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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: 
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LEADER

IN 2011, Novak Djokovic enjoyed 
what has been described as the 
greatest year ever in men’s 
professional tennis. He started 
with a 41-match winning streak, 
reached number one in the world 
and won three of the four grand 
slam tournaments, including 
Wimbledon. Last week, he 
collected the trophy again.

Djokovic’s incredible run 
surprised many in the tennis 
world: although he was a fine 
player, he had a reputation for 
being physically fragile.

Earlier this year he revealed his 
secret. In 2010, his nutritionist 
had diagnosed him as “gluten 
intolerant” and cut wheat from 
his diet. Djokovic says he instantly 
felt fresher, sharper and more 
energetic, and now recommends 
that everybody gives it a go.

Testimonials like Djokovic’s 
have helped to cement the idea 
that there is something wrong 
with eating wheat, and that 
cutting it from our diets can have 
almost miraculous results. Gluten 
has been blamed for all sorts of 
health woes, from bloating and 
other gut problems to headaches, 
joint pain and fatigue.

This identification of vague  
but widespread symptoms with  
a single widely consumed culprit 
has led to an epidemic of self-
diagnosed gluten intolerance, 

A grain of truth 
Wheat intolerance is more about psychology than physiology 

going far beyond those whose 
sensitivities have been accepted 
by doctors. Folk wisdom has it 
that around 1 in 5 people would 
benefit from cutting wheat out of 
their diet to some degree (see page 
28). Around a third of Americans 
are reported to be considering it.

Is it plausible that something 
that has been a staple food for 
centuries should suddenly turn 
out to be so bad for so many? 

For a handful of people the 
answer is yes, either because they 
are allergic to wheat or because 

they have an autoimmune 
disorder called coeliac disease.  
But for the rest of us the evidence 
is weak. There are no end of 
anecdotes of the “it worked for 
me” variety. You may benefit  
from reducing your wheat intake, 
but probably not because your 
digestion is troubled by gluten. 
Being careful what you eat – and 
cutting back on white bread, cake 
and beer – will pay dividends 
whatever your diet.

Of course, everybody is entitled 
to eat, or not eat, whatever they 
choose. But the endorsements of  
a gluten-free diet are obscuring 

some important considerations. 
People with coeliac disease are 
warned of the risk that their  
diet could be deficient in key 
nutrients. Gluten-free foods are 
often short on fibre and high on 
sugar. And cutting out gluten 
totally is complicated, 
inconvenient and often expensive. 

All told, gluten-free diets look 
like yet another passing fad.  
Once the craze fades, something 
else will take its place, because  
the popularity of such diets has 
more to do with our psychology 
than our physiology. We have a 
tendency to copy high-status 
individuals, we are prone to 
magical thinking (such as the 
notion that one ingredient is the 
cause of all our woes), and often 
assume that what is natural is 
inherently good (the “palaeo” 
human diet probably did not 
include many grains). The appeal 
of gluten-free has drawn strength 
from all three.

It doesn’t help that nutrition 
science is slow-moving and 
imprecise. That is why the real 
experts tend to stick to meat-and-
potatoes advice such as eating 
your greens and cutting down  
on fat. That is nowhere near as 
glamorous as a magic-bullet 
solution endorsed by a sporting 
superstar. But it is probably closer 
to the truth.  ■
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“ Is it plausible that 
something that has been  
a staple food for centuries 
can be so bad for so many?”
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SAVING our skins might be 
cheaper than we thought. To avoid 
dangerous climate change, the 
world needs to boost spending on 
green energy by $1 trillion a year. 
That’s a lot, but we could cover 
much of it by using existing 
subsidies for fossil fuels.

Governments have agreed to 
limit global warming to 2 °C, 
because more may be perilous. 
“We need to drastically transform 
our energy system,” says David 
McCollum of the International 
Institute for Applied Systems 

Analysis in Laxenburg, Austria.
McCollum’s team estimated the 

cost using six models that include 
greenhouse gas emissions, energy 
scenarios and investment costs.

Right now, investment in low-
carbon energy is $200 billion a 
year. But for a 70 per cent chance 
of keeping below 2 °C, it must rise 
to $1.2 trillion a year (Climate 

GALAXY mappers will have to 
hold tight – technical troubles 
mean that the first images from 
the Gaia space telescope won’t  
be released until mid-2016, nine 
months later than planned.

Launched by the European 
Space Agency (ESA) in 2013, Gaia 
will catalogue a billion stars in 
our galaxy. But when researchers 
took test images earlier this year, 
they noticed three issues: more 
sunlight than anticipated is 
entering the telescope, more ice 
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Value for climate Gaia maps on hold

UPFRONT

“If we used fossil fuel 
subsidies to pay for clean 
energy, global warming 
would be almost solved”

Change Economics, doi.org/tkj).
The world is already committed 

to doubling investment in green 
energy to $400 billion a year by 
2050, says McCollum, as countries 
meet existing climate pledges. 
Another $800 billion a year needs 
to be found.

That sounds a lot. But global 
investment in energy is already 
$1 trillion a year, says McCollum, 
and much of it goes to fossil fuels. 
The International Energy Agency 
says government subsidies for 
such fuels are about $500 billion  
a year – six times as much as 
subsidies for renewables.

“The magnitude of the clean-
energy investment challenge is 
roughly similar to today’s fossil-
fuel subsidies,” says McCollum.  
So if we used the subsidies for coal, 
oil and natural gas to pay for solar, 
wind and nuclear energy, global 
warming would be almost solved.

It is a very good analysis, says 
Niklas Höhne of Ecofys, a think 
tank in Utrecht, the Netherlands.

But time is short. “Unless the 
[investment] gap is filled rather 
quickly, the 2 °C target could 
potentially become out of reach,” 
McCollum says.

than predicted is accumulating 
on its mirrors, and the telescope 
itself is expanding and 
contracting more than expected 
because of thermal variations.

The team has built computer 
models to explain most of the 
stray sunlight and used them to 
design compensation strategies. 
The other two issues are being 
investigated in ESA laboratories.

The first science data will be 
collected at the end of July, three 
months later than planned, and 
the team added six more months 
for data calibration and analysis.

Bring back Lake Urmia
IRAN is launching a huge programme 
to revive the once-enormous Lake 
Urmia, which has shrunk to a fraction 
of its size in the last two decades.

The country is aiming to improve 
water management, reduce farmers’ 
water use and restore the local 
environment, says Naser Agh of 
Urmia University, who is a member 
of the steering committee of the 
Lake Urmia restoration programme.

The rescue plan was approved at 
a meeting headed by Iran’s president 
Hassan Rouhani recently. “President 
Rouhani accepted the programmes 
and ordered immediate action plans,” 
says Agh. The budget approved for 
the first year is 14 trillion Iranian 
rials – over $500 million.

The announcement goes well 
beyond an earlier plan, which called 

for $225 million to be spent in the first 
year of a $1.3 billion restoration.

Lake Urmia was one of the largest 
lakes in the Middle East and is a 
UNESCO biosphere reserve. But in 
just 14 years it has almost vanished. 
Once covering 5000 square 
kilometres, by October 2013 it 
was down to 20 per cent of that.  
Its volume has shrunk 95 per cent  
from 32 cubic kilometres originally.

The lake’s southern half is now 
largely dry. Flamingos have 
abandoned island breeding sites,  
and the number of migratory ducks 
and gulls has fallen.

Two factors have drained the lake, 
according to the Conservation of 
Iranian Wetlands Project: a drought 
that began in 1998, and overuse of 
water. That could now change.

–Needs more water–

Ebola master plan unveiled
THE death toll this year from the 
world’s deadliest Ebola outbreak 
has reached 518, but a plan has 
been devised to halt its spread. 

The World Health Organization 
gathered health ministers from 11 
West African countries on 2-3 July in 
Ghana to thrash out a strategy. A top 
priority is to counter misinformation. 
This includes rumours that health 
workers give patients lethal 
injections in ambulances, that 
medics spread the virus deliberately  

and that witchcraft is to blame.
“We need to make sure people 

know the facts, have the right 
information to protect themselves 
and know how to avoid infecting 
others,” says Sophie-Jane Madden 
of charity Médecins sans Frontières. 

Doctors in Sierra Leone also want 
greater use of technology to battle 
misinformation and chart the 
outbreak. Guinea, Liberia and Sierra 
Leone have been hit. For more on the 
fight against Ebola, see page 22.
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SAY hello to the next generation 
of space cowboys. This week, 
private aerospace firm FireFly 
Space Systems in Austin, Texas, 
revealed the design of the FireFly 
Alpha, a shiny new vehicle that 
aims to launch lightweight 
satellites at low cost.

FireFly was founded in January 
this year and has former SpaceX 
and Virgin Galactic employees on 
staff. The company’s mission is 
to reduce costs for lighter loads 

going to low Earth orbit, such as 
constellations of small satellites 
used for communications 
networks or monitoring Earth. 

Most probes like this currently 
piggyback into space on larger 
missions that can afford to fly on 
big rockets. But that means small 
satellite operators have a limited 
choice of launch dates and orbits.

To improve efficiency, the 
FireFly Alpha will use an unusual 
engine design called an aerospike, 
which has a wedge-shaped nozzle 
to produce thrust, rather than the 
traditional bell shape. Aerospike 
engines have been tested on a 
variety of vehicles but never used 
for an orbital launch. The same is 

true of Alpha’s methane and 
liquid-oxygen fuel system, which 
will reduce engine weight because 
it does not require an extra inert 
gas to pressurise the fuel.

FireFly says these innovations 
will let them lower launch prices 
to around $9 million – similar 
to the cost of SpaceX’s original 
Falcon 1 rocket but able to lift 
twice the weight.

FireFly unveiled
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Dementia predictor
OLDER people with mild memory 
problems often fear a descent into 
Alzheimer’s disease. A new blood 
test can tell who will succumb.

Abdul Hye at King’s College 
London and colleagues found the 

levels of 10 proteins in blood 
allowed them to predict who will 
develop the disease a year after 
mild cognitive problems. Its 
accuracy was almost 90 per cent 
and it could be available in two 
years (Alzheimer’s & Dementia, 
DOI: 10.1016/j.jalz.2014.05.1749). 

The test is initially likely to 
boost the search for treatments.  
In a clinical trial, it is hard to tell if 
a drug is working or if participants 
just have a slowly progressing 
form of Alzheimer’s. The test 
could identify ideal candidates.

“It is a technical tour de force,” 
says Eric Karran of the charity 
Alzheimer’s Research UK, but he 
is cautious about its use beyond 
research. For every 10 people 
who take the test, one gets a false 
result. “Alzheimer’s is the most 
feared diagnosis, so we have to 
be careful,” he says.

Other blood tests claim to be 
able to predict Alzheimer’s by 
detecting lipids. This one uses 
more easily measured proteins.

60 SECONDS

Stem cell retraction
Two papers published by the journal 
Nature, which claimed to have 
produced embryonic-like stem cells 
from adult cells just by dipping them 
in a bath of acid for 30 minutes, have 
been retracted. A Nature editorial 
states that the episode has 
highlighted flaws in the journal’s 
peer-review procedures.

World Cup space prize
Is this proof that consumer space 
travel is becoming more achievable? 
Dutch firm XCOR Aerospace has 
promised free rides on its Lynx 
suborbital vehicle to the entire 
Netherlands football team. But 
there are two big strings attached: 
the team has to win the World Cup, 
and the Lynx rocket has to actually 
make some test flights first.

Saturn’s salty moon
Saturn’s largest moon, Titan, has 
methane lakes on its surface and an 
ocean under its crust. Now gravity 
measurements made by NASA’s 
Cassini spacecraft suggest that the 
ocean has such a high density that it 
must be extremely salty, making its 
waters akin to the Dead Sea on Earth 
(Icarus, doi.org/tj6).

Sky monster
This could be the biggest bird ever 
to fly. With a wingspan of about 
6.4 metres, Pelagornis sandersi 
was nearly twice the width of a 
wandering albatross, the living  
bird with the greatest wingspan.  
The huge bird lived about 25 million 
years ago (PNAS, doi.org/tkk).

Inactivity drives obesity
The US obesity epidemic is due to 
sloth, not greed. Analysis of health 
surveys found increases in obesity 
and inactivity but not in calories. 
Women reporting no exercise rose 
from 19 to 52 per cent between 
1988 and 2010. The percentage 
of inactive men increased from 
11 to 43 per cent. Calories consumed 
remained constant (The American 
Journal of Medicine, doi.org/tkn).

“This is a technical tour de 
force… but Alzheimer’s is 
the most feared diagnosis, 
so we have to be careful”
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–Here to help–

–Looks good on paper–

WHAT a headache for the Human 
Brain Project. Over 300 of Europe’s 
neuroscientists have signed an 
open letter threatening to boycott 
the €1.2 billion endeavour to 
simulate all the brain’s 
connections within 10 years. 

It was launched last year as 
a collaboration involving 
institutions in 26 countries.  
But after funding for the cognitive 
research arm was cut, tensions 
came to a head over the scope of 
the work. 

“The project was sold to us as a 
huge push to understand how the 
brain works, and there is now no 
basic or experimental science left 
in it,” says Alexandre Pouget, 
a computational neuroscientist 
at the University of Geneva, 
Switzerland. “What’s left is just a 
technology project.” 

The signatories want the 
European Commission to  
re-evaluate the project’s funding.

No brainer

“The FireFly Alpha will use 
an engine design called an 
aerospike, which has never 
powered an orbital launch”
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Michael Slezak

AUSTRALIA has a daring plan: to 
convert its tropical north into a 
huge “food bowl”. The area being 
considered spans 3 million square 
kilometres. The plan offers many 
benefits, but the environmental 
risk has not yet been properly 
measured and may be huge.

Developing the north is a major 
aim of the Liberal party governing  
Australia. They want to double the 
country’s agricultural output by 
mid-century. In a policy paper last 
June, they said: “No longer will 
northern Australia be seen as the 
last frontier: it is in fact, the next 
frontier.” They are now preparing 
a white paper.

At first glance, north Australia 
is promising. It gets 1 quadrillion 
litres of rain a year. Most falls in 

just four months, so the idea is to 
build dams to store these wet 
season rains, and irrigate the land 
during the eight bone-dry months.

There is clearly potential, says 
Peter Stone of the CSIRO in 
Brisbane. Aquifers alone could 
sustain 60,000 hectares of crops, 
according to a 2009 report. Then 
there are the rivers. Dams on just 
two, the Flinders and Gilbert, 
could support 50,000 hectares  
of crops, according to a study by 
Stone in December.

Stone says 1.7 million hectares 
could conceivably be irrigated. 
But he says the government will 
probably miss its target. “I’d be 

surprised if we could double 
Australia’s agricultural output.”

A key problem is that most of 
the rain evaporates fast, so only 
20 per cent or so enters rivers.  
“If you took all of that, then there 
would be zero stream flow,” Stone 
says. Perhaps only 1 per cent 
would be available for irrigation.

The variable climate makes 
things even riskier. Yearly rainfall 
can be half or twice the average.

Then there are the downsides. 
Northern Australia contains 
25 per cent of the world’s tropical 
savannahs – the only significant 
area in a wealthy, stable country. 
Each wet season, rivers overflow 
and flood the savannah, and life 
blooms. The region is home to 
40 per cent of Australia’s reptiles 
and 75 per cent of its freshwater 
fish, says the Wilderness Society.

This environment will suffer if 
it is farmed. Yet the government 
wants to relax environmental 
regulations – to cut the “green 
tape”. Prime Minister Tony Abbott 
has said Australia needs to throw 
away “green extremism”.

The trouble is, the “wasted”  
rain is all used somewhere, such 
as supporting fisheries. For 
example, damming the Gilbert 
river would cut the water flow to 
nearby wetlands by 10 per cent.

We don’t know how these pros 
and cons will add up, says Michael 
Douglas of Charles Darwin 
University in Darwin, Australia. 
“We couldn’t tell you exactly how 
much you can take out before you 
start to degrade fisheries or 
reduce the number of turtles that 
Aboriginal people harvest.”

One thing’s for sure: Australia 
won’t get something for nothing.  ■  

THIS WEEK

“ We can’t tell you how much 
you can take out before 
you degrade fisheries or 
reduce the turtle harvest”

The taming of a 
vast wilderness
If Australia can turn its remote north into  
a giant food bowl what will be the cost?

Everyone acknowledges, at least in principle, that 
the development of northern Australia must benefit 
Indigenous Australians. They already own 30 per 
cent of the land and claim land rights over 80 per 
cent. They are concentrated in the north, where 
they make up 16 per cent of the population, despite 
being only 2 per cent of the country’s total.

Indigenous Australians have been enormously 
disadvantaged since the arrival of Europeans. Their 
life expectancy is 12 years shorter, and they are 
incarcerated 12 times as often as other Australians. 
They only got the right to vote in 1962.

For the government, redressing the balance 
means “creating opportunities through education 
and economic development”. The trouble is, 
Indigenous Australians may not benefit from those 
opportunities, says Natalie Stoeckl of James Cook 
University in Townsville. 

Her research suggests they have less to gain 
from development than non-Indigenous people, 
and more to lose. They have few connections to  
the economy, so are unlikely to get jobs. Moreover, 
some Indigenous people rely on harvesting wild 
plants and animals, and irrigating crops threatens 
that (Biological Conservation, doi.org/tj2).

Nevertheless, some Indigenous groups have 
expressed support for developing the north so long 
as their interests are prioritised. Stoeckl says this is 
essential. “New ‘developments’ need to forge strong 
financial links with existing residents, Indigenous 
and non-Indigenous,” she says. “Otherwise, the 
‘development’ will be similar to what the Europeans 
did when conquering the new world.”

An Indigenous 
Australian carries a 
wallaby back to camp

INVADING THE NORTH?
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Fogg dam is an object lesson in how not to develop 
northern Australia. It was a gung-ho attempt to 
create a food bowl, one that unequivocally failed.

The dam was built in 1956 to support rice farms. 
But the project flopped for all the reasons that are 
now recognised as problems in developing the 
region. Native wildlife like magpie geese ate the 
seedlings, crocodiles were a risk to workers, and the 
little rice that did grow was far away from markets.

One story illustrates how badly wrong Fogg dam 
went. After the dam was built, it took eight years to 
build the channels for irrigation – because the flood 
plain was too wet for bulldozers.

Instead of a big farm, the region is now a wildlife 
park, home to animals like frilled lizards (below), 
and a reptile and amphibian research lab.

The Ord river scheme shows how 
developing Australia’s north will 
go: a partial success at best.

It is the country’s largest dam 
and artificial lake. The main dam 
(above) was completed in 1972.

Some hate it. The Wilderness 
Society says it “should serve as a 
clear and costly reminder of the 
development model we should 
not follow in the future”. They 
point out that food crops, mostly 
rice and sugar, failed. They have 
been replaced with sandalwood. 
Worse, 42 years on, the dam still 

hasn’t made back its cost.
Others see it is a clear win. 

Ex-prime minister Kevin Rudd 
stood on the dam when he 
announced plans to further 
develop the area.

In truth it is a fairly typical 
new irrigation project, says 
Peter Stone from the CSIRO in 
Brisbane. After lots of trial and 
error, it is finally working out.  
He says there is nothing wrong 
with growing sandalwood if 
there is demand. “It’s not my 
business what farmers grow.”

“ Geese ate the 
seedlings, 
crocodiles 
threatened 
workers and the 
rice that did grow 
was too far from 
markets”

No-frills response: the 
lizard is one  of many 
species in the park

LOST IN THE FOGG

SUCCESS, SORT OF
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Clare Wilson

A WOMAN in the US has 
developed a tumour-like growth 
in her back eight years after a 
stem cell treatment to cure her 
paraplegia failed. There have been 
a handful of cases of stem cell 
therapies causing growths but 
this appears to be the first 
resulting from an approved 
clinical trial at a Western hospital.

In 2005, the unnamed woman, 
a US citizen, had tissue containing 
olfactory stem cells taken from 
her nose and implanted in her 

spine. The hope was that these 
cells would develop into neural 
cells and help repair the nerve 
damage to her spine. The 
treatment did not work – far from 
it. Last year the woman, then 28, 
underwent surgery because of 
worsening pain at the implant site.

The surgeons removed a 
3-centimetre-long growth, which 
was found to be mainly nasal 
tissue, as well as bits of bone and 
tiny nerve branches that had not 
connected with the spinal nerves 
(Journal of Neurosurgery: Spine, 
doi.org/tkg). The growth wasn’t 
cancerous, but it was secreting 
a “thick, copious mucus-like 
material”, which is probably why 
it was pressing on her spine, says 
Brian Dlouhy at the University of 
Iowa Hospitals and Clinics in Iowa 
City, the neurosurgeon who 
removed the growth.

“It is sobering,” says George 
Daley, a stem cell researcher at 
Harvard Medical School in Boston 
who has helped to write guidelines 
for people considering stem cell 
treatments. The case highlights 

that even when carried out 
at mainstream hospitals, 
experimental stem cell therapies 
can have unpredictable 
consequences, says Alexey 
Bersenev, a stem cell research 
analyst whose blog is called 
Cell Trials. “We have to realise 
complications can also happen 
in a clinical trial.” 

Stem cells have the prized 
ability to divide and replenish 
themselves, as well as turn into 
different types of tissues. There 
are several types of stem cell, 
including ones obtained from 
early embryos, aborted fetuses and 
umbilical cord blood. There are 
many sources within adult tissues, 
too, including bone marrow.

While often hailed as the future 
of medicine, stem cells’ ability to 
proliferate carries an inherent 
danger. The fear has always been 
that when implanted into a 
person they could turn cancerous.

Still, a few stem cell therapies 
have now been approved, such 
as a treatment available in India 
that takes stem cells from the 
patient’s eye in order to regrow 
the surface of their cornea, and a 
product in the US that uses a bone-
stem-cell gel to boost bone repair.

Many groups are investigating 
a wide range of other applications, 
including treatments for heart 
attacks, blindness, Parkinson’s 
disease and cancer. Research 
groups at universities and 
hospitals must meet strict safety 
guidelines for clinical trials 
but some private clinics offer 
therapies to people without 
research or marketing approval. 
There is a growing number of 

lawsuits against such clinics and 
a few cases have been reported 
of tumours or excessive tissue 
growth (see “Clinical trials and 
tribulations”, below).

The woman at the centre of 
the latest case was treated at the 
Hospital de Egas Moniz in Lisbon, 
Portugal, where a team received 
approval for early-stage trials to 
explore the potential of nasal cells 
in treating paralysis. Tissue at the 

When stem cell 
therapies backfire
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“The growth wasn’t 
cancerous, but it was 
secreting a ‘thick, copious 
mucus-like material’ ”

THIS WEEK

CLINICAL TRIALS AND TRIBULATIONS
There are thought to be more than 
1000 stem cell trials ongoing, 
including two on the US clinical trial 
register, ClinicalTrials.gov, which 
are using olfactory ensheathing 
cells (see main story). But no one 
knows how many people are visiting 
private clinics for unregulated stem 
cell therapies.

As there is no global register, it is 
not known how many people have 
developed problems as a result of 
such treatments. A few cases have 
come to light of tumours or excessive 

tissue growth, however. One of the 
first people to receive fetal stem cells 
to treat Parkinson’s disease was a 
50-year-old US citizen in China. Upon 
his death in 1991, 23 months after 
surgery, he was found at autopsy to 
have a teratoma growing in his brain 
that contained hairs and cartilage 
(Neurology, doi.org/tjt).

A more highly publicised case was 
in 2009, when an Israeli teenager 
developed brain and spinal tumours 
after receiving implants of fetal stem 
cells in Moscow to treat a rare 

degenerative condition. And in 2010, 
a 46-year-old woman developed 
multiple tumours in her kidney after 
having her own bone-marrow stem 
cells injected at a private clinic in an 
attempt to treat kidney failure.

There have also been at least 
three cases of people developing 
leukaemia after receiving stem cells 
from umbilical cord blood. That is 
less surprising because ordinary 
bone marrow transplants – which 
are a source of blood stem cells – 
also carry that risk.
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THESE are waves worth catching. 
Generating tiny swells in a dish 
of saline solution prompts beads, 
copper powder and even cells to 
assemble into a panoply of intricate 
patterns. The technique could  
offer a simple way to build 
elaborate microelectronics and 
make human tissue.

Many attempts at small-scale 
construction build structures piece by 
piece, which can be time-consuming 
for complex products. Other methods 
can only use specific building blocks, 
such as magnetic materials. Now a 
team led by Utkan Demirci at Stanford 
University in California has found a 
way to quickly build structures a few 
millimetres across from almost 
anything, using a “liquid template”.

The team started by making acrylic 
containers, each roughly 1 centimetre 
across, but sculpted in various shapes. 
They filled the containers with saline 
solution and connected them to a 
vibration generator and amplifier.

After adding a handful of 
starter pieces, such as silicon chips 
or plastic beads, the researchers 
tuned the generator to various 

frequencies to create waves in the 
solution. Depending on their surface 
chemistry, the added particles 
spontaneously collected in either  
the crests or the valleys. Retuning the 
generator let the team switch 
between patterns (Advanced 
Materials, doi.org/f2smkc).

The researchers also cajoled  
cells into forming delicate structures. 
When they put cultured mouse cells 
in the liquid template, the cells 
collected into little spheres that 
became the building blocks of 
larger geometric patterns. Adding 
blood-clotting proteins to the 
saline solution locked the cells in 
place, an approach the team is now 
investigating for growing liver tissue.

The diverse array of patterns 
generated by the technique and the 
ability to switch from one pattern to 
another in real time is impressive,  
says David Gracias at Johns Hopkins 
University in Baltimore, Maryland. 
And there’s nothing fancy about the 
required equipment, so researchers 
could easily take advantage of the 
approach for all kinds of uses, he says.  
Rachel Ehrenberg  ■

Miniature structures 
appear with a wave
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top of the nasal passages contains 
both olfactory stem cells, which 
can potentially become nerve 
cells, and “olfactory ensheathing 
cells”, which support and guide 
the growth of neurons.

Other groups are 
experimenting with taking such 
tissue from the nose, growing it in 
the lab, isolating the desired cells 
and transplanting them. The 
Lisbon researchers were trialling 
a procedure that bypassed this 
isolation step: they took small 
pieces of the nasal lining and 
transplanted them directly into 
their patients’ spines. That may be 
why the implant kept its capacity 
to make mucus, says Dlouhy.

In 2010, the Lisbon researchers 
published their results using this 
method on 20 people paralysed at 
various locations in their spine. 
Eleven experienced some recovery 
of movement or sensation; one 
person’s paralysis got worse, one 
developed meningitis and four 
experienced minor adverse events. 
It is not clear whether the woman 
from the US was part of this trial.

Jean Peduzzi-Nelson, a stem 
cell researcher at Wayne State 
University in Detroit, Michigan, 
who advised the Lisbon team 
on their surgical technique had 
previously tested it on rodents. 
She claims the clinic has 
administered the therapy to 
about 140 people in total. 

Peduzzi-Nelson adds that  
most of the recipients of the  
nasal tissue who received the right 
kind of rehabilitation after surgery 
experienced improvement. The 
incidence of this problem is rare, 
she says. “Many patients receiving 
this treatment have had a 
remarkable recovery.”

But this case shows that even 
patients who feel they have 
nothing to lose should be 
cautious, says Leigh Turner of 
the University of Minnesota in 
Minneapolis, who tracks lawsuits 
involving stem cell therapies. 

Daley points out that many 
trials track their patients for only 
a few years, so could miss delayed 
problems. “We need extremely 
long-term follow-up,” he says.  ■ –Built using wave power–
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Andy Coghlan

GOOD news at last for frogs and 
other amphibians: we might start 
spraying them with dead fungus. 
It might sound weird, but the idea 
is to vaccinate them against an 
infectious killer fungus. Other 
fungal diseases could potentially 
be treated in the same way.

Since it emerged in the 1980s, 
Batrachochytrium dendrobatidis 
has killing millions of amphibians 
globally and contributed to the 
decline of dozens of species. 
This chytrid fungus cripples the 
immune systems and makes the 
amphibians’ skin grow too thick 
to absorb water, causing 
dehydration and heart failure.  

Chytrids can be fought with 
fungicides, but these kill other 
organisms too and are only a 
short-term measure. A vaccine 
should have a lasting and specific 
effect on the amphibians.

Jason Rohr of the University of 
South Florida in Tampa and his 
colleagues froze the fungus to kill 
it, then put dead fungal cells on 
the skin of Cuban tree frogs. Frogs 
were treated with the cells one to 
four times. Later, Rohr infected 
them with live fungus. Frogs that 
had more rounds of vaccination 
had fewer surviving fungus cells 
per gram of tissue (Nature, DOI: 
10.1038/nature13491). “Fungal 
counts went down from around 
40,000 to 8000 fungal cells per 
gram,” says Rohr.

Rohr hopes to vaccinate wild 
amphibians by spraying the dead 
fungus into their habitats. He 
wants to try it within two years, 
probably in isolated amphibian 
colonies in California, one of the 
worst affected areas in the US.  
“If the colonies are small and 
isolated, it makes it easier for us to 
recapture and test the vaccinated 
animals for immunity,” he says.

That might not work, says  
Allan Pessier of San Diego Zoo in 
California. “It is easy to expose lab 
frogs to a sufficient quantity of 
dead fungus to get a response,” 
says Pessier. “But in a wild setting, 
it will be a huge challenge to 
expose frogs to enough of the 

vaccine, for a long enough period 
to be effective, before the material 
is washed away or degraded.” He 
says it is also unclear how rarer 
species like Panamanian golden 
frogs respond to the vaccine.

Instead, it might be better to 
vaccinate captive amphibians and 
then release them into the wild. 

“It could facilitate reintroduction 
of captive-bred amphibians to 
locations in the wild where the 
fungus persists,” says Rohr’s 
colleague Taegan McMahon. At 
the moment such reintroductions 
are risky, because the frogs are 
vulnerable to the chytrid fungus.

If the vaccination works for 
amphibians, a similar approach 
might help fight fungal diseases 
in other species, such as white 
nose syndrome that is killing  
bats in the US. “It could possibly 
be used as a management tool for 
many of these diseases,” says 
Rohr. “It holds promise against 
white nose syndrome in bats and 
lots of other diseases, such as 
those affecting snakes and bees.”

It does look promising, says 
white nose syndrome expert 
David Blehert of the US National 
Wildlife Health Center in Madison, 
Wisconsin. “Mass-delivered  
anti-fungal vaccines could 
provide long-lasting protection to 
populations of impacted wildlife.” 
Other proposed treatments don’t 
do that.  ■

HOW does your skin smell? Pretty 
well, as it turns out, thanks to 
receptors dotted all over you. What’s 
more, they could help you heal.

There are more than 350 types 
of olfactory receptors in the nose, 
tuned to different scents. About 
150 are also found in internal tissues 
such as those of the heart, liver and 
gut, but they are hard to study. 

Hanns Hatt’s lab at Ruhr University 
Bochum in Germany focused on skin, 
which is easier to study, and tested 
the response to scents of receptors in 
keratinocytes, the main skin cell type. 

They found that Sandalore – a 
synthetic sandalwood oil used in 
aromatherapy, perfumes and skin  
care products – bound to an olfactory 
receptor in skin called OR2AT4. Rather 
than sending a message to the brain, 
as nose receptors do, the receptor 
triggered cells to divide and migrate, 
important processes in repairing 
damaged skin (Journal of Investigative 
Dermatology, doi.org/tkm).

Cell proliferation increased by 
32 per cent and cell migration by 
nearly half when keratinocytes in a 
test tube and in culture were mixed 
for five days with Sandalore. Natural 
sandalwood oil and 10 different 
synthetic versions were tested, but 
only three had a beneficial effect. 

“There is a big trend towards odour 
receptors being found elsewhere in 
the body doing other jobs,” says Joel 
Mainland of the Monell Chemical 
Senses Center in Philadelphia. So it is 
not unexpected to find receptors in 
skin, but it is a surprise to learn that 
they are involved in wound healing.

The concentrations of Sandalore 
used were a thousand times higher 
than those needed to activate a 
receptor in the nose. So a skin cream 
rather than aromatherapy would 
probably be needed to promote a 
healing effect, says Mainland.

It’s not yet known whether genetic 
variability in receptors would mean 
that this only works for some people.  
Bob Roehr  ■

Vaccine could stop 
frog-killing fungus
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“The chytrid fungus kills 
frogs and other amphibians 
by making their skin too 
thick to absorb water”

–Death by dehydration–

Skin heals itself 
when it sniffs 
the right scents

THIS WEEK
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TYPE the name “Gliese 581 d” into a 
search engine and you’ll find hundreds 
of tantalising images of a world so 
Earth-like you’ll want to move there. 
The exoplanet has been a top 
contender for the most life-friendly 
world beyond our solar system since 
it was discovered in 2007. But don’t 
pack your bags just yet – it probably 
doesn’t exist.

New analysis of the Gliese 581 
star system suggests that signals 
previously attributed to two of its 
six suspected planets actually come 
from sunspot-like regions on the 
star itself. The result emphasises 
the need for caution amid the recent 

explosion in exoplanet discoveries.
The number of known exoplanets is 

now up to 1800, but Gliese 581 d isn’t 
the first notable find to become more 
science fiction than fact. The gassy 
giant Fomalhaut b, hailed as one of 
the first exoplanets to have its picture 
taken, may be nothing more than a 
blob of dust. And the closest world 
to us, Alpha Centauri Bb, may just be 
noise in the data.

Stéphane Udry at the University of 
Geneva, Switzerland, and his colleagues 
found the first four proposed planets 
in the Gliese 581 system. Their data 
suggested Gliese 581 d had the right 
mass to be rocky like Earth, and that it 

orbited at the right distance from its 
star to potentially host liquid water, and 
therefore maybe life. In 2010, another 
team claimed two more planets in 
the system, including Gliese 581 g, 
another possibly life-friendly planet. 

Now Paul Robertson at Pennsylvania 
State University in Philadelphia and his 
colleagues have re-analysed the Gliese 

581 data and say that the signals for 
planets b, c and e have strengthened. 
However, they found evidence for 
magnetic regions similar to sunspots 
rotating around with the star that they 
say give the illusion of planets d and g.

Decades of visionary science fiction 

have left us with a burning desire to 
fire up the warp drive and seek out 
new worlds, hopefully making some 
interplanetary friends along the way. 
But the reality is more mundane – 
and that makes it easy for us to see 
exoplanets where none exist. Despite 
the eye-catching artists’ impressions 
that accompany most discoveries, only 
a handful of worlds have been directly 
photographed, and they show up as 
tiny pinpricks of light. Most planets are 
revealed only in subtle variations in  
the light from their star. 

So should astronomers – and the 
media, New Scientist included – be 
more cautious the next time they 
trumpet an exoplanet haul? Unlike 
mistakes in medical research, for 
example, it’s mostly harmless when 
a once-promising world disappears 
in a puff of data. And while the 
number of habitable worlds may 
be slightly off, the sheer volume of 
planets means exoplanet statistics 
won’t change much. But the loss of 
famous worlds like Gliese 581 d turns  
a sliver of the universe into a collective 
hallucination, one that sadly lingers in 
the internet’s eternal memory.

Changes in the way exoplanet 
research is conducted could help, 
as upcoming telescopes and space 
missions move from bulk data-
collection to intensive study of 
candidate planetary systems. “Now 
we do not just need to detect them – 
we want to know more about them,” 
says Udry. “That’s very positive, even 
if the price to pay would be to lose a 
good candidate from time to time.”  
Jacob Aron  ■

Lost world a cautionary 
tale for planet-hunters

INSIGHT Exoplanets
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“ The loss of famous worlds 
like Gliese 581 d turns a 
sliver of the universe into 
a collective hallucination”
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WE PRESENT the metal of many 
colours. Nano-sized sheets of a 
unique alloy take on different 
hues with the flick of a switch, 
offering a way to make full-colour 
displays for wearable computers 
such as Google Glass.

The germanium-antimony-
tellurium alloy can be switched 
between an amorphous phase,  
in which its molecular structure is 
disordered, and a highly ordered 

crystalline phase by the energy of 
a laser beam or electric current.

Harish Bhaskaran and Peiman 
Hosseini at the University of 
Oxford discovered that when 
7-nanometre-thick slivers of 
the alloy are sandwiched 
between layers of the conductor 
indium tin oxide, they produce 
multiple hues on the basis of 
the overall thickness of the 
sandwich – and change colour 

when the phase changes (Nature, 
DOI: 10.1038/nature13487). 
Combining the right nanolayers 
could yield flexible, ultra-thin 
displays, they say.

The material is being explored 
for use in memory chips, and is 
already being used in recording 
devices. For instance, when a laser 
is fired at a DVD coated in the 
alloy, the disc stores binary 0s and 
1s as one of the two phases. The 
telltale reflectivity of each phase 
is then used to read back the data. 
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Frisky flower uses bellows to 
blast pollen at hungry birds

FOR one group of plants, having brightly coloured flowers 
isn’t enough to guarantee pollination. They have evolved 
bellow-like organs to blast visiting birds with pollen.

The male parts of flowers, or stamens, make pollen. 
Animals normally pick this up when foraging for nectar 
or other food, before carrying it to the female parts. 
Axinaea plants have a more active tactic, perhaps 
because birds eat their stamens whole.

Jürg Schönenberger of the University of Vienna in 
Austria and his colleagues watched birds visiting Axinaea 
flowers in Ecuador and Costa Rica. When a bird grabs one 

of the bulbous stamens, the organ explodes, spraying  
a jet of pollen onto the bird’s beak, face and neck. As the 
bird brushes by to grab the next mouthful, pollen gets 
dusted onto the stigma, the female reproductive organ, 
of that plant or another (Current Biology, doi.org/thv).

The stamens work like bags full of air. “If you press the 
bag, the air flushes into the pollen chamber and then out 
through a pore at the other end,” says Schönenberger.

The bulbous stamens contain a sugary concoction,  
so the birds eat them like berries. The bellow mechanism 
may get the pollen onto the bird quickly, before it eats  
the entire male reproductive organ, says Schönenberger.

“These specialised bellow organs simultaneously serve 
as food sources and pollen placement machinery,” says 
Stacey Smith of the University of Colorado in Boulder.

Colour-changing metal has many talents

Shocks avoid horror 
of an idle mind

OUCH! Many of us would be 
happier self-administering an 
electric shock than sitting idle.

Timothy Wilson of the 
University of Virginia in 
Charlottesville and his colleagues 
wanted to find out whether letting 
your mind wander is a pleasant 
experience.

They told volunteers to sit still 
in a room and do nothing but 
think for 6 to 15 minutes. Some 
67 per cent of men and 25 per cent 
of women chose to voluntarily zap 
themselves, despite rating the 
experience as unpleasant (Science, 
doi.org/th9).

“This tells us that it’s very hard 
for people to kill time with just 
their own thoughts,” says Wilson.

Others wonder if the artificial 
nature of the experiment may 
have influenced the response. 
Still, Wilson wants to study those 
who were happy to let their minds 
wander, since it has many benefits, 
in stress reduction and creativity. 

Oldest case of 
Down’s syndrome

THE earliest known case of Down’s 
syndrome has been found.

While Down’s syndrome is a 
well-known cause of intellectual 
disability, there are few cases in 
the archaeological record.

A child’s skeleton from a 5th-
century necropolis in France has 
all the signs, says Maïté Rivollat 
of the University of Bordeaux in 
France. The child had a short, 
broad skull and thin cranial 
bones (International Journal of 
Paleopathology, doi.org/tdz). The 
child was buried like everyone else, 
which, Rivollat says, hints there was 
no stigma around the condition. 

John Starbuck of Indiana 
University in Indianapolis agrees 
with the Down’s diagnosis, but 
says it is hard to extrapolate 
cultural values from remains.

IN BRIEF
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Brains dreamy on 
magic mushrooms

ANYONE who has had a magical 
mystery tour thanks to magic 
mushrooms knows the experience 
is dreamlike. Now we have found 
out why: the active ingredient, 
psilocybin, induces changes in the 
brain that are akin to what goes on 
when we are asleep. 

Robin Carhart-Harris of Imperial 
College London and his colleagues 
injected 15 volunteers with liquid 
psilocybin while they were lying in 
an fMRI scanner. They compared the 
scans with images taken when the 
same people were given a placebo. 
This revealed that during the trip, 
there was increased activity in the 
hippocampus and anterior cingulate 
cortex, areas of the brain involved in 
emotions and the formation of 
memories. These brain areas were 
some of the first to evolve. 

At the same time, decreased 
activity was seen in more recently 
acquired regions associated with 
self-control and higher-level 
thinking. This activity pattern is 
similar to that seen when someone 
is dreaming (Human Brain Mapping, 
doi.org/th8). 

The findings could have practical 
applications. By using psilocybin 
to enter a dreamlike state, people 
could deal with stresses of trauma 
or depression, says psychiatrist 
Adam Winstock at the Maudsley 
Hospital and Lewisham Drug and 
Alcohol Service in London.

The world’s tiniest masterpiece

THIS is a copy of Claude Monet’s 
Impression, Sunrise, the painting 
that gave the name to the 
impressionist movement. But it is no 
idle knock-off. At 300 micrometres 
across it is the world’s smallest 
recreated masterpiece, closely 
reproducing the vibrant colours of 
the original thanks to careful 
nanotech engineering.

Joel Yang at the Singapore 
University of Technology and Design 
swapped oil paints for a slightly 
smaller palette of nanoscale silicon 
pillars topped with aluminium. When 
light strikes the pillars it creates 

ripples of electrons that in turn 
release coloured light of a particular 
frequency. The team created “pixels” 
of four pillars and varied their size 
and spacing to produce about 300 
different colours, enough to 
reproduce the masterpiece (Nano 
Letters, DOI: 10.1021/nl501460x).

A previous method using silver  
and gold was more costly and could 
only manage 15 colours, so the new 
technique has more potential for 
practical applications. The tiny  
pixels could also be used to store  
data or create small security tags on 
physical objects.

A COOL planet in a tight spot 
offers the first evidence that rocky 
worlds can form in Earth-like 
orbits, even when they are 
jammed into double-star systems.

In a binary star system, the two 
partners are locked in an orbital 
embrace. Astronomers have 
found a handful of planets that 
orbit both stars in close binary 
pairs. But considering the stars’ 
gravitational effects, no one 
believed that a planet could 
orbit just one star in a pair at a 
sufficient distance to host life.

Scott Gaudi at Ohio State 

University in Columbus and his 
team used a method called 
gravitational microlensing to 
study a system with two small, 
dim red dwarf stars. 

The team found a planet about 
twice the mass of Earth orbiting 
just one of the two stars, at about 
the same distance we are from the 
sun (Science, doi.org/thw). This 
world is too distant from its cool 
star to get enough heat to host 
life. But the find shows that such 
planets may also exist in binary 
systems with warmer sun-like 
stars, increasing the places we 

can look for life-friendly worlds.
The discovery was announced 

the same week that other 
scientists sounded a note of 
caution on exoplanet finds (see 
page 11). An analysis led by Paul 
Robertson at Pennsylvania State 
University concluded that two 
of the first potentially habitable 
worlds ever found are illusions 
created by magnetic features akin 
to sunspots on their host star.

Gaudi’s team used a different 
technique to find their planet that 
cannot be confused by spots, and 
they say their evidence is airtight.

Chilly exoplanet ignores its star’s orbital partner

Placentas changed 
fish sexual politics

WHEN fish evolved placentas, it 
may have shifted how they pick 
sex partners. It seems placentas 
made females more promiscuous, 
and males less competitive.

The placenta allows mothers to 
feed developing young via their 
blood, instead of stuffing lots of 
nutrients into each egg.

David Reznick of the University 
of California, Riverside, and his 
colleagues looked at 150 species  
of poeciliid fish. Most poeciliids 
give birth to live young, but only 
some have placentas.

Reznick found that the males  
of species with placentas were less 
colourful and did not dance when 
courting females, compared to 
species without placentas. For 
their part, females with placentas 
racked up more mates (Nature, 
DOI: 10.1038/nature13451).

From a female’s point of view, 
having a placenta means she does 
not have to invest lots of resources 
to make each egg, so can mate 
more. In turn, males do not need 
to show off to females. But their 
embryos may compete with 
others for food from the placenta.

Other placental animals  
might behave similarly, says Ingo 
Schlupp of the University of 
Oklahoma in Norman.
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Ice work for 
the machines 
Arctic ice is giving up its secrets thanks to a 
fantastic array of technology, finds Chris Baraniuk  

A TIRELESS scientific expedition is 
currently encamped across a huge 
stretch of Arctic pack ice. The 
daytime temperature is just above 
freezing. Regardless, the team 
sends data day and night to a 
string of labs around the world. 

There isn’t a single human 
among them. This remotely 
monitored outfit is made up 
entirely of machines – and they’re 
aiming to revolutionise our 
understanding of Arctic sea ice.

The Marginal Ice Zone (MIZ) 
programme is the biggest 
experiment of its kind in the 
Arctic Ocean. A host of specially 
designed instruments work in 
concert to build a picture of how 
the ice responds to changes in the 
surrounding conditions.

For example, 20 wave buoys 

built by the British Antarctic 
Survey have been implanted in 
the pack ice. They are equipped 
with sensors that measure air and 
ice temperature, air pressure and 
ice thickness as well as cameras 
that send updates via satellite link 
four times a day. There are also 
10 polar profiling floats, modified 
by the Woods Hole Oceanographic 
Institution, each with a cord 
descending 1000 metres into the 
water. A robot travels the length of 
this cord every day, measuring 
water temperature and salinity.

In a few weeks, these will be 
joined by four “sea gliders” – 

rocket-shaped underwater 
vehicles which will operate 
autonomously for four months, 
travelling around under the ice 
shelf measuring water turbulence 
and dissolved oxygen levels. 

“Technologically this would 
have been impossible up until the 
last couple of years,” says Craig 
Lee of Washington University in 
Seattle, one of the team overseeing 
the sea gliders. “It’s a gigantic step 
forward in what we can do.” 

The US navy has invested 
$12 million in the project because 
it wants better predictions about 
how much of the sea north of 
Canada and Alaska will be 
accessible to shipping in years to 
come. Until recently, much of the 
area was solid ice all year round. 
That is no longer the case and 
what’s more, computer models 
have consistently failed to predict 
with any accuracy the extent of 
the melting. Now, a large marginal 
zone made of smaller, broken-up 
pieces of ice appears each summer.

Although this year’s melt has 
only just begun, observations are 
already challenging model-
informed assumptions about the 
process. In late June, cameras on 
one wave buoy showed how its 
surroundings changed from solid 
ice to a vast, glossy “melt pond”  
in just three days.

“The speed of that transition 
was something that the classic 
models wouldn’t give,” says Peter 
Wadhams, who researches ocean 
physics at the University of 
Cambridge. “They always show 
processes as happening slowly 
and sedately, but what seems to  
be happening is quite sudden.”

Simulations have so far been 
inaccurate because models are 
only as good as the parameters fed 
into them – and little is known of 
the processes involved in Arctic  
sea ice melting. For example, the 
precise relationship between 
underwater turbulence and the 
marginal ice zone, in terms of 
temperature and salinity, is 
unclear. Satellite observations 
leave gaps too. “The amount of 
snow that falls on top of sea ice 

can’t be measured from space and 
that is a big factor in the accuracy 
with which we can measure its 
volume,” says Andy Shepherd at 
the University of Leeds in the UK. 

The MIZ programme should 
deliver answers – without making 
life hard for humans. The Arctic is 
a tough place to work, says Martin 
Jeffries at the Office of Naval 
Research in Arlington, Virginia. 
“It’s an experiment focused on 
autonomous technology and 
obtaining data with a minimal 
human presence.”  ■

“ Cameras showed how solid 
ice turned into a vast melt 
pond in three days – much 
faster than in the models”

–A job for the buoys–

Melt watch
A wide range of sensors, buoys and 
autonomous robots are gathering 
data about melting over a 400km 
stretch of sea ice

Five sets of wave 
buoys take photos 
and measure ice 
conditions
 

Automatic 
weather stations 

Sea gliders travel 
under the ice 
measuring water 
turbulence and 
oxygen levels
 

Polar profiling 
floats measure 
sea temperature 
and salinity
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Collecting horror stories
A medical app will record cases of sexual violence to aid prosecutions

Aviva Rutkin

ASMA, 14, was raped at gunpoint. 
Two soldiers attacked her as she 
looked for firewood in the forest. 
“When I want to cry, one put a gun 
in my mouth while the other raped 
me. When the first had finished 
the other took his turn. I thought 
they were going to kill me.” 

Asma is just one of the many 
hundreds of thousands who 
have been the victims of sexual 
violence during the ongoing 
conflict in the Democratic 
Republic of the Congo (DRC).  
A 2011 study estimated that 
several dozen women were being 
raped in the DRC every hour. 
Soon, stories like Asma’s could be 
documented using a smartphone 
app named MediCapt. Such 
information may one day help 
bring perpetrators to justice.

MediCapt was developed by 
Physicians for Human Rights 

(PHR), a non-profit organisation 
based in New York City. The group 
won an award in 2013 for its 
concept at the Tech Challenge for 
Atrocity Prevention, linked to a 
genocide prevention initiative 
from US president Barack Obama.

For each case, a doctor will 
use the app to fill out a digital 
medical form. One section asks 
for standard physiological data, 
such as what parts of the body 

show signs of the assault, as well 
as smartphone pictures of any 
injuries, and whether the victim 
was pregnant or tested positive for 
a sexually transmitted infection. 
Another section suggests 
questions that could link the 
incident to particular offenders or 

military movements. Was there 
more than one perpetrator? Did 
they carry weapons, or look like 
members of a militia? What 
language did they speak? 

In January, seven doctors in 
Bukavu, a major city on the border 
with Rwanda, started training 
with an early version of MediCapt. 
Each received an Android phone 
and learned to use it with case 
studies similar to Asma’s. 

By encouraging medical 
officials to perform thorough 
examinations and record 
them via MediCapt in a central 
database, PHR hopes to help 
prosecute sexual violence cases 
across the DRC. 

There is huge interest in holding 
the perpetrators accountable, but 
the practicalities make it difficult 
to prosecute. Many survivors are 
reluctant to come forward. When 
they do, the evidence on their 
side is often patchy, with medical 

“There is huge interest in 
proscuting perpetrators, 
but the practicalities make 
it difficult to convict”

–Survivors must be heard–

investigations incomplete or 
poorly documented. Assuming 
the perpetrator can even be 
found, such cases often hinge 
entirely on personal testimony. 

This topic was discussed in 
London last month at the Global 
Summit to End Sexual Violence in 
Conflict. Effective prosecutions 
are a key part of lowering the rate 
of sexual violence in places like 
the DRC, says Holly Dranginis 
at Enough Project, a non-profit 
group in Washington DC. “The 
biggest black hole right now is 
with accountability,” she says. 
“One thing we need to do as an 
international community – and 
especially in the scientific and 
legal communities – is find a way 
of amassing alternative evidence.” 

The summit produced a 
protocol for investigating sexual 
violence, signed by 151 countries, 
that encouraged the use of 
technology. Satellite imagery, for 
example, was suggested as a way 
to track troop movements and 
identify destroyed villages or 
mass graves. Such intelligence 
could be matched with victims’ 
claims in any future trial.

Other projects, such as Women 
Under Siege in Syria, are using 
reports of incidents of sexual 
violence to create crowdsourced 
maps of attacks that could be 
used as the basis for future 
prosecutions. Similar maps 
exist for India and Egypt.

The doctors in the DRC ended 
their MediCapt training last week. 
They will start using it for real 
later this year, once the app is 
updated to make the data more 
secure and shareable with law 
enforcement without violating 
people’s privacy.

“We may come to a general 
picture of trends and violations 
happening across regions, and 
then identify through political 
and militia movements who may 
be responsible for some of these 
cases,” says Karen Naimer, who 
directs PHR’s programme on 
sexual violence. “That’s where 
this technology can provide an 
impact down the road.”  ■ 
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Stackable gardens via remote control

Plant your next garden in the kitchen. Boston start-up 
Grove Labs builds stackable boxes that allow people to grow 
produce indoors. Boxes range from the size of a microwave 
oven to a refrigerator, and can house crops like kale, 
tomatoes or herbs. The system uses hydroponics, growing 
the plants in water rather than soil. A smartphone app 
updates people on their garden, reminds them to care 
for the plants and connects them to other local growers. 
The company will ship its first modules next year. 

“The company purposefully messed 
with people’s minds”
US privacy pressure group The Electronic Privacy Information 
Center has filed a complaint against Facebook with the US trade 
watchdog in the wake of its study into emotion contagion on 
social media

Exploding dyes to pinpoint plane search
As the search for the missing Malaysian Airlines plane has 
shown, finding aircraft lost over oceans is extremely 
difficult. So Airbus has filed a US patent to fit three capsules 
containing fluorescent chemicals to the black box. Each is a 
different colour and is designed to rupture at different 
depths – the streaks of dye can be seen from the air, and the 
colours indicate the depth to which wreckage has fallen.

Software knows when you zone out
Snap out of it. Those who find themselves daydreaming 
when they are supposed to be reading a report may soon find 
their computer telling them to pay attention. Sidney D’Mello 
and Robert Bixler at the University of Notre Dame in Indiana 
used an eye tracker to observe how long people fixated on 
words. If the system thinks someone isn’t concentrating, it 
can pause the session, notify the reader or even display the 
missed content in a different format. It will be presented at 
the User Modelling, Adaptation and Personalization 
conference in Aalborg, Denmark, this week.
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–Whose hand can I see?–

I KNOW I’m no longer myself when I 
see my own body standing beside me. 
What’s more, when I look down, I see 
the body of a man. Then I lift my arms, 
and the other “me” moves her arms  
in time. It’s an odd feeling.

I’m wearing an Oculus Rift virtual 
reality headset as part of a system 
developed by Yifei Chai at Imperial 
College London that gives you the 
illusion of inhabiting another body.  

It is Chai’s body I see where my 
own should be. He is standing next 
to me, wearing a head-mounted, twin 
wide-angle camera to film my body 
and his own. These two perspectives 
are sent to my headset where they 
are flipped – I see myself as having his 
body and my body appears next to me. 
But that’s not all. My movements are 
being tracked by a Kinect camera.  
Chai is wearing a suit full of electrical 
stimulators that force his arms into 
the same position as mine. This 
enhances the illusion: when I look 
down, the movement of the body I 
see matches my physical movement.

When we swap roles, the tingling 
as my arms are moved and twisted 
into positions out of my control is 
more powerful than I imagined. It is 
quite unsettling (see video at bit.ly/
bodyhacked). 

The project is inspired by the 
Proteus effect, a psychological 
phenomenon whereby a person 

adapts their behaviour to match a  
new digital persona. 

Although gaming is an obvious 
application, Chai says his system could 
be used to create empathy, in a similar 
way that “age simulation suits” can 
give an idea of physical limitations as 
we grow older. There is also interest 
in the device for rehabilitation, as 
muscle stimulation could recreate 
gestures in exercise regimes. 

The suit can stimulate 34 individual 
muscles in the arms and shoulders  
but there are plans to expand this. 

High definition versions of the Oculus 
Rift and Kinect will be released in 
September, so more muscle groups 
will be detected. “Using several Kinect 
cameras will also help recognise more 
movements,“ says Chai. 

Jane Aspell of Anglia Ruskin 
University in Cambridge, UK, who 
has developed out-of-body virtual 
experiences, thinks the combination 
of components could have exciting 
applications. “Mental health workers 
could use an adapted version to 
virtually experience what it is like 
to have a mental illness,” she says.  
Sandrine Ceurstemont  ■

Virtual body-hack lets 
you be someone else

“When I look down, I see 
another person’s body 
where mine should be. 
It’s an odd feeling”
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Picture perfect pixels 
A new wave of games use photos of the real world to fool us 

THE world is our playground – 
especially when it is scanned and 
replicated exactly in a video game. 

A wave of new games use a 
technique called photogrammetry  
to produce digital replicas of the real 
world. The technique can be used to 
recreate rooms, objects, streets and 
even whole cities, says Krzysztof 
Plonka of special-effects studio  
Better Reality in Poland. 

Better Reality started out creating 
effects for the film industry. Now for 
the first time its technology will be 
used in a video game. Get Even is being 
developed by Polish studio The Farm 
51. Another games studio in Poland, 
The Astronauts, is using a similar 
approach in its latest game The 
Vanishing of Ethan Carter. 

Canadian studio Pixyul wants to 
take the technique to its limit – 
scanning the whole world using drones 
and reconstructing it inside a game. 
The first section, ReROLL, features  
an exact reconstruction of downtown 
Montreal and will be released next 
year. The studio plans to release new 
areas one by one, starting with North 
America, though it will have to wait for 
aviation authority approval for some.

Playing in an environment you 

recognise can give an added thrill. 
“The ideal world for a player is one 
that faithfully recreates our world but 
lets you do things you cannot do in 
reality,” says Plonka. That may be 
racing supercars through your home 
neighbourhood or surviving the 
apocalypse – as in ReROLL.

Photogrammetry works by 
gathering hundreds of photographs of 
an object or scene taken from multiple 
angles and combining them into a 
3D model. Common points between 

photos are joined up to create a basic 
shell and this virtual object is then 
skinned with the overlapping images. 

“You not only end up with the exact 
shape of the object but the exact look 
of the object as it appears in the 
photos,” says Andrew Poznanski of 
The Astronauts. The results are so 
accurate that photogrammetry has 
been used to improve aerial mapping 
and forensic analysis of crime scenes. 
Its impact could be felt most strongly 
in gaming, however. 

Such detailed graphics would have 
brought previous consoles to a 
standstill. But the latest machines 
have a lot more muscle. The games also 
feature algorithms that are very good 
at swapping graphics in and out as and 
when they’re needed, freeing up space. 

Poznanski wants players to forget 
they are inside a game. “We want them 
to walk through a forest and feel that 
it is a forest, not think, ‘Wow, these are 
beautiful graphics’,” he says. “We want 
that part of the brain to switch off.”

Add in virtual reality, which The 
Astronauts is also experimenting with, 
and immersion is taken to another 
level. In fact, the combination of 
photorealism and virtual reality could 
make games all too real. Violence, for 
example, might become a bigger 
problem when our actions feel realistic 
and look increasingly gruesome. 

“By removing the frame of the game 
screen, we begin to delve into a realm 
of personal responsibility that goes 
beyond what one feels with current 
game experiences,” says Mark Bolas at 
the University of Southern California. 
As a result, Bolas believes the type of 
games that players find enjoyable 
could change. “The market will sort 
this out,” he says.  Douglas Heaven  ■

“We want players to feel 
they are walking through  
a forest, not think, ‘Wow, 
these are great graphics’ ”
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YOUR smartphone has a new way to 
communicate. It’s called Pulse and it 
uses the magnetic field sensor for 
your smartphone’s compass app to 
receive messages coded in the 
signal from a nearby electromagnet.

The transmission rate is slow – 
only 40 bits per second – and it only 
works over a range of 2 centimetres. 
But that can be a plus, say Vassilis 
Kostakos and colleagues at the 
University of Oulu in Finland, who 
built a test electromagnet system 
that talked to Android phones.

By encoding data in a varying 
magnetic field they have shown 
they can transmit anything from a 
web address to a simple music 
sequence from the magnet to the 
phone. That means a small magnet 
embedded in an interactive street 
poster could do the job of a printed 
QR code, say, with the added benefit 
of an advertiser being able to 
regularly change the URL.

“This is a live dynamic channel 
where information can be broadcast 
in real time,” says Kostakos. The idea 
could improve security payments 
that use near-field communications, 
say. The NFC system lets you buy 
items by tapping your phone on a 
terminal, but can be hacked by 
people nearby. Pulse could send a 
secure code over a short range to 
activate the regular NFC app, 
Kostakos suggests.  Paul Marks  ■

ButtonMasher Photorealistic games Sshh! Magnets 
send secrets to 
your phone

–Lose yourself–
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The earth eaters
WHEN something is referred to as “Europe’s 
biggest hole”, it’s not likely to be a pretty sight.

The Hambach opencast mine in Germany’s 
Lower Rhine basin sprawls across 85 square 
kilometres. Giant excavators mine lignite – aka 
brown coal – at a rate of up to 240,000 tonnes 
a day. That’s about equal to a football stadium 
piled 30 metres high with coal. 

This effort might be considered incongruous 
in a country that aims to be a global leader in clean 
energy, but after the Fukushima Daiichi nuclear 
disaster in Japan, Germany announced it would 
phase out nuclear power. As a result, the country’s 
brown coal - considered the worst possible fuel 
choice in terms of its carbon dioxide emissions – 
was suddenly in demand. Germany now burns 
more lignite than any country in the world. 

For photographer Bernhard Lang, who shot 
a series of aerial photos of the mine in May, 
capturing Hambach from above was the key 
to conveying its scale. “Watching these huge 
machines biting into the barren landscape 
reminded me of alien planets in science fiction 
movies,” Lang says. “It’s a really direct image of 
the human impact on Earth.”

The Hambach mine is expected to have 
exhausted its lignite reserves by 2040, at which 
point it will be converted into an artificial lake, 
filled with 4 billion cubic metres of water from 
the Rhine.  Azeen Ghorayshi 

Photographer 
Bernhard Lang 
bernhardlang.de
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“In the midst of so much 
sadness, we had a patient 
who thought we were 
angels sent from heaven“

Break Ebola’s stranglehold

Healing touch

US concerns over a bioterror attack may be the best impetus yet for 
throwing cash at the Ebola epidemic, says Curtis Abraham

Nurse Anja Wolz believes that with support 
medics can turn the Ebola crisis around 

IF ONE good thing comes out of 
the unfolding crisis in West Africa, 
where hundreds have fallen 
victim to the Ebola virus, it’s the 
hope that it will redouble efforts 
around the world to develop new 
treatments.

The outbreak is the deadliest to 
date. In Guinea nearly 300 people 
have died. Confirmed cases and 
deaths have also hit neighbouring 
Liberia and Sierra Leone. The 
World Health Organization listed 
a total of 759 cases and 467 deaths 
by the end of June. Health workers 
fear the disease is out of control. 

Concerned by the march of the 
virus, aided by funeral rituals 
which involve physical contact 
with the dead and fearful family 
members hiding sick relatives, the 
WHO gathered health ministers 
from 11 countries in the region for 
talks on a coordinated response.

The unprecedented scale of the 
epidemic calls for unprecedented 

I AM working with medical staff in 
the West African country of Sierra 
Leone, where the people have 
never experienced an outbreak of 
Ebola on this scale before. There 
are a lot of cases – we are really 
stretched – and my worry is that 
those we are seeing are the tip of 
the iceberg. To put things in 
perspective, in just one village 

action and innovation to stop the 
death and suffering. Dying in 
isolation wards is neither 
attractive to patients nor their 
families. No wonder the relatives 
of some people infected in Sierra 
Leone snatched their kin and took 
them home to care for them.

So what hope of a medical 
advance soon? Ironically, the key 
driver for drug development is US 
interest in infectious diseases 
because of their potential use as 
bioweapons. After anthrax was 
mailed to news organisations  
and politicians in the US in the 
wake of the 9/11 attacks in 2001, 
hundreds of millions of dollars 
have been poured into research  
of this type.

So far no vaccine has been 
approved for Ebola; candidate 
drugs are years away from human 
use. But post-infection treatments 
intended to save lives are more 
advanced. They include TKM-

between 40 and 50 cases have 
been reported. In neighbouring 
Guinea, where the outbreak 
began, we would see a similar 
number in an entire district. 

Sadly, at the moment a lot of 
our work is dealing with dead 
bodies. But we are also training 
local healthcare workers and 
reaching out to communities to 

try to slow the spread of the virus. 
Fear is a big problem. People  

are really afraid when they see us 
in our protective suits – who 
wouldn’t be? The suits make it 
difficult to connect with our 
patients. Part of your training as a 
medical professional is to provide 
a sense of security to those you’re 
trying to help, but the layers of 
plastic we have to wear make that 
difficult – only your eyes show. 
I’m at an extra disadvantage 
because I don’t speak the local 
language, but I try to do all that I 
can to connect with patients by 
giving them a gentle touch or hug. 

I try to show the local 
healthcare workers that it is safe 

for them to do the same, but 
many of them are very scared of 
getting Ebola, and understandably 
so – some have already died. 

Denial is yet another barrier we 
are trying to tackle. There are still 
a lot of people in the region who 
don’t believe that Ebola exists.

Even in the midst of so much 
sadness, there are positive 
moments. In Guinea, we had a 
patient in the isolation unit who 
was always trying to help us. He 
said he thought we were angels 
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Ebola, a drug being developed by 
Canadian firm Tekmira under a 
$140 million contract with the US 
Department of Defense. It targets 
genes vital to the virus to reduce 
its impact. The survival rate in 
monkeys given the drug was 
100 per cent. In January, clinical 
trials began to evaluate safe 
dosage and side effects. In  
March, the US Food and Drug 
Administration fast-tracked 
development of TKM-Ebola. 

Other hopeful approaches 
include the identification of 
antibodies against the Zaire strain 
of the virus, which is responsible 
for the current outbreak. Monkeys 
given cocktails of such antibodies 
survived infection.

To make the leap from lab to 
treatment, though, requires a lot 
of money. With the world 
watching events in Africa, more 
resources might follow. Public 
funding is the key. Since 1976, 
Ebola has infected less than 3000 
people, so the commercial drive 
for drug development is low.

While the fact that drugs are on 
the horizon is no consolation for 
those hit by the current outbreak, 
its scale and an enduring fear of 
bioterrorism in the US might just 
mean next time is different.  ■

Curtis Abraham is a journalist based in 
East Africa

sent from heaven to save him –  
he was so appreciative of what we 
were doing. It is experiences like 
this that keep us going.

I think that, with more sick 
people coming to our treatment 
centres rather than staying in the 
community and risking spreading 
the virus, and with continued 
education, we will see a big change 
in the situation. With enough 
centres, medication, educated 
people and support, we can turn 
this epidemic around.  ■

Anja Wolz is an emergency coordinator 
for Médecins Sans Frontières, which 
now has 300 staff in Guinea, Sierra 
Leone and Liberia

Bare necessities of life
We are closing in on a minimal genome that will be the foundation 
for synthetic biology’s future, says Hamilton Smith

PROFILE
Hamilton Smith is scientific director of synthetic 
biology and bioenergy at the J. Craig Venter 
Institute in La Jolla, California. He shared the 
1978 Nobel prize in physiology or medicine 
for his discovery of an enzyme that cuts DNA, 
an advance vital to genetic engineering

You helped make the first synthetic cell, 
using an artificial version of the genome of 
the bacterium Mycoplasma mycoides. What 
are you doing with it?
Our goal is to throw away everything except  
the core genes that keep the cell alive, to make  
a reduced cell. Our best estimate is that we will 
end up with about 400 to 450 genes. To that 
end, we divided the synthetic genome into 
eight pieces and from each section removed 
all the genes we think are non-essential. 
Each of those eight pieces is viable when 
combined with the rest of the naturally 
occurring genome. The question was could 
we combine the eight pieces, have our reduced 
cell and be done?

And what was the answer?
It didn’t work. But we found a number of 
combinations that did work. So right now we have 
a half-reduced genome. That grows pretty well. 
We’re closing in on the full answer though.

What might a reduced cell enable?
Once we have it we can build on it. The interesting 
part is to add genetic sequences to enable the cell 
to grow in different environments, make different 
compounds, or use photosynthesis, for example.

What else could you do with it?
There’s no question we’re going to end up with a 
reduced cell with several hundred genes. We don’t 
know the function of about 100 of those genes, 
so right there we’re probably going to make 
discoveries about what’s truly essential. The other 
thing we want to know is, how plastic is the cell? 
In other words, how much can we rearrange 
the genes? Evolution has sloppily put them 
together. A lot of the cell’s processes are scattered 
around. We’re putting them together into one 
neat form.  

So you’re tidying up the genome?
We want to see how much we can make it a 
more understandable genome. Genes to do with 
translation of DNA into proteins over here, cell 
replication over here, transport over here. 

Synthetic biology is in its infancy. What else 
might help usher it into the mainstream?
The automation of the chemical synthesis of 
DNA. That’s the next big aim. What’s going to 
drive synthetic biology is cheap, accurate DNA 
synthesis. And not just short stretches of 
DNA known as oligonucleotides, but possibly 
entire genes. If you can do that with a machine, 
where you just enter your DNA sequence and the 
next day you have a piece of DNA 10,000 bases 
long that you can experiment with, then that will 
drive the field. We have a big operation aiming to 
automate DNA synthesis.

How might that transform the field?
I’m sure right now many young people could think 
of interesting genetic material to design but it’s 
too expensive. If it’s cheap and easy you can just 
keep churning out stuff. It would become trivial 
to design whole genomes after a while.
Interview by Kat Austen
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Your book is about the mental health initiative 
you two fought to start. Who is the book for?
Richard Layard: Everyone. We hope it will be 
a bestseller. 
David Clark: We want people to realise where 
science has got us to: people whose lives might 
otherwise be ruined by long-term mental 
health problems can benefit from the latest 
psychological treatments, and many can have 
their lives transformed. If you get treatment in 
your 20s and 30s, that means you’ve got 50 
years of a very different life.

How big a problem is the undertreatment of 
mental illness?
RL: In rich countries one in five people suffer 
a mental illness, mostly depression or anxiety 
disorders. Mental illness accounts for 38 per 
cent of all illness and even more for people of 
working age. Yet in most rich countries it gets 
under 10 per cent of healthcare expenditure.

Coming from outside psychology, as an 
economist, I was shocked. Throughout the 
rich world, less than one-third of people with 
common mental disorders are in treatment; 
for common physical illnesses like diabetes or 
cardiovascular problems, it’s over 90 per cent. 
This difference is an outrage. There are people 
who have problems, here and now, who could 
be treated and are not being treated.

Why don’t people get treatment?
DC: Part of it is because health authorities and 
doctors still do not realise how powerful and 
cost-effective the treatments are. There’s also 
a lot of stigma about mental health, which 
makes people with mental illness less likely to 
seek treatment. That is probably made even 
worse because many don’t know that there are 

effective treatments waiting for them. These 
are problems we set out to address with the UK 
initiative we proposed, Improving Access to 
Psychological Therapies (IAPT). In the last 
30 years there have been major advancements 
in psychological treatment, but they largely 
have not been acted on in clinical practice. 

Why has clinical practice lagged behind?
DC: There are lots of reasons. Among 
them, there’s this very unfortunate term 
“talking therapies”. Everyone hears that and 
thinks: “Oh, it’s just like having a chat with 
someone who’s nice.” People think it would 
be a nice thing to have, but that it can’t be 
very effective.

Of course, these therapies aren’t like that. 
They are based on science, they are tailored to 
and differ between conditions, and they have 
evolved enormously on the basis of research 
about the underlying psychological processes.

What are the consequences of undertreatment?
RL: Among people who are least satisfied with 
their lives, the biggest cause is poor mental 
health. These problems affect people in every 
social class and have huge costs. They also 

cause low effectiveness at work, family 
break-up, crime and a host of other problems. 

The programme started in England in 2008. 
Six years on, has it made a difference?
DC: Last year more than 700,000 people were 
seen through IAPT services, most of whom 
would not otherwise get any psychological 
therapy. In services with experienced staff, 
about two-thirds of people who receive 
a course of treatment show reliable 
improvement and close to 50 per cent recover. 

What treatment strategies work well?
DC: Initially the focus of the IAPT programme 
was cognitive behavioural therapy. CBT is 
recommended for depression and all anxiety 
disorders by the UK’s National Institute for 
Health and Care Excellence (NICE). For mild to 
moderate depression, NICE also recommends 
treatments such as counselling and couples 
therapy, so those are offered as well. This is 
all about evidence-based treatment. CBT is 
backed by the most evidence, but it’s not the 
only show in town.

What makes CBT so effective?
DC: There is emphasis on having an empathic, 
supportive therapist. But it’s called CBT because 
it focuses on thoughts (cognitions) and 
behaviours. The key idea is that when people 
have emotional problems, negative patterns 
of thinking – and the way these influence 
behaviour – are what keep the problems going.

How would you use it to treat social anxiety, say?
DC: People with this condition have distorted 
mental images of how they appear to others. 
One way CBT might deal with this is to video 

A different  
life is possible
They championed evidence-based therapies for depression and anxiety and showed 
that these can transform people’s lives. Economist Richard Layard and psychologist 
David Clark tell Liz Else why their mental health mission has only just begun

PROFILE
Richard Layard (on left in photo) is an economist,  
a member of the UK House of Lords and author of 
Happiness (Penguin). David Clark (on right) is a 
professor of psychology at the University of Oxford 
and national clinical adviser for the Improving Access 
to Psychological Therapies (IAPT) initiative. Layard 
and Clark are co-authors of Thrive: The power of 
evidence-based psychological therapies (Allen 
Lane), published this month
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their interactions, then have them compare 
the video with their images of themselves.

Your behaviour also changes if you’re 
frightened of talking to people. If I’m worried 
you might think what I say is stupid, chances 
are, while we’re talking, I’d be lost in my head 
memorising things I’ve said. So what I’m 
doing to manage my anxiety actually gives the 
impression that I’m not interested in you. In 
therapy you help people discover that such 
mental strategies can make things worse, and 
encourage them to drop those strategies.

How do you know if it’s working?
RL: Each time someone is seen, they complete 
a simple measure of anxiety and depression 
DC: Prior to this initiative, you couldn’t go to 
any mental health service and ask: “If I came to 
you to treat my anxiety or depression, what is 
my chance of recovery?” They didn’t have 
complete enough data to answer the question. 
In just the last three months, about 85,000 
people completed a course of treatment with 
IAPT, and there is pre and post-treatment 
outcome data on 98 per cent of them. 

This has never happened anywhere in the 
world. It is a revolution. Now those who 
commission mental healthcare are realising 
you can set goals based on outcomes – not for 
reduced waiting times or more people coming 
in, but for whether people actually get better.

How long does it take to make a difference 
for one person – and how much does it cost?
RL: For depression and anxiety disorders, NICE 
guidelines suggest that about half of people 
will recover within 10 sessions. So far for IAPT, 
the average cost is about £650 per person. This 
is not expensive treatment. Moreover, it can 

prevent public spending on the disability that 
mental illness can lead to. Our case is that 
these treatments would actually cost the UK 
nothing if they were provided more widely.

How much does mental illness cost societies?
RL: For any advanced country, it’s about 8 per 
cent of GDP. In the UK, the estimate is nearly 
£130 billion. There are now laws here and in 
the US that require equal esteem for mental 
and physical health, but we’re still nowhere 
near truly equal access to treatment.

In the UK’s National Health Service, 
treatments are still not provided to NICE 
guidelines. In the US, health insurers often 
offer just six sessions of psychological 
therapy – then you have to reapply if you need 
more. That’s like saying if a surgical operation 
takes over an hour, please reapply to continue.

It seems you still have a battle ahead. Why are 
things moving so slowly?
RL: The problem is that there’s no constituency. 
It’s less a matter of opposition than not enough 
people making the proposition, largely 
because of stigma associated with mental 
illness. People will fight for more resources for 
cancer or heart disease. But when it comes to 
mental illness, there’s no effective lobby.

What could change this?
RL: It requires an uprising by the general 
public. If ill people themselves are not able to 
protest by virtue of their illness, we need to 
hear much more from their relatives, friends 
and colleagues. Where healthcare is provided 
in a democracy, politicians respond to the 
number of letters that make the point.  ■

For more opinion articles, visit newscientist.com/opinion

“ This has never happened 
anywhere in the world.  
It is a revolution”

Photographed for New Scientist by Dave Stock
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Chronic energy woes
From Keith Baker and Ron Mould, 
School of Engineering and the 
Built Environment, Glasgow 
Caledonian University
Michael Brooks reports figures 
from the UK’s Office of National 
Statistics (ONS) to the effect that 
energy costs have risen to nearly 

3 per cent of the average 
household budget (21 June, p 32). 
However, this figure gives no  
hint of the chronic problem of 
fuel poverty. 

The ONS average is significantly 
skewed by a small number of 
households in the highest income 
bracket, and masks the long tail of 
low-income households spending 
close to or more than 10 per cent 
of their income on energy.

Many of these households 
appear to be gaining no or little 
benefit from upgrades in heating 
or insulation. As such they are 
seriously under-heating their 
homes, which could contribute  
to health problems, particularly 
among children and the elderly. 
Although the Scottish and UK 
governments have pledged to 
eliminate fuel poverty by 2016, 
neither can claim any real success. 

The UK is not unique in having 
a significant proportion of its 
population unable to afford 
heating. But a comparison with 
countries such as Denmark, where 
very few households are in fuel 
poverty despite markedly higher 
energy costs, makes clear that the 
solutions lie in a commitment to 
affordable warmth, delivered 

through practical measures such 
as district heating systems, not in 
fudging statistics.
Glasgow, UK

From Liam O’Keeffe
You mention that we want energy 
to be “cheap, reliable and green”, 
but you should have mentioned 
that we also don’t want it made 
in our back gardens. Nimbyism 
is a barrier to a more sustainable 
energy industry, and one of the 
reasons why politicians have been 
so keen to support offshore wind 
energy despite the relatively high 
cost of this technology.

Although you refer to solar 
and wind you forgot to mention 
one of the UK’s most important 
natural resources. Tidal barrages 
use proven technology and can 
provide predictable power 
generation as well as a degree  
of energy storage. 

Of course tidal barrages can 
have a big impact on the local 
environment, but they must 
be part of the solution if we 
are serious about moving to 
sustainable energy.
Abinger Hammer, Surrey, UK

Lab-leavers sought
From Nathalie Pettorelli, 
Cassandra Murray and Seirian 
Sumner, Soapbox Science
Joan C. Williams’s discussion 
of the issues faced by women in 
the workplace raises important 
questions (newscientist.com/
article/dn25555).

Every year, thousands of 
students obtain a scientific 
degree, yet only a small 
proportion pursue a career in 
their field. The majority of  
people who leave science are 
women; in the UK roughly nine 
out of 10 jobs in science, 
technology, engineering and 
medicine (STEM) are held by men.  

We understand little about why 
people leave scientific careers.  
A better understanding of the 
factors that influence their 
decision is crucial for making  

the career path more transparent 
for the next generation.

To address this information 
gap, we’re inviting anyone who 
studied a STEM subject as an 
undergraduate or postgraduate, 
but decided not to pursue a career 
in that field, to complete our 
online survey (bit.ly/ex-STEM). 
We’d like to know what you 
studied, why you decided to leave 
the field, and what would have 
made you stay. 
London, UK

Slightly misinformed
From Rob Gough
I welcome Lyman Lyons’s  
critique of David Deutsch and 
Chiara Marletto’s article on 
reconstructing physics (14 June, 
p 32). It is time to reappraise the 
growing obsession with the idea 
that information is a cornerstone 
of modern physics. 

The roots of this go back to 
Claude Shannon’s founding of 
information theory in 1948 with 
his paper “A Mathematical Theory 
of Communication”, and the 
philosophical overview of this 
in the book he co-authored with 
Warren Weaver the following year. 

I don’t deny Shannon’s 
connection of information to 
communications theory, but 
I would suggest communication 
is a goal-directed activity and not 
a property of inanimate matter.
London, UK

Begone, xenon
From Toby Pereira 
You reveal that xenon and argon 
are to be banned by the World 
Anti-Doping Agency because the 
gases can apparently help athletes 
cheat (7 June, p 7). This is back to 
front. It is only cheating once 
these substances are banned. 

It seems that these gases have a 
similar effect to altitude training, 
which may be prohibitively 
expensive for many athletes 
who are not already world-class 

professionals. By making the 
effects of altitude training 
available to those who cannot 
commit to lengthy training in 
another country, these gases may 
actually level the playing field.

The main reasons I can see for 
banning substances are health 
risks and exclusivity. Xenon and 
argon are both inert gases, so are 
unlikely to pose a health risk. But 
I admit I don’t know how widely 
available they are.
Braintree, Essex, UK

Olfactory settings
From Pamela Ross 
Thank you for the interesting 
article on smells (7 June, p 28). 
I find that smells are extremely 
evocative. For example, a certain 
cigar smoke takes me back 
40 years to a tram stop in a large  
city in Germany. However, not  
all manufactured smells are 
equally welcome. 

Certain aftershaves can make 
me feel ill when I smell them. 
If I am sitting on a bus behind 
someone wearing a particular 
aftershave, I have to move.  
I don’t know what research, if  
any, has been carried out into the 
components of fragrances which 
may be offensive, or whether 
particular scents affect different 
people differently. 

In the meantime, if you find 
yourself on a crowded bus next 
to a woman burying her nose in 
a hanky, maybe it is me reacting 
to your aftershave.
Cawood, NorthYorkshire, UK
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Natural warming
From Howard Koch, 
UK Independence Party
In reply comments from your 
readers on the UK Independence 
Party’s stance on climate change, 
I would like to clarify our position 
(28 June, p 30). 

UKIP believes there is evidence 
to indicate climate change but 
does not support the notion that 
it is due to human intervention. 
We are, of course open to the 
results of unbiased research. 

We recognise that it is prudent 
to become less dependent on 
imported oil and gas, and rely 
more on domestic energy sources. 
Nuclear fusion is obviously the 
ultimate goal, but is some years 
away from full development. 

In the meantime, UK business 
must not be disadvantaged and 
made less competitive by punitive 
EU carbon legislation that the rest 
of the world is not subject to.

If climate change is a real 
phenomenon, then we must 
learn to deal with the changes in a 
pragmatic way, as there are simply 
too many variables and countries 
involved to do anything else.

On a personal note, nothing 
would give me more pleasure 
than using money saved by the 
UK’s exit from the EU to subsidise 
the creation of the world’s finest 
electric car, to beat the German 
BMW i8 or the US Tesla.
Hemel Hempstead,  
Hertfordshire, UK

Database disaster
From Tony King
Linking together all of the various 
hospital services to present an 
integrated database sounds fine, 
but personal experience has 
shown a severe downside to that 
approach (14 June, p 21).

Three years ago my wife was 
taken ill and was referred to a 
specialist who was part of a 
network of hospitals using linked 
databases. The first specialist 
misdiagnosed her condition and 

entered this into the database. 
From that point on it became 
impossible to obtain an unbiased 
second opinion. Everywhere we 
went, the first thing the new 
specialist did was log on to the 
network, access my wife’s records 
and then close their mind to any 
other possibilities.

After three years, we finally 
managed to find a specialist 
outside of the database network 
who made an accurate diagnosis 
of my wife’s problem.

Implementing these large 
databases presents the danger of 

one doctor recording erroneous 
data which is then locked to the 
patient for all time.
Lilydale, Victoria, Australia

Meat of the matter
From Craig Sams
The evidence for Adrian Williams 
and Robin Dunbar’s hypothesis 
that the tuberculosis pathogen 
could provide essential 
nicotinamide to humans is 
persuasive, but some of the 
arguments implying that meat 
is essential for good nutrition 
are not (21 June, p 28). 

The pellagra epidemic in 
Europe arose from the exclusive 
consumption of maize, refined or 
not, which had been introduced 
from Central America. The Aztecs 
and Maya never had pellagra as 
they recognised that maize had 
nutritional limitations and 
complemented it with sources of 
nicotinamide, such as amaranth. 

Pellagra is a socio-economic 
disease arising in low-income 
groups who are forced to subsist 
on the cheapest possible diet. 
Williams and Dunbar’s TB 
hypothesis is credible without  
the need for a superfluous 
critique of vegetarianism. 
Hastings, UK 

#catchmytone?
From Span Hanna 
Tiffany O’Callaghan’s article on 
the apparent inscrutability of 
irony and sarcasm in printed 
matter (14 June, p 46) strikes a  
very loud chord of recognition. 

Anyone who has experienced 
inter-office memos would no 
doubt hear the very same chord. 
Where I see this phenomenon 
shown in truly stark relief, 
however, is in social media. 

Many times I have seen 
comments misinterpreted  
and remarked on with vitriol, 
provoking further anger in 
response.

What these emails, status 
updates and memos have in 
common is their brevity. The 
statements stand alone with  
no context except that added  
by the reader. 

If literate, well-educated 
humans have trouble latching on 
to irony and sarcasm, what chance 
does computer software have?
Pakenham, Victoria, Australia

Practice++ = perfect
From Ian Lewis 
Thomas Webster suggests that 
because programmers learn 
computer languages with no 
spoken component, they may not 
be benefiting from the mental 
workout you get from choosing 
the correct expression in a spoken 
language (21 June , p 30). 

But with programming you  
still have to choose the “correct 
expression”, in that you write 
statements and functions to 
achieve your objective. Computer 

languages, in common with 
spoken ones, share characteristics 
and fall into linguistic families. 
This makes it possible to switch 
quickly between similar  
computing languages.

There is a continual flow of 
information between those who 
are learning a new language and 
those who are more experienced 
in the idioms of that language,  
be it a human or computer one. 

This flow, combined with the 
mental stimulation and daily 
puzzle-solving needed to 
communicate, are guaranteed  
to keep one mentally fit.
London, UK

Remote emote
From David Motton 
Your report that scientists in 
California and Beijing have been 
studying what they describe as 
“contagious emotions” on social 
networks, with one user’s mood 
affecting the mood of another 
(28 June, p 22). The article 
concludes that “we don’t need 
to interact in person to influence 
someone’s feeling”.

What a waste of time, money 
and effort to discover the obvious! 
Novelists, dramatists and 
musicians have been influencing 
people’s feelings for centuries,  
all without personal interaction.
Swaffham, Norfolk, UK

For the record
■  We feel a bit dense: in our article on 
supercooled water, we meant to say 
that water decreases in density only 
below 4 °C (21 June, p 17).

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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Wheat has been a staple 
for thousands of years but 
is now accused of causing 

all kinds of maladies.  
Linda Geddes separates 
the facts from the chaff 

“

been singled out by some as public-health 
enemy number one. Gluten is a composite of 
two proteins, glutenin and gliadin, and it 
forms a network of fine stretchy strands when 
wet. This is what gives dough its elasticity and 
makes it so versatile, allowing it to be turned 
into everything from bread to cakes to pasta. 

Gluten is found in other grains besides 
wheat, including barley and rye. Going truly 
gluten-free means excluding the vast number 
of foods containing these grains, and often 
things like oats, which are processed with the 
same machinery as wheat. 

All this is entirely necessary if you have a 
serious condition called coeliac disease. It is 
caused by the immune system mistakenly 
producing antibodies against gluten that 
damage the hair-like villi that line the gut, 
leading to malnutrition. Blood tests for the 
antibodies suggest that it affects as many as 
one person in 100, although many people 
have only mild symptoms and so are often 
unaware of their condition.

Far rarer are wheat allergies, which can 
involve one or more of a number of proteins. 
Symptoms appear rapidly if wheat is eaten or 
flour dust breathed in, or sometimes if people 
exercise soon after eating wheat.

What about those who don’t have coeliac 
disease or allergies to wheat proteins? Gluten 
is now being blamed for causing bloating, gut 
pain, headaches and lethargy in many people 
in whom there is no immune reaction. The 
syndrome has been dubbed non-coeliac gluten 
sensitivity (NCGS), and there have been claims 
that up to a fifth of people have it.

But does NCGS really exist? Several small 
studies have found that some individuals do 
have gut-related symptoms when they eat 
wheat that often clear up if they change their 
diet. Peter Gibson of The Alfred Hospital and 
Monash University in Melbourne, Australia, 
was first to test the effects of gluten in a 
randomised, placebo-controlled trial – the 
gold standard for medical research. He 
recruited 34 non-coeliacs with gut symptoms 
that largely disappeared when they went 
gluten-free. He kept them on a gluten-free 
baseline diet, and also gave them bread and 
muffins that – unbeknown to the 
participants – either did or didn’t contain 
gluten. Those who ate the gluten-containing 
muffins reported a worsening in abdominal 
symptoms and tiredness.

This small study helped convince many 
doctors that NCGS was a genuine condition, 
but Gibson himself was not satisfied. “There’s 
no doubt that wheat is a major cause of 
bloating and abdominal problems,” he 

GIVE us this day our daily bread.” 
Wheat was one of the first crops to 
be domesticated and for thousands 

of years it has been a staple food for a large 
swathe of the world. It is deeply engrained in 
our culture and consciousness. What could 
be more evocative of healthy goodness than 
the delicious smell of a home-baked loaf?  
So it comes as a shock to many to learn that 
wheat is now under attack.

Wheat is toxic, addictive and makes you want 
to eat more junk foods, claim some. They say it 
causes food allergies, bloating and makes you 
fat. Others even blame it for various mental 
disorders. And many people seem to believe 
these ideas, often much to the annoyance of 
friends and family who have to cater for them. 
Demand for gluten-free food is rising rapidly, 
to the extent that many restaurants now 
promote gluten-free dishes on their menus. 
Eating gluten is frowned on in some quarters. 
“Here in LA, it’s comparable to Satanism,” US 
talk-show host Jimmy Kimmel joked recently.

Yet as Kimmel noted, most people can’t 
even say what gluten is. So what are the facts 
about gluten and wheat in general? Is it really 
the seed of all evil, or is this all much ado about 
nothing? The answer is complex. There is no 
doubt that some people – but only a tiny 
minority – must avoid gluten. For others who 
blame gluten for their gut-related woes, 
however, the problem may not be gluten but 
components of wheat also found in many 
other foods. And for healthy individuals, the 
benefits – or otherwise – of going wheat-free 
may depend partly on your genes and partly 
on what you eat instead. Wheat is not a 
squeaky-clean superhero, but neither it is the 
supervillain some claim.
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says. “The trouble is that wheat has more than 
just gluten in it.”

He wondered if the problem might 
instead be caused by members of a set of 
sugars that his group has dubbed FODMAPs 
(fermentable oligosaccharides, disaccharides, 
monosaccharides and polyols). So Gibson did 
another study with 37 recruits with suspected 
NCGS. This time, however, they were put on 
a diet that was both gluten-free and low in 
FODMAPs. Then some had high or low 
amounts of gluten, or a milk-protein control, 
added to their diets. There was no difference 
between the three groups’ response, Gibson’s 
team reported last year, suggesting gluten is 
not in fact the root cause of their problems.

In other words, people who think they are 
gluten-sensitive might instead be reacting to 
the FODMAPs found in wheat. FODMAPs are 
poorly absorbed in the small intestine and so 
instead tend to be eaten by bacteria living 
further down the digestive tract, producing 
an abundance of gas. They also attract water, 
leading to bloating, flatulence, loose stools 
and worse in people with sensitive bowels.

Crucially, the various kinds of FODMAPs 
aren’t just found in wheat, but in lots of foods 
including many fruits, vegetables and dairy 
products, so no one is suggesting remaining 
on a low-FODMAP diet permanently  
(see “Thinking of going gluten-free?”, right).  
People who suffer when they eat lots of certain 
FODMAPs should be able to tolerate small 
amounts, because this is not an immune 
disorder like coeliac disease or wheat allergies. 
Many simply avoid cooking with onions, 
Gibson says, which are very high in fructans,  
a group of FODMAPs also found in wheat.

The small size of the studies done so far, 
though, means the science is far from settled. 
There may be a subset of people who don’t 

have coeliac disease but who do get gut 
problems when they eat gluten, through  
an as-yet-undefined mechanism. 

But of course, people with gut problems  
are far from the only ones going gluten-free. 
About a third of the US population say they 
would like to cut down or eliminate gluten 
from their diets, if one recent poll is to be 
believed. Some see it as a way of shedding a 
few pounds. Others just think eliminating 
wheat from their diet is the healthiest option.

Where did this idea come from? Two 
bestsellers probably have something to do 
with it. In Wheat Belly, published in 2011, 
William Davis argues that the overenthusiastic 
consumption of wheat is the main cause of the 
obesity and diabetes crisis in the US. 

Meanwhile, in Grain Brain, published last year, 
David Perlmutter suggests that carbohydrates, 
including those in whole grains like wheat, are 
a leading cause of conditions including 
dementia, ADHD, anxiety and depression.

However, the evidence for many of the 
claims in the books, or their interpretation of 
it, is questionable. Take the claim that the 
spike in blood sugar caused by eating wheat 
and other grains triggers inflammation in the 
brain and thus Alzheimer’s disease. One piece 
of evidence cited by Perlmutter is a 2013 paper 
reporting that even mild elevations in blood 
glucose in healthy individuals put them at risk 
of developing dementia. 

Yet Paul Crane of the University of 
Washington in Seattle, who led that research, 
disagrees with Perlmutter’s interpretation. 
“Our study says nothing about dietary sugar, 
dietary carbohydrates or dietary anything,” 
Crane says. “What we studied was a five-year 
average of people’s blood sugar levels. This is 
not at all the same as how much your blood 
sugar goes up or down after a single meal.”

This is not to say that the glycaemic index 
(GI) of food – how quickly it releases sugar – 
does not matter. People who eat food with a 
low GI, which release sugars slowly, have a 
lower risk of developing diabetes than those 
who eat lots of highly refined, sugar-rich 
foods. And some researchers now regard 
Alzheimer’s as a form of diabetes.

But there is no reason to single out 
wheat, or other grains, on this basis. The 
GI of wheat-containing foods varies and is 

If you have health problems that you 
suspect are linked to wheat, don’t just go 
gluten-free. “You need to get tested to 
exclude the possibility of coeliac disease,” 
says Gerd Bouma, a gastroenterologist at 
VU University Medical Center in Amsterdam, 
the Netherlands. The first step is to test for 
blood antibodies to gluten, and this will not 
work if you haven’t been eating gluten.

If you have abdominal problems such as 
bloating, and coeliac disease has been ruled 
out, the cause of your symptoms might not 
be gluten but one or more poorly absorbed 
sugars known collectively as FODMAPs  
(see main story). Wheat happens to be high 
in certain FODMAPs but so is a frighteningly 
long list of other foods and drinks, including 
onions, asparagus, peppers, apples, dried 
fruits, peas, honey, milk, ice cream, many 
sweeteners and beer. The good news is that 

you don’t need to cut them all out 
forever – instead the idea is to cut them out 
for a few weeks and gradually reintroduce 
foods to see which kinds of FODMAPs 
disagree with you.

 “You learn which foods affect you and 
can adjust your diet accordingly,” says Peter 
Gibson of The Alfred Hospital and Monash 
University in Melbourne, Australia. It’s 
recommended that you get your doctor to 
refer you to a dietician if you want to try a 
low FODMAP diet but booklets and apps are 
available too.

If you are perfectly healthy but want to 
go gluten-free because you believe it will 
make you even healthier, just watch what 
you eat instead. Many off-the-shelf 
gluten-free alternatives are higher in salt 
and fat, for instance. They can also be bad 
for your bank balance.
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typically lower than that of, say, cooked 
potatoes. What’s more, your risk of getting 
disorders such as diabetes and Alzheimer’s  
is likely to depend on a complex interplay 
between your genes, the number and form of 
calories you consume and how much exercise 
you do, not solely on whether you eat wheat.

Fattening and addictive?
But wheat is addictive, cry its critics. For 
example, Davis claims that wheat proteins 
break into fragments that act on opioid 
receptors in the brain, making us want more. 
“That’s an extraordinary statement,” says 
Gibson. These opioid-like peptides do exist, 
but whether they affect the brain in any way 
is unclear. And even if they do, proteins from 
milk, rice, meat and spinach all produce 
similar fragments, so again there is no 
reason to single out wheat. 

What about the claim that wheat is 
particularly fattening? “Wheat is no more 
fattening than any other carbohydrate,” 
says Gary Frost, who studies nutrition and 
dietetics at Imperial College London. “I think 
the reason wheat has got a bad press is just 
that it’s a very commonly consumed cereal, 
so it’s hardly surprising that if you start to 
miss it from your diet then you start to lose 
weight.” Cutting out wheat, after all, means 
cutting out many high-calorie foods such as 
cakes and biscuits.

But swapping cakes and biscuits for fruits 
and vegetables is one thing. Swapping 
wholewheat bread for processed, gluten-free 
substitutes is quite another. A team in Spain 
recently examined the daily diets of 58 people 
with coeliac disease and found that, in general, 
they contained more fat and less fibre than 
those of people who do eat gluten. 

That is bad because not only does eating  
a high-fibre diet curb your appetite, it also 
reduces your chances of developing several 
cancers. And wheat, particularly wholegrain 
wheat, is a major source of fibre.

So eating gluten-free foods is not 
necessarily less fattening, nor even healthier 
in general. “People tend to think they are 
more nutritious, but in general they are low 
in fibre, higher in glycaemic response and 
more costly,” says Julie Jones at St Catherine 
University in St Paul, Minnesota.

For many people, though, the issue is not 
how wheat stacks up against alternative foods. 
Instead, they have been convinced by the 
claim that humans did not evolve to eat a lot of 
carbohydrates. But this is a dubious argument 
for several reasons. Just because our ancestors 
ate lots of meat doesn’t necessarily make it 
good for us. In any case, it is not at all clear that 
all our ancestors did eat lots of meat. Some 
ancient hunter-gatherers may have eaten a 
carbohydrate-rich diet, just as the hunter-
gatherer Hadza people in Tanzania do today.

What’s more, it may be that some 
populations whose ancestors ate a lot of 
carbohydrates have evolved to cope, just as 
the ability to digest milk as an adult – lactose 
tolerance – evolved independently in several 
parts of the world after the domestication 
of cattle. Earlier this year, Mario Falchi at 
Imperial College London and his colleagues 
discovered that people with fewer copies of 

a gene called AMY1 are more likely to be 
obese than those with lots of copies.

This gene produces an enzyme found in 
saliva called amylase, which breaks down 
starch. Falchi thinks it might influence us in 
subtle ways, such as preparing the body for 
what we are eating. A 2012 study found that 
when people with many copies of AMY1 
consumed a starchy drink, their blood sugar 
levels showed less of a spike than when people 
with fewer copies drank the same. That 
suggests people with many copies are less 
likely to develop disorders like diabetes even if 
they eat lots of high GI carbohydrates. This is 
speculation, though, and in any case there’s no 
simple test you can take to find out if you have 
lots of copies or AMY1 or very few.

For some, though, avoiding wheat is not  
just about physical health. Gibson was struck 
by the fact that many of his patients chose to 
remain on a gluten-free diet even after he 
showed that their symptoms were not caused 
by gluten. “Most of them said they just felt 
better,” says Gibson. It sounds like a classic 
example of the placebo response, but they 
might just be on to something.

When Gibson did another small double-
blind, placebo-controlled trial in 24 people 
with irritable bowel syndrome, those given 
gluten – unbeknown to them – scored more 
highly on a questionnaire assessing levels of 
depression, the team reported this year.

As ever, the results of such a small study have 
to be treated with caution. But then again, even 
if this and the many other claims about the 
evils of wheat don’t stand up, there is no need 
to eat the stuff. It is hard to avoid eating wheat, 
but a healthy diet doesn’t have to include it.  
So if it makes you feel happy, lose the loaf.  ■

Linda Geddes is a features editor at New Scientist 

Giving up gluten 
has become a 
trendy thing to do
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“ It’s hard to avoid 
eating wheat, but a 
healthy diet doesn’t 
need to include it”
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IT’S 2 am. Do you know what your 
smartphone is up to? It may not be sleeping 
faithfully beside you. Seduced by a server 

far away, it springs to life and betrays your 
trust, giving away your secrets and running 
up quite a tab. 

For many, the nightmare is a reality. In 2011, 
for example, a cybercriminal in China gained 
control of hundreds of thousands of phones, 
remotely directing them to send premium-
rate text messages, call premium toll numbers 
and play pay-per-view videos while their 
owners slept on obliviously.

Other phones develop late-night gambling 
habits. In 2012, journalist Elise Ackerman 
wrote about her friend, Mike, who caught his 
phone playing online poker. It then used his 
credit card to order wrinkle-removal cream, 
which arrived on his doorstep a few days later.  

Our phones have become intimate 
companions. We interact with them on 
average 150 times a day, according to last year’s 
Internet Trends, an annual report by internet 
analyst Mary Meeker. They know who our 
friends and colleagues are. They know our 
passwords and banking details. They hold the 
keys to our digital lives. But our intimacy fools 
us into a false sense of security. “You think ‘Oh, 
this is just a phone’,” says Lorenzo Cavallaro, a 

mobile security researcher at Royal Holloway, 
University of London. “So you’re less inclined 
to think about security and privacy issues.”

Legions of cybercriminals, however, most 
certainly are thinking about these things. That 
little phone is a computer, just as hackable as 
a PC. As with computer viruses a decade ago, 
many security experts think that malware for 
mobile devices is set to explode. But this time 
round there’s no easy fix – especially when we 
are a big part of the problem.

Easy money
With nearly 2 billion smartphones in use 
today, malicious software is rapidly becoming 
an easy way to make money for thousands of 
cyber attackers around the world. Producing 
malware is a fully fledged industry, with 
attacks more likely to be written by office 
drones than basement dwellers. “In many 
countries, involvement in cybercrime pays 
well, while the risks are very low,” says Igor 
Muttik, a researcher with security software 
company McAfee. “Young people may do it 
if they are unable to find a good job.”

What are they after? “Most mobile malware 
is looking for your money,” says Roman 
Unuchek, a malware analyst at Kaspersky Lab 

in Moscow, Russia. From nuisance ads that 
pop up unbidden on your screen to credit card 
theft and even ransom, criminals have many 
ways to extract money from a phone. Take the 
hijacked network of phones in China. At that 
scale, says Eric Chien at antivirus company 
Symantec, whoever was behind it was raking 
in millions of dollars a year. And they may still 
be at it. “He hasn’t been caught as far as we 
know,” says Chien. 

Identity theft is another big concern. 
Phones carry our most personal digital 
possessions: logins, passwords, contact lists, 
photos. Then there’s the mass of sensors, from 
GPS to accelerometers, which can be used to 
tell where we are and what we are doing. “We 
have a lot of data on our phones,” says Chris 
Hadnagy, CEO of security firm Social-Engineer 
in Brooklyn, Pennsylvania. “It’s a very 
attractive target for an attacker.” 

Phones running Google’s Android are by 
far the worst hit, with 98 per cent of mobile 
malware targeting the operating system. 
That’s partly because Android has the largest 
share of the market, running on 80 per cent 
of phones by some estimates. But mostly it’s 
down to the different philosophies at Google 
and Apple. Both companies police their 
official app stores. Unlike Apple, though, 
Google is happy for you to install apps from 
other sources, too. Android phones give a lot 
more freedom, but pass on a lot more risk.

There are many ways bad code can break 
in. Wi-Fi and Bluetooth connections, weblinks, 
emails, text messages and app downloads are 
all unlocked windows and unlatched doors. 
Another ploy is to copy an existing app, hide 
malware inside, then present this evil twin on 
an app store as a free clone of the original. 

The malware menagerie is full of exotic 
beasts (see “Attack of the phones”, page 34). 
Some rack up bills via premium-rate services, 
others lock you out of your phone until you 

Phone 
invaders
Your most intimate companion could be 
betraying your secrets and ripping you off, 
finds MacGregor Campbell
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machine, antivirus programs can monitor 
what other programs do and identify 
suspicious behaviours, such as when a 
program tries to install additional code 
without the user’s knowledge. But because 
smartphone antivirus apps are sandboxed, 
they can’t look at what other apps are doing, 
so can’t catch malicious programs in the act.

Catching the culprit
One way to spot mobile malware without 
needing a signature is to look for other telltale 
signs that something’s not right. Hien Thi 
Thu Truong at the University of Helsinki in 
Finland, for example, found that infected 
phones had shorter battery lives than clean 
phones by more than an hour on average.  

That might alert you to a general problem, 
but it doesn’t finger the culprit. To do that, 
Cavallaro and his colleagues have had to take 
a step back. To get round the sandboxing 
limitation, the team uses emulators – virtual 
recreations in software of a smartphone’s 
hardware and operating system. Running 
emulators on a PC gives them a view of the 
whole system and lets them reconstruct an 
app’s behaviour from low-level activity such 
as which registers in the processor it accesses 
or which files it opens and writes to. They then 
match this basic behaviour to higher-level 
activity such as sending a text message. It’s 
like trying to recognise a face in a digital 
picture just by looking at the pixels. The idea 
is that future antivirus software could detect 
malware from its low-level activity alone, 
without having to open up one app to another. 

This kind of analysis is hard, though. Fully 
characterising the behaviour of arbitrary 
programs is theoretically impossible. Alan 
Turing pointed this out in 1936 when he 
showed that you cannot write a computer 
program that tells you whether any other 
program will eventually stop running. In 
practice, this means that there are too many 
possible ways a program might play out, and it 
can be hard to know where to look for threats. 

Again, Cavallaro and his team think they 
have a workaround. To find the most relevant 
parts of an app’s activity to analyse, they are 
assembling a collection of “traces” – 
sequences of actions like swipes and button 
taps  – made by people as they use an app. 
This method can’t cover all the possible ways 
a program might behave, but it captures the 
most common. “You explore the main, most 
significant pathways,” says Cavallaro. “Those 
are the most attractive for an attacker to use.” 

The upshot of all this work will be a system 

SKULLS
Malware for Symbian phones that stops 
other apps working and replaces all icons 
with a skull. It then spreads the damage 
to your contacts via text message. 
 
DROIDDREAM
A Trojan found hiding inside more than 
50 apps on Google’s official app store in 
2011. Once installed, it was set up to run 
in the middle of the night and download 
other malware in secret. Google had to 
remove the infected apps and use a kill 
switch to wipe infected Android devices 
remotely. 

IKEE
Infects “jailbroken” Apple devices and 
spreads to others via Wi-Fi. Replaces 
your phone’s wallpaper with a picture 
of the singer Rick Astley. 

0BAD
Super stealthy and multi-tasking,  
it exploits a subtle error in Android code. 
Capable of an array of attacks, from 
using premium-rate services to installing 
other malware, it has been described as 
the “Swiss Army knife” of Trojans. 

SVPENG
A new kind of banking Trojan emerging 
in Russia that tricks users into entering 
bank details, which it sends to 
cybercriminals. It prevents antivirus 
programs from deleting it, and even 
stops users from resetting their phone  
to factory settings.

pay a fee for a “fix”. Then there are versions 
of classic PC attacks like banking Trojans, now 
the fastest-growing mobile threat. These trick 
you into entering your bank details into fake 
login screens. Compromised phones can also 
be yoked into botnets, where they might be 
used to mine bitcoins, for example. These 
have all been spotted in the wild. Even 
sneakier attacks have been demonstrated in 
the lab. Tom Chen at City University London 
warns about the danger of two or more 
malware apps “colluding”. Harmless on their 
own, they avoid detection. Together, though, 
they can work as a covert team to steal data.

The problem is made worse by the easy 
availability of “exploit kits” – collections 
of ready-made apps that take advantage 
of known vulnerabilities. They can be 
bought online and customised with minimal 
know-how.  

ATTACK OF THE PHONES:  
A MALWARE MENAGERIE

“ Given the choice 
between dancing pigs 
and security, people 
choose the pigs”

So what can we do? It turns out that 
protecting a phone is a trickier technical 
problem than protecting a desktop machine. 
Solving it might even require a rewrite of the 
way phones are designed. 

On the plus side, mobile systems have 
built-in safeguards. Smartphone apps don’t 
have the same kind of access to the core 
operating system as most computers do.  
Apps are “sandboxed” so that they can access a 
shared pool of data, like contacts or saved text 
messages, but they cannot look at data that 
belongs to another app. This makes it harder 
for a piece of malware that hitchhikes along 
with, say, a flashlight app to access the 
passwords saved in your banking app. 

The trouble is that the same design that 
hobbles apps also hobbles antivirus programs. 
Typical antivirus software relies on unique 
“signatures” found in the code of malicious 
programs. When you download or install a 
program, the software scans the code and flags 
up if it contains a malicious signature. This 
works for known threats, but attackers often 
use tricks such as polymorphic code, which 
changes after each install, to fool signature-
based approaches.

This is where sandboxing turns out to be a 
hindrance as much as a help. On a desktop 
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called CopperDroid, which automatically 
analyses Android malware. The hope is that, 
backed by CopperDroid, antivirus software for 
smartphones will be a lot more effective. Even 
so, without better access to the core resources 
of the phone, the software will never match its 
desktop counterparts, says Cavallaro.

But getting that access means rewriting the 
basic design of most smartphone operating 
systems. Android, at least, is open-source, 
meaning anyone can contribute changes to 
the system. Cavallaro hopes that his changes 
might eventually be incorporated into an 
official Android release. 

That still leaves us with a problem, though. 
We are the ones who install most malware on 
our phones. Every time we download a new 
app, we are the weakest link in the chain. 

It doesn’t help that software designers 
offload so much of the security burden onto 

users, says Lorrie Cranor, director of the CyLab 
Usable Privacy and Security Laboratory at 
Carnegie Mellon University in Pittsburgh, 
Pennsylvania. She points to Android’s 
permission system, which asks people to 
decide whether or not to grant an app 
permission to send text messages or view 
their contacts. With around 150 different 
permissions possible, she says, people often 
don’t understand what they are agreeing to.

That’s assuming we even care. A 2012 study 
of Android phone users showed that only 17 
per cent paid attention to permission requests 
when installing apps and only 3 per cent could 
correctly answer questions about what the 
permissions meant. Results like these give rise 
to a classic joke among security experts: given 
the choice between dancing pigs and security, 
people will choose dancing pigs every time.

There is hope, however. “The user is not 
the enemy,” says Devdatta Akhawe at the 
University of California, Berkeley. It’s just that 
we often don’t have enough information to 
make safe decisions by ourselves. Can we be 
nudged in the right direction? A team of 
Google researchers recently found that 
presenting warnings in red and using 
aggressive language such as “This will hurt 
your computer” was much better at making 

people think about what they were doing 
than calmly worded messages. 

But warnings, however well-designed, 
will never be an ideal solution. “If you have a 
hazard, the best thing to do is to remove the 
hazard,” says Cranor. Warnings should be a 
last resort. For a start, too many alerts can lead 
to “warning fatigue”. Akhawe has found that 
people tend to click through warnings more 
quickly the more frequently they are shown, 
but spend more time on warnings that are 
shown rarely. “After a while the user just gets 
tired and stops caring,” says Akhawe.

Smartphones, smarter users
Serge Egelman at the University of California, 
Berkeley, thinks we should get rid of many 
warnings and permission requests altogether. 
Instead, people should be allowed to see which 
apps are responsible when their phone starts 
behaving badly. Even telling people which 
apps are draining the most juice from their 
battery – a feature in the new version of 
Apple’s iOS – could give them a better idea 
of what’s going on under the hood. 

Fewer security decisions would mean fewer 
chances to shoot ourselves in the foot, but that 
doesn’t mean we can download with reckless 
abandon. We still need to be smarter about 
what we install on our phones, says Hadnagy. 
“Phones are small and they feel like they’re 
not computers, so we’re more prone to click 
things and try things.”

Hadnagy urges us to think critically about 
what apps are asking from us: “Why does 
Sudoku need access to all of my contacts?”  
There’s a reason free apps are free: if we don’t 
pay upfront, app makers might make us pay 
another way. And if we can’t resist that Flappy 
Bird clone, Hadnagy recommends not keeping 
passwords or other sensitive information on 
our phones, and to keep our operating 
systems and apps up to date.  

There is no perfect solution, says Hadnagy. 
“I have every possible protocol to keep my 
phone secure,” he says. “Does that mean I’m 
100 per cent protected? No. But I’m not the 
low-hanging fruit.” 

App and operating system designers may 
help us to make better security decisions, and 
smarter antivirus software can backstop the 
occasional evening of wanton downloading. 
But when the party’s over, and we wake up 
next to a phone we hardly recognise, we will 
only have ourselves to blame. It only takes one 
bad app to spoil the whole damn bunch.  ■

MacGregor Campbell is a consultant for New Scientist 
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“ Ask yourself:  
Why does Sudoku 
need access to all  
my contacts?”
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AFTER 15 years of neglect, David Dunstan 
decided to give his garden a makeover. 
Once he had finished clearing and 

digging, he splashed out on 120 new plants, 
from cottage-garden favourites like lupins and 
lavenders to showy hostas with their luxuriant 
foliage. With the plants dug in and watered,  
the solid-state-physicist from Queen Mary, 
University of London put his feet up and 
waited for nature to do its stuff.

It did – but not in the way Dunstan had 
anticipated. Within days the prized hostas  
had been reduced to outlines on the soil. The 
lupins were hardly recognisable. Wherever 
Dunstan looked, he saw tender young plants 
ravaged by the rasping tongues of snails.

What to do? Advice came thick and fast. 
Crush them underfoot. Drown them in traps 
baited with beer. Surround the young plants 
with a crunchy ring of ash or eggshells. Or 
there was the seemingly scientific solution:  
a barrier of copper, said to react with a snail’s 
slimy secretions to give it a nerve-jangling 
shock. But unwilling to harm even the most 
annoying of his garden’s wildlife, Dunstan 
opted for another tried-and-tested  
technique – lobbing the snails over the wall.

Later, discussing his decision in the pub, the 
consensus was: “Waste of time – they’ll come 
back.” According to gardening wisdom, snails 
can find their way home, even if it means 
crossing unfamiliar territory. His scientific 
curiosity piqued, Dunstan unearthed a bottle 
of typewriter correction fluid and started an 
experiment to find out if snail throwing 
helped protect his plants or simply improved 
his bowling technique. It’s a pressing question 
for millions of gardeners, not least the 20 per 
cent who recently confessed in a UK survey to 
throwing snails into their neighbour’s patch.

From April to October 2001, Dunstan 
regularly patrolled his garden. Whenever he 
found a large garden snail, Cornu aspersum,  
he painted a white dot on its shell. Next, the 
throw. Beyond his garden lay a piece of 
wasteland. To reach it he had to lob the snails 
over a 2-metre-high wall, across a path and 
over a wire fence. “Some days my aim was 
better than others,” he admits. “If I heard a click 

Border patrol
In the battle of the  
back garden, what’s the 
best weapon against  
snail invaders, wonders 
Stephanie Pain
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I adjusted my throw slightly to aim for a softer 
landing. But they all went about 5 metres.”

For almost two weeks, nothing. Then five 
marked snails returned. From then on, every 
time one reappeared, Dunstan painted a new 
spot on its shell and threw it back. Over six 
months he marked 416 snails and executed 
1385 lobs. Around 75 per cent returned, on 
average five times, the record holder notching 
up 17 spots. “The average time to being found 
again was a month,” says Dunstan. Still, the 
data suggested this pattern was simply down 
to aimless wandering, not a homing instinct.

Slime time
To test this conclusion, the following year 
Dunstan roped in an obliging government 
statistician who lived four houses away –  
a distance of 20 metres as the snail flies. 
Instead of painting dots on snails, he gave 
them numbers. The even-numbered snails 
went over the wall as usual. The odd-
numbered were released in the statistician’s 
garden. “If they were moving at random, the PA
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The large garden snail 
likes nothing better 
than a juicy hosta leaf 
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maths says that if they are four times further 
away, you’d expect them to take 16 times as 
long to return,” says Dunstan. Unfortunately, 
only three of the 151 odd-numbered snails 
returned. “So few came back there was no real 
opportunity to do any meaningful statistics.”

Unknown to Dunstan, he wasn’t the only 
one hoping science would reveal whether 
removing snails from the garden serves any 
purpose. In Devon, keen gardener Ruth Brooks 
was so incensed by the damage snails did to 
her petunias that in 2010 she teamed up with 
ecologist Dave Hodgson at the University of 
Exeter, UK, to test whether snails have a 
homing instinct. Brooks painted numbers  
on her snails with nail varnish, persuaded her 
neighbours to do the same using different 
colours, then swapped the snails around. She 
found that snails can find their way home, at 
least over a distance of 10 metres. “Ruth’s 
snails kept coming back to her petunias while 
those from elsewhere returned whence they 
came,” says Hodgson.

Impressed by the sophistication of snail 
behaviour, Hodgson did some snail-tracking 

of his own. To check what they were up to after 
dark, he attached coloured LED “disco” lights 
to some and painted others with glow-in-the-
dark UV paint. Time-lapse photography 
revealed that snails move faster and further 
than most imagine, reaching speeds of 1 metre 
an hour and able to cover 10 metres a night. In 
wet weather, they form convoys, sliding along 
the slime trails of preceding snails, which 
Hodgson suspects helps them save energy.

When Dunstan heard about Brooks’s 
findings, he decided to take another look at his 
own data. He contacted Hodgson and the two 
of them ran a series of computer simulations 
to find the most plausible explanation for his 
results (Physica scripta, vol 89, p 068002). 
Dunstan used Monte Carlo modelling, a 
method familiar to casino managers wanting 
to avoid losing money – and to physicists 

wanting to know the likely outcome of 
collisions in particle accelerators. Hodgson 
approached the problem from an ecologist’s 
perspective, testing various hypotheses about 
snail behaviour that might explain the data.

Both reached much the same conclusion. 
Dunstan’s modelling produced the best match 
to his data if some snails were resident and 
had a homing instinct, while others were 
“non-homing” or had a different home patch. 
Hodgson’s identified two groups of snails: 
residents and visitors passing through. “It’s 
probable that all the snails liked somewhere 
but the ‘non-homers’ preferred somewhere 
else,” Hodgson says.

If snails return home, does that mean snail 
throwing is a waste of time? Not at all. None of 
the popular deterrents is particularly effective, 
says Hodgson, and the regular removal of 
snails at least gives plants a break. Most only 
need protection for a few weeks in the growing 
season. “Obviously, if you kill snails none 
come back from the dead. When we moved 
them 20 metres, almost none came back.  
But moving them 5 metres was very effective 
at reducing the damage,” says Dunstan.

Hodgson is more interested in discovering 
how snails find their way home. “They 
probably use olfactory cues – but do they head 
straight home? Or do they just wander around 
and when they find a place they recognise stop 
there?” If they have a memory of home based 
on smell, it might be possible to confuse them 
with fragrant floral displays or a sprinkling of 
strong scent – although that still leaves plants 
at the mercy of roaming visitors.

Rather than trying to get rid of snails, 
Hodgson suggests gardeners should settle  
for co-existence. “Slugs and snails are an 
important component of garden food webs,” 
he says. “Perhaps the best solution is to try to 
find physical barriers that keep molluscs away 
from prized plants but allow them to remain 
in overgrown borders.”  ■

Stephanie Pain is a consultant for New Scientist

Colour coding (right) 
and glow-in-the-dark 
paint (left) have 
helped reveal the 
movements of snails

“ According to gardening 
wisdom, snails can find  
their way home”
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IF IMITATION is the sincerest form of 
flattery, the periodic table has many true 
admirers. Typefaces, types of meat and 

even the Muppets have been ordered in its 
image. For chemists, knowing an element’s 
position in the periodic table, and the 
company it keeps, is still the most reliable 
indicator of its properties – and a precious 
guide in the search for new substances. “It 
rivals Darwin’s Origin of Species in terms of 
the impact of bringing order out of chaos,” 
says Peter Edwards of the University of 
Oxford.

The origins of the periodic table lie in the 
19th century, when chemists noticed that 
patterns began to emerge among the known 
chemical elements when they were 
organised by increasing atomic weight. In 
the 1860s, Dmitri Mendeleev and others 
began to group the elements in rows and 
columns to reflect those patterns – and 
realised gaps in the resulting grids allowed 
them to predict the existence of elements 
then unknown.

It was only with the advent of quantum 
theory in the 20th century that we began to 
grasp what lies behind these patterns. The 
periodic table’s rows and blocks roughly 
correspond to how an atom’s electrons are 
arranged, in a series of “shells” around the 
proton-rich nucleus. Electrons fill shells and 
subdivisions of shells starting with the one 
closest to the nucleus, which has the lowest 
energy. The number of electrons in the 
outermost shell, and its distance from the 
nucleus and the other shells, are the main 
factors that determine an element’s 
chemical behaviour. “Chemical periodicity 
is a natural property,” says Eric Scerri, a 
philosopher of chemistry at the University 
of California, Los Angeles.

But that perhaps leads us to some hasty 
conclusions about the table. “People assume 
surely it’s been sorted out. It’s not settled – 
many, many aspects are still up for grabs,” 
says Scerri. Electron configurations do not 
always mesh neatly with chemical 
properties. Properties and patterns we take 
as given on Earth are very different when we 
venture into the extreme environment of 
space. And quite what happens towards the 
end of the periodic table – and indeed, where 
this end lies – are questions that remain 
unanswered. As the examples on the 
following pages show, the periodic table is 
still very much a work in progress...

Rogue elements
Parts of chemistry’s iconic classification scheme 
just don’t stack up, says Celeste Biever
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The earliest periodic tables arranged elements 
by ascending atomic weight – basically, the 
number of protons and neutrons in an atom’s 
nucleus. But most atoms come in various 
isotopes containing different numbers of 
neutrons. Today’s tables order the elements by 
atomic number – the unambiguous number 
of protons.

The atomic weights are still there – but the 
question is, which is the “correct” one? They 
used to be displayed as a single number for 
each element, based on averaging the weights 
of its natural isotopes according to their 
relative abundances. But this perpetuates the 
misconception that this number is some kind 
of fundamental constant, says Tyler Coplen of 
the Reston Stable Isotope Laboratory in 
Virginia. In reality, the atomic weight of an 

magnesium followed in May 2013. Nickel, 
selenium and zinc are probably next up.

Not all elements are so flighty, though. 
Fluorine, aluminium, sodium, gold and 
17 other elements have only one stable  
isotope, meaning their atomic weight really  
is a constant of nature. Their weights can  
stay, then.

THREE’S COMPANY?

Ordering the periodic table by atomic number 
makes the position of elements indisputable – 
except when it doesn’t. Take the case of the 
two rows of elements floating rather like an 
afterthought below the main body of the 
table: the lanthanides and actinides.

Two gaps in the main table, below scandium 
and yttrium in group 3, mark where these 
series slot in. The question is, how do they slot 
in? There are two schools of thought. One goes 
by electron configurations: scandium and 
yttrium both have three outer electrons,  
as do lanthanum and actinium, the elements 
at the left-hand end of the series, so they are 
the rightful placeholders. But others point  
out that chemical properties such as atomic 
radius and melting point make lutetium and 
lawrencium at the right end of the rows a 
better fit. In 2008, simmering tensions 
between the two sides boiled over in the  
pages of the Journal of Chemical Education. 

Resolving the dispute matters, says Scerri, 
and not just for pedagogical clarity. Yttrium 
can be used to make superconductors, 
compounds that conduct electricity without 
resistance, that work at relatively high 
temperatures. The hunt is on for materials 
with similar abilities and Scerri thinks 
lutetium and lawrencium compounds may 
have been overlooked because they are seen  
as belonging to a completely unrelated group.

Any resolution will be years away. IUPAC  
has given Scerri the go-ahead to set up a 
committee – but only to make the case for why 
a decision might be needed.

HALF EMPTY – OR HALF FULL?

In the early universe, the two simplest 
elements, hydrogen and helium, were pretty 
much all there was. But the advent of more 
complex stuff has made it difficult to work out 
where they fit in. “It’s a bit like asking how >

WEIGHTY AFFAIR

element such as carbon, say, varies slightly 
from sample to sample depending on the 
exact quantities of each isotope.

In 2009 the guardians of the table, the 
International Union of Pure and Applied 
Chemistry (IUPAC), took action, removing the 
set atomic weights of 10 elements including 
hydrogen, lithium, boron, carbon, nitrogen 
and sulphur, and replacing them with ranges 
encompassing the isotopic spreads in all 
known terrestrial samples. Bromine and 

“ Simmering tensions about 
the elements’ positions 
boiled over in 2008”
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would you classify dinosaurs along with other 
animals,” says Scerri.

Hydrogen has one proton surrounded by 
one electron rattling around in a shell that 
might hold two. But is that shell half-empty  
or half-full? Most elements tend to either gain 
or lose electrons during chemical reactions. 
Hydrogen swings both ways, sometimes 
picking up an electron to fill its shell and form 
compounds like sodium hydride (NaH), and 
sometimes losing its one electron to form 
compounds like hydrogen fluoride (HF).

Most periodic tables, including IUPAC’s,  
put hydrogen in group 1 with electron-losing 
metallic elements such as lithium and 
sodium. But even IUPAC allows that hydrogen 
might sit equally well with electron-scarfing 
halogens such as fluorine right over in group 
17. Most chemists shrug at this ambiguity. “It 
doesn’t bother me to include hydrogen both  
in group 1 and in group 17,” says Pekka Pyykkö 
of the University of Helsinki in Finland.

The problem with helium, meanwhile,  
is that it hardly reacts at all, thanks to its full 
outer electron shell. In a standard periodic 
table it sits atop neon with the noble gases that 
share this characteristic, in group 18. But the 

fact its outer shell contains only two electrons 
makes some suspect it would be better off 
with elements such as beryllium, over in 
group 2.

That suspicion is increased by calculations 
indicating that both helium and neon might 
under certain circumstances react with other 
elements, but that helium is the more likely  
to. This goes against the trend of increasing 
reactivity as you go down that group – a 
wrinkle that could also be smoothed, some 
suggest, by spiriting helium away to group 2.

WHEN IS A METAL NOT A METAL?

It was a trend that made the pioneers of the 
periodic table confident they were on to 
something: if you sweep diagonally across the 
periodic table from bottom left to top right, 
the elements gradually become less metallic. 
Commonly, the boundary between the two is 
depicted as a thick line staircasing its way 
down the table’s right side.

Sadly, it isn’t that simple. “Metal-non-metal 
status isn’t sacrosanct,” says Edwards. Take 
hydrogen. We Earthlings encounter it as a 

distinctly non-metallic transparent gas.  
But in the cores of hydrogen-rich planets such 
as Jupiter and Saturn, high pressures and 
temperatures are thought to make hydrogen a 
shiny, metallic fluid. Its usual position in the 
periodic table, above metallic lithium, hints at 
this. But avowed non-metals such as helium or 
oxygen are also expected to loosen up under 
pressure, so their outermost electrons roam 
free to conduct as they see fit. “The periodic 
table as you learned it is only the periodic table 
at ambient conditions,” says Friedrich Hensel 
of the University of Marburg in Germany.

Hydrogen under pressure might even  
make a solid metal, a substance with possibly 
exciting applications as a fuel or room-
temperature superconductor – although 
recent claims to have made it in the lab are 
disputed.

It goes the other way, too. In 2009, a team 
led by Artem Oganov, now at the State 
University of New York at Stony Brook, used 
high pressures to turn the shiny group 1 metal 
sodium into a translucent, reddish-orange 
non-metal. In this case, it seems the pressure 
brings electrons so close that they are forced to 
occupy spots that minimise subsequent 
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Questions on the table
The periodic table organises elements according to increasing atomic number – but that doesn’t mean everything’s settled

3. Where should 
hydrogen and helium be?

1. What’s the right 
atomic weight?

2. Which 
elements fit 

in here?

5. Does relativity mess with 
heavy element predictions?

6. Where does the 
table end?

4. Where is the 
metal/non-metal divide?

Key
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repulsions, instead of roaming free.
Such questionable behaviours highlight 

that there is little settled in the chemical 
world, but we shouldn’t panic, says Oganov.  
“I don’t think we need to revise the periodic 
table. What we are doing now is making very 
important comments and corrections to it.” 

EINSTEIN’S INFLUENCE 

Einstein’s relativity bends space, time, minds – 
and the periodic table. By the time you reach 
gold, with an atomic number 79, the pull of 
the highly charged nucleus is such that the 
innermost electrons whizz round at a zippy 
80 per cent of the speed of light. This increases 
their mass, causing them to orbit the nucleus 
more closely and shield electrons further out 
from its pull. The outer shells then expand – 
and the neat connection between how 
electrons fill up shells and an element’s 
chemical properties begins to break down.

The knock-on effects on the wavelengths of 
light that gold absorbs are why it looks so very 
different from the precious metal directly 
above it in the periodic table. “You need 
relativity to actually make gold different from 
silver,” says Pyykkö. That’s not the only thing. 
Just last year, Peter Schwerdtfeger at Massey 
University in Auckland, New Zealand, finally 
proved something suspected for decades: that 
mercury’s anomalously low melting point, 
causing it uniquely among metals to be a 
liquid at room temperature, is also down to 
relativistic effects.

As ever heavier elements are added to  
the periodic table, where does this leave 
things? We’re not quite sure. When the 
properties of rutherfordium (atomic number 
104) and dubnium (105) were found to be  
out of keeping with hafnium and tantalum 
immediately above them, questions were 
asked. But Seaborgium (106) seems stolidly 
conventional. Element 107 has been dubbed 
“boring bohrium” for the way it toes the  
group line. Experiments with two of the  
table’s recent additions, copernicium (112)  
and flerovium (114), have so far painted a 
mixed picture.

So has Einstein deprived the periodic table 
of its predictive power? Pyykkö is relaxed 

about the ructions. “You don’t have a simple 
mathematical theory underlying the periodic 
table,” he says. “You have a number of nuts 
and bolts – one is relativity. When put 
together, they explain the workings of the 
periodic table.” Matthias Schädel, who studies 
superheavy elements at the GSI Helmholtz 
Centre for Heavy Ion Research in Darmstadt, 
Germany, is less sanguine. “The periodic table 
is still intact – but you can’t predict detailed 
properties any more,” he says.

WHERE WILL IT ALL END?

Early atomic models indicated that, above  
an atomic number of 103, the repulsive force 
between positively charged protons would 
become so great that atoms would just fall 
apart. Nature generally gives up at 92,  
with uranium.

But thanks to experiments to fabricate 
elements beyond uranium in the lab, the 
heaviest atom now officially recognised is 
livermorium (116). Elements 117 and 118, 
already fabricated, are yet to be legitimised. 
Clearly, where the end of the table lies isn’t 
that simple. “There certainly is a limit,” says 
Schädel, “but we don’t know where it is.”

The existence of superheavy elements with 
atomic numbers above 103 is now explained 
by theories that say that, just as orbiting 
electrons are arranged in shells, so too are 
protons and neutrons within the nucleus.  
In and around specific “magic” numbers 
corresponding to full shells, atoms are more 
stable. But there must still come a point where 
the fields within highly charged, weighty 
atoms will become irresistible. One 
suggestion, from theorist Paul Indelicato of 

the Pierre and Marie Curie University in Paris, 
France, and his colleagues in 2011, is that 
quantum instabilities within these fields will 
finally do for elements above number 172.

Stability is only ever relative with the 
superheavy elements, anyway: those made so 
far are radioactive and often only survive for 
fractions of a second before decaying, making 
them difficult to study. What’s more, most of 
them can only be produced one atom at a time, 
meaning chemical properties such as 
volatility, conductivity, or whether something 
is a solid, liquid or gas, cease to make much 
sense. So do they really count as elements at 
all? “As a chemist, you want to see chemical 
interactions,” says Schädel.

Several research teams have devised 
ingenious ways to study the properties of 
single atoms. One experiment has probed the 
volatility of copernicium and flerovium by 
comparing what temperature a single atom 
sticks to a gold surface with the sticking point 
of atoms whose volatility is known. Theory 
also indicates a higher sticking temperature 
could be evidence for a metallic character. 
“Chemists and physicists have defined metal 
for generations but they never had to think 
about what happens with one atom,” says 
Schädel. “This is a completely new way of 
defining a metal.”

Even so, with no realistic prospect of 
exploiting these superheavy atoms, isn’t this  
a fool’s errand? Schädel thinks not, and sees 
such experiments in the 150-year tradition 
that have made the periodic table the iconic 
chart of the elements it is. “It’s experiencing 
terra incognita, going to regions that no one 
has a glimpsed yet,” he says.  ■

Celeste Biever is news editor at Nature

Forget to factor in 
relativity, and gold is 
just another silver
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“ There certainly is a limit to 
the periodic table – but we 
don’t know where it is”
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Misbehaving Science: Controversy 
and the development of behavior 
genetics by Aaron Panofsky, 
University of Chicago Press, $85

ARE some fields 
of scientific 
exploration so 
incendiary they 
should be fenced 
off and labelled 
“Keep out”? 

I’m inclined 
to think not, both from a 
commitment to intellectual 
freedom and for the practical 
reason that if you put up 
such notices, trespassers are 
guaranteed. Still, if any area 
of research might warrant 
prohibition it is eugenics – the 
branch of human genetics used 
to justify repugnant Nazi ideology 
and, before that, the enforced 
sterilisation of  “degenerates” 
around the world.

Yet eugenics was not cordoned 
off. A mere two decades after 
the second world war, it was 
reinvented as behaviour genetics. 
The story of what happened next is 
both gripping and salutary – and 
it is told with wonderful insight 
by sociologist Aaron Panofsky 
from the Institute of Society and 
Genetics at the University of 
California, Los Angeles.

It is testament to human 
resilience and optimism that 
behaviour genetics was born 
into an atmosphere of academic 
excitement. Seen as an antidote 
to behaviourism – the idea that 
behaviour can be scientifically 

understood without recourse to 
anything beyond the observable – 
the pioneers believed that by 
turning the spotlight on heredity 
they could achieve their dream 
of “unlocking the secrets of 
human nature and solving social 
ills like crime, homelessness, and 
madness”, as Panofsky puts it.

What’s more, they were 
convinced they could do this 
without reviving the menacing 
spectre of eugenics, or its diabolical 
cousins, racism, social Darwinism 
and biological determinism. One 
volume of essays establishing the 
field reads: “The concept of race is 
likely to remain of small general 
interest for behavioral science 
[because research in this area is] 
procedurally difficult, politically 
dangerous, and personally 
repugnant.” Behaviour geneticists 

were determined their discoveries 
would not be misused for social or 
political ends. As Theodosius 
Dobzhansky, a hugely respected 
population geneticist and 
founder of the field, often said: 
“Differences aren’t deficits.”

In hindsight it seems naive.  
But with an emphasis on 
academic inclusion and a remit to 
think broadly and creatively, the 
discipline flourished. This golden 
age lasted just a decade. Then 
came the fall.

In 1969, psychologist Arthur 

Jenson at the University of 
California, Berkeley, published 
an infamous article: “How much 
can we boost IQ and scholastic 
achievement?” It drew heavily on 
behaviour genetics to argue that 
the IQ gap between black and 
white populations had genetic 
causes and, as a result, educators 
could do little to reduce it. 
Commentators were up in arms. 
Panofsky describes it as “perhaps 
the most widely covered academic 
controversy ever”. And it was the 
public reaction, as much as 

Jenson’s preposterous assertions, 
that changed the course of 
behaviour genetics.

With the entire discipline under 
attack, the field fragmented, and 
those who were left closed ranks. 
This had disastrous knock-on 
effects. “It became difficult for 
behavior geneticists to distinguish 
constructive criticism from 
destructive attacks, and this made 
them less willing to engage each 
other critically,” writes Panofksy.

The founding principles of 
social responsibility suffered, 

CULTURELAB

Reaping the 
whirlwind 
By the 1970s, behaviour genetics was 
too hot to handle. Sadly, it has become 
bad science, too, says Kate Douglas

“ Research into race is 
procedurally difficult, 
politically dangerous, and 
personally repugnant”
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usurped by a responsibility to the 
discipline itself and to scientific 
freedom. And controversy bred 
controversy as the prospect of 
achieving notoriety attracted 
new talent. In short, the field 
became weak and poorly 
integrated, with low status, 
limited funding, and publicity 
the main currency of academic 
reward. This, according to 
Panofsky, is why it is afflicted 
with “persistent, ungovernable 
controversy” – his definition of 
“misbehaving science”.

 Prisoners, Lovers, and Spies: The 
story of invisible ink from Herodotus 
to al-Qaeda by Kristie Macrakis, Yale 
University Press, $27.50

Caroline Morley

THE notion that 
“gentlemen do not 
read each other’s 
mail” troubled the 
FBI when it set up a 
postal censorship 
operation in the 
second world war.

But as science historian Kristie 
Macrakis explains in Prisoners, 
Lovers, and Spies – a history of 
“secret writing” – the British had 
no such scruples following their 
success catching spies in the first 
world war. And intercepting other 
people’s communications didn’t 
trouble the CIA or KGB in the cold 
war either, nor the US National 
Security Agency in recent times.

So what is secret writing? 
Cryptographers wrestle with 
messages contained in a sequence 
of letters, numbers or symbols; 
detecting secret writing, however, 
means finding the message in the 
first place. The most famous 

method is invisible ink, which is 
revealed by heat or a chemical 
reagent. An old favourite, lemon 
juice, was used by Nazi spies in the 
UK, who could be convicted on 
little more than the possession 
of lemons and used matches. 

But the loss of its spies sparked 
an arms race: Germany refined 
microdot technology – shrinking 
photographed documents to the 
size of a full stop – and new 
chemicals that required specific 
reagents, while the Allies hunted 
for a universal developer to reveal 
all messages. The race continues, 
as terrorists hide messages in 
digital photos, and superagencies 
hoover up all the electronic 
communications they can. 

Not unlike the subject matter, 
the book proceeds in fits and 
starts, with most cutting-edge 
development and excitement 
centred on war or other 
emergencies. Yet it never quite 
lives up to the glamour of the title.

Still, if you fancy trying out 
secret writing, Macrakis has some 
tried and tested recipes, which use 
easily obtained substances. But 
remember: for every message you 
send, there has to be someone – 
not a gentleman – who is happy to 
read your mail.  ■

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

Revealing all
A history of secret writing doesn’t quite 
live up to its headline glamour

It all seemed inevitable. Sooner 
or later, behaviour genetics 
would come up with something 
contentious – a gene “linked to” 
aggression or homosexuality, 
to name two examples that came 
later – a media frenzy would ensue, 
and the scientists would fight 
their corner. Misbehaviour was 
in its nature.

But, after Jenson, behaviour 
genetics changed in another way, 
which was more unexpected and, 
to my mind, more unforgivable. 
Panofsky recounts how, as the 
bunker mentality set in and some 
practitioners defected, channels 
of enquiry narrowed until 
research came to focus almost 
exclusively on the slippery 
concept of heritability.

Take a population of, say, 
tomato plants, and a trait, say, 
height. That trait will vary among 
members of the population, and 
the proportion of variance due to 
genes, rather than environment, 
is the heritability.

Behaviour geneticists came to 
see finding high heritability as a 
justification for their work. But 
heredity changes depending on 
the environment. Grow those 
tomatoes in a regulated 
greenhouse and almost all the 
difference in their height will 
be thanks to their genes; grow 
them on a sloping, partly shaded 
field and the effect of heritability 
is lower.

Nature and nurture are not 
distinct, and the complexity of 
their interactions is increasingly 
apparent in this genomic age. 
Heritability can’t even be reliably 
estimated in humans using twin 
and adoption studies, the method 
of choice for behaviour geneticists.

All this undermines the 
supposition that heritability tells 
us about the cause of a behaviour. 
In fact, heritability is almost 
entirely meaningless. Forget 
“misbehaving science”, for me the 
tragedy of behaviour genetics is 
that it has become bad science.  ■

Even twin studies aren’t reliable 
when it comes to heritability

New York, 1942: checking mail for 
anything that might aid the enemyM
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The Wind Tunnel Project, Farnborough, 
Hampshire, UK, runs until 20 July 2014

WHILE Farnborough stages its 
world-famous air shows deep in 
the British countryside, some 
gigantic yet unprepossessing 
buildings nearby will be 
humming, droning and singing 
to celebrate their reopening. 

The buildings, with names 
like Q121 and R52, are the wind 
tunnels that shaped the elliptical 
wings of one of Britain’s most 
famous second world war aircraft, 
the Spitfire. They also guided 
designs for supersonic aircraft. 
Now they are open to the public 
for the first time, as part of an 
installation created by sound 
artist Thor McIntyre-Burnie that 
utilises the buildings’ exceptional 
acoustic properties.

Finished in 1935, Q121 is a 
steel and reinforced concrete 
building some 15 metres high, 
housing the UK’s largest wind 
tunnel. Optimised to channel air, 
the tunnel boasts extraordinary 
acoustics. Its massive fan once 
drove air at nearly 185 kilometres 
an hour into the maw of a 
concrete throat. Reinforced 
concrete vanes turned that 
gale back on itself twice, until 
the airstream left through 
a grate, aimed directly at the 
intake fan. The test area 
between vent and fan could 
accommodate whole planes.

The reverberation in Q121 is 
tremendous: make a sound in any 
large industrial building and it 
lingers. In acoustic engineering, 
the rate of decay is gauged by the 
reverberation time, the time it 
takes for sound to die away to a 

thousandth of its initial intensity. 
The reverberation time is largely 
controlled by the amount of 
energy dissipated every time 
sound bounces off the walls, floor 
and ceiling. Larger spaces have 
longer reverberation times 
because there is a longer interval 
between reflections.

Something else is happening 
there, too. “The structure is built 
precisely to minimise turbulence, 
so along with the reverb you get 
enormous clarity,” says McIntyre-
Burnie. “Also, the spaces between 
the vanes that directed the air in 
the tunnel seem to have their own 
acoustic properties.” He plays 
with this effect in his installation, 
combining instrumental music, 
historical recordings and the 
voices of former engineers.

Interestingly, when it comes to 
recording the experience, sound 
art presents unique problems. 
“Being in a space, gauging the 
distance between sound sources, 
walking through corridors and 
rooms, you subconsciously 

compensate for the way sounds 
from different locations arrive at 
different times in the ear,” says 
McIntyre-Burnie. “Installations 
can make perfect sense in situ, 
but they can come apart in a 
recording, when there are no 
visual cues to help you.”

The Wind Tunnel Project 
illustrates this. To one side of the 
test area where the main speakers 

hang, a door leads to another part 
of the tunnel. Sounds travelling 
via this route arrive after an 
appreciable delay.

It is a rare opportunity to 
explore such aspects of sound art. 
No one is likely to build cathedral-
like spaces for artists to work in, so 
there is good reason to reopen 
disused industrial spaces like this. 
As pioneering Canadian composer 
Raymond Murray Schafer says, 

sites with extraordinary acoustics 
deserve as much preservation as 
those that look remarkable.

Teufelsberg, on the outskirts 
of Berlin, is another such site. 
There, a disused military facility 
contains “radomes” – spheres 
used to protect and conceal radar 
antennas. The highest radome is 
on the sixth storey of a derelict 
tower. Jump onto the concrete 
plinth in the centre of the room, 
and any sound you make is 
focused back towards you. Sway 
to the right so the focal point is at 
your left ear, and the amplification 
afforded by the curved walls lets 
you whisper into your own ear.

Could these experiences be 
preserved by marrying 3D audio 
recordings from such spaces with 
virtual reality systems? Perhaps, 
but it is unlikely that such 
recordings would ever rival the 
magic of actually being there.  ■

Trevor Cox is professor of acoustic 
engineering at the University of Salford. 
Simon Ings is a CultureLab editor

CULTURELAB

Sound structures 
Some buildings are worth preserving for the music they make, find Trevor Cox and Simon Ings

Propeller heads: an old wind tunnel 
now helps to create sound art

“ Sites with extraordinary 
acoustics deserve as much 
preservation as those  
that look remarkable”
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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

 

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
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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

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
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understanding of Earth and the universe in which we live.
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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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Are you a PhD-qualified Chemist or Scientist 
eager to become an outstanding scientific 
leader? An inquisitive mind who would thrive 
on a diverse, intellectually demanding global 
leadership programme? Do you want to translate 
your scientific expertise into disease-beating 
medicines? And help people across the world to 
do more, feel better and live longer?

We are a science-led, global healthcare company 
that puts patients first. Our business is focused 
on developing medicines that improve the 
quality of human life. To meet the future strategic 
challenges this entails, we need to fast-track the 
finest scientific talent into senior leadership roles 
within our business.

Esprit R&D is an initial three-year, accelerated, 
multidisciplinary and individually tailored 
programme. It is heavily backed by our senior 
management team, and it will give you incredible 
standing as a chemist or biomedical scientist 
among your peers.

Over the three years, you’ll undertake high-
profile, global rotations that will give you in-depth 
drug discovery and development knowledge 
and expertise, and then it is anticipated that you 
will transition into a leadership role within a key 
functional area after successfully completing this 
programme. You’ll apply this knowledge across 
a range of drug development disciplines from 
discovery research to commercialisation and 
business development.

And as well as learning from thought leaders in 
your field, you’ll benefit from unrivalled formal 
training, mentoring, coaching and development to 
enhance your leadership capabilities.

To be eligible for our Esprit R&D programme, 
you’ll need:

• For Chemists, a PhD in chemistry (or 
aligned area e.g. chemical engineering) with 
experience in the Pharmaceutical or Biotech 
field (either through a short term placement 
or ideally as a permanent employee) plus 
excellent theoretical and practical skills.

• For Scientists, a PhD in life sciences/
biomedical sciences (or aligned qualification 
e.g. PharmD) with experience in the 
Pharmaceutical or Biotech field (either 
through a short term placement or ideally 
as a permanent employee) plus excellent 
theoretical and practical skills coupled with 
a strong record of productivity. Post-doctoral 
experience is also welcome.

• Strategic decision-making skills and possibly 
commercial acumen.

• Innovation, creativity and the ability to solve 
complex problems.

• The ability to adapt and learn new areas while 
working as part of a team.

• The insight and curiosity to push boundaries 
in your field.

• Global mobility for one 12-month assignment.
• Eligible to work in one of the countries below 

at the time of, and for the duration of, the 
programme.

Please note that Chemist candidates need  
to be available to attend a 2-day assessment 
centre in London, UK on 14-15th October 2014. 
Scientist candidates need to be available to 
attend a 2-day assessment centre in London,  
UK on 21-22nd October 2014.

Esprit Chemist and Scientist Leadership 
Development Programme

Opportunities are available in the UK, US, China, Japan and Spain. We will be open for applications from 
1-17th July 2014. To apply please visit http://bit.ly/EspritNS where you will also be able to gain more insight 
and review a FAQ fact sheet.

What’s possible?
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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.

MS in Bioinformatics 

at Boston University
2QH�RI�WKH�¿UVW�SURJUDPV�RI�LWV�NLQG��WKH�%LRLQIRUPDWLFV�*UDGXDWH�3URJUDP�RIIHUV�XQLTXH�

LQWHUGLVFLSOLQDU\�WUDLQLQJ�LQ�WKH�VFLHQFH��HQJLQHHULQJ��PHGLFLQH�DQG�HWKLFV�RI�WZHQW\�¿UVW�FHQWXU\�

FHOO�ELRORJ\�

Now offering an MS degree in Bioinformatics, or an MS in Bioinformatics 

with a focus on Translational Medicine 

7KH�0DVWHU¶V�GHJUHH�UHTXLUHV�D�WRWDO�RI����FUHGLWV���<RX�FDQ�FRPSOHWH�WKH�SURJUDP�LQ�DV�OLWWOH�

DV����PRQWKV��RU�HQUROO�SDUW�WLPH�IRU�D�VFKHGXOH�WKDW�¿WV�\RXU�OLIHVW\OH

0HULW�6FKRODUVKLSV�DUH�DYDLODEOH�WR�PDVWHU¶V�VWXGHQWV��SURYLGLQJ�WXLWLRQ�DVVLVWDQFH�WR�IXOO�WLPH�

VWXGHQWV�RQ�D�FRPSHWLWLYH�EDVLV

'HDGOLQHV�IRU�DSSOLFDWLRQV��July 15�IRU�IDOO���December 15�IRU�VSULQJ

http://www.bu.edu/bioinformatics/admissions/
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To learn more, visit  
www.stjude.org/careers

Ranked in the top 10 best places to work in academia by The Scientist yearly since 2005.

Named the nation’s best children’s cancer hospital by U.S. News & World Report, 2010.

Named to FORTUNE magazine’s 100 Best Companies to Work For 2011-2014.

EOE/Minorities/Females/Vet/Disability

©2014 St. Jude Children’s Research Hospital-Biomedical Communications.

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

Internationally recognized for its pioneering research and treatment of 

children with cancer and other catastrophic diseases, St. Jude Children’s 

Research Hospital is ranked among the best pediatric cancer hospitals 

in the nation. It is the fi rst and only National Cancer Institute-designated 

Comprehensive Cancer Center devoted only to children.

At St. Jude, world-renowned scientists and clinical investigators share their 

knowledge and work together to advance cures, and means of prevention, 

for pediatric catastrophic diseases through research and treatment.

New and exciting research positions are available in our academic 

departments, requiring bachelor’s, master’s or doctoral degrees. Positions 

are available at all levels, with the opportunity to grow within our hospital’s 

research career ladder.

For information on all current opportunities and to apply, please visit our 

website at www.stjude.org/careers.

A brilliant career, perfectly suited 
to my qualifications.

“I’m Tanya Harris, Global Supply Director at AstraZeneca. I joined as a 

Director of Manufacturing and I’ve been progressing with the company for 

ten years now. For me, there couldn’t be a better place to work. With a 

Bachelor’s Degree in Mechanical Engineering and a Master’s Degree in 

Business, I’ve enjoyed so many opportunities to expand my talents and 

grow a wonderful career, here and abroad. 

This is an environment which really nurtures ambition and innovation, 

supporting both my professional potential and home life. AstraZeneca 

develops people like me through experience, education and leadership. It’s 

all about continually moving towards better answers and greater successes. 

Working here has been one of the highlights of my life – and there’s much 

more to come.”

Visit astrazenecacareers.com and discover more about operations and 

manufacturing in the career areas.

“This is an environment 

which really nurtures 

ambition and innovation.”

An Equal Opportunity Employer. All qualified applicants will receive consideration for employment without regard to race, color, 

religion, sex, national origin, or protected veteran status and will not be discriminated against on the basis of disability.
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CLIMATE change is of great concern 
to Trevor Dudley. He appreciates that 
global warming will result in a rise in 
sea level, and that Venice will flood 
more often. But how can Majestic 
Wine stores be privy to precise 
information on the timing and extent 
of the effects, so far withheld from 
us mortals? How else to explain the 
email the company sent him, headed 
“1 Week Left! 25% Off Italy”?

UNEXPECTEDLY, the Prescription 
Medicines Code of Practice 
Authority (PMCPA) sent Feedback 
a press release announcing that 
“Pharmaxis Pharmaceuticals Ltd 
has breached Clause 2 of the ABPI 
Code of Practice”. We delved into 
the details to try to discover which 
of our colleagues should be told 
about this news.

As far as we can tell – and we 
stand ready to be corrected – the 
story concerns an anonymous 
complaint that Pharmaxis, which 
sells a cystic fibrosis treatment 
containing the substance 
mannitol, had distributed a 

publication entitled Current 
Medical Literature – Cystic Fibrosis 
without first registering it as 
promotional material.

This publication acknowledges 
an “educational grant” from 
Pharmaxis. It was the inclusion of 
a Pharmaxis advertisement that 
made one issue “promotional”.

The complaint was upheld and 
Pharmaxis was ordered to take 
out an advert publicising this. 
There are 21 Current Medical 
Literature titles published by 
the company Remedica; four 
acknowledge external grants.

We wondered why we’d had to 
work so hard to extract this from 
the press release. Then we read 
that the PMCPA “administers  
The Association of the British 
Pharmaceutical Industry’s (ABPI) 
Code of Practice at arm’s length 
from the ABPI itself”. Someone 
of a suspicious inclination might 
wonder whether clarity was in the 
interests of the pharmaceutical 
industry, or conclude the press 
release really was for Feedback.

STILL thinking in bureaucratese, 
Feedback is delighted to have 
discovered more details of the UK 
government’s decision to include 
illegal drugs and prostitution in 
estimates of gross national income 
(14 June). At bit.ly/DopeData we find 
a charming and enlightening briefing 
by the Office for National Statistics. 
We suspect that Joshua Abramsky 
and Steve Drew had fun drafting 
this – though the definition of “fun” 
we use here may be quite specialised.

Feedback naturally has quibbles. 
Electricity used in indoor cannabis 
production is “assumed to already 
be recorded” in “household final 
consumption expenditure”. We shall 
have to think about the economic 
impact of the meter-fiddling widely 
reported in this connection. And the 
assumption that drug dealers “have 
no labour costs” fails to account for 
the lookouts on streets near us.

The authors’ handling of the 
vexed question of drugs being “cut” 
is statistically sensitive. We share 
their subtly expressed sadness that 
“the closure of the Forensic Science 
Service means that no purity data  
will be available for future years”.

MEANWHILE, readers have 
responded to our appeal for 
examples of subtle diplomatic 
language (31 May). When Philip 
Welsby was chair of a medical staff 
committee, “announcing ‘this of 
course has parking implications 
for consultants’ would see the 
original topic, no matter how 
important, sidelined”.

Alan Fowler treasures a memo 
from a Chief Roads Engineer 
which began: “I am sorry if I have 
introduced an impression of 
terminal accomplishment into 
the ongoing decision-making 
process.” We note that these, like 
the phrases we reported in May, 
concern avoiding the risk of 
moving discussion “unnecessarily 
forward”. We’d also like examples 
of diplomatic enthusiasm. Photos 
of hens’ teeth are welcome, too.

PI DAY was celebrated in the US on 14 
March – since that day can be written 
“3.14” in the country’s date format, 

which is close enough to the ratio of a 
circle’s circumference to its diameter. 
Derek Woodroffe has been chatting 
with Feedback about when it could 
or should be marked elsewhere.

We started with an examination of 
available date formats. The American 
National Standards Institute (ANSI) 
format – according to which this 
issue’s date is written 2014-07-12 – 
is widely used in Japan. It works well 
for Derek when he is at work, since it’s 
easy to get a computer to sort ANSI 
dates, the chronological order being 
“alphabetical” as it were. Sadly, it 
appears to rule out celebration of any 
significant number we can think of.

The UK’s day/month/year format 
is equally unhelpful for most famous 
numbers. After more musing we have 
agreed with those who promote Pi 
Approximation Day. British speakers 

can and should celebrate it later this 
month on 22/7. Do let us know about 
any events.

FINALLY and still numerically, we 
reported a coastguard emergency 
phone in Cornwall, UK, labelled 
“Emergency phone 999 only” 
but bearing just three buttons, 
labelled “1”, “2” and “3”.

The county of Kent goes one 
better, for some senses of “better”. 
Jeffrey Borinsky sends a photo of 
a phone on Walmer beach with 
the instruction “Lift up handset. 
Dial 999,” and just one “1” button. 

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.

Tom Ellis notes bags of salad labelled “just natural 
little leaves – no artificial stuff, no GMO or weird 
science”. What products might contain, and 
proudly proclaim, “weird science”?
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Toasties
When I toast bread that I have freshly 
made, it comes out of the toaster 
much hotter than store-bought 
bread. Why?

■  I’m going to assume that the 
home-made and shop-bought 
bread are the same variety – 
white, for instance – and that both 
are toasted on the same setting. 

Based on the information given 
in the question, the reason for the 
temperature disparity could 
simply be that the home-baked 
bread went into the toaster hotter 
than its supermarket counterpart, 
because it has implicitly just come 
out of the oven or bread machine. 
If, however, the home-made bread 
had cooled to the temperature of 
shop-bought bread before either 
entered the toaster, other factors 
come into play. 

From experience with my 
family’s bread machine, a loaf is 
considerably denser and gooier 
when it has just been baked than 
after it has rested for an hour or so.  
In fact, we tend not to cut into a 
loaf before it has fully cooled, 
because slicing it in its just-out-of-
the-oven state is tricky and tends 
to make the rest of the bread sag. 

These effects are all caused 
primarily by moisture. Right after 
baking, the starch grains in the 
dough still contain significant 
stores of water. It is gradually 
expelled through a process called 
retrogradation, exiting as steam. 
But even after cooling, home-
baked bread probably contains 
more moisture than shop-bought 

varieties (which, although often 
claimed to be fresh, may have 
been baked and rebaked several 
times over).

A toaster works by bombarding 
bread with infrared radiation. 
Water molecules are very good – 
or at least better than the other 
basic bread ingredients – at 
absorbing it, because they contain 
hydroxyl groups with bonds that 
can transform the radiation’s 
energy into specific vibrational 
modes. The molecules then re-
emit the infrared radiation (this 
mechanism also occurs with 
water vapour in the atmosphere, 
contributing to the greenhouse 
effect). In the case of toast, this 
energy is picked up by receptors 
in our skin. 

So the more water the bread 
contains, the more infrared it can 
absorb from the toaster and then 
re-emit – it is therefore “hotter”.
Sam Buckton
Chipperfield, Hertfordshire, UK

Seeing red
It seems that the paint on red cars 
fades more quickly than any other 
car colour. Is there a reason why? 
(Continued)

■  I noted the comments on 
fading red paint in The Last Word 
(7 June). I came across an amusing 
instance of this in the Flinders 
Ranges of South Australia, where 
the Pichi Richi Pass is a 
spectacular feature on the road 
from Port Augusta to Quorn.

For many years a sign naming 

the pass stood at its entrance. It 
was written in black text, except 
that the initial letters of each word 
were in red. 

That part of the world enjoys 
a lot of bright sunlight and clear 

skies, and the red paint faded over 
time to be almost invisible. This 
left behind a rather amusing sign.
David Harris
Balhannah, South Australia

Winging it
In a park near Croydon in south 
London is a notice saying that white 
bread causes the geese to have 
distorted wings. There are two geese 
with this problem in the park. How is 
white bread harmful to geese and 
does it really lead to wing damage?

■  Canada geese may develop 
what is commonly known as 
angel wing, caused by excessive 
dietary protein when waterfowl 
are under 8 weeks old. White 
bread alone is not necessarily 
responsible – the source could be 
high-protein foods such as cheese 
in sandwiches. 

The furthest joint of the wing, 
the carpus, is the last to ossify in 
young birds. Excess protein is 
deposited here, and this makes 
the carpus prone to deforming 
under the weight of the growing 
primary feathers, which are filled 

with blood. The blood is later 
reabsorbed, leaving empty quills. 

In an adult with angel wing, 
the wing tip and outer primary 
feathers are permanently twisted 
outwards, which at worst affects 
flying ability and at best is 
unsightly. The condition is more 
common in captivity due to the 
ignorance of the birds’ keepers. 

If it is noticed in the early 
stages – when the wing begins 
to droop – the problem can be 
corrected by taping the wing to 
itself in a normal position for 
three to five days, as long as 
protein intake is reduced at 
the same time. 

City-dwelling wild adult 
waterfowl such as Canada geese 
are past the stage when they are 
susceptible to angel wing, but 
heeding advice not to feed the 
goslings at all would aid their 
welfare. 
Victoria Roberts
Poultry vet
Menston, West Yorkshire, UK

This week’s question
SQUISHY WHEN WET
On the edge of the bath I keep 
a plastic artificial sponge. It is 
relatively rigid when dry, but 
when I soak it in water it becomes 
soft and squashable. How does the 
moisture affect rigidity? I have 
noticed that some cloths exhibit 
the same behaviour in reverse, 
going from soft to stiff when hung 
out to dry in the sun.
Chris Kirk
Bubion, Spain

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/
lastword (please include a postal address 
in order to receive payment for answers). 
Unanswered questions can also be found 
at this URL. 

“ The initial letters on the 
sign for ‘Pichi Richi Pass’ 
had faded, leaving behind 
a rather amusing message”

The latest book: packed full  
of wit, knowledge and  
extraordinary discovery

Available from booksellers and at newscientist.com/dolphins

Will we 
ever speak 
dolphin?
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