
THE PARTICLE 
THAT ISN’T THERE

Inside the experiment that splits reality

THE NEW GOOGLE  
China’s internet dragon prepares to spread its wings

WEEKLY July 26 -  August 1, 2014

0
70

98
9

30
69

0
53

0

No2979 
US$5.95  CAN$5.95

Science and technology news   www.newscientist.com  US jobs in science

BRAIN GAIN
What happens when you 
rewire a worm’s neurons?

DON’T CLICK, LICK
The ultimate  
hands-free device

CALIFORNIA’S KATRINA
Watery disaster could 
sink the Golden State

WANTED: 
GENE HEROES
Have you got disease-defying DNA?



Ask questions and seek  
answers with New Scientist

Subscribe and save up to 74%

Let your 
curiosity 
roam free

Visit newscientist.com/6645
or call 1-888-882-3242 and quote 6645





Issue two of New Scientist: The Collection is 

dedicated to the amazing science of cosmology. 

Where did it all come from? Why is reality like it is? Do 

dark matter and energy exist? What are black holes? Is 

time an illusion? How will it end?

The Unknown Universe is a collection of some of the

best New Scientist articles from recent years about

the birth, life and death of the universe.

Buy your copy now from all good newsagents 

or digitally. Find out more at: 

newscientist.com/TheCollection

Explore the mysteries 

of the cosmos



26 July 2014 | NewScientist | 3

CONTENTS Volume 223 No 2979

This issue online 
newscientist.com/issue/2979

 News
6 UPFRONT 
  RIP Australia’s carbon tax.  Galaxy mapper 

peppered by debris.  Trauma for Gaza’s 
children.  Who shot down flight MH17?

8  THIS WEEK 
First sighting of the Higgs at work.  
A simple plan to feed the world.  Ancient 
oasis found in a world without oxygen.  
Potential cure for drug-resistant TB

10 FIELD NOTES 
 Ice-melting robot gets ready for Europa 
16 IN BRIEF  
  Self-assembling rock arches.  Lasers make 

fibre-optic tubes out of thin air.  Alcohol’s 
affect on smell.  Moose spit has fungi licked

Coming next week…
Fat or fiction?
The truth about saturated fat

Einstein’s perfect theory
Relativity faces its greatest test yet

Cover image  
Berli Mike/brlmk.net

32

42

The brain,  
hot-wired
Rewiring a worm’s 
neurons is just the start 

8
JO

H
N

 L
U

N
D

/G
ET

T
Y

H
EI

TI
 P

AV
ES

/A
LA

M
Y

The particle 
that isn’t there
Inside the experiment 
that splits reality

Going rogue
Can we predict when 
killer waves will strike?

 Technology
19   Baxter the robot grows up.  Artificial art via 

evolution.  Gas-sniffing cars. Tinnitus implant.  
“China’s Google” aims high.  Fog goggles

News

On the cover

Features

22  The new Google  
China’s internet dragon

28  Wanted: gene heroes  
Disease-defying DNA

36  California’s Katrina  
Watery disaster could sink 
the Golden State

40  Don’t click, lick 
The ultimate  
hands-free device

8  Brain gain 
Worm neurons rewired

 Opinion
26  Genetic moderation  There’s a way to ease 

tensions over GM crops, says Susan Watts 
27  One minute with… Rob Mackenzie  What 

a green time machine will tell us about trees
28  Secret heroes  Stephen Friend hunts for 

people with genes that defy diseases 
30  LETTERS UK’s jihadi threat.  Weedy world

 Features
32  The particle that isn’t there   

(see above left)
36  California’s Katrina  Watery disaster  

could sink the Golden State
40  Don’t click, lick  The ultimate  

hands-free device
42  Going rogue  (see left)

 CultureLab
46  Baby steps  It’s easy to wrong-foot parents
47  Emotional act  Shakespeare’s link to autism 
48  Art of numbers  A revolution lurks in this 

digital art retrospective

 Regulars
5  LEADER Will a Chinese dragon beat a 

Silicon Valley giant?
56 FEEDBACK  Digital Wimbornes
57  THE LAST WORD  The best way to vote
50  JOBS & CAREERS

 Aperture
24   Rise of the psychedelic blobs





26 July 2014 | NewScientist | 5

LEADERS

THERE is a gold rush going on  
at the digital frontier. As the 
economies of the likes of Brazil 
and India grow, so does the 
demand for web services of the 
kind that Westerners have come 
to take for granted: fast, reliable 
and ubiquitous.

We’ve heard a lot about 
established tech giants’ plans to 
deliver internet to the masses. 
Facebook wants to use drones; 
Google is opting for high-flying 
balloons. Others are hard at work 
on websites specially designed  
for non-Western cultures. Now 
there is a new player in the game, 
and it may change the rules.

Baidu, a search engine based  
in Beijing, has lofty ambitions. 
Having conquered China, it is 

Digital hearts and minds

California’s watery grave

Will a Chinese dragon best a Silicon Valley giant?

expanding into other growing 
digital markets, including Brazil, 
Egypt and Thailand. It is also 
busily setting up labs to perform 
the kind of cutting-edge research 
at which Google excels (see 
page 22). More and more, it seems, 
Baidu is not satisfied with simply 
emulating US companies at 
home: it wants to become the 
developing world’s Google.

There is every reason to believe 
it can succeed. Baidu was itself 
forged in a rapidly developing 
country. China’s digital market is 
vast, with more than 600 million 
internet users, but it also varies 
widely in digital literacy and 
infrastructure, from savvy 
consumers in the cities of the  
east to uneducated peasants in 

the rural west. Baidu has learned 
to tune itself to China’s varying 
needs. That experience may  
allow it to offer services that US 
companies don’t understand.

Baidu’s prospects in the West 
are less rosy. The company is 
toxically associated with China’s 
censorship policies, and the 
English-speaking part of the  
web is already largely spoken for.

But as Baidu enters territories 
that US web giants covet, we can 
expect some interesting culture 
clashes. “Made in China” versus 
“made in Silicon Valley” is about 
more than business competition. 
It will influence how a whole 
generation of people outside the 
West understand the world and 
their place in it.  ■

CALIFORNIA has a long history of 
trying to tear itself apart. Since it 
joined the Union in 1850, there 
have been dozens of proposals to 
break up the state. The latest, put 
forward by technology investor 
Tim Draper, envisages dividing it 
into six separate states.

Nobody is giving the plan much 
chance. But if Draper wins enough 
backers to force a vote, California 
may end up debating an issue that 

really does have the potential to 
destroy the Golden State: water.

Southern California depends 
heavily on water from further 
north. This arrangement has 
served the state well, but is now 
unsustainable (see page 36).

Tensions are building over 
plans to build pipelines to 
guarantee the south’s water 
supply, with residents further 
north resentful of “their” water 

being taken away and fearful 
of being bled dry themselves. 

These people may find the 
six-states plan appealing. As 
residents of newly created North 
and Central California, they would 
have much more control over 
their water. Prospective citizens  
of West and South California are 
likely to be less enamoured.

It is probably not what Draper 
had in mind when he hatched his 
plan. But if it raises the profile of 
California’s water woes, his idea 
will have achieved something.  ■ 
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LOOK out, Gaia. The robotic 
galaxy mapper may have just 
made its first discovery, by 
surviving an unexpected 
onslaught of space debris.

Scientists working with  
the European Space Agency’s 
satellite have found that it is  
being peppered by far more 
micrometeoroids – specks of space 
dust – than had been anticipated.

“The rough expectation was 
one to 10 per day,” says Floor 
van Leeuwen at the University 
of Cambridge. “We are observing 

at least 500 per day.” The strikes 
shouldn’t put Gaia in danger, 
although scientists will have to 
watch closely as the spacecraft 
begins its scientific observations.

Gaia’s mission is to map 
roughly a billion stars in our 
galaxy with high precision.  
This will help astronomers learn 
more about the Milky Way’s 

THIS promise might have been 
better broken. Australia’s prime 
minister Tony Abbott vowed to 
scrap the nation’s carbon tax, and 
he has, making Australia the first 
country to do so. Now the climate 
and economy will pay the price.

Previously, A$23 was charged 
for each tonne of carbon dioxide 
put out by big greenhouse gas 
emitters. This tax led to a 1.5 per 
cent fall in Australia’s emissions 
last year. Without it, emissions are 
likely to grow by 8 to 18 per cent  
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Space-dust surprise RIP carbon tax

UPFRONT

“The specks of space  
dust are probably hitting  
Gaia’s sun shield – their 
origin is a mystery”

structure and evolution. To make 
measurements, the team needs 
to know the direction in which 
their satellite is pointing with 
unprecedented accuracy. That 
means that Gaia was designed 
to be extremely sensitive to tiny 
changes in its rate of rotation. 

The detection of such changes 
revealed the surprising number 
of nudges from micrometeoroid 
strikes. The team thinks that 
many of the bits of space dust  
are hitting Gaia’s sun shield, 
although their origin is a mystery.

The micrometeoroid find is of 
particular interest to scientists 
working on NASA’s James Webb 
Space Telescope (JWST). The 
infrared observatory will be 
placed in the same orbital 
region as Gaia in 2018 to study a 
cornucopia of cosmic mysteries. 
Micrometeoroid impacts have 
the potential to decrease the 
reflectivity of the telescope’s 
enormous, exposed mirror.

JWST scientists have been 
talking to the Gaia team and 
will compare the findings with 
their computer predictions of 
micrometeoroid levels the space 
telescope should encounter.

by 2020, according to a recent 
report by the World Bank.

“The repeal reveals less 
commitment to climate  
change mitigation, and more 
commitment to business,”  
says Alyssa Gilbert of the Ecofys 
think tank in London.

Instead the government’s 
“Direct Action Plan” will pay 
businesses to fund projects that 
reduce emissions. But this is  
likely to cost more and achieve 
less than the carbon tax, says 
Frank Jotzo of the Australian 
National University in Canberra.

Gaza’s children of war 
ISRAEL continues to rain bombs 
on the Gaza Strip. More than 
550 Palestinians have been killed 
and 3000 injured – about a third of 
whom are children. It is the deadliest 
period in the region since the Gaza 
war of 2008-9.

As well as the obvious physical 
damage, Israel’s attacks will leave a 
severe psychological mark on Gaza’s 
surviving children. Three months 
after the last period of bombing 
ended, in January 2009, Abdelaziz 
Thabet, a child psychiatrist at 
Al-Quds University in the Gaza 
Strip, studied the effects of the 
bombing on Palestinian children.

The Gaza war lasted three weeks 
and saw 1100 Palestinians and 13 
Israelis killed. Of the 358 teenagers 
Thabet studied, 30 per cent were 

left with full-blown post-traumatic 
stress disorder. Most other teenagers 
presented some PTSD symptoms, and 
only 12 per cent had no symptoms. The 
study was published in the May issue 
of the Arab Journal of Psychiatry, just 
a month before the current campaign. 

The rates of full-blown PTSD may 
be worse this time due to the intensity 
of the shelling, warns co-author Panos 
Vostanis at the Greenwood Institute 
of Child Health at the University of 
Leicester, UK. “I’d expect them to be  
at least 60 to 70 per cent in the three 
to six months afterwards,” he says.

But a study from 2000 offers hope 
for the children that survive. In a one- 
year follow-up of Gazan children aged 
7 to 12 who had been traumatised, 
Thabet found that only one-quarter of 
them still suffered symptoms of PTSD. 

–Formative experience–

Chikungunya hits US and Europe
IT’S on the move. Locally acquired 
cases of the mosquito-borne virus 
chikungunya, native to central 
Africa, have been seen in the US 
for the first time, and it looks set 
to spread in Europe.

Prevalence of the virus, which 
causes rash, fever and severe joint 
pain, has exploded in Central America 
since its arrival there last December. 
As of 18 July, the number of cases 
across the region is 442,000.

Visitors to affected countries 

risk carrying the virus to areas 
harbouring mosquitoes that can 
transmit the virus between people. 
That includes the US: last week, 
authorities confirmed the first 
two locally acquired cases of 
chikungunya in Florida.

Europeans are also at risk. Health 
authorities in France have confirmed 
475 imported cases of chikungunya 
so far this year, 126 of them in people 
living in regions with mosquitoes 
that could spread the virus.
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THE evidence is mounting. 
US satellite data seems to point 
the finger at a Russia-backed 
rebel militia for blowing up an 
airliner over Ukraine on 17 July, 
killing 298 people. Intercepted 
phone calls reveal the rebels 
bragging about shooting down 
the aircraft. And now the plane’s 
black box flight recorders, if 
they haven’t been wiped or 
tampered with, could help to 
reveal the culprits.

Malaysia Airlines flight MH17 
was en route to Kuala Lumpur 
from Amsterdam when a guided 
missile, probably a Russian-made 
Buk, exploded by it, tearing the 
fuselage apart at 33,000 feet. 

The US space-based infrared 
system (SBIRS) – a network of 
military satellites – detected the 
missile’s launch from a location  
in rebel-held territory near Torez, 
Ukraine. “We know the trajectory. 
We know where it came from. 
We know the timing. And it was 
exactly the time the aircraft 
disappeared,” said US secretary of 
state John Kerry on 20 July. “From 
voice identification we know the 
separatists were bragging about 

shooting it down afterwards.”
On 21 July, rebels handed  

over MH17’s flight recorders  
to Malaysia Airlines, days after 
finding them; it is unclear 
whether the recorders have been 
tampered with. Other forensics 
will be difficult: the aircraft 
wreckage has been looted by the 
rebels – and bodies stripped of 
cash, credit cards and cellphones.

MH17 blame game
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Drop dead, dengue
TIME to unleash the mozzies? 
Genetically modified mosquitoes 
will be raised on a commercial 
scale for the first time, to control 
dengue fever in Brazil. But it is 
unclear how well it will work.

Next week biotech firm Oxitec 
of Abingdon, UK, will open a 
factory in Campinas, Brazil, to 
raise millions of modified male 
mosquitoes. Once released, they 
will mate with wild females, 
whose offspring then die before 
adulthood. That should cut the 
number of dengue-carrying 
mosquitoes. In April, Brazil 
approved their commercial use.

So will they work? Margareth 
Capurro at the University of São 
Paulo studied the effects of freeing 
the GM mosquitoes in Jacobina in 
Bahia state, where a dengue alert 
has been in place since February 
due to an outbreak. Capurro’s data 
show the number of mosquito 
eggs falling by an impressive 
92 per cent in experimental areas. 
But so far this has not led to a  
drop in the incidence of dengue.

That may be because the study 
was too small, says Capurro. Only 
after a full epidemiological study 
next year will we know for sure if 
the GM mosquitoes are working.

60 SECONDS

Schizophrenia genes
The largest ever study on the genetic 
roots of schizophrenia has found 
108 regions of DNA associated 
with the disorder. Genes expressed 
in the brain or involved in the 
immune system made the biggest 
contribution (Nature, doi.org/tsz). 
The discovery coincides with a 
$650 million donation to psychiatric 
research in the US – one of the 
heftiest ever private gifts to science. 

China’s stranded rover
Rocks seem to have stymied 
China’s Yutu – or Jade Rabbit – lunar 
rover. A malfunction means Yutu has 
been stuck 20 metres from its landing 
site since January. On 21 July, the 
mission’s deputy chief designer told 
the Xinhua news agency that the 
rover may have been damaged by 
unexpectedly gravelly terrain. 

HIV ‘cured’… again
HIV has been undetectable for more 
than three years in the blood of two 
bone marrow recipients in Australia, 
an AIDS conference in Melbourne 
heard last week. That makes five 
people with HIV globally who have 
been successfully treated in this way, 
though two relapsed. The Australian 
men have remained on antiretroviral 
drugs, which makes the treatment’s 
impact harder to interpret.

Big-tobacco payout
A US court has ordered R. J. Reynolds, 
the country’s second-largest cigarette 
company, to pay a whopping 
$23.6 billion to the wife of a smoker 
who died of lung cancer in 1996. 
A jury found that Reynolds was 
negligent in informing consumers  
of the dangers of smoking. The firm 
will appeal the decision.

Smellephants
African elephants have almost 2000 
genes for smell receptors. That is 
more than any other animal studied, 
twice as many as dogs and five times 
more than us (Genome Research, 
DOI: 10.1101/gr.169532.113). No 
wonder their trunks are so long… 

“The factory will produce 
millions of GM mosquitoes 
whose offspring will die 
before adulthood”
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–Virus set to spread–

–The remains of flight MH17–

COMET-chasing spacecraft 
Rosetta is seeing double. Pictures 
from the European Space Agency 
(ESA) probe suggest that its target 
comet, Churyumov-Gerasimenko, 
is two icy bodies stuck together.

Launched 10 years ago, 
Rosetta’s mission is to make the 
first-ever landing on a comet, 
which is scheduled to happen  
in November. ESA will need to 
carefully assess possible landing 
sites now that the comet’s 
unusual shape has been revealed. 

Selecting a site that allows 
scientists to check out both parts 
will be challenging but might 
have benefits. Comets are frozen 
remnants left over from the 
formation of the solar system 
4.6 billion years ago. If the two 
parts of Churyumov-Gerasimenko 
have different origins, Rosetta  
will get to study two ice balls for 
the price of one and get a better 
look at the solar system’s past.

Two-for-one comet

“From voice identification 
we know the separatists 
were bragging about 
shooting it down”
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Douglas Heaven

CALL it the first brain hack. The 
humble nematode worm has had 
its neural connections hot-wired, 
changing the way it responds to 
salt and smells. 

As well as offering a way to 
create souped-up organisms, 
changing neural connectivity 
could one day allow us to treat 
brain damage in people by 
rerouting signals around 
damaged neurons. What’s more,  
it offers a different approach to 
probing brain mysteries such as 
how consciousness arises from 
wiring patterns – much like 
exploring the function of an 
electronic circuit by plugging  
and unplugging cables.

In our attempts to understand 
the brain, a lot of attention is 
given to neurons. A technique 
known as optogenetics, for 
example, lets researchers study 
the function of individual 
neurons by genetically altering 
them so they can be turned on 
and off by a light switch. But 
looking at the brain’s connections 
is as important as watching the 
activity of neurons. 

Higher cognitive functions, 
such as an awareness of our place 
in the world, do not spring from a 
specific area, says Fani Deligianni 
at University College London. 
Deligianni and her colleagues are 
developing imaging techniques to 
map the brain’s connections, as 
are other groups around the world 
(see “Start with a worm…”, right). 
“From this we can begin to answer 
some of the big questions about 
the workings of the brain and 
consciousness which seem to 
depend on connectivity,” she says. 

Tracing how the brain is wired 
is a great first step but to find out 
how this linking pattern produces 
a particular behaviour we need to 

be able to see how changing 
these links affects brain function. 
This is what a team led by William 
Schafer at the MRC Laboratory of 
Molecular Biology in Cambridge, 
UK, is attempting. 

In both vertebrate and 
invertebrate nervous systems, 
neurons are connected to each 
other by chemical or electrical 
synapses. Chemical synapses are 
formed from hundreds of 
different types of protein, but 
electrical synapses are far simpler. 
They are gap junctions – channels 
between neighbouring neurons 
made by just one kind of protein. 
If two adjacent neurons produce 
that protein, they join up, 
forming a synapse through which 
electrical signals can flow. 

Schafer’s team injected DNA 
that codes for their protein into 
the gonads of Caenorhabditis 
elegans nematode worms. When 
the next generation hatched, 
some worms expressed the new 
genes, giving rise to extra neural 
connections (see “A connection is 
made”, below). To ensure the 
introduced protein didn’t  

interact with other parts of  
the neuron, the team used the 
mouse version of the gene rather 
than the nematode’s usual 
invertebrate version. 

To test their technique,  
the team inserted a connection 
between two unconnected 
neurons involved in the worms’ 
response to salt. In normal  
worms, salt increases the 
electrical activity in one neuron 
and decreases it in the other. But 
connecting them up synchronised 
the responses. “If one went up,  
the other did too,” says team 
member Ithai Rabinowitch at  
the Fred Hutchinson Cancer 
Research Centre in Seattle.  
As a result, rewired worms were 
far less sensitive to changes in  
salt concentration. 

End of odours
Next, the team added an 
electrical synapse between 
two neurons normally joined  
by a chemical link. Rather than 
inserting a new connection, this 
was now editing an existing one. 
This second pair of neurons 
helps to control a worm’s sense 
of smell. Adding an extra 
electrical connection reversed 
the chemical signal. “It 
completely abolished the ability 
of the worm to track the odours,” 
says Rabinowitch (Nature 
Communications, doi.org/ts2.)

Mark Cunningham at Newcastle 
University, UK, is excited by the 
work. “It could have tremendous 
impact for our understanding of 
electrical synapses in the central 
nervous system,” he says. 

The approach complements 
other brain-probing techniques, 
like optogenetics, says Schafer. 
Eventually, he says, it might be 
possible to extend optogenetics to 
synapses and use light to open 

and close connections, giving 
precise control over timing as well 
as location. “That would be a very 
powerful tool,” says Schafer.

So far the team has only added 
connections to C. elegans 
nematodes, which have just a few 
hundred neurons spread through 
the length of their body, rather 
than a centralised brain. In theory, 
though, the approach could be 
adapted for more complex 
organisms. There is evidence in 
frogs that gap junctions can be 
created in vertebrates using 
invertebrate proteins. 

For now, though, we can learn  
a lot about ourselves from even 
the simplest brains. The cellular 
machinery underlying 

THIS WEEK

The great brain hack
Tweaking worm neural connections can open up the human brain
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A connection is made
Artificial neural connections can be 
created by modifying nematode worms 
with DNA that codes for a protein that 
joins two neurons together

NEURON

NEURON

GAP JUNCTION

Electrical signals 
can flow in the 
form of ions

Doing this to sensory neurons (red) 
changed the worms’ sensitivity to salt

Introduced
protein

Introduced
protein

AnusNose
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connections is strikingly similar, 
says Rabinowitch. The C. elegans 
circuit for smell that the team 
looked at, for example, shares 
features with brain circuits for 
eyes in more complex animals. 
“There are some incredible 
parallels,” he says.

Studying synapses in this way 
could bring crucial insights, says 
Cunningham. He thinks that over-
powered electrical synapses may 
have a role in conditions like 
epilepsy. Tinkering with the 

In this section
■  Ice-melting robot gets ready for Europa, page 10
■  Ancient oasis found in a world without oxygen, page 15
■  “China’s Google” aims high, page 22

given a pill to reconnect damaged 
parts of their brain,” he says.  
“It’s science fiction but you’ve got 
to start thinking about it.” 

One day, editing synaptic 
connections may even let us add 
to an organism’s capabilities, says 
Rabinowitch. Instead of training 
animals, we might grow them 
with specially designed brain 
circuits. For example, it might be 
possible to create C. elegans 
worms that protect fields of crops 
from disease by seeking out 
harmful bacteria. 

“I view C. elegans as a kind 
of live prototyping tool,” says 
Rabinowitch. New connections for 
desired behaviour can be computer 
simulated and then tested.  ■

brain’s connectivity in a mouse 
model, say, could help identify 
what the problem is. “We could 
play around with introducing new 
gap junctions into the system and 
see if it induces an epileptic state,” 
says Cunningham. 

Rabinowitch thinks the work 
could ultimately open up new 
ways to treat brain damage, by 
creating neural bypasses that 
miss out the damaged neurons. 
Other researchers are looking at 
ways to do this by implanting 
electrodes, but a genetic 
approach would allow brain cells 
to grow their own alternative 
route. “You can envisage a time 
when someone who has had a 
stroke goes to a clinic and is 

“ You can envisage someone 
who has had a stroke being 
given a pill to reconnect 
the damaged brain areas”

START WITH A WORM...
What can we learn from a worm? 

There are huge differences 
between the simple nervous system 
of the Caenorhabditis elegans 
nematode worm – with its 
302 neurons and 7000 neural 
connections – and the network of 
85 billion neurons and 100 trillion 
connections in a human brain.  
But at a basic cellular level, signals 
are sent and received in strikingly 
similar ways. 

C. elegans is well understood.  
Its connectome – the trace of its 
nervous system – was first mapped 
in 1986 and more comprehensive 
versions have been published since. 
Such blueprints allowed researchers 
to introduce extra brain connections 
in the worm (see main story). 

The nematode isn’t the only 
organism getting laid bare.  
The recently published Allen  
Mouse Brain Connectivity Atlas 
traces connectivity between 
500,000 tiny cubes of brain tissue 
each containing up to 500 neurons. 
The Mouse Connectome Project 
aims to go a step further and build  
a 3D atlas of the mouse’s 75 million 
individual neurons. 

And people are, of course, 
studying the human brain. In 2011, 
Martijn van den Heuvel of the 
University Medical Center in Utrecht, 
the Netherlands, and his colleagues 
unveiled a map of the connections 
between different brain regions. 
They found that 12 areas of the 
brain had significantly busier 
pathways within and between them 
than all the others.

The Human Connectome Project 
is also creating a map of our neural 
networks, again focusing on 
pathways between brain regions. 
The maps will get ever more detailed 
as imaging technology progresses. 

But we don’t have to wait  
for a complete blueprint to make 
medical leaps. In complex brains, 
neurons seem to act together.  
To see a noticeable effect, it might 
be possible to just modify a busy 
pathway of neurons rather than an 
individual connection. 

–Now with extra connections–
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Lisa Grossman

THE jewel-coloured hole in the 
glacier is just about big enough 
for me to fall into. As I edge 
around it, I’m grateful for the 
spikes strapped to my boots. But 
I can’t resist the urge to peer into 
the blue depths, where a cigar-
shaped robot is blazing a trail in 
the hunt for life beyond Earth.

After a 2-hour drive from 

Anchorage and a short flight in 
a bush plane, I’m standing on 
Matanuska glacier in Alaska. I 
arrive during the last week of 
field tests for the robotic explorer 
VALKYRIE, which could one day 
dive into the ocean thought  
to hide beneath the surface  
of Jupiter’s icy moon Europa, 
looking for signs of life.

The timing for Europa hopefuls 
couldn’t be better. While Mars has 

Icy moon explorer 
gets glacial test
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–Similar to Jupiter’s icy moon?–

“The most likely kind of life 
on Europa is microbes, but 
nobody knows for sure. 
There could be fish”

THIS WEEK

FIELD NOTES  Matanuska glacier, Alaska

long been the darling of NASA’s 
robotic exploration efforts, in 
December astronomers revealed 
the first evidence that Europa is 
venting plumes of vapour into 
space – probably fed by the 
seemingly life-friendly ocean 
we think is present under the ice.

“The plumes were a shocker 
from a number of perspectives,” 
says Jim Green, director of NASA’s 
Planetary Sciences Division. “That 
tells us Europa is an active world. 
Active worlds may have life on 
them. And it tells us the ocean 
may be very close to the surface.”

Not long afterwards, President 
Obama put $15 million into the 
2015 federal budget for NASA to 

develop a mission to Europa. 
Last week, the space agency asked 
researchers to propose science 
instruments that might fly to  
the icy moon.

At the same time, NASA is 
gearing up for the first test flight 
of the Space Launch System in 
2017. The huge rocket is designed 
to send humans into space, but  
it could also cut the travel time  
to Jupiter from about six years  
to two. A speedier trip to the  
outer planets would be a huge 



26 July 2014 | NewScientist | 11

robot dig deeper in field tests.
At 1.6 metres tall and 

45 centimetres in diameter, 
VALKYRIE resembles a big black 
cigar with a tapered tip (see 
diagram, above left). It is designed 
to deploy smaller robots carried 
inside that would be released into 
the water to map the sea floor and 
check for signs of life. If all goes to 
plan, one of these robots, called 
Sunfish, will get a test run in 
Antarctica in August 2015.

Just keep melting
But first the team must put 
VALKYRIE through its paces. The 
robot’s burrowing strategy is to 
suck in water through valves in its 
nose, heat it internally and shoot 
it back out to melt a pocket in the 
ice that it can slide into. The robot 
moves about a metre an hour,  
but the Europa-bound version 
should be bigger and speedier.

By the time I arrive at the 
glacier, the cryobot has drilled 
a hole 15 metres deep. It later 
extended this to 30 metres, 
beating the JPL team’s record.

Stone and his fellow engineers 
also ran tests to see whether 
VALKYRIE can change direction. 
On Europa, it would have a  
radar mounted on its nose so  
it could sense obstacles in its  
path and veer away from them.

“None of this would be required 

if we thought the ice would be 
clean straight down, but there 
could be anything from specks 
of dust to Volkswagens sitting 
in there,” says Stone.

VALKYRIE turns by shooting 
hot water out of two side-facing 
jets to create a sloped channel, 
although it’s not yet working as 
planned. Firing its side jets 
initially made the robot spin as 
it burrowed, carving a corkscrew 
path in the glacier. To get round 
this, the team attached a pole  
to the top of the robot that  
they could grasp on the surface, 
keeping the robot steady inside 
the hole as it fired its jets. Images 
of the resulting channels showed 
that side jets were not creating a 
consolidated hole. Instead they 
were carving a Mickey Mouse 
shape in the ice.

The team is now working on the 
issue back in the lab. After some 
upgrades, VALKYRIE will come 
back to Matanuska next year to do 
another test run with an on-board 
biology experiment and 3D radar 
mapper. Eventually, the whole 
system should get a dress 
rehearsal in Antarctica, hopefully 
becoming the first of its kind to 
drill through 3000 metres of ice 
into South Pole Lake.

If that expedition is successful, 
Stone thinks it will be a crucial 
milestone in the quest to send 
spacecraft to swim in alien seas.  ■

advantage, says Green, who thinks 
a fully funded Europa explorer 
could launch as early as 2022.

The first craft designed to 
visit Europa probably won’t land. 
Instead it would orbit the moon 
or conduct multiple fly-bys to 
determine how thick the ice is and 
scope out landing sites. An ice-
diving robot could take another 
decade or two after that to arrive. 

But multiple spacecraft have 
already sent us clues that Europa 
hosts a potentially life-friendly 
ocean. When the Voyager 2 
spacecraft flew past Jupiter and 
its moons in 1979, it showed that 
Europa’s surface is surprisingly 
free of impact craters, which 

Icy moon diver
The VALKYRIE robot is designed to 
pierce the shell of Jupiter’s moon Europa 
and deliver smaller robots to explore its 
suspected sub-surface ocean

VALKYRIE will use a 
nuclear power source to 
heat water and squirt it out 
as high-powered jets to 
melt its way through the ice

Nuclear power source

Computer

Launch frame

Hot water pumps

ICE

Deployable robot

Hot water jets

Hot water heat 
exchanger
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–Practice makes perfect–

suggests it is somehow recycling 
the ice on its surface. The Galileo 
mission to Jupiter bolstered the 
case in 1999, showing for instance 
that Europa is scarred by long 
cracks that may periodically open 
up and let water reach the surface.

Further hints that Europa has 
liquid water – and possibly life – 

come from Jupiter’s intense 
gravity. This constantly kneads 
the moon as it orbits, infusing it 
with warmth that may have kept a 
sub-surface ocean liquid over the 
age of the solar system. And other 
data suggest that this ocean sits 
on a rocky mantle that could  
be dotted with hydrothermal 
vents – potential hotspots for life.

“The most likely kind of life is 
microbes, but nobody knows for 
sure. There could be fish,” says 
Bill Stone, head engineer on the 
VALKYRIE project and founder 
of Stone Aerospace in Texas.

To get at these suspected riches, 
engineers have been designing 
cryobots, ice-melting vehicles that 
can carry scientific instruments 
deep into the ice. NASA’s Jet 
Propulsion Laboratory (JPL) tested 
a prototype of an interplanetary 
cryobot in 2001. It drilled a hole 
23 metres deep in a glacier in 
Norway’s Svalbard archipelago.

Early cryobots had a limiting 
factor: their power supply. 
Europa’s ice may be 30 kilometres 
thick, and solar or radio power 
won’t penetrate that far. Instead,  
a cryobot will have a small nuclear 
power source, but international 
peace treaties forbid the testing of 
nuclear-powered craft in natural 
ice. JPL’s cryobot instead relied on 
an electric cable during testing, 
limiting its reach.

To get round this, VALKYRIE 
is powered by a 5000-watt laser 
carried through a fibre optic wire. 
Developed with NASA support, 
this system can carry more power 
than electric cables, letting the 

“Cryobots aim to get at the 
suspected riches beneath 
Europa’s ice by melting 
their way into the ocean”
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Lisa Grossman

HARD at work, Higgs? A rare kind 
of particle interaction at the Large 
Hadron Collider has given us our 
first glimpse of the Higgs boson 
doing what the Higgs boson does.

The Higgs was dreamed up to 
explain why some force-carrying 
particles such as the W and Z 
bosons have mass, while others 
such as the photon do not. For 
50 years, it was the missing piece 
in the standard model of particle 
physics, which predicts how 
fundamental particles interact. 

The ATLAS experiment at the 
LHC near Geneva, Switzerland, 
was one of the detectors that 
helped discover the Higgs in 2012. 
Now ATLAS physicists report 
seeing pairs of W bosons bumping 
into each other inside the detector 
(arxiv.org/abs/1405.6241). 

This rare process can be used  
to test how the Higgs actually 
operates, and perhaps open paths 
to new physics, says Marc-André 
Pleier at Brookhaven National 
Laboratory in New York.

Finding the effect at the LHC 

has been a challenge because 
W bosons scatter off each other 
incredibly rarely, even less often 
than a Higgs boson is produced. 
The collider smashes protons 
together at close to the speed of 
light. Every so often, one of those 
protons will emit a W boson. We 
see scattering only if both protons 

happen to emit a W boson at the 
same time, and if those W bosons 
happen to be aimed at each other.

But how is the Higgs involved? 
When theorists tried to calculate 
how often W bosons should 
interact with each other,  
the results were physically 
impossible – unless the particles 
toss a Higgs boson between them 
as they collide.

This makes W boson collisions 
one of the best places to look for 
physics beyond the standard 
model, which we suspect is 
incomplete because it does not 

take gravity into account and 
cannot explain mysteries such as 
dark matter and dark energy. If 
W bosons can exchange more than 
one Higgs during an interaction, 
for example, they should fly off 
each other, or scatter, more often 
than the standard model predicts.

“The rates of these scattering 
processes and the energies you 
see them at would be forced to 
change fairly dramatically,”  
says Matthew Herndon at the 
University of Wisconsin Madison, 
who works on another LHC 
experiment called CMS.

ATLAS has seen evidence for 
34 of these events among billions 
of collisions, says Pleier, and for 
now, everything fits with standard 
model predictions. But seeing  
the effect at all is a milestone,  
and Herndon says the CMS 
experiment will also be releasing 
its version of these results soon.

“We’ve never looked in this 
corner of the standard model 
before,” says ATLAS team member 
Jake Searcy at the University of 
Michigan, Ann Arbor. “This is the 
start of something that’s going to 
be very interesting.”  ■

First sighting of 
the Higgs at work
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“ATLAS has seen evidence 
for 34 of these rare 
events among billions 
of collisions” –Smashing job–

GIVE us the right levers and we shall 
feed the world. The lion’s share of the 
world’s problems with food production 
stem from just a dozen or so countries 
and regions. If we focus on these 
problem areas, we could feed 3 billion 
more people and slash the 
environmental damage from farming.

“The way we’re growing agriculture 
right now is totally not sustainable,” 
says Paul West at the University of 
Minnesota in St Paul. His team looked 
for “leverage points” – areas with big 
potential to change how we grow food. 
They focused on the 17 crops that 
consume the most resources and that 
represent 86 per cent of the world’s 
crop calories (Science, doi.org/tss).

The study is a “high-altitude view” 

Fix these farms, feed an 
extra 3 billion people

of what it would take to feed a planet 
full of people, says Greg Asner of the 
Carnegie Institution for Science in 
Stanford, California.

West identified three ways to boost 
sustainable food production: increase 
yields from unproductive farms, stop 
wasting precious resources like water, 
and cut the release of pollutants such 
as greenhouse gases – much of which 
comes from deforestation. He also 
found those areas where we could get 
the most bang for our buck (see map).

We also need to waste less food, 
as 30 to 50 per cent goes uneaten.  
In theory, West says, eliminating food 
waste in the US, India and China alone 
could feed 413 million more people 
per year.  Azeen Ghorayshi  ■
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Michael Marshall

FOR the first half of Earth’s 
existence, there was no oxygen to 
be had. The air wasn’t breathable 
and life in the oceans was little 
more than primitive sludge.  
Even in this hostile world, though, 
small “oases” of oxygen-rich 
water persisted, fuelled by 
bacteria. Now it seems we have 
found the first hard evidence of 
one of these oxygen oases, 
preserved in ancient rocks.

If a person were to step out into 
this ancient world, they would die 
of asphyxiation within minutes.  
It wasn’t until around 2.4 billion 
years ago that oxygen flooded the 
oceans and gave rise to the air and 
seas we recognise.

“But many researchers have 
suspected that the first biological 
production of oxygen began long 
before that,” says Timothy Lyons 
of the University of California, 

Riverside. Rocks from 4 to 
2.5 billion years ago often contain 
bands of iron-rich minerals. These 
formed when bacteria started 
pumping out oxygen, which 
reacted with dissolved iron in  
the ocean to form particles of  
rock that sank to the bottom.

So oxygen might have built  
up  in isolated pockets – perhaps 
in shallow seas cut off from the 
global ocean. “The idea of oxygen 
oases in ancient seas has been 
around for a long time, but no  
one was able to pinpoint a specific 
example of such an oasis,” says 
Robert Riding of the University  
of Tennessee in Knoxville. He and 
his colleagues now say they have 
found one.

They collected rock samples 
from Steep Rock Lake in Ontario, 
Canada. Rocks there are 2.8 billion 
years old and contain a mixture  
of iron minerals and limestone,  
as well as the remains of thin mats 

of microbes called stromatolites. 
The area was once “a shallow 
shelf, partly isolated from the 
open sea by a stromatolite reef, 
and close to a land mass that  
could have supplied nutrients”, 
says Riding.

“Steep Rock is one of the oldest 
thick limestones on Earth, and  
is certainly the best preserved,” 
says Riding. His team’s analyses  
of the limestone suggest it has not 
changed since it was laid down.

That is key, adds Riding, because 
the calcium carbonate that makes 
up limestone can only form in 
water that has first been stripped 
of all its dissolved iron. He says 
the best explanation for the 
presence of the mineral is that 
bacteria pumped out oxygen, 
which reacted with all the iron in 
the water (Precambrian Research, 
doi.org/tsq).

The oasis only persisted for 
about 5 million years, though. 
After that, sea levels rose, 
overtopped the reef and swamped 
the area with a fresh influx of 
iron, causing oxygen levels to 
crash. “The existence of the  
oases was tenuous,” says Lee 
Kump of Penn State University  
in University Park.

Despite their name, the oases 
were dangerous places. Because 
oxygen is chemically reactive, 
when it first built up it was a 
deadly pollutant. Bacteria living 
in the oases would have been 

forced to evolve oxygen-defence 
mechanisms, or die. So the oases 
would have pushed early life to 
adapt to oxygen, before the gas 
went global.

It was a critical moment in  
the evolution of life on Earth. 
Once organisms had acquired  
the ability to survive in the 
presence of oxygen, they could 
evolve to harness its chemical 
energy, and  become the world’s 
first oxygen-breathers.  ■

An oasis in a world 
without oxygen
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–Havens for early life–

THE first new medication in half a 
century for the widespread treatment 
of tuberculosis has also shown the 
potential to cure drug-resistant TB.

Multidrug-resistant TB (MDR TB) 
accounts for nearly 4 per cent of new 
TB cases globally and is undermining 
attempts to stamp out ordinary TB 
because treatments are so expensive 
they sap funds. 

Preliminary results from a trial of a 
triple-drug combination called PaMZ, 
presented this week at the annual 
International AIDS Conference in 
Melbourne, Australia, raise the 
prospect of treating all people with  
TB with the same inexpensive drugs. 
This could be a game changer, says 
Mel Spigelman of the TB Alliance,  
a New York-based non-profit group 
that collaborated with universities  
in South Africa to carry out the trial. 

The trial involved 181 volunteers 
with ordinary TB and 26 people with 
the resistant form. All the people with 
MDR TB received high-dose PaMZ. The 
rest got either high-dose PaMZ, low- 
dose PaMZ or the standard regimen 
for ordinary TB for two months.

After that time, 71 per cent of 
all the people receiving PaMZ 
had sputum free of TB bacteria – 
regardless of whether they had 
started out with MDR TB – compared 
with just 38 per cent who received the 
conventional treatment. Data on the 
effect of the different dosages will be 
available when the study is published. 

Crucially, the people with MDR TB 
did just as well as those with ordinary 
TB. “This all points to the new regimen 
being better than the standard 
therapy,” says Spigelman. For ethical 
reasons, all volunteers were placed 
on standard treatments after the 
two-month trial, so the researchers 
weren’t able to see if they had been 
fully cured by PaMZ – though TB-free 
sputum samples are a strong sign. 

If the TB Alliance can raise the 
funds, a larger trial scheduled for later 
this year should provide the answer.  
Andy Coghlan  ■

Drug combo 
‘game changer’ 
for resistant TB

“ Tiny creatures evolved to 
harness oxygen’s chemical 
energy – becoming the  
first oxygen-breathers”
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TIME to ditch the hardware? 
Adult heart cells can be trained 
to act like pacemakers with a little 
genetic encouragement, says a 
team that has managed it in pigs.

In healthy hearts, a few 
thousand naturally occurring 
pacemaker cells control the 
electrical signal that initiates 
each heartbeat and maintains a 
regular heart rate. In a condition 
known as heart block, this signal 

is disrupted, causing anything 
from wooziness to cardiac arrest.

To return the heart’s electrical 
signals to normal, people with 
heart block are fitted with an 
electronic pacemaker, which lasts 
around seven years. But 2 per cent 
of people develop life-threatening 
infections following pacemaker 
implantation, says Eduardo 
Marbán at the Cedars-Sinai Heart 
Institute in Los Angeles.

To recruit other heart cells to the 
pacemaker role, Marbán injected a 
gene involved in embryonic heart 
development into the hearts of 
adult pigs with heart block. Within 
48 hours, cells near the injection 
site had become pacemaker cells, 
and were delivering appropriate 
electrical signals to the rest of the 
heart (Science Translational 
Medicine, doi.org/tsb). Marbán 
thinks the effects could be 
permanent. The team hope to try 
it in humans within three years.
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Vast rock arches sculpt 
themselves out of sand

NATURAL sculptures such as Delicate Arch in Utah 
(pictured) look like the work of a complex process. But 
according to Jiří Bruthans of Charles University in Prague, 
Czech Republic, and his colleagues, they are simply 
formed by sandstone and stress.

Rocks around the world have taken on bizarre shapes, 
from fine arches to impossibly thin columns supporting 
vast platforms. Various explanations have been proposed 
for these structures, such as repeated frost cycles.

Now Bruthans says that the properties of sandstone 
are the key. His team put weights onto sandstone blocks, 

creating stress that forced the angular grains of sand to 
lock together. They then immersed the blocks in water  
to erode them. The sides began to fall away, leaving  
a narrowing column of sandstone beneath the wider, 
weighted top. This thinner column had to take the full 
load, further interlocking the remaining sand grains  
and strengthening the centre.

Eventually, the column was so thin and the load so 
great that the sandstone became impervious to erosion.

When Bruthans etched cracks and other imperfections 
into the initial block, columns, caverns and arches 
emerged (Nature Geoscience, doi.org/tsr).

It is “a lovely and elegant mechanism for a lovely and 
elegant landform”, says Chris Paola of the University of 
Minnesota in Minneapolis.

Lose the hardware, keep the heartbeat

Asthma drug fears 
are shrinking

THE worry that some asthma 
drugs stunt children’s growth 
is overblown.

Sustained, high doses of oral 
steroids are known to stunt 
children’s growth – as does 
untreated asthma. But it was 
unclear whether treating asthma 
with inhaled steroids, which 
deliver a lower but more direct 
dose, also affects height.

Francine Ducharme at the 
University of Montreal in Canada 
and her colleagues analysed data 
from 25 randomised trials that 
tested inhaled steroids against  
a placebo (Cochrane Database of 
Systematic Reviews, doi.org/tr9). 

On average, the drugs 
reduced the growth rate by about 
0.5 centimetres in the first year, 
but this effect subsequently tailed 
off, and there was some catch-up 
in growth if the treatment ended 
or was wound down. “That is a 
small price to pay for the benefits 
of the drugs,” says Ducharme. 

Liquid bits could 
brim with data

DON’T drink that, it’s my hard 
drive! A future form of computing 
could see information stored on 
clusters of microscopic particles 
suspended in liquid.

Clusters of spheres can arrange 
themselves around a central 
sphere in a limited number of 
ways. Sharon Glotzer at the 
University of Michigan and her 
team realised these states could 
represent information. To test the 
idea, the team created a cluster of 
five spheres in a liquid and 
watched them naturally switch 
between two states, like the 0s and 
1s of traditional computing bits 
(Soft Matter, doi.org/tsf). 

In theory, a terabyte of data 
could be stored in a tablespoon 
of clusters – though it might be 
hard to scale up.

IN BRIEF
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Moose spit has 
toxic fungi licked

SAVED by their own spit. Moose and 
reindeer can detoxify their food by 
licking it.

Both animals tend to eat a lot 
of red fescue, a grass that grows 
worldwide. These plants contain 
fungi that make a toxin called 
ergovaline. Grazing animals that  
eat too much ergovaline can lose 
parts of their feet, tails and ears, 
and develop digestive problems.

Some invertebrates, such as 
caterpillars, can modify toxic 
chemicals released by plants. 
Andrew Tanentzap of the University 
of Cambridge and his colleagues 
wondered whether larger animals 
can, too.

Tanentzap’s team simulated 
grazing by clipping red fescue and 
smearing it with reindeer or moose 
saliva. Eight weeks later, the 
ergovaline levels in saliva-smeared 
plants were between 40 and 70 per 
cent lower than those in unclipped 
plants or in clipped plants smeared 
with water (Biology Letters, DOI: 
10.1098/rsbl.2014.0460).

“Herbivores can actually fight 
back,” says Tanentzap. “No one has 
ever thought of this.” Many other 
grazing animals might have similar 
saliva tricks, he adds.

“If these animals continually 
graze the same plants, then it 
would be quite beneficial,” says 
Gary Felton of Penn State University 
in University Park.

Seals go on a wind farm tour

THERE’S a new hunting ground for 
seals: offshore wind farms. It seems 
seals pop in for a bite to eat because 
fish gather around the turbine arrays.

Debbie Russell of the University of 
St Andrews, UK, and her colleagues 
tracked more than 100 grey and 
harbour seals in the North Sea with 
GPS. They observed 11 in wind farms. 
Three swam in grid-like patterns 
from one turbine to another, 
sometimes stopping to feed. The 
path of these seals is shown above. 
Six more seals fed along sub-sea 
pipelines for days (Current Biology, 
DOI: 10.1016/j.cub.2014.06.033).

It is the first time seals have been 
seen heading to individual undersea 
structures, says Russell. Offshore 
systems like oil rigs are also known 
to attract animals like corals and fish.

The seals probably aren’t targeting 
wind farms specifically, but simply 
visiting areas with lots of fish, says 
Victoria Todd of Ocean Science 
Consulting in Dunbar, UK. She has 
seen seals eating fish near oil rigs.

But seals may find the noise of 
wind farms stressful. We don’t know 
how turbines will affect the seals in 
the long run, says Brendan Godley of 
the University of Exeter, UK.

OPTICAL fibres made from air 
could transmit data to and from 
hard-to-reach places.

Regular optical fibres are made 
from two transparent materials 
that slow light down by different 
amounts. The difference in 
materials lets light reflect along 
the length of the cable without 
leaking out – perfect for sending 
a signal over long distances.

But it’s hard to put fibres in 
some places, like the upper 
atmosphere. And signals sent 
through open air often degrade 
because the light spreads out.

Now, Howard Milchberg of the 
University of Maryland, College 
Park, and his colleagues have 
come up with a way to mimic a 
fibre in the air itself.

The team shone four lasers in  
a square arrangement, heating 
the air molecules and creating a 
low-density ring around a denser 
core of air. Light bounces around 
the dense core just like in a fibre.

The air fibre lasts for a  
few milliseconds. “This is an 
extremely long time from the 
vantage point of a laser,” says 
Milchberg. The results will be 

published in the journal Optica.
So far they have tested air fibres 

over a range of 1 metre. These 
delivered a signal 50 per cent 
stronger than through air alone 
over the same distance. Sending 
signals further gives light more 
chance to spread, so in theory, a 
100-metre air-fibre could deliver 
a signal 1000 times stronger.

The team also transmitted a 
laser with 100 times more energy 
than those used to make the fibre. 
And they were able to receive 
signals: small flashes of light from 
the other end were detected.

Lasers make fibre-optic tubes out of thin air

A tipple boosts 
your sense of smell

HOW do you smell after a drink? 
Quite well, it turns out. A small 
amount of alcohol boosts your 
sense of smell.

It is well known that we can 
improve our sense of smell 
through practice, but a few people 
have also experienced a boost 
after drug use or brain damage. 
This suggests our sensitivity to 
smell may be dampened by some 
sort of inhibition from the brain, 
which can be lifted in some  
cases, says Yaara Endevelt of the 
Weizmann Institute of Science 
in Rehovot, Israel.

To test this, Endevelt and her 
colleagues investigated whether 
alcohol – known to lower 
inhibitory signals in the brain – 
affected drinkers’ sense of smell.

The team found a correlation 
between a person’s blood alcohol 
level and score on tests of odour 
detection and discrimination. 
But while low levels of alcohol 
improved performance, too 
much – about two to three units 
in an hour – led to a significant 
reduction in sense of smell 
(Behavioural Brain Research,  
doi.org/tsd). Understanding the 
underlying mechanisms might 
shed light on why some people lose 
their sense of smell, says Endevelt.
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Baxter breaks out
A robot designed to work side by side with humans in factories is 
finding a range of unusual alternative applications, finds Hal Hodson

A PAIR of chunky robot arms 
connected to a computer brain 
rides a motorised wheelchair over 
to a jar of peanut butter. The red 
arms reach out and grab it. The 
right gripper holds the jar still, 
while the left unscrews the top.

The arms belong to Baxter, an 
industrial robot with a twist – it 
is designed to work right next  
to humans on factory floors. 
Launched in 2012 by Boston-based 
Rethink Robotics, founded by 
pioneering roboticist Rodney 
Brooks, hundreds of Baxters 
already work on assembly lines 
and packing stations in factories 
across the US. 

But Baxter is now stepping out 
of the factory and into quirkier 
projects. The robot isn’t opening 
peanut butter jars for kicks, but at 
the behest of David Whalen, who 
was left quadriplegic as a young 
man following a skiing accident  

in 1981. Whalen is working 
with John Wen of the Rensselaer 
Polytechnic Institute in Troy,  
New York, to turn Baxter into  
a mobile assistive robot.

To do this, Baxter’s circuits 
have been combined with those 
of an electric wheelchair. Whalen 
can control the whole chimeric 
apparatus using a device he 
originally developed to allow  
him to play music without the  
use of his arms. The digital, 
breath-controlled device, called 
Jamboxx, looks like a cyborg 
harmonica. With various sips  
and puffs, Whalen can direct 
Baxter around on the wheelchair 
and also control its arms.

“Imagine being alone in your 
house for 8 hours, not able to get  
a drink when you need one or  
pick up something you dropped,” 
he says. His work with Wen on 
Baxter, due to be presented in 

August at the Conference on 
Automation Science and 
Engineering in Taiwan, is helping 
to solve that problem. “I’ve used it 
to pick up dropped items, retrieve 
items from shelves and push 
things around,” Whalen says.

Wen’s lab owns three Baxters. He 
is working with David Hornick of 
Albany Memorial Hospital to turn 

the others to another application 
that Rethink Robotics can hardly 
have anticipated: being remotely 
controlled by a doctor to carry out 
medical examinations. Because 
Baxter is designed to be safe 
around people, with additional 
sensing and arms that stop when 
they meet resistance, Wen and 

Hornick think they can safely  
let it perform physical tests. 

The team is initially teaching 
Baxter to use an electronic 
stethoscope, operated remotely. 
Baxter can be taught new 
movements simply by physically 
grasping its pliant arms and 
manoeuvring them into the 
desired positions. The system 
works by having the doctor 
control a “master Baxter” in this 
way, while an identical remote 
robot mimics these movements 
to carry out the patient 
examination while the doctor 
watches by video link. 

Other researchers have an even 
loftier ambition for Baxter – space 
farming. Nikolaus Correll at the 
University of Colorado in Boulder 
(UCB) is using a Baxter to explore 
how robots could tend to plants  
in space. His work is funded by 
NASA as part of a project to grow 
food autonomously in space, 
which would allow astronauts to 
spend longer away from Earth. 

Robots are awful at handling 
plants because they tend not to 
have a sense of touch and the 
flexible nature of plants makes 
them difficult to manipulate.  
But Baxter has the skills for this 
close work, and Correll and his 
graduate student Dave Coleman 
are exploring how to help the 
robot handle plant-like material. 
“The veggie growth chamber was 
just launched to the International 
Space Station in April this year,” 
says Correll. The plan is to show 
what they can do on Earth with 
Baxter, then transfer those  
skills to the International Space 
Station’s on-board automaton, 
Robonaut.

Baxter is even turning its 
grippers to lab work. Correll is 
working with UCB’s Rob Knight to 
teach Baxter the job of preparing 
faeces samples for research. 

Correll sees huge potential  
in the $25,000 robot, even if  
some others take persuading. 
“When I went to NASA they said 
bad things about Baxter, and I 
said, ‘You know what? Your robots 
cost millions.’ ” ■ 

“It’s being used to see how 
robots could farm plants in 
space, allowing astronauts 
longer missions” 

–Armed and dexterous–
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Artistic evolution
Computers that evolve digital images 
are making a new type of art

Aviva Rutkin

A NEW breed of art has evolved. 
A computer program has been 
built that creates digital artworks 
using algorithms that mimic 
natural selection. 

Yasuhiro Suzuki at Nagoya 
University in Japan and colleagues 
built the software after learning 
how artistic methods are passed 
down through generations. 

“Paintings that have remained 
to the present were painted by 
scaling, rotating and combining 
motifs that had already existed,” 
he says. This appeared to echo the 
process of biological evolution,  
in which traits are inherited and 
altered from parent to child. 

To use the program, a person 
first indicates the style of art  
that they like. Then they select a 
picture from a few preloaded 
images to feed into an algorithm. 
The algorithm mutates the image 
in different ways: chopping it in 
half, overlaying it on another 
image or randomly altering it. The 
resulting images are either culled 
or kept depending on how closely 
they adhere to the user’s initial 
stylistic choices, and the process 
repeats. The person can stop the 

process at any time and select 
an image they like, or let it keep 
running. Finally, the person 
adds colour to the image, as the 
program currently manipulates 
the images in black and white.

The team tested its program 
with different sets of preferences 
and starting images, letting it  
run for up to 4800 generations  
at a time. This resulted in several 
images, including one called  
“A witch who looks to the 
distance” (pictured), which began 
with a picture of a four-leaf clover. 
Another that started with a sketch 
of a pair of scissors became a hazy 
depiction of a woman in profile, 
lifting one hand to her face. 

In the past, artists have tried to 
endow computers with a form of 
creative process – one robot has 
even had its work on display at 
London’s Tate Modern museum.

 Kurt Ralske, an artist at the 
School of the Museum of Fine 
Arts in Boston, Massachusetts, 
uses algorithms in  his computer-
based work as a labour-saving 
device. But he cautions that 
computers won’t replace artists.

“Algorithms are not useful for 
the style of art and art-making 
that is intensely personal, 

cathartic and introspective,”  
he says. “Where algorithms do 
help is in the crafting of a system 
or situation which can produce 
interesting results. The algorithm 
just provides the muscle.”

Suzuki’s team is interested 
in incorporating colour into the 
program. They are also exploring 
whether they can evolve pieces 
that look similar to paintings by 
renowned artists. 

–Art by algorithm–

Using an original Michelangelo 
as the starting image, for 
example, the team could evolve 
pictures that capture the style of 
the Renaissance master. Even 
though it would be produced by 
an algorithm, Suzuki says such a 
work could be considered to have 
been created by Michelangelo.  
“I think the man-machine has 
potential for creating new kinds 
of art,” he says.  ■

Google Street 
View cars sniff out 
gas leaks in cities
NOW Google Street View cars can do 
more than let you explore places you 
have never visited. Sensors strapped 
to the cars have mapped hundreds of 
methane leaks around Boston, New 
York’s Staten Island and Indianapolis.

The cars found about one leak per 
1.5 kilometres in both Boston and 

Staten Island. Leaks were slightly less 
common in Indianapolis, occurring 
about once for every 320 kilometres 
driven. The maps of the leaks are 
now available to the public online.

Methane leaks are a triple concern: 
they can cause explosions, accelerate 
global warming and waste money. A 
study last year found that US methane 
emissions are 1.5 to 1.7 times higher 
than estimated, a discrepancy that has 
been put down to hard-to-detect leaks.

The mapping project – developed 
with the Environmental Defense Fund 

(EDF), an advocacy group based in 
New York City – aims to pinpoint these 
problematic spots and encourage 
gas companies to fix them. “New 
technology has allowed us to measure 
environmental pollutants in places 
and at levels that we wouldn’t 
previously have been able to do,” says 
Steve Hamburg, chief scientist at EDF. 

Three Street View cars were fitted 
with sensors, developed at Colorado 
State University, that could identify 
where the leaks were coming from 
and estimate the amount of gas 
escaping. Since March last year, the 
cars have travelled over thousands of 
kilometres of road in each of the cities. 

Maps such as these are an 
important first step to understanding 
how large this problem is, says Nathan 
Phillips of Boston University. Phillips 
has mapped gas leaks in Boston and 
San Francisco.  Aviva Rutkin  ■

“ The cars found one leak 
per 1.5 kilometres in both 
Boston and New York’s 
Staten Island”
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Follow the light to scale that wall
Can a computer help you climb a rock face? Perttu 
Hämäläinen of Aalto University in Finland thinks so. He and 
Raine Kajastila  have combined a projector and a Kinect depth 
camera to track rock climbers on a training wall, and provide 
feedback and suggestions in real-time. The system projects 
the route as a glowing line and tracks climbers as they follow 
it, suggesting moves as they go. There is also a game feature, 
where climbers must avoid a huge, projected chainsaw. The 
pair hope to install the system in a gym later this year. 

 “Algorithmic regulation... will give us 
a political regime where technology 
corporations and government 
bureaucrats call all the shots”
Internet researcher Evgeny Morozov on the benefits and 
risks of delegating law-making to machines, in an essay for 
The Observer this week

Dell does deals in cryptocurrency
Imagine buying electronics with digital money. Computer 
manufacturer Dell announced last week that it will start 
accepting Bitcoin. It joins travel website Expedia.com and 
a handful of other retailers that now accept the digital 
currency. The move comes as New York state proposes the 
first set of Bitcoin regulations. Companies accepting Bitcoin 
would have to hold enough of the currency to cover what 
they owe their customers at any time. They would also need 
to bolster their online defences.

$5,028,308 
The first prize for winners of the world’s biggest 
video games tournament, The International,  
which was held in Seattle this week
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–So good it’s bad: tinnitus, anyone?–

GOT that ringing in your ears? 
Tinnitus, the debilitating condition 
that plagued Beethoven and Darwin, 
affects roughly 10 per cent of the 
world’s population, including 
30 million people in the US alone. 
Now, a device based on vagus  
nerve stimulation promises to 
eliminate the sounds for good by 
retraining the brain.

At the moment, many chronic 
sufferers turn to state of the art 
hearing aids configured to play specific 
tones meant to cancel out the tinnitus. 
But these do not always work because 
they just mask the noise.

The new device, developed by 
MicroTransponder in Dallas, Texas, 
works in an entirely different way. The 
Serenity System uses a transmitter 
connected to the vagus nerve in the 
neck – the vagus nerve connects the 
brain to many of the body’s organs.

The thinking goes that most  
cases of chronic tinnitus result from 
changes in the signals sent from the 
ear to neurons in the brain’s auditory 
cortex. This device is meant to  
retrain those neurons to forget the 
annoying noise. 

To use the system, a person wears 
headphones and listens to computer-
generated sounds. First, they listen to 
tones that trigger the tinnitus before 
being played different frequencies 
close to the problematic one. 

Meanwhile, the implant stimulates 
the vagus nerve with small pulses. 
The pulses trigger the release of 
chemicals that increase the brain’s 
ability to reconfigure itself. The 
process has already worked in rats 
(Nature, doi.org/b63kt9) and in a 
small human trial this year, where it 
helped around half of the participants.

“Vagus nerve stimulation  
takes advantage of the brain’s 
neuroplasticity – the ability to 
reconfigure itself,” says Michael Kilgard 
at the University of Texas at Dallas, 

and a consultant to MicroTransponder.
Four clinical trials of the system, 

funded by the National Institutes  
of Health, are taking place at US 
universities, and Kilgard thinks a 
consumer version could be approved 
by mid-2015. 

Fatima Husain at the University  
of Illinois at Urbana-Champaign 
cautions that because the implant is 
an invasive procedure it will only be a 
good idea for people whose lives are 
extremely affected by the condition. 
But if the mechanism that generates 
tinnitus can be reset, it could work, 
she says.  Claudia Caruana  ■

Remodel brain to ignore 
bad buzzing in the ears

“ The idea behind the  
device is that the neurons 
responsible for the  
tinnitus are retrained”
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‘China’s Google’ is on a roll
Smart bikes are only part of the story at Baidu, finds Aviva Rutkin

IS BAIDU about to step it up a gear? 
Rumours have been circulating that the 
Chinese search engine is developing a 
bike that could drive itself through 
packed city streets. The project isn’t 
ready to be launched yet but Baidu 
confirmed it is exploring the idea.

The news is intriguing, and not 
just because self-navigating bikes 
would be cool. Research into 
autonomous vehicles is yet another 
way that Baidu is following Google’s 
model of pushing at the boundaries 
of artificial intelligence. 

Baidu is the biggest search engine 
in China, beating Google as well as 
local competitors like Sogou and 360. 
It offers an array of other services, 
including a collaborative encyclopedia, 
an automated newsfeed and street-
view-enhanced maps. All bear 
similarities to big Western brands. 
And now Baidu is setting its sights 
overseas: last week it started 
operating in Brazil. 

Meanwhile, the company has  
spent the past few years investigating  
artificial intelligence. Last year, for 
example, Baidu’s labs unveiled a visual 
search engine powered by neural 
networks, a computational model that 
is styled loosely on the human brain. 

In May, Baidu hired computer 
scientist Andrew Ng to head up  
a new AI lab in Silicon Valley. Ng is  
known for founding Google Brain,  
a research project that harnesses 
huge clusters of computers to do 
machine learning. Now, Baidu wants  
to use similar techniques to improve 
speech recognition, computer vision 
and natural-language processing.

“Advanced artificial intelligence 
technology is the force that powers 
the internet,” Ng says. The research 

team at Baidu can be the “future 
heroes of deep learning”, he claims.

Ng even says Baidu could give 
Google a run for its money. Artificial 
intelligence researchers need a lot 
of data to play with, and there are 
only a few companies out there with 
enough. Baidu is one of them. Over 
the coming months, its AI lab plans  
to build the world’s largest cluster of 
GPUs, a type of processor that has 
proved useful for machine-learning 
tasks. With a more powerful machine 

they think they will be able to solve 
tougher problems. 

Baidu also wants to train its  
systems to work with untagged data. 
Most big AI successes have come 
from working with information  
that has already been identified by 
humans – for example, pictures that 
are labelled with “cat”, “car”, or “baby”. 
But people don’t need tags, we  
learn by experiencing the world for 
ourselves. Baidu wants to develop 
AI that can do the same. 

With these projects, Baidu is hoping 
to help computers better understand 
spoken and written language and 
make it easier to dictate emails to your 
phone or ask it verbally for directions.

Ng says that many comparisons with 
Google are oversimplifications. “The 
China internet ecosystem is completely 
different from the US one,” he says. 
China has nearly twice as many web 
users as the US and is the country  
with most cellphones per person. 

There are signs Baidu wants to 
launch in Indonesia and north Africa, 
says Min Jiang of the University of 
North Carolina in Charlotte, but it 
remains to be seen how it will fare. “So 
far, Baidu has been really successful 
only inside China,” she says.  ■

“China has nearly twice 
as many web users as 
the US and the most 
cellphones per person”
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BAD weather can be extremely 
dangerous for small business jets  
or helicopters because they don’t 
come equipped with the automatic 
landing aids that big jets have. Now 
smart goggles dubbed Skylens will 
give pilots a better view of their 
surroundings in an emergency.

Multispectral cameras embedded 
in the aircraft’s nose will feed video 
to the goggles, providing clear, 
wrap-around images of the terrain. 
Skylens also displays information 
such as altitude, speed and an 
artificial horizon to help the pilot 
keep the aircraft level. A depth-
sensing camera on the instrument 
panel tracks head motion – so the 
images move with the pilot’s head.

The headset works with an 
aircraft’s other onboard systems so 
it can also be plugged into the Traffic 
Collision Avoidance System, which 
monitors the positions of nearby 
aircraft from their radar signals,  
to show other air traffic too.

“We have had 150 pilots try it out 
in rain, snow, haze and dust on five 
types of aircraft,” says Dror Yahav of 
Israeli firm, Elbit Systems, the makers 
of Skylens. “They really like it.”

Skylens is being tested for 
airworthiness certification and 
should be on the market in 2016. It 
was demonstrated in the UK at the 
Farnborough Air Show last weekend.  
Paul Marks  ■

INSIGHT Artificial intelligence Smart goggles let 
helicopter pilots 
see through fog

–Here comes the boom–
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Rise of the blobs
WE ALL know the world can look weird and 
wonderful under the microscope, but who knew 
cells could look this pretty? Actually, you won’t 
find these psychedelic blobs in any living creature 
on Earth, because contrary to appearances this 
image has been created by a computer.

Generative artist Jonathan McCabe works with 
algorithms first developed by mathematician  
Alan Turing to create pictures like this. “I don’t 
guide the production of any particular image, the 
program runs from start to finish without input,” 
McCabe says, though he does tweak the software 
to produce different results. “The trick is to try to 
make a system that generates interesting output 
by itself.”

Turing is most famous for his pioneering work 
in computing, but he was also interested in how 
living creatures produce biological patterns such 
as a tiger’s stripes. He came up with a system  
of equations that describe how two chemicals 
react together, resulting in surprisingly lifelike 
arrangements.

McCabe developed his algorithm based on 
Turing’s ideas. His program treats colours as 
different liquids that can’t mix together because 
of an artificial surface tension, which is what gives 
them a cell-like appearance. “You get structures 
which look like cell membranes and mitochondria 
because at the microscopic scale surface tension 
forces are strong,” says McCabe.  Jacob Aron

Photographer 
Jonathan McCabe 
jonathanmccabe.com
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Genetic moderation
Historical tensions over GM are holding back crop biotechnology. 
There is a way out – but scientists may not like it, says Susan Watts

WITH food security firmly on the 
international agenda, there’s a 
growing appetite to look again at 
the opportunities promised by 
agricultural biotechnology.

Scientists working in this area 
are excited by new techniques 
that enable them to edit plant 
DNA with unprecedented 
accuracy. Even epigenetic 
markers, which modulate the 
activity of genes, can now be 
altered. The promise is to modify 
crops to make them more 
nutritious or resistant to disease.

But there’s a problem, notably 
in Europe: genetic modification.

Much of agricultural 
biotechnology – including 
conventional breeding – involves 
genetic modification of one 
kind or another. But “GM” has 
come to mean something quite 
specific, and is loaded with 
baggage. To many people it 
means risky or unnatural 
mixing of genes from widely 
disparate species, even across 
the plant and animal kingdoms, 
to create hybrids such as corn 
with scorpion genes. That baggage 
now threatens to undermine 
mature debate about the future 
of food production.

It is no longer a simple yes/no 
choice between high-tech 
agribusiness and conventional 
production driven by something 
ill-defined as more “natural”. 

The battle lines of this latest 
wave of agricultural advance are 
already being drawn. The UK’s 
Biotechnology and Biological 
Sciences Research Council, for 
example, is working on a 

position statement on the new 
technologies, which it expects 
to release later this summer.

It is clear that, over the coming 
years, the general public will 
have to decide which of these 
technologies we find acceptable 
and which we do not. 

So where did it all go wrong 
to begin with? In the late 1990s, 
when I was reporting on early 
GM research for the BBC’s 
current affairs programme 
Newsnight, anti-GM protestors 
realised that vivid images made 
good TV and rampaged through 
fields in white boiler suits 
destroying trial crops. 

On the other side, industry 
representatives brushed aside 

public concerns and tried to 
control the media message, 
thumping the table in the 
office of at least one bemused 
newspaper editor (who went 
on to co-script a TV drama about 
a darker side to GM). They also 
lobbied hard for the relaxation 
of regulations governing 
agribusiness.

In the middle was the public, 
just coming to terms with 
farming’s role in the BSE crisis. 
There was little space for calm, 
rational debate. Instead, GM 

became the cuckoo in the nest 
of agricultural biotechnology 
and its industry backers became 
ogres, shouting down any 
discussion of alternatives. 

As a result, many people remain 
unaware that there are other high-
tech ways to create crops. Many 
of these techniques involve the 
manipulation of genes, but they 
are not primarily about the 
transfer of genes across species.

But for GM to be discussed 
alongside such approaches as just 
another technology, scientists will 
have to work harder to dispel the 
public’s remaining suspicions. 

I recently chaired a debate on 
biotech at the UK’s Cambridge 
Festival of Plants, where one 
audience member identified 
a public unease about what he 
called the slightly “spooky” 
aspect of GM crops. He meant 
those scorpion genes, or fish 
genes placed into tomatoes –  
the type of research that helped  
to coin the phrase “yuck factor”.

To my surprise, a leading plant 
scientist on the panel said she 
would be prepared to see cross-
species manipulation of food 
crops put on hold if the public was 
overwhelmingly uncomfortable 
with it. Ottoline Leyser, director 
of the University of Cambridge’s 
Sainsbury Laboratory, said she 
believed valuable GM crop 
development could still be done 
even if scientists were initially 
restricted to species that can swap 
their genes naturally, outside of 
the laboratory. An example of this 
might be adding a trait from one 
variety of rice to another. 

“Many people remain 
unaware that there are 
high-tech ways to create 
crops besides GM”
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Fast-forwarding forests
We’re creating an ecological time machine to show what climate 
change will do to the world’s trees, says Rob Mackenzie

PROFILE
Rob Mackenzie is the director of the newly 
established Birmingham Institute of Forest 
Research at the University of Birmingham in 
the UK, where he is also a professor of 
atmospheric science

You head the Birmingham Institute of 
Forest Research. How will it stand out?
One way it will stand out is a novel experiment 
called FACE – Free-Air Carbon Dioxide Enrichment. 
It will be the first in the world to take a mature, 
temperate, broad-leafed woodland ecosystem 
and, where it stands, expose it to predicted future 
atmospheric concentrations of carbon dioxide.  
We will look at the effects of the CO2 on the 
structure and functioning of the woodland. 

With FACE we are responding to a lack of long-
term data on the effects of CO2 on woodland. 
People have been saying we need something 
like this for a long time. 

How long will the experiment last?
The FACE experiment has been on the wish-list 
of UK scientists for years, but has never been 
possible at this scale because of funding 
insecurities. Now we are in the extremely 
fortunate situation of having received 
philanthropic funding. This allows us to plan for 
an experiment lasting at least 10 years. If our 

results are as significant as we expect, then we 
should be able to extend the run beyond 10 years. 

How far forward will it look?
The CO2 we will be adding corresponds to what 
we expect to be in the air 75 years from now at 
current rates of change.

How will you be monitoring the woodland?
We will be using developments in genomics to 
characterise biodiversity in unprecedented detail. 
For plant health we have a dedicated lab with the 
latest biomedical technology. And we will use 
the latest sensor technology to provide us with 
never-before-seen levels of detail about how 
semi-natural woodlands function. 

Can’t you just do all this in a lab?
You can learn a lot about how plants respond to 
changing CO2 using greenhouses, plant growth 
chambers, even cell lines. But in nature 1+1 has a 
habit of not equalling 2, so you need to take away 
the walls, the fake growing media, the artificial 
climate and watch actual nature working. FACE is 
Gaia science, if you like.

What else will the institute be looking at?
The other topic in the early years is figuring out 
the microbiology of pathogen threats to plants. 

Why focus your research on these things?
We don’t think it’s possible to understand the 
true value of woodlands and forests if we are 
uncertain about how resilient they are to 
biological and environmental challenges. These 
threats include things like ash dieback disease 
and, of course, human-induced climate change. 

How vital are experiments like this?
This is part of an emerging experimental array 
that will do for ecology what the great atom 
smashers and telescopes have done for physics. 
Ultimately, we aim to provide fundamental 
science, social science and cultural research 
of relevance to forests anywhere in the world.
Interview by Adrian Barnett

Nevertheless, Leyser remains 
adamant that there is “nothing 
immensely fishy about a fish 
gene”. What’s more, she added, 
the notion of a natural separation 
between species is misplaced: 
gene-swapping between species 
in the wild is far more prevalent 
than once thought.

But Leyser insisted that 
scientists must respect the views 
of objectors – even if “yuck”  
is their only complaint. That 
concession from a scientist is 
unusual. I’ve spoken to many 
of her peers who think such 
objections are irrational. 

Scientists cannot expect people 
to accept their work blindly and 
they must make time to listen. 
Above all, more of them should be 
prepared to halt experiments that 
the public is uncomfortable with. 
And it’s beginning to happen.

Paul Freemont is co-director of 
the Centre for Synthetic Biology 
and Innovation at Imperial 
College London. He designs 
organisms from scratch but 
would be prepared to discontinue 
projects that the public is 
unhappy about. He says scientists 
need an occasional reality check. 

“We are going to have to address 
some of the consequences of what 
we’re doing, and have agreements 
about what’s acceptable to society 
in terms of manipulating biology 
at this level,” Freemont says.

Scientists funded with public 
money may already feel some 
obligation to adopt this approach. 
But those working in industry 
should consider its advantages 
too. A more open and engaged 
conversation with the public 
could surely benefit the 
companies trying to sell us 
novel crop technologies. 

Society, for its part, will need to 
listen to the experts with an open 
mind. And as we work out how to 
feed an expanding population, we 
will need to ask questions that are 
bigger than “GM: yes or no?”  ■

Susan Watts is a journalist and 
broadcaster. She was science editor of 
Newsnight until the post was closed
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Why do you want to find people who have 
genes for serious diseases?
We aim to find relatively healthy adults who 
have somehow escaped having the classical 
symptoms, because although they carry the 
faulty gene that would normally mean they 
get the disease, they also have something 
else protecting them – possibly another 
mutation. We know people who have made it 
to adulthood without any symptoms are going 
to be very rare. That’s why we are referring to 
them as unexpected heroes.

How do you know these people are out there?
My partner in this project Eric Schadt, a 
genomics professor at Mount Sinai Hospital 
in New York, has seen examples. One was a 
woman in her 50s with a mutation in the gene 
that causes cystic fibrosis, but who has never 
had anything more than mild respiratory 
problems. And there was a 45-year-old man 
who never had any symptoms, but learned 
by chance that he had the usually fatal 
neurological condition Louis-Bar syndrome, 
which is caused by a faulty gene. Both had an 
inherited childhood disease but no symptoms. 
That is exactly what we are looking for.

How will you find these resilient people?
We are asking people to volunteer their DNA in 
a systematic worldwide search, looking at the 
vast majority of inherited childhood diseases – 
from cystic fibrosis to Rett syndrome. 

Why is finding them so important?
We know that those who avoided getting 
sick when young may harbour protective 
genes. The assumption is that finding these 
protective factors is a very direct path to 
developing new therapies.

That’s because almost all of the genetic 
alterations that cause disease are due to a loss 
of function, say in a protein that the faulty 
gene codes for. Equally, a loss of function 
caused by the second mutations our 
unexpected heroes carry is probably what’s 
providing protection. The vast majority of 
drugs we have use small molecules, which are 
extremely poor at restoring function, but very 
good at disrupting it. So if you found a dozen 
of these protective factors, there is a high 
chance you could build drugs to mimic most 
of them by recreating the loss of function.

Who can take part in the project?
Anyone who is over 30 and was relatively 
healthy in childhood – who did not go to a 
doctor with a severe illness – can volunteer. 
None of the hundreds of inherited diseases 
we are considering would be a minor bother.

How can people contribute their genetic 
information?
You sign up and give consent on our website 
resilienceproject.me – you can register interest 
in taking part now. We will send out a cotton 
swab that you scrape inside your cheek to pick 
up enough cells to allow your DNA to be 
analysed. You mail it in, and we test for the 
125 childhood diseases we’re focused on – those 
that are very severe, where you are highly likely 
to suffer the full illness if you have the mutated 
gene. After we test your sample, you are most 
likely to get a card saying that we don’t see any 
evidence that you are an unexpected hero. Or 
it may say we think it is worth doing further 
analysis to validate something we found.

We hope to find a million people to take part, 
and among them, the handful of people who 
are likely to fit the unexpected hero criteria.

What will you do when you find this handful  
of people?
To see if we can find their resilience factors, 
we would want to look deeply at their whole 
genome and other aspects of their biology  
that might provide clues, such as their RNA, 
proteins and metabolism.

It is like trying to find a needle in a  
haystack. And to make it more stark, we are 
not expecting to have hundreds of such 
individuals for any of the illnesses we 
are targeting, which might have made it easer 
to find these protective factors. Instead, we 
will have isolated individuals with a variation 
that has occurred somewhere in their 
massive genome. So it won’t be easy, but 
methods have emerged in the last five years 
to allow us to attempt it.

PROFILE
Stephen Friend is 
president and 
co-founder of non-profit 
research organisation 
Sage Bionetworks in 
Seattle, Washington, 
which focuses on large-
scale, collaborative 
biomedical projects. 
He is co-director of the 
Resilience Project, which 
starts in September
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Secret superheroes
Biologist Stephen Friend tells Jon White why he is searching 
for exceptional individuals who carry genes for serious childhood 
diseases, yet never have any symptoms
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What are those methods?
One is called network biology filtering.  
Instead of treating every piece in the genomic 
haystack as one of a million to look through, 
we can focus more narrowly in the network 
connected to a faulty gene. 

The other approach involves using  gene 
editing techniques. We can create the primary 
mutation, and other possible buffering 
mutations one or two at a time, in a cell line in 
the lab, then work through them to find what 
offers protection.

Has the idea of finding treatments by studying 
those who don’t get sick been tried before?
Yes, but not in the systematic genetic way that 
we are doing, which was too costly until now. 
There are two earlier efforts that encouraged 

us. One is a genetic approach: for most 
inherited diseases, scientists and clinicians 
have studied an extended family with a 
particular mutation, looking for individuals 
who carried the faulty gene but had fewer 
symptoms. The other approach uses 
observable traits. For example, Helen Hobbs  
at the Howard Hughes Medical Institute in 
Maryland sought patients with high lipid 
levels who did not get heart disease. She 
discovered mutations in a gene that result in 
reduced levels of “bad” LDL cholesterol. That is 
now being built as a therapy for heart disease.

How have you prepared for the project?
Before we launched, we thought it would be 
a good idea to look at existing samples in 
anonymised databanks, such as 23andMe, 

to get an idea of whether there would be any 
unexpected heroes. About half of the disease-
linked genes we were interested in analysing 
were represented. We screened half a million 
samples and found dozens of unexpected 
heroes – people that appear to have, for 
example, the genetic fault that causes cystic 
fibrosis, but are generally healthy.

You are hoping to have volunteers from around 
the globe. Why is that so important?
Resilience in the populations we have looked 
at so far is very infrequent, occurring in 1 in 
35,000 individuals. So how might you 
increase the chances of finding these 
unexpected heroes? We think there are several 
ways. One is to go to regions of the world 
where first cousins marry first cousins; that 
brings up the frequency of alterations. In the 
Middle East, for example, if we enrol 100,000 
people, there is a chance that we will find more 
unexpected heroes than in the US. We are also 

hoping that there are environmental niche 
populations, whether in the Amazon or in the 
Arctic, that may carry protective factors 
genetically or as a result of environmental 
influences that will again be of benefit for 
finding resilience.

Is it possible to pinpoint environmental factors 
that might help protect against these diseases?
That is much harder. Most environmental 
studies rely on large numbers. We are not 
going to have those numbers. The reality 
is that for the non-genetic factors, entirely 
separate studies would need to be done 
afterwards to try and find hamlets or villages 
where there is a disproportionate effect,  
where you might be able to identify an 
environmental cause.

When might the project yield new treatments?
Finding unexpected heroes is likely to take a 
few years, but I don’t think it should take more 
than a year to decipher their data. Then, to 
turn an intriguing target that we hopefully 
find into a possible treatment, I think it would 
be another five years to get to clinical trials.  
It pretty much adds up to a decade.

But to get there, most of all we need 
individuals to step up and volunteer. It just 
takes a swab of DNA and a willingness to 
wonder “What’s inside me?”   ■ 

“ Out of a million people, we 
hope to find handfuls that 
are unexpected heroes”

For more opinion articles, visit newscientist.com/opinion

Photographed for New Scientist by Brian Smale
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Domestic threats
From Mehmood Naqshbandi
Peter Neumann is right to qualify 
the threat posed by jihadis 
returning from Syria; their 
motives are quite distinct from 
those who attempt terrorist 
activity within the UK (5 July, p 24).

However, all such jihadis have 
one very significant impact on 
return: their credibility among 
their peers is hugely increased. 

The effect of this is twofold. It 
encourages like-minded persons 
to pick the same path unless they 
can be discouraged, as Neumann 
suggests, but more significantly,  
it induces stay-at-home militant 
peers to become more inclined to 
commit domestic terrorism.

UK government policy, 
legislation and the populist 
media’s outrage all make it 
impossible to have reasoned 
dialogue with returnees or other 
militant dissenters.  

Sadly, Neumann’s hope that 
community leaders can rise to  
the challenge is misplaced. Just  
as the UK Muslim establishment 
fails to address the needs of 
disaffected converts, so it will fail 
to bring returning jihadis back 
into the fold. 

Instead, exclusiveness in 
mosque management, intolerance 
of rival factions, the driving of 
dissenters underground and fear 
of open debate all conspire to push 
would-be jihadis and domestic 
terrorists out of sight. All four 
spokes of this circle must be 
broken before the threat of 
domestic or returning militants 
can be countered successfully.
London, UK

Grain of truth
From Jason Pearce
To establish how many people 
could benefit from a wheat-free 
diet, and why (12 July, p 28) it 
seems that much more work 
needs to be done. 

For the time being, science can’t 
support or refute the proposition 

that a significant number of 
people could benefit from such a 
diet, but as a matter of common 
sense, it may be unwise to rely too 
heavily for your nutrition on any 
one foodstuff. 

We can speculate that as 
knowledge advances, many  
foods may turn out to have  
a detrimental side as well as a 
beneficial one, especially if  
eaten with extreme frequency,  
as wheat tends to be in the West.
Cardiff, UK

Going underground
From Graeme Fryer 
Michael Slezak explores 
Australia’s ambitions for turning 
its northern tropical land into a 
new food bowl (12 July, p 6). 

Concerns have rightly been 
raised about diverting rivers  
and building dams to irrigate  
the land, and the environmental 
impact of these interventions,  
not to mention the permanent 
changes this would entail for  
the indigenous Australians in 
these territories.  

Rather than building dams  
and reservoirs on the surface, 
underground systems that 
capture and store seasonal rainfall 
should be explored. They might 
be more costly, but their long-
term environmental impact 
would be less.

Water stored underground 
would not suffer from 
evaporation, and there is ample 
solar energy to power pumping 
systems. Tokyo’s amazing G-Can 

Project flood-control system is a 
case in point in what can be 
achieved on a grand scale, but 
smaller systems serving farming 
communities offer an alternative 
to the tried-and-tested methods 
outlined in your article. 
Bray, Wicklow, Ireland

Therapist talking
From Sian Lloyd, registered 
psychotherapist
Richard Layard and David Clark 
rightly point to the good that  
has been done in the UK by  
the Improving Access to 
Psychological Therapies (IAPT) 
initiative (12 July, p 24), but this 
only tells half the story.

Cognitive Behavioural Therapy 
(CBT) and similar  therapies 
currently available through the 
National Health Service (NHS) 
simply aren’t suitable for all 
psychological problems that 
patients present. Many of the 
patients I see have been failed by 
CBT; to them it can seem as if they 
are the ones who have failed. 

In my opinion, experienced 
psychotherapists who are able to 
choose from a wider range of 
therapies are more likely to help 
people than are newly trained 
therapists whose choice is 
restricted. Experienced 
practitioners may choose 
therapies not yet endorsed by the 
National Institute for Health and 
Care Excellence, but that lack of 
endorsement is more a reflection 
of the very limited number of 
studies that have been carried out.

A more radical approach  
would surely involve a better 
understanding of all therapies, 
and the ability to optimise 
treatment for each individual 
patient. Those with psychological 
issues who are dependent on the 
NHS, especially those who cannot 
work, are effectively being 
deprived of the full spectrum of 
treatment options that could be 
made available to help them.

Layard suggested that mental 
illness costs UK society nearly  

£130 billion per annum. This is 
more than the entire budget of 
the NHS, so shouldn’t mental 
illness be taken more seriously?
Stansted Mountfitchet, Essex, UK

No small business
From Terry Allen
You reported the US Supreme 
Court’s decision that some 
companies can refuse to provide 
employees with healthcare plans 
that offer free birth control. It’s 
important to note that “closely 
held corporations” are not 
restricted to just small or family-
owned businesses (5 July, p 6). 

According to the Internal 
Revenue Service, a closely held 
corporation has “more than  
50 per cent of the value of its 
outstanding stock owned (directly 
or indirectly) by five or fewer 
individuals at any time during the 
last half of the tax year”.  

As Democratic leader of the US 
House of Representatives Nancy 
Pelosi noted, 90 per cent of US 
corporations meet this definition, 
including the giants Bechtel, 
Cargill, and Koch Industries.
East Montpelier, Vermont, US

Weedy story
From Ruth Burroughs
I was concerned to read the 
diatribe against Japanese 
knotweed (5 July, p 38). While  
not wishing to defend some of 
knotweed’s thuggish habits,  
your article was in my view both 
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biased and unscientific.
To describe it as having the 

“biodiversity value of concrete”  
is absurd. It is in fact a valuable 
nectar source for many insects, 
including honey bees.

Its phytochemistry is complex 
and fascinating and beyond the 
scope of this letter, but suffice it  
to say it has broad antibacterial, 
antifungal and antiviral activity 
as well as being a rich source of 
resveratrol, a compound claimed 
to have many health benefits.

The plant has a long history of 
use in Japan as a medicine and a 
food source. Was this article 
intended to be a PR stunt for the 
knotweed-munching psyllids,  
I wonder?
Lostwithiel, Cornwall, UK

Drug delivery
From Rosemary Campbell
You describe a technique to use 
genetically tweaked red blood 
cells to deliver drugs that would 
otherwise break down after a few 
hours in circulation (5 July, p 14). 

What is unclear is why this 
should be so. If the drugs in 
question decay so quickly, this 
would surely not change, given 
that the red blood cells are 
surrounded by blood, where 
decomposition would still occur. 

Is it the case that the red cells 
would be expected to reach target 
organs faster than unattached 
drugs in the bloodstream? 

What is the mechanism  
that might protect drugs being 
carried by red blood cells?
Glen Waverley, Melbourne, 
Australia

The editor replies:
■  For small-molecule drugs, 
excretion via the kidneys is the 
most common path of “decay”.  
If such drugs were attached to  
red blood cells, they would not  
be filtered out by the kidneys  
and so would persist for longer  
in the body. 

For drugs in the form of 
antibodies and other proteins, 

removal via the kidneys is much 
slower, but there are enzymes in 
the circulation and in the liver 
that will degrade these molecules. 
While attached to red blood cells, 
they are hidden from these 
enzymes, extending their 
circulatory half-life.

Intelligent life
From Nathaniel Hellerstein
Nick Bostrom repeats the central 
transhumanist fallacy that there 
exists a mechanical shortcut to 
superior intelligence (5 July, p 26). 

He claims three such shortcuts; 
via speed, collectivity and quality. 

All three are guaranteed to fail.
Fast processing does not 

guarantee superior intelligence.  
A fool given a million subjective 
years to write a program will write 
a million foolish programs. 

Collective processing does not 
guarantee superior intelligence. 
For proof of this, study history. 

Qualitatively superior 
programming would guarantee 
superior intelligence, if only we 
were intelligent enough to write 
it. But by definition we cannot 
think up programs superior to 
our own best thinking. 

Thus our smartest programs, 
on the fastest machines in the 
biggest networks, must inevitably 
display not artificial intelligence 
but artificial stupidity. This 
machine’s stupidity will be as 
superhuman as its intelligence.

Alas, our cybernetic offspring 
must evolve by variation and 

natural selection, just like the  
rest of us. 
San Francisco, California, US

From Carl Zetie
In common with many others, 
Bostrom assumes that top of the 
agenda for a superior artificial 
intelligence (AI) would be creating 
ever more capable successors 
without limit. 

The cynic in me suggests that  
a sufficiently smart AI might, 
unlike us, be wise enough not  
to create its own replacement. 

Of course, an AI so intelligent 
might also deduce that keeping 
around a modestly smart animal 
with a propensity for creating 
more artificial intelligences  
could be a threat to its survival,  
so this still doesn’t improve the 
prospects for us humans. 
Waterford, Virginia, US

Ignoble gases
From Tim Stevenson
If Toby Pereira thinks xenon  
and argon are used by athletes  
as inert gases to simulate altitude 
training, he might wonder why 
nitrogen, a vastly cheaper 
alternative, is not used instead 
(12 July, p 26). 

In fact, these noble gases are 
believed to have a biological effect 
related to the production of the 
performance-enhancing 
substance erythropoietin (EPO), 
so it is not absurd to classify  
them as “drugs”.
Prestwood, Buckinghamshire, UK

Font of life
From Ed Prior
Your article on searching for the 
origins of life in billion-year-old 
water samples was interesting 
(5 July, p 8), but the statement  
that “as far as the team could tell, 
the water contained no trace of 
life” is suspect. 

One thing we should have 
learned from the search for life  
on other worlds – particularly the 

Mars Viking lander missions –  
is the extraordinary difficulty  
in developing instruments that  
are sensitive enough to detect 
biological activity. 

And then there’s the 
extraordinary difficulty in 
persuading sceptical biologists 
that any findings are valid. 

There is no mention in the 
article of what methods were 
employed to detect life in the Kidd 
Creek Mine water. Hopefully, this 
crucial detail will appear when the 
authors publish their results.
Poquoson, Virginia, US

Thunderbirds are go
From Philip Barrett
When I saw the picture of the 
newly designed FireFly rocket,  
I couldn’t help thinking that I’d 
seen it before (12 July, p 5). Indeed  
I had. It was permanently 
ingrained on my memory way 
back in the 1960s when, as an 
impressionable young boy,  
I was completely besotted with 
anything to do  
with rockets and space. 

I’m sure the scene in the image 
you printed is directly from the 
children’s TV series Fireball XL5,  
or indeed any of the many space-
based B-movies from that era.
Rochdale, Lancashire, UK

For the record
■  The designer of the Hong Kong 
subway’s AI system is Andy Chun 
(5 July, p 17).
■  A lack of Curiosity: the Mars lander 
pictured in our book review was not 
the titular spacecraft (5 July, p 45).

Letters should be sent to:  
Letters to the Editor, New Scientist,  
84 Theobald’s Road, London WC1X 8NS 
Fax: +44 (0) 20 7611 1280 
Email: letters@newscientist.com 

Include your full postal address and telephone 
number, and a reference (issue, page number, title) 
to articles. We reserve the right to edit letters.  
Reed Business Information reserves the right to  
use any submissions sent to the letters column of  
New Scientist magazine, in any other format.
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AS WEIRD as the quantum world is, 
something happened last year in the 
shadow of the French Alps that caused 

even hardened quantum physicists to do a 
double take. At the Institut Laue-Langevin in 
Grenoble, France, where a nuclear reactor 
spews out the world’s most intense beam of 
neutrons, physicists made these particles 
perform a trick that until now had only existed 
in the fevered imaginations of theorists. In 
doing so, they have upset our notion of reality.

The international team of physicists  
coaxed the neutrons to shed their quantum 
properties, getting the particles to go one  
way and their spins another way. It’s as if you 
took one path and your personality another. 
Theorists have predicted the possibility of 
such strange behaviour for more than a 
decade. They even named it the quantum 
Cheshire cat phenomenon, after the cat in 
Alice’s Adventures in Wonderland, which  
would disappear leaving only its grin behind. 
Now, for the first time, the quantum Cheshire 
cat is smirking at us in experiments, posing 
fundamental questions about the nature of 
the quantum world.

Quantum theory emerged in the 1920s and 
it remains wildly successful. No experiment 
has ever disagreed with its predictions and  
we can be confident that it is an accurate 
description of the microscopic world of atoms 

An experiment showing that quantum 
particles can lose their identity is redefining 

reality. Anil Ananthaswamy reports
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and their constituents. It is a strange 
description, for sure: quantum particles  
can be in two places at once, spin clockwise 
and anticlockwise at the same time, or 
instantaneously influence each other from 
across the universe. 

Why the microscopic world should behave 
this way while everyday objects do not is still 
very much a mystery. “We don’t believe that 
there is a deep intuitive understanding of 
quantum mechanics, and that’s the reason 
why we keep making these shocking 
discoveries,” says Jeff Tollaksen of Chapman 
University in Orange, California.

That leaves theorists and experimentalists 
free to push the boundaries of quantum 
theory, looking for clues as to what makes it 
tick. One such push began 50 years ago, when 
Yakir Aharonov, who is also now at Chapman, 
asked a very basic question: does time in 
quantum mechanics have to flow from the 
past to the present, as our intuition suggests? 
The answer, at least mathematically, is no. 

Two-way time
Aharonov and his colleagues Peter Bergmann 
and Joel Lebowitz fashioned a theory called 
the time-symmetric formulation of quantum 
mechanics, which defies common-sense 
notions of time. In their 1964 paper, they 
showed how the state of a quantum system 
could be affected both by events in the past 
and events in the future. Time flowed both 
ways. The theory was mathematically 
equivalent to standard quantum mechanics, 
where time flows one way, yet suggested that 
nature was different. “It was the first paper 
that eliminated the assumption that at the 
deep microscopic level there was an 
asymmetry in time similar to the way we 
human beings experience it,” says Tollaksen.

So much for the theory. When it came to 
testing the idea, experimentalists faced a 
serious problem. In the classical world, an 
object can exist in one state or another:  
it can either spin clockwise or anticlockwise. 
But in the quantum world, particles can spin 
clockwise and anticlockwise at the same time. 
Experiments have confirmed that such 
“superpositions” really do exist, yet we don’t 
see them directly because the very act of 
measuring them forces the particle into one 
state or the other. Such “strong” 
measurements obliterate the quantum  
nature of the particle and, because of this,  
it is impossible to test whether an event in  
the future will affect a particle in the present.    

This might have been the end of the story, >
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had Aharonov and colleagues not discovered 
that reports of death in the quantum world are 
an exaggeration. In a seminal theory paper in 
1988, they showed that it is possible to make  
a different kind of measurement, one that 
doesn’t destroy the quantum state. As long 
as the device that’s doing the measuring 
interacts extremely weakly with the particle, 
you can glean something more about it 
without forcing it into one state or the other. 
The trade-off for saving the particle’s quantum 
nature is that this “weak measurement” 
comes with a great deal of uncertainty. 

This means that one weak measurement 
isn’t particularly useful. But who says you 
can’t do more? The trick, Aharonov’s 
team found, is to make weak measurements 
on an ensemble of identical particles. The 
uncertainty means that each generates a 
different value. But if you plot lots of them, 
they produce a bell-shaped curve whose 
peak denotes the state of the quantum 
particles. So weak measurements offer 
a way to test time symmetry. 

Needless to say, the weak measurement  
idea did not go down well. “At first there  
was complete disbelief,” recalls Aharonov.

But time and technology have helped  
his case. Over the past decade, weak 
measurements have gone from theory to 
reality. Such experiments have allowed us  
to study aspects of the quantum world that 
were previously thought impossible, such as 
measuring the wave function that describes  
a particle. Jeff Lundeen of the University of 
Ottawa in Ontario, Canada, and his colleagues 
did exactly this in 2011 on a vast collection  
of identical photons. 

While experimentalists were figuring out 
how to do weak measurements in the 1990s, 
Tollaksen began working for his PhD with 
Aharonov on the theoretical foundations of 
quantum mechanics. Aharonov had shown 

that both the past and future can conspire to 
influence a particle in ways that are truly 
bizarre. In one example, his mathematics 
showed that a particle whose spin is exactly 
+½ or -½ when you make a strong 
measurement on it can have a spin of 100 
when you make a weak measurement. 

Even stranger, Aharonov and Tollaksen 
found that the past and future can lead to a 
particle and its properties going their separate 
ways. The quantum Cheshire cat was born. 

Lost property 
When Tollaksen published his PhD thesis in 
2001, he laid out their thought experiment.  
It begins with a step called pre-selection that 
involves preparing a large number of neutrons 
with identical spins. 

These particles are sent one by one into a 
device called an interferometer. The first  
stop in the interferometer is a beam splitter, 
which as the name suggests splits the beam 
into two. Each neutron is now in that crazy 
state of quantum superposition where it 
traverses both paths at once. Both paths 
contain equipment that lets you make a  
weak measurement. The paths are eventually 
brought together and the beams recombined 
in such a way that some neutrons exit through 
one output path, while the others exit via a 
different path (see illustration, below). On one 
of the output paths, the particles are subjected 
to a strong measurement, such as measuring 
what spin direction the neutrons now have. 
Only some will have the desired value.  
These particles are said to be post-selected. 
The experimenter discards all other neutrons 
that don’t satisfy the post-selection criterion. 

Now comes the weirdness. Pre- and post-
selection amount to tinkering with the past 
and future respectively. If you look at only 
those neutrons that were post-selected, 

the maths says that all these neutrons 
took one path inside the interferometer 
whereas their spins went along the other 
path. It’s as if you had two boxes – one full 
of the particles without their properties and 
the other full of their properties but not the 
particles. “That definitely should cause you 
to pause,” says Tollaksen.

That’s all very well on paper, but would 
the quantum Cheshire cat appear in reality? 
To find out, researchers would have to make 
weak measurements on neutrons – something 
that no one has done to this kind of particle 
or any other kind of matter. So Tollaksen 
teamed up with experimenters from the 
Vienna University of Technology in Austria 
who specialise in testing quantum 
mechanics using neutrons.  

In Grenoble, the Vienna team used  
a feeble magnetic field and a weakly 
interacting neutron absorber to make the 
weak measurements. They found that  
when they put the absorber in one path of  
the interferometer (say left), there was a 
discernible effect at the output. But when they 
put it in the right path, it had no such effect. 
The neutrons were travelling in one path only.

Next, the experimenters introduced a 
weak magnetic field near each arm of the 
interferometer, to interact with the spin 
of the neutrons. When they did this in the 
left path, there was no change in the 
interferometer’s output. If they introduced 
the magnetic field in the right path, though, 
there was a change: the magnetic field had 
interacted with the spin. In other words,  
they had confirmed that the spin had chosen 
the path not taken by the parent neutron. 
They had separated the cat from its grin.

The results are so new that no one really 
knows what this might lead to. However, 
some are willing to speculate. Say you want 
to measure something called the electric 

Quantum Cheshire cat
Yuji Hasegawa and his colleagues have brought a thought experiment called the quantum Cheshire cat to life. They have found that it is possible 
to separate neutrons’ quantum mechanical spin from the particles themselves
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dipole moment of a neutron, which reflects 
how the charged quarks that make up the 
particle are distributed. Theories that try to 
explain why the universe has matter but no 
discernible antimatter left from the big bang 
also predict that the neutron has a tiny 
electric dipole moment. 

All efforts to measure it have thus far  
found nothing. But the neutron has a strong 
magnetic moment – and this potentially 
messes up such experiments. “If I can separate 
the magnetic moment of the neutron from 
the neutron, I can do a very delicate 
experiment to check whether it has a very 
weak electric dipole moment,” says Aharonov.

Peter Geltenbort of the Institut Laue-
Langevin studies the fundamental properties 
of neutrons and is intrigued by the promise of 
the quantum Cheshire cat. “This is a really nice 
piece of experimental physics,” he says. “In 
terms of ongoing attempts to measure the 
neutron’s electric dipole moment, it would be 
extremely exciting to apply such a technique 
and, if successful, it would undoubtedly 
increase the sensitivity of our measurements.” 

And these aren’t the only properties that 
neutrons can lose, according to Aharonov. 
“The only thing that cannot be separated from 
a particle is its mass. What defines where the 
particle lives is its mass,” he says. “Everything 

else is like the smile of the cat. You can 
separate it from the cat.”

Because there is nothing to stop you from 
making quantum Cheshire cats from photons, 
electrons and even atoms, Tollaksen thinks 
there might be uses in quantum computing. 
One of the challenges in quantum computing 
is to isolate particles from external 
disturbances that destroy the all-important 
superposition of states. The quantum 
Cheshire cat phenomenon could separate the 
more susceptible properties of particles from 
the particles themselves, leading to more 
stable quantum computers. 

“We can open a completely new kind of 
physics. I’m only beginning to understand the 
implications,” says Aharonov.

There is of course the bigger question of 
what all this says, if anything, about the nature 
of reality. It depends on what you make of the 
values thrown up by weak measurements. 
“That’s the elephant in the room,” says 
Aephraim Steinberg of the University of 
Toronto, Canada, who studies weak 

measurement experiments. “What do these 
values really tell us about the physical world?”

If you ascribe physical reality to weak 
values, a particle really can have an absurd 
spin. A neutron can really be in one path 
and its spin in the other. “I believe that these 
are true physical properties of quantum 
systems,” says Aharonov. “When you pre  
and post-select quantum systems, you see a 
completely new reality.”

A new reality
Not everyone is ready to accept this strange 
new reality. “The interpretation of these 
measurements is non-trivial, even tricky,” 
says Johannes Kofler of the Max Planck 
Institute of Quantum Optics in Garching, 
Germany. “The Cheshire cat paradox arises 
only when you give a physical meaning to the 
observed weak values – which is challenged 
and debated in the community.”

Where does this leave the time-symmetric 
formulation of quantum mechanics in which 
the future influences the present? Steinberg 
remains cautious. “I think it’s easy to 
overinterpret that language. I’m not going to 
claim that when I dig up a dinosaur bone 
today, it causes that dinosaur to have gotten 
killed 65 million years ago. I wouldn’t say that 
the future is influencing the past. I’d say that 
information about the future gives us 
information about the present or the past.”

Tollaksen, however, points out that with the 
time-symmetric formulation, the calculations 
needed to predict the weak values in 
experiments like the quantum Cheshire cat 
are simple and elegant. Trying to do the same 
with traditional quantum mechanics, where 
time flows one way, is unwieldy, even 
inelegant. Often in physics the quest for 
elegance has led to a clearer understanding of 
reality. But it’s too early to tell if that reality 
involves time symmetry, Steinberg says.

What’s clear is that finally observing the 
quantum Cheshire cat is challenging our 
intuitions about matter. What does it mean for 
an atom to be separated from its properties? 
No one quite knows. The first answers might 
come when experimentalists succeed in 
measuring the electric dipole moment of a 
neutron by separating it from its magnetic 
moment. That would be momentous in more 
ways than one, giving us a glimpse of a reality 
that, as with almost everything in quantum 
mechanics, defies common sense. Curiouser 
and curiouser, indeed.  ■

Anil Ananthaswamy is a consultant for New Scientist

“ We’re only just beginning to 
understand the quantum 
Cheshire cat’s implications”
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IT COULD happen tomorrow. As California  
is sweltering through another hot, dry 
summer, the ground in the Sacramento-San 

Joaquin delta begins to shake as a large 
earthquake strikes. Here, a network of river 
channels wend their way around dozens of 
“islands” as they flow down to San Francisco 
Bay. The locals call them islands but that’s not 
quite right, for the land in between the rivers 
has sunk well below the water level – in places 
by as much as 8 metres. In reality, they are 
immense pits, protected only by often-fragile 
earthen levees.

Geologists had warned that a big earthquake 
nearby might liquefy the levees and cause 
them to fail. Within minutes of the quake, 
they are proved right. The levees give way in 
dozens of places, and the fresh water in the 
river channels begins to pour down onto 40 of 
the region’s 60 or so islands. With little fresh 
water flowing through the delta after years of 
drought, saltwater from the tidal zone starts to 
flow upstream towards the breaches in the 
levees, deep into the heart of the delta. Within 
hours, brackish water is flooding across vast 
areas of farmland and thousands of delta 
residents and farmworkers are forced to flee. 
Almost all survive, but many lose their homes 
and livelihoods.

It’s a major disaster, and it has only just 
begun. On the seaward side of the delta are 
massive pumps that usually work ceaselessly 
every day, transferring vast quantities of fresh 
water from the delta into canals and aqueducts 
heading for the farms and cities of southern 
California. A significant proportion of the 
water for the 19 million people living in 
California’s Metropolitan Water District comes 
from the delta, but as saltwater rushes in, the 
pumps have to be shut off. It will be a year or 
more before the levees can be repaired and the 
saltwater flushed from the channels. Only 
then can pumping resume.

This would be a serious problem at the best 
of times. The green of Southern California is 
only sustained by extraordinary feats of water 
engineering – no wonder some have called the 
state a “magnificent illusion”. But California is 
already suffering its worst drought in history. 
The loss of the delta water could not have 

come at a worse time and threatens to destroy 
the illusion completely.

Even before the quake, farmers had  
begun abandoning their crops and laying off 
workers. More are soon forced to follow suit. 
The US relies on the state for much of its fresh 
produce, so fruit and vegetable prices soar 
across the country and beyond. As the  
drought continues and the pumps remain 
silent, reserves dwindle, and water supplies  
to homes and factories have to be rationed. 
The economy shrinks even further and 
unemployment rises as the world’s 8th largest 
economy runs dry. The effects are felt across 
the nation and the rest of the world…

California’s Katrina
This is the worst case scenario. Let’s hope  
it  doesn’t come to pass but as we saw with 
hurricane Katrina in 2005 and Sandy two  
years ago, the worst can happen. If California’s 
Department of Water Resources (DWR) is to  
be believed, it is only a matter of time before 
an earthquake or large flood causes multiple 
breaches in the 1800 kilometres of levees.  
If it happens at a bad time, this really could be 
California’s Katrina. 

Much depends on the precise 
circumstances. “There is no simple answer  
to how water supply disruption in the delta 
would affect the state,” says Nancy Vogel of the 

DWR. If the levees fail when water reservoirs 
are full and plenty of fresh water is flowing 
through the delta, much less seawater will 
penetrate inwards and the pumps will not 
have to be turned off for long, if at all. But the 
risk of disruption to the supply of water from 
the delta is one of the reasons why the DWR 
says California needs to spend $25 billion on 
an immense tunnel project to bypass the 
fragile levees and guarantee the supply of 
fresh water to southern California, come 
earthquake, flood or storm. Many delta 
residents are fiercely opposed to the idea. 
They see the project as an attempt to steal 
their water, and dismiss talk of catastrophe  
as scaremongering. So who is right? It really is 
a billion-dollar question.

Strictly speaking, the Sacramento-San 
Joaquin delta is not a delta at all but a tidal 
estuary formed where the Sacramento and 
San Joaquin rivers meet (see map, overleaf). 
Much of it once flooded with every high tide. 
Starting around 160 years ago, gold rush 
pioneers and farmers began to build levees to 
hold back the water. Without fresh deposits of 
mud, the land has been sinking as the organic 
matter within it rots away – as is happening in 
many other places around the world. Were it 
not for the levees most of the delta would be 
covered by several metres of water.

From the mid-20th century, huge quantities 
of water began to be taken from the southern 
side of the delta for cities and farms. “The 
water pumped down from the delta is the 
backbone of the California water system,”  
says Vogel. Yet only 22 per cent of Californians 
have even heard of the delta region.

The system may have served the state well 
for decades, but the one thing almost everyone 
agrees on is that things can’t go on as they are. 
Sea level is slowly rising and is set to rise 

The arteries sustaining the magnificent illusion that is 
California are under threat. Michael Brooks reports
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Running low
The Sacramento-San Joaquin delta is the single largest source of water for southern California. 
But with sea level rising and river levels falling, the supply pumps increasingly pull seawater 
deep into the delta, contaminating drinking water and killing native wildlife. To prevent this, 
the plan is to build a pair of tunnels to take water from higher upstream
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much more over the coming century. One 
consequence is higher pressure on the levees, 
which means a greater risk of breaches if they 
are not raised. 

Another is an increasing problem with 
saltwater incursions: not only is the sea rising, 
but less fresh water is flowing into the delta, 
due to increasing extraction upstream and 
climate change. When the rivers are low, 
seawater is pulled upstream from the bay by 
the huge pumps that supply the south.

These incursions are bad both for native 
wildlife and for people. They cause pollutants 
to accumulate as well as adding salts such as 
bromides, making the delta water costly to 
purify for drinking. “Over time, the cost of 
treating the water for urban purposes is only 
going to increase,” says Jay Lund, a civil 
engineer at the University of California, Davis. 
The current drought is causing such severe 
incursions that the DWR may install rock 
barriers to hold the saltwater back.

Meanwhile, what little native wildlife 
remains in the region is struggling to cope. 
Extinction is a real possibility for the salinity-

sensitive delta smelt, for example, a tiny fish 
that was once a linchpin of the region’s 
ecosystem. “This is the canary in the coal 
mine,” says local resident Robert Pyke.

Also in trouble are the Chinook salmon that 
migrate through the delta. The reversals of 
river flow caused by the pumps can confuse 
them. And although the pumping stations are 
equipped with screens that are meant to 

prevent large fish such as salmon from being 
sucked in, they don’t work well when little 
water is entering the delta and river flows are 
slow. Fish can get trapped and killed in the 
intakes, or become sitting ducks for predators. 
Not all wildlife is suffering, though. Many 
invasive species, from quagga mussels to 
water hyacinths, are thriving.

Then there is the issue of the levees failing. 
One or two breaches happen most decades. 
The last was in 2004, when a levee failed on a 
fine day, flooding Jones island (pictured on 
pages 37 and 39). There have been some close 
calls since, like when waves overtopped some 
levees during winter storms in 2005 and 2006. 
Such storms are expected to become more 
intense as a result of global warming. And in 
2009, a ship came close to breaching a levee. 

Occasional breaches are costly but 
manageable. The big question is whether a 
major flood or earthquake could breach many 
levees simultaneously. Flooding increases the 
pressure on the earthen structures, and can 
rapidly erode them if water starts flowing over 
them. Could the levees withstand a megaflood 
like the one that hit California in 1861, when it 
rained every day for more than six weeks? 
They might fail in part, but not wholly, reckons 
Pyke, who is a geotechnical engineer with 
experience of levee construction and repair in 
Europe and in post-Katrina New Orleans.

Raising the levees
For one thing, he points out, every island that 
floods reduces the pressure. What’s more,  
for the last three decades, state and local 
engineers have been working to bring the 
levees up to a standard known as PL 84-99 – 
making them 15 centimetres higher and 
reducing the slope of the inside wall to 
increase stability. Levees built to this standard 
are resistant to the kind of flooding event that 
happens once a century. Roughly half of the 
network is now at that standard, Pyke says. 
“Within a couple of years it will all be there.”

The upgraded levees will still be vulnerable 
to a large earthquake, though. “A magnitude 
6 or 7 quake would probably do for all of 
them,” says Lund. Their resilience has yet to  
be tested, perhaps because the 1906 San 
Francisco earthquake relieved much of the 
stress in the region. But the US Geological 
Survey (USGS) has estimated that there is a  
62 per cent chance of an earthquake of 
magnitude 6.7 or greater in the Bay Area 
between 2003 and 2032. A separate 2009 
report for the DWR concluded that “there is a 
40 per cent probability of a major earthquake 
causing 27 or more islands to flood at the same 
time in the 25-year period from 2005 to 2030”. 
This is the basis for the “doomsday” scenario 
used to help justify the twin tunnel project.

It’s not quite that simple, however. The delta 
is 50 kilometres from the nearest fault, the 
Hayward fault, and the risk of a major 
earthquake here is thought to be low. Even if  

“ A magnitude 6 or 7  
quake would probably  
do for all the levees”
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it happened, Pyke thinks the effects will die off 
significantly 50 km away, so the threat is 
overblown. Is he right?

The 2009 report made certain assumptions 
about how seismic tremors would travel to the 
delta and what effect they would have on the 
levees. Though it took the composition of local 
soils into account, the report used what Joe 
Fletcher of the USGS calls “a fairly standard 
attenuation model”. This is not the best way to 
do it, Fletcher says, and he and his colleagues 
are trying to do better. “We are making 
progress but are a ways from actually 
producing a model.” 

So the odds of an earthquake bringing down 
dozens of levees at once could be lower than 
the 40 per cent figure suggests. But it could 
also be higher: there is a chance that the local 
topography could amplify some seismic wave 
frequencies, says Fletcher. Even if it does turn 
out to be lower, what level of risk is acceptable, 
given the importance of the delta water to 
millions in southern California? Even Pyke 
thinks something must be done. He helped 
write a 2010 report recommending that half  
of the system be built up to the “fat levee” 
standard, which means making levees so wide 
that they cannot fall over when shaken by a 
quake. “That would effectively flood and 
earthquake-proof all the islands that are below 
sea level,” he says.

At a cost of between $1 and 2 billion, this 
would be relatively cheap. But fat levees would 
not solve the problems of saltwater incursions 
and the resulting interruptions to the water 
supply. “The water deliveries continue to get 
more erratic,” says Vogel. “We have tens of 
millions of people who depend upon them.” 
That’s where the twin tunnels come in. The 
idea is to build two earthquake-proof tunnels 
that would run side by side and carry water 
from supplies further upstream on the 
Sacramento river down to where the pumping 

stations are now. This would provide purer, 
fresher water for southern Californian even 
when river levels fall in the delta or levees fail. 
But at $25 billion it will not come cheap.

The tunnels are the central plank of a 
package of measures being put forward as  
the Bay Delta Conservation Plan. The plan is 
supposed to benefit wildlife as well securing 
the water supply, but an independent 
scientific review found that the DWR “tends to 
overreach conclusions of positive benefits” 

and “needs to be reconsidered and revamped”. 
Hardly a ringing endorsement.

With growing and conflicting demands for  
a shrinking supply of water, no scheme can 
satisfy everyone. Delta residents, however, see 
themselves as the big losers. “If they build the 
tunnel they will suck this region dry,” says Jeff 
Hart, who used to conduct eco-tours of the 
delta and now runs a farm there. “We’re being 

treated like we’re a colony.”
That’s not the only worry for residents.  

Once the tunnels are complete, there will be 
less reason to protect the “islands”, or restore 
them after floods. Several have already been 
abandoned after levee failures, from Frank’s 
Tract in 1938 to Liberty Island in 1998. Those 
parts of the delta that are home to important 
infrastructure such as state highways as well 
as farms, though, are unlikely to be 
abandoned. So California may well decide 
both to build the tunnels and continue to 
strengthen most of the levees.

When that will happen is another matter. 
Even if the plan’s proponents get their way, the 
tunnels would not be completed until 2027 at 
the earliest. And political wrangling over the 
plan and its funding could cause endless 
delays. “We have been debating, arguing and 
litigating over the delta for the last 40 years,” 
Vogel says. What happens here, though, could 
ripple across the rest of the world. The rest of 
us can only hope that the “magnificent 
illusion” does not crumble to dust.  ■

Michael Brooks is a consultant for New Scientist.  
His latest book is At the Edge of Uncertainty:  
11 discoveries taking science by surprise (Profile)

Regular deposits of mud from floods kept the land 
at sea level or above
 

After levees were built to prevent flooding, the land 
began sinking. The pumps (purple) extracting fresh 
water are also pulling seawater upstream

A major earthquake could bring down many levees 
and allow seawater to flood the delta, cutting off 
the supply of fresh water for months or years

1800s Now Next?

Then, now – and next?
What has happened in the Sacramento-Joaquin delta until now – and what’s to come (maybe)

A fine day, but 
seawater can rush in 
if a levee collapses

“ If they build the  
tunnels they will suck  
the delta region dry”
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LISTEN to Maysam Ghovanloo and you’ll 
soon be convinced that your tongue isn’t 
living up to its potential. As sensitive as 

your fingertips and as flexible as an octopus’s 
tentacle, this unsung organ makes a handy 
fifth limb, says Ghovanloo. “It’s just so natural,” 
he says, before gluing a pea-sized magnet to 
the tip of my tongue and passing me a headset. 
“With the tongue, you can touch every tooth 
in your mouth, without thinking about it, 
without training, focus or concentration.” 
To prove it, the engineer has spent a decade 
developing a tongue-based device as an all-
purpose replacement for the mouse. 

Called the Tongue Drive, it is already used 
by severely disabled people to manoeuvre 
wheelchairs and control phones. Soon it will 
help to reveal the tongue’s intricate dance 
within the mouth while we speak, opening 
up an invisible world for speech therapists 
treating people with brain injuries. Yet its 
potential, Ghovanloo believes, extends far 
further. Like an extra limb, the tongue could 
manipulate games, gadgets or even an oral 
version of Google Glass while our hands are 
busy with other tasks. “With the tongue, you 
just go ahead and do it,” says Ghovanloo. 
“It’s instinctive.” And if having to put a small 
ceramic disc in your mouth puts you off, never 
fear: engineers have come up with other ways 
to let your tongue do the work, magnet-free.

I’m at Ghovanloo’s lab at the Georgia 
Institute of Technology in Atlanta, trying to 
control a cursor on a smartphone’s screen. 
As I move my tongue, the magnet alters the 
magnetic field around my head and the 
changes are detected by sensors on the 
headset. I have already trained the system 
to recognise my commands – touching my 
tongue to a right molar, for instance, moves 
the cursor left. But it’s like learning a new 
language: I have to think about what I want to 
do then translate it into the language of the 
tongue. Soon, though, the cursor is gliding 
smoothly across the screen. I check the 

Hand to 
mouth

For fine control it has all else licked.  
Rachel E. Gross reveals why your tongue is the 

perfect, all-purpose mouse replacement
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weather, scroll through some apps and dial 
a number. “This is fun,” I tell myself. “In a 
week, I’ll be fluent.” Then the magnet falls off.

Most of us don’t give our tongues a second 
thought. We don’t have to. Richly supplied 
with nerves that link it directly to the brain, 
this slippery minion responds instantly to 
every unconscious command. That’s why you 
can lick an envelope, sing and eat spaghetti, all 
without thinking. It is also incredibly fast and 
tireless, says Maureen Stone, a physiologist at 
the University of Maryland, who studies the 
tongue’s movements. 

Yet what makes this organ truly unique is 
not its speed or stamina, but its precision. 
Though it evolved to aid eating, the human 
tongue has adapted to the complex 
movements required for speech. As a result 
its eight muscles are controlled by a nerve 
network that is denser and more complex  
than in other mammals, giving us incredibly 
fine control. “You have as many degrees of 
freedom in your tongue and lips as you do 
in your hands and fingers,” says Ghovanloo. 

Sensory alchemy
Ghovanloo began to think about enlisting 
tongue power in the 1990s after he read a paper 
by a team led by neuroscientist Paul Bach-y-
Rita at the University of Wisconsin-Madison. 
It described a process that could help blind 
people “see” by feeding electrical impulses 
from a video camera to an array of electrodes 
placed on the tongue. In a kind of sensory 
alchemy, the tongue’s nerves detected the 
impulses and the user’s brain translated them 
into an image (see “Taste the World”, right). 

This got Ghovanloo thinking. The tongue 
is sensitive, but agile too. Could it convey the 
brain’s commands when the rest of the body 
is paralysed? In 2005 he patented a simple 
control system: sensors detect motion of a 
magnet on the tongue and use it to control a 
wheelchair. He called it the Tongue Drive. “It 
is the ultimate hands-free device,” says Jason 
Disanto, one of the Tongue Drive’s testers, who 
was paralysed in a diving accident in 2009.

Now Ghovanloo’s invention is finding new 
roles. At Georgia State University in Atlanta, 
people who have had limbs paralysed as a 
result of stroke will be able to control robotic 
limbs with the device. If they can do this,  
the thinking goes, it just might help them  
to retrain their brains to move those limbs  
again. “We’re hoping that the neurons that  
fire together, wire together,” says researcher 
Andrew Butler who is working on the project.

A few kilometres north at the Shepherd 
Center, a hospital for treating brain and spinal 

cord injuries, speech-language pathologist 
Kimberly Wilson hopes Ghovanloo’s device 
can help solve a mystery. As part of her work to 
rehabilitate injured soldiers, many of whom 
have brain injuries, Wilson teaches them to 
speak again. But this is difficult when you 
cannot see what a patient’s tongue might be 
doing wrong. The Tongue Drive will allow her 
to visualise tongue movements, so she can 
spot mistakes and correct them. “I see so 
much promise in this technology,” she says.

Ghovanloo has spent nine years shrinking 
the headset from a clunky baseball helmet to 
a circuit small enough to fit inside the mouth 
like a dental brace. Yet major challenges 
remain. The Tongue Drive is limited to six 
simple commands, including left and right, 
but Ghovanloo aims to make the cursor move 
fluidly with the tongue and treat the entire 
bony palate as a mouse pad. A more serious 
problem is safety: if, say, a burst of radio waves 
from a shop’s RFID reader disabled the device, 
a user would be helpless. To prevent this, and 
to get regulatory approval for selling the drive, 
Ghovanloo is planning trials outside the lab. 

Finally, there’s the yuck factor. Sticking a 
small magnet on to the tongue may not be to 
everyone’s taste, though paralysed people 
may have other priorities, of course.  

Yet there is an alternative. In 2009, a team of 
German and Japanese engineers was looking 
for a hands-free control system doctors could 
use during complex surgery. They came up 
with a pad of conductive cloth that sticks to 
the outside of the cheek and is activated by the 
tip of the tongue. Just as you move a mouse on 
its mat, the “mouth pad” detects the pressure 
of the tongue moving along inside the cheek. 
No magnet required.  

Surgeons aren’t the only ones to benefit. 
Drivers answering calls on the road, or chefs 
checking recipe apps while cooking might 
prefer this hands-free approach. The pad could 
be installed in helmets or balaclavas and used 
by cyclists, motor cyclists and skiers, says Kai 
Kunze, one of the team at Osaka Prefecture 
University in Japan. Why risk frostbite to use a 
smartphone on the slopes when you could use 
your cheek to switch on an app or answer a call? 
“It looks dorky,” Kunze says, “but it works.” 

Besides, some people don’t mind dorky. 
Take gamers. In 2011, Sony engineers filed a 
patent for a tongue-controlled gaming system. 
According to Sony, gamers would wear a 
mouthpiece that detects tongue movements 
using pressure sensors or a small thermal 
imaging camera. The company won’t say 
whether it plans to commercialise the system, 
but given the lengths some gamers go to for 
the tiniest advantage, they might welcome the 
extra control a cheek pad offers. Besides, in a 
world where Google Glass wearers navigate 
the web with twitches and nods, perhaps a 
cheek pad or mouthpiece won’t look so odd. 
Go on, stick your tongue in your cheek. Now 
drop your mouse and joystick in the trash. 
After all, you’ve got them both licked.  ■

Rachel E. Gross is a science journalist based in 
Washington DC

Jason Disanto tests the 
Tongue Drive, which 
he dubs “the ultimate 
hands-free device”
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Could your tongue enhance your interactions 
with the world? Gershon Dublon at MIT’s 
Media Lab in Cambridge, Massachusetts, has 
devised Tongueduino: an electrode-covered 
strip that hangs off the tongue and outside 
the mouth, absorbing data from the 
surroundings through an array of sensors 
and translating it into electrical signals that 
travel from tongue to brain. Tonguedino can 
report on electromagnetic fields, visual data 
and other information to create a constant 
flow of spatial information, encoded as tiny 
electrical pulses. For Dublon, it helps you 
understand your surroundings, yet isn’t as 
distracting as a smartphone. “It allows us to 
be more present where we are,” he says.   
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WHEN the cruise ship Louis Majesty 
left Barcelona in eastern Spain for 
Genoa in northern Italy, it was for 

the leisurely final leg of a hopscotching tour 
around the Mediterranean. But the 
Mediterranean had other ideas.

Storm clouds were gathering as the boat 
ventured eastwards out of the port at around 
1 pm on 3 March 2010. The sea swell steadily 
increased during the first hours of the voyage, 
enough to test those with less-experienced sea 
legs, but still nothing out of the ordinary.

At 4.20 pm, the ship ran without warning 
into a wall of water 8 metres or more in height. 
As far as events can be reconstructed, the 
boat’s pitch as it descended the wave’s lee JO
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tilted it into a second, and possibly a third, 
monster wave immediately behind. Water 
smashed through the windows of a lounge on 
deck 5, almost 17 metres above the ship’s water 
line. Two passengers were killed instantly  
and 14 more injured. Then, as suddenly as the 
waves had appeared, they were gone. The 
boat turned and limped back to Barcelona.

A few decades ago, rogue waves of the sort 
that hit the Louis Majesty were the stuff of 
salty sea dogs’ legend. No more. Real-world 
observations, backed up by improved theory 
and lab experiments, leave no doubt any 
more that monster waves happen – and not 
infrequently. The question has become: can 
we predict when and where they will occur?

Science has been slow to catch up with 
rogue waves. There is not even any universally 
accepted definition. One with wide currency is 
that a rogue is at least double the significant 
wave height, itself defined as the average 
height of the tallest third of waves in any  
given region. What this amounts to is a little 
dependent on context: on a calm sea with 
significant waves 10 centimetres tall, a wave  
of 20 centimetres might be deemed a rogue.

If that seems a little lackadaisical, for a long 
time the models oceanographers used to 
predict wave heights suggested anomalously 
tall waves barely existed. These models rested 
on the principle of linear superposition: that 
when two trains of waves meet, the heights of 

Colossal rogue waves exist. But predicting when and 
where these deep-sea monsters will strike is a matter 

of complex calculation, finds Stephen Ornes

High rollers
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the peaks and troughs at each point simply 
sum. It was only in the late 1960s that 
Thomas Brooke Benjamin and J. E. Feir of 
the University of Cambridge spotted an 
instability in the underlying mathematics. 
When longer-wavelength waves catch up with 
shorter-wavelength ones, all the energy of a 
wave train can become abruptly concentrated 
in a few monster waves – or just one.

Longer waves travel faster in the deep ocean, 
so this is a perfectly plausible real-world 
scenario. The pair went on to test the theory in 
a then state-of-the-art 400-metre-long towing 
tank, complete with wave-maker, at a UK 
National Physical Laboratory facility on the 
outskirts of London. Near the wave-maker, 

which perturbed the water at varying speeds, 
the waves were uniform and civil. But about 
60 metres on they became distorted, forming 
into short-lived, larger waves that we would 
now call rogues (though to avoid unwarranted 
splashing, the initial waves were just a few 
centimetres tall).

It took a while for this new intelligence to 
trickle through. “Waves become unstable and 
can concentrate energy on their own,” says 
Takuji Waseda, an oceanographer at the 
University of Tokyo in Japan. “But for a long 
time, people thought this was a theoretical 
thing that does not exist in the real oceans.”

Theory and observation finally crashed 
together in 1995 in the North Sea, about >

“ Descending the first 
monster wave, the 
boat was pitched into 
a second and possibly 
a third behind”
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150 kilometres off the coast of Norway. New 
Year’s Day that year was tumultuous around 
the Draupner sea platform, with a significant 
wave height of 12 metres. At around 3.20 pm, 
however, accelerometers and strain sensors 
mounted on the platform registered a single 
wave towering 26 metres over its surrounding 
troughs. According to the prevailing wisdom, 
this was a once-in-10,000-year occurrence.

The Draupner wave ushered in a new  
era of rogue-wave science, says physicist  
Ira Didenkulova at Tallinn University of 
Technology in Estonia. In 2000, the European 
Union initiated the three-year MaxWave 
project. During a three-week stretch early in 
2003, it used boat-based radar and satellite 
data to scan the world’s oceans for giant waves, 
turning up 10 that were 25 metres or more tall. 

We now know that rogue waves can arise 
in every ocean. The North Atlantic, the Drake 
Passage between Antarctica and the southern 
tip of South America, and the waters off the 
southern coast of South Africa are particularly 
prone (see diagram, below). Rogues possibly 
also occur in some large freshwater bodies 
such as the Great Lakes of North America. 
That casts historical accounts in a new light 
(see “Seven giants”, right), and rogue waves 
are thought to have had a part in the 
unexplained losses of some 200 cargo 
vessels in the two decades preceding 2004. 
Most recently, what is thought to have been 
a freak wave struck the cruise ship Marco 
Polo in the English Channel this February, 
smashing windows in a restaurant on  
deck 6 and killing a passenger.

Rogue elements
So rogue waves exist, but what makes one in 
the real world?

Miguel Onorato at the University of Torino, 
Italy, has spent more than a decade trying to 
answer that question. His tool is the non-
linear Schrödinger equation, which has long 
been used to second-guess unpredictable 
situations in both classical and quantum 
physics. Onorato uses it to build computer 
simulations and guide wave-tank experiments 
in an attempt to coax rogues from ripples.

Gradually, Onorato and others are building 
up a catalogue of real-world rogue-generating 
situations. One is when a storm swell runs  
into a powerful current going the other  
way. This is often the case along the North 
Atlantic’s Gulf Stream, or where sea swells  
run counter to the Agulhas current off South 
Africa. Another is a “crossing sea”, in which 
two wave systems – often one generated by 
local winds and a sea swell from further 
afield – converge from different directions  
and create instabilities.

Crossing seas have long been a suspect.  
A 2005 analysis used data from the maritime 
information service Lloyd’s List Intelligence to 
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Monsters of the deep ocean
Nine verifiable incidents of ships hit by rogue waves in deep-ocean waters have been drawn from an analysis 
of media reports from 2006 to 2010. Other rogues may account for many unexplained ship losses

In 2007, Paul Liu at the US National Oceanic and Atmospheric 
Administration compiled a catalogue of more than 50 historical 
incidents probably associated with rogue waves. Here are some 
of the most significant

1498 Columbus recounts how, on his third expedition to the 
Americas, a giant wave lifts up his boats during the night as they 
pass through a strait near Trinidad. Supposedly using Columbus’s 
words, to this day this area of sea is called the Bocas del Dragón 
– the Mouths of the Dragon.

1853 The Annie Jane, a ship carrying 500 emigrants from England 
to Canada, is hit. Only about 100 make it to shore alive, to 
Vatersay, an island in Scotland’s Outer Hebrides. 

1884 A rogue wave off West Africa sinks the Mignonette,  
a yacht sailing from England to Australia. The crew of four escape 
in a dinghy. After 19 days adrift, the captain kills the teenage 
cabin boy to provide food for the other three survivors.

1909 The steamship SS Waratah disappears without trace with 
over 200 people on board off the coast of South Africa – a swathe 
of sea now known for its high incidence of rogue waves.

1943 Two monster waves in quick succession pummel the Queen 
Elizabeth cruise liner as it crosses the North Atlantic, breaking 
windows 28 metres above the waterline. 

1978 The German merchant navy supertanker MS München 
disappears in the stormy North Atlantic en route from 
Bremerhaven to Savannah, Georgia, leaving only a scattering of 
life rafts and emergency buoys.

2001 Just days apart, two cruise ships – the Bremen and the 
Caledonian Star – have their bridge windows smashed by waves 
estimated to be 30 metres tall in the South Atlantic.

SEVEN GIANTS
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show that, depending on the precise 
definition, up to half of ship accidents chalked 
up to bad weather occur in crossing seas.

In 2011, the finger was pointed at a crossing 
sea in the Draupner incident, and Onorato 
thinks it might also have been the Louis 
Majesty’s downfall. When he and his team 
fed wind and wave data into his model to 
“hindcast” the state of the sea in the area at 
the time, it indicated that two wave trains 
were converging on the ship, one from a 
north-easterly direction and one more from 
the south-east, separated by an angle of 
between 40 and 60 degrees.

Simpler situations might generate 
rogues, too. Last year, Waseda revisited an 
incident in December 1980 when a cargo 
carrier loaded with coal lost its entire bow 
to a monster wave with an estimated height 
of 20 metres in the “Dragon’s Triangle”,  
a region of the Pacific south of Japan notorious 
for accidents. A Japanese government 
investigation had blamed a crossing sea, but 
when Waseda used a more sophisticated wave 
model to hindcast the conditions, he found it 
likely that a strong gale had poured energy 
into a single wave system far larger than 
conventional models allowed.

computing power: existing models can’t  
quite crunch through all the fast-moving 
fluctuations of the ocean rapidly enough to 
generate fine-grained warnings in real time. 
For Waseda, the answer is to develop a central 
early warning system, such as those that 
operate for tsunamis and tropical storms,  
to inform ships about to leave port. Thanks  
to our advances in understanding a 
phenomenon whose existence was doubted 
only decades ago, there is no reason now why 
we can’t do that for rogue waves, says Waseda. 
“At this point it’s not a shortage of theory, but 
a shortage of communication.”  ■

Stephen Ornes is a freelance writer based in 
Nashville, Tennessee 

“ Hindcasting the state of the sea revealed 
two wave trains converging on the ship, 
separated by 40 to 60 degrees”
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While rogue surface waves can be a danger to 
shipping (see main story), what happens 
deeper down might also be significant. On 
29 August 1893, Norwegian explorer Fridtjof 
Nansen was following the coast of Siberia on 
his ultimately unsuccessful expedition to the 
North Pole when his ship came to almost a 
dead stop between two islands – despite his 
engines being maxed out.

Nansen had hit “dead water”, a feature long 
known among fishermen in the Norwegian 
fjords. Explanations include the unhappy 
drowned, submerged magnetic rocks or even 
organised fleets of very small fish. 

Physicist Vilhelm Bjerknes came up with a 
explanation in 1898: when fresh water floats 
atop denser saltwater, as often happens in 
briny fjord entrances, a moving boat stirs up 
surface waves and the saltwater-freshwater 
interface beneath, leaving it fighting two 
bodies of water. Nansen had run into dead 
water where Siberian river water met the sea.

Such internal waves have since been 
extensively studied. This year, Russian 
oceanographers placed sensors at different 
depths in the Aral Sea, which has fresh water 
at its surface and salty water in the depths, 
and discovered 5-metre-high waves running 
along the bottom layer even while the surface 
remained undisturbed.

In deeper ocean waters, such waves might 
grow much larger. Internal waves at the 
thermocline – an invisible boundary between 
the cold, dense depths and upper, warmer 
layers of the ocean – have been implicated by 
some in the fate of the USS Thresher, a 
nuclear submarine that imploded in 1963 in 
the North Atlantic, killing all 129  crew.   

He thinks such single-system rogues could 
account for other accidents, too – and that  
the models need further updating. “We used 
to think ocean waves could be described 
simply, but it turns out they’re changing at  
the same pace and same time scale as the 
wind, which changes rapidly,” he says. In 2012, 
Onorato and others showed that the models 
even allow for the possibility of “super rogues” 
towering as much as 11 times the height of 
the surrounding seas, a possibility since 
borne out in water-tank experiments.

Early warning
With climate change potentially whipping 
up more intense storms, such theoretical 
possibilities are becoming a serious practical 
concern. From 2009 to 2013, the EU funded  
a project called Extreme Seas, which brought 
shipbuilders together with academic 
researchers including Onorato, with the aim 
of producing boats with hulls designed to 
better withstand rogue waves.

That is a high-cost, long-term solution, 
however. The best defence remains simply 
knowing when a rogue wave is likely to strike. 
“We can at least warn that sea states are rapidly 
changing, possibly in a dangerous direction,” 
says Waseda.

Various indices have been developed that 
aim to convert raw satellite and sea-state data 
into this sort of warning. One of the most 
widely used is the Benjamin-Feir index, 
named after the two pioneers of rogue-wave 
research. Formulated in 2003 by Peter Janssen 
of the European Centre for Medium-Range 
Weather Forecasts in Reading, UK, it is 
calculated for sea squares 20 kilometres by 
20 kilometres, and is now incorporated into 
the centre’s twice-daily sea forecasts. “Ship 
routing officers use it as an indicator to see 
whether they should go through a particular 
area,” says Janssen.

The ultimate aim would be to allow ships to 
do that themselves. Most large ocean-going 
ships now carry wide-sweeping sensors that 
determine the heights of waves by analysing 
radar echoes. Computer software can turn 
those radar measurements into a three-
dimensional map of the sea state, showing  
the size and motions of the surrounding swell. 
It would be a relatively small step to include 
software algorithms that can flag up 
indicators of a sea about to go rogue, such as 
quickly changing winds or crossing seas. Such 
a system might let crew and passengers avoid 
at-risk areas of a ship.

The main bar to that happening is 

DEAD WATER
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The Psychology of Babies: How 
relationships support development 
from birth to two by Lynne Murray, 
Constable & Robinson, £16.99

THIS book should 
carry a health 
warning: reading 
it will probably 
make you yearn 
for another baby, 
but it may also 
make you worry  

if you’ve done a good enough job 
with your existing ones. 

The Psychology of Babies is 
essentially a textbook, but it is 
accessible enough for any 
reasonably educated parent.  
And, having received numerous 
accolades from professors and 
parenting charities alike, it’s likely 
to be picked up by many.

Written by Lynne Murray, a 
developmental psychologist at 
the University of Reading, UK, 
the book promises a detailed 
account of the psychological 
development of children from 
birth to the age of 2, spanning 
their social, emotional and 
cognitive development. 

What really sets it apart  
from other child development 
textbooks and parenting guides 
alike are the frame-by-frame 
images of babies and toddlers 
going about their daily lives: 
throwing food from a high chair; 
being left at nursery for the first 
time; settling down to sleep –  
all accompanied by detailed 
psychological analysis.

It’s hugely seductive. The 
wealth of pictures invites you to 

substitute your own child  
for those in the various  
scenarios. Indeed, as the mother 
of a nearly 4-year-old and a  
nearly 2-year-old, I found it  
mildly unsettling to be so vividly 
catapulted back in time. 

Studying the images of a  
baby gearing up for a breastfeed,  
I found myself hit with a flood of 
memories: the smell of human 
milk, the physical sensation of 
feeding a baby and the emotions 
it provokes. Which was when I 
caught myself thinking how nice 
it would be to have another tiny 
baby to care for. Did I warn you 
that this book is dangerous?

The aim of the book, says 
Murray, is threefold: fascinate, 
foster a greater understanding of 
normal child development, and 
encourage parents to trust their 
intuition. With the latter, for 
example, parents find out that 
those exaggerated expressions 
they catch themselves pulling at 
babies and the sing-song voices 
they adopt to go with them are 
completely natural, and actually 
benefit the child. 

There is a fourth benefit, 
too, in the form of support for 
parents (and professionals) 
who may be struggling with 
challenging infant behaviour 
such as tantrums or aggression. 
“The understanding we can gain 
from the extensive research on 
child development, coupled with 
an attitude of careful observation 
as illustrated in this book, may  
be an invaluable support in our 
difficulties,” writes Murray, 
optimistically. 

And there is no doubt that The 
Psychology of Babies provides a 
more fascinating read for parents 
wishing to delve deeper into the 
inner world of their child than 
Gina Ford or other parenting 
gurus are ever likely to provide. 
But, in the end, is it really helpful? 

I’m torn. On the one hand, it 
normalises what a lot of parents 
might find worrying about their 

child’s behaviour, such as shyness 
debuting at a toddler group. 
Murray explains that a child 
burrowing into its parent’s lap in 
new situations is perfectly fine – 
indeed, it is a sign of “secure 
attachment”, a buzzword much-
loved by child psychologists. 
Translation: your child has formed 
a close and trusting bond with you. 

The book also has an excellent 
and reassuring section on settling 
children into childcare facilities, 
showing (rather than simply 

CULTURELAB

Yeah, Tarquin 
does that too...
Are you a good parent? A pioneering and 
well-meaning child development guide can 
easily wrong-foot you, finds Linda Geddes 

Look what I can do: comparing 
children’s behaviour is inevitable 
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telling you) that a child who wails 
when they’re handed over really 
can transform their mood within 
minutes of their parent leaving – 
assuming it’s a good nursery. 

Yet I wonder: how would it be 
for a truly struggling parent to 
learn about the various forms of 
insecure attachment and the 
long-term problems they can 
bring, such as aggression or social 
withdrawal? It might – and surely 
this is Murray’s goal – encourage 
them to recognise troubling 

The Tempest by William Shakespeare, 
The Other Place, at the Courtyard 
Theatre, Stratford-upon-Avon, UK

THE jury is out about the ability of 
drama to help people with autism, 
and plays by Shakespeare would 
seem to be unlikely candidates. 
But their intensity may help 
explore the emotional expression 
that autism can make difficult.

This is the aim of a new version 
of The Tempest, adapted for 
children and young people with 
autism by Kelly Hunter, an actor 
with the Royal Shakespeare 
Company. Her pioneering method 
relies on iambic pentameter, the 
verse form Shakespeare used. She 
also works with the Shakespeare 
and Autism project at Ohio State 
University, and the play is an RSC-
Ohio co-production. 

 Hunter’s adaptation places the 
actors and young people around   
a reimagining of the play’s island 
setting (see picture below). The 
performance is bookended by 
calming exercises that use the 
similarity in rhythm between 
heartbeat and iambic pentameter. 
At the start, for example, everyone 
taps a heartbeat on their chest as 
they chant “hel-lo”.

Then there are games, like 
“throwing” looks for others to 
“catch”. Others are based on 
emotionally charged interactions 
from the play. To end, everybody 
taps out a heartbeat “good-bye”. 

Hunter says that Shakespeare 
explores how “we use our eyes 
and mind to find reason and love”,  
which is why she used these skills 
in games. She says his characters 
lend themselves to teaching self-
expression. In The Tempest, 
Caliban personifies anger, and 
Ferdinand’s reaction to Miranda is 
one of literature’s more extreme 
examples of intense love .

Researchers at Ohio State are 
evaluating the methods. Robin 
Post, who plays Trinculo, is also 
director of the programme at 
Ohio’s theatre department.  
She says that participants show 
greater gains in social functioning 
and language skills compared  
with young people on a waiting 
list to join the project. 

As we leave, a mother asks her 
son: “Was that fun?” He seems not 
to understand, but moments later, 
a sing-song voice echoes down the 
street: “Good-bye, good-bye…”  ■

Simon Makin is a writer in London

For more books and arts coverage, visit newscientist.com/culturelab

Acts of emotion
Shakespeare’s intensity may help people 
with autism, finds Simon Makin

behaviours and seek help early. 
But it could just as easily provoke 
further anxiety. 

Then there is the adjacent and 
inevitable problem that parents 
who read this book will be bound 
to compare their child’s behaviour 
with that of similar-aged children 
shown in the photographs, and 
perhaps worry that they’re not  
as advanced. 

This isn’t necessarily Murray’s 
fault. For the most part, she does 
a great job of reassuring readers 
that deviations from the 
described patterns of behaviour 
are usually not cause for alarm. 
Reading any child psychology 
book would probably have the 
same effect on anxiety levels.

But that is at least part of the 
trouble with this book. It is simply 
too accessible, encouraging you  
to believe that you can become  
an armchair expert in child 
development just by leafing 

through its glossy pages. I felt 
tempted to reflect on families 
I know, and make judgements 
about a parent’s psychological 
state – surely not a good thing. 
And if a parent is struggling,  
they would be better off seeking 
professional help than being led 
to believe they can solve the 
problems if only they study their 
child’s behaviour hard enough.

What’s more likely, though,  
is that parents will simply be 
struck by how closely their child’s 
behaviour resembles the frame-
by-frame illustrations. The more  
I read, the more it seemed that  
the book was a documentary of 
normality. Most sequences were 
so familiar that I began to feel 
rather turned-off. It was a bit  
like the feeling you get when  
you excitedly replay a milestone 
in your child’s development to  
a fellow parent, only to have  
them reply: “Yeah, Tarquin does 
that too.”  ■

“How would it be for a 
struggling parent to learn 
of the problems insecure 
attachment can bring?”
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Digital Revolution is running at 
London’s Barbican Centre until 
14 September 2014

TINY pixelated organisms live, 
move, multiply and die in little 
ponds of light on the floor. John 
Conway’s 1970 Game of Life 
remains one of the more potent 
examples of how a simple 
algorithm can produce complex 
and sometimes beautiful effects. 
It’s a fitting opening for a show 
called Digital Revolution. 

But what sort of revolution is 
this? An introductory collection of 
vintage home computers, arcade 
games, electro-pop jukeboxes 
and show-reels of special effects 
seems, at first glance, to be an 
exercise in retromania. Look 
harder, though, and you can make 
out hints of things to come. Early 

experiments in multimedia, 
hypertext, personas and avatars, 
connectivity, crowdsourcing and 
autonomy – often derided at the 
time as opaque and pointless – 
now seem prescient. 

Consider Paul Brown’s 1977 
Builder Eater, in which algorithms 
struggle for control of the screen, 
leaving only cryptic patterns 
behind. They foreshadow today’s 
megabucks bouts fought by flash-
trading financial bots.

Then there’s  John Maeda’s 1998 
Reactive Books, which reorganises 
texts into interactive experiences 
that anticipate both the 
diversification of reading and 
the incongruity that arises when 
designers mimic the familiar 
audiovisual cues of older 
technologies. And tucked below 
screens full of eye candy is an 
unassuming monitor offering 
a chance to browse The Project – 
Tim Berners-Lee’s first website.

A succession of quirky 
interactive sculptures and 
installations reveals the complex 
construction of key scenes from 
the films Gravity and Inception, 
together with a selection of 
cutting-edge music videos. They 
delight and dazzle but leave the 
intellect largely unmoved. By the 
time I reached the bombast of 
will.i.am’s pharaonic shrine to 
himself, I was beginning to 
wonder if Digital Revolution was 
more about using digital tools to 
provide celebrity feedstock than 
about effecting transformation. 

Then the show turns its gaze 
inward, with installations that 
invite visitors to see themselves 
transformed into glitchy cyborgs, 
smoky-eyed wraiths and stranded 
birdmen. Despite the high-
minded sentiments in the artists’ 
statements, it’s hard not to see 
these works as algorithmic selfies, 
riffing off  smartphone narcissism.

Some smell a marketing rat: 
a group of disgruntled outsiders 
have protested at what they see as 
commissioning partner Google’s 
corporate rebranding of “art made 
with code” (a tradition six decades 
old) as “DevArt”. They have created 
a website full of unofficial exhibits 

that can be browsed only within 
the Barbican Centre, where the 
exhibition is held. It’s a uniquely 
non-destructive alternative to 
physical vandalism. But is it too 
polite to be truly provocative?

Digital Revolution extends 
well beyond the gallery, with areas 
dedicated to smart clothing, indie 
games and more. Follow the path 
of least resistance and you will 
end up deep in the Barbican’s 
bowels, to be confronted again 
with patterns of pixels moving 
around the floor. 

This time, though, they are 
guided by humans. A sweep of the 
hand draws a curtain of laser light 
into being; a jab destroys it. Pair 
up with a neighbour and new 
effects and behaviours emerge.

This is one of the few exhibits to 
delight the hand as well as the eye 
and ear. It’s partly a reaction to the 
detachment of the works above, 
says Usman Haque, director of the 
piece’s creators, Umbrellium. “In 
a way, when you can connect with 
anyone it returns the focus to the 
local – who you’re with, and what 
you’re doing.” Digital Revolution 
ends as it began: but this time, 
the organisms living amid the 
primordial digital soup aren’t 
numbers. They’re us.  ■

CULTURELAB

The art of numbers 
What kind of revolution lurks in this digital art retrospective, asks Sumit Paul-Choudhury 

Chris Milk’s Treachery of 
Sanctuary captivates a visitor

“ Despite the high-minded 
statements, it’s hard not 
to see the artists’ works 
as algorithmic selfies”
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TAKE A LOOK INSIDE
YOUR SCIENCE CAREER
Follow our Insider series to get insight from 
recruitment experts and  scientists or 
engineers that are already working in your 
chosen field. 

From real-life accounts of their work 
experience to expert career advice from 
those in the know, our Insiders equip you 
with the knowledge to begin and progress 
your career. 

So what are you waiting for? 
Look out for our series throughout the year 
or access them at 
newscientist.com /topic/careers

Information correct at time of going to press.

Postdoc (Part 1) 25 January

Postdoc (Part 2) 15 February

Postdoc (Part 3) 15 March

Cancer 5 April

Diversity (Part 1) 17 May

Education 21 June

Chemistry 9 August

Academia 23 August

Diversity (Part 2) 27 September

Faculty 25 October

Veterans 8 November

Earth, Energy & Environment 6 December

Careers Guide 20 & 27 December

2014 CAREERS FEATURES

If you have positions to fill in any of these fields throughout the year, then contact our sales teams to 
see how we can help you reach a targeted and relevant audience for your opportunities.

(781) 734-8771  or email nssales@newscientist.com
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West Coast Office
201 Mission Street, 26th Floor
San Francisco, CA 94105
Email  NSSales@NewScientist.com 
Phone  415 908 3353
Fax  415 543 6789

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

Incorporating ScienceJobs.com
To apply online visit newscientistjobs.com

Calls may be monitored or recorded for staff training purposes

Assistant Professor of Neuroscience 
and Systems Pharmacology

The Department of Pharmacology at the Perelman School of Medicine at the 
University of Pennsylvania seeks candidates for an Assistant Professor position 
PU�[OL�[LU\YL�[YHJR��;OL�Z\JJLZZM\S�HWWSPJHU[�^PSS�OH]L�L_WLYPLUJL�PU�[OL�ÄLSK�
of neuropharmacology with a focus on systems level approaches. Applicants 
must have a Ph.D. and/or M.D. degree and have demonstrated excellent 
X\HSPÄJH[PVUZ�PU�YLZLHYJO�

Applicants are expected to establish robust independent funding for their 
research program.

The Department is part of a highly collaborative research community that 
integrates disciplines from basic, translational, and clinical pharmacology with 
focus areas including neuropharmacology. The University of Pennsylvania, 
founded by Benjamin Franklin, is a world-class research institution located 
near the center of Philadelphia. All of Penn’s twelve schools are located within 
walking distance of one another. The Perelman School of Medicine at the 
University of Pennsylvania is one of the top ranked medical schools in the 
nation for research and NIH funding.

>L�ZLLR�JHUKPKH[LZ�^OV�LTIYHJL�HUK�YLÅLJ[�KP]LYZP[`�PU�[OL�IYVHKLZ[�ZLUZL�

The University of Pennsylvania is an EOE. Minorities/Women/Individuals with 
disabilities/Protected Veterans are encouraged to apply.

Apply for this position online at: 
https://www.med.upenn.edu/apps/faculty_ad/index.php/g310/d3635

 

Argonne is a Department of Energy national laboratory with over 1,500 scientists 
and engineers performing world-class research aimed at solving the nation’s energy, 
environmental and security challenges. Argonne’s Postdoctoral Program provides early 
Science, Technology, Engineering and Mathematics (STEM) career professionals with 
the opportunity to conduct meaningful, cutting-edge research in an inspired and resource-
rich environment. There are three types of appointments to which candidates may apply.

Argonne Named Fellowships – These are the lab’s most prestigious fellowships and 
DUH�QDPHG�DIWHU�VFLHQWLÀF�DQG�WHFKQLFDO� OXPLQDULHV��1DPHG�)HOORZV�ZRUN�FORVHO\�ZLWK�
DQ�$UJRQQH�VSRQVRU� WR�SXUVXH� WKHLU� UHVHDUFK� LQWHUHVWV��$�1DPHG�)HOORZ�LV�KLUHG�DV�DQ�
$UJRQQH� 6FKRODU� ZLWK� IXOO� EHQHÀWV�� D� FRPSHWLWLYH� VDODU\� DQG� D� VWLSHQG� IRU� UHVHDUFK�
VXSSRUW��1DPHG�)HOORZV�PD\�UHQHZ�WKHLU�DSSRLQWPHQWV�RQ�DQ�DQQXDO�EDVLV�IRU�XS�WR���
years, with the possibility of retention.

Director’s Fellowships�²�'LUHFWRU·V�)HOORZVKLSV�DUH�JUDQWHG�WR�RXWVWDQGLQJ�VFLHQWLVWV�DQG�
HQJLQHHUV�ZKR�VKRZ�SRWHQWLDO�IRU�EHLQJ�OHDGHUV�LQ�WKHLU�ÀHOGV��'LUHFWRU·V�)HOORZV�PDNH�
VLJQLÀFDQW�FRQWULEXWLRQV�WR�$UJRQQH·V�VWUDWHJLF�PLVVLRQ�WKURXJK�H[LVWLQJ�SURJUDPV�RU�E\�
LQLWLDWLQJ�QHZ�UHVHDUFK�DUHDV��$�'LUHFWRU·V�)HOORZ�LV�KLUHG�DV�DQ�$UJRQQH�6FKRODU�ZLWK�
IXOO�EHQHÀWV�DQG�D�FRPSHWLWLYH�VDODU\��'LUHFWRU·V�)HOORZVKLSV�FDQ�EH�UHQHZHG�DQQXDOO\�
for up to two years.

Divisional Postdoctoral Associates³SHUIRUP�UHVHDUFK�LQ�H[LVWLQJ�VFLHQFH�DQG�WHFKQRORJ\�
programs; present and publish research; contribute to the overall research efforts of the 
/DERUDWRU\�� DGYDQFH� NQRZOHGJH� LQ� EDVLF� DQG� DSSOLHG� UHVHDUFK�� DQG� VWUHQJWKHQ� 8�6��
VFLHQWLÀF� DQG� WHFKQLFDO� FDSDELOLWLHV�� &DQGLGDWHV� DUH� VHOHFWHG� EDVHG� RQ� WKHLU� DFDGHPLF�
EDFNJURXQG�DQG�SRVVLEOH�LQSXW�WR�WKH�ODE·V�UHVHDUFK��,QLWLDO�SRVWGRFWRUDO�DSSRLQWPHQWV�DUH�
IRU�RQH�\HDU�ZLWK�WKH�RSSRUWXQLW\�WR�H[WHQG�XS�WR�WKUHH�\HDUV�
 
)RU� LQIRUPDWLRQ� RQ� DSSOLFDWLRQ� GHDGOLQHV�� FXUUHQW� GLYLVLRQDO� RSHQLQJV�� DSSOLFDWLRQ�
LQVWUXFWLRQV� DQG� IUHTXHQWO\� DVNHG� TXHVWLRQV�� SOHDVH� YLVLW� WKH� $UJRQQH� 3RVWGRFWRUDO�
Programs web site at http://www.dep.anl.gov/postdocs/ or www.anl.gov/careers 

Argonne is an equal opportunity employer and we value diversity in our workforce.
Argonne is a U.S. Department of Energy laboratory

The Bioinformatics Research Center at UNC-Charlotte invites applications for a Research 

Associate (position 3978). UNC-Charlotte’s Bioinformatics Research Center has the leadership 

role in bioinformatics for the nearby North Carolina Research Campus (NCRC) at Kannapolis 

(http://www.ncresearchcampus.net). The successful candidate will have expertise in the analysis 

of high throughput sequencing data and the analysis of sequence variations (SNPs, indels, 

rearrangements and copy number). They will have experience with the latest tools and practices 

for variant analysis. They will have used these technologies in their own or their collaborators 

research. Experience with cancer samples a plus. The successful candidate will have experience 

interpreting this data and understanding the biological significance. They will also have command 

line experience on Linux/Unix and be fluent in least one scripting/programming language (i.e. 

Perl, Python, Java, etc.). 

The candidate should also have outstanding communication skills, be able to communicate 

with biologists, demonstrate good teamwork and have a publication record. This position 

requires a Ph.D. or Masters degree in bioinformatics, genetics, molecular biology or related 

degree specializing in genetic variation. The candidate must also be a U.S. citizen or Green 

Card holder to comply with U.S. export policies. Applications must be made electronically at  

https://jobs.uncc.edu (position #3978) and should include vitae, at least 3 references, and a 

letter of interest. The University of North Carolina at Charlotte is an EOE/AA employer and an 

ADVANCE Institution.  

For additional information, please visit our website at www.bioinformatics.uncc.edu.

RESEARCH ASSOCIATE
University of North Carolina at Charlotte

Bioinformatics Services Division

Position #0728
The Department of Atmospheric Science at the University of Wyoming invites 
applications for a tenure-track faculty position, with focused expertise on 
the modeling of cloud processes or atmosphere-land interaction processes.  
The successful candidate will collaborate with observational and modeling 
faculty and staff to improve the understanding and representation of physical 
processes in climate models in at least one of the targeted areas: cloud 
physics and dynamics, cloud-aerosol-precipitation interactions, or atmosphere-
NCPF� KPVGTCEVKQPU�� &GOQPUVTCVGF� GZRGTKGPEG� CPF� UEKGPVKƂE� RTQFWEVKXKV[� YKVJ� 
high-performance computing is required.

Applications should include curriculum vitae, a statement of research and 
teaching interests and experience, and contact information for four references. 
Send a PDF of application materials to 

Search Committee, Department of Atmospheric Science, University of 
Wyoming, c/o Xiaohong Liu: xliu6@uwyo.edu. 

The search committee will begin reviewing applications on 15 September 
�����CPF�YKNN�EQPVKPWG�WPVKN�VJG�RQUKVKQP�KU�ƂNNGF���/QTG�KPHQTOCVKQP�CDQWV�VJKU�
position, the University, the City of Laramie and its surroundings can be found 
at http://www.atmos.uwyo.edu/info/FacultyPosition/.

Tenure-Track Position in Atmospheric Science, 
University of Wyoming
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MSc Biomedical Sciences
MSc Health and Disease
MSc Molecular Biotechnology  
MSc Stem Cells and Regenerative Medicine 
MSc Drug Delivery 
MSc Molecular Pharmaceutics
MSc Occupational Toxicology
MSc Pharmaceutical Engineering
MSc Pharmaceutical Sciences
MSc Pharmacokinetics  
MSc Pharmacology

www.aston.ac.uk/lhs

“We are proud of our diverse

student and staff environment,

including our support for women

in science and engineering and our

strategies to widen participation”

Life & Health Sciences
Education and training for graduates seeking
employment in the Biotechnology or Pharmaceutical
industry or further studies at PhD level.

University of Michigan School of Medicine
Department of Internal Medicine
Post-doctoral Position
 

We seek applications from talented candidates for a post-doctoral position in the 
Department of Internal Medicine at the University of Michigan School of Medicine.  The 
individual will carry out a funded research project related to a new mechanism of MHC-
disease association.  Approaches include immunology, cell biology, biochemistry, and 
mouse models.  The selected candidate will have the opportunity to develop a specific 
project, acquire new skills, and participate in seminars and other academic activities 

including presenting at national conferences.

Representative publications:
 

J Immunol 191:2096-103, 2013
 
Arthritis Rheum 65:618-26, 2013
 
J. Immunol 190:48-57, 2013
 
Discovery Medicine 16:93-102, 2013

  

Qualifications:
 

immunology, genetics, or related field

protein chemistry

from different backgrounds

Contact:  
Joseph Holoshitz, MD University of Michigan School of Medicine, 5520 MSRB1, 
1150 W. Medical Center Drive, Ann Arbor, MI, 48109-5680 jholo@med.umich.edu
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POSTDOCTORAL  OPPORTUNITIES
 

Find these and many more postdoctoral opportunities on our New Scientist Jobs online jobs board!

Go to www.NewScientistJobs.com
Enter the Job ID# listed below to read about the position. Find more jobs by entering your criteria into the grey search box.

1401516180

1401515908 

1401512040

1401515876

1401504672

1401490263

1401508238

1401490261

1401487465

1401490255

1401515142

1401516718

1401516716

1401516712

RESEARCH ASSOCIATE, Bioinformatics Services Division,   University of North Carolina  

Postdoctoral Position – University of Michigan School of Medicine, Internal Medicine

Postdoc Positions in Microbiology or Biochemistry -  University of Colorado School of 
Medicine, Department of Microbiology  

Cancer Prevention Fellowship Program - Bethesda, MD   National Cancer Institute (NCI),  
National Institutes of Health (NIH)

Postdoctoral Position, Laboratory of Molecular Gerontology - Baltimore, MD-   National 
Institutes on Aging (NIA), National Institutes of Health (NIH) 

Staff Scientists and Engineers, Research Assistants, and Postdoctoral Fellows -  The Wyss 
Institute for Biologically Inspired Engineering at Harvard University

POSTDOCTORAL POSITION – Acute Lung Injury -  University of Tennessee Memphis 
Health Science Center   

Postdoctoral Positions -  University of Alabama at Birmingham (UAB), Office of 
Postdoctoral Education  

Opportunities at Lerner Research Institute -  Cleveland Clinic Foundation, Lerner 
Research Institute

Grant Programs at Burroughs Wellcome Fund  

US Postdoctoral Opportunity Oncology iMed- Cell uptake and target inhibition -    
AstraZeneca US  

Research Associate III – DNA LabType -  Thermo Fisher 

Research Associate III (Cell Harvest) -  Thermo Fisher  

Research Associate III – Cell Biology - Thermo Fisher  
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SCHOOL FOR THE ENVIRONMENT

TO GENERATE, COMMUNICATE, AND ACTIVATE KNOWLEDGE 

TO SOLVE ENVIRONMENTAL PROBLEMS

ONLINE – Undergraduate and Graduate 

courses from Energy to Coastal Science to 

Science Communication

DEGREES – Undergraduate and Graduate 

degrees across the environmental  

disciplines including Professional Science 

Masters programs

NON-DEGREE – programs in boating,  

diving, and more

www.umb.edu/environment

DISCOVER THE NEW U

Masters Degrees

Agricultural Science

Precision Farming

Integrated Pest Management

Soil and Water Management

Sustainable Agriculture

Plant Pathology*

Weed Science*

Crop Production*

Fresh Produce Production*

Plant Nematology*

Land Use

Forestry Management*

Rural Sustainable Energy*

Applied Ecology

Entomology

Ecological Applications

Conservation and Forest Protection

Full or part-time. Delivery 1-2 week blocks

(PgC and PgD programmes also available)

Internationally renowned for knowledge transfer and 

research, Harper Adams is the leading land based 

university in the UK. Established in the early 1900s 

and set in the heart of the Shropshire countryside, 

there is a new dedicated postgraduate centre and 

a mixed farm on campus. With an unrivalled industry 

reputation, well equipped laboratories and flexible 

taught programmes to fit around working life, 

employment prospects and career progression 

opportunities are excellent.

Visit us: harper.ac.uk/open-newsci

*subject to validation

Photograph: postgraduate entomology student, 

Eneree Gundalai, detects radio-tagged weevils



Seeking outstanding research talents
Sofja Kovalevskaja Award – cutting-edge research award for the best 
junior researchers from abroad

Alexander von Humboldt Foundation
Jean-Paul-Str. 12
53173 Bonn
Germany

e-mail: info@avh.de

www.humboldt-foundation.de

Exzellenz verbindet – 

be part of a worldwide network.

The Alexander von Humboldt Foundation is now calling
for applications for the Sofja Kovalevskaja Award, one of
the most valuable academic awards in Germany. The
award amount of up to 1.65 million euros allows excellent
researchers to carry out academic work under unique 
conditions: For a period of five years, they are able to
work on their own research projects at an institute of their
own choice in Germany and set up their own working
groups – independently and virtually un affected by
administrative constraints. Scientists and scholars from
all disciplines from abroad who have completed their

doctorates within the last six years are eligible to apply.
The award targets outstanding talent and a creative
approach to research. 

The Humboldt Foundation actively promotes equal
opportunities and therefore particularly welcomes appli -
cations of women academics.

The closing date for applications is 1 September 2014.
More information:
www.humboldt-foundation.de/SKP_en
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WHILE checking last week’s column, 
we idly wondered whether “Tweet” 
is a trademark. The answer, of course, 
is yes. On 27 May 2010, Twitter 
gained a European trademark 
registration for use of the word – 
when it relates to the firm’s well-
known primary activities.

Reading up on trademarks may be 
seen as evidence that Feedback really, 
really needs to get out more. But 
following the trail to the bitter end has 
its pay-off. This comes in the shape of 
a pending application from Twitter, at 
bit.ly/TweetPencils that runs to about 
9400 words wanting “Tweet” to be 
trademarked for more than 750 uses 
in 16 classes, from which we select 
entirely at random: “patches and plugs 
for repairing vehicle tyres; carnival 
costumes; corsets; knickers; pens; 
and pencils”.

This bold trademark application has 
not yet been granted by the examiner, 
so use “tweet” – with wild abandon 
and in a variety of contexts – while you 
still can.

FEEDBACK would hate to give the 
impression that fruitloopery is 

exclusively or even mostly an 
affliction of English speakers, 
but we are a bit hindered by not 
knowing what to search for. For 
example, out of the 81 languages 
that Google currently attempts to 
translate, just three come back 
with results for “fruitloop”: 
Haitian Creole gives “frwitloup”; 
Serbian a direct transliteration 
into Cyrillic characters; and 
Yiddish a word that transliterates 
back as “froytloop”.

Make of that selection of 
languages what you will.

ASSISTANCE in showing fruitloopery 
internationally comes, however, 
from Derek Suchard, who provides 
translations from the website of 
a holistic thingy in Utrecht in the 
Netherlands – merudi-praktijk.nl. 
There Dutch-speakers can find out 
that “the Great Copper Pyramid is 
active…  to restore your DNA to its 
original structure. During the 
dedication of the Pyramid, two totem 
animals have undertaken to support 
every traveller in the path to his 
or herself.”

One of these animals is the Bear, 
who is wonderfully described as 
seeking “the sweet taste of truth”. 
All this comes with a photo of an 
irritatingly elegant room containing 
a pyramid made of standard 
25-millimetre copper tubing.

Also, there’s “regression with cosmic 
rays”, which might imply statistics and 
radiation, though we suspect the 
pyramid people try to avoid both.

TRAVELLING on London’s 
Underground, Robert Harding 
was intrigued to see, side by 
side, an exhortation to “Take the 
Thames Path Challenge! Run, jog 
or walk 100 km, 50 km or 25 km…” 
and an advert featuring treatment 
for intense knee pain. He suggests 
that we need a name for such 
pairings.

Back in the day, unfortunate 
juxtapositions of editorial 
copy and images or adverts 
in newspapers were dubbed 
“Wimbornes”. One Ronald Knox, 
a Cambridge college chaplain 
and detective-fiction writer – who 
was the subject of a biography by 
Evelyn Waugh – had a scrapbook  
of such infelicities, opening with  
a picture of a footballer above the 
caption: “Lady Wimborne, who 
has adopted the new windswept 
style of hairdressing”. 

Can we extend this term into 
the digital age?

FEEDBACK gains Robert Harding’s 
approbation for our “wonderful 
service to the English language, 
naming concepts, situations or 
phenomena that currently do not 
have a concise handle”. He notes that 
this activity itself needs a name.

The product of this activity would 
clearly be nomennomenclature.  
The previous sentence might well be 
nomennomennomenclature. But 
what would the verb be? To 
denominnominate?

CONTINUING in the vein of 
the naming of things, James 
Whalley asks what to call a 
“contradiction between name 
and character or occupation”. 
This is the opposite of nominative 

determinism, which Feedback 
has frequently abjured. His 
example is Agatha Christie’s 
sentence “In vain Inspector Slack 
redoubled that energy that so 
belied his name.”

Bernard Morcheles submits 
the Professor of Wine at the 
University of California, Davis, 
Andrew Waterhouse. And Peter 
Norton submits Flip dePage, 
listed as proofreader of Martha’s 
Vineyard magazine: but the editor 
confesses that Flip is a fiction.

We therefore denominominate 
some of these as examples of 
nominative contradeterminism.

FINALLY, the little village of Hanley 
Swan sits, Mike Corcoran tells us, 
between the UK cryptography 
headquarters GCHQ in Cheltenham 
and the research hub of Malvern. 
He attaches a photo of a sign at a 
village store: “We recharge quantum 
keys”. This, he observes, seems to 

show that “technology spill-over is 
alive and well in this entrepreneurial 
area!” (A more mundane possibility  
is that many locals have an excitingly 
named brand of prepaid gas meter.)

Feedback also sees in the photo that 
the shop has left blank the identity of 
its video camera controller, contrary 
to European Directive 95/46/EC on 
the protection of personal data, and 
subsequent legislation. This, too, 
appears to uphold a regional tradition. 

For more feedback, visit newscientist.com/feedbackFEEDBACK

You can send stories to Feedback by 
email at feedback@newscientist.com. 
Please include your home address.  
This week’s and past Feedbacks can  
be seen on our website.

When Harry Byrne directed us to scalarshop.com 
we hoped to find a purveyor of scalars – numbers 
with no direction specified – but weren’t surprised 
to find a range of “anti-radiation” flimflam
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Last words past and present at newscientist.com/lastwordTHE LAST WORD

Make yours count
Mathematically speaking, which  
kind of voting system produces the 
most democratic and fair result in a 
general election? There are several  
to choose from: first past the post, 
alternative vote, single transferable 
vote and many others, but surely 
mathematics can decree which is  
the fairest system?

■ Arrow’s impossibility theorem 
shows that any voting system in 
which candidates are ranked in 
order will not provide a fair result 
in all cases.

Take an example where there 
are two candidates with extreme 
views – A and C – each preferred 
by 35 per cent of the population, 
but hated by everyone else. 
Candidate B is moderate but only 
scores 30 per cent when all three 
candidates are standing. However, 
B will win (with 65 per cent) in a 
two-horse race against either A or 
C. Yet if all three candidates stand 
for election in almost all voting 
systems in common use, B will be 
eliminated, leaving either A or C 
to win, even though B could beat 
either A or C in a two-way vote.

B could win if voters ranked 
candidates in order of preference 
and the candidate with the most 
“least preferred” votes was 
eliminated. But in a larger field, 
such methods tend to favour “do-
nothing” candidates who are not 
disliked by anyone but would not 
gain first place against any other 
candidate either.

An alternative is range voting,  
a system in which every candidate 

is given a score: for example,  
from 0 to 10. This method allows 
voters to give some candidates  
the same score and to record  
“no opinion” for candidates  
they know nothing about. 

Range voting is simple and 
easily understood, and it only 
produces the failures of ranking 
systems if voters mistakenly think 
it is better to vote tactically by 
giving their preferred candidate 
top score and everyone else zero. 
In practice, giving an honest score 
to everyone gives the best result.

However, the method is 
unlikely to win favour because 
politicians get to choose the 
method of voting, and most do 
not want to know what score the 
public would actually give them.
Brian Horton
West Launceston,
Tasmania, Australia

■ When it comes to voting 
systems, it is easy to assume that 
“fair and democratic” means 
“most directly reflects the views 
of the voters”, but this is not 
always the case.  

For example, a voting system 
may produce a result where a 
small, extremist party holds the 
balance of power between two 
larger parties or coalitions. This 
small party may then influence 
policy in a way that is neither  
fair nor democratic. Also, when 
parties form a coalition, they 
might reach compromises on 
policies or form new policies that 
the electorate did not vote for.

Voting systems that most 
closely reflect the many different 

opinions of voters inevitably 
produce numerous small parties. 
There is a risk that these small 
parties may become entrenched 
in their positions and unable to 
move forward. If they form 
coalitions, they blame others for 
any failures that result and do  
not learn from their mistakes.  
If re-elected, they continue as 
before. The parties that result 

from such a system may be more 
idealistic than pragmatic because 
they never have to accept full 
responsibility for government.

It is my opinion that the most 
democratic system is not one that 
puts the “right” people into office, 
whoever they might be. It is a 
system that does not allow the 
elected party or group to walk 
away from blame when things  
go wrong and, most importantly, 
that allows us to get rid of the 
people we voted into office the 
last time, should we want.
Alan Urdaibay
Paignton, Devon, UK

■ The short answer is that 
mathematics can prove that  
there is no fair voting system. 
There are a number of theorems 
to this effect, such as Arrow’s 
impossibility theorem and the 
Gibbard-Satterthwaite theorem, 
among others. 

These theorems are proved in 
essentially the same way. First, the 

idea of fairness is expressed as a 
number of axioms. For example, 
for Arrow’s theorem these are: if 
every voter prefers alternative X 
over alternative Y, then the group 
prefers X over Y; if every voter’s 
preference between X and Y 
remains unchanged, then the 
group’s preference between X  
and Y will also remain unchanged 
(even if voters’ preferences 
between other pairs such as X  
and Z, Y and Z, or Z and W change); 
and there is no “dictator” (no 
single voter possesses the power 
to always determine the group’s 
preference).

This set of axioms is then 
mathematically proved to be 
inconsistent: that is, no voting 
system can satisfy them all.

This means that any voting 
system has to abandon at least 
one criterion of “fairness”. Which 
criterion to abandon is a matter 
for social and political debate. 
Mathematics can prove that this 
debate is necessary but cannot,  
of course, dictate how it should  
be resolved. It all depends on  
what you mean by fairness.
John Dobson
Hexham, Northumberland, UK

This week’s  
question

TENSE SITUATION
Is it possible to increase the 
surface tension of water? My 
sci-fi writer friend claims it can 
be done, but is he just a bit wet?
Stephen Partington

The writers of answers that are published 
in the magazine will receive a cheque for 
£25 (or US$ equivalent). Answers should 
be concise. We reserve the right to edit 
items for clarity and style. Please include a 
daytime telephone number and an email 
address if you have one. New Scientist 
retains total editorial control over the 
published content.

Reed Business Information Ltd 
reserves all rights to reuse all question  
and answer material that has been  

submitted by readers in any medium  
or in any format and at any time in the 
future.

Send questions and answers to  
The Last Word, New Scientist, Lacon House, 
84 Theobald’s Road, London WC1X 8NS, 
UK, by email to lastword@newscientist.
com or visit www.newscientist.com/topic/
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Unanswered questions can also be found 
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The latest book: packed full  
of wit, knowledge and  
extraordinary discovery

Available from booksellers and at newscientist.com/dolphins

Will we 
ever speak 
dolphin?

“Voting systems that reflect 
many different opinions of 
voters inevitably produce 
numerous small parties”
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