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The new C-Class. Outclasses its rivals. 
Yours from £339 per month: 
What Car? called it "the brilliant new C-Class" and went on to say "faster, 
classier, cheaper: Mercedes outpoints BMW 3 Series:' We couldn't have put 
it better ourselves. 

*For business users only. 
Advance payment and fee applies. 

125!years of innovation @ Mercedes-Benz 

Official government fuel consumption figures in mpg (litres per 100km) for the new C-C lass range: 
urban 30.4 (9.3)-50.4(5.6), extra urban 52.3 (5.4)-76.3 (3.7), combined 41.5(6.8)-64.2 (4.4). C02 
em iS Si On S: 176-117 g/k m. Model shown is a Mercedes-Benz C220CDI BlueEFFICIENCYSE Saloon with manual transmission at £28,515.00 on-the-road including optional 
metallic paint at £645.00 (on- the-road prices include VAT, delivery, 12 months' Road Fund Licence, number plates, first registration fee and fuel). *Finance example based on a Mercedes-Benz 
C 220 CDI BlueEFFICIENCY SE Saloon (manual) on a 36 month (6+35 profile) Mercedes-Benz Operating Lease agreement, excluding maintenance. Advance rental of £2,034.00. All payments 
subject to VAT. A £180.00 acceptance fee is payable in addition to and at the same time as the advance rental. Based on 10,000 miles per annum. Excess mileage charges may apply. Rental 
includes first year's Road Fund Licence only. Written quotations available on request, including alternative contract lengths and mileages. Credit provided subject to status by Mercedes-Benz 
Financial Services UK Limited, MK7 8ND. Guarantees and indemnities may be required. Th is finance offer is available on C-Giass Saloon models ordered/credit approved between 1 April and 
30 September and registered by 31 December 2011 excluding Model Year 801, AMG and special request engines. Offers cannot be used in conjunction with any other published offer from the 
Retailer. Offer subject to availability. Terms and conditions apply. Prices correct at time of going to press (04/11). What Car? April, 201 1. Visit mercedes-benz.co.uk/offers 
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Fleeing climate change 
How many climate refugees are there? No one knows 

CLIMATE change is about to 
climb up the agenda of the United 
Nation's Security Council, the 
body charged with maintaining 
global peace and security. The 
reason why was forcefully put two 
years ago in a speech by the chair 
of the Intergovernmental Panel 
on Climate Change (IPCC), Rajendra 
Pachauri, to India's Military 
College ofTelecommunications 
Engineering: "Our defence 
forces might find themselves ... 
guarding our borders against 
climate refugees, as rising sea 
levels swamp low-lying areas 
[in Bangladesh], forcing millions 
of climate refugees across 
India's border." 

When diplomats and military 
strategists gather for a meeting 
of the council this July they will 
ask a simple question: how 
many refugees can we expect as 
regions and countries become 
uninhabitable due to climate 
change? A clear-cut answer could 
spur politicians to do something 
about this problem. If only one 
could be found. 

The first stab at an answer came 
in 1995 when British academic 
Norman Myers calculated there 
were 25 million environmental 
refugees, mostly in drought-hit 
parts of Africa. He predicted 

that numbers would swell to 
so million by 2010 and 200 million 
by mid-century. However, he did 
warn that his figures were "a first
cut assessment... to 'get a handle', 
however preliminary and 
exploratory, on an emergent 
problem of exceptional 
significance". That was either 
foolhardy or heroic, according 
to your point of view. 

The scandal is that those 
old figures still turn up in IPCC 
reports, the UK's Stem review of 
the economics of climate change, 

"The scandal is that these 
old numbers are still used 
as nobody has attempted 
to improve on them" 

and statements from the UN 
High Commissioner for Refugees 
(UNHCR). They do so because, as 
far as New Scientist can establish, 
nobody has attempted to improve 
on Myers's "first cut" calculations 
(see page 6). 

Stranger still, when New 
Scientist questioned some of 
those who have quoted his 2010 

prediction, none wanted to stand 
by it. Why? 

There are many grounds for 
questioning Myers's numbers. 
Last year, Gunvor J6nsson of 

Define a year at your peril 
MORE than three centuries after 
Isaac Newton introduced the 
concept of absolute time, we are 
still struggling with how best to 
measure its passing. 

The International Union of Pure 
and Applied Chemistry and the 
International Union of Geological 
Sciences have agreed on the 
annus as a definition of the year 
in terms of seconds (see page 10) 

along with the symbol a, that will 

denote both time spans and 
points in time. 

Some geoscientists are 
incensed. They claim this 
overturns a convention of using 
different symbols for time span 
and age, rather like the distinction 
between "one thousand, nine 
hundred and eighty four years" 
and the date "1984". The journal 
Science is siding with the 
geoscientists and will not follow 

the University of Oxford's 
International Migration Institute 
listed confusion about definitions 
of a climate refugee, ignorance 
about the many motives involved 
when people move, and a failure 
to understand that migration can 
be a normal part of coping with 
climate variability. 

There are also concerns about 
how the statistics have been used. 
A UNHCR report in 2008 warned 
that they "evoked fantasies 
of uncontrollable waves of 
migration that run the risk of 
stoking xenophobic reactions". 

There is no doubt that the 
continued reliance on Myers's 
number is unhelpful. Climate 
sceptics have in recent days been 
trying to create a spectacle of 
embarrassment at the UN 
Environment Programme after 
it deleted a page on its website 
stating the prediction. The sceptics 
see the deletion as a sign that 
these refugees don't exist: another 
alarmist prediction debunked. 

Maybe. But Myers could be 
right If his numbers cannot be 
relied on, then the critics should 
come up with better ones, 
preferably by July. Otherwise 
Myers's first cut will carry on 
being circulated - to increasing, 
and justified, scepticism. • 

the new recommendations. 
The unions argue the ann us 

will bring the unit in line with the 
internationally accepted SI system. 
There is a certain appeal to this 
argument. But it seems perverse 
to risk sowing confusion by 
choosing a symbol that is already 
widely used to denote a slightly 
different concept. By adopting 
another symbol, both systems 
could coexist in harmony. • 
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UPFRONT 

Higgshint 
ANOTHER week, another 
outbreak of particle fever. Just 
weeks after a potential new 
particle was reported at Ferrnilab 
in Batavia, Illinois, a leaked 
abstract suggests the Higgs 
boson may have been sighted at 
the Large Hadron Collider near 
Geneva in Switzerland. 

The LHC smashes beams of 
protons together in the hope that 
somewhere in the detritus will be 
signs of new particles such as the 
Higgs, widely touted to endow all 
other particles with mass. Four 
physicists now say they may have 
seen such signs, according to an 
abstract posted anonymously on 
a blog maintained by Peter Woit of 
Columbia University in New York. 

"If it is the Higgs, then the 
extra photon pairs are 30 
times as abundant as the 
standard model predicts" 

They say they have found an 
excess of photon pairs with an 
energy of 115 gigaelectronvolts 
in data from the LHC's ATLAS 
detector, which might have 
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decayed from a Higgs boson 
with an equivalent mass. 

But others urge caution. 
"Bumps come and go all the 
time," says Greg Landsberg of 
Brown University in Providence, 
Rhode Island. The study has not 
yet been reviewed by o ther LHC 
physicists, and anomalies often 
turn out to be due to errors in 
analysis, he says. 

If further st udy confirms it is 
the Higgs, that will raise another 
mystery. The extra photon pairs 
are 30 times as abundant as the 
standard model of part icle physics 
predicts they should be. 

Gulf spill one year on 
IT IS just over a year since the 

Deepwater Horizon drilling platform 

exploded, killing 11 workers and 

releasing 4.9 million barrels of oil into 

the Gulf of Mexico- and we still don't 

how much havoc has been caused. 

The spill is the second largest in 

US history, after the 1910 Lakeview 

Gusher in California spewed 9 million 

barrels. But despite an army of 

scientists and volunteers monitoring 

the area, the spill's impact has yetto 

be quantified. "We do not have 

enough information to determine the 

overall severity;' says Tony Penn, 

deputy chief of the National Oceanic 

and Atmospheric Administration's 

Office of Response and Restoration. 

While microorganisms quickly 

consumed much of the methane gas, 

it is unclear how much oil is left in the 

Ash risk confirmed 
THOSE who questioned the 
wisdom of closing European 
airspace after the Icelandic 
volcano Eyjafjallajokul erupted 
last year now have their answer: 
it did indeed pose a serious risk 
to aircraft. 

Eyjafjallajokul began erupting 
explosively on 14 Aprilzoto, 
blasting ash into the atmosphere. 
European airspace was then 
closed - for several months in 
some areas- because of fears that 
the ash would damage aircraft. 

Susan Stipp of the University of 

deep sea and what its effects are. 

Kevin Yeager of the University 

of Southern Mississippi is trying 

to find out what the oil has done 

to life in the sea floor sediment. 

He says toxic polycyclic aromatic 

hydrocarbons are "above background 

levels in sediments throughout the 

continental shelf and slope". His 

team is running studies to check that 

they came from Deepwater Horizon. 

In the wake of the spill, BP 

committed $500 million to support 

research into its effects, but only 

now have t eams been given the 

opportunity to apply. Yeager says 

he has been "waiting anxiously" for 

f unds to become available. The US 

government has also announced 

that BP will provide $1 billion to fund 

restoration projects. 

Copenhagen, Denmark, arranged 
for colleagues to collect ash from 
two locations 10 and 55 kilomet res 
from the volcano, while it was 
erupting. They found that the ash 
released in the first few days was 
unusually rich in particles less 
than 300 micrometres across. 
These are likely to become 
trapped in jet engines and melt, 
causing the engines to stall. 

The part icles were also hard and 
sharp, so could have "sandblasted" 
cockpit windows, obscuring 
pilot s' view (Proceedings oft he 
National Academy of Sciences, 
DOl: 10.1073/pnas.1015053108). 

Catfish reprieve 
LAST week bought a little extra 
time for the world's largest 
freshwater fish, the Mekong giant 
catfish, as a decision to build a 
giant dam on the Mekong river 
was deferred. 

Officials from the four 
countries on the lower Mekong 
fa iled to agree on whether to 
approve the Xayaburi dam. Laos 
wants to build the dam on its 
stretch of the river and sell the 
electricity it generates, but 
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Thailand, Cambodia and 
Vietnam all have reservations. 
The matter could be settled at a 
meeting of a council of ministers 
in October, where Laos may find 
itself outvoted. Vietnam wants 
the dam delayed at least 10 years 
to give time for more research 
into its impacts. 

WWF, one of 260 organisations 
op posing the dam, says that as 
well as the catfish, 230 fish species 
an d the rivers they migrate along 
are at risk. It has calculated that 
smaller dams built on tributaries 
could generate an equal amount 
of electricity without the same 
impact on the environment. 

Malaria killer 
IN THE wake of World Malaria 
Day on Monday comes news 
that certain anti-cancer drugs 
might also work against the 
malarial parasite. 

There were 780,000 deaths and 
225 m illion cases of malaria in 
2009. With resistance to existing 
an ti-malarial drugs growing all 
the time, new weapons against 
the disease are a priority. 

Now Ch ristian Doe rig of th e 
Lausanne Federal Polytechnic in 
Switzerland and colleagues have 
discovered that Plasmodium 
falciparum, the parasite that 
causes malaria, eo-opts two red 
blood cell proteins called kinases. 
Many new cancer treatments also 
target kinases, and when the team 
exposed malaria-infected red 
blood cells and liver cells to some 
of these "kinase inhibitors", they 
killed the bug but not the cells 
(Cellular Microbiology, DOl: 
10.111t/j.1462·S822.201t.OtS82.x). 

"Our discovery opens up 
new ways to potentially combat 
malaria," says Doerig, although 
he cautions that the work is very 
preliminary. However, the 
team is in discussions with 
pharm aceutical companies to test 
more kinase inhibitors, especially 
th ose that have proved safe in 
clinical t rials but didn't make the 
grade as cancer drugs. 

Medical dilemma 
CAMPAIGNERS are concerned that 
easy-to-search electronic medical 
records (EMRs) compromise 
privacy- but they might prove 
their worth to medicine by 
quickly identifying patients 
with conditions that make them 
ideal candidates for clinical and 
genetic studies. 

Abel Kho of Northwestern 
Universi ty in Chicago, and h is 
colleagues designed a computer 
program to analyse EMRs. 
They found that information in 
the electron ic records allowed 
them to identify patients with 

specific disorders with 73 to g8 per 
cent accuracy. 

The method could replace the 
time-consuming methods now 
used to recruit suitable patients 
for studies, Kho says. Addressing 
privacy concerns, he stresses that 

"They were able to identify 
patients with specific 
disorders with 73 to 
98 per cent accuracy" 

records would be searched for 
research purposes and only with 
the patients' permission (Science 
Translational Medicine, DOl: 
to.n26/scitranslmed.3001807). 

Guantanamo doctors accused 
WERE the doctors who were looking Guantanamo Bay's doctors for failing 
after Guantanamo Bay detainees 
complicit in torture by neglecting 
evidence of abuse? 

That's the contention of Vincent 
lacopino of Physicians for Human 
Rights in Cambridge, Massachusetts, 
and Stephen Xenakis, a retired 
US army brigadier general, who 
advised lawyers representing nine 
of the detainees. 

None of the nine had a history of 
psychological problems before being 
held at Guantc'inamo Bay. But around 
the time they made allegations 
of abuse, eight of them showed a 
variety of psychological symptoms, 
including nightmares, suicidal 
thoughts and hallucinations. 

lacopino and Xenakis fault 

to consider a diagnosis of post
traumatic stress disorder (PTSD) 
caused by abuse. The doctors gave 
diagnoses including personality 
disorders and stress associated with 
confineme nt (PLoS Medicine, DOl: 
10.371/journal.pmed.l001027). 
"There was a deliberate avoidance 
of diagnoses that imply deliberate 
harm," lacopino says. 

That charge may be hard to 
substantiate. lt is notoriously difficult 
to assess the adequacy of a diagnosis 
from later analysis of someone's 
medical records. "There's not enough 
information to say anything 
conclusive," says PTSD specialist 
Frank Weathers of Auburn University 
in Alabama. 

GO SECONDS 

Laser power record 
A trio of lasers, each more powerful 
than any in existence, is to be built 
in the Czech Republic, Hungary and 
Romania by 2015. The beams, which 
just got the go-ahead from the 
European Commission, will be used 
to accelerate particles and to study 
atomic nuclei and ultra-fast events 
inside atoms. Each laser's pulses will 
pack 10 petawatts (1016 watts). 

Chernobyl, 25 years on 
Wildlife is thriving in lakes 
contaminated by the 1986 Chernobyl 
disaster, with both overall numbers 
and species diversity holding up well. 
Any harmful effects from radiation 
appear to be negated by the benefit 
oft he absence of humans Uoumal of 
Environmental Radioactivity, DOl: 
10.1016/j.jenvrad.2011.04.007). 

Rhesus replicated 
Harvard University researcher Marc 
Hauser, found guilty in 2010 of 
scientific misconduct, claims to have 
successfully replicated one of the 
published experiments singled out 
for criticism. Ha user and colleague 
justin Wood reran their 2007 study 
into the cognitive abilities of rhesus 
macaques. The findings are set to 
be published in Science this week. 

Setback for SET I 
SETI. the search for extraterrestrial 
intelligence, has stopped at the 
Alien Telescope Array in California. 
The array listened outfor alien radio 
communications unti l budget cuts by 

the National Science Foundation and 
the state of California called a halt 
to activity. The SETIInstitute, which 
builtthe array, is seeking new funds. 

Patent potential 
European prospects for developing 
new treatments based on human 
embryonic stem cells look poor if the 
European Court of Justice decides to 
ban patenting of the cells, say a group 
of 13 scientists (Nature, vol4 72, 
p 418). Without patent protection 
in Europe, they say, potential 
investors will turn elsewhere. 
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THIS WEEK 

Search for the 
climate refugees 
just because we haven't counted 50 million victims 
of cl imate change, doesn't mean they're not there 

Fred Pearce 

WHATEVER happened to the 
climate refugees? Six years ago, 
several UN bodies endorsed the 
statement that by the end of2o10, 
there would be so million of them 
around the planet, fleeing rising 
sea levels, droughts and other 
climate catastrophes. Was it all 
a myth, as climate sceptics 
suggested last week? Or are the 
refugees out there, but escaping 
our attention because they never 
make it onto CNN? 

A New Scientist investigation 
reveals how international 
agencies failed to make even 
the most cursory calculations 
to support this headline figure. 
We found that while there are 
undoubtedly millions of people 
overwhelmingly in poor nations 
who have had to abandon their 
homes due to factors linked to 
climate, no one has counted them. 

"Migration is a routine 
way of coping with floods 
and droughts in the Sahel 
and Bangladesh" 

As a result, the only quantitative 
statement that seems solid is that 
several hundred people have fled 
their homes on low-lying islands 
and along Arctic shores. 

Only one person has ever 
tried to count environmental 
refugees: British environmental 
academic Norman Myers. In 199S, 
he claimed in a report funded 
by the UN Environment 
Programme (UNEP), the UK and 
US governments and others that 
the planet had at least 2S million 
of them, most classifiable as 
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victims of climate. Myers predicted 
the number would double to 
so million by 2010 - the headline 
figure cited by UN agencies - and 
reach 200 million by mid-century. 

Since then, his numbers have 
turned up in reports by the 
Intergovernmental Panel on 
Climate Change, the UK's Stem 
review of the economics of 
climate change, and statements 
from the UN High Commissioner 
for Refugees, the United Nations 
University's Institute for 
Environment and Human 
Security and, until last week, 
on the UNEP website. 

Myers said his numbers were a 
"first cut assessment" but no one 
has attempted to refine them. 
The problem is, while millions of 
people are displaced worldwide, it 
is difficult to get a firm handle on 
numbers and determine the root 
cause of their migration. Climate 
is frequently a contributor, though. 
A 2009 study for the European 
Union, for example, found that 
climate was a factor in significant 
migration in Mongolia - where it 
was destroying pastures - and in 
north Africa and the Sahel. 

Most of those interviewed for 
the report, Environmental Change 
and Forced Migration Scenarios, 
said they moved for economic 
reasons, but the researchers found 
that the "root causes" of their 
economic hardship were climatic. 
They also noted that migration 
was a routine way of coping with 
floods and droughts in the Sahel, 
Bangladesh and elsewhere. 

Ecuadorians, they found, had 
left for Europe in large numbers 
after El Nifto floods. And the EU 
study agreed with Myers that 

Mexico had been the source of as 
many as 1 million environmental 
refugees a year during the 1990s. 
Increased hurricanes and floods 
had accelerated decisions to 
migrate, they found, though 
the root cause lay in Mexico's 
economic crisis. 

The EU study also found large
scale government-enforced 
relocation programmes in 
Vietnam and Mozambique. 
These have moved hundreds of 
thousands of people to cope with 
environmental threats such as 
worsening floods and storms, 
which may be connected to 
climate change. Overall, it 
concluded that the magnitude 
and frequency of environmental 
hazards were increasing and 
would continue to do so due 
to climate change, boosting 
pressures to migrate. 

It did not, however, provide 
a new global figure. Part of the 
problem is the difficulty in 
linking single events to climate 
change. That leaves sea-level rise 
as the only migration trigger 
unambiguously linked to 
climate change. 

Oli Brown ofUNEP reviewed 
four case studies for the 
International Organization for 
Migration in 2008. About 1000 
people were forced off Carteret 
Island near Papua New Guinea in 
2005, initially blamed on rising 
sea levels. But Brown found the 
islanders had sealed their own 
fate by dynamiting the coral reef 
that protected their atoll from 
erosion. He also found that the 
10,000 people evacuated from a 
sand bar in the Hooghly delta in 
India were actually victims of 
shifting river currents, mangrove 
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destruction and local subsidence. 
More plausible candidates for 

the title of climate refugee, he 
said, were the 100 residents of a 
coral atoll in Vanuatu, and the soo 
on an island in the Be ring Strait 
whose coastal village was raked by 
waves intensified by disappearing 
sea ice. In both cases, the refugees 
fled inland. For sceptics, however, 
these few hundred compare badly 
with Myers's so million. 

The largest single contributor 
to Myers's millions are the 
droughts that parched the Sahel 
and the Horn of Africa during the 
1970s and 8os, leaving 9 million 
people permanently uprooted. 
In a study published last year, 
Gunvor J6nsson of the University 
of Oxford's International 
Migration Institute reviewed 
13 studies of migration in the 
Sahel region. She found that 

even extreme environmental 
stress did not necessarily lead to 
migration "because migration
particularly long-distance and 
international migration - requires 
resources, and during drought 
resources are scarce". 

Some of the Sahelian studies 
even found that migration 
decreased during severe drought 

"There has been a collective 
and rather successful 
attempt to ignore the 
scale of the problem" 

years; when people did move the 
migration was local and part of 
the usual strategy to cope with 
variable weather. "While the 
climate science strongly suggests 
that climate conditions will 
fundamentally change in many 
African countries, it is not clear 

CLIMAT 
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how this will affect human 
mobility," J6nsson concluded. 
"The simplistic and alarmist 
views of several millions of 
displaced people moving across 
borders are based on very little 
evidence." The study offers no 
reassessment of Myers's millions. 

Myers also predicted large-scale 
climate migrations in China and 
India. There were, he argued, 
around 6 million environmental 
refugees in China, many from the 
expanding Gobi desert. But the EU 
report shows that migration in 
China and India is dominated by 
development projects such as 
China's Three Gorges, which 
displaced 2 million people. 

For all this, dismissing Myers's 
numbers on these grounds would 
be too simple, says Brown. There 
are almost certainly millions of 
people around the world who 
have been forced to move, in part 
to escape worsening climate and 
rising tides. In his 2008 study 
he wrote that "predictions of 
200 million people displaced 
by climate change might well 
be exceeded". 

Just because we haven't 
counted them or cannot attribute 
migrants' moves wholly to climate 
change does not mean they are 
not there, Brown says. Rather, 
ignorance has proved rather 
convenient for governments keen 
to avoid their responsibilities. 
"There has been a collective, 
and rather successful, attempt 
to ignore the scale of the 
problem," he says. 

Myers told New Scientist: 
"It may be very difficult to 
demonstrate that there are 
so million climate refugees, but 
it is even harder to demonstrate 
that there are not." He sees no 
reason to change his estimate. 

"To Myers's credit he put his 
head above the parapet," says 
Brown. "A number, any number, 
can help crystallise attention 
around an issue." The shame, he 
suggests, rests not with Myers 
but with those who have failed 
to follow up his work on a topic 
of such importance. • 

Making of a crisis 
Attributing events to climate change 
is difficult but climatic disasters have 
displaced millions of people 
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1973 
Peak of Sahel drought that 
saw millions on the move 

1983-84 
Ethiopian drought 
creates an estimated 
1.5 million refugees 

1998 
El Nino t riggers exodus 
from Ecuadorian coast 

Monsoon floods in 
Banglasdesh cover 
two-thirds of the 
country and leave 
21 million homeless 

2000 
Mozambique floods 
trigger government 
relocation programme 

2004 
Maldives announces 
"staged retreat" from 
low-lying islands 

2005 
Hurricane Katrina 
creates an estimated 
300,000 permanent 
American refugees 

·--2008 
Hundreds of thousands 
flee floods following 
Burma cyclone 

• 2010 
Millions flee floods in 
Pakistan as record rains 
burst banks of river Indus 

30 Apri l 20111 NewScientist 17 



THIS WEEK 

~cruelty-free I 
quantum probes 
DavidShiga 

IT MAY soon be possible to extract 
information from a quantum 
object - and even manipulate it 
without simultaneously 
destroying its delicate quantum 
state. The result would be a boon 
for quantum computing, which 
requires control over such states. 
It would also defy a thought 
experiment dreamed up by 
physicist Erwin Schr6dinger: in 
principle it is now possible to 
peek inside his box without 
endangering the life of the 
precarious pussycat inside. 

"Mutually exclusive states 
in classical physics can 
exist simultaneously in 
the quantum world" 

States that are mut ually 
exclusive in classical physics can 
exist simultaneously in the weird 
world of quantum mechanics- a 
situation called a superposition. 
To illustrate this effect, 
Schrodinger imagined putting 
a cat in a box along with a device 
that would release poison to kill it, 
depending on the random decay 

of a radioactive atom. Because the 
atom's quantum state only takes 
a definite value when someone 
looks at it, the cat is both dead 
and alive until the box is opened. 

Superpositions are fragile, 
however. Outside disturbances, 
including observations, tend to 
destroy the "coherence" of these 
states, forcing the system to 
collapse into just one of the 
possibilities. The larger the 
system, the harder it is to isolate 
it from outside influences. 

In 2010, physicist s put the 
largest system yet into a 
superposition: a 40-micrometre
long strip of piezoelectric 
material, which expands and 
contracts in response to voltage 
changes. They put it into a 
superposition of both minimal 
and more vigorous oscillation, 
but the method they used to 
observe the system caused it to 
lose t his dual state. 

Another team now proposes 
going a step further, putting a 
wire of about the sam e size in a 
superposition and offering a 
scheme to observe, and even 
manipulate it, without destroying 
the weird quantum state. Kurt 

TELEPORTINCi SCHRODINCiER'S CAT 
OBSERVING an object in more than 
one quant um state at once- in a 
superposition - is still an elusive goal 
(see main story), butteleporting 
such an object is now old hat. 
Noriyuki lee at the University 
of Tokyo, japan, and colleagues 
have managed to make light in a 
superposition of states vanish in 
one place and reappear in another. 

They took advantage of 
entangleme nt, a quantum property 
that creates a spooky connection 
between separate objects which acts 
even at a distance. They entangled 
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two light beams, so that measuring 
one affected the outcome of 
measuring the other. After mixing 
one of the entangled beams with 
pulses of light in a superposition of 
many quantum states, they were 
able to recreate the superposition in 
the second entangled beam (Science, 

001: 10.1126/science.l 201034). 
"lt shows that the controlled 

manipulation of quantum objects 
has ... achieved objectives that seemed 
impossible just a few years ago," says 
Philippe Grangier at the Institute of 
Opt ics in Palaiseau, France. 

Observe Schrodinger's cat without risking kill ing it 
Quantum objects can be in a superposition of two different states or places at the 
same time until they are observed, at which point they "collapse" into just one 

So Erwin Schrtidinger proposed that 
a cat in a closed, booby-trapped box 
with a random quantum trigger 
could be simultaneously dead and 
alive. When observed it would 
collapse into just one state 

Jacobs at the University of 
Massachusetts, Boston, and his 
team describe their idea in a study 
to appear in Physical Review A . 

The first step is to put the wire 
into a superposition in which 
vibrations simultaneously 
displace it by equal amounts in 
opposite directions, like a guitar 
string that get s plucked in two 
directions at once. Next, an 
electric charge can be added to the 
wire, creating an electromagnetic 
field that can be detected by a 
sensor (see diagram). 

Eventhough thesensorcannot 
pinpoint the position of the 
charge - and therefore the wire 
it can detect how far the charge is 
from a neutral, "unplucked" 
position. That reveals some 
information about the system
essentially providing a glimpse 
inside the box containing 
Schr6dinger's cat. The key is that it 
avoids opening the box 
completely, which would destroy 
the superposition, says Jacobs: "I 
extract information, but in a way 
that I don't learn too m uch." 

Previous schemes to glimpse 
inside the box involved partially 
destroying the superposition and 

Now there's a proposal to observe a 
tiny vibrating wire while maintaining 
its superposition of two states. An 
electric charge placed on the wire 
produces an electromagnetic field that 
a sensor outside the box can detect 

I VIBRATING 
WIRE 

~ 
ELECTRI 

~ 
\ 

CHARGE 

then trying to restore it. "In our 
paper, the crucial thing is that the 
m easurement does not destroy 
the coherence," says Jacobs. 

The team also proposes 
adjusting the tension of the wire to 
change the size of the vibrations, 
an adjustment that would not 
destroy the fragile superposition. 

Carrying out this experiment 
is still a few years away, the team 
says- the sensors needed to make 
the subtle measurements must be 
made less vulnerable to interfering 
noise. If the experiment eventually 
proves a success, it would be a step 
towards quantum computing. 

Quantum computers, which 
have yet to be built, would be able 
to do many more calculations 
simultaneously than conventional 
computers can. Their capacity will 
stem from the ability of quant um 
systems to be in more than one 
state simultaneously. Making 
such a computer requires being 
able to read and alter the state of 
quantum systems, processes that 
the new experiment aims to 
achieve. "This proposal could 
prove very useful," says Aephraim 
Steinberg at the University of 
Toronto in Canada. • 
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Magnets cut diagnosis 
time for infections by days 
POTENTIALLY fatal infections could 

be diagnosed in hours rather than 

days t hanks to two techniques 

involving magnets, cutting waiting 

times and saving l ives. 

Each year, over 90,000 people 

in the US are infected with a fungus 

called Candida, which has a 40 per 

cent mortality rate. Unfortunately, 

most infections are caused by one 

of five species of Candida and an 

antifungal that can treat one species 

can make another worse.lt currently 

takes three days to determine which 

species is behind the infection as the 

pathogen has to be extracted and 

cultured to be identified, but a person 

can die within two. 

To detect in just 2 hours which 

species, if any, is in a sample, Robert 

Langer's team at the Massachusetts 

Institute of Technology has created 

a novel device that uses magnetic 

resonance, which causes magnetic 

nuclei to resonate in a magnetic 

field. "If you treat infection within 

inflamed and susceptible to failure. 

Sepsis can be caused by six species 

of fungi and 1400 species of bacteria. 

Diagnosis takes two to five days, and 

doctors often guess the cause in 

order to treat people as quickly as 

possible. Every hour you wait can 

increase the risk of mortality by 

5 to 9 per cent, says Super. 

Super's team have turned to an 

immune system protein known as 

mannose-binding lectin (MBL), which 

binds to the cell walls of pathogens in 

the blood. The group coated magnetic 

particles with a version of MBL 

engineered to improve its binding 

properties. MBL-covered particles 

attach to pathogens in a blood sample, 

and the entire cluster- containing 

enough pathogen to be identified 

by a computerised microscope- is 

pulled out using a magnet. The work 

is based on research published in 

2009 (Lob on a Chip, DOl: 10.1039/ 

8816986A). 

In the case of fungal infections, 

12 hours you can reduce the mortality identifying the pathogen is enough 

rate to 11 per cent," says John to guide treatment. Things get 

McDonough from T2 Biosystems 

in Lexington, Massachusetts, the "Every hour you wait to 
company developing the technology. treat sepsis can increase 

The team engineered f ive types of the risk of mortality by 
molecular probe, each of which binds 5 to 9 per cent" 
to a different species of Candida. 

Each probe, containing a magnetic 

particle, is put into separate blood 

samples. Applying a magnetic pulse 

causes water molecules within the 

samples to spin. The time it takes for 

molecules to return to their original 

state depends on whether a probe 

has bound to a pathogen, enabling 

t he team to tell in which sample the 

pathogen is present and how much 

there is. The team presented their 

work at the Annual Meeting of the 

Mycoses Study Group this month 

in Massachusetts. 

Meanwhile, Mike Super and 

colleagues at Harvard University 

are also using magnets to diagnose 

infection. Super's group is looking at 

sepsis, a potentially fatal condition 

in which the body's organs become 

complicated with bacterial infections, 

though, as they can pass genetic 

information among each other to 

transfer drug resistance. 

To get around this problem, 

Super's team built an additional test 

into the machine. The samples are 

treated with around 20 commonly 

used antibiotics. If a drug has an 

effect, it is recommended as a 

treatment. "lttakes an hour to identify 

the pathogen and an hour to testthe 

sensitivity of the bacteria;· says Super. 

"In my opinion both techniques 

could significantly advance the field 

of diagnostics ... it's pretty cool," says 

Dirk Kuhlmeier at the Fraunhofer 

Institute for Cell Therapy and 

Immunology in Leipzig, Germany. 

jessica Hamzelou • 
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Push to define year 
sparks time war 
Celeste Biever 

WE have dog years, financial years 
and calendar years, but a quest to 
get geologists and chemists to 
agree on a scientific year has led 
to a surprisingly bitter dispute. 

The official bodies representing 
the two groups have now settled 
on the ann us as their definition of 
the year, allowing both groups' 
data on the half-lives of radioactive 
elements to be pooled. "We are 
trying to unite the communities," 
says geologist Paul Renne of the 
Berkeley Geochronology Center 
in California. "It was a topic that 
raised some surprisingly 
animated views." 

Some are still enraged by the 
decision, however, and a universal 
scientific definition remains 
elusive, as the ann us differs from 
the year favoured by astronomers. 

The need for chemistry and 
geology to unite became clear in 
2006. That's when the Task Group 
on Isotope Data in Geosciences 
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(TGIG), which drew members 
from both the International 
Union of Pure and Applied 
Chemistry (IUPAC) and the 
International Union of Geological 
Sciences (JUGS), tried to update 
the half-lives of radioactive 
elements, used by geologists 
to date specimens. 

"The numbers are always 
reported in years but no one 
defines the year they are using," 
says Norman Holden, a nuclear 
chemist at Brookhaven National 
Laboratory in New York and a 
member of the task group. Renne, 
who is also a member, adds: 
"Different disciplines were using 
different figures for half-lives. 
We were very disturbed by that:' 

Indeed, the year is a slippery 
unit. The second, the only unit 
of time recognised by the 
international system of units, (SI) 
is measured by the metronomic 
oscillations of caesium atoms. But 
the Earth does not travel around 
the sun in an exact number of 

days. Nor does each orbit last the 
same period of time; thanks to 
gravitational tugs from the sun, 
the Earth's orbital rate is slowing 
down by 0 .53 seconds per century. 

This has spawned a zoo of 
different definitions. 
Astronomers favour the Julian 
year, which is exactly 365.25 days 
(or 31,557,600 seconds) long and 
forms the basis of the light year. 

The task group, however, opted 
for the tropical year (also known 
as the solar year), the length of 
time between one equinox or 

"The year is a slippery unit. 
Numbers are reported in 
years but no one defines 
the year they are using" 

solstice and the same equinox 
or solstice the following year. 
This changes slightly every year 
because of the Earth's slowing 
orbital rate, so the team chose 
as their reference point the year 
2000, when the tropical year 
lasted 31,556,925.445 seconds. 

They are using the Latin name 
for year, ann us, which will be 
denoted by the symbol a, and 
expressed in terms ofkilo-annus 
(ka), mega-annus (Ma) and so 
forth (Pure and Applied Chemistry, 

DOl: 10.1351/PAC-REC-og-01-22). 
So far so good. But when a draft 

proposing the idea came out in 
early 2009, some members of the 
Geological Society of America 
cried foul. They didn't object to 
the idea of a precisely defined 
year, or to the chosen length. 
Their gripe was with the fact 
that geologists already use the 
symbol a (as well as ka and Ma) 
to denote time in years ago, or 
"absolute age". Historically, the 
abbreviations y, ky, and My (oryr, 
kyr and Myr) have denoted the 
time interval between two events. 

In this system, the time 
interval between 100 million 
years ago and go million years 
ago - which both fall in the 
Cretaceous geologic period
would be written 10 My. But in the 
new system, it would be written 
10 Ma, a notation that geologists 
might read as "10 million years 
ago"- a date that would fall in the 
Miocene epoch. Removing the 
dist inction between a and y, or yr, 
creates unnecessary confusion by 
overturning existing conventions, 
says geologist Nicholas Christie
Blick of Columbia University in 
New York. "For those for whom 
clarity about geological t ime is 
important, it is a huge step 
backwards," he says. 

The TGIG has dismissed such 
arguments. ''They were using 
two different units for the same 
quantity, which is against t he 
rules of the SI," says Holden. 

However, the journal Science 
is not adopting the new notations. 
Brooks Hanson, its deputy editor 
for physical sciences, says that the 
journal has distinguished 
between age and time span for 
almost 20 years and that a switch 
would confuse readers. 

Will there ever be a universal 
definition of the year, that 
astronomers are happy to use 
too? It's not a high priority for Ian 
Corbett, general secretary of the 
International Astronomical 
Union: "I can't see why there 
would be a burning need to have a 
common definition of a year when 
it is something that varies." • 
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Mind-controlled robotic 
arm to help amputees 
ROBOTIC limbs controlled solely 

by the mind could be available to 

paralysed people within a year. 

Monkeys are being trained to 

control what might be the world's 

most sophisticated and human-like 

robot arm. But they never touch the 

prosthetic limb or fiddle with a 

remote control: they guide it with 

their thoughts alone. If t rials are 

successful, in a few months f rom 

now people with spinal cord injuries 

could learn to do the same. 

In 200B, Andrew Schwartz 

of the University of Pittsburgh in 

Pennsylvania published a landmark 

paper describing how two rhesus 

macaques learned to feed 

themselves marshmallows and fruit 

using a crude robotic limb controlled 

by electrodes implanted in their 

brains (Nature, DOl: 10.103B/ 

nature06996). No brain-controlled 

prosthetic limb had ever carried out 

a more complex real-world task. Still, 

Schwartz envisioned a more elegant 
and nimble device that paralysed 

people could use - something much 

closer to a human hand. 

Enter the Modular Prosthetic 

Limb (MPL), a bionic limb that closely 

approximates the form and agility of 

a human arm and hand. Born from 

the US Defense Advanced Research 

Projects Agency's Revolutionizing 

Prosthetics programme, and 

designed by Michael Mcloughlin's 

team at the johns Hopkins University 

Applied Physics Laboratory in 

Maryland, the MPL is made from a 

combination of lightweight carbon 

fibre and high-strength alloys. lt has 

22 degrees of freedom, compared 

with the human arm's 30, and can 

grasp precisely and firmly without 

crushing fragile objects. The wrist 

and elbow rotate with ease and, like 

an average human limb, it weighs just 

under 4 .5 kilograms. 

"I would say it's very close to 

I don't think there is another limb 

that approaches it." 

A prototype of the MPL has been 

tested by people who have had one 

or both arms amputated. Researchers 

surgically redirect nerves that would 

normally control the arm into unused 

chest muscle, where nerve signals 

are interpreted by electrodes that 

guide the robotic limb. "One of our 

patients,jesse Sullivan, was able to 

use the arm almost from time zero. lt 

was a very natural thing to do," says 

Mcloughlin. "The brain still thinks the 

arm is there and if you can tap into 

those signals, you can really achieve 

something amazing." 

But people paralysed from the 

neck down cannot benefit from this 

technique as brain signals cannot 

reach the chest. So in his work with 

rhesus macaques, Schwartz 

developed an array of 100 electrodes 

that eavesdrops on 100 neurons 

in the motor cortex. Once he had 

learned the electrical language the 
cortex uses to guide arm movement, 

he converted those signals into 

instructions for a crude robotic limb 

with a two-finger clamp. Now 

"The brain still thinks the 
arm is there and if you can 
tap into those signals, you 
can do something great" 

Schwartz is training his monkeys 

again, except this time he wants to 

teach them to use the five-fingered 

MPL and perform the kind of everyday 

but complex tasks we take for granted. 

If the monkeys demonstrate that 

it is possible to steer the arm with 

brainpower alone, Schwartz and 

colleagues will give people with 

spinal cord injuries a chance to try the 

MPL. "For someone with spinal cord 

injury, it's a huge deal for them to be 

able to feed themselves;' says 

Mcloughlin. "Nobody has achieved 

human dexterity," says Mcloughlin. this level of a control in humans with 

"lt can't do absolutely everything - it a brain-controlled prosthetic. We 

can't cup the palm, for example- but want to take it to a higher level than 

it can control all fingers individually. in the past." Ferris jabr • 
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The hunt is on for 
million-year-old ice 
Wendy Zukerman 

A RACE is on to retrieve the first 
million-year-old sample from 
deep within Antarctica's ice. 
It's a prize that could help us 
understand what drives major 
changes in Earth's climate. 

of glaciation. The puzzling thing 
about the shift that happened a 
million years ago is that there was 
no obvious change to any of these 
cycles to make it happen. 

"It's a real heads pinner," says 
Tas van Ommen at the Australian 
Antarct ic Division in Hobart, 
Tasmania. But climatologists are 
keen to find an explanation. "If we 
don't understand the switch, then 

we cannot claim to understand 
why we have the climate we have 
today," says Eric Wolff of the British 
Antarctic Survey in Cambridge, UK. 

One possible explanation is 
that there was a slow decline in 
the concentration of carbon 
dioxide in the atmosphere, 
starting around 3 million years 
ago. This could have weakened the 
greenhouse effect and cooled the 
Earth so much that the tilt towards 
the sun every 41,000 years no 
longer provided enough heat 
to melt the glaciers that formed 
in between. Confirmation of this 
idea requires a direct record of the 
ancient atmosphere- and this can 

Every 100,000 years or so, the 
Earth swings into an ice age - but 
it wasn't always this way. Until 
around 1 million years ago, our 
planet danced to a faster beat, 
with the ice age pulses occurring 
every 40,000 years. No one 
knows why the tempo slowed. 

TAKING THE QUICK WAY DOWN 

Currently, the shifts between ice 
ages and warm interglacial phases 
are thought to be influenced by 
three cyclical changes to Earth's 
motion. The Earth's axis wobbles 
or "precesses" on a 26,ooo-year 
cycle; it changes its average tilt 
on a 41,ooo-year cycle; and it 
shifts its orbit from being roughly 
circular to more elliptical on a 
100,000-year cycle. 

These changes alter the intensity 
of sunlight hitting the Earth at high 
latitudes, and so affect the extent 
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Using conventional drilling methods, 

it will take three summer seasons 

in the remote reaches of Antarctica 

to get to the million-year-old ice that 

the teams hope lies 3000 metres 

down. New technology could speed 

up the task. 

A drill assembly is typically a 

f ew tens of metres long and can only 

hold a core of ice of the same length. 

Longer cores have to be drilled piece 

by piece, with t he drill returning to 

the surface w ith each one. For every 

piece, the stiff, hollow pipes that 

connect the drill assembly w ith the rig 

at the surface have to be assembled 

as the drill is lowered and dismantled 

when it comes up again. 

Using a f lexible coiled tube in place 

of the stiff pipes avoids this, allowing 

a hole 3000 metres deep to be drilled 

in just six days. The coiled drilling 

tube, which was developed for t he 

oil industry, is also f lex ible enough to 

allow the d rill to be steered sideways 

while deep down, opening up the 

possibility of taking multiple deep 

cores from a single hole (Memoirs of 

National Institute of Polar Research, 

special issue 56, p 5). 

be recovered by analysing the 
air that became trapped in tiny 
bubbles within ice as the snow it 
formed from fell to Earth. 

In 2005, the European 
Consortium for Ice Coring in 
Antarctica (EPICA) drilled an ice 
core in Dome Con east Antarctica's 
plateau that stretches our record 
of the ancient atmosphere back 
8oo,ooo years (Quaternary Science 
Reviews, DOI: 10.1016/j.quascirev. 
2010.10.002). That's frustratingly 
short ofthe crucial transition 
period, so to extract an older core, 
the EPICA consortium must now 
go back to its drill site. 

It has been joined in the chase 
for the million-year-old core by 
three o ther teams: one from the 
Australian Antarctic Division ; a 
US contingent; and one from the 
Chinese Arctic and Antarctic 
Administration. Although the 
groups collaborate, there is no 
doubt each wants to win the prize. 

"China is there already, at 
Dome A," in east Antarctica, says 
van Ommen. The Australians 
are also close to committing to 
a drill site: van Ommen has just 
returned from a survey of the 
Aurora basin in east Antarctica, 
which is believed to hold the 
thickest ice in Antarctica. 

Despite their head start, 
however, the Chinese may have 
run into t rouble. Last month, 
Robin Bell of the Lamont-Doherty 
Earth Observatory in Palisades, 
New York, and her colleagues 
found that ice sheets in Dome A 
are growing from the bottom up. 
This could mean that any ancient 
ice that was once there may have 
melted and been replaced (Science, 
DOl: 10.1126/science.1200109). 

Similar problems may stymie 
work at other potential drill sites, 
van Ommen says, but Wolff 
remains optimistic that the 
million-year-old ice core will be 
found. It is only recently that very 
deep cores have been drilled - and 
three of them contain ice more 
than 160,000 years old. "It would 
be surprising if we happened to 
have already collected the oldest 
ice available,"Wolffsays. • 
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First partial transplant to remove the larynxes from five 

cadavers and treated them with 
enzymes and detergents to remove 
donor cells. Tests showed that just 
0.001 per cent of donor DNA 

for them to integrate with the 
recipient's body after transplant 

(Biomateria/s, DOl: 10.1016/j. 
biomaterials.2011.02.055). of a bioengineered larynx 

In work still to be published, the 

EARLIER t his year came news The trouble is that these drugs can remained -quantities small enough team describe how they transplanted 
of a second successful voice box reduce life expectancy by 10 years, to suggest they could be transplanted the cricoid into a patient. This lower 

transplant. But the recipient, Brenda making it difficult to justify a larynx without rejection. section of the larynx is simpler than 
the upper part and mainly provides 
structural stability. 

jensen, was able to have a new larynx transplant in an otherwise healthy The larynx contains two types 
of cartilage- elastic and hyaline 

each with distinct properties. The 
stripped larynxes showed similar 

only because she was already taking person when it's not critical for their 

immunosuppressant drugs to stop survival, says Peter Belafsky at the They stripped the donor's cells 
from the cricoid and seeded its outer 
surface with the recipient's adult 

stem cells to grow chondrocytes, the 
cells found in cartilage. "Stem cells 
were also used to flush the internal 

surface and seed islets of respiratory 
cells," says Macchiarini, before the 
cricoid was transplanted. 

her transplanted kidney and pancreas University of California, Davis, who 
being rejected. 

Now Paolo Macchiarini of the 
Karolinska Institute in Stockholm, 
Sweden, and colleagues in Italy are 

developing a technique to treat the 
donor larynx so that the recipient's 
body accepts it as its own - and they 

have just announced their first 
successful partial transplant. 

For a transplant to work, 

recipients usually have to take 
immunosuppressants for life to 
avoid rejecting the foreign tissue. 

operated on jensen. 

Macchiarini's technique solves the 
rejection problem by stripping the 
donor tissue of cells and DNA before 

reseeding it with stem cells taken 
from the recipient's bone marrow. 
His team previously pioneered this 

bioengineering technique for human 
windpipe transplants. 

"The donor larynx is 
stripped of its cells and 
reseeded with stem cells 
from the recipient" 

mechanical properties to those of a 

normal larynx, suggesting they could 
perform with the same degree of 
versatility after transplant. 

Although the researchers are still 
some way from a full bioengineered 

larynx transplant Belafsky is 
impressed. "lt's light years ahead of 
anything that anyone else is doing," 

he says. Duncan Graham-Rowe • 

"But the larynx is more complex 

than a windpipe," says Macchiarini. 
To find out if the technique could be 
adapted, his team gained consent 

Finally, the researchers showed 
that blood vessels would regrow in 
the treated larynxes, making it easier 
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Chimeric clue to origin of 
colonial animals 

"We thought, this is really strange," Mercier says. 

Further study showed that around 3 per cent of 

young were visibly chimeric, and some developed into 
two-headed adults. If one of these partners was prodded 

WIDESPREAD chimerism has been found for the first time gently, both retracted their tentacles and closed up -

in a single, free-living animal: the dahlia anemone. 

Chimeras carry the genetic material from two or more 

embryos that fused during development. They are 

common among corals and other colonial animals but 

were thought rare in species of solitary animals. 

indicating they shared a nervous system (Proceedings of 

the Royal Society B. DOl: 10.1098/rspb.2011.0605). 

Annie Mercierof Memorial University in Saintjohn's, 

Newfoundland, Canada, and colleagues suggest 

otherwise. Watching a group of female dahlia anemones 

( Urticina fe/ina) release their larvae, they were surprised 

to see that some larvae had fused together. 

Mercier thinks chimeras are probably even more 

common than that: she found that many chimeric larvae 

became almost indistinguishable from normal animals as 

they developed. They were, however, larger than normal 

as juveniles. If that gives the chimeras a competitive 

advantage over their non-chimeric relatives, the new 

finding could reveal how and why animals like corals 

became colonial, says Mercier. 

Bubbles jam just like grains of sand 
A SQUIRT of bubbles can act like a 
liquid or a solid depending on its 
density - a feat thought unique 
to grainy materials such as sand. 

Pour sand, seeds or powder 
down a chute and they can flow 
like a liquid. But if the grains are 
packed so that they fi1164 per cent 
or more of the chute, they jam up 
and behave like a solid. The grains 
are thought to start moving with 
their neighbours, forming 
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temporary "necklaces" that resist 
tlow, although it is unclear why 
the transition occurs at this point. 

To investigate whether bubbles 
behave in a similar way, Rerni 
Lespiat and his colleagues at the 
University ofParis-East in France 
squirted nitrogen gas into a 
chamber of water and monitored 
the resulting bubbles' passage 
through a tube. 

At low densities, the bubbles 

flowed. But when they filled 
64 per cent of the tube, they 
jammed just like the grains 
(Physical Review Letters, DOl: 
10.1103/PhysRevLett.to6.t483o2). 
The result suggests there may be 
a universal rule that kicks in when 
objects fill64 per cent of a space. 

"It's surprising that they get the 
same figure," says Randall Kamien 
at the University of Pennsylvania 
in Philadelphia. He suggests using 
the insight to evenly mix bubbles 
of gases for medical applications. 

Geyser moon puts 
its mark on Saturn 

AN ELECTRICAL current is 
flowing from Saturn's moon 
Enceladus to the r inged planet, 
creating a glowing patch in the 
planet's atmosphere. 

Ultraviolet images taken by 
the Cassini spacecraft revealed 
the patch, which is distinct from 
the planet's auroras. It lies near 
Saturn's north pole - exactly 
where electrons emitted by 
Enceladus would hit after being 
chanelled along the planet's 
magnetic field lines, report Wayne 
Pryor of Central Arizona College in 
Coolidge and colleagues (Nature, 
DOl: 10.1038/natureogg28). 

Where do the electrons come 
from? The team believes that 
sunlight knocks them off water 
molecules spewed by geysers 
at Enceladus's south pole. 

The brightness of the patch 
varies, which could be due to 
variations in the amount of water 
vapour released by Enceladus, 
says the team. 

The immorality of 
deliberate inaction 

DOING nothing to stop a crime 
can be seen by others to be as bad 
as committing the crime directly. 

So says Peter DeScioli at 
Brandeis University in Waltham, 
Massachusetts, who presented 
students with a number of 
scenarios that led to a fatality. 
An actor whose hesitancy to act 
led to the death was seen as less 
immoral than an actor whose 
direct actions led to the death. But 
the students judged deliberate 
inaction that led to the fatality as 
equally immoral as direct action 
that caused the death (Evolution 
and Human Behavior, DOT: 10.1016/ 
j.evolhumbehav.20ll.Ol.003). 

DeScioli thinks the results show 
we see inaction as less immoral 
only because we typically lack 
proof that it was deliberate. 
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Bees' royal jelly 
secret revealed 

Immortality of all cancer cells is just a myth 

THERE'S more than one way to turn 

a commoner into royalty. Honeybees 

create queens by feeding their larvae 

royal jelly, the secret ingredient 

of which has now been identified. 

M a saki Kamakura of Toyama 

Prefectural University in lmizu, 

japan, stored royal j elly at 40°( for 

30 days, feeding it to bee larvae at 

intervals. Its regal effect gradually 

w eakened, suggesting the key 

ingredient was decaying. He then 

fed larvae deactivated jelly with 

each batch laced with a different 

compound that was subjectto 

decay. Only one caused the larvae 

to turn into queens: a protein 

Kamakura calls royalactin (Nature, 

DOl: 10.1038/nature10093). 

To find out how royalactin w orks, 

Kamakura added it to the diet of fruit 

fly larvae. This made them grow 

larger and lay more eggs, as in bees. 

Kamakura found that royalactin 

works by switching on the gene 

that codes for Egfr, a protein found 

throughout the animal kingdom. 

This suggests a pre-existing 

mechanism w as repurposed to 

produce the bee caste system, says 

Francis Ratnieks of the University 

of Sussex in Brighton, UK. When 

insects first formed eusocial 

colonies, queens and w orkers must 

have been physically identical, he 

says, and the distinct castes came 

later, created by royalactin or 

something like it. 

FAR from being immortal, most 
cancer cells seem unable to 
multiply limitlessly and spread 
throughout the body. 

Dot Bennett ofSt George's 
University ofLondon and 
colleagues found that only four 
of37 skin cancer samples they 
examined displayed the supposed 
hallmark of cancer. 

By studying the molecular 
profiles of the cancer cells as they 
grew in the lab, the team found 
that many appeared to have hit 
a "telomere crisis" and stopped 
dividing. Telomeres are the caps 

Pregnancy and 
pesticides don't mix 

A LINK between reduced IQ in 
children and their exposure to 
certain pesticides in the womb 
may set pregnant women thinking 
about switching to organic food . 

The finding comes from 
three studies conducted in New 
York City and Salinas valley in 
California in which metabolites of 
organophosphates were measured 
in the urine of pregnant women or 
in blood from the umbilical cord. 

In the Californian study, the 
7-year-old children of women 
who had the highest pesticide 
levels had IQs 7 points lower, 
on average, t han children of 
the women with the lowest 
levels (Envi ronmental Health 
Perspectives, DOl: 10.1289/ 
ehp.1003185). No relationship 
was found between the children's 
IQ scores and pesticide 
metabolites in their own urine, 
suggesting that the brain is 
particularly vulnerable as it is 
growing in the womb. 

The New York City studies 
found similar results, so it seems 
exposure to sprays on farms is not 
the main problem. "We believe 
most of the exposure is occurring 
through pesticide residues on 
food," says Brenda Eskenazi at the 
University of California, Berkeley. 

that protect the ends of 
chromosomes and they shorten 
every time a cell divides. In a 
telomere crisis, the tips become so 
short that the cell m istakes them 
for DNA breaks and tries to repair 
them, generating freak cells that 
die or become dormant. 

The team found that the few 
cancer cells that seem immortal 
activate telomerase reverse 
transcriptase (TERT), a part of 
the telomerase enzyme that 
rebuilds telomeres so they avoid 
a telomere crisis (Pigment Cell 
& Melanoma Research, DOl: 

10.1111/j.17SS-148X.20ll.008SO.x). 
Normally, TERT is active only in 

sperm or egg cells, so looking for 
it in a tumour could tell doctors 
whether the cells are immortal 
and more likely to spread, helping 
them decide on the best treatment. 

Last week, Cancer Research UK 
launched a trial to stop pancreatic 
cancer spreading with a vaccine 
composed of fragments ofTERT. 
The body's immune system would 
recognise the TERT as foreign and 
mobilise to attack it, bringing all 
pancreatic cancer cells with active 
TERT into the firing line too. 

Another way to predict a baby's sex 

WILL a baby be a boy or a girl? If the 

mother started her period at a young 

age, it is more likely to be a girl. 

That's according to Misao Fukuda 

at the M&K Health Institute in Hyogo, 

j apan, and colleagues, who found 

subtle differences in sex ratios of 

children depending on when a 

mother entered menarche. 

Fukuda asked over 10,000 mothers 

the age at which they had begun 

their period and the sex of their baby. 

Forty six per cent of the children born 

to women who began their periods at 

age 10 were boys. This figure rose to 

SO per cent when the woman began 

her period at 12, and 53 per cent 

when the w omen entered menarche 

at age 14 (Human Reproduction, 

DOl: 10.1093/humrep/der107). 

Fukuda points to previous 

research demonstrating higher 

levels of the female sex hormone 

oestradiol in w omen who entered 

menarche before the age of 12. This 

may lead to spontaneous miscarriage 

of fertilised male eggs, he says. 

The theory is plausible, says Valerie 

Grant atthe University of Auckland, 

New Zealand, as male embryos are 

known to be more vulnerable to 

hormone imbalances. 
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Frozen killer's a hot target 
In-flight icing of a plane's wings or tail can be 
deadly, but the frigid skies should soon be safer 

Paul Marks atmospheric scientists have 
hatched some novel ideas to 
counter in-flight icing. 

Top of the heap is an "ice 
forecast" system launched this 
month by the US National Center 
for Atmospheric Research (NCAR) 
in Boulder, Colorado. It gives 
pilots an extra layer of data on 
their aviation weather forecasts, 
showing them the likelihood of 
encountering ice on their planned 

Cold f ronts 

route and altitude, and just 
how severe it will be, says lead 
developer Marcia Politovitch. 

Oddly, it is liquid water droplets 
that must be present in the air for 
a plane to accumulate ice: water 
vapour, snow or ice itself is rarely 
a problem. 

In-flight ice forms at al titudes 
up to 7300 metres (24,000 feet), 
when the aircraft's surfaces 
hit supercooled water droplets 
suspended in the air. These 
droplets are still liquid below o •c, 
but as they strike the wing or tail's 
leading edge, they flow over it 

ON 12 February 2009, a Colgan 
Air commuter plane plummeted 
from the sky onto a house in 
Clarence, near Buffalo, New York. 
All49 people on the plane, and 
the homeowner, were killed. Pilot 
error was cited as the cause of the 
accident, but a major factor that 
had led to crew confusion was 
excessive ice build-up on the 
aircraft's wings. This had critically 
lowered the plane's airspeed 
causing it to lose lift. 

The fate of flight 3407 is just 
one among many air accidents in 
which ice played a part. In the US 
alone, there are up to 40 accidents 
every year in which in-flight icing 
plays a major role, according to 
the US National Transportation 
Safety Board. Between 1982 and 
2000, these accidents accounted 
for the deaths of 819 people on 
American flights. To reduce the 
toll in future, engineers and 

Ice build-up on aircraft wings can induce dangerous drag 

o•cto-zo·c 
GLAZE ICE forms when supercooled 
water droplets strike the wing and 
freeze as they pass over it 

BELOW-2o•c 
RIME ICE forms in a wedge on 
the leading edge, as droplets 
freeze on impact 

and freeze, forming streaks of 
"glaze ice" that disrupt airflow. 
In air temperatures below -20 ·c, 
the droplets freeze immediately 
on impact, creating heavy, wedge
shaped chunks dubbed "rime ice" 
(see diagram). 

As ice accretes on the wings 
and tail, it changes their shape, 
creating drag. That, in turn, 

"As ice forms on the wings 
and tail, it changes their 
shape, creating drag and 
raising the risk of a stall" 

reduces the airspeed which is 
needed to generate lift - leaving 
the aircraft at risk of stalling. 

NCAR's Forecast Icing Product 
Severity (FIP-S) software analyses 
satellite radar images to detect the 
atmospheric conditions that lead 
to icing. "Recognising the potential 
for icing conditions to develop 
over time, and their degree of 
severity, are crucial for safe flight 
planning," says Politovitch. 

Previous generations of the 
program only told pilots there was 
the potential-or not - for wing 
icing along their planned flight 
path. FIP-S improves on this by 
using the temperature at the tops 
of clouds, the sensed humidity 
levels and predicted water droplet 
sizes to calculate the probability 
and severity of icing. It then 
overlays this data on regular digital 
flight-planning weather maps 
provided by the National Oceanic 
and Atmospheric Administration's 
Aviation WeatherCenter. 

Pilots can check FIP-S, which is 
updated hourly, before take-off or 
from an in-flight laptop to know 
when to be on the lookout for 
icing wings. 

Once the crew are aware of icing, 
they have a number of options. 
Light aircraft have pneumatic 
rubber tubes, called "boots", 
embedded in their leading edges. 
These are inflated to snap office 
encrustations. Larger airliners 
usually have copper-alloy-based 
heating elements embedded 
in the leading edges of their 
wings and tail. > 
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< But there's a problem: finding 
the spare kilowatts to run these 
alloy-based de-icers for long 
enough to safely eradicate ice is 
becoming a problem as modern 
planes like the Hoeing 787 replace 
hydraulic controls with power
hungry electric servos. 

At Dartmouth College in 
Hanover, New Hampshire, Viktor 
Petrenko has developed a novel 
aircraft de-icing heater that rids 
surfaces of ice faster while using 
just 1 per cent of the power 
consumed by existing systems. 

Today's heaters make the 
mistake of staying on for long 
stretches oftime, which melts 
the ice, but also heats the air and 
other parts of the wing, Petrenko 
says. To melt only the ice layer 
immediately in contact with the 
surface, he has developed a way 
of pulsing electric current into 
the heater in t-millisecond bursts. 
"The ice then slides off on the 
liquid film," he says. 

Goodrich Corporation of 
Uniontown, Ohio, is in advanced 
tests with Petrenko's system, says 
the firm's R&D chief, David Sweet. 

An alternative approach is to 
make the aluminium surfaces in 
planes "icephobic", with a surface 
nanostructure that prevents ice 
crystals forming in the first place. 
Using metal-etching solutions, 
Richard Menini and colleagues 
at the University of Quebec in 
Chicoutimi, Canada, carved 
nanoscale patterns into the metal's 
upper layer, and then applied a 
coating ofTeflon. Water droplets 
have a tough time gaining 
purchase on the roughed-up 
surface, boosting its ability to 
resist ice formation fourfold 
over that of"naked" aluminium. 

Sweet warns that such materials 
face a problem in the air, as even 
when a wing's leading edge is 
coated in oil, ice still forms and 
is held in place by aerodynamic 
forces. "A slick surface doesn't 
necessarily help," he says. 

However, this technique may 
ultimately be put to good use in 
ground-based applications, such 
as power lines and bridges. • 
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Show me the 
quick way home 
Predictions of future jams plus data on your regular 
journey add up to congest ion-free commuting 

Phi I McKenna 

IT'S the bane of drivers the world 
over. You round a corner on a busy 
highway to find the traffic in front 
of you at a standstill, blocking the 
road ahead as far as the eye can 
see. What should have been a 
quick commute has just turned 
into a frustrating slog. 

For a few lucky drivers in San 

"Using GPS data from your 
smartphone, the software 
learns your preferred 
travel times and routes" 

Francisco, this should be a thing 
of the past. They are now able to 
peer into the future and receive 
warnings of traffic jams before 
they occur, allowing them to 
change their route or timing. 

The SmarterTraveler Research 

Initiative blends real-time traffic 
data with past traffic patterns 
to predict congestion up to 
40 minutes into the future. 
Drivers are then automatically 
sent an email or text message 
of conditions on their regular 
commute before their trip begins. 

The initiative is a joint project by 
the California Center for Innovative 
Transportation (CCIT) at the 
University of California, Berkeley, 
the California Department of 
Transportation (Caltrans) and IBM. 

"If you are already on the 
road and a sign says 'congestion 
next smiles' you may have very 
few options," says Naveen Lamba 
ofiBM. "But if you get that 
information prior to starting 
your journey, you can choose 
to stay at home, work late or 
take a different route." 

A number of companies, 

Corkscrew drive propels robot 
across tough terrain 

including Microsoft and Google, 
already provide real-time traffic 
information and trends of traffic 
patterns. The California initiative 
goes a step further to provide 
detailed information on what 
traffic will look like in the near 
future, and personalises it for each 
individual commuter's journey. 

Much of the congestion on 
streets and highways is caused by 
accidents that can't be predicted. 

A ROBOT that gets around on 

corkscrew "legs" may not sound 

especially mobile. But the concept 

could spawn a new generation of 

robotic rovers suited to all terrains, 

says Tim Lexen, an engineer in 

Cumberland, Wisconsin, who 

developed the idea and built 

a prototype in his spare time. 

Robots find it tough to navigate 

uneven ground. Even though a robot 

with tracks like those on a tank can 

surmount many types of obstacle, 

it is only able to move forwards and 

backwards. And while a robot with 

t hree or more individually driven 

wheels can cruise around a lab in all 

directions, outdoors the wheels are 

easily gummed up by dirt and if the 

robot hits a bump that lifts some of its 

wheels off the ground, it is stranded. 
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But once an accident has occurred, 
the ensuing gridlock follows 
predictable patt erns. "The edge 
of a traffic jam propagates like 
a shock wave in a fluid," says 
Alexandre Bayen at CC IT. 

Information on the density 
and speed of traffic is provided by 
existing " inductive loop" sensors 
built into the roadway. When a 
vehicle drives over the loop, the 
steel in its body causes an electric 

So Lexen came up with the idea of 
a robot r iding around on helical coils 
parallel to the ground, and then built 
a radio-controlled prototype (see 
photo).lt has a triangular body 
18 centimetres on a side, capped by 
a round lid, and three stainless steel 
coils 20 cm in diameter and 40 cm long. 
Each coil is turned by a motor- and by 
activating a coil, the robot can move in 
the direction of the coil's axis. 

"lt runs very well on grass, sand, 
gravel and other outdoor surfaces," 
Lexen said when he presented his 
work earlier this month at the IEEE 
International Conference on 
Technologies for Practical Robot 
Applications in Woburn, 

Massachusetts. However, the 
prototype has trouble gaining traction 
on surfaces like polished wood floors. 

current running through the loop 
to change momentarily. The data 
gathered this way can then be fed 
into the Traffic Prediction Tool, 
a program developed by IBM. 

The software also draws on 
GPS data from participants' 
smartphones to learn their 
preferred travel times and 
routes, and uses this to provide 
predictions and recommend 
alternative routes tailor-made 
for that individual's journey. 
For now, the California initiative 
provides predictions for only 
about a dozen participants. 
IBM hopes to expand the service 
to commuters worldwide. 

Too many users in one area 
may be problematic, however. 
"If everyone has the same 
information, then there may 
be an overreaction," says Moshe 
Ben-Akiva, a professor of civil 
and environmental engineering 
at the Massachusetts Institute 
ofTechnology. "You inform them 
of congestion in one location and 
the congestion just shifts to 
another route." 

IBM is now developing 
traffic software that takes this 
into account, by calculating how 
the predictions it has already 
made may cause congestion to 
occur elsewhere. • 

While the prototype proves that 
Lexen's corkscrew drive is viable, for 
now it needs a human controller to 
steer it.Lexen plans to add motion 
sensors so that the robot can orient 
itself. Once those are installed, 
the robot will be suitable for 
tasks requiring independent 
manoeuverability, such as searching 
or surveillance in wooded areas. 

The robot might also find a use 
in the controlled detonation of 
land mines. " landmines is a good 
one," says Ryan Pettigrew, a robotics 
consultant based in Berlin, 
Massachusetts. He reckons that even 
if the robot is caught in an uncontrolled 
detonation, its corkscrew propulsion 
system is robust enough to survive, 
allowing the robot to continue on 
its mission. jeff Hecht • 

Turn yourself into a 30 model 
Want a 30 scanner but don't have a small fortune to spare? 
A new iPhone a pp turns your face or other object into a 
30 computer model that can easily be edited - or even 
reproduced with a 30 printer. The a pp, called Trimensional. 
was created by Grant Schindler, a computer scientist at the 
Georgia Institute of Technology in Atlanta. lt uses the 
iPhone's screen to project four different patterns of light 
onto the object being scanned and snaps photos with the 
I Phone 4's front-mounted camera. The a pp then analyses 
every pixel under each lighting pattern and stitches the 
photos together to produce the 30 model. 

'Giooper-computer' solves problem 
Modern computers take many different forms but an are based 
on shunting electrons through silicon. But Andrew Adamatzky, 
a professor of unconventional computing at the University of 
the West of England, Bristol. is building computers based on 
chemical reactions. Mixtures of certain chemicals form waves 
of reactions that can be used to solve basic puzzles. Different 
waves are interpreted as ls and Os and thewaytheycollide 
determines the computations they perform, says Adamatzky. 
The latest version of his chemical computer can help calculate 
a Voronoi diagram, he claims- a geometric puzzle which 
helps map the coverage of a network of cellphone masts. 

Futureful predicts your desires 
Last year, Google boss EricSchmidtsaid: 'The ability to tell 
me things I didn't know but am probably very interested in 
is the next great stage of search." Now a Finnish Internet 
start-up called Futureful appears to have beaten the big boys 
to the punch with a predictive iPad a pp that claims to do just 
that. Futureful's algorithms glean information from social 
feeds from the like of Facebook about topics that are trending, 
and then analyses its users' interests and on line behaviour to 
recommend new subjects that might interestthem. Tapping 
these subjects on the touchscreen generates a set of web 
pages that can be browsed with finger-swipes like a magazine. 

For breaking tech news go to: 
newscientist.com/onepercent 
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Automated umpire keeps 
cricket matches moving 
JUDGING whether a batsman 
has been "run out" is one of the 
trickier tasks facing the umpires 
officiating in a game of cricket. 
Now an inexpensive computer 
vision system has been developed 
that it is claimed can do the job 
as well as a human official, and 
without the need for a time
consuming video replay. 

A batsman can be dismissed 
by being run out if the ball knocks 
over his wicket before he or she 
has completed a run. A batsman's 
run is completed by the bat 
touching the ground behind the 
"crease"- a line 1.2 metres in 
front of each wicket. To judge 
this, the two umpires have 
to simultaneously watch 

both the wicket and the batsman. 
To help with this difficult task, 

the sport's authorities introduced 
an off-field umpire with access 
to a video replay. Consulting this 
third umpire can halt play for 
a minute or more, which can 
seriously disrupt fast-paced 
versions of the game such as 
Twentyzo cricket. 

"It really disrupts the flow," says 
Tariq Mahmood of the National 
University of Computer and 
Emerging Sciences in Karachi, 
Pakistan, who has created a system 
called A-Eye to automate such 
decisions. A-Eye combines a low
cost video camera sitting at ground 
level with open-source software 
called AForge.NET that scans 
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a video feed for moving objects. 
A-Eye automatically identifies 

the position of the crease and the 
wicket, and tracks the motion of 
the bat. If the system detects any 
movement of the wicket while the 
bat is outside the crease, it deems 
the batsman to be run out. 

Mahmood tested the system on 
a series of video clips, two-thirds 
of which showed the batsman 
being run out. A-Eye proved to 
be 3 per cent less accurate than a 
human umpire. But whereas the 
video umpire took about a minute 
to decide, A-Eye produced its 
judgements in less than a second. 
The system was due to be 
presented at the International 
Conference on Information 
Science and Applications on Jeju 
Island, South Korea, this week. 

Using a high-quality camera 
would make A-Eye more accurate 
and could remove the need for a 
human video umpire, Mahmood 
claims. He has convinced his local 
cricket council to try the system 
out in a tournament later this 
year, and plans to submit the 
results of the trial to the 
International Cricket Council. 

If A-Eye is taken up, it would 
not be the first time computer 
vision has played a role in cricket 
matches. A system called Hawk
Eye uses four elevated cameras 
to reproduce the ball's trajectory 
in 3D. Hawk-Eye helps umpires 
make "leg before wicket" (lbw) 
decisions - where a batsman is 

deemed out because their legs 
have blocked a ball that would 
otherwise have hit their wicket. 

Cricket has embraced other 
technologies too, though they 
are used to augment TV coverage 
rather than inform umpires' 
decisions. One example is Sky 
Sports' Hot Spot, an infrared 
camera that can indicate if the 
ball has hit the batsman's leg 
pads or bat, which is crucial in 
lbw decisions. Another is the 
"Snickometer", which displays 
a plot of the sound recorded by 
microphones at the wicket. It can 

"The system looks for 
movement of the wicket 
while the bat is outside 
the crease" 

show viewers whether or not a 
ball made contact with the bat. 

Mahmood says his system can 
easily be integrated with Hawk
Eye. Fraser Stewart of the MCC in 
London, which oversees the laws 
of cricket, is not so sure. He says 
A-Eye's ground-level cameras 
could interfere with the game, and 
that the delay when consulting 
the third umpire isn't a huge 
problem anyway. "A fall ofthe 
wicket is a big thing in cricket," he 
says, "and if it takes 30 seconds to 
get it right, then people would 
rather that than the decision be 
rushed." But he adds that A-Eye 
could be useful if it proves to be 
extremely accurate. jacob Aron • 
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OPINION 

Time to pack it in 
Australia's bold plan to remove all branding from cigarettes and their 
packaging is a triumph for public health, says Simon Chapman 

EARLIER this month the 
Australian government released 
draft legislation that promises to 
be a landmark in the global fight 
against tobacco. If passed, from 
January 2012 cigarettes and hand
rolling tobacco will have to be sold 
in plain, unappealing olive-brown 
packs plastered with large, 
graphic health warnings. The only 
thing distinguishing one brand 
from another will be the name 
written in a standard font on the 
top, bottom and front of the pack, 
below the health warning. This is 
a world first. 

The legislation also proposes 
that cigarettes themselves should 
be completely plain. That means 
no branding, no coloured or 
flavoured papers, no gold-banded 
filters and no different gauges like 
slimline and mini cigarettes. 

With this bill, the Australian 
government is sending out an 
unambiguous message that 
cigarettes are exceptionally 
dangerous. Future generations 
will grow up never having seen 
the finely crafted elegance of a 
cigarette box sitting alongside 
confectionary and groceries in 
their local shop. 

The health minister Nicola 
Roxon signalled her intention to 
introduce the bill a year ago and 
since then the tobacco industry 
has repeatedly demonstrated 
why the government is on exactly 
the right track. It has poured an 
estimated $1o million into a 
proxy campaign against the plan, 
knowing its own credibility is 
too low to mount an open one. 
National media advertising from 
the hitherto unheard of"Alliance 
of Australian Retailers" - funded 
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by British American Tobacco, 
Philip Morris and Imperial 
Tobacco - featured down-to-earth 
shopkeepers asserting that plain 
packs "won't work, so why do it?" 
and that there was "no real 
evidence" to support the policy 
(a line repeated by the opposition 
party's health spokesman Peter 
Dutton). Many Australians are left 
wondering, if it won't work, why is 
the industry bothering to waste 
its money campaigning so hard 
against it? 

It is true that no nation has 
ever introduced plain packs, so 
arguments for the new policy 
cannot be drawn from direct 
evidence. This has become a 
centrepiece of tobacco industry 

opposition - a modern example 
of satirist F. M. Cornford's 1908 
Principle of the Dangerous 
Precedent: "Every public action 
which is not customary either 
is wrong, or if it is right it is a 
dangerous precedent. It follows 
that nothing should ever be done 
for the first time." 

The central impetus for plain 
packaging has been acres of 
tobacco industry internal 
documents and unabashed 
advertising in industry trade 
magazines highlighting the 

"If it won't work, why is the 
tobacco industry wasting 
its money campaigning so 
hard against it?" 

importance of the pack as the 
frontline of tobacco promotion, 
particularly in an era when 
tobacco advertising bans are 
growing exponentially. As a 1999 
article in World Tobacco (vol170, 
p t6) advised: "if your brand can 
no longer shout from billboards, 
let alone from the cinema 
screen or the pages of a glossy 
magazine ... it can at least court 
smokers from the retailer's shelf, 
or from wherever it is placed by 
those already wed to it". 

A 1985 industry document 
similarly explained: "If you 
smoke, a cigarette pack is one of 
the few things you use regularly 
that makes a statement about 
you. A cigarette pack is the only 
thing you take out of your pocket 
20 times a day and lay out for 
everyone to see. That's a lot 
different than buying your soap 
powder in generic packaging." 
A cover story of the trade 
magazine Tobacco journal 
International spelled it out even 
more clearly in 2008: "Plain 
packaging can kill your business." 

Investment advisors Morgan 
Stanley advised tobacco industry 
clients in 2007 that "the other two 
regulatory environment changes 
[after taxation] that concern the 
industry ... most are homogenous 
packaging and below-the-counter 
sales. Both would significantly 
restrict the industry's ability to 
promote their products." 

Internal industry documents 
show that many smokers cannot 
identify their own brand without 
the packaging and experimental 
evidence has found that when 
branding is removed from 
cigarette packs, people perceive 
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them to be less appealing, have 
more negative expectations of 
cigarette taste and rate attributes 
of a typical smoker of the pack 
less positively. 

Within hours of the 
announcement, British American 
Tobacco and Imperial Tobacco 
declared they would challenge 
the decision in courts and seek 
billions in compensation on the 
grounds of" seizure of intellectual 
property". The government's 
own advice is that the legislation 
will survive the challenge, a 
position supported by senior legal 
commentators. Mark Davison, 
professor oflaw at Monash 
University in Victoria, described 
the industry's argument as "so 
weak, it's non-existent". He told 
The Australian newspaper: "There 
is no right to use a trademark 
given by the WTO [World Trade 
Organization] agreement. There 
is a right to prevent others using 
your trademark but that does not 
translate into a right to use your 
own trademark." 

With the proliferation of 
tobacco advertising bans, 
generations of children are 
growing into adulthood having 
never been exposed to tobacco 
promotions. In Australia, no child 
under 17 has ever seen direct 
tobacco advertising, and the 
number of both young and adult 
smokers is the lowest on record. 
In effectively extending the ban 
on tobacco advertising to packs, 
the Australian government is 
simply finishing the job. 

Policy domino effects are 
routine in global tobacco control 
and this historic decision may 
bring down the curtain on a 
century of the tobacco industry 
presenting its carcinogenic, 
addictive products in thoroughly 
market-researched, beguiling 
packs. When the history of the 
rise and fall of tobacco-caused 
disease is written, it will note 
this momentous initiative. • 

Simon Chapman is a professor of 
public health at the University of 
Sydney, Australia 

One minute with ... 

Elizabeth Blackburn 
The Nobel prizewinner behind a commercial genetic test 
for "biological age" explains what we can learn from it 

Your test measures telomere shortening, 
a marker of biological ageing. What can 
this tell us? 
Telomeres are stretches of DNA at the 
ends of chromosomes that protect them 
against degradation. Checking your telomere 
length is a bit like weighing yourself: you get 
this single number which depends on a lot 
of factors. Telomere length gives a sense 
of your underlying health. We see telomere 
shortening in diseases of ageing -like heart 
disease and cancer. 

What evidence is there to support health 
predictions based on telomere length? 
In 2004, results from a study that I worked on 
with colleagues at the University of California, 
San Francisco, linked chronic stress to shortening 
of telomeres. Chronic stress is also associated 
with a higher risk of heart disease. Bone marrow 
failure is also associated with short telomeres. 
If a test showed you had telomere shortening, 
it wou Id be a red flag suggesting you should 
take a look at possible risk factors. 

Can people do anything to prevent 
telomere shortening? 
lt looks like you can, by changing your lifestyle. 
Observational studies show that exercise, 
nutrit ional supplements and reducing 
psychological stress can help. Chronic high 
stress and smoking can lead to accelerated 
telomere shortening. 

What made you decide to help launch the 
company Telome Health. which is selling 
a test for telomere length 7 
There was a lot of interest from the research 
community and also from individuals. We had a cost
effective assay in our lab which we transferred to 
a company to provide as a service. We are running 
a study called "Know your telomeres". The goal is 
to learn more about telomere length and other 
markers of ageing, how best to measure these 
markers, how they are related to health and 
lifestyle, and how people respond to learning 

PROFILE 
Elizabeth Blackburn is a professor of biology 
and physiology at the University of California, 
San Francisco, where she investigates 
telomeres and their links to human health. 
In 2009 she shared a Nobel prize for her work 

their own telomere length results. People were 
pounding down the doors to enrol. 

Is this another step on the road to 
commercialised personal genetic testing? 
Right now, the company only offers the tests 
as a part of research studies. Tests for the public. 
through their physician, will go on sale later in 
the year, costing under $200. 

What exactly does the telomere test entail? 
lt is like a cholesterol test. We can take a 
measurement f rom blood samples, cheek swabs 
or saliva. Specifically, we measure the telomere 
length in white blood cells. Cells from the immune 
system act a bit like a report card, an indicator for 
al l kinds of condit ions. 

Have you made any lifestyle changes based 
on the results of your research? 
I've learned a meditation technique. I exercise 
as often as I can. Walking is good too. 
Interview by Boonsri Dickinson 
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OPINION LETTERS 

Not as we know it 
From Ra!fDahm, Institute 
of Molecular Biology 
Large-scale DNA sequencing will 
undoubtedly shake up our picture 
of the tree of life (26 March, p 16). 
As your article reported, it has 
already led to the identification 
of new species and the 
reclassification of some known 
ones, and may now have resulted 
in the discovery of a whole 
new domain. 

Sequencing removes the 
limitation that previously meant 
bacterial species were only 
discovered iftheycould be 
cultured in a lab. It is now possible 
to analyse the DNA of entire 
bacterial ecosystems, whether 
from a bucket of seawater, a 
handful of soil or a sample from 
the human gut. Such efforts 
clearly help us understand life on 
our planet and how it originated. 

As all life depends on DNA, 
this approach does not m iss any 
species, no matter how cryptic 
their lifestyle. Or does it? What 
ifthere is life out there which 
does not rely on DNA? Our focus 

in the search for new forms of 
life might be too narrow, and 
cause us to miss the most 
interesting ones. 

Admittedly, the probability of 
alternative chemistries having 
evolved and survived over billions 
of years is vanishingly small. But 
given how little we know about 
most ecosystems and how tiny 
and inconspicuous microbes are, 
we will miss it if all we look for 
is DNA. And what a discovery 
it would be. 
Mainz, Germany 

Empathy in reverse 

From Robinfamieson 
Redefining cruelty in terms of the 
more measurable concept of zero 
empathy, as put forward by Simon 
Baron-Cohen in his interview 
with Liz Else (9 April, p 32), raises 
intriguing possibilities. 

An autistic boy who places a 
plastic bag over his mother's head 
so that he does not have to see her 
eyes, or punches his companion at 
the same time every day because 
he has learned that the behaviour-
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modification scheme applied to 
him as a result will give him some 
time in isolation, could clearly be 
seen as lacking empathy. 

As a psychologist who shares 
Baron-Cohen's interest in 
psychopathology and extreme 
cruelty, I am uneasy about the 
possibility of the application of this 
concept to the Nazi persecution of 
the Jews. Would it not seem more 
likely that these events were 
historically determined? 

One could surmise that the 
most extreme acts of cruelty 
require a high degree of empathy, 
expressed as its mirror image. 
Sado-masochistic relationships 
also depend on the capacity to 
understand pain and knowingly 
inflict it to the fullest extent. 
Buntingford, Hertfordshire, UK 

Defamation defence 

From Tamara Quinn 
Simon Singh rightly draws 
attention to proposed reforms to 
English libel law (2 April, p 26 ). One 
of the difficulties for legislators 
is that legislation can be double
edged, and the law cannot 
generally distinguish between 
good and bad claimants. 

Imagine a scientist who has 
been vocal in publicising her 
findings that a new drug has 
serious side effects. The 
manufacturer decides to discredit 
her by encouraging its staff to 
post allegations that her research 
is biased because she is secretly 
in the pay of a competitor. 

In this case, it is the innocent 
scientist who will be the potential 
claimant, and she will find that 
the proposed reforms may make 
it prohibitively expensive to clear 
her name, as she will now have to 
prove that the libel caused her 
"substantial harm". 

As Singh points out, there 
are proposals to extend the 
defence of qualified privilege 
to cover academic and scientific 
conferences, but they are too 
limited. The scientific community 
should focus more attention 

on expanding the remit of 
this exemption, perhaps to 
cover legitimate academic 
and scientific publications 
or comment in general. 

Consultation on the proposed 
new law runs until to June. 
Scientists should make their 
voices heard. 
London, UK 

Perverse pay-off 

From Carole Torgerson, 
School of Education, 
University ofBirmingham 
Writing on the role of financial 
incentives to change behaviour 
(9 April, p 40), Nic Fleming notes 
that the outcomes are often 
counter-intuitive. 

In the academic year 2004-05 
I, along with colleagues, ran a 

randomised controlled trial 
evaluating the use offinancial 
incentives to encourage adult 
learners to attend literacy classes 
(Oxford Review of Education, 
vol34, p 493). We found that 
adult learners in the classes 
that received a modest financial 
incentive attended fewer teaching 
sessions than learners in classes 
in the control group, who were 
not paid. 

At that time, government 
policy encouraged the use of 
financial incentives to increase 
attendance at basic literacy 
classes. Given the evidence from 
this trial, it is clear that such 
incentives need careful evaluation 
before they are introduced. 
Birmingham, UK 
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Capturing costs 
From Derek Bolton 
Your otherwise informative 
"Instant expert" article about 
new technologies for carbon 
capture (2 April) missed some 
important numbers. 

For instance, how much is each 
technology likely, when mature, 
to add to the cost of a unit of 
electricity? And how does that 
compare with wind and solar? 

If we decide we need to cut 
emissions by so per cent in 
10 years, can we rule out building 
new capture-ready coal-fired 
plants? Is expensive retrofitting 
the main option? 

The article also mentions 
capturing with algae to produce 
biomass, most likely as fuel 
for transport, but as the carbon 
emitted from vehicles could 
not be recaptured this would 
constitute only a single reuse. For 
maximal benefit, it would have to 
provide fuel for reuse at the power 
plant, and we are a very long way 
from that being viable. 
Sydney, Australia 

lt all adds up 
From Martin Savage 
Michael Brooks mentions the 
prevalence of 12 and 60 in ancient 
systems of numbers (26 March, 
p 43) and ascribes this to the 
Babylonians having 12 signs 
of the zodiac and considering 
6o to be an auspicious number. 

But I understand that it 
originated somewhere in the 
ancient Middle East, possibly in 
the Sumerian city ofUr.IO wasn't 
really a big enough number for 
traders who required a way of 
counting trade goods like goats, 
sacks of grain or jars of wine. So 
they developed a system that 
works as follows. 

Hold your right hand out, palm 
facing you and fingers open. Now 
use your thumb to count off the 
segments of your fingers. Four 
fingers, three segments on each, 
that's 12 goats. Now use the five 

digits on your left hand to total 
up the 12s like an abacus. 5 x 12 
is 6ogoats. 
fomtien, Thailand 

From Robert Rounthwaite 
As part of your cover story, 
Michael Brooks suggests we 
should base our time divisions on 
the number of fingers we have. Yet 
the number of digits we have is 
arbitrary; surely it would be more 
logical to measure time in a base 
unit that is evenly divisible by as 
many whole numbers as possible. 

What if we chose a number 
that was factorable by 2, 3, 4 and 
6, instead of just 2 and s? Then we 
could represent fractions like 1/3, 
1/4 and 1/6 evenly. As it happens, 
12 fits the bill perfectly. In some 
cases it might be nice to get 5 and 
10 as even divisions as well. Hey 
presto: 6o! 

Maybe those Babylonians were 
more than mere numerologists. 
Fall City, Washington, US 

Curing depression 
From Ruth Ash bee 
The cover story on novel ways 
of treating disorders of the brain 
(9 April, p 35) stated that "until 
recently the only treatments 
available ... were drugs or surgery", 
and these disorders were implied 
to include depression. This is 
a common and damaging 
misconception. 

There are other, well-researched 
treatments for depression, 
including cognitive behavioural 
therapy. According to the Royal 
College of Psychiatrists, CBT has 

been shown to be as effective as 
drugs in many cases. It also has 
fewer side effects. 
Shrewsbury, Shropshire, UK 

Origins of faith 
From Albert Lightfoot 
The trinity of theism, non-theism 
and strong atheism by which 
Jonathan Lanman classifies 
religious belief and non-belief 
(26 March, p 38) seems a good 
description of affluent western 
Judaeo-Christian society. But 
what about the rest of the planet? 

What conclusions about the 
origins of belief or non-belief 
can be drawn when viewed from 
the perspective of other societies, 
particularly those based on 
Buddhism, Islam and Hinduism? 
Lavington, New South Wales, 
Australia 

Warmed by contrails 
From Farouk Husain 
Cirrus-like cloud (2 April, p 16) that 
originates as aircraft contrails can 
be expected to have two effects: 
trapping heat from the ground, 
and reflecting solar energy back 
into space. It would help if the 
model described evaluated the 
net global warming effect. 
London, UK 

The editor writes: 
Ulrike Burkhardt, whose results 
we reported, says her model does 
include both. She emphasised the 
trapping effect because it is larger. 

Culture in the coop 
From lames Weatherly 
I personally believe that chickens 
are not much more intelligent 
than broccoli, but as my wife 
keeps chickens and believes they 
are intelligent I thought she might 
enjoy the article "How to confuse 
a newborn chick" (26 March, p 22). 

Her immediate response was 
that the minority of chicks drawn 
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to the impossible Escher-like 
picture as opposed to a plain cube 
were clearly the more intelligent 
group, as they were obviously 
impressed by the art. 
Scappoose, Oregon, US 

World of windmills 
From Hans Raaijmakers 
Your article says some free energy 
harnessed by wind farms will 
be lost as heat, affecting Earth's 
energy balance (2 April, p 8). But 
isn't all wind energy eventually 
converted to heat, whether we 
catch it or not? If it weren't for 
windmills, that heat would be 
generated in forests, mountain 
slopes and everywhere else where 
wind slows down. 

The good thing about 
windmills is they produce power 
to light up my house before that 
light is also converted to heat. 
Rosmalen, The Netherlands 

For the record 
• Luke Premo, who we quoted 

in our article on t he fat e of the 

Neanderthals (9 April, p 11), is 

at Washington State University. 
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OPINION INTERVIEW 

Google's data junkie 
Take a mind-bogglingly huge quantity of data and apply some simple statistics: that's the 
strategy Peter Norvig and his team at Google are following in their mission to change the 
way we interact with the world. His enthusiasm for the task is matched only by his aversion 
to bureaucracy and disdain for PowerPoint presentations, Peter Aldhous discovers 

PETER NORVIG doesn't suffer fools gladly. Nor 
bureaucracy. Nor journalists who fail to check 
their facts. This much is clear from browsing 
the personal website ofGoogle's director of 
research. Among papers on artificial 
intelligence nestle idiosyncratic essays such 
as the scathing "Reporters and parrots", plus 
Albert Einstein's 1905 performance review, 
brought to you by a Bern patent office that has 
somehow travelled through time to purchase 
a modern human resources handbook. 

Norvig is also a world leader in computer 
science, who prior to joining Google a decade 
ago headed what is now the Intelligent 
Systems Division at NASA's Ames Research 
Center, developing software to allow robotic 
spacecraft to operate autonomously. So as 
I drive down the San Francisco peninsula to 
our meeting at Google HQ, a stone's throw 
from Ames in Mountain View, it is with both 
anticipation and trepidation. At least he has 
a sense of humour, I tell myself. 

That Norvig has a compelling vision 
becomes clear when he launches into an 
overview of Google's research. His big idea 
is that if you can amass sufficient data, a few 
relatively simple statistical algorithms are 
enough to solve some of the most vexing 
problems in machine learning, such as 
automated language translation. "In the past 
most people said, 'We'll stop when we hit the 
bounds of what can fit into the memory of 
one computer'," Norvig says. "Whereas we 
said, 'We'll stop when we fill up a data centre'." 

The business world is full of analysts touting 
the power of "big data". Much of it is arm 
waving, but at the company that says its 
mission is "to organize the world's 
information", Norvig is confident that he has 
found the real deal. This, he argues, is why 
Google can instantaneously translate web 
pages between dozens oflanguages; why it is 
leading the way in visual search; and why one 
day you may talk to machines in colloquial, 
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heavily accented speech and have them 
understand you, first time. 

Google's translation tools are the most 
mature product of this approach. "In the past, 
people had thought of this as being a linguistics 
problem," says Norvig, which meant designing 
software that could replicate a human 
translator's understanding of the languages 
involved, including their grammatical rules. 

Instead, Norvig's team has compiled texts 
that have already been translated, and applies 
statistical techniques to train the system to 
learn translations of unfamiliar words and 
how they are used in context. "Essentially 
we are just building this big model of 
probabilities," Norvig says. 

He explains the principle by recalling a visit 
to Berlin: "There's a brochure in my hotel, and 
the left side is in English and the right side is in 
German. If anybody asked how to say, 'To dial 
the operator press zero,' I would know how 
to translate that. I don't have to understand 
anything." Through this approach writ large, 
Google can now offer acceptably meaningful 
translations between more than so languages. 

The same concept of applying simple 
statistical rules to vast quantities of data 
underpins the two other main thrusts of 
Google's research: in visual search and speech 
recognition. Run through enough pictures 
tagged as the Eiffel Tower, Norvig says, and 
you don't need massively complex 
algorithms for computers to learn that 

PROALE 
Peter Norvig has a PhD in computer science f rom 
the University of California, Berkeley. After starting 
up the academic ladder he moved into industry, 
first with Sun Microsystems and later with 
database startup junglee. After three years 
heading the Computational Sciences Division at 
NASA's Ames Research Center, he joined Google 
in 2001, init ial ly as director of machine leaming 

the tower is the pointy thing. 
This will allow more powerful ways of 

linking real-world queries to Google's familiar 
search capabilities, using mobile devices. "If 
you're in a store and you want information on 
a product you could type in its name, but just 
taking a picture seems easier," says Norvig. 
Through Google Goggles, smartphone users 
can already search for information on some 
objects, such as landmarks or bottles of wine, 
by snapping them with the device's camera. 

Speech recognition is a tougher nut to 
crack. Because of the almost infinite variety 
in accent, timbre and other characteristics of 
human speech, the conventional approach has 
been to train systems to learn individual users' 
vocal tics. That's fine if you want a personal 
dictation machine, but useless for allowing 
computers to interpret anything that's said 
to them, by anyone. 

Norvig is convinced that speech 
recognition will fall to the "big data, simple 
algorithms" approach. The problem is finding 
enough data, as the spoken word is not 
represented online as comprehensively as 
text and images. As we discuss this issue, 
Norvig makes a revealing admission about 
the launch ofGoogle Voice, which among 
other things transcribes phone messages and 
sends them to your email in box: "One of the 
reasons we had this phone service is that we 
wanted to capture lots of interactions; hear 
different accents and different voices saying 
different things." 

No human is listening to your messages. 
Norvig simply means that computers are 
using the data to improve their ability to 
transcribe speech. But it's this type of routine 
processing of personal information that 
makes some people uneasy about Google's 
reach into our lives - and helps explain the 
company's clashes with campaigners for 
online privacy. 

Google Voice also illustrates a crucial 
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difference in culture between Google and 
Norvig's last employer. In the early days of the 
service, some commentators - New Scientist 
included- had fun at Google's expense, noting 
the gibberish in some of the transcribed emails. 
Though things have improved since then, the 
transcriptions are still far from perfect, as 
Norvig admits. The company is relaxed about 
letting rudimentary versions of its products 
loose on customers, he says, because that helps 
gather more data and solicits feedback on what 
people want to see improved. 

Such an approach could never be tolerated 
by NASA, where a single glitch can mean 
the loss of a mission. "You can't send out 
a repairman," Norvig observes. So despite 
excellent results with the experimental Deep 

~~Please don't offer me 
a job. I already have the 
best job in the world" 

Space 1 mission to comet Borrelly, which 
tested a range of advanced technologies, NASA 
decided not to use on-board control software 
designed by Norvig's team to give the Mars 
rovers Spirit and Opportunity autonomous 
control over their movements. Norvig well 
understands NASA's caution, not least because 
of his experience investigating the failure of 
the Mars Climate Orbiter: the probe burned 
up in the planet's atmosphere in 1999 because 
of confusion between imperial and metric 
units in the navigation software. 

The inquiry also triggered in Norvig a visceral 
reaction to "bullshit" Power Point presentations, 
as officials addressed the investigating panel 
with slick but unillurninating slide shows. A few 
months later, Norvig created the "Gettysburg 
PowerPoint Presentation", a satire on the 
propensity for presentation software to blunt 
rhetoric and obscure meaning- especially if 
the presenter follows suggestions made 
by PowerPoint's autocontent wizard. 

Norvig realised it was time to leave NASA. 
"The excitement had begun to wear off, and 
the dulling effect ofbureaucracy never wears 
off," he says. Looking at the relaxed figure 
before me, it's clear Norvig has found his 
spiritual home. "Please don't offer me a job. 
I already have the best job in the world," 
his website tells headhunters. 

Does he worry about all those bright young 
things at Google who may want that job for 
themselves? Norvig says he wouldn't mind if 
someone else took his position - just as long as 
he's still allowed to play with Google's oodles of 
data. "The best part is being here," he says. • 
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Uncertainty entangled 
Could quantum weirdness spell the 
end for Heisenberg's notorious principle? 
Ani I Ananthaswamy investigates 
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S
OME middle-aged men have trains in 
their attics. Niels Bohr had Werner 
Heisenberg. In the winter of 1926-1927, 

the brilliant young German was working as 
Bohr's chief assistant, billeted in a garret at the 
top of the great Dane's Copenhagen institute. 
After a day's work, Bohr would come up to 
Heisenberg' s eyrie to chew the quantum fat. 
They often sat up late into the night, in intense 
debate over the meaning of the revolutionary 
quantum theory, then its infancy. 

One puzzle they pondered were the trails 
of droplets left by electrons as they passed 
through cloud chambers, an apparatus used 
to track the movements of charged particles. 
When Heisenberg tried calculating these 
seemingly precise trajectories using the 
equations of quantum mechanics, he failed. 

One evening in mid-February, Bohr had left 
town on a skiing trip, and Heisenberg had 
slipped out to catch some night air in the 
broad avenues of Faelled Park, behind the 
institute. As he walked, it came to him. The 
electron's track was not precise at all: if you 
looked closely, it consisted of a series of fuzzy 
dots. That revealed something fundamental 
about quantum theory. Back in his attic, 
Heisenberg excitedly wrote his idea down in 
a letter to fellow physicist Wolfgang Pauli. 
The gist of it appeared in a paper a few weeks 
later: "The more precisely the position is 
determined, the less precisely the momentum 
is known in this instant, and vice versa." 

Thus Heisenberg's notorious uncertainty 
principle was born. A statement of the 
fundamental unknowability of the quantum 
world, it has stood firm for the best part of a 
century. But for how much longer? Rurnblings 
are abroad that a second quantum principle 
entanglement - could sound the death knell 
for uncertainty. Is it goodbye Heisenberg, 
hello quantum certainty? 

The profound implications of the 
uncertainty principle are hard to overstate. 
Think of our classical, clockwork solar system. 
Given perfect knowledge of the current 
positions and movements of its planets and 
other bodies, we can predict their exact 
positions and movements any time in the 
future with almost perfect accuracy. In the 
quantum world, however, uncertainty does 
away with any such ideas of perfect knowledge 
revealed by measurement (see "Fuzzy logic", 
page 30). Its assertion that there are pairs of 
"complementary" quant ities such as position 
and momentum, where exact knowledge of 
one precludes knowing the other at all 
accurately, also undermines any concept of 
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predictable cause and effect. If you cannot 
know the present in its entirety, you can have 
no idea what the future might bring. 

Since that Copenhagen winter, generations 
of physicists have tugged at Heisenberg's 
principle, giving it a tweak here or a new 
formal expression there as we have learned 
more about the vagaries of quantum 
measurements and the exchange of quantum 
information. The now-favoured version of 
the principle was constructed in 1988 by 
two Dutch physicists, Hans Maassen and Jos 
Uffink, using concepts from the theory of 
information devised by the American 
mathematician Claude Shannon and others 
in the years following the second world war. 

Squeezed entropy 
Shannon had shown how a quantity that he 
termed entropy, by analogy with the measure 
of thermodynamic disorder, provided a 
reliable indicator of the unpredictability of 
information, and so quite generally of 
uncertainty. For example, the outcome of 
the most recent in a series of coin tosses has 
maximal Shannon entropy, as it tells you 
nothing about the result of the next toss. 
Information expressed in a natural language 
such as English, on the other hand, has low 
entropy, because a series of words provides 
clues to what will follow. 

Translating this insight to the quantum 
world, Maassen and Uffink showed how it is 
impossible to reduce the Shannon entropy 
associated with any measurable quantum 
quantity to zero, and that the more you 
squeeze the entropy of one variable, the 
more the entropy of the other increases. 
Information that a quantum system gives 
with one hand, it takes away with the other. 

But is that always the case? Not according to 
Mario Berta, a quantum information theorist 
at the Swiss Federal Institute ofTechnology 
in Zurich, and his colleagues. Quantum 
entanglement can have a distinctly weird 
effect on uncertainty. 

Suppose an observer called Bob creates 
a pair of particles, such as photons of light, 
whose quantum states are somehow 
entangled. Entanglement means that even 
though these states are not defined until they 
are measured, measuring one and giving it a 
definite value will immediately pin down the 
state of the other particle. This happens even 
if the distance between the two particles is 
too great for any influence to travel between 
them without breaking the cosmic speed > 
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"Over the course of a 
series of measurements, 
the effect of quantum 
weirdness is to squeeze 
uncertainty to zero" 

limit set by light - the seemingly impossible 
process decried by Einstein as" spooky action 
at a distance". 

Bob sends one of these entangled photons 
to a second observer, Alice, and keeps the 
other close by him in a quantum memory 
bank- a suitable length of optical fibre, say. 
Alice then randomly measures one of a pair 
of complementary variables associated with 
the photon: in this case, polarisations in two 
different directions. Her measurement will 
be governed by the usual rules of quantum 
uncertainty, and can only ever be accurate to 
within a certain limit. In Maassen and Uffink's 
terms, its entropy will be non-zero. Alice tells 
Bob which of the quantities she measured, 
but not the value that she obtained. 

FUZZY LOGIC 

In the 1927 paper that introduced the 
uncertainty principle to the world, 
Werner Heisenberg established that 
there are pairs of quantities in the 
quantum world that cannot both be 
measured to an arbitrary level of precision 
atthe same time. 

One such pair is position and 
momentum- essentially a measure of 
a quantum particle's movement. If you 
know a particle's position x to within a 
certain accuracy llx, then the uncertainty 
llp on its momentum pis given by the 
mathematical inequality llx llp ~ Tl/2. 
Here, Tl is a fixed number of nature 
known as the reduced Planck constant. 

This inequality says that. taken 
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Now comes the cent ral claim. Bob's job is to 
find out the result of A lice's measurement as 
accurately as possible. That is quite easy: he 
just needs to raid his quantum memory bank. 
If the two photons are perfectly entangled, 
he need only know which quantity Alice 
measured and measure it in his own photon 
to give him perfect knowledge of the value of 
Alice's measurement - better even than Alice 
can know it. Over the course of a series of 
measurements, he can even squeeze its 
associated entropy to zero. 

Berta's group published their work in July 
last year (Nature Physics, vol6, p 659). Just a 
few months later, two independent teams, 
led by Robert Prevedel of the University of 
Waterloo, Ontario, Canada, and Chuan-Feng Li 
of the University ofSciience and Technology of 

together, llx and llp cannot undercut Fl/2. 
So in general, the more we know a'bout 
where a particle is (the smaller llx is), the 
less we can know about where it is (the 
larger llp is), and vice versa. 

The uncertainty principle also applies 
to other pairs of quantities such as energy 
and time, and the spins and polarisations 
of particles in various directions. The 
energy-time uncertainty relation is the 
reason why quantum particles can pop 
out of nothingness and disappear again. 
As long as the energy, llE. they borrow to 
do that and the time, 11 t, for which they 
hang around don't bustthe uncertainty 
bound, the fuzzy logic of quantum 
mechanics remains satisfied . 

China in Hefei, performed the tests. They 
worked: uncertainty could be reduced to 
previously unachievable levels simply by 
increasing entanglement (arxiv.org/ 
abs/1012.0332, arxiv.org/abs/1012.0361). "The 
experiments are in perfect agreement with 
our theoretically derived relation," says Berta. 
"We were surprised how quickly the 
experiments were realised." 

So is uncertainty's grip finally loosening? 
Initial reactions have been cautious. "This is 
a very beautiful and important extension of 
the Maassen-Uffink uncertainty relations," 
says Paul Bus eh, a quantum theorist at the 
University ofYork, UK, who was not involved 
with any of the teams. Uffink himself, a 
researcher at the University of Utrecht in the 
Netherlands, agrees. "It is admirable work," 
he says, "but there is of course a 'but'." 

That "but", Uffink says, is that even if Bob is 
armed with entanglement and quantum 
memory, the experiments show only that it is 
possible for him to predict precisely the result 
of either of the two possible measurements 
that Alice makes - not both at the same time. 

Uncertainty is dead 
To both Uffink and Busch, the thought 
experiment devised by Berta and his team is 
reminiscent of the famous "EPR" thought 
experiment devised in 1935 by Einstein and his 
colleagues Boris Podolsky and Nathan Rosen. 
It, too, came to a similar conclusion: that 
entanglement could remove all uncertainty 
from one measurement, but not from both at 
once. In keeping with Einstein's general 
scepticism about quantum weirdness, he 
interpreted the tension between the two 
principles as indicating t hat quantum 
mechanics was incomplete, and that a hidden 
reality lying beneath the quant um world was 
determining the outcome of the experiments. 

While that debate is now largely considered 
settled (New Scientist, 26 February, p 36), the 
latest work opens up an entirely new 
perspective. Traditionally, debates about 
the validity of the uncertainty principle and 
the interpretation of the EPR experiment 
have remained distinct. Now there is another 
possibility: not that uncertainty is dead, but 
that there is a relationship between 
uncertainty and entanglement that has 
previously not been fully appreciated. 

"They are different sides of the same coin," 
says Busch. Where two particles are perfectly 
entangled, spooky action at a distance calls 
the shots, and uncertainty is a less stringent 
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principle than had been assumed. But where 
there is no entanglement, uncertainty reverts 
to the Maassen-Uffink relation. The strength 
of the Berta interpretation is that it allows us 
to say how much we can know for a sliding 
scale of situations in between, where 
entanglement is present but less than perfect. 
That is highly relevant for quantum 
cryptography, the quantum technology 
closest to real-world application, which relies 
on the sharing of perfectly entangled particles. 
The relation means there is an easier way to 
test when that entanglement has been 
disturbed, for example, by unwanted 
eavesdroppers, simply by monitoring 
measurement uncertainty. 

As for the duel between uncertainty and 
entanglement, it ends in a draw, with the two 
principles becoming the best of friends after 
the event. "Because they are now part and 
parcel of the same mathematical scheme, 

Werner Heisenberg, 
quantum uncertainty 
pioneer, in 1927 

you can't pick one and say this is logically 
superior to the other, or the other way around, 
because everything is logically connected 
somehow," says Busch. 

But, he says - there is another "but" - while 
that is true within the confines of quantum 
theory, we might be able to tell which is the 
stronger principle by zooming out and 
considering a mathematical framework more 
general than that of quantum theory. 

A quantum game that Stefanie Wehner 
played can help explain. Along with Jonathan 
Oppenheim of the University of Cambridge, 
Wehner, a researcher at the National University 
of Singapore, played it with 12-year-old kids in 
a cafe. She gave them a board with two 
squares, and gave one child a zoo of two tigers 
and two elephants. The child could place one 
tiger on each square, one elephant on each 
square, or a tiger on one and an elephant on 
the other. Without looking, a second kid had to 

guess which animal was on one of the squares. 
"It made them understand why it's not 

possible to win all the time," says Wehner. 
Without some illicit sharing or extraction of 
information, they could only hope to guess 
right half the time. 

The significance of the game is that it 
expresses questions of uncertainty and 
entanglement in terms of information 
retrieval. Guessing an animal or a photon state 
correctly depends on the correlation between 
information already held and information 
being sought. Entanglement provides a way to 
increase that correlation - effectively, to cheat. 

Long live uncertainty 
Oddly, though, even the weird "non-locality" 
embodied by entanglement does not 
guarantee success. Yet it is possible to envisage 
theories that do not break any laws of physics 
in particular, the strict condition that no 
influence should travel faster than light, laid 
down in Einstein's special theory of relativity 
and still allow you to be right 100 per cent of 
the time (New Scientist, 21 August 2010, p 33). 
What is it that keeps quantum theory as weird 
as it is, and no weirder? 

Oppenheim and Wehner's answer, 
published in November last year, is 
disarmingly simple: the uncertainty principle 
(Science, vol330, p 1072). 

It is a satisfying twist to the story. Within the 
confines of quantum theory, entanglement 
can help to break down uncertainty, allowing 
us to be more certain about the outcome of 
certain experiments than the uncertainty 
princi pie alone would allow. On this level, 
entanglement comes up trumps. But zoom 
out and ask how the confines of quantum 
theory are set, and it seems that it is the 
uncertainty principle that stops things in the 
quantum world being weirder and more 
correlated than they already are. Uncertainty 
rules, and puts entanglement in a straitjacket. 
"It shows quite clearly that the uncertainty 
principle is far from dead," says Busch. 

Iwo Bialynicki-Birula, a physicist who did 
seminal work reformulating the uncertainty 
principle in terms of information in the 
1970s, once wrote that every physical theory 
has an eye-catching equation that can grace a 
T-shirt. Where relativity has E = mc2, quantum 
mechanics has its uncertainty relation. 
Heisenberg's baby, born in an attic, could be 
adorning T-shirts for a while yet. • 

Ani I Ananthaswamy is a consultant for New Scientist 
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Humans have become the biggest force in 
evolution, as Michael Le Page discovers 
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T
HE Zoque people of Mexico hold a 
ceremony every year during which they 
grind up a poisonous plant and pour the 

mixture into a river running through a cave 
(pictured below). Any of the river's m oily fish 
that float to the surface are seen as a gift from 
the gods. The gods seem to be on the side of the 
fish, though- the fish in the poisoned parts of 
the river are becoming resistant to the plant's 
active ingredient, rotenone. 

If fish can evolve in response to a small 
religious ceremony, just imagine the effects 
of all the other changes we are making to the 
planet. We are turning grassland and forests 
into fields and cities, while polluting the air 
and water. We are hunting species to the 
brink of extinction and beyond, as well as 
introducing new pests and diseases to just 
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about every part of the world. And that's not 
to mention drastically altering the climate of 
the entire planet. 

It is no secret that many - perhaps even 
most- species living today are likely to be 
wiped out over the next century or two as 
a result of this multiple onslaught. What is 
now becoming clear is that few of the species 
that survive will live on unchanged. 

Far from being a slow process, evolution 
can occur extremely rapidly when the 
environment changes (New Scientist, 2 April, 
p 32). So, as we alter the planet ever faster and 
more drastically, we are becoming the main 
force driving evolution. "The intensity of the 
ecological effect of man is pretty obvious," 
says Stephen Palumbi ofStanford University 
in California. "There is an amazing amount of 
evolutionary change as a result." 

Some of the fastest rates of evolution ever 
measured in the wild are in plants and animals 
harvested by humans. The few populations for 
which we have data are, on average, evolving 
three times as fast as populations subject only 
to natural pressures, for example. 

Over the following pages, we look at the 
many ways in which plants and animals are 
already evolving in response to human 
pressures. Some of these changes, such as 
animals evolving to survive in highly polluted 
areas, can be seen as a positive thing. Others 
are bad from our point of view, such as 
animals we hunt losing the traits we value 
most in them, or pests becoming immune 
to poisons. What is clear is that whether the 
issue is growing enough food, conserving 
wild animals or keeping our beds bug-free, 
human-driven evolution is a factor we can 
no longer afford to ignore. > 

"Many species will be wiped 
out over the next century. 
Of the ones that survive, 
few will live on unchanged" 

Hunting 
Most predators target the young or the 

weak. We are different. targeting the 

biggest and best. or those with 

characteristics we desire, such as large 

antlers. Combine this with our ability to kill 

in great number and the result is extremely 

rapid evolution of our prey. 

The first clear evidence was published 

in 1942, and since then many examples 

have emerged of how hunting can 

transform the hunted. The targeting of 

large animals has resulted in a fall in the 

average size of caribou in some areas. for 

instance, while trophy hunting has led to 

bighorn sheep in Canada and mouflon in 

France evolving smaller horns. 

Perhaps the most dramatic example is 

the shrinking of tusks in elephants, or even 

their complete loss. In eastern Zambia, the 

proportion of tuskless female elephants 

shot up from 10 per cent in 1969 to nearly 

40 per cent in 1989 as a result of poaching 

(African)oumal of Ecology. vol33, p 230). 

Less dramatic rises in tusklessness have 

been reported in many other parts of Africa. 

w ith some bull elephants losing tusks too. 

Humans have had an even bigger impact 

in Asia. Only male Asian elephants have 

tusks, and the proportion of tuskless bulls 

has soared in many areas. In Sri Lanka, 

where there has been a lot of poaching, 

under 5 per cent of males now have tusks, 

says Raman Sukumar of the Indian Institute 

of Science in Bangalore, who studies Asian 

elephants. Simulations by Ralph Tiedemann 

of the University of Potsdam in Germany 

and colleagues suggest that female 

elephants' preference fortuskers has 

partly counteracted the effect of hunting. 

However, even if all poaching stopped, 

it would take a very long time for the 

percentage of tuskers to rise again. 

lt's not just animals that are being 

shaped by human preferences: the 

harvesting of wild plants can have a similar 

effect to hunting and fishing. In Tibet, for 

example, the height of the snow lotus at 

flowering has nearly halved over the past 

century as a result of the flowers being 

picked for use in traditional medicine 

(Proceedings of the National Academy 

of Sciences, vol102, p 10218). 

To even the balance, some biologists are 

now promoting the idea of counteracting 

the evolutionary pressures of hunting 

through "compensatory culling"- killing 

animals with undesirable traits. This has 

actually long been done in some places. 

In Germany and Poland, for instance, there 

is a tradition of shooting yearling deer with 

poor antlers to prevent a decrease in the 

antler size of mature stags. 

Private reserves in countries such as 

Zimbabwe have a similar policy. They 

typically charge hunters a smaller "trophy 

fee" for shooting tuskless elephants -

$3000 versus at least $12,500 for a tusker, 

for example. This is partly because tuskless 

animals are less valuable, but it is also a 

deliberate attempt to eliminate the trait. 
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Warming 
the planet 
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In Finland, the tawny owl used to be mainly 
grey. But since the 1960s, the proportion of a 
brown subtype has risen fast. "The frequency 
averaged around 12 per cent in the early 6os 
and has increased steadily to over 40 per cent 
nationwide," says Patrik Karell of the University 
of Helsinki, whose findings were published 
earlier this year (Nature Communications, 
DOl: 10.1038/ncomms1213). 

His team found that grey owls (pictured 
above right) have an advantage over brown 
ones only when there is lots of snow. As 
winters have become milder, the brown 
subtype has thrived. It is possible that this is 
because brown owls are better camouflaged 
when there is less snow, but it could also be 
because brown coloration is linked to another 
characteristic, such as higher energy needs. 

There are countless examples of how global 

Many lizard species face 
extinction in the hotter 
climate of the future 

warming is affecting life, from plants flowering 
earlier in spring, to species spreading to areas 
that were once too cold for them to survive, 
to birds becoming smaller. The vast majority 
of these changes are not genetic but due to 
plasticity: organisms' built-in ability to 
change their bodies and behaviour in response 
to whatever the environment throws at them. 
At least a few species, however, like the owls 
of Finland, are already changing genetically 
evolving - in response to climate change. 

In North America, for instance, pitcher 
plant mosquitoes lay their eggs in pitcher 
plants and the larvae enter a state of 
dormancy in the winter months before 
resuming development in spring. Dormancy 
is genetically programmed, triggered not by 
falling temperature but by the shortening 
days. As the growing season has lengthened, 
mutant mosquitoes that keep feeding and 
growing for longer have thrived. Northern 
populations now go dormant more than a 
week later than in 1972, when studies began. 

The earlier breeding of red squirrels in 
North America is also thought to be partly 
a result of genetic changes. Some families 
emerge earlier in spring, and they are doing 
better as the climate shifts. 

Plants are changing too. When seed 
collected from field mustard plants (Brassica 
rapa) in California in 1997 and 2004 were 
grown in identical conditions, the 2004 
strains flowered 9 days earlier on average 
(Proceedings of the National Academy of 
Sciences, vol104, p 1278). The change was a 
result of drought- the plants have evolved 
to reproduce before they run out of water. 

Rapid evolution is thus already helping 
some species adapt to a warming world, but it 
is no"Get out of jail free" card. For instance, so 
far pied flycatchers in the UK seem unable to 
shift to laying eggs earlier in spring. And 
according to one model that specifically takes 
rapid evolution into account, global warming 
will kill off 20 per cent of all lizard species by 
2080. The problem for lizards is that as the 
climate warms, they have to spend more time 
in the shade and less time feeding. 
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Organisms with long generation times and 
slow reproductive rates are the least able to 
evolve, says Stephen Palumbi at Stanford 
University. "And they are the ones that are 
already threatened. It's a double whammy." 

In fact, there is a catch-22 to very rapid 
evolution - the faster organisms evolve, the 
less able they are to evolve further. This is 
because fast change occurs when only a 

Plants and animals are 
being forced to evolve 
as the planet warms 

Even species whose evolution has kept pace 
with the slight warming so far will not 
necessarily keep up as the global temperature 
soars by another 4 •c or more. Rapid evolution 
generally depends on the existing variation 
within a population, rather than on new 
mutations. "It is limited to the kind of changes 
that can happen quickly," Palumbi says. 

small proportion of each generation manages 
to reproduce, resulting in a dramatic loss of 
genetic diversity- the fuel for further 
evolution. In many cases, the size of 
populations will also plummet, rendering 
them vulnerable to extinction. "You could 
evolve really fast but justt not make it," 
says Michael Kinnison of the University 
of Maine in Orono. > 

Poisoning pests 
Had any strange itchy bites or rashes 

recently? You might have fallen victim to 

bedbugs. The little bloodsuckers are back in 

a big way, thanks in part to the fact that, like 

head lice and human fleas, they have evolved 

resistance to many common pesticides. 

Whatever their drawbacks, there is no 

doubt that pesticides have made a huge 

difference to our lives. They have helped 

eliminate diseases like malaria from some 

areas and made possible the switch to 

intensive farming. As soon as we started 

using them, though, resistance began 

to evolve. 

"Insects that succumb readily to 

kerosene in the Atlantic states defy it 

absolutely in Colorado [and] washes that 

easily destroy the Sanjose scale [insect] in 

california are ridiculously ineffective in the 

Atlantic states," wrote entomologist John 

Smith in 1897 - the first known report of 

insecticide resistance. 

The use of synthetic pesticides like DOT 

took off in the 1940s. Resistant houseflies 

1966, james Crow of the University of 

Wisconsin-Madison reported that the 

count had exceeded 165 species. "No more 

convincing examples of Darwinian evolution 

could be found than those provided by the 

development of resistance in one species 

after another," he noted at the time. 

lt's not just bugs. Rats and mice around 

the world have become resistant to the 

poison warfarin, and in Europe some 

have even become resistant to warfarin's 

replacement, superwarfarin Uoumol of 

Toxicological Studies, vol33, p 283). 1n 

Australia, meanwhile, rabbits are becoming 

resistant to the poison used to control their 

numbers, called Compound 1080. 

Because of its economic importance, 

pesticide resistance has been studied far 

more closely than other kinds of ongoing 

evolution. In many cases we know which 

mutations are involved, how they make 

organisms resistant and sometimes even how 

the mutations spread through populations. 

Resistance often arises due to mutations 

were discovered in 1946. By 1948, resistance that alter the shape of proteins and thus 

For instance, DOT and pyrethroid compounds 

kill insects by opening sodium ion channels 

in nerve cells, but in the malaria-carrying 

mosquito Anopheles gombioe, variants of 

the channels that cannot be opened this way 

have evolved on at least four separate 

occasions (PLoS One, vol2, p e1243). 

The other main mechanism of resistance 

involves enzymes that inactivate pesticides 

before they can kill . Some resistant strains 

of A. gombioe, for instance, produce large 

quantities of an enzyme called CYP6Z1 that 

can inactivate DOT. 

Pesticide resistance is becoming such 

a serious problem that strategies for 

preventing it evolving in the first place are 

taken increasingly seriously. One approach 

is to alternate the type of pesticide applied, 

to try to avoid applying sustained selective 

pressure in one direction. 

At present, though, the pests seem to 

be evolving faster than we can develop 

new pesticides. In one region of Burkina 

Fa so, A. gombioe has become resistant to 

all four classes of insecticides used for 

had been reported in 12 insect species. In prevent insecticides binding to their targets. malaria control. 
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Introducing invaders 
In 1935, the South American cane toad was 
introduced to Australia to control pests feeding 
on sugar cane. The cane fields were not to the 
toad's liking, but the rest of the countryside 
was. The toad has spread rapidly at the 
expense of many native species. 

The highly poisonous animals are having 
a big effect on predators. Some, such as the 
Australian black snake, are developing 
resistance to cane toad toxins. Others, such 
as the red-bell ied black snake and green tree 
snake, are changing in a more surprising way
their mouths are getting smaller. The reason is 
simple: snakes with big mouths can eat large 
toads that contain enough toxin to kill t hem. 

The toads themselves are also changing. 
Some are now colonising regions that were too 
hot for the founder population, suggesting that 
they are evolving tolerance to more extreme 
conditions. What's more, the toads leading the 
invasion are becoming better colonisers: they 
have bigger front legs and stronger back legs 
than toads living in the areas already colonised. 
Radio tagging has confirmed that these "super
invader" toads can travel faster, as you might 
expect. They are probably evolving because 
the first toads to reach new areas benef it f rom 
more food and less competit ion, and thus have 
more offspring. The changes are likely to be 
transient though - once the toads stop 
spreading, the "super-invader" traits will 
gradually be lost. 

Ships and planes have turned the natural 
trickle of species spreading to new islands or 
continents into a raging torrent and the new 
arrivals sometimes have a dramatic effect. In 
areas of the US that have been invaded by fire 
ants, for instance, native fence lizards have 
evolved longer legs. They need them: given 
the opportunity, a dozen fi re ants can kill a 
lizard in minutes. 
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Rather than simply study the results of 
invasions, Michael Kinnison of t he University 
of Maine in Orono and colleagues have been 
actively experimenting. In one experiment his 
team moved juvenile chinook salmon from one 
river in New Zealand to another. The salmon 
were introduced to the country around a 
century ago, and Kinnison wanted to assess 
the extent to which they had adapted to 
condit ions in individual rivers. He found drastic 
differences in survival. even though the fish 
appear identical (Canadian }ou mol of Fisheries 
and Aquatic Sciences, vol 60, p 1). "When a 
population was locally adapted, it performed 
twice as well," he says. 

Kinnison suspects that lots of small 
changes can add up to make a huge difference 
to a population's success. "Contemporary 
evolution may be relatively modest on a trait
by-trait basis, but its overa ll contribution to the 
performance of populations may be immense," 
he says. 

Such findings help explain why there is often 
a lag between the introduction of new species 
and their rapid spread. A newly arrived species 
is likely to f ind itself in an environment that is 
not quite ideal, and its populat1ion may be very 
small. meaning there is litt le genetic diversity. In 
these circumstances, a species will spread only 
slowly, if at all. 

As the population begins to adapt to local 
condit ions, though- perhaps via invisible 
changes such as mutations in immune genes 
it is likely to start to grow and spread. Because 
more mutations occur in larger populations, it 
wil l then evolve faster, enabling it to spread 
quicker and further. If this turns out to be 
common, it is bad news. lt suggests that many 
introduced species that seem to be behaving 
themselves could yet start spreading 
explosively and cause serious problems. 

Polluting 
Between 1947 and 1976, two factories released 
half a billion kilograms of chemicals called 
polychlorinated biphenyls (PCBs) into the 
Hudson river, in the north-east US. The effects 
on wildlife weren't studied at the time, but 
today some species seem to be thriving 
despite levels of PCBs, many of which are 
toxic, remaining high. 

At least one species, the Atlantic tomcod 
an ordinary-looking fish about 10 centimetres 
long - has evolved resistance. "We could blast 
them with PCBs and dioxins with no effect," 
says Isaac Wirgin of New York University 
School of Medicine. 

Many of the ill effects ofPCBs and dioxins 
are caused by them binding to a protein called 
the hydrocarbon receptor (Science, vol331, 
p 1322). The Hudson tomcod all have a mutation 
in the receptor that stops PCBs binding to it, 
Wirgin and colleagues reported earlier this 
year. The mutation is present in other tomcod 
populations too, Wirgin says, but at low levels. 

The most famous example of evolution in 
action was a response to pollution : as the 
industrial revolution got under way, cream
coloured peppered moths in northern Britain 
turned black to stay hidden on trees stained 
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"The spoil heaps of old 
mines are covered in plants 
growing in high levels of 
toxic metals like arsenic" 

by soot. As the tom cod shows, though, most 
evolutionary changes in response to pollution 
are invisible. 

The spoil heaps of many old mines, for 
instance, are covered in plants that appear 
normal, but are in fact growing in soil 
containing high levels of metals such as copper, 
zinc, lead and arsenic that would be toxic to 
most specimens of these and other species. The 
evolut ion of tolerance has occurred extremely 
rapidly in some cases, sometimes within just a 
few years of the soil being contaminated. 

With very widespread pollutants, it is much 
harder to show that organisms are evolving in 
response, because all populations change at 
once. The comparison has been done with a 
common weed called plantain (Plantago 
major), though. Ground-level ozone, produced 
when sunlight strikes car exhaust fumes, 

Peppered moths are the 
poster boys of evolution 

caused by humans 

greatly impairs the growth of plants. When 
researchers grew plantain seeds collected in 
1985 and 1991 from a site in northern England 
where ozone pollution reached very high 
levels in 1989 and 1990, they found that the 
plants from the 1985 batch grew nearly a third 
more slowly when exposed to ozone, whereas 
the growth of those from 1991 fell by only a 
tenth (New Phytologist, vol131, p 337). 

Since even the remotest parts of the planet 
are now polluted in one way or another, it is 
likely that many plants and animal 
populations have evolved some degree of 
tolerance, even though few cases have been 
documented. "Nobody looks for resistance," 
says Wirgin. "My guess is that if you look you 
will find a lot of it." His own discovery was 
entirely accidental: the team had set out to 
study liver cancers, and they only noticed the 
tomcod's resistance when blasting the fish 
with PCBs failed to produce any tumours. 

However, there are obviously limits to what 
evolution can achieve. This is especially true 
for small populations that reproduce slowly 
and have few offspring, such as the Yangtze 
river dolphin. Pollution is thought to have 
contributed to its extinction. 

What's more, pollution resistance in one 
species can have unexpected consequences 
for others. The tomcod's tolerance allows it 
to accumulate extraordinarily high levels 
of PCBs in its body, for instance, which are 
a threat to animals higher up the food chain 
such as humans with a taste for these 
reportedly delicious fish. • 

Spreading 
diseases 
Perch in Lake Windermere in the UK used to live 

to a ripe old age. While the average age of fish 

caught and released by researchers was around 

5 years, a few individuals were as old as 20. Then 

in 1976, an unidentified disease wiped out 99 per 

cent of adult fish and continued to preferentially 

kill older fish for years afterwards. Since then, 

no fish older than 7 have been caught. 

According to jan Ohlberger of the University 

of Oslo, Norway, the perch ( Perco fluviotilis) 
evolved very quickly in response. They now 

become sexually mature at an earlier age, w hich 

increases their chances of breeding before they 

get killed by the disease (Proceedings of the 
Royal Society 8, vol 278, p 35). 

While the disease is thought to have spread 

naturally in the lake, Ohlberger points out that 

many devastating disease outbreaks in plants 

and animals are a result of human activity. To 

mention just a few: Dutch elm disease was 

caused by fungi introduced from Asia; lions were 

hard hit by canine distemper spread by village 

dogs, and corals are far more susceptible 

to diseases when water temperatures are 

abnormally high, which is happening often 

as a result of climate change . 

Anything that kills a significant proportion 

of a population has the potential to bring about 

very fast evolution. In frogs there is now some 

evidence of this: last year several research 

groups reported that some populations appear 

to be becoming resistant to a fungus that has 

decimated many amphibian species. lt is also 

clear that human populations have sometimes 

evolved rapidly in response to diseases such as 

kuru, which attacks the nervous system. 

So it seems plausible that by spreading 

diseases or creating the conditions in which they 

thrive, humans are indirectly forcing many 

organisms to evolve. "I think this is a common 

phenomenon and has not yet been described 

because it is simply hard to prove," says 

Ohlberger. He points out that the long-running 

capture-and-release programme at Lake 

Windermere, which began in 1943 and just 

happened to coincide w ith the disease outbreak 

in perch, is pretty unique.ln most cases we know 

too little about what populations were like 

before disease outbreaks to be able to t ell if 

and how they have evolved in response. 

Michael Le Page is the biology features editor 
at New Scientist 
For more examples of rapid evolution in response to 
fishing, the creation of new habitats and herbicides, 
plus links to all the relevant papers, visit 
www.newscientist.com/special/unnatural_selection 
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eam r ers 
Move over, dirty great space launchers with tiny 
payloads. Make way for a new kind of rocket 
science, says Stephen Battersby 

FOR half a century we have struggled into 
space. Our rockets may look majestic and 
powerful as they thunder skyward on a 

pillar of fire, but in fact these chemical-fuelled 
behemoths are barely up to the job. It takes a 
huge vehicle, shedding stages as it goes, to 
carry even a small payload into orbit. That 
makes launch costs enormous. Worse, it 
really takes the fun out of space travel. 

"When I was a student I sat down and 
thought about all the amazing things you see 
on TV -like the space hotels in2o01: A Space 
Odyssey. I asked myself, why isn't that 
happening?" says Kevin Parkin. "Space 
exploration just wasn't going anywhere." Now 
based at the Silicon Valley campus ofCarnegie 
Mellon University in Moffett Field, California, 
Parkin is trying to take it somewhere. His aim 
is to build an entirely new kind of space rocket, 

is to slash launch costs. In theory such rockets 
should be able to reach space in a single 
bound, instead of today's laborious multistage 
clamber. And if their proponents are correct, a 
craft that flies into space on a beam of photons 
should be far cheaper and more flexible than 
today's launchers, finally opening space up to 
the full force of commercial exploitation. 

The problem with chemical rockets is that 
they rely on a heavy blend of fuel and oxidiser. 
This mixture packs a relatively modest punch 
for its weight, so most of the thrust goes into 
lifting the fuel itself and little is left over for 
the vehicle's structure and payload. Immense 
ingenuity goes into designing lightweight 
rockets, but it is a matter ofhigh-tech cheese
paring, with scant returns. "There is a physical 
limit on how efficient chemical rockets can 

one that wm fly on a beam of microwaves. "While nuclear rockets 
If Parkin were alone, this might sound like • • 

wishful thinking, but he and his research group might WOrk In Space, as 
are collaborating with NASA's Ames Research laUnCh VehicleS they SUffer 
Cent er nearby. It has recently spent $2 million b · f · , 
on a powerful microwave source to be used 0 VIOUS Sa ety ISSUeS 
primarily for propulsion research. Parkin's 
team is also swapping notes with a company 
called Escape Dynamics in Broomfield, 
Colorado, which is likewise dedicated to 
developing microwave-based rockets. 

Meanwhile, engineers at NASA's Glenn 
Research Center in Cleveland, Ohio, and the US 
Defense Advanced Research Projects Agency 
(DARPA) have spent the last six months 
studying beamed propulsion, looking at 
Parkin's plans along with two other schemes 
for beam-riding spacecraft. NASA won't yet 
talk about its findings, but the ultimate aim 

be," says Dmitry Tseliakhovich of Escape 
Dynamics. "This means they cannot provide 
commercially viable, cheap and convenient 
exploration of space." 

What are the alternatives? All sorts of 
futuristic solutions have been suggested, 
from nuclear-powered rockets to a great 
space elevator ascending on a cable of carbon 
nanotubes. Parkin has considered them all, 
"and one by one I threw them overboard", he 
says. "Some just needed too many miracles at 
once." The space elevator, for example, would 

J ... 

need more than one great technological leap. 
And while nuclear rockets might work well in 
deep space, as launch vehicles they suffer 
glaringly obvious safety issues. 

Another old idea seemed more realistic. 
Beaming power to a space rocket was first 
suggested in the 1920s by the father of 
rocketry, Konstantin Tsiolkovsky. A rocket 
with energy supplied by some external source 
would be free to soar, unburdened by heavy 
fuel. In 1972, American engineer Arthur 
Kantrowitz developed the idea much further, 
suggesting that a powerful laser beam sent 
from the ground could be used to zap a solid 
propellant on board the rocket, turning it into 
superheated plasma and providing a high
velocity exhaust. Kantrowitz calculated that 
roughly 1 megawatt oflaser power would be 
enough to put 1 kilogram of payload into orbit. 

Small laser-powered plasma rockets have 
flown. Leik Myrabo ofRensselaer Polytechnic 
Institute in Troy, New York, has built 
"light craft" that can use on-board propellant 
as suggested by Kantrowitz. Within the 
atmosphere, it can also use the surrounding 
air as propellant. The craft has a mirrored 
underside that focuses an incoming laser 
beam, heating the air to tens of thousands of 
degrees and creating an exploding plasma 
that forms the rocket exhaust. In 2000, one of 
Myrabo's prototype lightcraft flew to a height 
of71 metres, setting the altitude record for a 
beam-powered rocket. 

A full-scale lightcraft could prove costly, 
however. The power must come from a pulsed 
laser that delivers a series of intense blasts. 
These lasers are particularly expensive, says 
Jordin Kare ofLasermotive in Seattle. In the > 
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late 1980s, Kare was investigating plasma 
propulsion at the Lawrence Livermore 
National Laboratory in California. Super
powerful pulsed lasers seemed a realistic 
prospect at the time, courtesy of the US "Star 
Wars" missile defence programme. But when 
that project was cancelled, Kare realised that 
without military cash there was little chance 
of developing these monster lasers. He began 
to look for alternatives, and eventually hit on 
the idea of using a heat exchanger. 

The idea is simple. The rocket is fitted with 
a fuel tank containing a gas such as hydrogen, 
plus a set of pipes or channels into which the 
gas is pumped. An incoming laser beam heats 
the channels to a few thousand degrees and 
the gas expands and shoots out at high speed, 
pushing the rocket along. Kare started work 
on a heat exchanger along these lines, but 
funding dried up. 

Ten years later, unaware ofKare's idea, Parkin 
came to much the same conclusion - except 
that he planned to use microwaves rather than 

Beam me up 

lasers. "Microwaves are much cheaper," he 
says. High-power microwave sources called 
gyrotrons have been developed for nuclear 
fusion research, and the gyrotron bought 
by Ames Research Center can pump out a 
megawatt of microwave power. That works 
out at $2 per watt, a better price-to-power ratio 
than with most household LED light fittings. 

Shoestring rocket 
The first ever microwave engine was certainly 
cheap. Parkin put it together in 2005 at the 
California Institute ofTechnology in Pasadena, 
using a pair of copper funnels designed for 
watering garden plants, a $10 ceramic tube and 
a microwave source borrowed from a lab down 
the hall. The funnels formed the end-caps of a 
resonant chamber to trap microwaves - much 
as in a microwave oven - which heated an 
alumina tube inside the engine while 
hydrogen gas was pumped though. 

It wasn't ideal. "When alumina gets too hot 

it goes the consistency of chewing gum, and 
blows a hydrogen bubble," he says. Somehow 
the set-up survived temperatures of up to 
1700 •c, though, and shot out a jet of hot gas. 

The crucial number for a rocket is the speed 
of that exhaust. Faster is better as it means 
more thrust per kilogram of propellant. The 
exhaust velocity of the NASA space shuttle's 
main engine, for example, is about 4400 metres 
per second, near the upper limit of what is 
possible in a chemical rocket. To do better, you 
need to inject more energy into the propellant. 
For the microwave rocket, that means turning 
up the heat. The choice of propellant is also 
crucial. Hydrogen is best because of its 
lightweight molecules, which at any given 
temperature are moving faster than those of 
a heavier substance. With slight modification 
Parkin's experimental engine would have 
been capable of producing an exhaust velocity 
of 7000 metres per second. In other words his 
ramshackle set-up could, in theory, have 
beaten the space shuttle. 

Most of a conventional rocket's mass at launch consists of fuel and complex multi-stage engine systems. A beam of laser light 
or microwaves could be used instead to supply it with the energy it needs to clear the Earth's atmosphere and reach orbit 

ZOO-megawatt 
microwave beam from 
ground station tracks 
launch vehicle to 
height of 120km 

HEAT-EXCHANGER ROCKET 
Hydrogen flows into heat exchanger, 
where it absorbs heat from microwave 
beam and expands rapidly. lt then escapes 
through exhaust, providing thrust 

PUMP 

HYDROGEN TANK 

HEAT EXCHANGER 

HYDROGEN HEATED TO ZOOOK 

Carbon-fibre exterior of heat 
exchanger absorbs energy from 

microwave beam 

EXHAUST 
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Lightcraft spins to 
maintain stability 

LIGHTCRAFT 
The "lightcraft" has a mirrored underside that focuses 
laser light. creating a plasma of superheated air which 
expands and pushes the vehicle upwards 

CARGO INSIDE AEROSHELL 

AIR SUPPLY 

FOCUSING MIRROR 

SUPERHEATED PLASMA 

PULSED LASER BEAM 

Small amount of propellant 
needed for propulsion 
beyond the atmosphere 

Superheated plasma 
reaches 30,000K and 
expands violently 
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But it was far from being an actual rocket. A 
working design would need to keep a tight beam 
of microwaves focused on a fast-moving and 
ever-diminishing target. Aiming at the rocket 
shouldn't be too hard, says Parkin, as sensors 
on board could monitor the microwave 
intensity and send feedback to the antenna. 

A trickier problem is that diffraction makes 
any beam spread out, potentially becoming 
uselessly fuzzy at long range. The longer the 
beam's wavelength, the worse the effect. 
With a wavelength of1.7 millimetres, Parkin's 
microwaves will be more than 1000 times as 
unruly as photons oflaser light. 

Diffraction can be minimised by using 
a large dish at the microwave facility to 
concentrate the beam. Parkin calculates that 
a 120-metre-wide dish would keep the beam 
focused to a few metres across at a range of 
too kilometres. The dish would combine the 
power from a few hundred gyrotrons, and 
to prevent too much of that power being 
absorbed by water vapour in the atmosphere, 
the beam facility would need to be in a high, 
dry location, such as Chile's Atacama desert. 

Still, Parkin's vehicle may have to spread itself 
out to capture the full width of the beam. The 
initial plan is to build something like a flying 
wing, with a thin heat exchanger covering the 
whole of one side. That heat exchanger will be 
the crucial component, and Parkin has been 
experimenting with different materials and 
arrangements of channel. "At the moment 
we're making multi channel thrusters the size 
of a credit card by micro-machining them out 
of graphite," he says. These are hit with 20 
kilowatts of microwave power, a fair advance 
on the 200 watts of his first experiment. 
Parkin says a full-scale vehicle might use 
carbon-fibre channels coated with silicon 
carbide, which absorbs microwaves well and 
can protect the channels during re-entry into 
the atmosphere as it is oxidation-resistant. 

While real hardware is being developed at 
Carnegie M ell on University, Escape Dynamics 
is taking a virtual approach, designing and 
testing their prototype rockets using computer 
simulations. "By the end of this year we want 
to complete the proof-of-concept by taking the 
heat exchanger and beaming virtual energy 
to it, to see how efficient energy transfer is," 
says Tseliakhovich. If all goes well, they will 
construct a working prototype in 2012. 

Parkin and Tseliakhovich calculate that a 
small microwave rocket should be able to carry 
up to 15 per cent of its weight as payload 
compared with about 2 per cent for current 
launchers - and send cargo into space for less 
than $6oo per kilogram, compared with about 

Photon drive 
Beaming energy to the rocket from the ground means that craft can carry vastly 
reduced amounts of propellant enabling much smaller craft to travel for less outlay 

Shuttle Heat-exchanger 
rocket 

Lightcraft 

Length 37.25m 9m l m 
Specific impulse* 450s 600-lOOOs >1000s 
Powered flight time SOOs 200-600s 220s 
Payload to low Earth orbit 24.3tonnes 40-lOOkg lkg 
Cost per kilogram of payload >$10,000 $600 $530 
Propulsion Liquid oxygen Liquid hydrogen Air/liquid hydrogen or 

Liquid hydrogen Laser/microwave nitrogen. Pulsed laser 

Prototy_e_e configurations 

*The rat io of the thrust produced to the weight of propellant (on Earth's surface) used in 1 second. 
The higher its value, measured in seconds, the greater the thrust from a given quant ity of propellant 

$1o,ooo per kilo for the cheapest chemical 
rockets. That opens up all sorts of possibilities 
for space exploration and industry. Space
based solar power stations beaming 
microwave energy down to Earth could 
become commercially viable. Mining 
missions might be sent 1to the asteroid belt. 
And those legendary space hotels could 
become a realistic proposition after all. 

While the beaming apparatus is an 
expensive component for small-scale 
launches, it becomes much less so for a heavy 
lift er - if you wanted to send up astronauts, 
for example. The beam doesn't need to be any 
tighter (in fact, as the vehicle size increases, 
it could even be a little looser) so the cost per 
kilogram of payload drops fast. "For a heavier 
vehicle, it is a huge advantage to go with 
microwaves," says Parkin. 

"Even those legendary 
space hotels could 
become a realistic 
proposition after all" 

Lasers a- re certainly not out of the running, 
however. "The prospects for both are pretty 
good, but I think that lasers will win," says 
Kare. "There's a bigger market for laser 
technology than for microwave, and the price 
is coming down.'' Instead of one big expensive 
laser, he says, it makes sense to use smaller, 
commercially available devices. In 2009, for 
example, US-based IPG Photonics announced 
a to-kilowatt fibre laser for welding and 
cutting. Link many such devices and you can 
build a launch system, say Kare. For each laser 
you would also need a telescope mirror about 
a metre across, costing a few hundred dollars, 
which could concentrate the beam onto the 
heat exchanger. In Kare's concept study, 
1000 of these units corn bine to launch a 
too-kilogram payload, carried by an arrow-

like rocket with a 29-metre-long propellant tank 
and a flat 4 -metre heat exchanger mounted at 
the base. ''I'm hoping to be able to do some 
heat exchanger tests very soon, since we have 
several kilowatts oflasers available," says Kare. 
He is also hopeful that the NASA/DARPA study 
will prompt new investment in the idea. "It is a 
serious look at these technologies for the first 
time in a number of years," he says. 

That joint study is also looking at Myrabo's 
lightcraft, which Myrabo, perhaps not 
surprisingly, believes has greater potential than 
Parkin's and Kare's vehicles. "I don't want to 
call them opposition - I applaud their efforts 
but heat-exchanger rockets still have to lift all 
their propellant from the ground," Myrabo 
says. As his light craft can use the surrounding 
air as propellant while it climbs through the 
atmosphere, it would only need to switch to 
on-board propellant for the final boost phase. 

Tests of a modellightcraft in a hypersonic 
wind tunnel show that the air-breathing mode 
still works at up to Mach 10, or around 40 per 
cent of orbital velocity. "We have a flying 
vehicle that sits stably on a laser beam," says 
Myrabo. "All we need to do is scale up in 
power." While Kare suspects that it will be too 
costly to build a sufficiently powerful pulsed 
laser, Myrabo is more optimistic. "These 
things can be made. There just needs to be 
a dedicated effort," he says. "Alternatively, a 
plasma engine could be developed that uses 
continuous-wave lasers or microwaves - but 
I am not going to say how." 

Serious funding for one of these beam
riders could result from the NASA/DARPA 
study. Whatever the outcome, Parkin is 
confident of steady progress. "We hope to be 
running at 1 megawatt in a year or two and 
build a flying demonstrator within a decade," 
he says. "The most important thing is 
convincing people that you aren't crazy." • 

Stephen Battersby is a consultant for New Scientist 
based in London 

30 Apri l20111 NewScientist 141 

http://ebook-free-download.net/


Our forgotten years 
We remember next to nothing from the time before 
we go to school. Why is that, asks Kirsten Weir 
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Memories of our first 
few years remain sparse 
throughout life 

WHEN my younger sister was born, I was 
almost 6. I woke up early the day after 
Christmas and asked my teenage sister 

where our parents were. "They're at the hospital 
having the baby," she said. "Go back to bed." 

I remember that conversation clearly, but 
the actual arrival of my baby sister? Nothing. 
I don't recall visiting her in the hospital and 
holding her tiny pink hand for the first time, 
or my mother bringing her home and tucking 
her into her crib in the room next to mine. 

There is nothing unusual in the failings 
of my early memory. In fact, "childhood 
amnesia", as the phenomenon is known, is 
universal. Most people remember nothing 
from before the age of 2 or 3, and memories 
from the next few years are sketchy at best. 

This is puzzling, because in other ways 
children are phenomenal learners. In our first 
couple of years we pick up many complex, 
lifelong skills, like the ability to walk, talk and 
recognise people's faces. Yet memories of 
specific events in our childhood are lost to us 
in adult life. It's as if someone has torn the first 
few pages from our autobiography. 

So what causes childhood amnesia? The 
question has troubled psychologists for more 
than a century, but atlas t we are starting to see 
some plausible answers. The new findings 
explain why some of us can remember more 
of our childhood than others, and even raise 
the question of whether it might be possible 
to unlock those earliest memories. 

The first serious study of the problem, by 
the French psychologists V. and C. Henri, was 
in 18g8. The pair found tlhat when adults were 
asked about their earliest autobiographical 
memories, the average age at which these 
events occurred was just over 3 years. These 
findings have been confiirmed by numerous 
later studies, which point to an average age 
of between 3 and 3.5 years for the very first 
memories. Even then, we still have notably 
poor recall for the following 3 years or so, at 
which point things start to become clearer. 
There is a lot of variability, however: some 
people seem to remember events before age 2, 

while others recall nothing before 6 or even 8. 
Attempts to explain the phenomenon came 

in fits and starts in the decades after the 
Henris published their work. Sigmund Freud 
put his mind to the problem in a 1905 essay, 
concluding that we repress childhood 
memories because they are full of sexual and 
aggressive impulses too shameful for us to 
face. That idea eventually fell by the wayside, 
to be replaced by the view that young children 
just can't form explicit memories of events. 

The picture changed again in the 1980s, 

with the first studies of children themselves, 
rather than investigations of adults' childhood 
recollections. This revealed that children 
as young as 2 or 3 can indeed recall 
autobiographical events, but that these 
memories fade away. The question therefore 
became: What causes them to disappear? 

There appears to be no simple answer. 
"We've come to this view that there are a 
number of factors that coalesce to allow us 
to retain our memories," says Harlene Hayne 
at the University ofOtago in Dunedin, New 
Zealand, who studies how memory abilities 
change during childhood and adolescence. 

One of those factors may be the brain's 
anatomy. Two major structures are involved in 
the creation and storage of autobiographical 
memories: the prefrontal cortex and the 
hippocampus. The hippocampus is thought 
to be where details of an experience are 
cemented into long-term memory. 

Broken bridge 
It's here that the problem seems to lie. 
"We used to think the hippocampus and the 
surrounding cortices were well developed 
early on," says Patricia Bauer, who studies the 
development of memory during childhood at 
Emory University in Atlanta. But in the past 
15 years or so, it has become clear that one 
small area of this region, called the dentate 
gyrus, does not fully mature until age 4 or 5. 
This area acts as a kind ofbridge that allows 
signals from the surrounding structures to 
reach the rest of the hippocampus, so until the 
dentate gyrus is up to speed, early experiences 
may never get locked into long-term storage, 
Bauer says. "If the route isn't sufficiently 
mature to allow the information to get in, 
it's not going to effectively consolidate." 

Hayne agrees that the brain continues to 
mature over a long period of development, 
and that this is an important step in 
establishing long-term memories. Yet children 
can still remember some events before this 
region is fully developed, so it can't be the be
all and end-all of childhood amnesia. 

What's more, there are puzzling cross
cultural differences in the age of earliest 
memories. In one cross-cultural study, for 
example, researchers found the average age 
offirst memories in people of European 
descent hovered around 3.5 years, compared 
with 4.8 years for east Asians and 2.7 years for 
Maori people in New Zealand (Memory, vol8, 
p 365)."Those differences cannot be explained 
by brain maturation alone," she says. Clearly, 
there must be more pieces to the puzzle. > 
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"Is it coincidental that autobiographical 
memories emerge at the point a child is 
able to give a story of their experiences?" 

Mark Howe at Lancaster University in the 
UK thinks he has come across one of the other 
important factors. "The thing that brings 
childhood amnesia to an end," he suggests, 
"is the advent of what we call a cognitive self." 
That's our sense of our own uniqueness -
the understanding that the entity "me" is 
different from "you". This ability emerges 
at around 18 to 24 months of age, just before 
autobiographical memory begins to surface. 
Could it be the answer? 

Over the past 10 years, Howe has explored 
this idea through a series of experiments. 
In one of his recent studies, for example, he 
tested whether toddlers could recognise 
themselves in a mirror, a well-accepted sign 
they have developed a sense of self. Next he 
showed them a stuffed lion, which he then 
tucked into one of several drawers in a set of 
cabinets. Weeks later, he brought each child 
back to the lab and asked if he or she 
remembered where the lion was napping. 
"The children who had a cognitive self at the 
time of the lion event were able to remember 
weeks later," he says, "whereas children who 
didn't have a cognitive self did very poorly." 

TRUE OR FALSE? 

You have heard that adorable anecdote 

from your childhood a million times. 

You can see the scene clearly in your 

head. But is your recollection reaL or 

have you concocted a false memory 

around an oft-told family tale? 'That 

question is the bane of memory 

researchers;· says Patricia Bauer.ln fact 

says Martin Conway, you can't wholly 

trust any of your memories. 'They 

always contain missing information. 

and I think they always contain 

misremembered details as well." 

Unfortunately, it looks as if we are 

particularly susceptible to creating 

false memories relating to events 

during the period of childhood 

amnesia. When Harlene Hayne and 

colleagues primed subjects to " recall" 

a childhood event that never actually 

happened, they were much more likely 

to create the false memory if they were 

told it happened at age 2, rather than 

age 10 (Memory, voll6, p 475). That 

could have important bearings for 

court cases that rely on early 

memories, such as those investigating 

allegations of childhood abuse. 
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Howe believes our sense of self helps us to 
organise our memories, making them easier 
to recall. "They become more memorable and 
stay with you for longer periods," he says. 
Yet that can't be the whole story either, since 
memories continue to be sparse long after 
the point at which a toddler can recognise 
his or her reflection. "The cognitive self is a 
necessary - although maybe not a sufficient 
condition for autobiographical memory," 
Howe concedes. 

The magic shrinking machine 
Some other factor is therefore needed to 
explain why memories continue to be sparse 
well beyond the point at which our cognitive 
self appears. For Hayne, the extra ingredient 
is the development ofnanguage skills. To 
investigate, she asked a group of2 to 4-year
olds to play with a toy called the " magic 
shrinking machine". The kids had to place an 
object in the machine and perform a series of 
actions before an identical but smaller version 
of the object popped out. Hayne also recorded 
the words the kids could speak and 
understand at the time they played the game. 

Then, six months to a year later, she brought 
the children back and asked them about the 
magic shrinking event. They could remember 
the game and re-enact aspects of it, but in no 
instance did they use a word to describe the 
machine that had not been part of their 
vocabulary when they first played with it- even 
though their vocabulairies had grown by leaps 
and bounds in the meantime (Psychological 
Science, vol13, p 225). "'fheir ability to describe 
it was really locked relative to their language 
at the time of the event ," she says. 

Further evidence came last year, when 
Martin Conway and Catriona Morrison at the 
University ofLeeds, UK, published a study 
that again suggested the contents of our first 
memories depend on our first words. They 
asked adults to describe and date their earliest 
memories associated with words like "ball" 
or "Christmas". It turned out that the earliest 
memories around each cue word dated to 
several months after the average age at which 
the word is acquired (Cognition, voln6, p 23). 
"You have to have a word in your vocabulary 
before you're able to set down memories for 
that concept," Morrison concludes. 

Perhaps a sense of self provides a structure 
around which to organise memories, and 
language then provides a further kind of 
memory scaffold, anchoring the details in a 
format we can call up years later. Morrison 
suggests that this may be because language 

Recognising your 

reflection is a sign that 

you have a sense of self 

allows a child to construct a narrative, which 
might help them to consolidate their 
memories. A 2-year·old can identify a dog, for 
example, but it takes until about 4 before the 
child can flesh out a story about their new pet. 
"Is it coincidental that autobiographical 
memory emerges at the same stage at which 
a child is able to give you a narrative account 
of an experience?" Morrison asks. 

Hayne and her colleagues have explored 
the importance of narrative by recording 
conversations between mothers and their 
children at various points between the child's 
second and fourth birthdays, noting whether 
each conversation included "elaborations" 
(richly detailed descriptions) or merely 
"repetitions" (which focus on just one or two 
aspects of the event). Ten years later, the team 
contacted the children and asked them about 
their early memories. This revealed that those 
whose mothers had many more elaborations 
than repetitions within their conversations 
had distinctly earlier memories than children 
of mothers who had a lower elaboration-to
repetition ratio (Child Development, vol8o, 
p 496). In other words, the way you talk to your 
kids when they are young might shape what 
they will remember years down the road. 

This could also explain those puzzling 
differences between cultures. Compared 
to east Asian parents, European and North 
American parents tend to discuss the past 



More at magazinesdownload.com or ebook-free-download.net

more often with more elaborate storytelling. 
As a result, their children have more early 
memories. The Maori storytelling culture is 
even richer, with detailed oral histories and a 
strong focus on the past, leading to even earlier 
memories. When it comes to autobiographical 
memory, "early family memory sharing is 
important", says Qi Wang at Comell University 
in Ithaca, New York, who studies the 
interaction of cognitive and social development. 

Mental time travel 
This may seem to confirm that language skills 
are the key to retaining childhood memories 
but in fact the issue is not that clear-cut. 
Talking about the past doesn't just help 
children develop narrative skills, it also fosters 
development of a sense of self. "In North 
American culture, people are crazy about 
memoirs and reality TV. It's all about life 
stories," Wang says, so parent-child 
conversations in this culture tend to focus on 
a child's own experiences and feelings. Among 
east Asians, by cont rast, "the past is the way 
for us to learn to do better in the future". Asian 
parents tend to use past events as teaching 
tools, and do not dwell on the child's feelings 
or role in the event. As a result, children in 
these different cultures have different 
understandings of their personal identities. 

It now looks as iflanguage and self-

perception go hand in hand, and both are 
necessary for autobiographical memory to 
flourish. The findings could have a bearing 
on our wider understanding of the mind. For 
example, our capacity to plumb the depths of 
our past appears to be intimately linked to our 
ability to imagine the future. Given the ways 
different cultures reflect on their past, you 
might also expect differences in this "future 
time travel"- and that's exactly what Wang 
has found (Memory, vol19, p 103). The work 
might even shed light on the quality of other 
animals' memories (see" Memoirs of an 
elephant", above). 

One big question remains, however: is it 
ever possible to reclaim m emories from that 
period of our early childhood that is hidden 
from us? It is clear that very young children 
remember a lot in the sh ort term . As many a 
parent has witnessed, toddlers can accurately 
describe a trip to the zoo that happened weeks 
earlier. But such early recollections are fragile 
and may never become locked into permanent 
storage. "The likelihood is those early 
memories are simply not there," Bauer says. 

Hayne's most recent, currently 
unpublished, work supports the idea that 
those early memories aren't cemented for 
later retrieval, even if the reminders come 
soon after the event. She found that the 
amount of information a 20-year-old 
remembers about the birth of his 15-year-old 

MEMOIRS OF AN ELEPHANT 

If our autobiographical memories 

only emerge once we develop 

language and a sense of self. does that 

mean humans are alone in reminiscing 

about the past? Some animals such as 

chimps, elephants and bottlenose 

dolphins pass the mirror self

recognition test (see main story), 

indicating they have some capacity for 

self-awareness. And they can 

definitely store long-term information. 

But according to Catriona Morrison, 

animal memories are thought to be 

conditioned responses to stimuli rather 

than conscious (or self-conscious) 

reflection. Without language and a 

more sophisticated sense of self, it's 

unlikely our non-human cousins have 

autobiographical memories, Morrison 

says. Harlene Hayne agrees. "Most 

experts believe that autobiographical 

memory is unique to humans," she says. 

brother is virtually identical to the amount of 
informat ion as-year-old remembers about his 
brother's birth just a month earlier. "If you 
plot adult next to child data, they are virtually 
identical," she says. She concludes that these 
memories aren' t simply forgotten as a person 
ages. "The memory never got in there in the 
first place," she says. 

Others harbour hopes of being able to 
recover these early memories, however. 
"I think they are retained but not accessible," 
Conway says. In his view, memories are 
"snapshots" of sensory experiences. As you 
mature, you develop language, a sense of self 
and other conceptual knowledge that helps 
you to frame those sensory snapshots and 
access them. If he is right, our buried 
memories could be excavated - if we could 
only find the right cues. 

That's a line of reasoning that Morrison 
also follows. Reaching beyond traditional 
memory cues of words and images, she is 
exploring the use of smells, flavours and 
music for calling up ancient memories. If she 
and her colleagues can identify the proper 
tools, perhaps one day I will be able to unearth 
the memory of meeting my sister for the first 
t ime. "One of the things we understand as 
memory researchers," Morrison says, "is 
there's a lot more in there than we realise." • 

Kirsten Weir is a freelance writer living in Minneapolis 
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CULTURELAB 

Does the stroke make the artist? 
Brain damage compels jon Sarkin to paint, but Amanda Getter wonders if what he creates is art 

Shadows Bright as Glass: The 
remarkable story of one man's 
journey from brain trauma to 
artistic triumph by Amy Ell is Nutt 
Free Press, $26 

JONSARKIN 
was a successful 
chiropractor and 
dedicated husband 
before a tiny blood 
vessel shifted in 
his brain. The 
vessel swelled, 

pressing on his acoustic nerve, 
causing extreme tinnitus and an 
unbearable sensitivity to sound. 

The condition was debilitating, 
so Sarkin elected to undergo 
risky brain surgery to fix it. The 
surgery was initially successful, 
but later complications caused 
Sarkin to suffer a massive stroke, 
which wreaked widespread havoc 
on his brain. When he emerged 
from a coma, he was consumed 
by a relentless compulsion to 
create art. 

In Shadows Bright as Glass, 
journalist Amy Ellis Nutt expertly 
weaves together Sarkin's 
biography, the history of 
neuroscience, the neurophysiology 
of visual perception, the 
evolutionary history of art and 
the philosophy of mind. It is a 
haunting and poetically rendered 
tale of a scrambled mind and the 
neurological roots of creativity. 

In the wake of his stroke, Sarkin 
became an acquired savant - a 
person to whom neurological 
damage grants an exceptional 
skill. He now feels compelled to 
spend his waking hours in his art 
studio drawing and painting on 
any available surface. 

The compulsion can be traced 
to damage in the left hemisphere 
of his brain. To compensate, 
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his right hemisphere - the less 
rational and more creative side of 
the brain - seems to have kicked 
into overdrive. 

The stroke also damaged the 
visual centres in Sarkin's brain. 
"Instead of a constant, seamless 
t1ow of information from the 
world, images stuttered through 
his brain like the frames of an old 
16-millimetre film when it tears 
and tumbles off its reel," Nutt 
writes. Sarkin suffered severe 
vertigo and a distorted sense 

"Forced to find a new 
narrative to his life, 
Sarkin's altered brain 
reimagined its way home" 

oftime that left him feeling 
perpetually trapped in the 
present moment. Perhaps his art
making helped him to navigate 
his new perception of reality. 

What makes Sarkin's case 
especially unusual, Nutt explains, 

Sarkin's brain trauma transformed 
him into a compulsive artist 

is his awareness of his own 
situation. He knows that he is a 
changed man - that his stroke has 
profoundly shifted his sense of 
self, relation to others and view 
of reality. This knowledge brought 
on a profound identity crisis. How 
could he reconstruct his identity? 
With his left hemisphere in ruins, 
the task was left to the right side 
of his brain. "Forced to find a new 
narrative to his life, his altered 
brain needed to reimagine its 
way home," Nutt says. And the 
best tool at his right brain's 
disposal is art. 

But it is possible that the soul 
of an artist always lurked within 
Sarkin. "His early life had been full 
of contradictions," Nutt says. "He 
was a kid who had both an artistic, 
unconventional side and a polite, 
play-by-the-rules side." Tom 
between being a rebel and 

~ pleasing his parents, he chose 
~ the latter, pushing his artistic 
~ interests aside to seek a 
~ conventional life with financial 
~ stability. Rather than sparking 
ffi a newfound artistic talent, 
! perhaps the stroke stamped 
- out his left brain's inhibition, 

leaving a long-buried artist to 
emerge unrestrained. 

Though the book is beautifully 
written, I was surprised that 
Nutt avoided addressing one 
important question: is Sarkin's 
work really art? Defining art 
is endlessly thorny, but the 
compulsive, mechanical manner 
in which Sarkin creates seems to 
leave out a key ingredient of true 
art: intention. 

When asked what his art means, 
Sarkin answers, "It doesn't mean 
anything." Perhaps that makes 
his work the purest kind of art. 
Indeed, Nutt refers to Sarkin as 
the neurological embodiment 
of Monet's impressionistic 
philosophy. "Artists like M on et 
search their whole lives for this 
kind of immediacy, to capture an 
experience, a sensation, in all its 
col or and light and texture, just 
as it is happening," she says. 

Sarkin's work also reminds 
me of the surrealists' practice of 
automatism - writing or painting 
a stream of consciousness, 
removing all rational filters to 
directly engage the subconscious. 
But even automatism's lack of 
intention was itself intentional. 

In the end, asking what makes 
Sarkin an artist is the same as 
asking what makes anyone an 
artist. Like all great books, 
Shadows Bright as Glass raises 
more questions than it answers. • 

Amanda Getter is a consultant 
for New Scientist 
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Artful architectural iterations 
ITS hard to avoid computer
generated images. We are 
bombarded with them by television, 
magazines and the intern et. But 
turning these ideas into reality 
is a big challenge, says Michael 
Hansmeyer, a computational 
architect at the Swiss Federal 
Institute of Technology in Zurich. 

"With all this computing power, it's 
been possible to create and display 
forms as complex as mine in vi rtua I 
worlds fort he last couple of years," 
he says. "The challenge was to 

find a way to get them out." 
Hansmeyerdesigns his 

architectural creations with a type of 
iterative computer program called a 
subdivision algorithm. To make his 
design, he starts with a column. The 
algorithm divides the surface of the 
column into foursmallersurfaces, 
which can be distorted to curve in 
or out for example. This process is 
repeated, causing the column to be 
divided into ever -smaller shapes. 
justlO iterations yields over a 
million surfaces. 

Therein lies the manufacturing 
problem: how do you build an 
object with over a million faces? 
One option is to use a 3D printer, 
which is designed to make computer
generated shapes. But they cannot 
cope with objects as complex as 
Hansmeyer's. 'They can do the 
scale but not the resolution of the 
columns," he says. 

Instead, he chose a novel method 
of construction. Hansmeyer divides 
a column into cross sections each 
1 millimetre thick, cuts them out of 

Photography: Michael Hansmeyer 

cardboard and then stacks the cut
out shapes on top of each other. 
Using steel rods to align the layers, he 
can build a column 2.7 metres tall that 
weighs640 kilograms .The photo 
aboveshowsthestackofcardboard 
layers from which a column was cut 
effectively a "negative" of a column. 

Having conquered the column, 
Hansmeyer has his eye on more 
complex architectural shapes. 
"''m moving on to designing other 
object s, such as walls, vaults and 
arches." Justin Mullins • 
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End of radioactive art 
Sculptor, nuclear activist and kitchen-sink 
scientist Kat Austen pays tribute to James Acord 

WHO was James Acord? The artist, 
who took his own life in January, 
is perhaps most easily defined as 
the only person in the US to hold 
an individual licence for handling 
radioactive material. A sculptor 
who trained in nuclear physics 
so that he could make art with 
radioactive material, he famously 
had that licence number tattooed 
on the back of his neck. His choice 
of medium was deliberate: 
Acord's mission was to change 
the nuclear industry. 

When New Scientist visited him 
in 1995, two years after he had 
been granted the licence, he spoke 
of building a monument that 
would entrap radioactivity from 
waste dumped at the Hanford 
nuclear site in Washington state. 
He imagined uranium rods 
encased in carved granite rising 
out of a sunken sculpture, which 
contained the leaking material. 
Acord hoped it would warn future 
generations of the hazardous 
matter lurking beneath. He 
intended the monument to 
be the first of many that dealt 
with nuclear waste while also 
acknowledging its dangerousness 
and longevity. It was never made. 

This, in some ways, is a parable 

You've got to laugh 
Inside jokes by Matthew Hurley, 
Daniel Den nett and Reginald Adams 
The MIT Press, £22.95/$29.95 

Reviewed by Richard Wise man 

" ,~ JO~ LAST night I 
finished a jigsaw 
puzzle after 
working on it for six 
months. I was really 
pleased with 

'--=--__J myself, because it 
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ofJames Acord's life. His is a tale 
of constant upward struggle that 
yielded few victories and many 
unrealised plans. In his work, 
concept was always more 
important than execution. 

The idea that drove him was 
challenging what he called the 
"closed club" of nuclear science. 
A cord was in favour of nuclear 
energy, and saw changing one 
element into another as the 
realisation of"mankind's most 
innate desire" : alchemical 
transmutation. But he was wary 
of the nuclear industry's secrecy. 

said "2-3 years" on the box. 
Trying to work out why you did, 

or didn't, just laugh has taxed 
some of the world's greatest 
thinkers. Freud thought that good 
jokes helped release repressed 
anxiety, Thomas Hobbes believed 
they made people feel superior 
to others, and Immanuel Kant 
was convinced they generated a 
sense of surprise. In Inside Jokes 
Matthew Hurley, Daniel Dennett 
and Reginald Adams review these 
classic theories and present their 

Acord saw art as the way to 
wrest power from the hands of 
nuclear scientists. His aim was 
"to increase understanding and 
openness and transparency about 
nuclear issues". 

Acord also liked the idea of 
using transmutation to neutralise 
radioactive waste. For years he 
fought to access the reactors at 
Hanford and Imperial College 
London to try transforming 

"Acord's aim was to increase 
understanding, openness 
and transparency about 
nuclear issues" 

radioactive technetium-99 into 
the innocuous metal ruthenium. 
He was denied at each turn by 
authorities who thought his 
justification frivolous. 

Eventually, Acord quit fighting 
the establishment. Determined to 

own thoughts about why we laugh. 
Taking an evolutionary and 

cognitive perspective, they argue 
that the brain is constantly trying 
to predict the future by building 
mental models of the world, and 
that it is important to actively 
discover when these models are 
correct and incorrect. To help 
this along, the brain rewards 
us when we come across an 
incorrect expectation - a clown 
with unusually large shoes, for 
example - by giving us a little 

realise a sculpture that embodied 
the concept of transmutation, he 
resorted to more accessible means. 
He began by extracting the 
radioactive metal americium-241 
from smoke detectors. By 
combining this with emeralds, a 
source of beryllium, he generated 
fast neutrons, which he said he 
slowed down using beeswax. He 
then began a breeder reaction in 
uranium-238 - extracted from the 
enamel of bright orange 1930s 
crockery known as Fiestaware - to 
yield plutonium-239. Last year, 
Acord announced that he had the 
plutonium and was preparing a 
sculpture to contain it. 

That sculpture would have been 
concept heavy and plutonium 
light. According to Mark Ramsey, 
radiation protection adviser at 
Imperial when Acord was an artist 
in residence in 1997, "although 
Acord's system had all the 
component parts, the amount 
of neutrons produced by that 
method would be impractical". 

That Acord resorted to at-home 
means for this final act of defiance 
is testament to his failure to 
integrate into the nuclear 
scientific community, but his 
efforts radiate among fellow 
artists. At a recent memorial for 
Acord, artist Carey Young said 
that his "life and work should 
give hope to all artists who aim to 
inhabit inhospitable institutions 
and to change them for the 
better". He was a sculptor with 
few sculptures, but Acord's life 
itself was performance art. 

slice of pleasure in the shape of 
a humorous experience. Over 
time we have become addicted 
to this feeling, and now value the 
comedians and funny situations 
that can produce such "mind 
candy" on demand. 

It is a clever and intriguing idea, 
and the authors use the framework 
to attempt to explain many 
different aspects of mirth. Littered 
with well-chosen jokes, their book 
deserves a place on the bookshelf 
of any serious scholar of humour. 



More at magazinesdownload.com or ebook-free-download.net

SATISFY YOUR 
QUEST FOR 
KNOWLEDGE 
New Scientist is essential reading 
for anyone with a passion for 
exploration and discovery. 

Subscribe and you'll receive your 
weekly issue, plus full on line access 
to newscientist.com 

EXPLORE the latest research, opinions and ideas 
on your favourite topic. 

DISCOVER the latest trends, scientific 
breakthroughs and innovations. 

ADVANCE your mind with a guaranteed thought 
provoking, stimulating read. 

NewScientist 

http://ebook-free-download.net/


NewScientist Jobs 
Incorporating Sciencejobs.com 
To apply on line visit www. NewScientistjobs.com 

BIOLOGY 

Biologist 
Albert Einstein College of 
Medicine 
NY- New York 
He or she will be responsible for 
developing protocols for the facility, 
preparing lentiviral shRNA reagents, 
and running RNAi-based screens 
in collaboration with Einstein 
researchers, using the facility's 
genome-wide shRNA libraries and 
state-of-the-art robotics. 
For more information visit 
NewScientistjobs.com job ID: 
1401150049 

Bio Engineer-Service 
Applied Precision, lnc 
WA- Washington 
A posit ion of Bio Engineer is 
part of the Life Sciences Service 
Team. Under limited supervision, 
provides installation, training and 
advanced technical and applications 
support for API end customers and 
distributors. 
For more information visit 
NewScientistjobs.com job ID: 
1401139211 

Sr. Image Processing 
Scientist (RareCyte} 
Applied Precision, lnc 
WA- Washington 
Develop and test Machine Vision 
algorithms for the automated 
detection and characterization 
of cells imaged using fluorescent 
microscopy. Transfer algorithms 
to software engineering for 
implementation and deployment 
including documentation, test 
vector development and close 
interpersonal communication. 
For more information visit 
NewScientistjobs.com job ID: 
1401139128 

Cellular Immunologist for 
Infectious Disease Research 
Boehringer lngelheim (Canada) 
Ltd. 
QC- Quebec 
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The successful candidate will be 
responsible for the development 
of cell-based assays to support 
our discovery and development 
projects to enhance virus-specific 
T-cell responses, and to target 
mechanisms by which pathogens 
circumvent the human immune 
system in order to establish and 
maintain persistent infection. 
For more information visit 
NewScientistjobs.com job ID: 
1401146160 

Seeking Life Scientists 
Center Focus International (US) 
MA- Massachusetts 
Seeking scientists with a PhD in 
biology, biochemistry, chemistry, 
molecular biology or related 
disciplines, with 1- 3 years of 
postdoctoral experience in an 
academic or industrial setting. 
Ideal candidates will have a strong 
interest in human diseases, and a 
passion for project work. 
For more information visit 
NewScientistjobs.com job ID: 
1401147025 

Program Manager - Rocky 
Mountain Regional Center of 
Excellence 
Colorado State University 
CO -Colorado 
The primary responsibilities of 
the Program Manager include 
communication within and outside 
the RMRCE assembly of scientific 
and administrative data, preparat ion 
of annual reports, coordination of 
review processes, and organization 
and management of scientific and 
administrative meetings. 
For more information visit 
NewScientistjobs.com job ID: 
1401147920 

Associate Research Scientist 
-Columbia University, Center 
for Orthopaedic Research 
Columbia University, Centerfor 
Orthopaedic Research 
NY - New York 
The successful candidate will work 
with a team of researchers at COR 

East Coast Office 
225 Wyman Street 
Waltham, MA 02451 
Email NSSales@NewScientist.com 
Phone 781 734 8770 
Fax 720 356 9217 

West Coast Office 
201 Mission Street. 26th Floor 
San Francisco. CA 94105 
Email NSSales@NewScientist.com 
Phone 4 15 908 3353 
Fax 4155436789 

Calls may be monitored or recorded forstafftraining purposes 

(CenterforOrthopaedic Research, 
Dept. of Orthopaedic Surgery, 
Columbia University, New York) on 
molecular biology and functional 
genomics research projects for 
musculoskeletal conditions such 
as inf lammatory bone loss, bone 
and cartilage tumors and tissue 
engineering. 
For more information visit 
NewScientistjobs.com job ID: 
1401148604 

Computational Chemistry 
and Biology Opportunities at 
D. E. Shaw Research 
D. E. Shaw Research 
NY- New York 
Extraordinarily gifted computational 
chemists, biologists, and other 
computational scientists are 
sought to join a New York-based 
interdisciplinary research group 
that is pursuing an ambitious, 
long-term strategy aimed in part 
at fundamentally transforming the 
process of drug discovery. 
For more information visit 
NewScientistjobs.com job ID: 
1401147059 

Early Career Scientists and 
Engineers: Computational 
Biochemistry Research 
Group 
D. E. Shaw Research 
NY- New York 
Extraordinarily gifted early career 
scientists and engineers are 
sought to join a New York -based 
interdisciplinary research group 
pursuing an ambitious, long
term project aimed in part at 
fundamentally transforming the 
process of drug discovery. 
For more information visit 
NewScientistjobs.com job ID: 
1401147060 

Lab Manager, University 
of Pennsylvania, Phila., PA 
19104 
Howard Hughes Medical 
Institute (HHMI) 
PA- Pennsylvania 
The Laboratory Manager wi 11 

insure adequate supplies for 
experimental needs, oversee 
equipment maintenance, manage 
the lab safety programs to insure 
compliance with all applicable 
regulations, assist with laboratory 
space and facilities planning, and 
maintain inventory of laboratory 
furniture and equipment. 
For more information visit 
NewScientistjobs.com job ID: 
1401139390 

Janelia junior Fellows 
Program 
Howard Hughes Medical 
Research Institute's janelia Farm 
Research Campus 
VA- Virginia 
The janelia junior Fellows Program 
is an init iative that supports 
enterprising postdoctoral fellows 
as they develop their own research 
programs. The junior fellow position 
is intended for individuals at an 
early career stage, and/ or people 
who have specific research plans 
but who value the guidance and 
collaborat ion of more experienced 
mentors. 
For more information visit 
NewScientistjobs.com job ID: 
1401148640 

LONZA -MSAT Process 
Engineer (Purification}
Portsmouth, NH 
Lonza US 
MA - Massachusetts 
Perform all functions associated 
with process transfer and scale 
up to manufacturing e.g develop 
process understanding, perform 
gap analysis I FM EA, generate 
process models, author /review 
Process Descriptions and Batch 
Records, support equipment 
commissioning, troubleshooting 
bioprocessing equipment and 
systems and validation. 
For more information visit 
NewScientistjobs.com job ID: 
1401152215 

Postdoctoral Fellow 
- HIV Viral and Host Cell 
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P H A R M A C E U T I CA L S, I N C 

SCIENCE. PASSION. IMPACT. 

AVEO Pharmaceuticals (Cambridae, MA) is rapidly movini toward realizin~ its vision of becomini a fully intearated 
oncolo&Y therapeutics company. The company's lead product candidate t1vozanib 1s currently m a global phase 3 

clinrcal tnal for renal carcinoma a d In addtttonal cltnrcal studies for other solid tumor types. AVEO"s propnetary 
cancer b1ology platform a produced a promtsing pipeline of monoclonal ant1bod1es aga inst high-value targets 

devel d tnd pend ntly a well as in partnerships with established biotechnology compantes. 

Interaction 
National Institute of Allergy and 
Infectious Diseases (NIAID), 
National Institute of Health 
{NI H) 
MD- Maryland 
Postdoctoral Fellow HIV Viral and 
Host Cell Interaction A postdoctoral 
posit ion is available at the National 
Institute of Allergy and Infectious 
Diseases (NIAID) to study the 
molecular mechanisms of HIV viral 
and host cell receptor interactions 
and their contribution to viral 
infection. 
For more information visit 
NewScientistJobs.com Job ID: 
1401151219 

Head of Bioinformatics- NGS 
-USA 
Paramount Recruitment 
CA - California 
To be considered for this 
posit ion you must have a strong 
and extensive experience in 
Bioinformatics as well as a solid 
proven record in Next Generation 
Sequencing data analysis. Coupled 
with this you should have extensive 

expereince in indust ry within the 
fields of molecular genetics. 
For more information visit 
NewScientistJobs.com Job ID: 
1401147749 

Medical Technologist (R3) 
PfizerUS 
CA - California 
Responsibilities include 1) 
development validation and 
execution of molecular biomarker 
assays to support Phase 1/11 clinical 
studies; and 2) meeting appropriate 
regulatory guidelines for 
assessment of clinical specimens. 
For more information visit 
NewScientistJobs.com Job ID: 
1401142295 

Research Scientist, Canola 
Molecular Breeding 
Pioneer Hi-Bred Production LP 
ON- Ontario 
This includes an aggressive timeline 
for the mapping of native traits as 
well as hands on genetic analysis, 
training and support of appropriate 
field activities related to the 

Join Our Team! 
Clinical Research & Operations 

Clinical Pharmacolo&Y 
Biometrics 

Reaulatory Affairs 
Medical Affairs 

Commercial 
Technical Operations 

Quality 

aveopharma.com/careers 

deployment of molecular breeding. 
For more information visit 
NewScientistjobs.com job ID: 
1401142471 

Postdoctoral Positions 
Available 
Scripps Translational Science 
Institute 
CA - California 
Postdoctoral Positions Available 
Scripps Translational Science 
Institute La jolla, California In the 
laboratories of Samuel Levy PhD: 
Director, Genomic Sciences Sarah 
Murray PhD: Director. Genetics 
For more information visit 
NewScientistJobs.com Job ID: 
1401147904 

Associate Scientist 
St.Jude Children's Research 
Hospital 
TN- Tennessee 
The Associate Scientist Uob 
#20466) in the Pathology 
Department utilizes unique, 
advanced skills that assist 
investigators in achieving the 

HASDAQ; AvtO 

highest research goals. Learns 
and develops procedures and 
participates in the publication of 
research results. 
For more information visit 
NewScientistjobs.com Job ID: 
1401138569 

Medical Technologist 
St. Jude Children's Research 
Hospital 
TN - Tennessee 
The Medical Technologist
Pathology will be responsible for 
the prompt efficient and accurate 
performance, validation and 
reporting of laboratory test resu Its, 
which are utilized for the purpose of 
prognosis, diagnosis, treatment and 
research. 
For more information visit 
NewScientistJobs.com Job ID: 
1401147065 

Nursing Education 
Coordinator-Outreach 
St. Jude Children's Research 
Hospital 
TN - Tennessee 
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Postdoctoral Fellow Position 
Immediate opening for Postdoctoral Fellows. Should have experience in 
molecular biology, cell biology and possess knowledge of cancer biology. 
High motivation and the ability to work independently are absolutely 
required. 

'The positions will be supported by a prestigious Era of Hope Scholar 
Award from DOD Breast Cancer Research Program. Project focuses on 
characterizing and targeting replication stress response defects in breast 
cancer. We will use cutting-edge technologies to identify gene signature 
and biomarkers associated with defective replication stress response for 
diagnostic imaging, prevention, and treatment of breast cancer. 

Shiaw-Yih Lin, Ph.D., Associate Professor, Tenured 

The University ofTexas MD Anderson Cancer Center 
Department of Systems Biology, Unit 950 

South Campus Research Building 11 
P. 0. Box301429 

Houston, TX77230-1429 
E-mail: sylin@lmdanderson.org 

THE UNIVERSITY Of TEXAS 

MDAnderson 
GanceJ:Center 
Making Cancer History" 

IHD Anderson Cancer Centt r is a11 equal opportunity employer and does not discrimi11ate on the 
basis of race, color, ttational origin, gender, sexu<1l orientation, age, religio11, disal>ility, or veteran 
status except where such distinction is required by law. All positiotiS at Tl1e University of Te,<as Jv!D 
Anderson Cancer Center are sewrity setiSitive and subject to examination of criminal history record 
information. Smoke:free and drug:free environment. 

The candidate will manage and 
evaluate international pediatric 
oncology/hematology web-based 
conferences and work directly 
with nurse educators to develop 
and implement nursing education 
curriculum at individual partner 
sites. 
For more information visit 
NewScientistjobs.com job ID: 
1401147064 

Senior Research 
Technologist 
St.jude Children's Research 
Hospital 
TN -Tennessee 
The Senior Research Technologist 
in the Radiological Sciences 
Department will work on 
the production of known 
radiopharmaceuticals for Positron 
Emission Tomography (PET). 
Duties include synthesis of 
analytical standards and 
radiochemistry precursors, 
and radiolabeling with short 
half-l ife positron emitting 
radionuclides. 
For more information visit 
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NewScientistjobs.com job ID: 
1401148702 

Senior Project Manager 
(Research Triangle Park) Job 
Syngenta US 
NC- North Carolina 
Plans, manages and implements 
major complex international IS 
projects and programmes to achieve 
business objectives by ensuring 
delivery on time, at high quality, 
within the parameters of the 
budget and by meeting business 
needs. 
For more information visit 
NewScientistjobs.com Job ID: 
1401149724 

Staff Associate 
The Earth Institute, Columbia 
University 
NY- New York 
The Staff Associate will provide 
research assistance to the 
Monitoring and Evaluat ion (M& E) 
team for the Millennium Villages 
Project (MVP). He/she will support 
all research needs for the fourteen 

(14) sites and the Nigeria Scale-Up 
Initiative. 
For more information visit 
NewScientistjobs.com job ID: 
1401142500 

Research Assistant 11 Kimmel 
Cancer Center 
Thomas jefferson University 
United States 
Assist investigators in designing, 
creating, preserving, maintaining 
and disseminating rodent models 
of human disease. Provide the 
necessary technical expertise and 
services to produce and maintain 
these models. Perform research 
pertinent to the function of the 
Facil ity. 
For more information visit 
NewScientistjobs.com job ID: 
1401140357 

U Alaska Fairbanks, Manager 
of Bioinfonnatics/Database 
Core 
University of Alaska, Fairbanks 
AK- Alaska 
These cores provide technical 
computing services, such as 
database development and 
management data dissemination 
services, optimization of 
technical software, custom 
data analysis pipelining, 
maintenance of computational 
clusters, and user training 
workshops to faci I itate the growth 
and maintenance of a diverse user 
group. 
For more information visit 
NewScientistjobs.com job ID: 
1401140374 

Postdoctoral Scholar, 
Chicago,IL 
University of Chicago 
IL - Illinois 
Candidates should be recent 
Ph.D. or M.DJPh.D. graduates. We 
prefer that they have established 
credent ials using physiological 
techniques including patch-clamp 
electrophysiology, amperometry 
and intracellular calcium 
measurements using optical 
techniques, but training can be 
provided. 
For more information visit 
NewScientistjobs.com job ID: 
1401150158 

Research Associate I 
Assistant Professor 
University of Chicago 
IL - Illinois 
Candidates must have a doctorate 
in Biological Sciences, Molecular 
Biology or a related field. At 
least twoyears oftraining in 
experimental neuroscience, 
with expertise in non-germ line 
manipulation of gene expression 
muscle, electrophysiology, and 
confocal microscopy preferred. 
For more information visit 
NewScientistjobs.com job ID: 
1401152052 

Biolmaging Technical Sales 
Specialist, Boston, MA 
UVP, LLC 
MA - Massachusetts 
We are currently seeking a 
motivated, results-oriented 
Biolmaging Technical Sales 
Specialist to cover the North-East 
Territory (New England States 
plus NY), to help meet the growing 
needs of the company. 
For more information visit 
NewScientistjobs.com job ID: 
1401149062 

Life Sciences Technical 
Support Specialist, 
Biolmaging Systems, 
Upland, CA 
UVP, LLC 
CA -California 
We are currently seeking a customer 
oriented Life Sciences Technical 
Support Applications Specialist with 
strong technical computer skills 
and the ability to explain imaging 
equipment and software set -ups 
and solve technical issues by phone. 
For more information visit 
NewScientistjobs.com job ID: 
1401141215 

CHEMISTRY 
Chemist 
Marmon Utility 
CT- Connecticut 
The Chemist is responsible for 
developing new compounds for 
use in a wide variety of cable 
applications, development of mixing 
profiles and processing condit ions. 
For more information visit 
NewScientistjobs.com Job ID: 
1401150413 
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VISIT US AT AACR BOOTH 2577 

Senior Faculty positions available in 
oncologic sciences and 
interdisciplinary clinical oncology 
at the USA Mitchell Cancer Institute 
in Mobile, Alabama 

Abraham A. Mitchell 
Distinguished Cancer Research Investigator 

Abraham A. Mitchell 
Distinguished Clinical Cancer Investigator 

The Opportunity: The successful candidate will bring an established, well-funded, 
basic/translational and/or cl inical research program and will receive a research 
expansion funding award in the aggregate total of up to $ 1 ,500,000 over a 3-5 year 
time period, w ith the goal of further growing the individual's and the institution's 
research grant funding base and enhancing translational research links both 
internally and externally to the USA Mitchell Cancer Institute. Funds from the award 
can be used for partial salary support for the awardee and/or member(s) of his/her 
research team, materials and supplies, other operational expenses and equipment. 

State-of-the-art Facilities: The USA Mitchell Cancer Institute offers a robust, 
interactive scientific environment with fully-equipped laboratories and access to 
core facil ities including flow cytometry, mass spectrometry, tissue biobank, BL3 
laboratory, genomics, laser dissection, atomic absorption and advanced imaging. An 
AALAC-approved vivanium with advanced imaging capabilities is located nearby. More 
information can be found at www.USAMC I.com. 

Community Environment: Experience the best of the Gulf Coast in Mobile, 
Alabama! With attractions including Bellingrath Gardens, the Gulf Coast Exploreum 
Science Center & IMAX Theater and the USS ALABAMA Battleship, exciting 
outdoor adventures, fresh delicious seafood, Delta excursions, fascinating museums, 
twenty-one world-class golf courses, white sandy beaches, a thriving arts community, 
and beautiful historic homes, it will be a pleasure to call the Mobile Bay area, the 
home of Mardi Gras, your home. 

Requirements: The successful candidate will have a Ph.D., M.D. or equivalent 
degree, and an established, well-funded and recogn ized program of basic/ 
translational and/or clinical cancer research, and other qualifications appropriate for 
tenured appointment as Associate or Full Professor. 

Application Process: Applicants should send letter of interest and CV to 
Michael R. Boyd, M.D., Ph.D., 1660 Springhill Avenue, Mobile, Alabama 36604, or 
e-mail to sallen@usouthal.edu. 

~MiTCHELt 
~CANCER INSTITUTE 
COMPREHENSIVE ONCOLOGY HEALTHCARE& RESEARCH 

USA is an Affirmative Action and Equal Opportunity Employer. 

http://ebook-free-download.net/


Cures don't just happen. 
They demand collaboration. Dedication. Enthusiasm. Teamwork. 

Dedicated individuals team up to advance cures and means of prevention for catastrophic 
diseases in children. If you have the enthusiasm and want to join a team that collaborates 
for a greater cause, St. Jude is the place for you. 

St. Jude is committed to hiring the best and the brightest to maintain our culture of excellence. We offer 

a wide range of career opportunities. New and exciting research positions are available in our academic 

departments, requiring bachelor's, master's or doctoral degrees. Positions are available at all levels with 

the opportunity to grow within our hospital's research career ladder. 

Visit our website at www.stjude.org/')Obs to apply for open positions. St. Jude offers a competitive salary 

and an excellent benefits package. 

Ranked in the top 1 0 best places to work in academia by The Scientist since 2005. 
Named the nation's No. 1 pediatric cancer care hospital by Parents magazine, 2009. 
Named the nation's best children's cancer hospital by U.S. News & World Report, 2010. 
Named to FORTUNE magazine's 100 Best Companies to Work For, 2011. 

To learn more, visit www.stjude.org. 
An Equal Opportuoiry Employe.- - Q 20 l l SI. Jude Childron's Research Hospi~;~J-Biorliedical Conununicati()J)S 
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FEEDBACK 

STUCK for a subject to write 
a scientific paper on? Why not 
do something on how far 
grasshoppers can kick their poo? 

This is what Yosuke Tanaka and 
Eiiti Kasuya did. They published 
their study "Flying distance of 
frass kicked by the grasshopper 
Atractomorpha lata and factors 
affecting the flying distance" in 
the journal Entomological Science 
(vol14, p 133). Frass, for anyone 
unfamiliar with the niceties of 
grasshopper life, is the powdery 
waste material passed by plant
eating insects. 

Here is a flavour, if you'll 
pardon the choice of word, of 
this treatise from its abstract: 
"Adults of the grasshopper 
Atractomorpha lata use a hind 
leg kick to project their frass a 
considerable distance from 
themselves ... Males and females 
kicked their frass an average of 
252 and 487 millimetres away, 
respectively. This represented 
more than 10 times the body 
length or 100 times the length 

of the frass pellet for either sex:' 
Unfortunately, now that 

this aspect of the grasshopper 
lifestyle has been so thoroughly 
investigated, putative authors 
searching for an original topic will 
just have to find something else. 

A REPORT in the Kids and Parenting 

section of the news portal 

MSNBC.com announces: "1 in 5 US 

moms have kids with multiple dads, 

study says." The report by Linda 

Carron goes on to state that "One 

in five of all American moms have 

kids who have different birth fathers, 

a new study shows. And when 

researchers look only at moms with 

two or more kids, that figure is even 

higher: 2B per cent have kids with at 

least two different men." 

George Neil finds something 

deeply unsurprising about the 

fact that the figure is higher for 

women with two or more children. 

lt is, after all, hard see how only

children are going to have more 

than one father. 

"iPod is disabled," Fred Dickson's told him. "Try 
again in 21,668,172 minutes." Reckoning that's 
over 40 years, Fred laments: "I'll probably have 
bought a new one by then" 
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For more feedback, visit newscientist.com/feedback 

DRIVING through Derby in 
the English midlands, Perry 
Bebbington and his friend Dave 
noticed a van with "Report a 
repair" printed on the side, 
followed by a phone number. 

The idea of reporting a fault or 
a problem seemed reasonable 
enough, but why should anybody 
report a repair? However, a little 
web searching took them to 
derbyhomes.org, which also 
exhorts people to report repairs. 
Perry is looking forward to phoning 
in a report when his TV gets fixed. 

BRITS call it the greengrocer's 

apostrophe- an apostrophe wrongly 

inserted in a plural noun, as in 

"Apple's £1.00 per kilo". Caroline 

Cooper has spotted a novel variant. 

She sends us a photo of a notice 

behind an apartment building near 

her home that employs what she 

has dubbed the janitor's apostrophe. 

The message on it reads: "Please! 

Do Not Leave Rubbish Here Before 

rue's Night. Thank You." 

THE Italian newspaper Corriere 
del/a Sera recently carried 
the headline which translated 
reads: "Paedophilia: 10 arrests 
in 14 countries". 

Alberto Cammozzo praises what 
he calls a "quantum crackdown" 
on suspects whose waveforms had 
not yet collapsed to the normal 
corporeal form. He applauds 
Europol's "singular capabilities" 
in managing such a feat. 

IVORY, maker of software piano 

simulations, credits Peter Le mer with 

the ability to look inside the sealed 

envelope that he hopes contains 

the upgrade discs he has ordered. 

"Do not open until you have read and 

understood the enclosed end user 

license agreement." it tells him. 

PRESENTING its "List of 
High Vibrational Foods", 
livestrong.com aims high by 
invoking the theories of the 

20th-century's greatest physicist: 
"What Albert Einstein came up 
with in his famous physics 
equation E = mc2 is that all matter 
contains vibration waves of light 
energy. This includes our bodies 
and the food we eat. As we become 
more aware of the life force in our 
bodies ... we can also look at the 
life force of what nourishes us. 
By eating food that vibrates at a 
higher frequency, we heighten 
our life-force energy and feel 
more radiant and alive." 

Rob Watkins wonders if 
Einstein's equation, in the wrong 
hands, is becoming another 
indicatoroffruitloopery. We are 

E~1RA 

HH"~ F(l£Q\JENt'( 

jELLY 

not sure: we'll have to wait and 
see. What is certain is that the 
word "vibrational" is a sure
fire indicator, especially when 
it concerns food that "vibrates 
at a higher frequency". 

FINALLY, according to the advert 

Peter Bennett copies to us. the new 

Seat Alhambra family car comes 

"packed wit h ... cool features". These 

include "a Park Assist feature that 

enables the Alhambra to park itself

just l ike magic". 

The phrase "park itself', however, 

comes with an asterisk- and a 

footnote below explains: "Requires 

driver control." 

Not really like magic at all, then. 

You can send stories to Feedback by 
email at feedback@newscientist.com. 
Please include your home address. 
This week's and past Feed backs can 
be seen on ourwebsite. 
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THE LAST WORD 

A tangled web 

I heard recently that the UK's Royal 
Society of Chemistry (RSC) has set 
out to discover whether the old 
wives' tale that spiders will not 
make webs on horse chestnut trees 
is true or false. If it is true, what 
could be the reasons for it? 

• I first heard about the spider's 
aversion to horse chestnuts last 
year just in time to collect a few 
conkers (the fruit of the horse 
chestnut) on the walk to work. 
I work in a converted oast house 
which is normally plagued with 
spiders and their webs. I put two 
conkers in my office and was 
amazed to note that the spiders 
all disappeared. 

This suggests to me that the 
conkers are emitting a powerful 
chemical deterrent. That was 
round about October last year, 
and the webs started to reappear 
only a couple of weeks ago. This 
autumn, I will be collecting many 
more and putting them around all 
the storerooms as well as trying to 
conserve some for use later. 

This is, of course, only 
anecdotal evidence. What we need 
is a randomised controlled trial. 
KenDigby 
Maidstone, Kent, UK 

• We at the RSC assumed that 
there would be some interesting 
chemistry behind spiders' 
apparent dislike of conkers, so we 
set the public the challenge of 
proving or disproving the tale. 

The best theory we were given 
was that certain terpenes in 

Questions and answers should be concise. 
We resef\le the right to edit items for clarity 
and style. Include a daytime telephone 
number and email address if you have 
one. Restrict questions to scienti fic 
enquiries about everyday phenomena. 
The writers of published answers will 
receive a cheque for £25 (or US$ 
equivalent). Reed Business Information Ltd 
reseNes all rights to reuse question and 
answer material submitted by readers in 
any medium or format. 

aromatic woods are known to repel 
insects; the supporting beams of 
many old buildings were built 
from sandalwood for this reason. 
A type of terpene known as 
triterpenoid saponin is found in 
the brown skin of horse chestnuts, 
and might well repel spiders. 

However, the most convincing 
evidence argues against conkers' 
efficacy. It was submitted by a 
class of g-year·olds from Roselyon 
School in Cornwall, who videoed 
their well-planned and executed 
experiments. The video can be 
seen on the RSC blog (bit.ly/ 
NZoxE) and is an admirable 
demonstration of the scientific 
method and arachnid-related 
bravery from such young minds. 
fonEdwards 
Media Executive 
Royal Society of Chemistry 
London, UK 

Leaf me alone 
Why does my dishwasher have 
such diff iculty cleaning spinach 
from my plates? 

• Tinned spinach is used 
as one of the food re si dues in 
standardised tests for dishwasher 
performance - precisely because 
it is so difficult to remove. Plus 
every speck of the dark green 
vegetable shows up against an 
otherwise clean white plate. Other 
tricky foods include mashed 
potato and coffee grounds, but 
nothing beats spinach. Every trace 
left on the plate is a minus point, 
and these are aggregated to 
determine overall performance. 

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

For a list of all unanswered questions 
send anSAE to LWQiist at the above 
address. 
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For several years I was a design 
engineer on dishwashers, and 
spinach was our worst enemy. 

The tiniest fragment shows up 
clearly on washed plates. It forms 
thin flakes which adhere under 
wet conditions (possibly in the 
fluid boundary layer, or by 
chemical bonding, or some other 
mechanism) and they bake on 

"I was design engineer on 
dishwashers and spinach 
was our worst enemy for 
wash performance" 

tightly during the drying cycle. 
Even under normal conditions by 
no means all the crockery surface 
is scoured by direct jet impact -
some is only gently washed with a 
percolating rain, so there is plenty 
of space for spinach to lurk. 

Furthermore, some of our 
tests showed that a lot of food 
residue is redeposited after being 
removed. This creates other 
problems, since water volumes 
during washes are decreasing 
because of pressure to design 
machines that use less water (and 
hence less electricity). At the same 
time dishwashers are increasing 
in capacity. You can get more 
plates in, so more spinach 
fragments can be deposited than 
in a previous generation of 
appliances. Nor will the internal 
filters trap particles this small. 
So it just goes round and round 
the wash cavity. 

So what is the solution? I 
recommend you try a setting that 
gives you an automatic pre-rinse, 
or a larger water volume (perhaps 

Why can't 
elephants 
jump? 
The latest collection: 
witty, brilliant, intelligent 
and packed with insight 

not using the "eco·wash" setting), 
and definitely use " rinse aid" 
liquid if the machine accepts it. 
Also, try rinsing the plates before 
you put them in the dishwasher. 
Studies show that about half the 
population rinses, and the other 
doesn't. It is important not to pack 
the dishwasher: leave every 
second plate slot open. This 
can also work well for greasy 
foods. Try eating fresh spinach 
instead of tinned. Cook it lightly 
and the plates will be easier 
to clean. 

Either way, you would be 
one of the few people I've met 
who actually eats spinach often 
enough to notice the effect on 
wash performance. I was 
beginning to think that the 
wash test was totally contrived. 
John 
By em ail, no surname or address 
supplied 

This week's 
questions 

BENIGN RESEARCH 
Why do benign tumours quit 
growing? Isn't it possible that 
understanding benign tumours 
and why they are not life· 
threatening could help us to treat 
malignant growths? 
Charles Congdon 
Oak Ridge, Tennessee, US 

GARISH GARLIC 
Why does pressed garlic turn 
bright turquoise when roasted 
with red pepper? 
Rowan Hooper 
London, UK 
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A year has passed since the Deepwater Horizon accident in the Gulf of Mexico. From the beginning, BP has taken 
responsibility for the clean-up. Much progress has been made and our commitment to the Gulf remains unchanged. 

Reducing the impact of the spill 
No oil has f lowed into the Gulf since July 15th. As our efforts continue. all beaches and 99o/o of waters are open. Gulf 
seafood has been subjected to more rigorous safety testing, by independent experts, than any other seafood in the world. 
To date, BP has spent more than $13 billion on the clean-up. 

Restoring the environment 
We helped organise over 48,000 people, 6,000 vessels and 120 aircraft to clean up the water and coastline. We have 
committed $500 million to fund scientific studies on the impact of the spill, and have spent over $280 million on projects 
that include the rescue of wildlife and restoration of their habitats across the region. 

Helping to rebuild the economy 
We've committed $20 billion to an independent fund to pay for environmental restoration and the legitimate claims of 
individuals, businesses and governments. And grants have been made to the Gulf Coast States to promote tourism 
and seafood. 

Learning and sharing the lessons 
This was a tragedy that should not have happened. Our responsibility is to learn from it and share with competitors, 
partners, governments and regulators to help ensure that it never happens again. 

We are grateful for the commitment of the thousands of people involved and for the considerable support we have 
received from so many sources, including governments, industry partners and members of the public. 

For more information, please visit bp.com 

bp 


