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THERE is somethingbadlywrongwith the
way standards for school science are set
in theUS.When theTexas StateBoardof
Educationvoted innewstandards lastweek
(seepage 5) it left thedoor ajar for teaching
creationismunder the guise of science in
federally funded schools. These loopholes
must be closed, andquickly.
Because standards are set at state level,

students inone statemight be learning
different science andusingdifferent
textbooks than students in another.What
isworse, the state boards of education that
are responsible for standards and textbooks
aremadeupof electedofficialswhoneed
nothave anyexpertise or credentials in the
relevant areas of scienceor education.
Aswe saw in the 2005 trial over teaching

intelligent design inDover, Pennsylvania, and
arenowseeing inTexas, school boardshave
becomeapolitical battleground.Manyboard
members appear to be actingonbehalf of
religious groups like local churches or the
Discovery Institute, theSeattle-basedstandard-
bearer of the intelligent designmovement.
School science standards shouldbe set by

peoplewhounderstand science and science

Leaveeducation
to theexperts,
not creationists

EDITORIAL

education. At the same time, it is dangerous
to argue that thepowers of democratically
electedofficials shouldbe takenaway if they
don’t produce theoutcomeyouwant.
Yet that iswhatmayhappen inTexas.

State senator RodneyEllis and representative
Garnet Coleman, bothDemocrats, have
introduced legislation thatwould transfer
authority for textbooks and curricula to the
Texas EducationAgency.
Is there awayout of this impasse?One

possibility is that candidates for school boards
shouldbevettedbefore they stand.Another is
for thepro-science lobby to engagemore fully
with thedemocratic process. After theDover

trial, boardmemberswho favoured intelligent
designweredumpedby the electorate.
Something similar couldhappen inTexas.
Anotherpossibility is topushdecisions

furtherup thedemocratic ladder. President
BarackObamahas already called for all states
tohave the sameachievement standards,
raisinghopes thathemightpush for federal
standards across allUS schools.While this
mightprovoke conservative ire, itwouldput
an end to thepresent situation inwhich an
accident of geography candeterminewhether
a child is taught valid science.
Obamahas alreadymade remarkable

changes inWashingtonby restoring scientific
expertise to its rightful place in government.
Many teachers and scientistswould like to see
himdo the same in theplacewhere it can
countmost: in the classroom. ■

The right of American children
to be taught sound science is
at risk, but that’s democracy

What’shotonNewScientist.com

FIRSTwe learnedof the risks of smoking.
Then itwas thedangers of inhaling the smoke
fromsomeone else’s cigarette. Fair enough–
there’s strong evidence that passive smoking
increases the risk ofheart attack, lung cancer
and cot death.Nowsomesmoking researchers
arewarning that third-hand smoke – the
particles that linger on skin and clothes long
after the cigarettehas beenextinguished –
could also be adanger (seepage 34). Is this
a step too far?
The evidence that third-hand smokehas any

physiological effects is tenuous, yetmuchof
themedia – and somehealthorganisations –
reported it as fact. It is theWorldHealth
Organization’s 20thWorldNoTobaccoDay
nextmonth, but if claims like these can’t be
supportedby sound science, thedanger is that
peoplewill stop listening to themessage. ■

Thedangersof
inhalingdubiousfacts

Makingpokerpay

IN JURISDICTIONSacross theworld, courts
continue todebatewhetherpoker is a game
of chanceor skill – and thereforewhether it
shouldbe treated as gambling. That could
soon change (seepage 10). The rise of online
pokermeans that statisticiansnowhavevast
amounts of data to analyse, and it increasingly
appears that skill holds the aces. But don’t
bet onpoker being completely deregulated:
governmentswill alwayswant a slice of
sucha lucrative – andaddictive – business. ■

“Electedofficials on state school
boards often lack any credentials
in scienceor education”
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TECHFeardetectormakes

for thefairgroundrideof

your life If amusementpark rides

neverdeliver the thrill level youcrave,

you’llwelcomenew“smart rides” that

canspot if aperson is boredandpush

up theexcitement levels.Watchour

videoof the system inaction

SPACEWhatwill thesun look

likewhen itdies? Thesunwill

eventually sloughoff its outer layers,

forminga shimmering “planetary

nebula”. Ourgallery shows the

dazzling forms thenebula could take

APRILFOOLS?Strangebut

trueexamplesofcurrent research

Aproposal to combineViagrawith

moisturiser tomakea cellulite

treatment; the suggestion that

mencould cure their hay fever

bymasturbating; a correlation

betweengeomagnetic activity

anddream“weirdness”.Webring

youaselectionof ideas that can

bemostgenerously described

ashypotheses

ONLINEPRIVACYSocialnetworks

canspill yoursecrets Anonymous

data taken fromaccountsonmultiple

socialwebsites canbepooled to

reveal theusers, researcherswarn

GREENTECHCanbacteria

cleanupouract? Awide rangeof

green technologies canbebuilt using

the chemical skills of bacteria – from

bugs that transformcheapplastic

bottles intomorevaluablepolymers,

toothers that canextracthydrogen

gas fromwater

ENERGY Ice thatburnscouldbea

greenfossil fuel Natural gas trapped

inwater crystals couldprovidehuge

amountsofenergy. If anew

technologydelivers aspromised, it

couldevenbeemissions-free

BLOGBuffy thevampire-

population inhibitor Whatwould

prevent vampiresoverrunning the

imaginedworlds inwhich theyexist?

For breakingnews, videoandonline

debate, visitwww.NewScientist.com
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YOUwouldhope that a fake
company, proposing to test a
riskymedical procedure,would
be turneddown flat. But that’s not
whathappened in anelaborate
“sting”operation set up toprobe
theUS systemforprotecting
volunteers in clinical research.

Trials of newdrugs or
medical devices canonlybegin
if approvedbyan Institutional
ReviewBoard (IRB).Often these
are attached to thehospitals or
universitieswhere the research

will takeplace. But the task is
increasingly beingperformed for
profit by commercial IRBs,
prompting fears that somemay
be rubber-stamping risky trials
withoutproper scrutiny.

Now it appears these fearsmay
be justified. At a congressional
hearingon26March, the
GovernmentAccountability
Office revealed the results of an

Riskytrials investigation commissionedby
theUSHouseof Representatives
Committee onEnergy and
Commerce. To test the responses
of commercial IRBs, theGAO
created aproposal froma
fictitious company calledDevice
Med-Systems thatwanted to test
the ability of a gel, poured into the
abdomen, to reduce the growthof
scar tissue after surgery. The
protocol for the trialmatched
multiple examples described as
posing“significant risk”by the
FoodandDrugAdministration.

TheGAOsubmitted the fake
proposal to three commercial
IRBs, twoofwhich rejected it.
But Coast IRBofColorado
Springs approved theproposed
trial by aunanimousvote,
describing it as“probably very
safe”. TheCommittee onEnergy
andCommerce also found that
Coast approvedall 356proposals
it received in thepast five years,
and earned $9.3million for its
services in 2008alone.

Committee chairman
HenryWaxmanhas vowed to
“push for reforms thatwill
protect thehealth and safety of
theAmericanpeople”.

Polypill’spromise

ANall-in-oneprotectivepill for
seeminglyhealthypeoplewas
once seenas awild fantasy.Nowa
five-drug“polypill”hasproduced
promising results.

Polypills are designed to
prevent and treatmultiple
components of cardiovascular
disease all at once. They are also
a lot less hassle than taking lots of
pills, sopeople aremore likely to
comply. SalimYusuf atMcMaster
University inHamilton, Canada,
andhis colleagues testedPolycap,

which contains threedrugs to
lower bloodpressure, a statin
andaspirin, for threemonths in
peoplewithout cardiovascular
disease butwithone risk factor
for it, such as beingoverweight
or smoking in the last five years.

Polycap seemed just as good
at loweringbloodpressure,
heart rate andblood clotting
as giving thebloodpressure
drugs andaspirin separately
(The Lancet, DOI: 10.1016/
S0140-6736(09)60611-5). Thepill
also cut cholesterol, thoughby
less thana statinon its own.

–NorepeatofThreeMile Island,please–

Safe inanewnuclearage?
INTHEpush tobuildnewnuclear

powerplants, safetyassessments

maybebiasedandconcerns ignored.

Sosaynuclearanalystson the30th

anniversaryof theworst reactor

accident inUShistory.

TheUSandother countriesare

preparing foranewwaveofnuclear

powerplant construction tohelp

reducecarbonemissions.But critics

worry thathistory could repeat itself.

In1979, thousands fled thevicinity

of theThreeMile Island reactor in

Pennsylvaniaafter itmelteddown.

“Amongthe lessonsofThreeMile

Island is thatnuclearpower is least

safewhencomplacencyandpressure

toexpeditearehighest,”Peter

Bradford,whowasamemberof the

USNuclearRegulatoryCommission

(NRC)at the timeof theThreeMile

Islandmeltdown,warnedUSsenators

atahearing lastweek.He isnowa

director for theUnionofConcerned

Scientists inWashingtonDC.

Criticsare concerned thata

forthcomingNRCassessmentof

publichealth risks fromnuclear

accidentswill paintanoverly rosy

picture.Thestudywill not factor in

accidents considered tohavea less

thana1-in-a-millionchanceof

happeningperyear, forexample.

ScottBurnell, a spokesmanfor the

NRC, says thestudywill be realistic.

“There isn’t anythingpolitical here

atall – it’s crunching thenumbers

accordingtowell-thought-outcriteria,”

hesays.An independentpanelof

expertswill scrutinise the results to

ensure their scientific integritybefore

theyare releasednextyear, headds.

“Fears that someboards
may rubber-stamp risky
trialswithout proper
scrutinymaybe justified”

BUREAUCRACYover theuseofgym

equipmentand toilets is affecting

moraleon the InternationalSpace

Station, according tocosmonaut

GennadyPadalka,whowill be the

next ISScommander.

Padalkasaysharmonywas

shattered in2003whentheRussian

spaceagencystartedcharging touse

its facilitiesandotheragencies

followedsuit. Itmeansastronauts

andcosmonautsareoftenasked to

useonly their owntoilets, foodand

Spacetoiletswrappedinredtape
B
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water. Padalkawas recently refused

access to theUS-rungym,hesays.

“What isgoingonhasanadverse

effectonourwork,”Padalka told

RussiannewspaperNovayaGazeta.

“It’s politiciansandbureaucratswho

can’t reachagreement,notus

cosmonautsandastronauts.”

Decisionsabout resourceuse

onthespacestationaremadeby

representatives frommember

agencies sittingon the ISS

Multilateral CoordinationBoard.

UPFRONT
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CLEANupyour fumesor stay
away. That’s themessageUS
officials are sending to all vessels
approachingUS coasts.On
Monday, the Environmental

ProtectionAgency announced
its intention todesignate the
US coastal regionan“emission
control area”within four years.
Ships enteringUS coastal

waters,which typically extend
370kilometres fromthe coast,
will need tomeet thehighest
clean air standardsunder
international law. To approach
theUS, international vesselswill
have to cut sulphur emissions by
98per cent onaverage, by either
burning cleaner fuel or chemically
“scrubbing”their exhaust. Annual
shipping emissions are thought
to contribute to60,000deaths
worldwide, via illnesses suchas
respiratorydisease.
Also onMonday, a coalitionof

non-governmental organisations,
including the Environmental
Defense Fundand theAmerican
LungAssociation, published a
report finding that 87million
Americans live inport areas that
donotmeet federal air-quality
standards. Canadahopes to create
a similar clean-air buffer zone.

UScoastalclean-up

ITWASamixedbagof victory and
defeat for science lastweekwhen
theTexasBoardof Education
votedon science standards for the
state. In amove that pleased the
scientific community, theboard
voteddownproposed changes
that called for the teachingof the
“strengths andweaknesses”of
scientific theories– code for letting
creationism into the classroom.
But the final decisionprovides

loopholes for creationist teaching.

“It’s as if they slammed the
door shut, then ranaround the
houseopeningwindows,”says
DanQuinnof theTexas Freedom
Network, a community
organisationoneofwhose aims
is“to counter the religious right”.
Echoingphrasingoftenused

by supporters of intelligent
design and creationism, the
standardnowcalls on students
to“analyze andevaluate”
scientific explanations for the
complexity of cells, the fossil
record, globalwarming and the
originof theuniverse. Theboard
also voted to remove a statement
that theuniverse is roughly
14billionyears old.

Thenext battlemay come in
twoyears’ timewhen theboard
reviews school textbooks. The
Texasmarket is a large onewhich
publishers can’t afford to lose,
and creating aTexas-only edition
of a biology textbookwouldbe
expensive. If Texas requires the
science tobewatereddown, other
states could endupusing flawed
books too.

“Quote togo inhereover
four lines range left like
thisQuote togo inher
like this xxxxx”
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Low-carbon landing
AEurope-wideplantosmooththe

trajectoryof landingaircraftcould

reducecarbonemissionsbyhalf

amilliontonnesayear.By2013,

around100Europeanairportswill

allowplanestofly inacontinuous

descent,which ismorefuel-efficient

thancurrentsteppedtrajectories,

accordingtoaplanlaunchedby

aviationgroupson31March.

Tampon in thepost
Femalesexworkerscanfindout

moreconvenientlyanddiscreetly

if theyhavecontractedasexually

transmitteddiseasebysending

doctorstheirusedtamponsthrough

thepost,saysPatrickKimmittofthe

UniversityofWestminster inLondon.

HetoldameetinginHarrogate,UK,

thatthetamponmethodidentified

moreinfectionsthangivingurineat

aclinic,andwaspreferredbythe65

sexworkerswhotookpart inhisstudy.

Wewill research!
TheUS’sfirstpro-researchrallywill

takeplaceon22AprilattheUniversity

ofCalifornia,LosAngeles, inresponse

togrowingthreatsfromanimalrights

activists.David Jentsch,founderof

UCLAPro-Test,hadhiscarfirebombed.

Hesaidthisweekthat“thetimehas

come”tomakeastand, justastheUK

Pro-Testgroupdid inOxford in2006.

Coral sexchange
Mushroomcoralscanswitchfrom

maletofemaleandbackagain,say

researchersatTelAvivUniversity in

Israel.Understandingwhyandwhen

mayhelpprotectthemfromthe

stressesofachangingenvironment.

Fountains fight flab
ChildrenatGermanprimaryschools

that installeddrinkingfountains–

andencouragedchildrentouse

them–were31percent less likelyto

beoverweightcomparedwithkidsat

schoolswithnofountains(Pediatrics,

DOI:10.1524/peds.2008-2186).The

childrendidn’tdrinkanyfewersoft

drinks,butthewatermayhavemade

themfeelfuller.

–Meettherelatives–

Setbackforschools

Climateoptimism

“Toapproach theUS,
international vessels
will have to cut sulphur
emissionsby98per cent”

“Texas studentswill have
to ‘analyze andevaluate’
scientific explanations for
the complexity of cells”

WHILE eyes are on theG20
summit in London, thisweek’s
serious business on climate
change is beingdone inGermany.
The latest roundofUN-backed

talks aiming at a replacement for
theKyotoprotocol began inBonn
onMonday.Delegatesheard
the chiefUS climatenegotiator,
ToddStern, declarehis country’s
re-engagement.“Wedonotdoubt
the science,wedonot doubt the
urgency, andwedonotdoubt
the enormityof the challenge
beforeus,”Stern said.“The facts
on the groundare outstripping
theworst-case scenarios. The
costs of inaction –or inadequate
actions – areunacceptable.”
Climate change talks between

theG20 leaders arenot expected
toproducemore thanabland
statement –perhaps apledge
to create“green jobs”aspart
of apackage to stimulate the
global economy.

60SECONDS

–Can’twe justgetalong?–

Fordailynewsstories,visitwww.NewScientist.com/news
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THISWEEK

airmovementhavedubbed this
the“biotic pump”and claim it
couldbe“themajor driver of
atmospheric circulationon
Earth”. This is a dramatic claim.
The twoRussians argue that their
biotic pumpunderliesmany
pressure-driven features of the
tropical climate system, suchas
tradewinds, andhelps create
intense local features like
hurricanes.
Tobackup their hypothesis

they showhowregionswithout
coastal forests, such aswest
Africa, becomeexponentially
drier inland. Likewise, innorthern

Australia, rainfall drops from
1600millimetres a year on the
coast to 200mmsome 1500
kilometres inland. In contrast, on
continentswith large forests from
the coast to interior, rainfall is as
strong inlandas on the coast,
suggesting the treeshelp shuttle
moisture inland (Ecological
Complexity, DOI: 10.1016/
j.ecocom.2008.11.004, inpress).
In theCongo, for instance, around
2000mmof rain falls eachyear at
the coast and the sameamount
falls inland. The same is true in
theAmazon, the SiberianArctic
and theMackenzie river basin in

6 | NewScientist | 4April 2009

THEacresuponacres of lush
tropical forest in theAmazonand
tropical Africa are often referred
to as theplanet’s lungs. Butwhat if
they are also its heart? This is
exactlywhat a couple of
meteorologists claim ina
controversial new theory that
questions our fundamental
understandingofwhat drives the
weather. Theybelieve vast forests
generatewinds thathelppump
water around theplanet.
If correct, the theorywould

explainhow thedeep interiors of
forested continents get asmuch
rain as the coast, andhowmost of
Australia turned fromforest to
desert. It suggests thatmuchof
NorthAmerica couldbecome
desert – evenwithout global
warming. The ideamakes it even
morevital thatwe recognise the
crucial role forests play in the
well-beingof theplanet.
Scientists have known for some

time that forests recycle rain.Up
tohalf theprecipitation fallingon
a typical tropical rainforest
evaporates or transpires from
trees. This keeps the air above
moist. Oceanwinds can spread
themoisture to createmore rain.
ButnowVictorGorshkovand
AnastassiaMakarievaof the St
PetersburgNuclear Physics
Institute inRussia say that forests
also createwinds that pump
moistureacross continents.
Howcan forests createwind?

Water vapour fromcoastal forests
andoceansquickly condenses to
formdroplets and clouds. The
Russianspoint out that the gas
takesup less space as it turns to

Without forests to act as a giantwater pump,
could continents turn to desert?

Keeptheplanet’s
heartpumping

FredPearce liquid, lowering local air pressure.
Because evaporation is stronger
over the forest thanover the
ocean, thepressure is lower over
coastal forests,which suck in
moist air fromtheocean. This
generateswind that drives
moisture further inland. The
process repeats itself as the
moisture is recycled in stages,
moving towards the continent’s
heart (see diagram). As a result,
giantwinds transportmoisture
thousandsof kilometres into the
interior of a continent.
Thevolumesofwater involved

in this process canbehuge.More
moisture typically evaporates
fromrainforests than fromthe
ocean. TheAmazon rainforest, for
example, releases 20 trillion litres
ofmoisture everyday.
“In conventionalmeteorology

theonlydriver of atmospheric
motion is thedifferential heating
of the atmosphere. That is,warm
air rises,”Makarieva and
Gorshkov toldNewScientist. But,
they say,“Nobodyhas looked at
thepressuredrop causedbywater
vapour turning towater.”The
scientists,whose theory is based
on thebasic physics that governs

Biotic pump
A controversial theory could explain how large volumes ofwater

reach thousands of kilometres inland

Water vapour over
coastal forests
condenses to form
droplets and clouds. This
lowers local air pressure
and sucks inmoist air
from theocean

If coastal forests are cut,
thewinds reverse

CONDENSATION

CONDENSATION

FORESTEDCOAST DEFORESTEDCOAST

MOISTAIR MOISTAIR
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northernCanada. But theUS,
largely foresteduntil recently,
nowseemsbeheaded for desert.
Makarieva andGorshkov told
NewScientist thatwithout rapid
reforestation“thedegrading
temperate forests ofNorth
America are on theirway to
desertification”.
TheRussians’ ideashave

languished since theywere
published in a small journal in
2007.“Weare facing enormous
difficulties inovercoming the
initial resistanceof the scientific
community,”they say. Antoon
Meesters of the FreeUniversity in

4April 2009 |NewScientist |7

Amsterdam, theNetherlands,
recently described it as“an
untenable result of confused
principles”.Meesters doesnot
dispute thephysics behind the
Russians’ theorybut claims the
effect is negligible.
Thisweek, a leadingBritish

forest scientist based at the
Institute of Tropical Forest
Conservation inKabale,Uganda,
came to theRussians’aid. In a
reviewof thework in the journal
Bioscience (DOI: 10.1525/
bio.2009.59.4.12), DougSheil and
his co-authorDanielMurdiyarso
underline the importanceof the

Inthissection

■Autistic toddlersprefersynchrony,page8

■ Happytraderstakemorerisks,page9

■ Pokerskill-testcouldswaygaming laws,page10

idea.“Conventionalmodels
typically predict a 20 to 30per
cent decline in rainfall after
deforestation,”Sheil says.
“Makarieva andGorshkov suggest
even localised clearingmight
ultimately switch entire
continental climates fromwet to
arid,with rainfall decliningby
more than95per cent.”
Sheil explains that current

theorydoesn’t explain clearly
how the lowlands in continental
interiorsmaintainwet climates.
“There is amissing element,”
Sheil says. Thebiotic pump“may
be the answer”.He calls the
Russians’ findings“amost
profound insight into the impact
of forest loss on climate. They
will transformhowweview
forest loss, climate change
andhydrology.”
Many forest scientists are

intriguedby the idea.“Itmakes
perfect sense,”saysAndrew
Mitchell, director of theGlobal
CanopyProgramme,Oxford,UK.
“Weknow that coastal rainforests
are critical tomaintaining rainfall
deep inland.”He says it couldoffer
amore convincing explanation
forhowAmazon rainfall is
typically recycled six times.
The implications are global,

he adds.“We think someof the
recycledAmazonmoisture is
takenona jet streamtoSouth
Africa, andmoremaybe to the
AmericanMidwest. Gorshkov and
Makarieva are looking at the front
endof anabsolutely critical
process for theworld’s climate.” If
their theory is correct, itmeans
that large forests help kick-start

the globalwater cycle.However,
because forestmodels donot
include thebiotic pump, it is
impossible to saywhatwiping the
Amazonoff themapwouldmean
for rainfallworldwide.
The theory suggests that past

civilisations couldhavehada
muchgreater impact onglobal
climate thanwe thought.Australia
oncehad forests but is now largely
desert. Gorshkov andMakarieva
argue thatAborigines burning
coastal forestsmayhave switched

the continent fromwet todryby
shuttingdown its biotic pump.
Climatologists are already

worried about the state of the
Amazon rainforest. Lastmonth,
theUK’sMetOfficewarned that
if theplanetwarmsby4degrees,
85per cent of the forest coulddry
out anddie. IfGorshkovand
Makarieva are right, theAmazon
will be gonebeforewarmingkicks
in. Theypredict that evenmodest
deforestation could shutdown
thepumpand reduce rainfall in
central Amazonia by95per cent.
The samecouldhappen in the
world’s other large rainforest
regions, suchas central Africa.
According toRichardBetts,

headof climate impacts at theMet
Office,“The jury is still out on
whether themechanism is
significant ornot. But the role of
tropical forests inprotectingus
against climate change is severely
underrated.”
It’s not all badnews. If natural

forests can create rain, then
planting forests can, too. Sheil
says, if forests attract rain, then
replantingdeforested coastal
regions could re-establish abiotic
pumpandbringback the rains.
“Once forests are established, the
pumpwouldbepowerful enough
towater them.Couldweoneday
afforest theworld’s deserts?
Makarieva andGorshkov’s
hypothesis suggestswemight.” ■

–Drivingweather everywhere–

“Coastal forests create
giantwinds that push
water thousandsof
kilometres inland”

Ona large continentwith
a forested coast, the rain
exported inlandhelps the
forest expand. This
process repeats itself,
sustaining forest right
into the continent’s heart

MOISTAIR
MOISTAIR

MOISTAIR
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EVENat the tender ageof 2, kids
with autismobserve theworld in
a fundamentally differentway to
their non-autistic peers. Instead
of beingdrawn to themovements
of living creatures, they are
transfixedbymotion that is
synchronisedwith sound.
Thediscoverywasmadeby

AmiKlinof YaleUniversity
School ofMedicine inNewHaven,
Connecticut, and colleagues. As
well as leading to earlier screening
and intervention,Klin reckons
this preference couldbe adriving
force behind someof autism’s
characteristic traits. By causing
babies’developingbrains tomiss
out onkey social cues, itmay
contribute to someof the social
difficulties that peoplewith
autismexperience later on.
The ability toperceive

biologicalmotion is an innate
trait sharedbymany social
creatures, fromchimpanzees to
birds.“This is a verybasic adaptive
survivalmechanism,”saysKlin.
It helpsnewborns find caregivers
andavoidpredators. Inhumans,
it is a precursor todecoding facial
expressions and intentions,
which ledKlin towonder if a lack
of this abilitymight exacerbate
someautistic traits.
To investigate, his teamcreated

animationsofhuman figures
recitingnursery rhymes that
weremadeofpoints of light,
usingmotion capture technology.
Onone sideof a screen the light
animationswereplayedupright;
on theother side theywere
playedupsidedown, so they
weren’t obviously identifiable as
people, and in reverse, so that the
motiondidn’t correspond to an
accompanying audio track. They
found that 2-year-oldswhowere
developing typically, orwhowere

not autistic but developmentally
delayed, stronglypreferred
looking at theupright figure,
suggesting theywere attracted
tobiologicalmotion. In contrast,
autistic 2-year-olds appeared to
havenopreference (Nature, DOI:
10.1038/nature07868).
But theautistic toddlers seemed

tohave another kindof enhanced
ability.When the researchers
re-analysed the animations for

thedegree of synchronybetween
motionand sound, they found
that the childrenwith autism
were interested inmoments
where therewas synchrony,
whether theyoccurredbecause
theupright figurewas clapping,

say, or by chance in the reversed,
upside-down figure.
Suchdifferences inobservation

maypushautistic childrendown
adevelopmental path that further
exaggerates thedifferences
between themand typically
developing children, saysKlin.
For example, a focusonsynchrony
couldbewhy, insteadof looking
at the eyes of their caregivers,
toddlerswith autism tend to
watch theirmouths,“theplace
on the facewith the greatest
audiovisual synchrony”.
Klin is now looking atwhether

thepreference canbeused to
redirect their attention towards
more socially relevant stimuli.
Thediscovery could also lead to

earlier autismscreening tests. The
team isnowstudying the infant
siblings of older childrenwith
autism todeterminehowearly on
thesedifferentperceptionsappear.

Lonnie Zwaigenbaum, an
autismresearcherat theUniversity
ofAlberta in Edmonton, Canada,
calls this approach“exciting”, but
cautions that itwill take a lot of
work toboil downthe findings into
a simple observational tool. ■

AriaPearson

Kidswithautismlike
asight-soundmatch

SOUNDBITES

“Thatwas theequivalent

ofburning five100-watt

bulbs constantly.”

Robert LewisofPepsiCo, referring to

theenergy consumptionof vending

machinesused in 2003. Since then,

machines’ energy consumptionhas

been reducedby44per cent and the

company is now testing30even

lower-energymodels inWashington

DC (Reuters, 30March)

“Wedon’t knowwhythey

weregroupedorhowmuch

time theyspent together.”

JoshuaMathewsof theBurpee

MuseumofNaturalHistory in

Rockford, Illinois,who led a team that

found three juvenile triceratops, a

species thought to be solitary. The

animals died together in a flood in

Montana (Livescience.com, 24March)

“Wearebynomeans

interested inbanningor

restricting car colors.”

StanleyYoungof theCaliforniaAir

ResourcesBoard in response to

rumours, spreadby autoenthusiasts

and conservative commentators, that

regulatorswereplanning tobanblack

cars fromthestate inaneffort to reduce

air pollution (LAtimes.com, 27March)

“Ouradvice to consumers

is that theyavoideating

pistachioproducts.”

DavidAchesonof theUSFoodand

DrugAdministration,which is looking

into pistachio nuts as the sourceof

a possible salmonella contamination.

Twopeople have complainedof

gastrointestinal illness, but the link

to pistachios is not confirmed (The

WashingtonPost, 30March)

“PrinceCharles talks to

plants. Let’s see if there

is something in this.”

JamesRudoniof theRoyalHorticultural

Society,which is conductinga study into

whether thehumanvoice canaffect

tomatoplants. Theheir to theUK throne

said, twodecades ago, itwas “very

important” to talk to plants, and “they

respond” (TheTimes, London,31March)
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“A focuson synchrony could
bewhyautistic toddlers
watch themouthsof their
caregivers, not their eyes”

–Carer or predator?–
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WAS it just greed that prompted
the risky financial decisions
that triggered global economic
meltdown, or could other factors
have been at work?

Before rushing to condemn the
traders and bankers responsible,
consider this: perhaps they were
in too good a mood. That’s the
intriguing implication of
experiments showing that even
a fleeting exposure to a smiling
face makes people more likely to
make risky investment decisions.

At the Cognitive Neuroscience
Society meeting in San Francisco
last week, graduate student
Julie Hall of the University of

Michigan in Ann Arbor described
experiments in which 12 male
and 12 female volunteers played a
game in which they repeatedly
had to choose between investing
in a“safe”bond and two much
riskier stocks.

For every round of the game,
the bond paid out $3. One of
the stocks paid out $5 half of the
time, while the other lost $5 at
the same rate. At the start of the
game, the players were told
the rules but didn’t know which
of the stocks was good and which
was bad: that only emerged as
the game unfolded. As with real-
world investments, the good stock

Ina riskyworld itmaypay
toshuncheerycolleagues

became bad at certain points
during the game, and vice versa.

Under these circumstances,
the rational strategy is to keep
investing in the safe bond. This
is mostly what participants did –
but only when they were shown
an image of a face that showed
no emotion before each round.
Volunteers who were shown a
happy face were much more

likely to choose the risky stocks.
It made no difference whether
the face was displayed long
enough for the volunteers
to register it consciously, or
flashed up fleetingly so it was

only perceived subliminally.
Brian Knutson, a psychologist

at Stanford University in
California, recognises that it is
hard to determine the extent
to which real financial markets
are driven by similar emotional
factors. But he points out:“The
market is made up of individuals,
and individuals have reactions to
what’s going on.”

While they were playing the
game, the volunteers’brains were
also scanned using functional
magnetic resonance imaging.
This showed that the risky
decisions were preceded by
activity in a brain area called the
nucleus accumbens, while the
safe bets followed excitation in
the anterior insular cortex.

This fits with some of Knutson’s
earlier findings with a similar
investment game. He argues
that the nucleus accumbens
is activated when we are
anticipating a reward. Knutson
has found that showing men
erotic pictures leads to similarly
risky investment decisions.

In a rising market, stoking
activity in the nucleus accumbens
is advantageous, Hall argues. The
problem comes when stimulation
of this brain circuitry is out of
whack with the likelihood of things
turning out well. “When risk-
taking is a good thing, it’s good to
be in a positive mood,”she says.
“When risk-taking is a bad thing,
it’s not good.” PeterAldhous ■

Fordailynewsstories,visitwww.NewScientist.com/news
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“Volunteers shownahappy
face, even subliminally,
weremuchmore likely to
choose the risky stocks”

–Feeling lucky–
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IS POKER a game of skill or luck?
For regular players that’s a no-
brainer, but showing that skill
wins out has proven surprisingly
difficult for mathematicians. Now
two studies that tapped the vast
amounts of data available from
online casinos have provided
some of the best evidence yet that
poker is skill-based. Many hope
that the results will help to roll
back laws and court decisions that
consider poker gambling, and
therefore illegal in certain contexts.

Most players insist that poker is
predominantly skill. “I depended
solely on that skill for my food
and rent,”says Darse Billings, a
former professional player who
co-founded the Computer Poker
Research Group at the University
of Alberta in Edmonton, Canada.
In many jurisdictions, however,
poker websites and organised
games are heavily regulated or
even banned under gambling
laws, partly because chance is
considered the dominant factor.

Previous attempts to quantify
the relationship between skill and
chance have involved building
theoretical models or playing
software bots against each other.
However, Ingo Fiedler and Jan-
Philipp Rock at the University of
Hamburg’s Institute of Law and
Economics in Germany argue that
these methods fail to reflect real
games, and this may explain why
some courts and lawmakers have
yet to be swayed by them. So over
three months, the pair recorded
the outcomes of 55,000 online
players playing millions of hands
of poker’s most popular variant,
“no-limit Texas hold ’em”.

They reasoned that if skill
dominated, this would eventually
show itself over many hands, so
they chose two factors to define

this threshold. Firstly, they
measured how much each player’s
winnings and losses fluctuated:
the higher this variance, the
greater the role of chance. Secondly,
they measured the average value
of a player’s winnings or losses:
highly skilled or terrible players
would do noticeably better or
worse than would be expected
by chance alone.

Based on these factors, they
found that the threshold at
which the effects of skill start to
dominate over chance is typically
about 1000 hands, equivalent
to about 33 hours of playing in
person or 13 hours online, where
the rate of play is brisker. So

although chance plays a role,
they suggest that because most
players easily play this many
hands in a lifetime, poker is more
a game of skill (Gaming Law

ReviewandEconomics, DOI:
10.1089/glre.2008.13106).“Our
results should have greater
impact on the legislators than the
results of other studies; they refer
to reality,”says Fiedler.

However, Sean McCulloch,
a computer scientist at Ohio
Wesleyan University in Delaware,

says the results may fail to sway
a judge or jury.“If you want to
use a mathematical argument
as the basis for legislation or court
decisions, it has to be easy to
explain, easy to follow

and intuitive,”he says.
McCulloch used an alternative

method to explore skill and chance
in poker, also based on real games.
Together with Paco Hope of the
software consultancy Cigital of
Washington DC, he looked at
103 million hands of Texas
hold ’em played at the PokerStars
online site and calculated how
many were won as the result of a
“showdown”– in which players
win thanks to their cards beating
their opponents’cards – versus
those that were won because all
the other players folded. They
argue that the latter hands must
be pure skill, because no one
shows their cards. Their analysis,
released on 27 March, revealed
that 76 per cent of games did not
end in a showdown, suggesting
that skill is the dominant factor.

John Pappas of the Poker Players
Alliance (PPA) in Washington DC
says both studies are badly
needed to help properly define
the law. In many US states, judges
and juries use a so-called
“predominance test”to gauge
skill and chance, based on the
opinions of expert witnesses.
Although courts in Pennsylvania,
Colorado and South Carolina have
all ruled this year that poker is a
game of skill, not all courts do.“It
would not be wise for any of us to
rest on our laurels,”Pappas says.
The PPA expects the Cigital study
will now be used as evidence to
fight appeals against court rulings
that decided poker is a skill game.

However, Preston Oade of law
firm Holme Roberts and Owen in
Denver, Colorado, who worked on
a separate poker case in Colorado,
cautions that the studies still may
not persuade juries, as this is a
“moral, political and social issue”,
as well as a mathematical one.

Pappas hopes the studies will
help to persuade the US Congress
to grant poker an exemption from
the Unlawful Internet Gambling
Enforcement Act, due to come into
force in December 2009. The act
will make it illegal in some states
for banks to process transactions
from gambling websites. ■

“The threshold atwhich
theeffects of skill start
to dominate is typically
about 1000hands”

Poker lookingmore
skilfulbytheday
CelesteBiever

–Luck dealt ’em, but I play ’em–
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WOMEN living in tropical latitudes

haveagreater chanceofgivingbirth

toagirl, according to the first global

study to linkgeographical latitude

with the sex ratioofbirths.Normally,

slightlymoreboysareborn thangirls.

Countries at tropical latitudes

enjoywarmer temperatures and

longer,more constantday lengths,

but it’s not clearwhy theirmaternity

wardsaremore “girl-rich”, says

KristenNavaraof theUniversityof

Georgia inAthens. Sheanalysedbirth

databetween1997and2006 from

202countries collectedby theUS

Central IntelligenceAgency.

“Of the20countrieswhere

fewestboyswereborn, 18wereat

tropical latitudes,” shenotes.Navara’s

analysis of theCIAdata suggests

thatworldwide, boysaccount for

Tropicshave
apenchant for
babygirls

–Girl power–

51.3per centofbirths,with just

over 105boysborn for every

100girls. But in tropical countries

only51.1per centofbirths areboys.

And inonecountry, theCentral

AfricanRepublic, just49per centof

birthswereboys, somoreof the

newbornswereactually girls.

Although thedifferencesappear

small, theytranslate into thousandsof

babieseveryyear, saysNavara,whose

results appear inBiologyLetters

(DOI: 10.1098/rsbl.2009.0069).

In theCentralAfricanRepublic, for

example, 1400 fewerboyswereborn

in2006 than if the sex ratiohadbeen

50:50.Other “girl-rich” tropical

countries includedGrenada,

Mauritius andBermuda.Navara says

the results echo thoseofother

studies inmammals, including

meadowvoles andSiberian

hamsters,whichhave fewestmales

whendaysare shortest. She thinks

variation in the circadianhormone

melatonin is a factor, but there’s no

clear explanation. AndyCoghlan ■

DOCTORSmay start prescribing
adoseof violent conflict, if a trial
confirms evidence that computer
gaming improves eyesight.
Six years agoDaphneBavelier

at theUniversity of Rochester,
NewYork, exploded themyth
that gaming is bad for your eyes
by showing that expert gamers
outperformnon-gamers at
a variety of visual tasks (New
Scientist, 31May 2003, p 11).
Nowshehasdemonstrated that
playing action-packedvideo
games improves aperson’s ability
toperceive contrast, a skillwe
rely on indark conditions.
The finding raises theprospect

thatpeoplewithamblyopia,which
affects contrast perception, could

be treatedwith games. A trial has
begun to test that theory.
Amblyopia, sometimes known

as“lazy eye”, affects around
3per cent of people inwestern
populations andhappenswhen
thebrain fails to correctly register
signals fromoneeye. It canbe
treated in childrenbut often
goesundetecteduntil adulthood,

when there is no established fix.
Bavelier’s teamrandomly

assigned 13healthyyoungadults,
whodidnotpreviouslyplay
videogames, toplay either action
games like the first-personshooter
Unreal Tournamentormore
sedate titles suchas The Sims, for
50hours overnineweeks (Nature
Neuroscience,DOI: 10.1038/nn.2296).
Tests before andafter showed

that the contrast perceptionof
bothgroups improved. But the
action-gamegroup showed
43per cent improvement on
average, comparedwith just 11 per
cent in theother group. The effect
persisted formonths, evenwhen
people didn’t play games at all.
The study is the first indication

that contrast sensitivity canbe
alteredwithout corrective lenses
or surgery, saysBavelier.Herwork
has inspiredDennis Levi and
colleagues at theUniversity of
California, Berkeley, to begin a
trial to seewhether gaming can
helppeoplewith amblyopia.
Bavelier’s results showgaming’s

potential for clinical treatment,
saysLotfiMerabet, aneuroscientist
at theBethIsraelDeaconessMedical
Center inBoston,whouses games
forvisual rehabilitation.Hepredicts
gamingwill becomea common
clinical tool. AlisonMotluk ■

Shoot 'emupcombat is
goodforyoureyesight

“Thestudy is the first
indication that contrast
perception canbealtered
without corrective lenses”
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“MOONWALKING” mice may shed 
some light on the genetics of a 
debilitating neurological disorder.

The mice, which move backwards 
when they try to walk forwards on 
a smooth surface, have a gene for 
a mutated protein that prompts 
neurons in the cerebellum, a brain 
area that controls movement 
and balance, to die off. The same 
neurons are destroyed in people 
with the disorder   cerebellar 

ataxia , which causes unsteadiness 
and loss of coordination.

The moonwalking seems 
to occur because the mice place 
their feet wider apart than normal 
when they walk, to keep their 
balance. The movements of 
people with cerebellar ataxia 
are similar, but with notable 
differences. “I don’t think there 
are any human patients who walk 
backwards,” says Esther Becker 

Birds and breezes 
speed diseases

SOME diseases march from victim 
to victim, others fly on the wind – 
but predicting how fast is tricky.

Christopher Mundt of Oregon 
State University at Corvallis 
released a wind-borne wheat 
fungus in a field and found that 
the further it spread, the faster 
the infection front advanced 
(The American Naturalist, DOI: 
10.1086/597220). The acceleration 
fits a simple equation called a 
power law, which Mundt found 
also characterised the Irish potato 
blight of 1845 and the US corn blight 
of 1970. West Nile virus and H5N1 
bird flu have shown similar spread.

The power law applies to diseases 
spread via the wind or by wide-
ranging, unaffected carriers like 
birds, says Mundt, and not to 
diseases mainly spread victim 
to victim. It applies to the wind-
borne spores of the wheat disease 
Ug99 – meaning time may be short 
for planting   resistant varieties  
(New Scientist, 21 March 2009).

How high will the water rise 
when a hurricane blows in?

THE speed at which a hurricane progresses across the 

ocean may help forecasters predict which areas are at 

risk from flooding by storm surges.

When hurricanes strike, flooding causes more damage 

than the wind, and kills more people. To predict the 

severity of a surge, forecasters tend to rely on factors such 

as the size and the intensity of the storm. Now Joao Rego 

and Chunyan Li of Louisiana State University in Baton 

Rouge have calculated that a hurricane’s forward speed 

influences the peak height and inland “reach” of surges. 

The pair fed measurements from 30 sites in Louisiana 
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Mutated gene makes mice moonwalk of the University of Oxford, who 
led the team that investigated 
the mice (Proceedings of the 

National Academy of Sciences, 
DOI: 10.1073/pnas.0810599106).

“The million dollar question 
is whether mutations of this 
gene also occur in humans with 
cerebellar ataxia,” says Becker, 
who is screening people with 
genetic forms of the condition 
to find out. The moonwalkers 
could also provide insight into 
other forms of ataxia. 

and Texas hit by hurricane Rita in 2005 into a computer 

model that relates the severity of a surge to the 

hurricane’s speed of travel. When they raised the speed 

in their model to the maximum realistic value, the peak 

of the surge was 7 per cent higher than Rita’s, and the 

volume of water pushed inland fell by up to 40 per cent. 

This meant areas close to the coast were hit harder, but 

sites further inland were left unscathed. For the slowest 

storms, the opposite happened: peak surge was lower, 

but inland reach increased (  Geophysical Research 

Letters, DOI: 10.1029/2008GL036953 ). 

“The results emphasise yet again that storm impacts 

are highly sensitive to factors other than just simply 

intensity,” says Greg Holland of the National Center for 

Atmospheric Research in Boulder, Colorado.

OUR galaxy may be embedded in 
a pancake of dark matter, so dense 
it is easier to detect than 
conventional dark matter.

Most astronomers believe a 
spherical cloud of dark matter 
envelops our galaxy. Though 
invisible, its gravity perturbs the 
visible stuff. Now there may also 
be a pancake of dark matter. 

Calculations by Tobias Bruch 
of the University of Zurich, 
Switzerland, and colleagues 
suggest that when the Milky Way 
devours smaller galaxies, their 
dark matter should get caught 
in its disc of stars and gas. This 
would form a pancake that Earth-
based experiments would find 
easier to spot because it would be 
highly concentrated (www.arxiv.
org/abs/0902.4001).

When dark matter 
is flat as a pancake
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Have cane toads 
met their match?

CALL in the meat ants. That’s the 
new proposal for dealing with the 
spread of toxic   cane toads  across 
tropical Australia. Rick Shine at 
the University of Sydney says the 
  ferocious insects  have been seen 
feeding on cane toadlets, and 
thinks laying down bait to attract 
them to ponds where toadlets 
congregate until the wet season 
may help control their spread.

To see if this would encourage 
the ants to feed on native frogs as 
well, Shine’s team housed them 
with cane toads and native species. 
They found native frogs leapt away 
quickly when bitten by a meat ant, 
leaving them less than 1 second to 
latch on. The slower cane toads, 
however, stuck around for more 
than 5 seconds. “They’ve evolved 
in a world without big predatory 
ants, so instead of hopping away 
like a sensible frog, they just 
freeze,” says Shine. “That makes 
sense if the predator is affected by 
your toxin, but these ants aren’t.”

Ecologist   Ross Alford  of James 
Cook University in Townsville, 
Queensland, says Shine’s work 
to assess the complete biology of 
cane toads will be instrumental in 
controlling the pests. He says the 
latest proposal is interesting, but 
that “you would try it cautiously”.

Thinning ozone layer linked to bombardment from space

DO COSMIC rays deplete the 
Earth’s protective ozone layer? 
The controversial theory that 
these high-energy particles drive 
the chemical reactions eating 
away at stratospheric ozone has 
just been given a boost.  

Several years ago, a team led 
by   Qing-Bin Lu  of the University 
of Sherbrooke in Quebec, Canada, 
  reported laboratory experiments  
suggesting that electrons liberated 
by cosmic-ray collisions could 
break down chlorofluorocarbon 
molecules, releasing chlorine 
atoms that tear ozone molecules 

apart. Chlorine production is 
usually thought to be triggered 
by UV light.

If Lu’s suggestion is correct, 
ozone levels should fall then rise 
every 11 years, in step with changes 
in cosmic-ray intensity driven by 
the 11-year solar cycle. Now Lu, 
who has moved to the University 
of Waterloo in Ontario, has found 
this correlation in NASA satellite 
data from 1980 to 2007 (  Physical 

Review Letters, vol 102, p 118501 ). 
“They force one to conclude 
that the cosmic-ray mechanism 
plays the dominant role in 

VACCINES against cholera may not 

work in people who have worms.

Cholera vaccines have had limited 

success: in 2000, a promising vaccine 

made from live, weakened cholera 

bacteria protected 80 per cent of the 

North American or European adults 

who took it , but a much smaller 

proportion of Indonesians, with 

protection levels especially low in 

children. One explanation was that 

intestinal worms, which infect 

around 80 per cent of children in poor 

tropical countries, might change the 

body’s immune responses.

To investigate, scientists at the 

  International Centre for Diarrhoeal 

Disease Research  in Dhaka, 

Bangladesh, and Massachusetts 

General Hospital in Boston examined 

361 children and adults with cholera . 

The 53 people with worms had far 

fewer antibodies to cholera in their gut 

(PLoS Neglected Tropical Diseases, 

DOI: 10.1371/journal.pntd.0000403).  

This could explain why few 

children in Indonesia responded 

to the oral cholera vaccine. It also 

suggests that worms may lower 

the body’s ability to fight off cholera 

infections, highlighting the 

importance of worm treatment.

Worms may inhibit cholera vaccine
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causing the ozone hole,” he says. 
Understanding the mechanism 
of ozone depletion should help 
scientists predict when ozone 
holes will grow or shrink, he adds.

Atmospheric researcher Rolf 
Müller of the Jülich Research 
Centre in Germany points 
out that the correlation in the 
satellite data might be spurious, 
though he concedes that cosmic 
rays might play a small role. 
“It is worth investigating if the 
mechanisms identified in the 
laboratory carry over to the 
polar stratosphere,” he says.

How red pandas 
got a sweet tooth

WOULD you believe that red pandas 

are crazy for the artificial sweetener 

aspartame? In a study of how taste 

buds determine an animal’s diet, 

Xia Li at Monell Chemical Senses 

Center in Philadelphia and 

colleagues let six mammals choose 

between plain water and water 

flavoured with natural and artificial 

sweeteners. Surprisingly, the red 

panda is very fond of aspartame 

(  Journal of Heredity , in press).  

Until now, it was thought that 

only certain primates could taste 

aspartame. Intrigued, the team 

searched for an evolutionary 

explanation. But when they 

compared the taste-bud genes 

of animals that could and could not 

taste aspartame, they found no 

significant difference. This 

suggests the ability to taste 

artificial sweeteners evolved 

randomly through chance 

mutations in the sweet receptor. 

Joseph Brand, who supervised 

the research, thinks the type of 

taste receptor a species has could 

subtly influence the foods they 

choose to eat. For example, the 

giant panda – another mostly 

herbivorous mammal – eats bamboo 

shoots on different parts of the 

bamboo at different times of year. 

“The panda is presumably following 

the taste of something – maybe it’s 

the taste of some specific sweetener 

in the leaves,” says Brand. 
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For daily technology stories, visit www.NewScientist.com/technology

THERE’S a hitch in Google’s plan 
to digitise the world’s books and 
make them searchable online: 
scanning them is taking too long.

That’s because character 
recognition software needs a 
neat 2D image of the text. But 
book bindings cause pages to 
arch up either side of the spine – 
bending text and making it hard 
to interpret.

However, last week Google 
was granted a patent (US 7508978) 
on an answer to this problem. 
Its trick is to project an infrared 
pattern onto the open page 
spread. This lets a pair of 
infrared cameras map the three-
dimensional shape of the pages 
by detecting distortion to the 
pattern. This in turn allows the 
distortion of the text to be 
determined – and therefore the 
degree of correction needed to 
read it accurately.

Robots read your expressions
MACHINES could soon be able to read 

people’s facial expressions, no matter 

how subtle they are.  

So-called automatic expression 

analysis is difficult because people’s 

faces vary so much. Existing software 

can effectively recognise only extreme 

expressions, which is not particularly 

helpful in real-life situations. 

Now Sungsoo Park and Daijin Kim 

at   Pohang University  in South Korea 

have developed a system that 

recognises even slight facial 

movements. They programmed 

software to identify 27 facial feature 

points, such as the position of eight 

points around the mouth and three 

around the nostrils, and to track 

how each point moved in a sequence 

of images for each facial expression. 

The system then exaggerates the 

movements in each sequence, 

generating extreme facial expressions 
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Google speeds up 
its book scanner

which existing software can identify. 

In tests in which 80 subtle 

expressions of neutral, happy or 

angry feelings were exaggerated in 

this way, the system judged them 

correctly 88 per cent of the time 

(Pattern Recognition Letters, DOI: 

10.1016/j.patrec.2009.02.005). 

The team has used the technique 

to allow a robot with a human-like 

face to read and mimic a person’s 

subtle expressions. They also hope 

to install the software on digital 

cameras and camera phones, says 

Kim, so the devices can do things like 

automatically take a picture when 

the subject smiles.

DIGITAL wallpaper, a staple of 
science-fiction living rooms, 
could be in Japanese homes 
by the end of this year.

The construction company 
  Shimizu  is using a thin liquid-
crystal technology developed by 
the Israeli firm   Magink  to make 
5-millimetre-thick wall tiles that 
display full-colour images. 

Called SmartBricks, the tiles 
consist of an array of liquid-crystal 
pixels. The pixels can be switched 
on and off electronically and 
made to reflect areas of red, 
green or blue light which build 
up into a colour image. Once 

Home decor 
goes digital 

the image is formed, no power 
is needed to maintain it. 

The tiles have no embedded 
light source. Instead, they rely 
on ambient light to illuminate 
the image, producing a softer 
picture than backlit liquid-crystal 
displays. The effect, say its 
developers, is akin to that 
produced by real wallpaper. 

The resolution is low, since the 
pixels are 5 millimetres wide, and 
the current display mode shows 
only static images. However, 
Magink says it has developed tiles 
that can show moving images.  

SmartBricks will initially 
cost $2500 per square metre. 
The companies say they hope 
the price will eventually fall as 
production ramps up.

–Happy or sad?–

people were using 
Twitter in February, 
up from 475,000 last 
year. The company 
plans to start charging 
firms for the service

7 m

Wenqi Gao of the Chinese consulate in New York denies involvement by China in a global spying 

network. It was uncovered by Canadian investigators while studying malicious software found 

on email servers belonging to the office of the Dalai Lama (The New York Times, 28 March) 

“The Chinese government forbids any cybercrime”

“Digital cameras with 
the software could take 
a picture automatically 
when someone smiles”
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ELECTROMAGNETIC pulse 
weapons capable of frying the 
electronics in civil airliners can 
be built using information and 
components available on the net, 
warn counterterrorism analysts. 

All it would take to bring a 
plane down would be a single 
but highly energetic microwave 
radio pulse blasted from a 
device inside a plane, or on the 
ground and trained at an aircraft 
coming in to land.

Yael Shahar, director of the 
International Institute for 
Counter-Terrorism in Herzliya, 
Israel, and her colleagues have 
analysed electromagnetic 
weapons in development or used 
by military forces worldwide, and 
have discovered that there is low-
cost equipment available online 
that can act in similar ways.   “These 
will become more of a threat as 
the electromagnetic weapons 
technology matures,” she  says.  

For instance, the US and 
Russian military have developed 
electromagnetic pulse (EMP) 
warheads that create a radio-
frequency shockwave. The radio 
pulse creates an electric field of 
many hundreds of thousands of 
volts per metre, which induces 
currents that burn out nearby 
electrical systems, such as 
microchips and car electronics. 

Speculation persists that such 
“e-bombs” have been used in the 
Persian Gulf, and in Kosovo and 
Afghanistan  – but this remains 
unconfirmed. But much of 
what the military is doing can be 
duplicated by others, Shahar says. 
“Once it is known that aircraft are 
vulnerable to particular types of 
disruption, it isn’t too much of a 
leap to build a device that can 
produce that sort of disruption. 
And much of this could be built 
from off-the-shelf components or 
dual-use technologies.”

 For example, government labs 
use high-energy EMP devices to 
test what would happen to critical 
electronic systems if a nuclear 
weapon detonated, generating 

Just one pulse and the 
plane drops from the sky 
Lax security in some labs testing electromagnetic devices, and online 
manuals describing how to build e-bombs leave airliners vulnerable to attack

–Plastic planes beware –
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a vast electromagnetic pulse, 
says Robert Iannini, founder of 
  Information Unlimited  in 
Amherst, New Hampshire, which 
sells EMP test systems.

EMPs can be created in a 
number of ways. A machine 
called a Marx generator can 
quickly dump an extremely high 
charge stored in a bank of 
capacitors into an antenna, which 
then releases a highly energetic 
radio pulse . Devices like this are 
often used to test power lines for 
their resistance to lightning 
strikes. An alternative, known 
as a flux compression device, 
uses a small explosive to push an 
armature through a current-
carrying coil that is generating a 
magnetic field. This compresses 
the magnetic field, again 
producing a devastating EMP.

Iannini says his company only 
sells such devices to legitimate 

buyers. “The only people that 
buy these things are qualified 
researchers at labs like Sandia. 
They never find their way into the 
labs of pseudo or amateur 
scientists,” he says. “If we get any 
unknown overseas purchaser we 
immediately alert the office of 
export enforcement at the US 

Department of Commerce.”
But Shahar told delegates at 

the annual Directed Energy 
Weapons conference in London 
last month that security at some 
labs can be lax, while basic EMP 
generators can be built from 
descriptions available online, 
using components found in 
devices such as digital cameras. 

For daily technology stories, visit www.NewScientist.com/technology

WHEN it comes to spying on emails 

and online behaviour, the British 

government is particularly well placed. 

A new analysis suggests that more 

internet traffic passes through the UK 

than any other country bar the US.

Josh Karlin of the University of New 

Mexico in Albuquerque and colleagues 

examined the way international 

internet traffic is transmitted around 

the globe (www.arxiv.org/abs/ 

0903.321). From this they   created 

a “country centrality” (CC) rating  – 

a 0-to-1 scale in which a country that 

routes all international traffic would 

score 1. The US came out top with a CC 

of 0.74. The UK and Germany followed 

with scores of 0.29 and 0.25.

There is no evidence that these 

countries are likely to use their 

position to filter or block internet 

content in the way that China or Iran 

do, but they are thought to be using 

it to their advantage to listen in on 

emails and other online chat. 

Concern about the capabilities 

of British spooks was heightened last 

The UK is an ideal home 
for electronic Big Brother 

month when it emerged that 

the UK government is considering 

asking Facebook and other social 

networking sites to hand over details 

about their users and the online 

friends they are linked to. The plan 

is part of the government’s proposed 

Intercept Modernisation Programme, 

under which it is likely that 

web-page requests, emails and 

other traffic through the UK’s ISPs 

will be monitored. 

While intelligence agencies in the 

UK and US are unwilling to discuss 

details of the internet surveillance 

they carry out, information from 

whistle-blowers has revealed that 

both nations routinely monitor the 

cables that carry voice and computer 

data. The Bush administration, for 

example, authorised the US National 

Security Agency to tap international 

email and phone conversations.

Sitting on top of so much 

international traffic is a “gift” to the UK 

and US, says Ian Brown of the   Oxford 

Internet Institute  in the UK.  Jim Giles  ■

“These are technologically 
unchallenging to build and most 
of the information necessary is 
available,” she says.

The increasing use of carbon-
fibre reinforced composite in 
aircraft fuselages is also making 
them more vulnerable, she says, 
because composites provide poor 
shielding against electromagnetic 
radiation compared with metal. 
“What is needed is extensive 
shielding of electronic 
components and the vast amount 
of cables running down the length 
of the aircraft,” she says.

Jerome Bruel, an electrical 
systems expert at the European 
Aviation Safety Agency in 
Cologne, Germany, agrees that 
newer all-composite planes like 
the Airbus A350 will probably 
need some means  of protecting 
their cabling from all radio 
energy sources, including TV 

transmitters.  “They may need 
a metal mesh surrounding them 
to absorb interference,” he says.

Douglas Beason, a director 
at the Los Alamos National 
Laboratory in New Mexico, says 
it may be straightforward to build 
a do-it-yourself EMP weapon, 
but more difficult to make one 
that can be stowed in an aircraft. 
“A lot of work would need to go 
into dramatically decreasing the 
weight, shrinking the power 
supply and antenna,” he says.

Nevertheless, governments 
are taking the threat seriously. 
A spokesperson at the UK 
Department of Transport said the 
government is well aware of 
this security issue and has close 
links with agencies “able to 
provide a balanced picture in 
regards to EMP weapons, and 
their potential to compromise 
civilian aircraft”.  ■

“It isn’t much of a leap to 
build a device that can 
produce that sort of 
disruption in aircraft”
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THE smooth cartilage that covers 
the ends of long bones provides a 
low-friction surface that artificial 
alternatives have so far been 
unable to rival – until now.

A team of researchers in 
Israel has made a surface covered 
with “molecular brushes” that 
matches the friction performance 
of real cartilage. The new material 
could help to make better, longer-
lasting artificial joints.

Every step we take causes the 
bones in our knee and hip joints 
to rub against each other. They 
would quickly wear away if it were 
not for the protection afforded by 
the thick layers of smooth, slippery 
  cartilage  that coats their ends.

For the same reason, 
artificial joints must also be 
covered with a cartilage-like layer. 
However, while it is possible to 
match cartilage’s slick properties 
at low pressure, the high 
pressures found in real joints 
dramatically increase the friction 
in synthetic alternatives, making 
them stiff. This extra friction 

also increases wear, which 
eventually destroys the joint. 

Now   Jacob Klein  at the 
Weizmann Institute of Science 
in Rehovot, Israel, and colleagues 
have discovered a possible solution 
in the form of molecular brushes 
that slide past each other with 
levels of friction matching those 
of cartilage, even under pressure. 

The brushes are formed from 

filaments just 60 nanometres 
long, which consist of a polymer 
backbone with dozens of small 
molecular groups sticking out. 
These are positively charged at 
one end and negatively charged 
at the other (see diagram). 

In water, each of these 
molecular groups attracts up to 
25 water molecules, enveloping 
the filament in a slick watery 
sheath. The sheaths ensure that 
the brushes are lubricated as they 
move past each other, even at 
pressures above those experienced 
in real bone joints. Cartilage 

performs well in pressures up 
to 5 megapascals, a natural 
threshold that is rarely exceeded 
in real joints. Klein’s brushes 
reduce friction at pressures of 

up to 7.5 megapascals. 
The new material is an 

“important step forward” for 
joint lubrication studies, says 
  Jennifer Elisseeff , a biomedical 
engineering specialist at 
Johns Hopkins University in 
Baltimore, Maryland. 

  Farshid Guilak , an orthopaedic 
surgeon at Duke University in 
Durham, North Carolina, agrees. 
“It is very exciting to see that 
artificial polymer brushes can 
be designed to provide such low-
frictional properties,” he says. 

Both commentators wonder 
how well the brushes will perform 
in real-world applications. Guilak 
points out that low-friction Teflon 
was used in early artificial joints, 
but that it wore out more rapidly 
than had been seen in laboratory 
experiments.  Colin Barras  ■

Artificial cartilage could 
outperform the real thing
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Quantum mathematics could 
boost keyword searches 
A MATHEMATICAL technique 

for studying disorder in quantum 

systems could improve internet 

keyword searches. It is able to spot 

significant patterns in large data 

sets such as web pages and text 

documents, and may even be 

adaptable to genome analysis.

Standard keyword searching 

compares word frequencies in one 

document with the frequencies in a 

standard corpus of text from many 

sources. If a word in the document 

occurs more frequently than average, 

it is considered important. 

The new method gauges the 

importance of words in a document 

based on where they appear, rather 

than simply on how often they occur. 

“You should be able to detect an 

intrinsic property of a book without 

the need to compare it with different 

books,” says Pedro Carpena, a physicist 

at the   University of Malaga  in Spain.

Carpena previously used 

mathematics from a field called 

random matrix theory to analyse 

quantum systems. He now says 

the same technique can be used to 

identify salient words in documents 

(Physical Review E,   vol 79, p 035102 ). 

Important words tend to be 

clustered together, Carpena says, 

while less important words appear 

more  randomly distributed. This 

makes intuitive sense, he adds: as 

authors develop important ideas, they 

are likely to use relevant words many 

times in the same paragraph or page 

before moving on to other ideas. Less 

important words such as “and” and 

“but” tend to occur more evenly 

through the text.

The technique has worked well in 

Carpena’s tests.   Using random matrix 

theory to extract keywords from a 

book by Albert Einstein called 

Relativity: The special and general 

theory , he found “universe”, “field”, 

“gravitational”, and “energy” among 

the top 10 results. 

The method could even generate 

useful keywords when Carpena 

removed the spaces from a text 

document and asked the computer to 

identify significant letter combinations 

of between 2 and 35 characters long. 

This suggests it might also work on 

more abstract data sets. Carpena and 

his colleagues are currently testing 

the idea on the human genome to see 

whether it can extract useful 

information about genes. 

It’s not clear whether the search 

method is actually superior to existing 

ones, says   Oren Etzioni , a computer 

scientist at the University of 

Washington in Seattle. He points out 

that Carpena has yet to compare his 

results with existing methods.

“Often great discoveries are 

made when techniques from one 

discipline are tried in another. This 

is potentially very promising, but 

they’re wading into a crowded field,” 

Etzioni says.  Kurt Kleiner ■

“The importance of words 
in a document can be based 
on where they appear, 
rather than on how often”

“Like bone, artificial 
joints must be covered 
with a cartilage-like layer 
that reduces friction”
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THE IUCN’s Red List of Threatened 
Species is widely recognised as 
one of the best tools we have for 
guiding nature conservation. It is 
widely used to identify species in 
need of conservation measures 
and sites of crucial importance 
for biodiversity, and also to track 
progress on reducing biodiversity 
loss and to guide resource 
allocation. It is not perfect and 
no stranger to criticism, most 
recently in the pages of this 
magazine, where it was described 
as “unscientific and frequently 
wrong” (  New Scientist, 14 March, 
p 8 ). This is wide of the mark.

The first IUCN Red Data Book 
was published in 1963 as an 
essentially subjective list of 
extinction risks. Over the past 
45 years it has evolved considerably. 
It is no longer simply a register 
of species and their level of risk, 
but a rich compendium of 
information on where species 
live, their ecological requirements, 
the threats they face and the 
conservation actions that can be 
used to prevent them becoming 
extinct. It also covers common 
species, not just threatened ones. 

As such, the Red List helps 
to answer many important 
questions. What is the overall 
status of biodiversity and how 
is it changing over time? What is 
the rate at which biodiversity is 
being lost? Where is biodiversity 
being lost most rapidly? What 
are the main drivers of the loss 
of biodiversity? What is the 
effectiveness and impact of 
conservation activities?

While we at IUCN welcome 
constructive criticism, we are 
exasperated by critics who fail 

to recognise the steady 
improvements IUCN has been 
making in trying to present 
an objective picture of the 
conservation status of species 
worldwide, as well as helping 
to ensure that biodiversity loss 
is recognised as a crucial issue at 
the highest political levels. 

In recent years, a large number 
of articles have been published 
in the scientific literature 
championing the Red List’s merits 
(for example   Trends in Ecology & 

Evolution, vol 21, p 71 ). No other 
conservation tool can claim the 
same level of rigour, the same 
degree of transparency and the 
same amount of debate and 
consultation. It is important 

to note that the Red List is one of 
the very few biodiversity indices, 
if not the only one, for which the 
methodology has been published 
in a peer-reviewed scientific 
journal (  PLoS ONE, vol 2, e140 ).

One oft-repeated criticism is 
that the list is excessively cautious 
because it assigns too many 
species to a category labelled 
“data deficient”, meaning there is 
not enough information to assess 
conservation status. This is a weak 
argument. Rather than rushing to 
a judgement based on poor data, 

we highlight those species that 
need more research before an 
objective decision can be made. 
Handling uncertainty in a 
structured way is not common 
practice in the conservation 
world, but this is what the Red List 
does. Given the magnitude of the 
extinction crisis there is a need 
to provide sound advice to 
decision-makers who are pressing 
scientists to inform them about 
the state of biodiversity. 

Similarly, we have heard 
arguments faulting the Red List 
for assigning extinction risk 
based on how fast a species is 
declining, rather than on absolute 
numbers. While this can lead to 
species such as the green turtle 
being listed as endangered when 
there are still more than 2 million 
individuals, criticising it on these 
grounds is misleading. Decline 
is a key indicator of extinction 
risk. As many conservation 
experts can attest, there are 
numerous instances of formerly 
abundant species declining to 
extremely low levels very 
rapidly – think of American bison 
and passenger pigeons in the past 
and, more recently, Asian vultures 
and saiga antelope. 

Both these criticisms were 
addressed in a major paper that 
appeared in Conservation Biology 
last year (  vol 22, p 1424 ). It was 
disappointing to see New Scientist 
repeating them without reference 
to that paper.

One criticism in the article 
was new even to us: that the Red 
List diverts resources away from 
species that really need them. 
This argument is baseless. It is like 
accusing humanitarian 

“There are countless 
examples to show that 
the Red List can have 
enormous benefits”

Don’t knock the list
The Red List is not perfect but it is the best conservation tool we’ve got, 
say Jeff McNeely, Simon Stuart, Jane Smart and Jean-Christophe Vié
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organisations of putting children 
in Eritrea at risk because they are 
publishing a report on Darfur. 

Of course, the Red List is open 
to improvement. IUCN regularly 
convenes a group of respected 
scientists to review and refine 
the system, and its guidelines 
are constantly updated to reflect 
the latest scientific thinking and 
insights. One important issue this 
group is working on at the moment 
is how to integrate climate change 
into the listing process. Our 
preliminary results show that 
a large number of species that 
do not currently appear as 
threatened on the Red List are 
susceptible to climate change. 

The Red List remains the most 
accurate tool for measuring the 
state of species. The fact that it 
is based on the work of more than 
7000 scientists does not mean it 
is “cobbled together”. It makes it 
richer, with an unparalleled reach. 
Yes, it is open to debate and 
challenge, but the diversity of the 
sources it draws on makes it 
unique and irreplaceable. There 
are countless examples showing 
that, where used properly, it 
can be deployed to develop 
conservation programmes that 
have enormous benefits. 

It is extremely difficult to raise 
awareness among decision-
makers about the crucial 
importance of giving attention 
to all life forms on our planet. 
Everybody in the conservation 
movement wants biodiversity to 
receive the same level of attention 
as climate change, but this is no 
easy task. The Red List, thanks to 
its objectivity and high standards, 
is one of the very few tools that 
could allow this to happen.  ■

Jeff McNeely is chief scientist of the 

International Union for Conservation of 

Nature (IUCN). Simon Stuart is chair of 

IUCN’s species survival commission. 

Jane Smart is head of IUCN’s 

biodiversity conservation group. 

Jean-Christophe Vié is deputy head of 

IUCN’s species programme. We will be 

publishing a selection of letters on the 

IUCN Red List in next week’s issue

Comment on these stories at www.NewScientist.com/opinion
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You worked with Bill Clinton, and now 

Barack Obama. What about the man who 

came between them, George W. Bush?

It was not a good time for science, but it 
wasn’t an unmitigated disaster. I would 
say two things that are often forgotten. 
To his credit Bush completed the doubling 
of the budget for the National Institutes of 
Health. And he did good things for global 
health. But there were many other things 
that hurt science and undermined the 
science advisory process. However, that 
era is over. We need to be clear about the 
fact that damage has been done, and we 
need to repair that damage and look ahead.

How do we repair the damage?

We’ve now got the chance to work with 
a president who has a positive vision 
of science and a very strong commitment 
to the fundamental principle that 
government should operate in a way that 
is based on rational thinking and evidence 
rather than dogma. 

Have you spoken to the new president 

about science?

Yes, in general terms. He’s not a trained 
scientist, but what we can expect from him is 
a deep understanding of what scientists can 
do for society. To solve the nation’s energy 
problems he has named a distinguished 
physicist  to run the department of energy . 
That’s an amazing symbol of his conviction.

One-minute interview

Varmus on Bush and Obama

Harold Varmus is one of the new president’s 
science advisers. What changes is he hoping for?

PROFILE

  Harold Varmus won a Nobel prize in 1989 for his 

work on oncogenes . He is one of two external 

co-chairs of the President’s Council of Advisors on 

Science and Technology. His book   The Art and 

Politics of Science  is published this month.

The “  stimulus package ” includes   a strong 

investment in science . Wouldn’t we be better 

off building roads and bridges?

Science is a good place to spend money. The 
long-term benefits are said to be about 150 per 
cent from government investment in science. 
In the short term money buys salaries, 
equipment and infrastructure. It’s now our 
responsibility to find ways to use this largesse 
in a way that doesn’t hurt us down the road 
by creating a cycle of boom and bust.  ■ 

$21.5 billion 
The sum earmarked for R&D in the American 
Recovery and Reinvestment Act
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Mind or body?

From Charles Shepherd, 

The ME Association

It is unfortunate that Simon 
Wessely, interviewed in the article 
“Mind over body?” (   14 March, 
p 26), attaches a psychosomatic 
label to chronic fatigue syndrome 
(CFS) and, by implication, myalgic 
encephalomyelitis (ME). This 
inaccurate label not only creates 
practical problems for patients, 
such as inappropriate or harmful 
treatments and refusal of state 
benefits, it also discourages 
biomedical research into the 
underlying cause.

Fortunately, there are clinicians 
and researchers who believe that 
ME/CFS has a solid physical basis 
involving infection, immunology, 
endocrinology and neurology. 
As a result, the UK Medical 
Research Council has recently set 
up an expert group to look at 
these areas of causation.

In the UK, the ME Association 
has just collated results from the 
largest ever survey of patient 

opinion, with over 4000 
respondents. Over 50 per cent 
reported that behavioural 
treatments such as cognitive 
behaviour therapy and graded 
exercise therapy were either 
ineffective or made their 
condition worse.

New Scientist has previously 
reported on ME/CFS; one such 
example was your news report of 
abnormalities in gene expression 
in white blood cells (   23 July 2005, 
p 9), which could not be caused 
by abnormal thought processes. 
I hope New Scientist will soon 
regain an objective position on 
the subject.
Gawcott, Buckinghamshire, UK

From John H. Greensmith, 

MEFreeForAll.org

I suspect that a large proportion 
of the “hate mail” you report 
Wessely as receiving is about the 
quality of his science, rather than 
being a personal attack. The 
science, he says, is what one 
stands by and it is what many 
think he falls by.

One result of ME being lumped 
together with CFS is that it has 
become more difficult to 
diagnose. It is also bundled in 
with several other illnesses, 
some of which may have a 
psychiatric origin. 

I wonder what Wessely thinks 
of equally qualified doctors 
and professors who call for the 
re-adoption of the name myalgic 
encephalomyelitis. They 
recognise it as a discrete 
neurological illness with a 
physiological origin that needs 
further research, and see no 
particular need for his speciality.
Bristol, UK

Hacking the planet 

 From Gregory Benford, 

University of California, Irvine

Catherine Brahic’s article on 
geoengineering (   28 February, p 8) 
includes an account by James 
Fleming of a meeting I attended at 
NASA’s Ames Research Center in 
California in November 2006. To 
clarify, at that meeting I advocated 
working through the Arctic 
Council to carry out field 
experiments, not the UN – and as 
an experiment only, to develop 
techniques and diagnose impacts.
Irvine, California, US

From Roy Tindle

Why do we spend vast sums on 
bailing out our banking industry 
rather than spending the money 
on bailing out climate change? 
What use will banks be if the 
world is in the midst of total 
instability caused by vast 
numbers of refugees migrating 
to cooler climes? 

Though it may be simplistic 
to equate jobs for bankers with 
jobs that could be created in 
renewables, the balance does 
seem very skewed. There are 
exciting technological advances 
in renewable energy generation 
that deserve serious support, 
yet I still see no evidence of 
tidal generation when crossing 
London Bridge.

Geoengineering may be, as 
Brahic reported, the only 
remaining solution. But 
governments must first replace 
rhetoric with action to invest in 
renewables and reduce energy 
waste. The Club of Rome’s Desertec 
solar power project is worth 
examining, as is the Seawater 
Greenhouse project, which uses 
sunlight to distil seawater for 
irrigation. Combining the latter 
with charcoal sequestration could 
become a low-cost method of 
bringing together desalination 
and carbon sequestration, 
thereby tackling two problems 
simultaneously.
London, UK

Back to Lagrange

From Laurence Taff

Reading your article on the 
possibility of observing the 
contents of Lagrangian points (   21 
February, p 30) reminded me of 
work I carried out in the mid-1970s. 

At that time, I initiated what is 
now termed the Lincoln Near-
Earth Asteroid Research (LINEAR) 
project. It was the first search to 
use computer-controlled 
telescopes, television (and later, 
charge-coupled devices), low-
light-level sensors, optimal search 
theory, and video hardware and 
software automated to perform 
the detection function. Each of 
these was a major innovation. 

The observatory consisted of 
two identical telescopes a 
hundred metres or so apart. We 
could detect meteors and directly 

Enigma Number 1539
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WIN £15 will be awarded to the sender of the first correct 

answer opened on Wednesday 6 May. The Editor’s decision is final. 

Please send entries to Enigma 1539, New Scientist, Lacon House, 

84 Theobald’s Road, London WC1X 8NS, or to enigma@newscientist.com 

(please include your postal address). 

Answer to 1533  Roman grid: The sum of your 10 Roman numerals is 1072

The winner  Steve Moon of Purley, Surrey, UK

SUSAN DENHAM

As I have mentioned in a previous Enigma puzzle, a “Snakes and Ladders” 

board consists of a 10-by-10 grid of squares. In row 1 (at the bottom) the 

squares are numbered from 1 to 10 from left to right. Then in row 2 the 

squares are numbered 11 to 20 from right to left. In row 3 they are 21 to 30 

from left to right again, and so on, ending up at square 100 in column 1 and 

row 10.

I have been cutting up such a board. I have cut out a rectangle consisting 

precisely of some of its squares. It runs from a prime-numbered row of the 

original board to a higher prime-numbered row inclusive, and it runs from a 

prime-numbered column to a higher prime-numbered column inclusive. 

Furthermore, the total of all the numbers in my rectangle is a prime.

What is that total?

Board with primes?
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draw the fresh water is suitable for 
damming, for less money a small 
dam and a hydropower plant 
could produce at least 
25 megawatts. 
Ottawa, Ontario, Canada

Stimulating smells 

From Peter Manson 

With reference to the article “Fart 
molecule could be next Viagra” 
(   7 March, p 14), does hydrogen 
sulphide only work when you 
inject it, or could the nightly 
accumulation of H

2
S from wind 

trapped under the bedclothes be 
related to the phenomenon of 
nocturnal penile tumescence?
Glasgow, UK 

measure the parallax. We too 
looked at the Lagrangian points, 
but we found nothing.
Ruckersville, Virginia, US 

Time flies 

From Alex Jones

Unlike Tony Johnson (14 March, 
p 25), I can’t accept that 
approximate number sense 
influences our perception that 
time accelerates as we get older. 
Rather, it seems to me, it has to do 
with the flow of information. 

Have you ever noticed how the 
first few days of a holiday go really 
slowly, and then it’s suddenly 
time to go home? Or when visiting 
a new place, the journey out 
seems endless while the return is 
far quicker. I’d suggest there is a 
close relation between perceived 
time and perceived information: 
a personal take on the relation of 
time and entropy on the 
macrocosmic scale.
Kirribilli, New South Wales, 

Australia

The red ape paradox

From Rolf Beilharz, University 

of Melbourne

Elaine Morgan reminds us that 
orang-utans are phenotypically 
more similar to humans than 
other apes, even though 
chimpanzees are genetically 
closest (   7 March, p 26). 

The explanation for this lies in 
the resource allocation paradigm 
of quantitative genetics, and the 
idea that it is not genes that are 

For more letters and to join the debate, visit www.NewScientist.com/letters
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For the record

■  Victoria Todd, whose research we 

reported in the news story “Oil rigs 

may be fit for porpoise” (21 March, 

p 8), is at Ocean Science Consulting, 

not as we stated.

■  We mangled the name of the 

L’Anse aux Meadows settlement 

when we referred to it in our 

Histories piece about the Vikings 

(21 March, p 42).

naturally selected in each 
generation, but the phenotype 
that the genes have produced. 
A phenotype is selected if it 
utilises the resources of the 
environment efficiently 
and meets environmental 
challenges successfully. 

Considering natural selection 
as selection of appropriate 
phenotypes is very different from 
evolution through gene selection. 
In gene-based evolution, changes 
can occur only through genetic 
mutations, which implies that 
genetically close relatives should 
have similar phenotypes.

Sexual recombination means 
there is always a range of 
phenotypes produced in every 
generation. This allows quick 
adaptation to changing 
environments, certainly much 
faster than with cloning. So if 
two species live in similar 
environments the successful 
phenotypes in each species will 
be similar even when the genes 
creating the phenotypic changes 
are not the same.
Carlton, Victoria, Australia

Reliable evidence

From Robert Matthews

 Linda Geddes’s sobering report 
about the reliability of forensic 
evidence highlights an important 
scientific issue: the need to 
establish error rates for any 
putative source of evidence 
(   28 February, p 6). Evidential 
weight depends on more than just 
the false negative rate – that is, the 
proportion of cases where the test 
fails to detect a genuine positive 
result. It also relies on a low value 
for the false positive rate. 

DNA evidence has low false 
negative and false positive rates. 
Geddes points out that the 
corresponding rates for other 
sources of forensic evidence, such 
as hair analysis, are unknown, but 
the same is also true in many 
other applications of science, 
from earthquake prediction 
systems to the use of animal 

models in toxicity testing. Until 
we establish their error rates, it is 
impossible to know how much 
faith we can place in them. 
Birmingham, UK 

En fin

From Jonathan Wallace 

 Caroline Williams’s article on 
the worldwide decline in 
commercial fish stocks (   7 March, 
p 40) made for depressing, if not 
surprising reading. 

One aspect she neglected to 
address, however, was the 
likelihood that we will over-
exploit substitute fish species. 
Rather than simply switching 
from one to the next as fisheries 
crash, we need to find ways of 
managing fisheries sustainably. 

Imposing moratoriums when 
fisheries are already on their last 
legs is simply not good enough; 
we need to ensure that fishing 
efforts and methods are matched 
to what is truly sustainable, rather 
than just to what is politically 
expedient. If we do not, then it is 
unlikely that the sea will be able 
to provide much of our food in 
the long term.
Fenham, Newcastle upon Tyne, UK

Dam solutions

From Peter Fournier

 Kate Ravilious reports on the 
Norwegian company Statkraft’s 
proposal to build a football-
stadium-sized plant along a 
Norwegian fjord that would 
produce, at best, 25 megawatts of 
electricity by a process based on 
osmosis (   28 February, p 40). 

Such a gigantic plant would be 
expensive, and the scheme 
requires a large block of land 
and a substantial amount of 
building materials. A small 
nuclear plant capable of 
producing 200 to 400 megawatts 
could be built on the same 
amount of land closer to urban 
electrical markets. Alternatively, 
if the river from which they would 
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AFTER decades of debate and acrimony, 
science and society seem to have reached 
a consensus that greenhouse gases are 
increasing global temperatures. What is less 
clear to most people, however, is this: starkly 
put, even if we stop soiling our atmosphere 
with greenhouses gases, Earth could still get 
hotter. It is an inevitable consequence of the 
second law of thermodynamics. 

This is the famous but elusive “entropy” 
rule which stipulates that order tends to 
crumble and energy tends to dissipate, and 
its main outcome is thermal waste. In the 
complex societies of the early 21st century, 
this means that as humans go about their 
daily business, they are polluting the planet 
with waste heat. Although it is imperceptible 
now, the heating of our biosphere could 
grow by several degrees over several 
centuries unless we stop using energy from 
non-renewable sources, and that means all 
non-renewable sources, from oil and coal to 
geothermal and nuclear power.

Civilisation has always run on energy 
and it always will. Energy is needed to power 

Forget greenhouse warming for a moment. Just going 
about our everyday lives could heat Earth by a devastating 
extra 2 to 3 °C and only one thing can save us from this 
knock-out punch, says astrophysicist Eric Chaisson

The heat to come…

societies quite as much as it drives galaxies, 
stars, planets and life. All complex structures 
in nature are dynamic systems, and as such 
are sustained by flows of resources in and 
waste out. Whether living or non-living, 
organised systems need energy to endure. 

Throughout the history of the universe, 
as each type of ordered system emerged and 
became more complex, its energy budget, or 
power density, increased. The graph (below 
left) shows how much energy is used by 
systems that have experienced, in turn, 
physical, biological and cultural evolution. 
So stars and planets have smaller power 
densities than plants and animals, and 
humans and societies have the largest.

Zero in on the “society” label in the graph, 
and the power density increase is clear. The 
rate of energy used by our hominin ancestors 
goes like this: hunter-gatherers a million 
years ago used about 0.05 kilowatts each; 
farming societies of several thousand years 
ago used about 0.5 kilowatts per person; 
industrialists a couple of centuries ago used 
about 2.5 kilowatts; and every resident of the 
affluent US now uses about 15 kilowatts.

These energy rates have clearly risen over 
the course of history, but not because of 
population growth: these are per capita 
increases caused by the cultural evolution 
and technological advances of our civilisation. 
What’s more, given that the population of 
the world is still growing, developing 
countries are still maturing technologically 
and humankind is still evolving culturally, 
it is likely that society’s total energy budget 
will continue to grow worldwide, both 
individually and collectively. 

Heat is an unavoidable by-product of the 
energy extracted from any non-renewable 

energy source. We already experience this 
in the big cities, which are warmer than the 
suburbs, and in the warmer waterways near 
nuclear reactors and conventional power 
stations. And in our digital lives, every last 
Google search creates heat in the web servers 
and each click of the keyboard generates heat 
in our laptops. 

The emitted heat comes in part from the 
poor efficiency of everyday appliances. 
Electricity production is 37 per cent efficient, 
car engines 25 per cent, incandescent bulbs 
only 5 per cent, and so on: the rest is lost 
immediately as heat. In fact, all energy from 
all sources will eventually dissipate as heat. 
This is an inexorable consequence of the 
first law of thermodynamics: all energy is 
conserved, it cannot be created or destroyed. 

Right now, the waste heating of Earth by 
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to sequester all greenhouse gases. And that 
3 °C, remember, just happens to be the very 
figure that the Intergovernmental Panel on 
Climate Change regards as a tipping point 
for producing drought, famine and mass 
extinctions. Scenarios like this imply that the 
heating effects from rising consumption of 
energy seem unavoidable sometime within 
the next millennium. 

Of course there is a way out – and it 
doesn’t take an astrophysicist to figure it. 
The heating that must occur because of the 
second law of thermodynamics comes only 
from non-renewable energy sources. That’s 
because renewables, which come directly 

or indirectly from solar energy, are already 
accounted for in the thermal balance of our 
planet and their use would not additionally 
heat Earth’s environment. Nor, incidentally, 
would energy derived from solar-driven wind, 
water and waves.

Is there enough solar energy to power 
civilisation? The answer is yes, and more. 
The sunlight landing on Earth’s surface each 
day totals a whopping 120,000 terawatts, 
nearly 7000 times the power currently used 
by all humans. And it is clean, abundant and 
free – provided we can learn to harvest it more 
economically. Most importantly, by using 
solar energy and its renewable derivatives, 
human societies would not add extra heat 
to the biosphere.

Energy has guided the varied changes 
that have given rise to life, intelligence and 
civilisation on our planet. Energy also now 
helps our species to untold health, wealth 
and security. Yet this same phenomenon – 
energy flow – threatens to overheat us, even 
if we adopt nuclear energy and manage to 
curb greenhouse gases.

Some of my colleagues claim that this 
second law argument kills off all other 
arguments about the global environment 
on Earth: they think it may presage the 
ultimate collapse of our technological society. 
For myself, I just think that it is the single 
strongest scientific justification for using 
solar energy and its derivatives to power the 
future of our civilisation.  ■

This essay is based on a paper published in Eos, 

a journal of the American Geophysical Union. 

Read the full version at www.tinyurl.com/d75q23
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its societies is indiscernible. Globally, we use 
about 18 terawatts, and the resulting increase 
in the temperature of the biosphere is less 
than 0.1 °C. But as our power needs multiply 
and become ever more complex, by the close 
of the 21st century these energy demands are 
likely to exceed 100 terawatts. Amazingly, 
even this figure will not heat our environment 
appreciably. Only when humankind’s 
insatiable thirst for energy reaches a few 
thousand terawatts will significant waste 

heating of our globe occur.
Is this much energy a reasonable estimate, 

and if so when might a society using such 
quantities arise? Here’s how the logic might 
play out, based on some likely trends. Let’s 
suppose that world population plateaus at 
9 billion inhabitants by 2100. Meanwhile, 
developed countries increase their use of 
non-renewable energy at 1 per cent annually, 
and developing countries do so at 5 per cent 
annually until east/west energy equity is 
achieved in the middle of the 22nd century. 
From then on, all countries continue 
increasing their energy use by 1 per cent a year.

The likely outcome is that a 3 °C rise will 
occur in about 300 years, even if we manage 

“ Energy flow threatens to 
overheat us, even if we do 
curb greenhouse gases”

The heat really is on as societies become more 

complex and our energy needs multiply

For more opinion articles and to add your comments, visit www.NewScientist.com/opinion
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Eric Chaisson is at the Wright Center for 

Science Education, Tufts University, Medford, 

Massachusetts. His most recent book is 

Epic of Evolution: Seven Ages of the Cosmos, 

Columbia University Press (2005).
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Throughout life our brains undergo more changes than 

any other part of the body. These can be broadly divided 

into fi ve stages, each profoundly aff ecting our abilities 

and behaviour. But we are not just passengers in this 

process, so how can we get the best out of our brains at 

every stage and pass the best possible organ on to the 

next? New Scientist investigates

The five ages 
of the brain

4 April 2009 | NewScientist | 27

COVER STORY

>

GESTATION 
Setting the stage

1
By the time we take our first breath, the brain is 

already more than eight months old. It starts to 

develop within four weeks of conception, when 

one of three layers of cells in the embryo rolls up 

to form the neural tube. A week later the top of 

this tube bends over, creating the basic structure 

of fore, mid and hindbrain.

From this point, brain growth and differentiation 

is controlled mainly by the genes. Even so, the key 

to getting the best out of your brain at this stage is 

to have the best prenatal environment possible. In 

the early weeks of development, that means having 

a mother who is stress-free, eats well and stays 

away from cigarettes, alcohol and other toxins. 

Towards the end of the brain-building process, 

when the fetus becomes able to hear and remember 

(see “Childhood”, page 28), sounds and sensations 

also begin to shape the brain. 

In the first two trimesters of pregnancy, though, 

development is all about putting the basic building 

blocks in place: growing neurons and connections 

and making sure each section of the brain grows 

properly and in the right area. This takes energy, 

and a variety of nutrients in the right quantity at 

the right time. In fact, if you consider the size of the 

construction job at hand – 100 billion brain cells and 

several million support cells in four major lobes and 

tens of distinct regions – it is a truly staggering feat 

of evolutionary engineering. 

One nutrient we know the brain needs early on 

is folic acid, which is crucial for closing the neural 

tube. Deficiencies can lead to defects like spina 

bifida, where part of the spine grows outside the 

body, and anencephaly, a fatal condition in which 

much of the brain fails to develop. There’s some 

evidence that vitamin B12 deficiency has similar 

effects (   Pediatrics, vol 123, p 917  ).

The role of other nutrients is less well understood 

in these early weeks – partly because deficiencies 

often occur as a component of either general 

malnutrition or poverty, which brings in the 

confounding factors of poorer general health R
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or health education, and partly because early 

deficiencies are difficult to link to problems that 

may not show up until months or years later. 

We do know from animal studies, however, that 

malnutrition – particularly a lack of protein – stunts 

the growth of neurons and connections, and that 

iron and zinc are needed for neurons to migrate 

from where they form to their final location. 

Long-chain polyunsaturated fatty acids are required 

for synapse growth and membrane function. 

Yet while a good diet and taking prenatal 
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vitamins, if prescribed, is usually enough to take 

care of the fetus’s early brain needs, deficiencies 

caused by an inefficient placenta can hinder 

development. Factors that can affect the placenta 

include maternal high blood pressure, stress and 

smoking. Excesses of nutrients can also be bad 

news. Poorly controlled diabetes, for example, can 

cause a potentially toxic excess of glucose in the 

developing brain. 

Luckily, the brain has a large safety net, 

producing double the neurons it will ultimately 

need. Even so, some damage may not be reversible. 

Fetal iron deficiency, for instance, affects brain 

function for up to three years, even if the child 

receives supplements from birth. 

As for toxic substances, the good news is that 

fetuses are well protected from the outside world, 

and even from their own mother. The placenta is a 

highly selective barrier studded with protein pumps 

that help prevent unwanted substances in the 

mother’s bloodstream from reaching the fetus.

TOXIC EFFECTS

It is not a perfect barrier, however, and toxics 

such as mercury, nicotine and alcohol can squeeze 

through. The effects depend on the dose and 

timing of exposure, but in animal studies nicotine 

has been shown to affect the functioning of 

neurotransmitters, while mercury has been linked to 

cell loss in the cerebellum and parts of the cortex. 

Alcohol is known to kill off neurons and alter the 

action of certain neurotransmitters, although how 

much is needed to cause the physical and cognitive 

defects of    fetal alcohol syndrome   or more subtle 

forms of damage is    unclear .  

Some toxics do not need to go through the 

placenta to have an effect. For example, cigarette 

smoke restricts blood flow to the fetus, depriving 

it of oxygen and nutrients. Exactly how this affects 

the brain in human fetuses is unclear, although there 

are some indications that the corpus callosum, which 

links the two hemispheres, and the    orbitofrontal 

cortex (OFC)  , involved in social behaviour, may be 

smaller in adolescents exposed to cigarette smoke in 

the womb. A smaller OFC correlated with less “caring” 

behaviour in female teens, suggesting smoking 

may cause behavioural problems in offspring. 

However a recent study found    no difference in 

general cognitive ability   between exposed and 

non-exposed adolescents (International Journal of 

Epidemiology, vol 38, p 158).

Stress, too, can be toxic. In animals, exposure to 

the mother’s stress hormones can lead to anxious 

behaviour and hyperactivity in the offspring. A 

recent longitudinal study of over 7000 mothers and 

babies at Imperial College London concluded that 

maternal stress may account for up to 15 per cent of 

diagnoses of attention-deficit hyperactivity disorder.

If you are reading this, however, chances are you 

got off pretty lightly in the first nine months of life, 

or that any problems were outweighed by good 

parenting or education (see “Childhood”, right). In 

the next age, the young brain starts to learn and 

remember, and that means we get our first chance 

to really use that amazing organ.  Caroline Williams 

ADOLESCENCE 
Wired, and rewiring

In childhood, the brain is the most energetic 

and flexible that it will ever be. As we explore 

the world around us it continues to grow, 

making and breaking connections at breakneck 

speed. Perhaps surprisingly, learning, memory 

and language begin before we are even born. 

During the prenatal period, up to a quarter of 

a million new cells form every minute, making 

1.8 million new connections per second, though 

about half of the cells will later wither and die, 

leaving only those reinforced by use. From birth , 

a child undergoes more than a decade of rapid 

growth and development, in which every 

experience contributes to the person they will 

become. So what can a parent do to help 

maximise the potential of their child’s brain?

Experiences during the late prenatal period 

are certainly important, and perhaps vital for 

normal brain development. Learning can first be 

detected experimentally at about 22 to 24 weeks 

of gestation, when fetuses will respond to a 

noise or a touch but will ignore the same stimulus 

if it occurs repeatedly – a simple kind of memory 

called habituation. From around 32 weeks 

fetuses show conditioning – a more complex 

kind of memory in which an arbitrary stimulus 

CHILDHOOD 
Soak it up

2

“ A fetus forms 

up to a quarter 

of a million 

new neurons a 

minute and up 

to 1.8 million 

connections 

per second”
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Teenagers are selfish, 

reckless, irrational and irritable, 

but given the cacophony of 

construction going on inside the 

adolescent brain, is it any 

wonder? In the teenage years, 

our brains may be fully grown, 

but the wiring is certainly still 

a work in progress. 

Psychologists used to explain 

the particularly unpleasant 

characteristics of adolescence as 

products of raging sex hormones, 

since children reach near adult 

cerebral volumes well before 

puberty. More recently, though, 

imaging studies have revealed a 

gamut of structural changes in 

the teens and early 20s that go a 

long way towards explaining 

these tumultuous teenage years. 

Jay Giedd at the National 

Institute of Mental Health in 

Bethesda, Maryland, and his 

colleagues have followed the 

progress of nearly 400 children, 

scanning many of them every two 

years as they grew up. They 

found that adolescence brings 

waves of grey-matter pruning, 

with teens losing about 1 per cent 

of their grey matter every year 

until their early 20s ( Nature 

Neuroscience, vol 2, p 861  ). 

This cerebral pruning trims 

unused neural connections that 

were overproduced in the 

childhood growth spurt, starting 

with the more basic sensory and 

motor areas. These mature first, 

followed by regions involved in 

language and spatial orientation 

and lastly those involved in 

higher processing and executive 

functions (   Proceedings of the 

National Academy of Sciences, 

vol 101, p 8174  ). 

Among the last to mature is 

the dorsolateral prefrontal cortex 

at the very front of the frontal 

lobe. This area is involved in 

control of impulses, judgement 

and decision-making, which 

might explain some of the 

less-than-stellar decisions made 

by your average teen. This area 

also acts to control and process 

emotional information sent from 

the amygdala – the fight or flight 

centre of gut reactions – which 

may account for the mercurial 

tempers of adolescents. 

As grey matter is lost, 

though, the brain gains white 

matter (see graph, right). This 

fatty tissue surrounds 

3

can be learned as a signal that something will 

happen, like a sound signalling a poke. Fetal 

memories for particular pieces of music and the 

mother’s voice and smell  have all been shown to 

form sometime after 30 weeks’ gestation and to 

persist after birth.

Language acquisition, too, begins prenatally. 

A newborn will suck more vigorously if it hears its 

native language rather than a foreign one, although 

newborns do respond to sounds from any language 

until about 3 years of age. Even so, while talking to a 

third trimester fetus may help them recognise your 

voice, there is no direct evidence that exposure to 

multiple languages will influence future linguistic 

talents. The most important factor in language 

development is how much a parent talks to the child 

after birth, the complexity of their vocabulary and 

how well they focus the child’s attention. 

EARLY LEARNING

Likewise, while some companies selling 

“prenatal education” systems would like parents 

to believe that it is possible to educate a child in the 

womb, there is no direct evidence that such 

strategies provide a head start. In fact, there could 

be good reasons why the fetal environment 

provides a limited sensory experience. Too much 

stimulation, which may occur if mothers take 

certain drugs, can actually kill new brain cells.

Birth alters brain function surprisingly little. 

Although the touch-sensitive somatosensory 

cortex is active before birth, it’s another two or 

three months before there is any other activity in 

the cortex, which ultimately governs such things as 

voluntary movement, reasoning and 

perception. The frontal lobes become active 

between 6 months and a year old, triggering the 

development of emotions, attachments, planning, 

working memory and attention. A sense of 

self develops as the parietal and frontal lobe circuits 

become more integrated, at around 

18 months, and a sense of other people having their 

own minds at age 3 to 4.

Life experiences in these early years help shape 

our emotional well-being, and neglect or harsh 

parenting may change the brain for good. Maternal 

rejection or trauma early in life, for example,    may 

affect a person’s emotional reactions to stressful 

events later on  , potentially    predisposing them to 

depression and anxiety disorders  .

So how to make the most of this delicate yet 

fertile time in the brain’s life? The good news for 
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Less cells, more speed
While pruning of underused pathways means we lose 

grey matter (brain cells), an increase in white matter 

speeds electrical impulses and stabilises connections
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parents is that there is no reason for your child 

to stop playing and start working. Studies have 

shown that a nurturing environment and 

one-on-one playtime with games like peekaboo, 

building blocks, singing nursery rhymes and 

shape-sorting are all a child needs to increase 

IQ and foster a lifelong interest in learning.

Some claim that listening to Mozart improves 

spatial tasks and learning in people, and 

maze-running in rats. This “   Mozart effect ”  – which 

has spawned countless prenatal and childhood 

learning programmes – has just as many scientific 

detractors as supporters, however. Learning to 

play music during childhood is a different matter. 

It has    long-lasting effects on the brain   which 

some suggest may improve spatial, mathematical 

and reasoning skills.

By age 6, the brain is 95 per cent  of its adult 

weight and at its peak of energy consumption. 

Around now, children start to apply logic and trust 

and to understand their own thought processes. 

Their brains continue to grow and make and break 

connections as they experience the world until, 

after a peak in grey matter volume at 11 in girls 

and 14 in boys, puberty kicks in and the brain 

changes all over again.  Helen Phillips 
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So you’re in your early 20s and your 

brain has finally reached adulthood. 

Enjoy it while it lasts. The peak of your 

brain’s powers comes at around age 

22 and lasts for just half a decade. 

From there it’s downhill all the way.

This long, slow decline    begins at 

about 27   and runs throughout 

adulthood, although different 

abilities decline at different rates. 

Curiously, the ones that start to go 

first – those involved with executive 

control, such as planning and task 

coordination – are the ones that took 

the longest to appear during your 

teens. These abilities are associated 

with the prefrontal and temporal 

cortices, which are still maturing well 

into your early 20s. 

Episodic memory, which is involved 

in recalling events, also declines rapidly, 

while the brain’s processing speed 

slows down and working memory 

is able to store less information.

So just how fast is the decline? 

According to research by Art Kramer, 

a psychologist at the University of 

Illinois in Urbana-Champaign, and 

others, from our mid-20s we lose 

up to 1 point per decade on a test 

called the mini mental state 

examination (see graph, left). This 

is a 30-point test of arithmetic, 

language and basic motor skills that 

is typically used to assess how fast 

people with dementia are declining. 

A 3 to 4 point drop is considered 

clinically significant. In other 

words, the decline people typically 

experience between 25 and 65 has 

real-world consequences.

That all sounds rather 

depressing, but there is an upside. 

The abilities that decline in adulthood 

neurons, helping to conduct electrical impulses 

faster and stabilise the neural connections that 

survived the pruning process.

These changes have both benefits and pitfalls. 

At this stage of life the brain is still childishly 

flexible, so we are still sponges for learning. On 

the other hand, the lack of impulse control may 

lead to risky behaviours such as drug and alcohol 

abuse, smoking and unprotected sex.

Substance abuse is particularly concerning, 

as brain imaging studies suggest that the 

motivation and reward circuitry in teen brains 

makes them almost hard-wired for addiction. 

Throw in a lack of impulse control, poor judgement 

and a woeful underappreciation of long-term 

consequences and you have a hooked teen. And 

since drug abuse and stressful events – 

even a broken heart – have been linked to mood 

disorders later in life, this is the time when both 

are best avoided. 

On the plus side, as teens rush towards 

adulthood and independence, they carry with 

them the raw potential to sculpt their brains into 

lean, mean processing machines. Making the most 

of this time is a matter of throwing all that teen 

energy into learning and new experiences – whether 

that means hitting the books, learning to express 

themselves through music or art, or exploring life by 

travelling the world. But whether they like it or not, 

while their decision-making circuits are still 

forming, tender teen brains still need to be 

protected, if only from themselves.  Anna Gosline

“ The peak of 

your brain’s 

powers comes 

at age 22 and 

lasts for just 

half a decade” 
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OLD AGE 
Down but not out

By the time you retire, there’s no doubt about 

it, your brain isn’t what it used to be. By 65 most 

people will start to notice the signs: you forget 

people’s names and the teapot occasionally 

turns up in the fridge. 

There is a good reason why our memories start 

to let us down. At this stage of life we are steadily 

losing brain cells in critical areas such as the 

hippocampus – the area where memories are 

processed. This is not too much of a problem at 

first; even in old age the brain is flexible enough 

to compensate. At some point though, the losses 

start to make themselves felt.

Clearly not everyone ages in the same way, so 

what’s the difference between a jolly, intelligent 

oldie and a forgetful, grumpy granny? And can we 

improve our chances of becoming the former?

Exercise can certainly help. Numerous studies 

have shown that gentle exercise three times a 

week can improve concentration and abstract 

reasoning in older people, perhaps by stimulating 

the growth of new brain cells. Exercise also helps 

steady our blood glucose. As we age, our glucose 

regulation worsens, which causes spikes in 

blood sugar. This can affect the dentate gyrus, 

an area within the hippocampus that helps form 

memories. Since physical activity helps regulate 

glucose, getting out and about could reduce 

these peaks and, potentially, improve your 

memory (   Annals of Neurology, vol 64, p 698  ).

Coordination training could also help. 

Studies have shown that specifically targeting 

motor control and balance improves cognitive 

function in 60 to 80-year-olds. A few sessions on 

the grandchildren’s Nintendo Wii could bring 

similar benefits.

If you’re struggling to find the guitar hero 

in yourself, however, try a cognitive workout 

instead.    “Brain training”   was once considered 

flaky, but a study due to be published in the 

Journal of the American Geriatrics Society in April 

concludes that computerised brain exercises can 

improve memory and attention in the over 65s. 

Importantly, these changes were large enough 

that participants reported significant 

improvements in everyday activities, such as 

remembering names or following conversations 

in noisy restaurants.

Avoiding the grumps is even easier. Dopamine 

receptors – responsible for feelings of positive 

emotions – are in decline, with the potential to 

cause depression, but you can give yourself 

a regular dose of dopamine by eating certain 

foods, such as yoghurt, almonds and chocolate.

In fact, your brain is doing it all it can to ensure 

a contented retirement. During the escapades of 

your 20s and 30s and the trials of midlife, it has 

been quietly learning how to focus on the good 

things in life. By 65 we are much better at 

maximising the experience of positive emotion, 

says Florin Dolcos, a neurobiologist at the 

University of Alberta in Canada. In experiments, 

he found that people over the age of 60 tended 

to    remember fewer emotionally negative 

photographs  compared with positive or neutral 

ones  than younger people (Psychological 

Science, vol 20, p 74).

WHEN I WAS YOUNG...

MRI scans showed why. While the over-60s 

showed normal activation in the amygdala, a 

region of the brain that processes emotion, its 

interaction with other brain areas differed: it 

interacted less with the hippocampus than in 

younger people and more with the dorsolateral 

frontal cortex, a region involved in controlling 

emotions. Dolcos suggests that this may be a 

result of more experience of situations in which 

emotional responses need to be kept under 

control. Older people really do see the world 

through rose-tinted glasses.

So while nobody wants to get older, 

it’s not all doom and gloom. In fact you should 

probably stop worrying altogether. Studies 

show that people who are more laid back are less 

likely to develop dementia than stress bunnies. 

In one study, people who were socially inactive 

but calm had a 50 per cent lower risk of 

developing dementia compared with those who 

were isolated and prone to distress (   Neurology, 

vol 72, p 253  ). This is likely to be caused by 

stress-induced high levels of cortisol, which may 

cause shrinkage in the anterior cingulate cortex, 

an area linked to Alzheimer’s disease and 

depression in older people.

So while our brains may not wrinkle and 

sag like our skin, they need just as much care 

and attention – so don’t give up on yours too 

soon. When you notice the signs of age, go for 

a walk, do a crossword and try to have a laugh – 

it might just counteract some of the sins of 

your youth.  Helen Thomson  ■

rely on “fluid intelligence” – the 

underlying processing speed of your 

brain. But so-called “crystallised 

intelligence”, which is roughly 

equivalent to wisdom, heads in the 

other direction. So even as your fluid 

intelligence sags, along with your face 

and your bottom, your crystallised 

intelligence keeps growing along 

with your waistline. The two appear 

to cancel each other out, at least 

until we reach our 60s and 70s (see 

“Old age”, right). 

There’s another reason to be 

cheerful. Staying mentally and 

physically active, eating a decent diet 

and avoiding cigarettes, booze and 

mind-altering drugs seem to slow 

down the inevitable decline. And if it 

is too late to live the clean life, don’t 

panic. You still have one more chance 

to turn it around.  Graham Lawton
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ROM an astronomer’s perspective, 
the universe is a pretty cool place. In 
fact it’s positively chilly, with more than 

half the energy emitted by normal matter 
coming from clouds of gas and dust too cold 
to radiate visible light – and which therefore 
cannot be seen with traditional telescopes. 
The same problem plagues observations of the 
chilled-out photons of the   cosmic microwave 
background  left over from the big bang. 
Closer to home, cool, dark objects litter our 
immediate cosmic neighbourhood.

To obtain a complete picture of our 
surroundings, astronomers must resort to 
the equivalent of night-vision goggles or a 
thermal-imaging camera. These are specialised 
space telescopes that scan the sky at infrared 
and microwave wavelengths much longer 
than those of visible light, allowing them to 
spy out the faint traces of heat that dark 
bodies imprint on the sky. 

On 29 April, the   European Space Agency  
(ESA) will launch two such instruments from 
its   base  on the coast of French Guiana.   Piggy-
backing  in the nose of a single Ariane V rocket 
will be the   Planck microwave telescope  and 
an infrared telescope, the   Herschel Space 
Observatory . Once in space, the two will go 
their separate ways: Planck to study in detail 

the cosmic microwave background, and 
Herschel to spy on the cool gas and dust clouds 
that are the nurseries of stars and galaxies.

This second satellite will incorporate the 
largest space telescope ever launched, 
named after William Herschel, the German 
musician turned British astronomer who 
discovered infrared radiation in 1800. The size 
is needed to produce razor-sharp images: the 
precision of a telescope’s images decreases 

as the wavelength of the light it focuses 
gets longer, but can be boosted again by using 
a bigger mirror to scoop up more photons. 
Herschel’s huge, 3.5-metre-wide mirror 
will allow it to provide images of high quality 
even at the longest infrared wavelengths, 
and so bridge the gap between previous 
infrared space telescopes (see diagram, 
opposite) and ground-based telescopes that 
probe longer radio wavelengths. 
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At hot ultraviolet wavelengths, the 

Pinwheel galaxy - or M101 - 

hardly earns its name. Only isolated 

blobs corresponding to hot gas and 

star clusters can be made out

Only at visible wavelengths does

a yellowish core of older stars 

surrounded by bluish wisps of newly 

forming stars give the galaxy its 

characteristic spiral shape

At colder, longer infrared 

wavelengths, the picture is even 

busier, with yellow filaments 

revealing the cold, dense dust 

clouds where stars form

ULTRAVIOLET VISIBLE INFRARED

Cool eye 
on the cosmos
The biggest space telescope yet built will reveal the young universe 
as never before, say Michael Rowan-Robinson and Matt Griffi  n
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Space telescopes are indispensable for 
scanning the infrared sky. Water vapour in 
our atmosphere   absorbs virtually the entire 
infrared spectrum at wavelengths from 
20 micrometres to a millimetre, cutting it off 
before it reaches the ground. What’s more, water 
emits infrared radiation of its own, completely 
fogging up our view. Herschel’s wavelength 
range – from 60 to 670 micrometres – spans 
the only radiation band yet to be surveyed. 
Apart from two narrow windows in the water-
vapour fog around 350 and 450 micrometres, 
this light never reaches the ground. 

Versatile observatory

The launch will position Herschel in a remote 
orbit about 1.5 million kilometres from Earth – 
about four times as far away as the moon, and 
far removed from the disruptive infrared 
radiation emanating from Earth. A sun shield 
will not only protect the telescope from solar 
radiation but also carry photovoltaic arrays to 
provide power for the spacecraft.

Operating an infrared telescope in 
space has certain collateral benefits: in this 
particular orbit, the telescope is naturally 
cooled to a temperature of just 80 kelvin, 
reducing its own infrared heat emissions 
which would otherwise swamp the sensitive 
instrumentation. The detectors themselves 
have to be cooled even further, though, to 
within just a couple of degrees of absolute 
zero using liquid helium. Herschel’s 
working lifetime will be limited to about three 
years by how long its liquid helium supply – 
a whopping 2200 litres – will last.

The infrared photons collected by 
Herschel’s mirror will be focused onto three 
instruments designed to respond to the 
60 to 670-micrometre range. First, a high-
resolution instrument called HIFI will use 
superconducting detectors to identify the 
atoms and molecules present in a particular 
region of the sky by the precise spectrum of 
light they emit. The Photodetector Array 
Camera and Spectrometer (PACS), meanwhile, 
will provide sharp, but less spectrally 
precise, images at the short-wavelength 
end of Herschel’s range, between 60 and 
200 micrometres. A third instrument, the 
Spectral and Photometric Imaging Receiver 
(SPIRE), will do something similar for the 
band between 195 and 670 micrometres.

Together, these detectors should provide 
an enormously versatile space observatory – 
so what do we hope to learn from it? 

Most generally, it should allow us to study 
the physics and chemistry of cool celestial 
objects at all scales: from the comets, 
asteroids and planets of our solar system to 
very distant galaxies that we see as they were 
forming, when the universe was just a 
tenth to a half of its present age. 

In addition, Herschel will beam back 

unprecedentedly detailed maps of gas and dust 
in galaxies closer to us, as well as of interstellar 
clouds in our own galaxy. When stars and 
planets form within these clouds, they are 
too cool to produce much visible light, but at 
infrared wavelengths we should see the process 
in action (see illustration, opposite): from its 
beginnings in the gravitational collapse of 
regions of the clouds, past the ignition of 
young stars, through to the accumulation 
around forming stars of rings of debris   from 
which planets are later built. Herschel’s 
high-resolution imaging capabilities should 
allow it to zoom in on regions of interest, in 
both our own galaxy and its neighbours, to 
study systematically what is going on and 
inform our ideas of how solar systems form. 

Mature galaxies like our own Milky Way are 
giant collections of hundreds of billions of 
stars, but they started life in the early universe 
as more modest objects which grew through 
dramatic collisions that triggered enormous 
bouts of star formation. Peering beyond our 

neighbourhood, Herschel will be able to 
look back in time to see that happening, 
and perform the first census of star-forming 
galaxies throughout the universe at the epoch 
of peak star formation, about 3 billion years 
after the big bang. That will allow us to chart 
how stars formed and galaxies evolved 
throughout the history of the universe.

There will no doubt be an element of 
surprise in what emerges. After all, this is 
an entirely new wavelength band that we 
are exploring. For that reason and more, 
astronomers’ eyes will be fixed on the launch 
of Herschel and its microwave partner, Planck. 
Expectation is high that they will shed some 
exciting light on the universe’s dark places.  ■

Michael Rowan-Robinson is a member of the 

astrophysics group at Imperial College London 

and works on the Planck telescope and Herschel’s 

SPIRE instrument. Matt Griffin is SPIRE’s principal 

investigator and is based in the School of Physics 

and Astronomy at Cardiff University, UK  

Seeing infrared
Herschel is just the latest in a line of heat-sensing telescopes that have opened our eyes to a hidden cosmos 

IRAS
Mission: 1983

Launched by: Netherlands,
UK, US

Mirror diameter: 60 cm
Wavelengths: 12-100 μm

 Mapped 96% of the sky
at four wavelengths

First view of the dusty 
infrared cosmos

ISO
Mission: 1995-98
Launched by: ESA

Mirror diameter: 60 cm
Wavelengths: 2.5-240 μm

 
      Mapped water in regions from 

star-forming clouds to the 
atmospheres of planets

First detection of
early stars

AKARI
Mission: 2006-07

Launched by: Japan
Mirror diameter: 67 cm

Wavelengths: 2-160 μm 
 

     Detection of
remnant supernovae

        Star formation in our 
cosmic neighbourhood

Herschel
Mission: planned 2009-12

Launched by: ESA

Mirror diameter: 3.5 m 

Wavelengths: 60-670 μm

Formation and evolution of galaxies
Star creation processes

Chemistry of the universe
and solar system

Spitzer
Mission: 2003-09

Launched by: NASA
Mirror diameter: 85 cm

Wavelengths: 3-180 μm
 

   Saw light from the earliest stars 
First direct imaging of 

planets around 
other stars
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Is the anti-smoking lobby going too far? 
David Robson investigates

I
’VE been called a traitor,” says Michael 
Siegel, a public-health doctor at Boston 
University in Massachusetts. “It’s been 

a character assassination.” This treatment 
seems surprising as, reading Siegel’s CV, you’d 
think he was a poster boy for the anti-smoking 
movement. He regularly publishes research 
on the harmful effects of passive smoking and 
has testified in support of indoor smoking 
bans in more than 50 US cities.

Despite these credentials, Siegel has come 
under fire from colleagues in the field of 
smoking research. His offence was to post 
messages on the widely read mailing list 
Tobacco Policy Talk, in which he questioned 
one of the medical claims about passive 
smoking, as well as the wisdom of extreme 

measures such as outdoor smoking bans. 
In front of his peers, funders and potential 

future employers, other contributors posted 
messages accusing Siegel of taking money 
from the tobacco industry. When Siegel stood 
his ground, the administrators kicked him off 
the list, cutting off a key source of news in his 
field. “It felt like I was excommunicated, says 
Siegel. “I was shocked: I’ve been a leader in the 
movement for 21 years.”

Siegel’s case is perhaps the most clear-cut 
example of a disturbing trend in the anti-
smoking movement. There are genuine 
scientific questions over some of the more 
extreme claims made about the dangers of 
passive smoking and the best strategies to 
reduce smoking rates, but a few researchers 

“
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the orthodoxy seems to be frowned on. “It’s 
censorship,” says Siegel. “We’re heading 
towards scientific McCarthyism.”

The irony is that the tobacco industry is 
notorious for its history of unethical research 
conduct. As evidence emerged in the 1950s 
linking smoking to lung cancer, several firms 
paid scientists to produce contrary findings. 
They held scientific conferences, and 
published journals to promote their results. 

By the mid-70s, the dangers of first-hand 
smoke were indisputable, so the industry 
switched to questioning emerging evidence 
of the dangers of second-hand smoke. In spite 
of their efforts, a convincing case has now 
been made that long-term exposure 
increases the risk of heart disease, cancer, 
respiratory illness and cot death. 

By the 1990s, California had banned 
smoking in all indoor public places, and in 
2004 Ireland became the first country with 
a nationwide ban. The UK, Australia, some 
other European countries and about half of US 
states have since followed (see map, page 37).

Researchers like Siegel, and others under 
fire from the anti-smoking lobby, do not 
question that people regularly exposed to 
second-hand smoke suffer harm. “It’s difficult 
to imagine that there’s an easier argument to 
make than ‘smoke is bad for you’,” says Carl 
Phillips, an epidemiologist from the University 
of Alberta in Edmonton, Canada, who has also 
been targeted.

But in the past few years some of the 
claims about passive smoking have gone 
further. Siegel first got into trouble when he 
questioned assertions that breathing in 

second-hand smoke for just 30 minutes 
raised people’s risk of a heart attack to that of 
an active smoker.

There is no doubt that passive smoke affects 
blood flow, even over the very short term. 
Research in the 1980s showed that 20 minutes’ 
exposure makes blood platelets slightly more 
sticky, which could theoretically raise the risk 
of blood clots and hence heart attacks and 
strokes. Realistically, though, this would only 
be a danger for those already at high risk.

In 2001, a study showed that 30 minutes 
of passive exposure to smoke reduces the 
blood vessels’ ability to dilate (Journal of the 

American Medical Association, vol 286, p 426). 
If this happened repeatedly over a long period, 
it could permanently harm blood vessels and 
harden arteries. In a few people who are on 
the verge of a heart attack, it is possible that 
30 minutes’ exposure could tip them over the 
edge. But it would be no worse than eating a 
high-fat meal; most people would easily cope. 

When anti-smoking lobby groups highlight 
this issue, however, they fail to mention that 
most people would be OK. Here is a typical 
claim, from the US group Action on Smoking 
and Health (ASH) in 2006: “Breathing drifting 
tobacco smoke for as little as 30 minutes (less 
than the time one might be exposed sitting on 
a park bench) can raise a non-smoker’s risk of a 
fatal heart attack to that of a smoker.”

Siegel has counted at least 65 organisations 
making such claims, and they are not fringe 
groups but anti-smoking stalwarts. They 
include the American Cancer Society and the 

UK National Health Service (NHS). “These 
claims are ridiculous,” says Siegel. “Just telling 
the truth would be enough to show that 
second-hand smoke is toxic.” 

Even Stanton Glantz, a cardiologist at the 
University of California, San Francisco, who 
did a more recent study confirming the blood-
vessel effect, acknowledges some of the claims 
about it are overblown. “A healthy 25-year-old 
won’t drop dead from a heart attack by 
breathing second-hand smoke,” says Glantz, 
who is one of the linchpins of the anti-
smoking establishment.

Another disputed claim is whether the 
introduction of smoking bans in indoor public 
places brings about an immediate drop in 
heart attacks. A few studies of individual US 

An anti-smoking campaigner in São Paulo, 

Brazil, makes their point

who have voiced them have seen their 
reputations smeared and the debate stifled.

Putting aside the question of whether 
such tactics are ethical, they could ultimately 
backfire. About half of US states and many 
parts of Europe do not yet ban smoking even 
indoors in public places like bars and 
restaurants, so the anti-smoking movement 
cannot afford to lose credibility. 

On the other hand, in some parts of the US, 
particularly California, the anti-smoking 
movement has grown so strong that smoking 
bans outdoors and in private apartments are 
in force in a few places, and being considered 
in more. These measures are at least partly 
based on disputed medical claims, so it is vital 
their accuracy be determined. But questioning 

” This is censorship. 
We are heading towards 
scientific McCarthyism”

S
É

R
G

IO
 C

A
S

T
R

O
/A

G
E

N
C

IA
 E

S
T

A
D

O
/A

F
P

   
  L

E
F

T
: G

E
T

T
Y

FREEDOM PALESTINE

http://arab2000.forumpro.fr



cities have suggested this effect. According 
to Siegel, however, they covered small 
populations and were too short to account for 
yearly fluctuations, or indeed the fact that 
many western countries have seen a gradual 
long-term decline in heart-disease deaths.

Then last year, a large   study  was published 
that seemed to shore up the argument that 
bans cause a fall. The study covered most 
of the biggest hospitals in Scotland and 
compared the two 10-month periods before 
and after the introduction of the smoking ban 
in indoor public spaces in March 2006 (The 

New England Journal of Medicine, vol 359, 
p 482). It found a 17 per cent drop in people 
admitted to hospitals with acute coronary 
syndrome (ACS), which comprises heart 
attacks and angina. 

Confusingly, however, the results of the 
study seem to be contradicted by the publicly 
available statistics on emergency admissions 
to hospitals due to heart attacks, released by 
the Scottish NHS in November 2007. These 
admittedly show fewer heart attacks in the 
year after the ban, but the fall was smaller, at 
only 7 per cent, which does not stand out from 
the background decline. In 2000 there was an 
11 per cent drop, and between 2004 to 2006 
the rate fell by roughly 5 per cent a year. 

Sheila Bird is a statistician from the MRC 
Biostatistics Unit in Cambridge, UK, who is 
independent of either side in this debate. She 
points out that it is hard to compare the two 
sets of Scottish data because they measure 
different things: ACS diagnoses are made using 
blood tests while heart attack admissions are 
based on ECG measurements. 

Bird also points out that because the NEJM 
study compared 10-month periods before and 

after the ban – not 12-month periods – it could 
have been distorted by seasonal fluctuations 
in heart-attack rates. The period before the 
ban spanned more colder months, when 
people generally have more heart attacks.

The picture in Scotland remains unclear, 
but last month saw a body blow to the side 
who say bans cause a fall. The first set of NHS 
data was published for England since the 
smoking ban came into effect there in July 
2007. Between April 2007 and March 2008 
there was a 3.7 per cent drop in heart attacks. 
That’s exactly the same as the year before the 
ban. Although the “post-ban” year includes 
three months before the ban, a crude analysis 
suggests that should only reduce the size of 
any fall by about one-quarter. 

Third-hand smoke

Another issue that is currently raising 
eyebrows is the concept of “third-hand” 
smoke. This refers to the particles of smoke 
that linger on smokers’ clothes, hair and the 
carpets and furniture of a room for days, 
“outgassing” toxic vapours. Young children 
may be at particular risk, since they could 
ingest the residue while crawling around or 
mouthing their toys. 

The first signs that third-hand smoke may 
be a danger emerged in 2004. A study showed 
that even if parents only smoke outside the 
home, detectable levels of cotinine – a 
metabolite of nicotine  – were present in their 
children’s urine (Tobacco Control, vol 13, p 29). 

Levels were much lower if the parents only 
smoked outside the house: 2.32 nanograms 
per millilitre compared with 15.57 from 
second-hand smoke. Still, some researchers 

think even this low level could be enough to 
cause harm, particularly to a child’s 
developing brain. “My sense is that these 
levels are high enough to be concerning,” says 
Kimberly Yolton, a psychologist at Cincinnati 
Children’s Hospital Medical Center in Ohio, 
who has previously shown that exposure to 
nicotine from second-hand smoke seems to 
slightly depress a child’s school results. 

As yet there is no consensus on whether the 
cotinine levels are high enough to have any 
meaningful effect. “We’ll need a lot more 
evidence before we act on this,” says Martin 
Dockrell of Action on Smoking and Health 
in London.

In January, the issue of third-hand smoke 
gained new prominence after a paper on the 
subject in Pediatrics (  DOI: 10.1542/peds.2008-
2184 ). Many news outlets and even the US 
Department of Health and Human Services 
covered the “new-found risk”. Author 
Jonathan Winickoff, a paediatrician at 
Massachusetts General Hospital in Boston, 
said people should “hammer home” the risks 
of third-hand smoke, and urged smokers to 
wash their hands – and possibly clothes – 
before interacting with children.

The paper, however, sheds no new light on 
the degree of risk. It was just a telephone poll 
showing that people were more likely to have 
smoking bans in their house if they believed 
that third-hand smoke was harmful. 

Does it matter if the dangers are 
exaggerated? Yes, says Siegel, because it risks 
alienating parents who might otherwise have 
heeded advice to avoid exposing their children 
to second-hand smoke. It could also leave 
people distrustful of health advice in general.

Establishing the truth relies upon 
researchers engaging in open debate about 
what the evidence really shows. This is less 
likely if criticism entails the risk of 
excommunication, as Siegel experienced. “It’s 
like an unwritten rule in this movement that 
you don’t question these claims,” he says. 

At the time of going to press, the 
administrator who removed Siegel from the 
tobacco mailing list had not responded to 
New Scientist’s requests for a comment. 
However, one of the list’s current 
administrators, Bill Godshall, who is an 
executive director of SmokeFree Pennsylvania 
in Pittsburgh, defends the decision, claiming 
that some of Siegel’s posts had been “uncivil”. 
Siegel “staunchly opposed the very purpose of 
the listserve: advocating reasonable and 
responsible policies to reduce the leading 
cause of disease and death”, says Godshall.

But Siegel has his defenders. “It is sobering 
and scandalous to think, if Mike is correct, that 
our field now is guilty of the same junk science 
long perpetrated by the tobacco industry,” 
says Alan Blum, director of the Center for the 
Study of Tobacco and Society at the University 
of Alabama in Tuscaloosa.
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Reducing children’s exposure 

to smoke is a key goal for the 

anti-smoking movement
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Ensuring the science is rigorous becomes 
paramount at a time when the anti-smoking 
clampdown is reaching new levels. Siegel fears 
that the growing concerns around third-hand 
smoke will trigger more firms to bring in non-
smoking hiring policies, already in place at 
several US companies and the World Health 
Organization. Several independent 
researchers have voiced concerns that such 
measures will further exacerbate social 
inequalities between smokers and non-
smokers (  New Scientist, 31 January, p 5 ).

And even the most fanatical enemies of 
smoking have reason to be wary of the anti-
smoking movement’s current direction. 
Making exaggerated claims will only reduce the 
movement’s impact in regions where smoking 
bans in indoor public spaces have not yet been 
introduced, Siegel believes. “It’s like the boy 
who cried wolf – the public won’t know the 
difference when the claims are true,” he says.

Siegel says his experience has not 
damaged his career, and has since set up a 
  blog  about the anti-smoking movement’s 

extremes. But Carl Phillips almost lost his job 
after he questioned the orthodoxy. Phillips is 
one of a few researchers who favour “harm 
reduction” strategies in tobacco control 
(  New Scientist, 10 November 2001, p 28 ). This 
means promoting smokeless tobacco 
products – such as chewing tobacco, a form of 
“sucking” tobacco known as snus, and 
  electronic cigarettes  – to allow nicotine addicts 
to get their fix without many of the risks of 
smoking. Many anti-smoking researchers are 
vehemently opposed to such strategies.

Unlike Siegel, Phillips has accepted 
research grants from the US Smokeless 
Tobacco Company – a fact he declares on 
his research papers, and which was approved 
by his university as they came with no 
strings attached. This has allowed anti-harm-
reductionists to paint him as a tobacco-
company stooge, and he has experienced 
vandalism to a poster paper at a medical 
conference. After his adversaries threatened to 
block the school’s academic accreditation and 
cancel funding for other projects, the School 

of Public Health tried to terminate his contract. 
Phillips appealed to the university’s central 
administration, however, who overturned the 
school’s decision, and he remains in his post. 

For many researchers like Phillips it’s a 
catch-22 situation. If their research challenges 
the orthodoxy, anti-smoking groups refuse to 
fund it, so they turn to tobacco firms instead. 
This provides ammunition to question the 
results. “It drives researchers from doing 
anything innovative,” says Phillips.

Given the tobacco industry’s reputation, 
this deep suspicion may be understandable. 
“The industry has sown the seeds of so much 
distrust that scientific debate can be difficult,” 
says Kelley Lee from the London School of 
Hygiene and Tropical Medicine, who has 
uncovered some of the industry’s dirty tricks. 

On the other hand, many anti-smoking 
researchers accept grants from the drug firms 
that make nicotine-replacement therapies. 
When it comes to research ethics, the 
pharmaceutical industry’s reputation is not 
exactly whiter-than-white either.

So where can the anti-smoking movement 
go from here? “They must be intellectually 
mature enough to recapture the process of 
producing sound science,” says Lee. “There is 
no room for mud-slinging.”  ■

David Robson is a junior editor at New Scientist 
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Smoking clampdown
In the past few years a growing list of regions have banned smoking in indoor public spaces. A few have extended this to outdoor bans too

BANNED: In all indoor 

public spaces, and some 

outdoor public spaces

BANNED: In all

indoor public spaces

CHINA: Some cities such 

as Beijing and Hong Kong 

have banned smoking in 

indoor public spaces

Some cities in the US, particularly 

in California, Kentucky, Minnesota, 

Mississippi, North Dakota and 

Texas, have banned smoking in  

some outdoor spaces (parks, 

beaches, outdoor restaurants)

BANNED: In some indoor public 

spaces, usually excepting bars 

and restaurants

NO BAN NO INFORMATION

” It is scandalous if our field is now 
guilty of the same junk science as 
the tobacco industry”
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O
N THE face of it, what Nico Michiels 
did was rather pointless and a bit 
dangerous. Michiels, an evolutionary 

ecologist from the University of Tübingen in 
Germany, spends part of each year in Egypt 
where he dives in the Red Sea, observing life on 
its coral reefs. In September 2007 he decided to 
find out how far red light could penetrate the 
depths, so he attached a piece of red filter foil to 
his dive mask and began to descend. In theory, 
once he reached about 15 metres, he should 
have been plunged into darkness. Instead, 
something totally unexpected happened.

Like any experienced diver, Michiels knew 
that seawater selectively absorbs longer 
wavelengths of light so that somewhere below 
about 10 to 15 metres – depending on the 
clarity of the water – red light is all but 
extinguished, and anything that looks red at 

Code red
The private communications of some fi sh are written in 
the most unexpected colour. Stephanie Pain investigates

the surface fades to grey or black (see chart, 
page 41). His red filter would block out all 
wavelengths except red, revealing the depth 
at which red disappeared on this particular 
reef. Sure enough, 20 metres down it was as 
dark as night and quite disorienting. “All 
the fish disappeared. With no light from the 
surface they were effectively black and had 
become invisible,” he says. But it didn’t stay 
black for long. “Then I saw a group of gobies 
with bright red eyes lit up against the 
background. After that red spots began to 
show up all over the reef.”

Through his red filter, the red flashes stood 
out in the gloom like glowing embers. Even 
without it, Michiels could pick them out 
without much trouble once his eyes grew 
accustomed to the gloom. Now, though, they 
were more orangey-red or brownish-red or 

purplish – a mix of wavelengths, but always 
including red. It seems strange that no one 
had spotted all this red before but as Michiels 
points out, no one saw it because no one 
expected to see it.

“We knew we had something interesting,” 
he says. For fish living in these waters, red 
should be irrelevant. Yet on that one dive 
Michiels discovered three fish species with 
prominent red markings, and he has found 
many others since. “Giving off red light is very 
strange for animals that aren’t supposed to be 
able to see it. It would be odd if it had no 
function.” If the fish could see what he was 
seeing, marine biologists might have to 
rethink their ideas about the colour red. 
Michiels now believes that many fish use red 
as part of a private system of communication 
that is proof against eavesdroppers.
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red region. In most of the fish they looked at, 
the fluorescence could be traced to specialised 
pigment cells called iridophores that lie in the 
skin beneath the scales. These cells contain 
guanine crystals, which scatter light to give fish 
their silvery sheen. However, Michiels says they 
are still not sure exactly what is fluorescing. 
“It’s not the guanine crystals themselves. It’s 
probably a fluorescent protein built into the 
crystals, and we have a suspicion that it might 
be made by bacteria and then harnessed by 
the fish.” The only exceptions were two species 
of wrasse that glowed red all over. Their 
fluorescence is associated with the bony tissue 
of scales and fin rays, though again the exact 
source of the colour remains elusive. 

the equipment to confirm that the fish 
were fluorescent, Michiels observed and 
photographed as many of them as he could. 
Once back in Germany, he bought an 
assortment of tropical fish, including species 
he had seen in Egypt and some of their 
relatives he suspected might fluoresce, and 
installed them in his lab.

With the aid of colleagues from the 
university’s chemistry department, armed 
with fluorescence microscopes, laser pointers 
and spectrometers, he confirmed that the 
fish did indeed fluoresce. Blue and green 
wavelengths both produced red fluorescence, 
with emissions mainly in the orangey part of 
the spectrum but extending well into the deep 

Near the surface, fluorescent red is masked 

by other pigments (below left). In deeper, 

bluer water, the red stands out (below)

Triplefin blennies “talk” with their fins 

and eyes, using red fluorescence to 

make the signals stronger at depth

But how can fish appear red where 
there’s no red light? Ordinary red pigments 
look red because they reflect red light while 
absorbing all other wavelengths. At 20 metres 
down, there had to be some other 
explanation for the red Michiels was seeing. 
He suspected fluorescence. Fluorescent 
pigments behave differently from ordinary 
ones: incoming light of one wavelength excites 
fluorescent pigment molecules, causing them 
to emit light of a longer wavelength. On the 
reef during daytime, the most likely 
explanation was that the predominantly blue 
and green wavelengths at depth triggered the 
emission of fluorescent red. 

With only a week left in Egypt, and lacking >
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Intrigued by the existence of something 
that shouldn’t be there, Michiels began 
a systematic search for red fluorescence in 
reef fish. He has been back to the Red Sea twice 
to hunt for more species, while his colleagues 
Nils Anthes and Dennis Sprenger searched 
around Lizard Island on the Great Barrier Reef. 
Between them they have identified some 
50 species with pronounced red fluorescence, 
belonging to 24 genera and 12 families. 

The most common markings tend to be 
towards the head and around the eyes. Some 
gobies have fluorescent anal fins while 
triplefin blennies have a red patch on their 
first dorsal fin. Most striking, perhaps, is the 
distinctive red tail fin sported by two species 
of pipefish, relatives of the seahorses. To 
Michiels, the distribution of these markings 
is one of the strongest indications that red 
fluorescence has a very specific function: 
communication with other members of the 
species (  BMC Ecology, vol 8, p 16 ).

According to several recent studies, a whole 
range of animals, from birds and spiders to 
shrimp, employ fluorescence as a natural 
highlighter to boost the visibility of body 
parts they use in signalling, either to ward 
off enemies or to attract a mate (see “Day-glo 
animals”). In reef fish, the red tends to be 
confined to parts of the body used in 
signalling, suggesting that these markings 
serve a similar purpose. But instead of 
highlighting an existing colour, the 
fluorescence gives the fish a colour that 
otherwise wouldn’t exist. 

Triplefin blennies, for instance, flip their 
first dorsal fin back and forth when excited. 
“You see something red going up and down 
rapidly,” says Michiels. Pipefish wave their 
tail fins during courtship. And fish commonly 
use eye rings to signal their presence and 
direction of gaze. “Red-eyed gobies swim 
around in little swarms, and we think they use 
signals to indicate where they are and keep the 
swarm together.”

Red light, whatever its source, doesn’t 
travel far through water, which suggests these 
communications are intended to be private, 
seen only by nearby fish of the right species. 
There are several lines of evidence to support 
this, says Michiels. “Most of these fish are 
small and live at the bottom in pairs or 
groups. They are generally quite cryptic but 
often have conspicuous behaviours 
characteristic of the species. And there’s 
obvious variation in markings between closely 
related species, which suggests they might be 
important in species recognition.”

It all sounds very plausible. “The idea of 
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BUDGERIGARS

The fluorescent yellow crown and cheeks of 

wild green budgies are a come-on for birds of 

the opposite sex. UV hitting these feathers 

makes the yellow pigment fluoresce and the 

colour appears around 14 per cent brighter. 

That is enough to make a difference to 

prospective mates. Researchers found that 

budgies of both sexes chose regular birds over 

those whose yellow feathers had been coated 

with sunscreen to block UV and prevent 

fluorescence (Science, vol 295, p 92).

JUMPING SPIDERS

Fluorescence is also crucial to the breeding 

success of the ornate jumping spider, 

Cosmophasis umbratica. During courtship, 

females show off patches on their palps that 

respond to UV by fluorescing bright green. 

Screen out the UV, and they lose their sexy 

green glow – along with the interest of male 

spiders (Science, vol 315, p 481).

MANTIS SHRIMP

The fluorescent yellow markings on some 

species of mantis shrimp have a role in threat 

displays. Faced with a rival male or a predator, 

one species, Lysiosquillina glabriuscula, 

adopts a position that accentuates these 

markings on its antennae and carapace. 

Fluorescence makes them around 10 per cent 

brighter than ordinary yellow pigment, and so 

more visible to an approaching enemy 

(Science, vol 303, p 51).

Day-glo animals

As the list of fl uorescent species grows, it is becoming 
apparent that in nature it can pay to be fl ashy

One of us: under broad-spectrum 

light, gobies of different species can 

easily recognise their own kind 

At depth, they may use 

fluorescent red markings to 

help make these distinctions
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Seeing red on a Red Sea reef
At the surface of the sea the visual spectrum during daylight covers the 400 to 700 nm range. 

The red component disappears at a depth of 10 to 15 m depending on the clarity of the water
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Most red pigments reflect red light and 

so fade as the red light dwindles. By 15 

metres they appear grey

 

Red fluorescent pigments absorb 

blue-green wavelengths and emit 

longer red ones, and so appear red at 

depths where there is no red light 

from the sun. At the surface the colour 

may be masked by other pigments, but 

it stands out at depth

A red filter blocks other colours, so 

that red fluorescence stands out 

red-light private communication channels 
is intriguing,” says Julian Partridge, head of 
the Ecology of Vision group at the University 
of Bristol, UK. He says that if a fish can signal 
important things without being noticed, 
there can be big pay-offs. “Long-wave light 
doesn’t travel far under water, so a male fish 
can wave its red sexy bits at a female and not 
be noticed by animals further away. Not only 
will that reduce his chances of being eaten 
while distracted with flirtation, but it will also 
make him less likely to be beaten up by a rival.” 

Michiels suspects that red fluorescence has 
another important role for some reef fish: 
helping them blend in with their background 
rather than making themselves seen. During 
his first dive with the red filter over his mask, 
he noticed that reef corals and algae glow a 
dark but faint red too, with brighter patches 
here and there. Against this irregular red 
background, a fish that glows red all over, like 
the small wrasse, would be hard to spot. 

More compelling for Michiels is the case 
of the scorpionfish, a highly camouflaged 
ambush predator. The scorpionfish lies 

perfectly still until prey comes close and then 
sucks in the unwary animal in a split second. 
Michiels and his colleagues have found five 
species of scorpionfish that fluoresce red. 
“They have a faint glow all over the body with 
some bright patches here and there – very 
much like their background,” says Michiels.

Yet if red plays any part in a fish’s life then 
it must be able to see it – and that’s where the 
jury is still out. Fish that live in a world 
dominated by blue-green light are assumed 
to have eyes tuned to those wavelengths, and 
most marine fish that have been studied are 
thought incapable of seeing red. One 
exception is the seahorse family, whose eyes 
are sensitive to red. That suggests pipefish 
can see red. As for the others, it remains to be 
seen. “As far as we know, none of the fish we 
found to fluoresce red has been investigated,” 
says Michiels. 

He has made a start. Preliminary studies 
of the visual pigments of the red-fluorescent 
goby Eviota pellucida show that there is 
considerable overlap between the 
wavelengths it can see and those it emits. 
“It’s highly likely that this species can see its 
own fluorescence,” says Michiels. He has also 
found that in the lab, red fluorescent fish 
respond to a dot of light from a red laser 
pointer, while non-fluorescent ones ignore 
it. “The fluorescent fish appear to chase the 
dot.” Although that’s only anecdotal, it does 
suggest they can see it.

“We still don’t know for sure what exactly 
the fish see,” Michiels admits. “If these fish 
do indeed see their own fluorescence, then in 
most cases we suspect they see it as enhanced 
contrast involving pink, red-brown or other 
red-containing colours in an otherwise blue-
green environment.”

Justin Marshall, head of the sensory 
neurobiology group at the University of 
Queensland in Brisbane, Australia, does not 
dismiss Michiels’s idea but wants more 
evidence that the fish can see red and respond 
to it in a meaningful way before he is 
convinced. He believes the ultimate test is 
behavioural. “If they can show that female 
pipefish require a red fluorescent blob before 
a male pipefish takes any interest, or that 
males with normal tails are more successful 
than males with the red blob blanked out, that 
will be another tick in the box.”

Michiels has already begun these 
experiments. He accepts that until he has 
shown that fluorescent fish see red and that 
it affects their behaviour, his thesis will 
remain unproven. Nevertheless, he believes 
his serendipitous discovery back in September 
2007 should be a lesson to all who make 
assumptions about the natural world and the 
way other animals perceive it. “The fact that 
red fluorescence is there changes our 
thinking,” he says.  ■

Stephanie Pain is an associate editor at New Scientist
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” If a fish can signal 
important things without 
being noticed, there can 
be big pay-offs”
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“THE ingenious Mr. Handell is very much 
indispos’d and it’s thought with a Paraletick 
Disorder, he having at present no Use of his 
Right Hand, which, if he don’t regain, the 
Publick will be depriv’d of his fine 
Compositions.” As the London Evening Post 
reported in May 1737, George Frideric Handel, 
composer to kings and perennial favourite of 
opera-going London society, had been struck 
down by a palsy that threatened to cut short 
his glittering career. Handel recovered but his 
next 20 years were dogged by ill health and 
repeated attacks of the “Paraletick Disorder”. 
They were also the years in which he 
composed some of his greatest works. 

For the first 50 years of his life, Handel 
seems to have been untroubled by illness. 
Even in middle age, and decidedly overweight, 
he had the stamina to stage several operas a 
year, a workload that would have defeated 
many younger, fitter men. Then in the 
spring of 1737 Handel suffered the first of a 
series of seizures that temporarily paralysed 
his right hand and caused his head to be 
“a good deal disordered”. 

“We may never be absolutely certain what 
ailed him,” says   David Hunter , who in his 
youth was a cathedral chorister and is now 
music librarian at the Fine Arts Library of the 
University of Texas at Austin. After spending 
more than 15 years piecing together Handel’s 
medical history, however, he believes there’s 
enough evidence to support two diagnoses 

The year 1737 marked a turning point for England’s 

most celebrated composer. George Frideric Handel had 

been entertaining London society with his Italian operas 

since 1720. Each season he staged several, for which he 

wrote the music, hired the singers and directed 50 or more 

performances. Then he abandoned opera and wrote the 

type of music he is best remembered for, his English 

oratorios.   Handel’s operas  had been peopled by gods and 

heroes, played by strutting superstar singers. Now his 

themes tended towards the tragic, his characters mere 

mortals and his music more personal. What prompted the 

change? Ill health, says Handel authority David Hunter.

Mr Handel is indisposed
that go a long way towards explaining the 
fundamental change in his music that gave 
us   Messiah  and other masterpieces.

Handel was clearly obese. According to 
friends and admirers he “paid more attention 
to [his food] than is becoming in any man” and 
was “corpulent and unwieldy in his motions”. 
Others were less kind, making him the butt of 
jokes and mocking verses. “He consumed what 
even by the standards of his well-fed peers 
were embarrassingly large amounts of food 
and drink,” says Hunter. His odd behaviour 

indicates something other than simple greed: 
Handel couldn’t control his eating, even if it 
meant losing friends or facing ridicule. 

One secret binge caused a rift between 
Handel and one of his oldest friends, the 
painter Joseph Goupy. In 1744 or 1745, Handel 
invited Goupy home for dinner, warning him 
that business wasn’t going too well so the meal 
would be frugal. Dinner over, Handel excused 
himself. He was gone so long, Goupy went 
looking for him – and found Handel stuffing 
himself with “such delicacies as he had 
lamented his ability to afford his friend”. 
Furious, Goupy left, and had soon produced 
a new portrait of Handel, one in which he was 

caricatured as an organ-playing pig (pictured). 
On a second occasion, Handel played host to 

some of his musicians. During dinner, it was 
later reported, he suddenly had an idea. His 
guests urged him to go and make a note of it. 
Handel was so inspired that evening he had to 
leave the room at regular intervals. Astonished 
by his burst of creativity, one guest spied on 
Handel through a keyhole and saw him hard 
at work on a “fresh hamper of burgundy”.

Based on all the available evidence, Hunter 
believes the diagnosis that fits best is binge-
eating disorder. Such a condition might also 
explain Handel’s notoriously heavy drinking, 
which in turn was largely responsible for the 
condition that led to his seizures and, Hunter 
suspects, his eventual blindness.

There has been no shortage of explanations 
for Handel’s illness in the past. They include 
stroke, damage to the peripheral nerves and 
saturnine gout – the expression of chronic 
lead poisoning. But if Handel was exposed 
to enough lead over a long time, that alone 
could account for all his symptoms, including 
the seizures, says Hunter (Royal Musical 

Association Research Chronicle, vol 41, p 69).
In the early stages of lead poisoning, 

symptoms include headaches, colic and 
irritability. Continued exposure brings 
rheumatic pains, paralysis, confusion and 
sometimes loss of speech and memory. It 
can also cause small strokes, deafness and 
blindness, even coma and death.

“ Through the keyhole he 
saw Handel hard at work on 
a fresh hamper of burgundy”
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In Handel’s day, doctors recognised a link 
between lead and saturnine gout among 
workers whose jobs exposed them to lead. 
They were more puzzled by wealthy patients 
with the same condition. Yet those who could 
afford to eat well and drink heavily were at 
almost as much risk as plumbers, miners and 
pot-menders. Lead contaminated food, 
medicines, cosmetics, even the powder so 
liberally applied to the wigs then in fashion. 
But wine was the worst of all. 

Most wine was imported from southern 
Europe, where many makers added lead to 
sweeten it and prevent it going off en route to 
England. Once there, unscrupulous merchants 

  added lead shot  to freshen tired tasting wine 
and mask off flavours. Port was even more 
dangerous: it was fortified with brandy made 
in stills with lead parts and pipes. 

Ingestion of 2 milligrams of lead a day can 
produce symptoms of severe lead poisoning 
within a year. An analysis of late 18th-century 
port carried out in the 1970s found as much as 
2 milligrams per litre. Handel may have been 
partial to burgundy, but port was his favourite 
tipple and he quaffed it in large quantities.  

“All the reports of Handel’s illnesses are 
consistent with a diagnosis of saturnine gout,” 
says Hunter. No one mentions whether 
Handel suffered headaches or colic – why 

would they? – but they do mention his 
irritability. “He was notoriously irritable when 
working with other musicians,” says Hunter. 
“People put it down to his frustration when 
they didn’t meet his exacting standards, but 
it was likely to have been an early sign of lead 
poisoning.” Later, when the palsy struck, it 
was described as a “rhumatick palsy” which 
“seemed at times to affect his Understanding”. 
In 1743, a second attack “affects his Head and 
Speech” and in 1745 he was “much out of order 
in his body, and a little in his head”. In 1751, 
Handel lost the sight in his right eye. Two years 
later he was blind. He lived for another eight 
years, dying on 14 April 1759 at the age of 74. 

Handel’s health, in particular the 
debilitating effects of lead poisoning, made 
worse  by obesity, played a significant part in 
the history of English music, argues Hunter. 
After his first seizure in 1737, Handel scaled 
back his opera work and focused on oratorios, 
offering much shorter runs of performances 
(Eighteenth-Century Music, vol 3, p 253). In 1740 
he gave up opera altogether. “I don’t think he 
could keep up the 50-plus performances a year 
and all the associated rehearsals and so on,” 
says Hunter. “It became too much.” 

The music was fundamentally different too, 
coloured by Handel’s undoubted pain and an 
increasing awareness of his own mortality. No 
longer tied to the plots of traditional Italian 
operas, Handel chose his own stories and 
commissioned writers to produce the words. 
Gone were the immortals, replaced by more 
tragic and more human figures. “The music 
had a different feel too,” says Hunter. “Listen 
to   Susanna  or Joshua or Israel in Egypt – it’s 
lamentation and breast-beating. He can be 
tender too and, while there are some heroic 
pieces, there’s a preponderance of tragic ones.” 

If Handel had taken the advice of doctors 
and friends and cut down his eating and 
drinking, he might have stuck with gods 
and heroes. Fortunately for us, he didn’t – 
or couldn’t. “Handel’s oratorios are such an 
integral part of the British musical tradition,” 
says Hunter, “it’s unthinkable that he should 
not have written them.”  Stephanie Pain  ■

Handel Reveal’d, a new exhibition to mark the 

250th anniversary of Handel’s death, is at the 

  Handel House Museum  until 25 October. It explores 

the life and character of the composer who lived at 

this London house for 36 years and wrote some of 

his most celebrated works there. For information 

visit www.handelhouse.org

Handel’s bingeing prompted the artist Joseph 

Goupy to caricature him as a  pig in a wig
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BOOKS & ARTS

  The Natural History of Unicorns 

by Chris Lavers , Granta Books/   

HarperCollins , £18.99/$26.99

  Bigfoot: The life and times of a legend 

by Joshua Blu Buhs ,

University of Chicago Press, $29

Reviewed by Sumit Paul-Choudhury

WHAT makes so many people 
want to believe in fabulous 
creatures?   Chris Lavers  and   Joshua 
Blu Buhs  set out to explore this 
question, and although one 
tackles an ancient myth and the 
other a modern one, they come up 
with remarkably similar answers. 

The Natural History of Unicorns 
might sound whimsical, but 
in fact it is an erudite, scholarly 
book which uses the unicorn to 
illuminate millennia of social and 
geographical change.   Unicorns  
appear in many guises in many 
cultures – from the ferocious one-
horned ass described by the Greeks 
to the courtly, Christianised goat 
of medieval Europe and beyond. 
Lavers’s achievement is to show 
how each of these is a chimera 
based on startlingly accurate 
reports of real animals, carried over 
trade routes stretching from the 
African jungle to the Arctic Circle.

The unicorn’s susceptibility 
to virgin maidens, the curative 
qualities of its horn, its elusiveness 
and temperament: Lavers explains 
how these properties were shaped 
to suit the ideologies and beliefs 
of different societies, throwing 
up – and answering – fascinating 
questions along the way. For 
example, did khutu, a material 
used in ornamental knife handles, 
  come from narwhals , giant birds, 
musk oxen or woolly mammoths?

For those, like myself, who 
always assumed that our forebears 

myth-making in the 20th century. 
Buhs’s book starts out in similar 
territory to that of Lavers, 
suggesting that the Himalayan 
legend of the yeti became “folklore 
for an industrial age” because 
it meshed well with Britain’s 
post-colonial concerns and drew 
on popular fascination with 
far-flung places – a kind of media-

more or less made up unicorns 
from folk superstitions and a 
pinch of rhinoceros, Lavers’s book 
offers revelations not only about 
mythical creatures, but about the 
extent and effects of globalisation 
in ancient times. It’s eminently 
readable, too.

One of the themes of Lavers’s 
book – that belief in mythical 
animals is a product of social 
change – is central to Bigfoot, an 
exhaustive study of wild-man 

accelerated version of the same 
processes that created unicorns.

Buhs goes on to describe how the 
search for   Bigfoot and Sasquatch  
was dominated by the concerns of 
white, working-class men. For this 
disenfranchised group the quest 
was a validation of their lifestyle, 
skills and knowledge, which they 
perceived as being threatened by 
mass media, formal education 
and popular culture. The hunters’ 
desire to be accepted as scientific, 
while simultaneously disparaging 
the scientific establishment, 
makes for thought-provoking 
reading: there are obvious 

parallels with the attitudes of 
intelligent-design enthusiasts 
and   climate change sceptics .

Popular culture eventually 
defanged Bigfoot, and unicorn-
hunting has fallen out of fashion. 
But both Lavers and Buhs suggest 
that these myths, and others like 
them, will persist in one form or 
another. Tellingly, both trace their 
respective subjects all the way back 
to Gilgamesh, one of the world’s 
oldest fictional texts, in which 
the wild man Enkidu is tamed 
by female sexuality. If belief in 
fabulous beasts has such deep 
roots, it is unlikely to go away any 
time soon – although with the 
Earth becoming an ever-smaller 
place, Buhs suggests that future 
monster-hunters may have to turn 
their attention to the stars.  ■

Sumit Paul-Choudhury is the editor 

of NewScientist.com
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On the trail of mythical beasts
Human societies continually seek fabulous creatures like Bigfoot and the unicorn. 
Two new books explore why we want to believe in them

BOOKS & ARTS

“The Bigfoot hunters’ 
desire has parallels with 
the attitudes of intelligent-
design enthusiasts”

Unicorns are more than just folk 

stories with a pinch of rhinoceros 
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Is anybody out there?

  Life in Space: Astrobiology for 

everyone by Lucas John Mix , Harvard 

University Press, $29.95/£22.95

Reviewed by Lewis Dartnell

THE search for 
life beyond Earth 
has philosophical 
and religious 
implications which 
science books often 
skirt around. Lucas 
John Mix, a 

biologist and Episcopalian priest, 
tackles these issues head-on. 
Though too detailed at times, Life 

in Space is a broadly researched 
and refreshingly personal account 
of astrobiology. Mix shows how 
our understanding of where and 
how to look for extraterrestrial 
life is biased by the fact that we 
have only a single example of life 
to go by. We are further biased, he 
says, by the idiosyncrasies of our 
perception, such as the colours we 
see. Our own biology – and, at 
higher levels, our philosophical or 
religious beliefs – fundamentally 
influence our science, a crucial 
point that is rarely appreciated. 

Set the record straight

  Galileo Goes to Jail edited by 

Ronald L. Numbers , Harvard University 

Press, $27.95/£20.95 

Reviewed by Amanda Gefter

FOR evidence of 
religion’s centuries-
old hostility toward 
science,   Galileo  
is the go-to guy. 
His belief in a 
  Copernican 
universe  led to his 

imprisonment and torture at the 
hands of the church, or so the 
story often goes. But is it true? In 
his contribution to Galileo Goes to 

Jail,   Maurice Finocchiaro  explains 
that while Galileo was interrogated, 
forced to recant and sentenced to 
house arrest, he was never (with 
the unlikely but possible exception 
of three undocumented days) 
jailed or subjected to torture. 

This is just one of 25 myths about 
science and religion tackled in the 
scholarly and well-researched 
collection put together by Ronald 
Numbers. In nearly every case the 
myths are not so much busted as 
deflated. Each story is littered 
with grey areas and is always 
more complicated than it seems. 

For instance, there’s the myth 
that Darwin underwent a deathbed 
conversion back to Christianity. 
  James Moore  traces this to a 1915 
article in the Baptist magazine 
Watchman-Examiner by Elizabeth 
Cotton, who went by the pen name 
Lady Hope. She claimed to have 
witnessed Darwin’s conversion. 
“Although much of it was fictitious, 
the original story cannot be 
dismissed as pure invention,” 
Moore  says, because it contained 
several plausible descriptions of 
Darwin’s home and life. 

Either Cotton had actually 
visited his home, or else she had 
collected enough tidbits from 
the Darwins’ domestic staff to 
render her story plausible. The 
fact that Darwin was buried in 
Westminster Abbey suggests that, 
despite his likely persistent lack of 
faith, he remained on good terms 

with the church until the end. 
Other myths explored in the 

book include   Einstein’s confusing 
brand of atheism  and Descartes’ 
misunderstood role in the 
establishment of   mind/body 
dualism . In another entry,   Robert 
Richards  deftly dispels   the claim 
that Darwin was to blame  for the 
Nazis’ warped take on biology . 

The book helps to clear up 
misconceptions on both sides of 
the science/religion debate that 
pertain to history and sociology. In 
the end, though, they are irrelevant 
to the fundamental conflict 
between science and religion: the 
question of what constitutes truth 
and how we can access it. These 
ontological and epistemological 
tensions will persist, regardless of 
what history has to say. This book 
won’t get us closer to solving the 
conflict, but it can help us get our 
facts straight as we battle on. 

Life on the small side

  How We Live and Why We Die: The 

secret lives of cells  by Lewis Wolpert, 

Faber and Faber, £14.99 

Reviewed by Graham Lawton

THE publishing 
world is awash 
with books 
about basics – 
if what you are 
after is a basic 
understanding 
of the smaller end 

of biology, this could be just the 
book for you. 

In 200 or so short pages,   Lewis 
Wolpert  breezes through all we 
know about cell biology. There 
aren’t many surprises, but 
Wolpert is an engaging host 
with an eye for a clever analogy. 
Perhaps the biggest thrill to be 
had is when he lays bare the 
awe-inspiring   intricacy of the 
living cell , though he left me 
hungering for an explanation 
of how it all works. 

Wolpert is well known for 
taking swipes at the enemies 
of progress and this book is no 
exception, but his attacks lack 
nuance and seem out of place in 
what is otherwise a nicely written, 
if didactic, popular science book 
in the tradition of   Steven Rose’s 
classic The Chemistry of Life .

Tip the babysitter

  Mothers and Others: The evolutionary 

origins of mutual understanding by 

Sarah Blaffer Hrdy , Harvard University 

Press, $29.95/£19.95

Reviewed by Alison Motluk

NOWHERE is the 
uniquely human 
cocktail of 
cooperation, 
tolerance, mind-
reading and 
empathy more 
on display than 

when we are shoehorned together 
into a crowded airplane. We 
smile politely at people who 
bump into us, offer sympathetic 

nods to mothers of wailing 
babies, and offer our untouched 
dessert to the stranger in the 
adjacent seat. 

After inviting us to reflect on 
this behaviour,   Sarah Blaffer Hrdy  
points out just how odd it is. 
If we were travelling with a 
planeload of chimps, she says, 
“any one of us would be lucky to 
disembark with all 10 fingers and 
toes still attached, with the baby 
still breathing and unmaimed”. 

In this compelling and 
wide-ranging book, Hrdy sets 
out to explain the mystery of 
how humans evolved into 
cooperative apes. The demands 
of raising our slow-growing and 
energetically expensive offspring 
led to   cooperative child-rearing , 
she argues, which was key to 
our survival.

Animal IQs

  The Smartest Animals on the Planet 

by Sally Boysen , Firefly Books, $35 

Reviewed by Ewen Callaway

SCIENTISTS who 
study animal 
intelligence walk 
a fine line: they 
must resist the 
temptation to 
anthropomorphise 
animals while 

analysing behaviour through the 
lens of common descent. In this 
coffee table compendium, 
primatologist   Sally Boysen  mostly 
hits the mark. She rightly focuses 
on the impressive abilities of our 
primate cousins, from their 
cultural transmission of tool use 
to their ability to count. We also 
learn how bees broadcast the 
locations of flowers through 
choreographed dance and how 
vampire bats share their blood 
meals even with non-relatives. 
While Boysen leans towards 
generous interpretations of 
animal intelligence, such as 
the ability of some species to 
recognise their reflection in a 
mirror, she is quick to point out 
negative or contentious findings.
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SOME can sprout wire-like 
appendages that conduct 
electricity, others protect against 
high doses of radiation, many can 
flavour food and some are even 
being used to create self-cleaning 
clothes. They are all types of 
bacteria – the next big thing 
in biotech and one of the most 
interesting trends to emerge 
in recent years.

Bacteria often get a bad press 
thanks to their ability to produce 
toxins and cause disease. But 
now that their potential in a 
variety of applications is 
increasingly being recognised, 
bacteria are proving their worth 
as a useful tool in a vast range of 
disciplines. Which means the 
market for bacteria-based 
technologies is on the up.

“Traditionally biotechnology 
has tended to focus on the 
healthcare sector, but it is now 
diversifying,” says Tim Hart of ISIS 
Enterprise, part of the University 
of Oxford’s technology transfer 
company ISIS Innovation. He 
points out that bacteria can be 
exploited in environmental and 
industrial settings, and even in 
biosensing. “The development of 
functional foods [claimed to have 
health benefits] and probiotics is 
also growing, and we are much 
closer to large-scale market 
uptake than we once were.”

Take the example of 
Lactobacillus. Earlier this year, 
Jeremy Nicholson and colleagues 

at Imperial College London fed 
strains of Lactobacillus to mice 
whose gut microbes had been 
replaced by those that live in the 
human gut. The team found that 
Lactobacillus altered the content of 
bile acid, increasing the proportion 
of certain enzymes that reduce 
the amount of fat absorbed into 
the body. This suggests that 
adding this bacterium to food 
may one day have an impact on 
human obesity. 

Given the potential for using 
bacteria across so many areas, 
it is no surprise that big business 
is keen to join forces with 
academia. Naturally, such 
ventures allow academics to gain 
experience of the commercial 
world and represent a chance 
to impress potential employers. 

One organisation fostering 
such collaborations is the 
University of Manchester’s new 
Centre for Excellence for 
Biocatalysis, Biotransformations 
and Biocatalytic Manufacture 
(CoEBio3) . The centre is designed 
to provide a world-class scientific 
environment for research to 
create new biocatalyst-based 
processes to meet the changing 
needs of industry. “We are 
working closely with companies 
including AstraZeneca, Pfizer, 
BASF and Shell to develop ways 
to get bacteria to make certain 
chemicals,” says Nicholas Turner, 
the centre’s director. This “white 
biotechnology” is key to 

Tim Hart’s interest 

in commercialising 

biotechnology 

began after he 

took part in the 

Biotechnology 

Young 

Entrepreneurs Scheme competition 

in 1997. He later took to market the 

idea for the company he conceived 

as his competition entry. “While I 

was doing my postdoc I got engaged 

in courses on topics such as 

commercialising science – it really lit 

a fire in me,” he says. He now juggles 

two jobs: he is a project manager for 

the University of Oxford’s 

technology transfer subsidiary ISIS 

Innovation, as well as managing 

director of one of its break-out 

firms, Zyoxel, which develops simple 

microbioreactors, devices that 

enable cost-effective 3D cell culture. 

“Only a few people are insane 

enough to be entrepreneurs,” he 

says. “I was 28 when I spun out my 

first company.” That company was 

Cybersense Biosystems, which 

produces a portable system using 

bioluminescent bacteria to detect 

contaminated land and measure 

toxicity levels. 

Having seen the product to 

market, Hart sold Cybersense. 

“If you really work hard at it, you 

soon reap the rewards. I’m not 

a millionaire yet but I’m doing okay,” 

he says, adding that the time is 

perfect for those wishing to follow 

his path. “The current economic 

climate is disruptive – which makes 

this a wonderful time to be an 

entrepreneur,” he says. “The rules 

change when the economy is 

unsettled and though getting 

investment may be tougher, 

customers are more receptive to 

new ideas.”

Get the bug 
for bacteria
From detecting poisons to building microchips, 
the applications of bacteria are emerging as a 
front runner for biotech bucks. Julia Pierce finds 
out how tiny bugs are making a big impression

Case Study: 
Making a killing with bacteria
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developing technology such as 
new fuel additives, he says. One 
of the biggest growth areas is 
biofuels, using bacteria to convert 
biomass to high-value bioethanol 
or biodiesel on a large scale. 
“However, our remit also covers 
cosmetics, flavour and fragrance,” 
says Turner.

Researchers wishing to stay 
within academia can access 
several streams of funding, 
particularly from the 
Biotechnology and Biosciences 
Research Council (BBSRC). “Those 
interested in this area have access 
to a number of fellowships across 
our remit,” says Avril Ferris, the 
BBSRC’s policy implementation 
manager. This includes David 
Phillips fellowships, which offer 
five years’ support for 
independent research with the 
aim of securing a permanent 
academic position at the end. 

As part of its activities, the 
BBSRC has also set up the 
Bioprocessing Research Industry 
Club (BRIC). A £14 million, five-

To search for more opportunities go to www.NewScientistJobs.com
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year partnership between the 
BBSRC, the Engineering and 
Physical Science Research 
Council and a consortium of 
leading companies such as 
GlaxoSmithKline and Pall Life 
Sciences, it aims to fund 
innovative biotechnology-related 
research across several universities.

Meanwhile, those looking for 
a position in a commercial 

organisation may find that 
gaining industry-specific training 
will open many doors. “There’s 
a perception that not enough 
people are skilled in this area of 
biotechnology,” says Turner. “We 
can help with training so they are 
ready to take jobs in the sector.”

For those considering striking 
out on their own, taking part 
in a programme such as the 
UK-wide Biotechnology Young 

Entrepreneurs Scheme 
(Biotechnology YES) can help. 
On this particular scheme, 
participants hear from leading 
figures about all aspects of 
technology transfer and 
commercialisation. They then 
enter a competition to create an 
imaginary biotech start-up and 
present their ideas to a panel of 
judges. Previous winners include 
Martin Wickham, a research 
fellow at the Institute of Food 
Research in Norwich, who is 
trying to turn his YES idea – a 
probiotic spray to prevent MRSA 
infection – into a pioneering new 
company, and Tim Hart , founder 
of Cybersense Biosystems (see 
case study).

Despite a bleak outlook for 
many sectors of biotechnology, 
there seems to be a consensus 
that people with certain skills in 
this field will be in high demand. 
“There is a lot of interest in 
synthetic biology – engineering 
bacteria to carry out interesting 
tasks such as producing drugs,” 
says Jeff Errington, director of 
Newcastle University’s Institute 
for Cell and Molecular Biology, 
which was formed in 2004 with 
the aim of studying a wide range 
of model organisms, including 
bacteria and protozoa, in order 
to advance our understanding 
of fundamental cell science. 
“In the past few decades, 
however, people have moved 
out of bioengineering to work 
on things such as pathogenic 
bacteria,” he says. “That means 
there is huge potential for people 
coming into this area.”

From the creation of biofuels 
to cleaning up toxic waste, 
micro-organisms are now being 
studied and manipulated with 
a view to solving many problems 
in a cleaner, low-cost manner. 
Whether as part of a university, 
business or new research-based 
venture, opportunities for those 
interested in working in this area 
should not be hard to find.  ■

Julia Pierce is a London-based 

freelance writer
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Micro-slaves
Even the smallest robots built 

so far are too big to be able to 

imprint nanoscale patterns onto 

microchips. But if Jan Liphardt 

at the University of California, 

Berkeley, and colleagues have 

the right idea, it may be possible 

to create “slave” bacteria to do the 

job instead. The idea is to create 

stripped-down bacteria with 

enough of a genome to perform 

certain tasks – for example, 

swimming along a chemical trail 

using their flagella, secreting 

certain chemicals as they go. 

Thousands of these “biobots” 

could carve out tiny features 

on microprocessors to improve 

their performance.

An unusual protector
A life-saving drug is the last thing 

you’d expect to come from 

salmonella, but researchers at the 

Roswell Park Cancer Institute in 

Buffalo, New York, have found that 

this bacterium can protect against 

radiation. People die from radiation 

sickness because radiation kills 

cells lining the gut and in bone 

marrow. The flagella of a benign 

salmonella species can protect 

against cell death by activating 

an immune-signalling chemical 

called NF-kappa-B. Doses of 

flagellar protein could one day 

protect patients undergoing 

radiotherapy and rescuers entering 

a radiation-contaminated area.

The sweet smell of 
bacteria
Readers of a sensitive nature may 

want to look away now: bacteria can 

be used to eat away smelly armpit 

sweat. Eventually, the garments 

in your wardrobe may contain 

harmless strains of E. coli designed 

to feed on sweat and the proteins 

that cause body odour. Such “living 

fabric” could lead to self-cleaning 

clothes. Other bacteria might be 

used in fabric to secrete protective 

coatings that would extend the life 

of clothing, or to produce antiseptic 

for bandages. Helen Thomson

“The economic climate is 
disruptive – which makes 
this a wonderful time to 
be an entrepreneur”
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FEEDBACK

THE label on the bottle of Dentyl 
mouthwash bought by Jolyon 
Ralph carried the warning: 
“Avoid contact with any plastics”. 
Since the bottle itself was made 
of plastic and the mouthwash 
seemed unaffected by contact 
with it, Jolyon assumed the 
warning was directed to him 
personally as a “fundamental 
lifestyle statement”.

He is now wondering how 
to open the bottle and use the 
plastic cap to dispense the 
mouthwash without having any 
contact with either. He is even 
wondering whether it was wise 
of him to type his email to us, 
considering what the keys on his 
computer keyboard are made of.

WHAT were the two barn swallows 

we reported on two weeks ago really 

doing (  21 March )? As we noted, 

conservative blogger   Lew Waters  

thinks they are a loving male and 

female couple, one of whom has died 

Pat Ryan tells us of a notice in a shop 
window in Dublin, Ireland, that proclaims: 
“Everything under €15 or less”

tragically – but Feedback reader “Jim” 

thinks that they are both males and 

fighting each other to the death. 

Now   Kees Moeliker  provides an even 

darker explanation.

Kees is curator of birds at the 

Rotterdam Natural History Museum 

in the Netherlands. In 2003 he was 

awarded the   Ig Nobel biology prize  

for his paper “  The first scientifically 

recorded case of homosexual 

necrophilia in the mallard duck ”. 

His recently published book 

De Eendenman (“The Duck Guy”) 

includes a section on wildlife 

necrophilia. One of its key examples 

is those same two barn swallows.

Kees tells us: “These particular 

birds were not injured, in mourning 

or in a territorial battle. No, the 

fluttering swallow-on-top was 

engaged in one of the best 

photographically documented cases 

of necrophilia. From the pictures 

it is hard to tell if it was homosexual 

necrophilia or just heterosexual 

necrophilia: sexes in the barn 

swallow are very much alike. The less 

deeply coloured and slightly mottled 

throat and forehead of the dead 

swallow point towards it being a 

juvenile, indicating that this was a 

rare case of paedophilic necrophilia.”

Kees goes on to say that the 

pictures were taken by photographer 

Wilson Hsu somewhere in Taiwan in 

March 2004. “The talented nature 

photographer seems to have 

assumed that the live swallow tried 

to revive his dead ‘relative’. Hsu later 

made his pictures into a video clip 

(www.tinyurl.com/ct3p5g) that 

indeed may have made ‘millions of 

people cry’, as Waters tells us. Try 

to watch it with dry eyes.”

RESPONSES to our plea for an 
explanation of the safety label 
“Warning, this is a solid object” 
( 14 February) continue to arrive. 
Most offer variations on that 
proposed by Alan Carter, with 
its hint of unfortunate first-hand 
data-gathering: “Since window 
spaces are left unfilled for a large 
part of the building process, it is 
easy to get into the habit of sticking 
one’s head through the space. 
New windows can be extremely 
clean and practically invisible, 
so it can be easy to continue this 
habit when it is, to say the least, 
no longer appropriate.”

Next, our congratulations go
to the window cleaner in the 
Philippines whose scrupulous 
efforts caused Dave Prichard to 
gather his data in an encounter 
with a window that wasn’t even 
new: “When attempting to enter 
a department store in Manila 
some years ago, I walked into an 
invisible pane of glass and nearly 
knocked myself out. A sticker 
would have been most helpful.”

David Brownridge suggests that 
such stickers be applied to more 
obviously three-dimensional 
objects, such as those that are 
hollow. If he needed to pick up 
what he wrongly thought was 
a very light object, he might 
exacerbate his chronic lower-back 
injury, he says. “Or if it were on 
the ground and of no value I 
might kick it, breaking my toes.”

Jim Palfreyman claims that 
this sticker “obviously goes onto 
objects [specifically, parts of the 
human body] that change their 
solidness: and in your average 
workplace there are plenty of 
these”. For the benefit of sensitive 
readers we won’t name the part 
of the body that Jim has in mind.

Kristi Lofthus Kleijn returns us 
to where we started, with an avian 
mortality slant that Kees Moeliker 
might appreciate. She proposes 
that the sign “is obviously meant 
to warn away adult native birds 
from large plate-glass windows”. 
It would be prudent, she 
recommends, “to display the 
universal graphical symbol for 
danger – a black silhouette of a 
raptor – with the written warning, 
for the benefit of native fledglings 
and migrating foreign fowl that 
don’t understand English”.

FINALLY, the pack of own-brand 

Multivitamins For Men that Chris 

Bradley’s wife Sylvia bought him 

from the UK’s Boots pharmacy chain 

cautioned him: “During pregnancy 

and lactation or if you are trying to 

become pregnant we suggest you 

consult your doctor or pharmacist 

before taking this product.” Chris 

is still pondering the implications 

of this information.  

You can send stories to Feedback by 

email at feedback@newscientist.com. 

Please include your home address. 

This week’s and past Feedbacks can 

be seen on our website.
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Questions and answers should be concise. 

We reserve the right to edit items for clarity 

and style. Include a daytime telephone 

number and email address if you have 

one. Restrict questions to scientifi c 

enquiries about everyday phenomena. 

The writers of 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. 

New Scientist retains total editorial control 
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THE LAST WORD

Put that light out

If the sun was extinguished or there 

was a permanent worldwide 

eclipse, how long would it take for 

us all to freeze to death, and is there 

anything we could do to stay alive?

■  A back-of-the-envelope 
calculation suggests the whole 
Earth might freeze solid within 
45 days, radiating away its 
thermal energy according to the 
Stefan-Boltzmann law, which 
relates energy loss of a body to 
its temperature . My calculations 
assume the vast bulk of the Earth’s 
captured solar energy is stored in 
the oceans, which have an average 
temperature of 15 °C down to a 
depth of 35 metres. Energy carried 
by water at greater depths doesn’t 
count because it would rapidly 
become isolated from the surface 
by ice floes.

With its smaller heat capacity, 
the land would freeze much more 
quickly than the oceans. Air over 
relatively warm oceans would rise, 
pulling in cold air from the 
continents. This would chill the 
surface waters and might increase 
the circulation of water , exposing 
it to the chilling, perpetual night. 

Interestingly, the volcanic dust 
thrown up by the eruption of the 
  Tambora volcano  in 1815 acted 
both for and against cooling. The 
dust blocked out the sun, but it 
also reduced the escape of 
thermal radiation from the Earth 
by dint of a greenhouse effect. 
Sunlight dimmed by 25 per cent 
for a while, leading to a dip in 
global temperatures of 0.7 °C in 

1816. But the fall in temperature 
was small despite a big reduction 
in sunlight, suggesting that the 
Earth might take longer to freeze 
than 45 days. Indeed, freezing 
may well be delayed  further by the 
natural greenhouse effect that 
comes with our atmosphere and 
the thermal inertia of our oceans.   

Nevertheless, Earth would still 
be able to support a colony of 
humans. There would still be 
plenty of energy in the form of 
fossil and nuclear fuels, and 
geothermal heat mines. But 
without plants to replenish our 
oxygen supply, it would quickly 
run out, so we would need to build 
biospheres with artificial light for 
plant photosynthesis.

Thankfully, switching off the 
sun is an experiment the Earth 
will not undergo for another 
5 billion years. 
Mike Follows

Willenhall, West Midlands, UK

■  You can estimate how long 
it would take us to freeze by 
extrapolating from the rate of 
cooling that happens overnight. 
In areas with clear skies, the 
temperature can drop to freezing 
in less than 12 hours. In places 
with heavy cloud cover, water 
vapour traps infrared radiation 
before slowing down the rate at 
which it radiates away into space, 
so cooling takes much longer. 
Here, the temperature drops by 
perhaps 5 °C in 12 hours. However, 
without the thermal energy of the 
sun constantly evaporating water, 
this insulating cloud cover would 
quickly disappear. It is likely that 

most parts of the Earth’s surface 
would be frozen within a few days. 
The only exception would be near 
the coastline, where it might take a 
few weeks because of the amount 
of heat stored in the oceans.

Could we stop this? Perhaps 
we could quickly burn the world’s 
forests to release large amounts 
of carbon dioxide to help trap 
infrared thermal radiation. 

However, with only fossil fuels, 
nuclear and geothermal energy 
left to rely on, we’d still freeze 
quickly. And if we didn’t, we’d 
soon run out of food and oxygen.
Simon Iveson

UPN Veteran University

Yogyakarta, Indonesia

■  The sun can’t be turned off like 
a light bulb. It glows because its 
surface is about 5500 °C and is 
heated by the nuclear fusion 
inside its core which is even 
hotter – about 15,000,000 °C. 
Even if fusion in the core could 
be switched off suddenly, the sun 
would continue to radiate light 
just as the heating element on an 
electric stove gives off heat for a 
time after you switch it off.

Obviously, the sun is bigger and 
hotter than a stove, so would 
continue to radiate heat and light 
for a long time. In addition, the 
energy produced in the core of the 
sun takes time to work its way 
out  – millions of years if you track 

the energy by following the paths 
of individual photons. The sun 
would cool a tiny bit each year, but 
as the sun cools it would contract, 
releasing gravitational energy 
that would heat it and offset some 
of the cooling. That’s how   white 
dwarf  stars continue shining. 
Suffice it to say that it would take 
many millions of years before our 
descendants even noticed.

However, if the sun suddenly 
vanished, the Earth would cool 
quickly. Unprotected people 
would start freezing in days, but 
they could survive much longer if 
they went down into deep mines, 
warmed by the Earth’s heat.
 Jeff Hecht

New Scientist contributing editor

Auburndale, Massachusetts, US

■  Even if the sun went out, 
ecosystems around hydrothermal 
vents along the Earth’s mid-ocean 
ridges would continue to 
chemosynthesise using 
geothermal energy for a few 
thousand million years. So , 
business as usual for tube worms. 
Allan Mann

Alnwick, Northumberland, UK

THIS WEEK’S 
QUESTION

SWALLOW YOUR PRIDE

I’ve just seen a sword-swallowing 
act. Swords, seemingly longer 
than the depth from throat to 
anus were swallowed. It has to be a 
trick, doesn’t it? If it is, what’s the 
trick? If it isn’t, what’s going on?
Alan Finnegan

Whitehaven, Cumbria, UK

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

“It’s likely that most 
parts of the Earth’s 
surface would be frozen 
within a few days”
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