientific advances while developing a new career
away from the bench. You will work in a highly dynamic and collaborative
publishing environment that includes 14 Trends titles and 12 Cell Press titles.
You will also collaborate with your Cell Press colleagues to maximize quality
and efficiency of content commissioning and participate in exciting new non-
journal based initiatives.

The minimum qualification is a PhD in a relevant discipline, and post-doctoral
training is an advantage. Previous publishing experience is not necessary —
we will make sure you get the training and development you need. Good
interpersonal skills are essential because the role involves networking in
the wider scientific community and collaboration with other parts of the
business.

To apply, please submit a CV and cover letter describing your qualifications,
research interests, current salary and reasons for pursuing a career in
publishing at:

http://reedelsevier.taleo.net/careersection/51/jobdetail. ftI?lang=en&job=CEL0000S
No phone inquiries, please. Cell Press is an Equal Opportunity Employer.

Applications will be considered on an ongoing basis until the closing date of
Friday, April 30th.

analysiswith the goalof gaining Medical School
a betterunderstanding of Mount Sinai School of Medicine
how to design more effective NY -New York

biotherapeutic drugs against the
proposedtarget.

For more information visit
NewScientist|obs.com Job ID:

The Institute is investing
aggressively todevelopinter-
disciplinary research programs,
employing cutting-edge

1400750728 genomic technology, statistical
genetics, population genetics,
genetic epidemiology, and

Senior Scientist, RNA geneticmedicineexpertise to

Therapeutics advance the understanding of

Roche common genetically-linked

NJ - New Jersey

Working within a multi-disciplinary
team, the candidate will be
responsible for the design and
execution ofrodentand non-human
primate modelsof inflammation.

diseases and toimprove health
outcomes.

For more information visit
NewsScientistjobs.comJob ID:
1400752691

He/she will actively research and
implement disease pathways and
biologyinthese assays, including
potential biomarkersthat may be
translatedtothe clinical setting.
For more information visit
NewScientist|obs.com Job ID:

US Team Lead, Infectious
Disease, MD

Pfizer US

PA - Pennsylvania

and tacticstosupport US medical

1400748920 product needs, and ensure
delivery of US Medical Plans for the
Infectious Disease assets. Oversee

Translational genomics and coordinate medical input

faculty - New York City - into brand strategies and tactics

60 | NewScientist |17 April 2010

Lead the development of strategies

ensuring US regional medical needs
For more information visit
NewScientistjobs.com Job ID:
1400750818

Prin Scientist (Chemistry)
Genentech

CA - California

The qualifications of a Principal
Scientist (Chemistry)atGenentech
arecomparableintermsof
scientificexperience, creativity
andaccomplishmentto those of
alab or Division Head in aleading
biotechnology or pharmaceutical
company with aminimumof 13
years Process Chemistry experience
in the field of drug discovery and/or
development.

For more information visit
NewScientistjobs.com Job ID:
1400747964

Sr Scientist (Chemistry)
Genentech

CA - California

The successf ul candidate will
accomplish our mission through
innovation and teamwork,
collaboration with strategic
partners, creative problem solving
and use of state-of-the-art
technology.

For more information visit
NewScientistjobs.com Job ID:
1400747953

Medical Director (MD) gRED
Genentech

CA - California

The Medical Director will act
asadlinical representative toa
number of cross-functional teams
responsible for the selection of
clinical candidates, formulation

of the clinical development plans
and the design, implementation,
monitoring, analysis, and reporting
of studies conducted within one or
MOre programs,

For more information visit
NewScientistjobs.com Job ID:
1400748951

Pathways IHC Research
Associate (BS/MS)
Novartis Institutes for
BioMedical Research (US)

MA - Massachusetts

The Pathway Biology 4 (PB4) Unit
of the Developmental and Molecular
Pathways (DMP)department is
looking for an experienced associate
with histology

techniques &
immunohistochemistry skills
toprovide scientific & technical
expertise for the discovery and
vdidationofdisease relevant
targetsandpathwaysin the
oncology field.

For more information visit
NewScientistjobs.com Job ID:
1400748129

Research Scientist

Pioneer Hi-Bred

PR - Puerto Rico

Works insure that high quality DNA
marker data is producedin a timely
manner in support of Pioneer crop
breeders. Supervise and evaluate
employees' performance as part
of effectively managing
laboratory.

For more information visit
NewsScientistjobs.comJob ID:
1400747949

Senior Research Associate
Pioneer Hi-Bred

IL - lllinois

Provide leadership organizing
anddirectingseedhandling
activities to fulfill requirements for
nursery and field

experiments accordingto
available objectives, resources,
and procedures while exercising
independent judgment and
discretion.

For more information visit
NewsScientistjobs.comJob ID:
1400747944

Sr Scientist (Technology)
Genentech

CA - California
Weareseekingabright SrScientist/
Sr. Scientific Manager tojoin the
Small Molecule Pharmaceutics
group at Genentech supporting
clinical candidate selection,
preclinical and clinical development
forourexciting and growing
pipeline.

For more information visit
NewScientistjobs.com Job ID:
1400747965
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NIAID needs you because the world needs us!

The National Institute ot Allergy and Infectious
Diseases (NIAID), one of the largest institutes
of the world-renownead National Institutes of
Health (NIH), cenducts and supports a global
pregram of basic and applied research to
befter understand, treat, and ultimately
prevent infectious, immunelogic, and allergic
diseases. NIAID is a world leader in innovative
research and sciantific discovery in areas such
as HIV/AIDS and ether sexually transmitted
infections; malaria and other tropical diseases;
pandemic and seasonal influenza; illnesses
caused by potential agents of bioterrorism;
and many more.

A talented, motivated, and diverse workforce
is NIAID's greatest asset. and we are always
seeking gualified candidates to fill open scien-
tific and business management opportunities.
Join a group of dedicated professionals who
are leading the way toward important medical

Advance your career while making a
difference in the ot

NIAID offers several opportunities for an
array of career stages and types of research,
including training and fellewships for studenls
and paostdocs to gain valuahle education and
research experience, as well as positions for
established M.0.s and Ph.D.s both in its labs
and overseeing NIA'D's many grantees.

i NIATD now an you will have the benefi National Institute af Allergy and Infectious Diseases

of working with highly trained staff who seek
new and improved ways to understand

abnormalities of the immune system, develep To lzarnmore abeut NIAID and how you can work in
nevel treatments, and discover preventive this exciting and dynamic environment, visit us on the
appreaches fer a variety of diseases. Weo at

Help Us Help Millions
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FEEDBACK

THANKS to John Purser for
drawing our attention to the
“Selfhelp silent subliminal CDs”
produced by acompany called
Sprudio in California. According

to the website sprudio.net/silent.

html, “Just because your
conscious can’t hear this silent
subliminal doesn’t mean your
subconsciouscan’talso.”

You can use the CDs to learn a
foreign language, improve your
sporting skills, give up smoking
oralcohol, ortoneup yourextra-
sensory perception. An added
benefit “is that you cannot get
bored oflistening to the same
music over and over again, and
noone around you knows that
you are listening to subliminal”.

While assuring us that
“Youcannot consciously hear
anythingon this ‘audio’CD”,
Sprudio adds, confusingly: “We
recorded our silent subliminal
alittle loud to give consumer
confidence that the subliminal is
thereand not just silence. While
playingsilent subliminal try to
not use highvolume, [it] will be
like someone screams into your

brain bypassing the ears.”

John is moved by this. “Ahh,
loud silence. I remember that
from my teaching days.”

We, meanwhile, wonder if the
heirs of John Cage, composer of
the infamous “silent symphony”
4’33”, are going to sue for
infringement of copyright.

WE ARE pleased to see that science
iswellrepresented among the
contenders for the Diagram prize for
the oddest book title of the year. The
top titles for2009 were announced
last month by UK magazine The
Bookseller, which organises the prize.

Overall winner, with 42 per cent
of the 4500 public votes cast, was
Crocheting Adventures with
Hyperbolic Planes by Diana Taimina.
This beatoffcompetition from
Afterthoughts of a Worm Hunter by
David Crompton, Governing Lethal
Behaviourin Autonomous Robots by
Ronald Arkin and The Changing World
of Inflammatory Bowel Disease by
Ellen Scherl and Maria Dubinski.

The less obviously scientific
WhatKind of Beanis this Chihuahua?

“Up to £3000 minimum tradein,” proclaims a car
seller's advert in Chris Elliott’s local newspaper.
“I have no idea what this means,” says Chris
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by Tara Jensen-Meyer and Collectible
Spoons of the Third Reichby James
Yannes came second and third,
respectively.

Horace Bent, custodian of the
prizeat The Bookseller, admitted
that his personal favourite had been
the spoons book, butwentonto
acknowledge that: "The public
proclivity towards non-Euclidian
needlework proved too great for
the Third Reich to overcome.”

Philip Stone, the prize
administrator, said he thought
that “what won it for Crocheting
Adventures withHyperbolic Planes
is that, very simply, the title is
completely bonkers."

The Diagram prize has been
running since 197B. Itsinaugural
winner also had a scientific theme:
itwas Proceedings of the Second
International Workshop on Nude Mice.

WHAT’Sina “quango”? Feedback
carelessly stated that the acronym
stands for “quasi-autonomous
governmental organisation”

(6 March). We were about to put
our hands upand correct that to
“non- governmental” whenwe
discovered that othersexpand

it to “quasi-autonomous national
governmental organisation”and
yetothers to the more tightly
controlled “quasi non-
governmental organisation”. We
think some kind of body should
be set up to consult widely and
decide this important matter. It
should be non-governmental, and
itshould be fairly autonomous.

THE safety advice on the package
of an Aim'n’ Flame multipurpose
lighter that Laurie Walsh bought
for his gas cooker warned:
“Danger-extremely flammable,
contents under pressure. Do not
place near fire, flame or sparks.”
Laurie istrying towork out
how to use the lighter without
disobeying the warning.

READER Dan Ellisalertsus toa

sign on Academy Street in Franklin,
Tennessee, thattells traffic to “Stop”
and then informs underneath: “Cross
traffic does not stop.” Dan says he
understands that very upset traffic
might not be willing to stop, but what
happensifitis only slightly annoyed?
Will it merely slow down alittle?

AMONG the safety instructions
forthe child’s scooter that
Anuruddha Jaithirtha bought, two
stood out. One was: “This product
is not meant to be used on roads.”
The otherwas: “This product is
not designed for off-road use.”

THE Massachusetts Institute of
Technology sponsors an annual
energy conference, which this year
was titled “Opportunities, pathways,
and solutions” and was held in a
downtown Boston hotel. The web
page describing the conference site
gavedetailed directions for driving
therefrom north, south,eastor
west, but said nary a word abouta
mass-transit train line that runs by
the hotel. As the much-missed US
cartoon character Pogo once said:
“We have met the enemy and heisus.”

FINALLY, global warming has done its
bit for world peace, Feedback hears.
Rising sea level in the Bay of Bengal
has submerged New Moore Island,
resolving along-standing dispute
between India and Bangladesh,
which had both claimed it.

You can send stories to Feedback by
email at feedback@newscientist.com.
Please include your home address.
This week's and pastFeedbacks can
be seen onourwebsite.



THELASTWORD

Lastwords past and present, plus questions, at www.last-word.com

Boltintheblue

This photo was taken by my
neighbour in Tucson, Arizona,
facingwestat sunset. What is
the peculiar light phenomenon?

B Themysteriouslight inthe
photoappearsto bethatofa
relatively small, out-of-focus
object close to the lens, which
hasbeen caught by the flash of
the camera. We know itisn'ta
shaft oflight from the sun fora
numberofreasons: the reddish
sun isoveron thefarleft of the
photo, beneath the light; thecloud
istoo thick tohavea hole in it; and
the angle of the light is wrong.
The scene is relatively dim, and
withanautomaticcamera the
lenswould be wide open and the
flash automatically chosen. The
illuminated object is probably
darkish and angled towards the
camera —you can see perspective,
ordepth of field, at work as the
object appears to narrow towards

“The cloud is too thick to
have ahole, and the angle
is wrong. The light shaft is
not coming from the sun”

theright, the end farthest

from thelens. I can get a nearly
identical effect by holdingan
angled toothpick close toacamera
lens in a similar situation.

David Shelton

Victoria, British Columbia, Canada

B Thebrightlightisan orb:
a small object soclose to the
camera lensthat it appears as

Questions and answers should be concise.
Wereserve theright to edit itemsfor clarity
and style. Include adaytime telephone
number and email addressif youhave

one, Restrict questions to scientific
enquiries about everyday phenomena.
Thewritersof published answers will
receive a cheque for £25 (or US$
equivalent). Reed Business Information Ltd
reserves all rights to reuse question and
answer material submitted by readers in
any medium or format.

anout-of-focusdiscrather than
asapoint. Thesecan be seen in
photographswhenthey areclose
toacamera’sflash.
Itisclearthataflashwasused,
otherwise the foreground
wouldn't be so bright, and that the
object is moving, which iswhy it
looks like a streak. The fading part
of thestreak corresponds to the
fading ofthe flash, showing that
the object is moving down and to
theright. The size of the orb is
related to itsdistance from the
lens, its brightness and the total
amount oflight reflected. As the
orbis bright, the object musthave
been fairly large and reflective.
Given the direction of its
motion and the dark clouds,
the most obvious possibility isa
raindrop in a strong wind, maybe
one of the first drops of a storm.
Justabovethe central bush there
is another suspiciously bright

New Scientist retains total editorial control
overthe content of The Last Ward, Send
questions and answersto The Last Word,
New Scientist, Lacon House, 84 Theobald's
Road, London WCLX 8NS, UK, by email to
lastword@newscientist.com or visit
wwwlast-word.com (please include a
postal address in order to receive payment
for answers).

Foralist of all unanswered questions
send an SAE to LWQlist at the above
address.

dot, which could be another
raindrop, a little fartheraway
but still out offocus.

Jan Willem Nienhuys

Waalre, The Netherlands

Ear wiggling

| am fortunate enough to be able
to wiggle my ears. However, | can
only wiggle both at once, notone
atatime. Why?

B Bilateral symmetry isthe
default mode for movement.
Infantssuck,cry and wave their
arms symmetrically and must
eventually learn to do things one-
sided. I have heard youngsters
complain that they can’t wink:
whenthey try, theyclose both
eyes. Even as adults, it is easier to
do mirror-writingwith your left
hand if you simultaneously write
the sameword with yourright.

I, too, could once wiggle my ears
onlybothat once. With practice
[learned towiggle oneatatime,
an accomplishment of novalue
toanyone - until now.

Spencer Weart
Hastings-on-Hudson, New York, US

B Some combined bodily actions
shareneuralchannels,which
prevent independentaction. It is
hard, for example, to direct your
eyes independently. Physically it
should be possible, but your
mental control specialises in
binocularcoordination.
Asarule,independent direction
of sensory organs is suited to
detecting prey or danger, while
symmetricalsensing permits

DoPolarBears
GetLonely?

Our latest collection -
serious enquiry, brilliantinsight
and the hilariously unexpected

Available frombooksellers
and at www.newscientist.com/
polarbears

precise measurement.

Most primates use their ears to
supplementbinocular vision or
for direction finding. This means
that not many need tomove their
ears much and hardly any need to
move them independently;
instead they movetheir heads.

Correspondingly, visual ear
signals such as twitching, vital to
most carnivores and many
herbivores, hardly figurein the
social behaviourof primates,
especially the anthropoids. Our
legacy isgenerally symmetrical.
JonRichfield
Somerset West, South Africa

M Inorder towiggle one ear ata
time, practice is needed in front
ofamirror. That ishow Ilearned
the art. By grinning forcefully and
widely, the ears are made to move.
Ifyou concentrate on finding the
muscles that move the ears, you
canoperate them without
grimacing. Then practise moving
each ear by itself. What use does
this skill have? It impressed
teenage girls, up toa point, and

a by-product was the smoothing
out of wrinkles on my forehead.
Brian Colless

Palmerston North, New Zealand

Thisweek’s question

SPLIT TIMES

Why doescold weatherdry my
skin out? Generally things dry out
more slowly the colder it is, yet as
soon aswinter arrivesmy hands
become sodry the skin splits.
Bernard Marie

Lille, France
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