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LEADERS

WE HAVE worried about pilot 
error since before there were 
pilots. Greek mythology gave us
Daedalus, watching helplessly as 
his son Icarus tumbled to earth 
after flying closer to the sun than 
his homemade wings could bear; 
and the demigod Phaethon, shot 
down by Zeus after he lost control 
of his father’s solar chariot.

Such worries persist. Modern 
aircraft are complex beasts and 
we rely heavily on machines to fly 
them. Only when things get tricky 
does control revert to the human 
pilots, even though they may 
struggle to cope. The next wave  
of autopilots will be so skilled  
that an aeroplane will need only 
one human pilot – who might be 
better off staying on the ground.

Fear of flying
It won’t be easy to persuade people to let machines drive

Viewed dispassionately, remote 
control has its merits. Removing 
humans from the cockpit, with all 
their cognitive limits and physical 
frailties, could make planes safer. 
It could also make them more 
economical: able to fly for longer 
and more efficiently (see page 30).

Of course, most people won’t 
view it dispassionately. If we feel 
we’re trusting our lives to anyone, 
we like to feel their lives are at 
stake, too. That doesn’t work with 
machines. And when machines 
fail – as they do – it may be in ways 
that are hard to fathom. A nervy 
public may find this harder to 
accept, at least initially, than the 
prospect of fewer disasters.

This problematic situation goes 
beyond aviation. On the roads the 

case for autonomy is similar, but 
much stronger. Self-driving cars 
can be safer, cheaper and cleaner. 
But while freight carriers and 
commuters might be fairly easy 
to win over, it will be tough to get 
dedicated petrolheads to take 
their foot off the gas. Again, novel 
risks – such as a hacked traffic 
control system (see page 20) – 
will prey on the minds of drivers, 
passengers and pedestrians.

The longer it takes to introduce 
autonomous vehicles, the more 
we’ll all lose out. But we can’t rush 
it, either: Icarus’s fate warns us  
of overambition. We must start 
planning now – and finding ways 
to inspire the same confidence in 
machines that we now get from 
gold braid and a peaked cap.  ■
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Get snap happy in space 
SOME of the most striking 
pictures we have of Venus weren’t 
published by a space agency. And 
they took 29 years to appear.

In 1975, Venera 9 became the 
first probe to send back pictures 
from the surface of another 
planet: fuzzy images of the rock-
strewn Venusian landscape. But 
their poor quality meant they 
were soon consigned to obscurity.

Until 2004. That year, computer 

researcher Don Mitchell unveiled 
souped-up versions, created by 
applying modern processing to 
the archived image data. 

Jump forward another decade. 
Today, things move a lot faster: 
amateurs enjoy fine-tuning 
images fresh from the depths of 
space. Occasionally, they beat the 
agencies to it – as they did when 
the Huygens probe landed on 
Titan, for example. Most of this 

data comes from NASA; there’s 
even talk that fans might keep the 
Hubble Space Telescope turning 
out new pictures (see page 38). 

The European Space Agency has 
been more tight-fisted, concerned 
about its scientists being scooped. 
This is self-defeating. Fan efforts 
are no competition for rigorous 
analyses, and the agency could  
do with the public support they 
embody (see page 24). ESA should 
publish images when they’re 
fresh and exciting – not leave 
them to be dug up later.  ■
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OF ALL the things to lose. New 
data suggests that we still don’t 
know where our emissions of 
toxic mercury end up. Somewhere 
out there are tens of thousands  
of tonnes of missing mercury.

Mercury is released by several 
industries and accumulates  
as methyl mercury in aquatic 
organisms. It causes brain  
damage and birth deformities. 
Last year, governments agreed  
the Minamata Convention to 
control emissions. It was named 
for Minamata Bay in Japan, the 

site of a major mercury poisoning 
in the mid-20th century.

Carl Lamborg of the Woods  
Hole Oceanographic Institution  
in Massachusetts has found that, 
since industrialisation, mercury 
levels near the ocean surface have 
tripled in many places (Nature, 
DOI: 10.1038/nature13563). The 
highest rates are in cold waters 

FUTURE Mars explorers can 
breathe easy. The next NASA  
rover to land on the Red Planet 
will bring equipment that can 
take carbon dioxide out of the 
atmosphere and break it apart  
to make pure oxygen.

The gear is part of a package  
of seven instruments that will  
be fitted on the Mars 2020 rover, 
NASA announced on 31 July. 

The rover will also carry  
a weather station, a pair of 
spectrometers to determine  
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Rogue mercury Oxygen on Mars 

UPFRONT

“Mercury levels have tripled 
in many parts of the ocean, 
and are highest around 
Iceland and Antarctica”

around Iceland and Antarctica, 
where they are enough to damage 
marine life and threaten humans.   

But the levels are much lower 
than expected, Lamborg says, 
given known emissions from  
coal burning, cement production, 
waste incineration and small-
scale gold mining. He estimates 
the oceans contain between 
60,000 and 80,000 tonnes of 
mercury, less than a quarter of  
the 350,000 tonnes expected 
(Environmental Science & 
Technology, doi.org/ckm949).

Where is the rest? Small-scale 
gold mining may be a big source, 
so the lost mercury could be in 
soils near mines, Lamborg says.  

Alternatively, the lost mercury 
could be in sediments of estuaries 
and coastal waters, particularly in 
Asia. Last month, Helen Amos of 
Harvard University estimated that 
up to 90 per cent of the mercury 
flowing down rivers from mining 
areas ends up in these sediments 
(Environmental Science & 
Technology, doi.org/t2h).

If those sediments get stirred up, 
local mercury levels could reach 
those seen at Minamata, which 
affected thousands of people.

the composition of the Martian 
soil, and a ground-penetrating 
radar to examine the subsurface. 
Two instruments on the rover’s 
head will be souped-up versions 
of what its older sibling, Curiosity, 
carries: a laser that can vaporise 
rocks and scan them for their 
compositions, and a panoramic, 
zoomable camera that will take 
short movies as the rover drives.

Despite the payload, Mars 2020 
will have room to stow away soil 
and rock samples, which NASA 
hopes will be returned to Earth  
on a future mission.

Gaza counts cost of crisis
THE Israeli military had withdrawn 
from Gaza as New Scientist went  
to press, but Gazan troubles are far 
from over. 

On Saturday, UN officials said that 
Gaza’s medical services and facilities 
were ”on the verge of collapse”.  
By the time Israeli forces withdrew, 
more than 1800 Palestinians had 
died – most of them civilians and 
almost 400 of them children – and 
67 Israelis, 64 of whom were soldiers. 

The damage to Gaza’s health 
system is extensive. During the 
conflict, a third of Gaza’s hospitals 
were hit, as were 14 of its 
33 primary healthcare clinics and 
29 ambulances operating in the  
zone. At least five medical staff  
died on duty, with tens injured.

A report released on Monday by the 

UN Office for the Coordination of 
Humanitarian Affairs estimates that 
at least 373,000 Palestinian children 
need psychological support and 
counselling. It says one-quarter of 
Gaza’s population of 1.8 million has 
been displaced, with 270,000 in 
shelters run by the UN Relief and 
Works Agency (UNRWA). 

“With 270,000 in 90 shelters, 
averaging 3000 in each, shelters are 
very crowded,” says UNRWA’s Akihiro 
Seita. “Medicines for hygiene are 
badly needed, such as lice shampoo, 
scabies cream and skin rash creams,” 
he says. “The worst-case scenario is 
an outbreak of infectious disease.”

Some help is getting through.  
A shipment of $1.4 million in medical 
supplies arrived last week, as did 
130 tonnes of medical aid.

–Struggling to cope–

Don’t feed the microbes
THIS is not a health drink. The waters 
of North America’s Lake Erie turned 
lurid green this week, thanks to a 
bloom of toxic bacteria. The bloom 
has now receded and the water is 
drinkable again, but the challenge  
is to stop it happening again.

The blue-green cyanobacteria 
Microcystis aeruginosa built up at 
the western end of the lake, which is 
the main source of drinking water for 
Toledo, Ohio. The bacterium produces 
a toxin called microcystin, forcing 

Toledo to turn off the water supply.
Such blooms are increasingly 

common in Lake Erie, as phosphorus 
from fertilisers runs into the water 
and feeds the cyanobacteria.

To prevent blooms, Ohio must 
stem the flow of phosphorus,  
says Jeffrey Reutter of Ohio State 
University in Columbus. Farmers 
should test soil to help them only use 
as much fertiliser as is necessary, and 
apply it when planting so unused 
phosphorus isn’t left lying around.
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YOU may have heard this story. 
Members of an uncontacted 
Amazon people peer across a  
river on the border between  
Peru and Brazil, then wade across. 
Here they tell fellow Ashaninka-
speakers that some of their group 
of 50 or so, living in the forest, 
have been killed by white people. 
Then they vanish. The encounter 
is captured on video.  

Despite much coverage, little is 
clear about the alleged massacre. 

“We don’t know for sure when  
the attack happened, or who 
carried it out,” as the group only 
said that ‘non-Indians’ were 
responsible, says a spokesperson 
for Survival International, a UK-
based organisation campaigning 
for tribal peoples’ rights. The 
much-reported claim that drug 
traffickers active in the area were 
the culprits is a local surmise.

There is also little agreement on 
how best to protect uncontacted 
people. Survival has recently 
started releasing aerial images  
of such tribes to “ensure that  
their lands are protected, where 
their existence has been denied 
by governments”.

Others say silence is best. When 
New Scientist spoke to members  
of one Latin American indigenous 
group recently, they said they 
knew of uncontacted people 
living in the forest near them.  
But they would not say publicly 
who or where for fear of attracting 
missionaries and TV crews, whom 
they regard as the biggest threats 
to indigenous lifestyles.

Endangered people
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For new stories every day, visit newscientist.com/news

Stem cell death
A SENIOR stem cell scientist has 
died in an apparent suicide. Yoshiki 
Sasai, who co-authored two 
controversial stem cell papers, was 
found dead at his laboratory at the 
Riken Center for Developmental 
Biology in Kobe, Japan. 

Sasai was renowned for his 
ability to coax stem cells into 
becoming other types of cells. 
This year, however, his career has 
been under the spotlight. Sasai 
was co-author on two papers that 
claimed to produce embryonic 
stem cells called STAP from adult 
cells using acid. The papers were 
retracted by the journal Nature 
in July due to multiple errors. 

Sasai, 52, was cleared of any 
direct involvement by a Riken 
investigation, but criticised for his 
failure to correctly edit the papers 
and for his supervision of lead 
author Haruko Obokata, who  
was found guilty of misconduct. 

In a letter published on 2 July, 
Sasai spoke of his deep regret that 
he was not able to identify errors 
in the papers before publication. 
Philip Campbell, editor-in-chief 
of Nature, said in a statement that 
Sasai’s death is a true tragedy for 
science and an immense loss to 
his fellow researchers. 

60 SECONDS

Sneaky vibrations
Your room is listening. You can  
tell what someone is saying from 
vibrations in nearby objects. A team 
at MIT videoed a pack of potato chips 
placed near a speaker and tracked 
minute changes in its position. From 
this, they worked out the vibration 
pattern and that the sound causing  
it was the tune of Mary Had a Little 
Lamb. The work will be presented at 
SIGGRAPH in Vancouver this week.

China quake
Chinese troops are looking for 
survivors after a magnitude-6.1 
earthquake struck Yunnan province 
in south-west China on Sunday. 
At least 410 people died and more 
than 2300 were injured. Landslides 
and heavy rain are hampering 
rescue efforts in the remote, 
mountainous region.

Sequence the masses
A project hoping to sequence the 
DNA of 100,000 people, including 
those with cancer and rare diseases, 
has begun in centres across England. 
The 100,000 Genome Project is 
aiming to screen the genomes of 
40,000 patients over four years, 
along with family members who  
are healthy, and use the data for 
targeted therapies. 

Io gets feisty
It was a spectacular blowout. This 
time last year, Jupiter’s fiery moon, 
Io, was rocked by three gigantic 
volcanic eruptions, producing lava 
fountains 10,000 times more 
powerful than the 2010 eruption  
of Eyjafjallajokull in Iceland  
(Icarus, in press).

Lost bat of gold
A new species of bat is completely 
golden in colour. Myotis midastactus 
is thought to be unique to Bolivia, 
and has short, woolly fur with 
a distinct gold shade. It had 
previously been misclassified as 
another species, Myotis simus 
(Journal of Mammalogy, DOI: 
10.1644/14-MAMM-149).
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–No great shake–

–Fleetingly in contact–

THE US government is wasting 
billions of dollars on spy satellites. 
According to a report released  
by Congress last week, the US 
National Reconnaissance Office, 
which maintains the nation’s eyes 
in the sky, is buying new satellites 
at a faster rate than necessary.

The NRO says that regular 
purchases are the only way to 
maintain the nation’s satellite-
building expertise. The Congress 
report questions this assumption, 
arguing that any saving in 
efficiency through increased 
expertise is outstripped by the 
cost of launching extra satellites.

We already know the NRO has 
excess satellites, thanks to its 
surprise donation in 2012. The spy 
agency gave NASA parts for two 
Hubble-quality telescopes that  
it had lying around. NASA is still 
deciding how to use the scopes, but 
to avoid any suspicion of spying 
will not point them at Earth.

Spies overspending

“ There is little agreement 
on how best to protect 
uncontacted people. 
Some say silence is best”

“Sasai was renowned  
for his ability to coax  
stem cells into becoming 
other types of cells”
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EBOLA virus continues its 
rampage in West Africa. There 
were 1603 known cases as of last 
week, and there is no sign of the 
epidemic slowing. More than half 
of those infected have died. 

Every infection gives Ebola a 
chance to better adapt to humans, 
and this outbreak is nearly four 
times as large as the previous 
largest. But despite what you may 
have seen in lurid headlines, Ebola 
so far shows no sign of evolving 

into a global pandemic. The factor 
that could make this virus a bigger 
killer is social: urbanisation, the 
same thing that unleashed HIV.

Global concerns have focused 
on whether the virus could spread 
beyond the three chiefly affected 
countries – Guinea, Liberia and 
Sierra Leone. An infected traveller 
has spread the virus to three 
others in Nigeria, and as New 
Scientist went to press there 
were unconfirmed reports of 

potentially infected travellers in 
Morocco and Saudi Arabia. The 
World Health Organization is 
meeting this week to decide if  
the outbreak is an international 
public health emergency. 

Whatever the organisation 
decides, it should be possible to 

NEWS FOCUS  EBOLA OUTBREAK

City living drives epidemic
Rapid urbanisation is behind the unprecedented numbers  
of Ebola deaths, says Debora MacKenzie
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contain the outbreak. The virus 
only spreads from people with 
dramatic symptoms, says Andrew 
Read of Penn State University in 
University Park, making it easy to 
spot cases and isolate those who 
have come into contact with an 
infected person. Because the virus 
can incubate for 21 days, the worry 
is that it may be missed if 
travellers get sick after arrival. 
That said, the risk is small as 
catching Ebola is relatively hard, 
requiring exposure to body fluids. 

Another concern is that the 
virus could evolve into a more 
transmissible form. So far, there 
are no signs of this happening. 
The pressure the virus faces to 
successfully replicate in humans, 
says Andrew Rambaut of the 

–Good place to be a virus–

“ Cities provide more 
chances to spread Ebola, 
much as they helped 
unleash HIV”
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The long battle 
to find a cure 
for Ebola

PROGRESS to combat Ebola 
pharmaceutically has been painfully 
slow. Several potential drugs and 
vaccines are working their way 
through animal studies and clinical 
trials, but on-the-ground trials are 
hard to conduct because outbreaks 
are so unpredictable.

Last week, the clinical process was 
sidestepped when two US missionary 
workers infected with Ebola received 
an experimental drug called ZMapp.  
In an unusual step, Kent Brantly and 
Nancy Writebol were given the drug, 
which was flown from the US to 
Liberia. ZMapp is a blend of three 
monoclonal antibodies which had 
previously only been tested in 
infected monkeys. The drug prevents 
the virus from entering and infecting 
cells, and reportedly stabilised both 
enough that they could fly home for 
further treatment.

The only Ebola treatment to have 
reached human trials uses RNA 
interference. The approach involves 
using RNA molecules to stop DNA 
from making proteins, and thus stop 
the virus from replicating. The drug, 
called TKM-Ebola, protected monkeys 
when it was given to them within 
30 minutes of being injected with the 
virus. Safety studies in humans have 
been paused, however, while the 
manufacturer gets more data to the 
US Food and Drug Administration 
about how the immune system 
responds to high doses.

Even better would be a vaccine. 
The US National Institutes of Health 
announced last week that it will 
speed up testing a vaccine based on a 
harmless adenovirus. It could enter 
human trials later this year and be 
available next. The adenovirus is 
genetically altered to produce two 
Ebola proteins. The immune system of 
a vaccinated person recognises these 
proteins and produces antibodies to 
them if it encounters a real Ebola 
virus. The vaccine could also be used 
to prevent illness in an infected person 
if given early enough. Clare Wilson  ■

ANATOMY OF A KILLER
There are five strains of the 
Ebola virus, four of which are 
deadly to people. The most lethal 
one, Zaire ebolavirus, is currently 
infecting people in West Africa 
(see map, above). 

The virus is thought to be carried 
by fruit bats, and people can catch it 
if they are bitten by, or come into 
contact with bodily fluids of other 
species that have been bitten. The 
disease can also be caught by eating 
inadequately cooked infected meat.

Once in the blood, the virus 
stimulates white blood cells to 
produce an excess of cytokines – 
chemical messengers of the immune 
system. This “cytokine storm” 
weakens the endothelial cells that 
line blood vessel walls. The blood 
vessels leak, and blood pressure 
drops, triggering a state of shock. 

If infected, you experience a 
sudden onset of fever, muscle pain, 
weakness, headaches, a sore throat, 
vomiting and diarrhoea. As the 

University of Edinburgh, UK,  
is far greater than the pressure to 
transmit more readily.

Taken together, this is why a 
large outbreak in a developed 
country is unlikely. But is the 
current outbreak the result of a 
new invasion of the virus? There 
have been no recorded cases of 
Ebola in this part of West Africa 
before, but Daniel Bausch of 
Tulane University in New Orleans, 
Louisiana, thinks it may have 
been present but unrecognised. 

Previous outbreaks have been 
in central Africa, where the virus 
is thought to be carried by fruit 
bats, and the same bats live in the 
affected part of West Africa. It 
might not have been recognised 
because only a minority of infected 
people exhibit the haemorrhaging 
for which the virus is known. Most 
get flu-like symptoms, then fever, 
vomiting and diarrhoea, and die 
from fluid loss (see “Anatomy of a 
killer”, right). These symptoms 
resemble those of other local 
diseases such as malaria and Lassa 
fever. Researchers are retesting 
serum samples from Lassa surveys 
in the 1990s for signs of Ebola.

It’s the magnitude of this 
outbreak that will make it hard to 
control, say epidemiologists. 
“As the number of cases goes up it 
will become harder to do effective 
contact tracing,” says Rambaut, so 
the rate of spread could rise. 

So what has made this outbreak 

so big? The overriding factor could 
be urbanisation. In the past, 
village outbreaks remained small, 
unless people went to hospitals. 
“Population size and high 
mobility make it hard to do 
contact tracing,” says Peter Walsh 
at the University of Cambridge. 
Cities provide more chances to 
spread the virus, something that 

may also have enabled the spread 
of HIV. According to the African 
Development Bank, the continent 
has had the world’s highest urban 
growth rate for 20 years, and the 
proportion of Africans living in 
cities will rise from 36 per cent to 
60 per cent by 2050. 

Other factors also favour the 
virus. Justin Masumu of the 
National Institute for Biomedical 
Research in Kinshasa, Democratic 
Republic of the Congo, found that 
the increase in Ebola outbreaks 
since 1994 is associated with 
changes in forest ecosystems due 
to deforestation, which displaces 
bats. The part of Guinea where 
this outbreak started has been 
largely deforested. 

What’s more, wars in Liberia 
and Sierra Leone, and corruption 
in Guinea, have caused poverty, 
says Bausch, leading people to 
migrate for work and spread the 
virus further. It has also caused 
widespread mistrust of officials, 
even in public health – just when 
Africa’s cities need them most.  ■

Snapshot of an epidemic
The latest Ebola outbreak has so far hit four countries in West Africa, and 
has been most lethal in Guinea

Sierra Leone

Liberia

Numbers correct as of 1 August 2014

FATALITY RATE

NUMBER OF CASES

Nigeria

Guinea
485

646

468

4

Guinea

Liberia

Sierra Leone

Nigeria

74%

54%

42%

25%
SO

U
RC

E:
 W

H
O

PA
SI

EK
A

/S
CI

EN
CE

 P
H

O
TO

 L
IB

R
A

RY

infection takes hold, kidney and liver 
function is impaired and internal and 
external bleeding can begin. Blood 
and other fluids carry the virus. 

There is currently no cure, but 
people can recover if they are given 
intravenous fluids to combat the 
dehydration caused by bleeding, 
vomiting and diarrhoea early 
enough.  Philippa Skett
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Jacob Aron

DO YOU speak chemistry? 
Analysing molecular structures 
as if they were sentences has 
revealed hidden “words” that 
are key to their make-up. 

The approach suggests that 
algorithms like the ones Google 
uses in search engines might 
reveal ways to mix up molecules 
or invent drugs.

Linguists can analyse text  
by ranking words according to  
how often they appear. This  
“bag-of-words” approach can  
help to distinguish different  
kinds of texts. For example,  
the word rankings for spam 
emails are different to those of 
genuine messages, which helps 
algorithms filter out spam.

Bartosz Grzybowski of 
Northwestern University in 
Evanston, Illinois, and his 
colleagues wondered if a similar 
approach could find the most 
important parts of a molecule. 
“Chemistry is about recognising 
certain patterns of atoms,” he says. 
“In linguistics we also recognise 
patterns: those are words.”

The team took thousands of 
molecules, each representing a 
sentence, and applied a bag-of-
words algorithm. By comparing 
pairs of molecules, they noted 
arrangements of atoms that 
appear in both, like a ring of 
carbons or a particular group that 
connects to oxygen and hydrogen, 
and ranked the frequency of these 
common fragments.

The researchers had expected 
the “words” to correspond to 
functional groups – clusters of 
atoms that chemists recognise as 
controlling a molecule’s chemical 
reactions. But surprisingly, it was 
other, larger fragments that 
seemed to make up crucial 
chemical “words”. The distribution 

of the functional groups was 
much less language-like.

To test the chemical dictionary 
that this produced, the team 
borrowed the logic of search 
engines to find the fragments 
that carry the most information. 
Search engines serve up the most 
relevant sites by looking at how 
often your search term appears 
on a particular page in 
comparison with the internet 
as a whole. For example, the 
word “the” crops up frequently 
across all internet pages, so it 
doesn’t carry much weight in 
determining what a page is about. 
The same technique is used to 
produce “word clouds” that can 
visually summarise a document.

So the team ran an algorithm 
to identify the fragments in the 
molecule with the highest 
information content. When 
chemists synthesise complex 
molecules from scratch, they  
look for key bonds that connect 
simpler compounds to serve as 
building blocks. It turned out 
that the bonds connecting the 
most informative fragments 
were often these key bonds.  

In a test of 68 molecules, a 
panel of 10 chemists agreed that 
one of the top three bonds the 
algorithm chose was an important 
bond for 66 of the molecules. “The 
most informative ones appear to 
be the best,” says Grzybowski 
(Angewandte Chemie, doi.org/
f2s2vc). This shows the algorithm,  
with no chemical knowledge of its 
own, can replicate some of the 
skill of human chemists.

“We’re trained to recognise 
patterns as organic chemists,  
and the patterns are related to the 

functionalities,” says Robert Paton 
of the University of Oxford. “This 
approach is obviously not limited 
by the constraints of the human 
mind, so it can pick out unique 
fragments that you might not 
always spot.”

That insight could help to shake 
up the way compounds are made. 
Grzybowski previously developed 
Chematica, software that wires up 
millions of molecules via their 

reaction pathways in a sort of 
chemical internet capable of 
identifying quicker and cheaper 
ways to produce substances. He is 
already using Chematica to help 
pharmaceutical companies to 
simplify their drug production, 
and plans to add the linguistic 
algorithm to the software.

Phil Blunsom, a computational 
linguist at the University of 
Oxford, says it isn’t clear that 
chemistry is acting like a 
language, but the tools might 
prove useful for data analysis. 
“It’s always interesting to get 
inspiration from techniques  
used in different fields, but that’s 
different to saying they are in 
some way the same problem.”

Grzybowski thinks the language 
approach has further promise. 
He plans to investigate more 
advanced linguistic tools, like 
algorithms that measure how 
often words appear together or in 
particular sequences, to see if they 
can also give context to chemistry. 

“They are setting a very 
interesting foundation that 
allows people to think 
differently,” says Lee Cronin of 
the University of Glasgow, UK, 
although he adds that the 
approach still needs to prove 
itself. “If by doing a linguistic 
analysis you are able to find a 
hidden pattern that allows you to 
make a new class of molecule, 
then I think this is an incredibly 
profound development.”  ■

If chemistry has a 
language, read on 
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“Analysing molecules as if 
they were sentences has 
revealed ‘words’ that 
are key to their make-up”

–Worth a thousand words?–
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EVERY year many birds fly away to 
distant lands. But even though 
their extraordinary journeys are 
familiar to us all, it turns out our 
understanding of them was, quite 
literally, backwards.

Most of the songbirds that 
migrate between North America 
and the tropics do it to escape 
harsh northern winters. That 
squares with the folk belief that 
“birds fly south for the winter”, 
but is the exact opposite of what 
biologists thought – that tropical 
birds venture north to escape 
overcrowding.

For years, the received wisdom 
was that most intercontinental 
songbird migrations arose when 
tropical birds flew north during 
the summer breeding season, to 
escape the intense competition 
for space and food in the crowded 
tropics. This explanation seemed 
simplest: most songbirds in the 
Americas, including those that do 
not migrate, live in the South 
American tropics, and almost 
every migratory bird species has 
close relatives in the tropics.

Now Ben Winger of the 

University of Chicago and his 
colleagues have strong evidence 
that most migrants hail from the 
north, not the south.

Winger’s team studied the 
largest group of American 
songbirds, including over 
800 species of sparrows, warblers 
and blackbirds. Other researchers 
had already developed a good 

family tree of these birds.
The team began with the 

distribution of each species  
today, then worked their way back 
along the family tree, inferring 
where earlier species had lived. 
Whenever intercontinental 
migration arose, they noted 
whether the bird lived in the 
tropics or the temperate zone.

They found that long-distance 
migration was twice as likely to 
arise in temperate ancestors as 
tropical ones (PNAS, doi.org/t2k).

“We’re not saying it only 

happens one way,” says Winger. 
“But it happens more often by 
moving winter ranges toward  
the south.”

It does look like the songbirds 
Winger studied began in the 
north, says Rauri Bowie of the 
University of California, Berkeley. 
However, these birds’ common 
ancestor came to the Americas 
from northern Asia, so that could 
be a historical accident. The 
question is, did migration arise  
in the same way in groups that 
originated in the tropics?

Winger’s findings suggest that 
birds choose to migrate or stay at 
home based on the severity of the 
threat of winter, not the benefits 
of northern summers.

If migration really is driven by 
frigid winters, might birds then 
migrate less as the world gets 
warmer? Winger found many 
cases of migratory birds shifting 
to a settled existence. That 
adaptability may prove useful as 
the climate changes.

“Migration is a fairly flexible 
trait that can change rapidly,” says 
Irby Lovette of Cornell University 
in Ithaca, New York. “We should 
certainly expect... changes in the 
migratory strategies of birds as 
the world changes around them.”  
Bob Holmes  ■

STACKS of nanomagnets could make 
future supercomputers run leaner. 
Microchips made from tiny magnets 
rather than conventional power-
hungry transistors may enable 
intensive number-crunching tasks like 
codebreaking or image-processing 
using a fraction of the power.

In traditional computer chips,  
the bits of information, 0s and 1s,  
are represented by voltages across a 
transistor, each of which needs its 
own wire. But magnets can do the 
same job by switching their pole 
orientation: pointing north-south 
represents 1, say, and south-north is 
0. Flipping poles takes less energy 
than running current through a wire, 
so they need less power to run. 

Nanomagnets have already been 
placed on microchip surfaces in a 
single layer, but they need extra space 
to work properly. Building them in 3D 
is critical if they are to rival the density 
of transistor-based designs.

Now, a team led by Irina Eichwald at 
the Technical University of Munich in 
Germany has worked out how to grow 
a chip with number-crunching layers 
100 nanomagnets deep.

The team made a logic gate,  
one of the essential building blocks of 
a computer, from stacked arrays of 
nanomagnets. Instead of wires, a 
handful of magnets above the chip 
induced magnetic fields. The magnets 
then flip their orientation one after 
the other, like dominoes, to the 
magnet performing the actual 
operation. In a test, the magnetic chip 
used 1/35th of the power a transistor 
used (Nanotechnology, doi.org/tz3).

“A huge number of computing 
processes can now be done 
simultaneously with very low power 
consumption as you don’t need the 
connecting wires transistors need. 
You only need to generate a magnetic 
field across the chip,” says Eichwald.

It has potential, says Peter Bentley 
at University College London. “It’s yet 
another technology joining the race to 
replace silicon.”  Paul Marks  ■

Songbirds really do fly 
south for the winter
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“If migration is driven by 
frigid winters, might birds 
migrate less as the world 
gets warmer?”

Magnets rival 
power-hungry 
transistors  
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Catherine Brahic

OUR direct ancestors may have 
found their way out of Africa 
much earlier than we think. As 
new fossil remains emerge from 
China and south-east Asia, the 
traditional story of how we left 
Africa is being challenged.

The accepted view is that Homo 
sapiens evolved in Africa 200,000 
years ago and stayed there until 
60,000 years ago, when they 
struck out through the Middle 
East and spread around the world. 
Any older hominin bones found 
outside Africa are deemed dead 
ends. So although the more 
primitive Homo erectus made it all 
the way to Indonesia, and probably 
gave rise to the Neanderthals and 
the Denisovans, all of these lines 
eventually died out. Our own 
species evolved solely in Africa.

The evidence for this comes 
partly from dating bones to 

Misliya cave, could be 150,000 
years old. In China, Trinkaus was 
involved in the identification of 
a jawbone and two molars from 
Zhirendong, a cave in Guizhou 
province (PNAS, doi.org/fxbjgj). 
Though the bone is over 100,000 

years old, Trinkaus’s team says the 
shape of its chin is suggestive of 
modern humans.

“There is solid evidence of 
modern humans at Tam Pa Ling 
[in Laos] around 50,000 or 60,000 
years ago, and the Zhirendong 
mandible has modern features,” 
says Trinkaus. “So yes, modern 
humans were present in at least 
south-east Asia and south China 
by somewhere in this time range.”

Though the Asian fossils are 
Homo sapiens-like, another 
species could have evolved these 
features in parallel, says John 
Hawks of the University of 
Wisconsin-Madison. But he also 
doubts there was a single, rapid 
exodus 60,000 years ago.

A closer look at the genetics  
also suggests there was an earlier 
migration. Recently, Katerina 
Harvati of the University of 
Tubingen in Germany and her 
colleagues tested the classic “out 
of Africa at 60,000 years ago” 
story against the earlier-exodus 
idea. They plugged the genomes 
of indigenous populations from 
south-east Asia into a migration 
model. They found that the 
genetic data was best explained 
by an early exodus that left  
Africa around 130,000 years ago, 
taking a coastal route along the 
Arabian peninsula, India and into 
Australia, followed by a later wave 
along the classic route (see map, 
left) (PNAS, doi.org/tz6).

An early exit from Africa is  
still very much a minority view, 
says Chris Stringer at the Natural 
History Museum in London. But 
he says Harvati’s evidence has left 
him “open to the possibility”.  ■

Humanity’s 
forgotten pioneers 

“An early exit from Africa is 
still very much a minority 
view, but this data leaves 
me open to the possibility” 
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–Guangxi, home of ghost ancestors?–

specific periods, but also from 
genetics. As you move further 
away from Africa, across Asia and 
then the Americas, the genetic 
diversity of indigenous 
populations drops. This implies 
that the source population was in 
Africa and gradually lost diversity 
as it expanded. The genetics 

suggest that human genes went 
through this bottleneck 60,000 
years ago.

The “out of Africa at 60,000 
years ago” scenario remains the 
majority view. But the orthodoxy 
is slowly being challenged as 
ancient bones are uncovered in 
the east. As yet, though, they 
remain few and far between.

Last month, Christopher Bae 
of the University of Hawaii at 
Manoa, Wei Wang of the Guangxi 
Museum of Nationalities in 
Nanning, China, and their 
colleagues described two teeth 
from the Luna cave in China’s 
Guangxi Zhuang region. Based on 
the proportions of the teeth, the 
team argue that at least one of 
them must have belonged to an 
early Homo sapiens (Quaternary 
International, doi.org/tz5).

The teeth are clearly old. Calcite 
crystals, which formed as water 
flowed over the teeth and the  
cave floor, date them to between 
70,000 and 125,000 years ago. 
So Bae and Wang say they are 
evidence of an early wave of 
modern humans in eastern Asia.

But it is not clear that the teeth 
belong to modern humans. “I am 
not convinced that these teeth are 
diagnostic,” says Erik Trinkaus of 
Washington University in St 
Louis, Missouri. He says too little 
is known about how teeth evolved 
over the millennia in Asia.

However, other fossils are more 
convincing. Bones found in Israel, 
including an upper jaw from 

~60,000
years ago

OUT-OF-AFRICA
MIGRATION

~130,000
years ago

The forgotten exodus from Africa
New fossils and genetic evidence hint that modern humans may have left 
Africa 130,000 years ago, long before the accepted out-of-Africa migration
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HOLDING your hands up and saying 
“we got things wrong” is a difficult 
thing to do. But that’s exactly what 
the FBI and US Department of Justice 
had to do last week, as the initial 
results were released of a review of 
thousands of criminal cases in which 
FBI scientists’ testimony may have  
led to wrongful convictions.

In the 1980s and 1990s, forensic 
scientists routinely compared hairs 
under the microscope, looking for 
physical similarities that might indicate 
that a hair found at a crime scene 
came from a suspect. This still 
happens today, but it is usually backed 
up by mitochondrial DNA testing.

Two years ago, the FBI launched  
an inquiry into 2600 convictions from 
that period, seeking instances where 
FBI analysts may have exceeded the 
limits of science when presenting  
their conclusions in court – saying a 
hair matched to the exclusion of all 
others, for example, rather than 
simply saying it looked similar.

About 10 per cent of the cases 
have been reviewed so far, and the 
“vast majority” of these contained 
errors, according to the figures 
released last week. As a result, 
136 defendants, including two 
on death row, will receive letters 
informing them of their right to 

DNA testing as a means of proving 
their innocence. This is in addition to 
23 letters that went out last year, 
including 14 to people on death row.

Some think that the FBI’s admission 
could trigger a landslide of similar 
cases involving state labs – many staff 
at which were trained by the FBI. 

“I think it’s just the tip of the 
iceberg,” says Peter Neufeld, 

co-director of the Innocence  
Project in New York, which works to 
exonerate wrongfully convicted 
people by doing DNA testing. 

Of the 317 DNA exonerations in the 
US so far, 75 of the original convictions 

included testimony from hair analysts. 
Of these, 70 involved experts from 
state labs, rather than an FBI lab. 
“Most had some kind of scientific error 
in their testimony,” Neufeld says.

Other areas of forensic science could 
also come under fire. Many disciplines 
hinge on using a microscope to visually 
compare samples and declare a  
match. Ballistics, fibre analysis, tyre 
and shoe print comparison and tool 
and bite-mark analysis all take a similar 
approach to hair analysis.

“This review is likely to have an 
effect on any discipline where they 
didn’t have a statistical reference to 
estimate the chances of another 
person being a match,” Neufeld says. 
He believes it could even filter through 
to disciplines with a more robust 
statistical basis, such as fingerprinting, 
but which have been exposed as 
flawed in recent years.

Of course, in many of the cases 
under review, there may have been 
additional evidence that saw the 
person convicted. “The review does 
not evaluate if a potentially erroneous 
statement was material or relevant to 
the conviction,” an FBI spokeswoman 
told New Scientist.

“In almost no case is a person 
convicted on just a single piece of 
evidence,” Neufeld says. However, 
he adds that before DNA testing, 
a matching hair would often be 
a crucial point that prosecutors 
would emphasise in their closing 
remarks. “Combined with an 
unreliable eyewitness statement, 
it could create a perfect storm,” he 
says.  Linda Geddes  ■

FBI forensic errors cast 
doubt on convictions

INSIGHT Forensic science
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unreliable eyewitness 
statement, it could  
create a perfect storm”
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Jacob Aron

IT WILL be the biggest highlight 
of the trip so far. As New Scientist 
went to press, the European Space 
Agency’s Rosetta spacecraft was 
preparing to rendezvous with the 
comet it has been chasing for the 
past 10 years. Mapping and landing 
on comet 67P/Churyumov-
Gerasimenko will be a challenge 
unlike anything space explorers 
have ever faced.

“When you go to Mars 
nowadays, you know everything,” 
says Rosetta flight director Andrea 
Accomazzo. Not so for Rosetta’s 
target. “We don’t know the mass, 
we don’t know the gravity field, 

we don’t know how to fly around 
this object.”

Other spacecraft have flown  
by comets at high speed or orbited 
asteroids. But orbiting a comet  
is a different matter. Because a 
comet’s gravity is too weak to  
slow a visiting probe, Rosetta will 
initially manoeuvre in a series  
of controlled triangles, starting at  
a distance of 100 kilometres and 
moving closer in over the next few 
weeks. Eventually it will enter a 
proper orbit determined only by 
gravity, getting as close as 10 
kilometres (see diagram, opposite).

Rosetta may be in for a bumpy 
ride. Gases frozen beneath 
Churyumov-Gerasimenko’s 

surface could escape explosively 
as it nears the sun and warms up. 
As they spurt out, they will push 
against Rosetta’s solar panels, 
possibly as strongly as the comet’s 
gravity, but in the opposite 
direction.

Weirder still, the comet is made 
of two blobs fused together in a 
shape likened to a rubber duck. 

That makes its gravitational pull 
tricky to predict, so creating a 
detailed 3D model of the comet 
is a top priority.

Cartographers know the 
difficulties involved in wrapping a 
flat map around a globe, but at least 
they can lay down lines of latitude 
and longitude with ease when 
mapping our planet. Doing that 

Rosetta’s comet 
tour begins for real
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week indicate that the comet’s 
average surface temperature is 
-70 °C, around 20 to 30 °C warmer 
than predicted. That makes it 
likely that the surface is dark and 
dusty rather than coated in clean 
ice. Understanding how the 
surface temperature changes as 
the comet nears the sun will be a 
factor in where to land, as certain 
sites may become unstable.

One spot that might already be 
off limits is the “neck” of the duck. 
Despite being of great scientific 
interest, it may prove too difficult 
to land on, as gravity may not be 
acting at a right angle to the surface.

For now, assuming they’re 
released swiftly (see page 24), we 
can enjoy the first high-resolution 
images of the comet, which 
Rosetta was due to send on 
6 August. “It’s the end of a 10-year 
trip in the solar system and the 
start of the exploration of a new 
world,” says Accomazzo.  ■

with a rubber ducky is more 
difficult, says team member Holger 
Sierks. “The whole coordinate 
system on this body is tricky.”

There will be no time for ESA 
researchers to catch their breath. 
They must ensure that Philae, a 
smaller probe riding along with 
Rosetta, touches down on 
Churyumov-Gerasimenko by 
11 November. Any delays will 
make landing much trickier as the 
comet becomes increasingly 
active on its approach to the sun.

“We have to do this at warp 
speed. We have very little time 
between the discovery of a new 
world and landing,” says Sierks.

ESA will announce a shortlist 
of landing sites for Philae in 
September. Data from all of 
Rosetta’s scientific instruments 
and measurements of how the 
comet affects the probe’s trajectory 
will influence the eventual choice.

Measurements released last 

For daily news stories, visit newscientist.com/news

Mission: to survey a comet
The European Space Agency’s Rosetta spacecraft will carry out tough 
manoeuvres once it arrives at comet 67P/Churyumov-Gerasimenko

Rosetta will keep 100km from 
the comet for about 2 weeks, 
orbiting in a controlled 
triangle to map the nucleus…

… before it approaches
in another triangular 
trajectory to 70km, 
when it will be buffeted 
by gas escaping from 
the nucleus. It will 
survey the
nucleus again

In early September it 
will enter a circular 
orbit 30km from the 
comet, for 2 more 
weeks of mapping….

… then drop into an 
elliptical orbit, 
approaching
as close as 10km
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NEXT time you fire up the 
barbecue, don’t forget the potato 
salad. It could help counter the 
effects of all that red meat. 

People who eat a lot of red meat 
have a higher risk of colorectal 
cancer. But previous work has 
suggested that starch called 
butyrylated resistant starch can 
have a protective effect by raising 
levels of a chemical which reduces 
the associated DNA damage. 

In the first human trial, Karen 
Humphreys and her colleagues 
from Flinders University, 
Adelaide, Australia, gave 23 
healthy volunteers a high red-
meat diet for four weeks. They 
then gave the same volunteers  
the same diet supplemented  
with butyrylated resistant starch, 
found in cooked potato that has 
been left to cool, and bananas.  

The team then looked at cell 

samples from the volunteers’ 
guts, and found that this inclusion 
of starch reduced the number  
of micro RNA molecules linked 
with the survival and growth of 
colorectal cancer cells (Cancer 
Prevention Research, doi.org/tz7). 

“Red meat should be eaten in 
small amounts only and foods 
that contain fibre or resistant 
starches should be an important 
part of the diet,” says John 
Cummings, a gastroenterologist 
at Dundee University, UK.
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What sleeping bears can tell 
us about treating diabetes

SOME bears can have their cake and eat it too. Grizzly 
bears become “diabetic” during hibernation, and then 
recover when they awake. 

Lynne Nelson at Washington State University in 
Pullman and her colleagues investigated insulin activity 
in tissue samples taken from six captive grizzly bears 
over the course of a year. As the bears put on weight in 
preparation for the winter, they responded normally to 
insulin – which prevents the breakdown of fatty tissue. 
But during hibernation, insulin effectively stopped 
working, a symptom in people with type 2 diabetes, in 

which high fat levels in the blood induce insulin resistance 
(Cell Metabolism, DOI: 10.1016/j.cmet.2014.07.008). 

This insulin resistance allows the bears to break 
down their fat stores throughout hibernation, when 
they will not eat, drink or defecate for up to seven 
months. They survive on their fat before waking up,  
and begin to respond normally to insulin when they  
start to feed again. The results suggest there is a 
chemical pathway involved in altering sensitivity to 
insulin. This pathway could hold the key for developing 
treatments for type 2 diabetes. 

“Why do humans respond differently when they  
put on weight to these bears?” says Gwyn Gould at  
the University of Glasgow, UK. “If we can identify that,  
we could produce therapies for diabetes.”

Cold potato beats back evil of red meat 

Mega penguin was 
tallest one ever

FORGET emperor penguins, meet 
the colossus penguin. Fossils 
reveal that the biggest penguin 
ever was 2 metres long and 
weighed a hefty 115 kilograms.

Palaeeudyptes klekowskii lived 
in Antarctica 37 million years ago. 
Carolina Acosta Hospitaleche of 
the La Plata Museum in Argentina 
studied two bones: part of a wing, 
and a tarsometatarsus from the 
foot. Because the foot bone was 
9.1 centimetres long, Acosta 
Hospitaleche thinks P. klekowskii 
was 2 metres long (Comptes 
Rendus Palevol, doi.org/tx9).

Its height will have been a bit 
less because of the hunched way 
in which way penguins stand. But 
it was much bigger than emperor 
penguins, which reach lengths of 
1.3 metres and heights of 1.1 metres.

“This is definitely a big 
penguin,” says Dan Ksepka at  
the Bruce Museum in Greenwich, 
Connecticut. But its length is still 
somewhat uncertain, he adds.

Just grab attackers 
and jump off a cliff

IF AN intruder enters your home, 
wrap your arms around them and 
throw yourself out of a top-floor 
window. Not convinced? It works 
for one species of ant, at least.

Colonies of Malagidris sofina 
ants build their nests in cliff faces 
in Madagascar. Each nest is  
a single chamber in the cliff,  
with a funnel-shaped entrance.  
By introducing rival ants to  
the entrance of the chamber, 
Jackson Helms of the University  
of Oklahoma in Norman and 
colleagues found that in 42 per 
cent of cases a worker ant would 
grab the invader in its jaws and 
drop off the cliff a few metres 
high – taking the invader with it. 
The worker would then climb back 
up to the nest (Insectes Sociaux, 
doi.org/tx2).

IN BRIEF
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Titan’s lakes brim 
with benzene

TITAN, Saturn’s largest moon, may 
have its own Dead Sea. A fake lake 
simulating conditions there hints 
that the moon may host ethane 
pools saturated with benzene, just 
as the Dead Sea is packed with salt. 

Titan is arguably the most 
Earth-like body in the solar  
system, boasting lakes, rivers, 
clouds and rainfall. But the  
moon’s frigid temperatures mean  
its liquids are hydrocarbons like  
ethane or methane, not water.  
The atmosphere also churns out 
fresh hydrocarbons like benzene,  
a chemical found in gasoline, and 
these fall like snow.

Michael Malaska at the Jet 
Propulsion Laboratory in Pasadena, 
California, and his colleagues 
wondered how much of this snow 
could dissolve in the lakes. They 
filled a small tube with liquid 
ethane, chilled it to a Titan-like 
-179 °C and added benzene.

To their surprise, the benzene 
dissolved quickly. This suggests 
that over geological timescales,  
so much hydrocarbon snow would 
have dissolved in Titan’s lakes that 
they would have become saturated 
with the stuff (Icarus, doi.org/tzb). 

Excess benzene could build up  
in a mud-like sludge on the shores 
and on the lake floors. Some of 
these deposits could be eroded  
by ethane rain, forming a complex, 
cave-riddled landscape.

Shrink a bit more and add feathers

IT TOOK 50 million years of continual 
shrinking to turn massive dinosaurs 
into the first flying birds.

“No other dinosaur group has 
undergone such a long and extended 
period of miniaturisation,” says  
Mike Lee of the South Australian 
Museum in Adelaide. His team studied 
theropods, the two-footed dinosaurs 
like Velociraptor from which birds 
evolved. They tracked how 
1549 skeletal features changed in 
120 theropods over 50 million years.

They found 12 major evolutionary 
steps where theropod groups split to 
form new kinds of dinosaur. At each 

break, the ones that ended up 
evolving into birds shrank. They 
went from 238 to 0.5 kilograms, and 
changed four times as fast as other 
theropods (Science, doi.org/tx7).

Shrinking must have been 
beneficial, says Lee. “It would have 
permitted them to chase insects, 
climb trees, leap and glide, and 
eventually develop powered flight.”

Being small may also have helped 
birds survive the dinosaur extinction, 
says Bhart-Anjan Bhullar of Yale 
University. It looks like the extinction 
“took out all landlocked animals 
above a certain size”.

THE world’s strongest material 
becomes a softie when cut in just 
the right places. 

Computer simulations show 
that making patterned cuts in 
superstrong graphene yields 
flexible sheets that stretch to 
more than 160 per cent of their 
original size. The approach,  
which mimics the Japanese  
paper-cutting technique kirigami, 
should have a host of uses, such  
as flexible sensors for the body  
or foldable TV screens.

Graphene is just a single  
carbon atom thick, yet more  

than 100 times stronger than 
steel. “It’s very counter-intuitive,” 
says Harold Park of Boston 
University. “Graphene is the 
thinnest possible material, but  
it’s the strongest material.”

Experiments have shown that 
cutting graphene into patterned 
sheets, akin to cutting paper into 
intricate snowflakes or flowers, 
makes the material stretchable. 
Park’s colleague Zenan Qi made 
various simulated cuts, and found 
a pattern involving numerous  
overlapping rectangles had the 
most effect on the stretchiness  

of the sheets. While ordinary 
graphene tears when stretched 
less than 30 per cent, the kirigami 
graphene elongated roughly 
65 per cent before tearing (arxiv.
org/abs/1407.8113).

Figuring out where, how and 
when graphene rips is important 
for using the material, says Paul 
McEuen of Cornell University in 
New York, who is using graphene 
kirigami to make electrodes that 
could wrap around cells and 
eavesdrop on them. “These are 
questions you can’t answer by 
playing with a sheet of paper.”

Japanese paper cuts make graphene extra stretchy

Pay attention to 
that rumbling belly

GRUMBLE… grumble-rumble…
The gurgles made by a hungry 

belly are familiar to us all, but 
they are not just the side effect  
of an empty stomach.  

Brain cells not normally 
associated with communication 
send out a signal when they detect 
blood glucose levels are running 
low, and this triggers the stomach 
contractions. Richard Rogers  
of the Pennington Biomedical 
Research Center at Louisiana  
State University and colleagues 
used a drug called fluorocitrate to 
knock out the function of certain 
astrocytes  and neurons in the 
brains of rats, blocking the 
sensation of hunger. Only when 
astrocyte function was restored 
did the gastric grumbles return, 
showing that it is these cells that 
respond to low glucose levels 
(Journal of Neuroscience, DOI: 
10.1523/JNEUROSCI.1406-14.2014).

The feeling of discomfort  
you get when hungry is called 
“hypoglycaemia awareness”.   
“For most people this is only 
slightly unpleasant, but for 
diabetics whose glucose levels can 
drop significantly, [being hungry] 
can be dangerous,” says Rogers.  
“It’s important to understand  
how this mechanism works.”
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Bright lights, smart city
A suburb in Copenhagen is the location for a massive experiment  
in smart lighting that could save money and cut carbon emissions

Aviva Rutkin

HUNDREDS of lights are being 
erected in a Danish industrial park 
in a suburb of Copenhagen. When 
ordinary citizens pass through  
the area, they’ll be taking part in  
a massive experiment to work out 
how we should light our cities in 
the future.

Street lamps can be a major 
drain on resources: lighting 
accounts for around 6 per cent  
of global greenhouse emissions. 
In 2009, for example, Los Angeles 
spent around $15 million and 
pumped out 111,000 tonnes of 
carbon to light up its streets.  
No wonder councils want to  
find ways of making lighting 
smarter and more efficient.

To test all the options, 
Copenhagen is setting up the 
Danish Outdoor Lighting Lab 
(DOLL) in a suburb called 
Albertslund, which will open to 
the public on 18 September. There, 
engineers will have freedom to 
toy with the different products, 

while foreign officials who are 
curious about the technology  
can comparison-shop for their 
hometown. DOLL is also part of a 
long vision for Copenhagen itself: 
the city hopes to install smart 
lights as part of a quest to become 
carbon-neutral by 2025, and  
one of the lights exhibited at  
the lighting lab will probably  
be chosen for the job.

The street lamps will be 
installed along 9.2 kilometres  
of road in Albertslund, covering 
about 1.5 square kilometres in 
total. So far, 25 companies have 
reserved space for their products 
in parcels of land 300 metres 
square. Every lamp will be assigned 
a separate IP address so they  
can be monitored remotely. The 
city will be testing smart lamps 
that dim if it is sunny, brighten  
if a few people pass by at night,  
or automatically alert the city 
when something isn’t working. 

For example, Dutch firm 
Tvilight will be testing street 
lamps that can adjust their 

brightness based on nearby 
movement. And the Technical 
University of Denmark will be 
trying the CopenHybrid – a mast 
that powers a street lamp by a 
combination of wind and solar 
energy. 

Sensors that track traffic 
density, air quality, noise, weather 
conditions and UV radiation will 
also be fitted throughout the site 

to see what sort of environment 
the lights are operating in. All  
this will help work out which 
lights are making the biggest 
difference in terms of lowering 
costs  and emissions.

Several cities around the world 
are already investigating smart 
street lighting. Last year, in the 
biggest project of its kind to date, 
Los Angeles swapped its entire 
system for LED lamps –  along 

with a pilot remote control 
system made by General Electric. 
The Spanish city of Barcelona, too, 
is rolling out lights that can detect 
motion and weather conditions. 
DOLL wants to encourage more 
cities to make the change by 
demonstrating what different 
types of lamps can do. 

“You can say that we are  
an instrument of the green 
transition,” says Flemming 
Madsen, who is managing the 
project at DOLL.

Visitors will be able to run  
tests on the system by using 
sample data from their own city. 
Madsen says they are already 
planning for a visit from Chinese 
and Taiwanese officials later  
this year. “We have a huge urban 
playground,” he says. 

In the future, DOLL hopes to 
incorporate other types of smart 
city services into their living lab. 
The same network that monitors 
miles of lighting can be configured 
to manage parking spaces or 
water meters. 

“People don’t want to solve one 
issue and then having to do a 
major investment again to solve 
the next issue and the next and 
the next,” says John Baekelmans 
of Cisco, a project partner. “There 
is a variety of technologies which 
you need to tie together in a way 
to make it a seamless experience.”

Fitting street lamps with 
complex sensors – and hooking 
them up to a larger network  
that controls the city will have 
implications far outside of 
lighting, says Robert Karlicek, 
director of the Smart Lighting 
Engineering Research Center at 
Rensselaer Polytechnic Institute 
in New York. If a street lamp 
senses a sudden rush of people  
in an area that’s usually deserted 
at night, police could be tipped  
off to go check the area out. 

“Really smart street light 
systems are going to be much 
more about the sensors the street 
lights have, than the LEDs that 
happen to be in them. The 
technology is getting very mature 
very quickly,” Karlicek says.  ■

–You light up my life–

“ The city hopes to install  
its own smart lights as  
part of a quest to become 
carbon-neutral by 2025”
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For your eyes only
Traces lets you leave secret messages for friends dotted about town 

Paul Marks

IT’S your birthday and a message 
from a friend suggests you go  
to a nearby street corner. There, 
you hold up your smartphone  
and see a water droplet hovering 
in mid-air. You align an on-screen 
target with the droplet, bursting 
it to reveal details of a birthday 
surprise: a video clip of Arcade 
Fire’s next single, say, plus 
e-tickets for their gig at the  
venue across the street.

It’s a strange way to give 
someone a present, but the 
immersive messaging app that 
makes it happen, Traces, has just 
hit Apple’s app store. The team 

behind it believe that linking 
content-stuffed messages to  
a physical location, and using 
augmented reality to make it 
seem tangible, will add real- 
world context to social media.

“Facebook and WhatsApp 
broadcast frequent, out-of-
context information that’s of  
very little value to you, leaving 
you a completely passive 
receiver,” says Beau Lotto,  
CEO of Ripple Inc, based in San 
Francisco, which created Traces.

With Traces, the sender  
creates a digital “payload” –  
any combination of text, music, 
images, video, tickets and 
vouchers – and sends it to their 

chosen person. The twist is that 
the receiver can only unlock the 
message if they are in the right 
GPS location at the right time. 

To send a trace, the sender 
simply selects a person from  
their contact list, drops a pin in 
the map where they want it to be 
visible – and for how long – and 
then uploads whatever content 
they want to leave there.

Recipients of a trace get an  
alert on their phone with a map 
showing where their message can 

–Right place, right time–

WHAT do two Twitter users who live 
halfway around the world from each 
other have in common? They might 
speak the same “super-dialect”. An 
analysis of millions of Spanish tweets 
found two popular speaking styles: 
one favoured by people living in cities, 

Super-dialects 
exposed via 
millions of tweets

“ You could leave music for 
someone at the place 
where you first met, or add 
a soundtrack to the street”

another by those in small rural towns.
Bruno Gonçalves at Aix-Marseille 

University in France and David 
Sánchez at the Institute for Cross-
Disciplinary Physics and Complex 
Systems in Palma, Majorca, Spain, 
analysed more than 50 million tweets 
sent over a two-year period. Each 
tweet was tagged with a GPS marker 
showing whether the message came 
from a user somewhere in Spain, Latin 
America, or Spanish-speaking pockets 
of Europe and the US. 

The team then searched the tweets 
for variations on common words. 
Someone tweeting about their socks 
might use the word calcetas, medias, 
or soquetes, for example. Another 
person referring to their car might  
call it their coche, auto, movi, or one  
of three other variations with roughly 
the same meaning. By comparing 
these word choices to where they 
came from, the researchers were able 
to map preferences across continents 
(arxiv.org/abs/1407.7094).

According to their data, Twitter 
users in major cities thousands of 
miles apart, like Quito in Ecuador and 
San Diego in California, tend to have 
more language in common with each 
other than with a person tweeting 
from the nearby countryside, probably 
due to the influence of mass media.

Studies like these may allow us to 
dig deeper into how language varies 
across place, time and culture, says 
Eric Holt at the University of South 
Carolina in Columbia.  Aviva Rutkin  ■

be collected – and who has sent it.
“Instead of reading tweets in a 

random location you can choose 
the location to add context to 
your delivery,” says Lotto. 

The app exploits aspects of 
human psychology that Lotto, 
also a research neuroscientist  
at University College London, 
thinks will make it more engaging 
than traditional social media.  
For instance, it avoids mass 
broadcasting by allowing someone 
to send traces to no more than  
five people at a time. “We can’t  
be social with everyone,” he says.

Volunteers who tested the app 
have enjoyed playing around  
with it, particularly hunting for 
the trace droplet. It could have a 
range of uses. For example, you 
could leave a piece of music for 
someone in a location meaningful 
to both of you, like where you first 
met. People could set up treasure 
hunts, or add a soundtrack to their 
street. Publishers are looking at 
how Traces could leave location-
relevant author and poetry 
readings. You could even send 
yourself a trace in a large car park 
to remind you where your car is  – 
as you’ll see the droplet floating 
above it. 

The app has also potential for 
sampling or selling music, and 
Ripple is in advanced talks with  
a major record label. 

“This is an absolutely cracking 
idea,” says Paul Green of Arkessa, 
an internet-of-things developer in 
the UK. “I can see it giving people 
customised, context-rich tours of 
major museums.”  ■
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Like Lego, just squidgier
Squidgy bricks that stick together like Lego could be the 
ultimate play set for roboticists. George Whitesides and his 
colleagues at Harvard University used a 3D printer to create  
a mould for bricks and filled it with a flexible plastic. These 
“click-e-bricks” can slot together with one another, just like 
Lego, and have microfluidic channels running through them 
that can send liquid in different directions. The team hopes 
that robots made of these bricks could repair or enhance 
themselves by swapping parts in and out as needed.

“We need to be super careful  
with AI. Potentially more  
dangerous than nukes”
Space X and Tesla founder Elon Musk tweeted a warning  
earlier this week after reading up on the potential dangers 
of super-intelligent computers

Self-driving cars get the green light
Driverless cars could be on British streets within six months. 
UK business secretary Vince Cable announced on 30 July 
that the law will be reviewed to give the go-ahead to 
fully autonomous cars and driverless cars that a qualified 
driver can take control of if necessary. The government is 
asking UK cities to bid to host the first driverless car trials. 
Three locations will share £10 million to stage the trials. 
The projects will last between 18 and 36 months and kick 
off in January next year.

Screens that adapt to your eyesight
Throw away your glasses! A team of researchers from the 
MIT Media Laboratory and the University of California, 
Berkeley, have figured out how to get screens to adapt  
to your eyesight. Their screen works by combining many 
pixels together to form a single, virtual pixel that can appear 
further away or closer to the viewer to compensate for short 
or long sightedness. Future versions will be able to diagnose 
and adjust to vision defects automatically.
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WHEN someone shouts “Code 
Blue!” in a hospital, it usually 
means a patient needs immediate 
help. An algorithm may be able  
to make that call 4 hours earlier  
to head off dangerous situations.

Code Blue events, which include 
cardiac or respiratory arrest, can 
be difficult to anticipate. Doctors 
use a scorecard, known as the 
Modified Early Warning Score, to 
estimate the severity of a patient’s 
status by looking at vital signs  
like heart rate, blood pressure  
and temperature. Knowing that 
certain patients are at high risk 
helps hospitals to lower rates of 
arrest and shorten hospital stays.

Sriram Somanchi of Carnegie 
Mellon University in Pittsburgh, 
Pennsylvania, and his colleagues 
wanted to see if a computer could 
predict when these emergencies 
were imminent. “We had to 
understand what happens in  
Code Blue patients before they 
enter Code Blue,” Somanchi says.

The researchers trained a 
machine-learning algorithm on 
data from 133,000 patients who 
visited the NorthShore University 
HealthSystem, a partnership of 
four Chicago hospitals, between 
2006 and 2011. Doctors called a 
Code Blue 815 times. By looking at 
72 parameters in patients’ medical 

history including vital signs,  
age, blood glucose and platelet 
counts, the system was able to tell, 
sometimes from data from 4 hours 
before an event, whether a patient 
would have gone into arrest. It 
guessed correctly about two-thirds 
of the time, while a scorecard 
flagged just 30 per cent of events.

Peter Donnan at the University 
of Dundee, UK, says it may be 
difficult for the system to work  
in hospitals that don’t collect  
such detailed patient data. The 

advantage of the scorecard, he 
says, is that it relies on a small 
number of parameters. “When we 
look at it from a statistical point  
of view, a small model is better.”

The algorithm still needs  
work – it reports a false positive 
20 per cent of the time, says 
Somanchi. To improve its 
performance, his team is 
planning to train the system  
with data from other hospitals. 
The work will be presented at the 
Knowledge Discovery and Data 
Mining conference in New York 
City in August.  Aviva Rutkin  ■ 

Machine beats medics at 
predicting heart attacks

“ An algorithm can predict 
heart attacks and 
respiratory arrests 4 hours 
before they happen”
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Gridlock alert 
Traffic lights can be hacked all over the US, finds Hal Hodson 

BRANDEN GHENA pulls his car up 
under a traffic light in a city in 
Michigan. He plugs a radio transmitter 
into the car’s power adapter, connects 
it to his laptop and, with a few 
keyboard strokes, takes control of 
every traffic light in town.

“We were able to advance the light,” 
Ghena says of the experiment, which 
took place in May. “We could make it 
turn green.”

Ghena, an electrical engineer at the 
University of Michigan, and his team 
were exploiting a vulnerability in the 
light’s traffic controller. Present at 
every signalled intersection, the 
controller switches between red, 
yellow and green lights according to its 
programming. It can be set to change 
at regular intervals, or based on input 
from external traffic sensors.

These controllers are often 
networked across a city, and receive 
commands via a sequence of data 
packets. This allows engineers to 
manage them remotely, but anyone 
with network access can send these 
commands. All Ghena had to do was 
figure out which sequences of packets 
corresponded to which controller 
commands, and he gained full control.

“It’s great research,” says Cesar 

Cerrudo, a professional hacker and 
chief technology officer for IOActive 
Labs. Cerrudo found a different 
vulnerability in US traffic systems 
earlier this year. He showed that it 
was possible to spoof the sensors 
that feed into the traffic controller, 
making the lights think that cars are 
waiting at a light when they aren’t,  
for instance. “[Ghena’s work] and my 
research make me scared of driving 
in the US,” he says.

Part of Ghena and his colleagues’ 
agreement with the traffic 
department that authorised their 
study was that they wouldn’t reveal 
the name of the city concerned, or 
who made the vulnerable equipment. 
But Ghena says the vendor in question 
has traffic controllers installed at 
100,000 intersections across the US. 
The Federal Highway Administration 
estimates that there are about 
300,000 intersections in the country. 

The US government has recognised 
the country has a problem with its 

infrastructure – in 2013, President 
Barack Obama signed an executive 
order that called for strengthened 
cybersecurity for critical systems like 
electricity grids, water utilities and 
transport networks.

An attack can do more than create 
havoc for its own sake. “If you were 
robbing a bank, you could cause a lot of 
congestion between you and the police 
station,” says Ghena. And thieves or 
even just an impatient commuter could 
easily set up a corridor of green lights 
for themselves. Ghena will present the 
work at a USENIX workshop on 
19 August in San Diego, California.

This isn’t the first time that traffic 
infrastructure has been shown 
vulnerable to digital attack. In October 
last year, the signalling systems in the 
Carmel Tunnels in Haifa, Israel, were 
taken over, with the attackers gaining 
control through a weakness in the 
traffic cameras. The tunnels had to be 
closed during the morning rush hour, 
causing massive congestion. 

“The attack space is growing every 
day,” says Cerrudo. “In the past you  
had viruses that affected PCs. In the 
future we’re going to see malware for 
everyday objects, because they’re all 
like small computers.”  ■

“ If you were robbing a bank, 
you could cause a lot of 
congestion between you 
and the police station”
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DO YOUR paper aeroplanes dive 
limply to the floor the moment 
they’re launched? If so, software 
that ensures even the craziest 
designs can fly could rescue them.

Nobuyuki Umetani at the 
University of Tokyo, Japan, working 
with computer-aided-design 
specialist Autodesk, has come up 
with a program that injects sensible 
aerodynamic principles into any 
paper plane idea. Once you have 
sketched out your plane on the 
computer, the software analyses 
and tweaks it so that the plane’s 
centre of gravity is in the right place. 
It also optimises the wing and tail 
surface areas to give the plane 
adequate lift – even if it is shaped 
like a comedy armadillo.

To develop the physics model at 
the heart of the program, Umetani 
and his colleagues did exhaustive 
tests on multiple plane designs and 
trained AI software on video of 
failed and successful flights, 
working out which wing shapes 
work best for each type of design.  

The team will present the work 
at the annual computer graphics 
conference, SIGGRAPH, in 
Vancouver, Canada, next week. 
The software may have wider 
applications: Umetani believes there 
is no reason it can’t be used to 
design gliders big enough to carry 
a human pilot.  Paul Marks  ■

INSIGHT Infrastructure The easy way to 
build the perfect 
flying armadillo

–Sometimes it’s easy being green–
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The spy who bugged me
ANYONE who read Peter Wright’s book Spycatcher 
will be familiar with the tricks he and his MI5 
colleagues used as they “bugged and burgled” 
their way around London in the 1950s and  
1960s, listening and watching for signs of the  
Red Menace. Drilling silently into walls to plant 
bugs, they eavesdropped on suspected Soviet 
sympathisers. Their kit enabled them to hear 
the rotors being set on Soviet-bloc encryption 
machines, and so duplicate the settings on  
their own machines. You can  see how they  
did this in the CIA Museum in Langley, Virginia, 
where some of the tools of 20th century  
western spycraft are on show.

For instance, the hand-cranked bug-planting 
drill (main picture) came in a fast-assembly 
package of drill bits, wires and microphones. The 
drill would only gain purchase on solid masonry 
through having its base pushed hard – often 
against the spy’s stomach. The pain induced  
gave the drill its nickname: the belly buster. 

Meanwhile, what looks like an innocent  
letter-opening knife (top right) is in fact a pair  
of ultra thin pincers. Inserted in the unsealed  
gap at the top of a sealed envelope, the letter 
inside could be grasped and wound around  
the pincers – allowing it to be extracted, read, 
copied and replaced, with the recipient none  
the wiser.

While digital cameras today can be smaller 
than a watch face, the 1950s marvel of 
micromechanical engineering was a cigarette-
pack-sized spy camera (middle right), using 
35-millimetre film and designed for ultra-quiet 
operation and concealability. And where would  
a spy hide a picture taken on it? In pocket change 
like this hollowed-out Eisenhower silver dollar,  
of course.  Paul Marks

Photography 
The CIA Museum

Clockwise from left:  
A bug-planting drill, pincers 
for letter extraction, mini 
camera, secret silver dollar
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Let the space fans in
The European Space Agency should release all its 
comet pictures, says Daniel Fischer

IMAGINE it’s the soccer World Cup 
final, but there’s no TV broadcast. 
The sport’s governing body has 
decided that all but a few photos 
will be embargoed for half a year, 
and that all refereeing decisions 
will be reviewed by experts in the 
months ahead before a winner is 
announced.

It sounds silly, but this is  
pretty much how many space 
enthusiasts had to experience  
the countdown to the final phase 
of Europe’s much-anticipated 
Rosetta mission.

Rosetta has been travelling to 
its target – the comet Churyumov-
Gerasimenko – for 10 years. Last 
month, with the probe having 
covered more than 6 billion 
kilometres, Rosetta’s main camera 
system saw the target looming 
larger by the day. Yet images were 
released just once a week. There 
was no way for the public to “ride 
along” with the mission to one of 
the oldest objects in our solar 
system, sharing the excitement 
as a new frontier unfolded far 
from Earth.

Then on 15 July something 
unexpected happened. Perhaps 
by accident, perhaps in a moment 
of revolutionary fervour after 
Bastille Day, someone at the 
French space agency CNES issued 
sensational new images of the 
comet’s icy core. They showed 
that the nucleus is in two parts, 
with a shape far weirder than any 
seen before – one now nicknamed 
“the rubber duck”.

CNES swiftly took down the 
images, but by then they were all 
over the net. Many who saw them 
marvelled, including space 
aficionados who were incredulous 

that the discovery was meant to 
have been under wraps until the 
next weekly briefing.

A debate erupted on social 
media, and a group of German 
space enthusiasts sent an open 
letter to the mission managers, 
calling for full access to all images 
from Rosetta – a mission that is 
costing European taxpayers 
€1.3 billion. The European Space 
Agency (ESA) rejected the 
demands and insisted on a 
six-month moratorium on 
circulating mission data, images 
included. It said that this period 
had been agreed with the teams 
which designed and built the 
scientific instruments.

Such an arrangement is the 

norm for ground and space-based 
astronomical observatories and 
some interplanetary missions, 
mainly those doing in-depth 
mapping of planets that have 
already been visited.

But a spacecraft approaching 
an object for the first time is an 
entirely different story. This sort 
of exploration can engage us in 
an almost visceral way – if we 
have reasonable access to the 
adventure.

In more than 25 years of 
reporting on space missions, 

I’ve had the privilege of being 
party to some of the best “rides” 
into the solar system’s depths. 
In the 1980s, NASA’s Voyager 
encountered the gas giants, and 
cameras fed material live to the 
agency’s own public TV channel 
for days on end. It meant the 
public could see these worlds 
up close at the same time as the 
scientists, sharing their 
excitement and puzzling with 
them over unexplained features.

When ESA’s Giotto probe 
encountered comet Halley, in 
1986, and comet Grigg-Skjellerup, 
in 1992, there were also live 
broadcasts for all to see.

Since the turn of the century 
we’ve had several NASA Mars 
landings. The nerve-jangling 
excitement of touchdown and the 
early manoeuvres were available 
live to anyone with a TV or 
computer screen. Fairly raw 
images from cameras on the Mars 
rovers are still posted online for 
the world to enjoy and image-
processing wizards to work on. 
The same holds for Cassini, a joint 
NASA/ESA mission that has been 
orbiting Saturn for 10 years.

Sadly ESA has been less open on 
other occasions, for example the 
landing by its Huygens probe on 
Saturn’s moon Titan in 2005. 
And it was criticised for sitting 
on stunning images taken by the 
Mars Express orbiter in 2004. 

ESA counters that sharing too 
much data could allow someone 
to steal the science teams’ 
thunder, perhaps by publishing 
research papers based on raw 
images in the public domain 
ahead of the teams themselves.

But nothing like this came to 

“ We still live in an exciting 
era of space exploration – 
that is, if we are allowed 
to share in the fun”
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Ulcer bug can be a boon
He experimented on himself to prove H. pylori can cause stomach 
ulcers. Now Barry Marshall wants to boost our immunity with it

PROFILE
Barry Marshall won a Nobel prize in 2005 for 
showing that the bacterium Helicobacter pylori 
causes peptic ulcers. At the recent Lindau Nobel 
Laureate meeting in Germany, he spoke about its 
potential immune benefits

You discovered that the H. pylori bacterium 
causes stomach ulcers. But why do you now 
think it could help the immune system?
It could be that it modulates the immune system, 
stopping you from being too hyper-reactive. I think 
it may have helped early human migrations. If 
humans evolved in a tiny area of Africa, they only 
saw plants and animals within a 100-kilometre 
radius for a million years. When they began to 
migrate, there would have been different animals 
and plants – and potentially a lot of allergy issues. 
Maybe if they had H. pylori, it wasn’t so dangerous 
for them to meet all these different allergens.

Now, though, the bacterium is declining?
We know that every 10 to 20 years, in any  
country where the standard of living is rising – 
where the water is clean and the families smaller 
– it decreases by 10 per cent or so.

Could we bring it back, to boost immunity?
At my biotech company Ondek, housed at the 
University of Western Australia in Perth, we are 

developing new strains and different formulations 
of H. pylori, looking at how it changes the immune 
system. Mostly our work is in mice, so it’s not 
definitive. But we are going to move towards a 
clinical trial using an H. pylori product on people 
with allergies.

Could reintroducing H. pylori be dangerous?
The idea is to isolate a very safe strain. There are 
some really bad ones, and some weaker ones that 
aren’t so risky. We haven’t yet found one that is 
100 per cent safe, but we think it is out there.

If the bacterium has been around for so long, 
why the surge in ulcers in the last century?
H. pylori damages the mucous membrane that 
protects the stomach lining from acid. If you are 
infected with H. pylori but have a strong immune 
system, strong inflammatory response and robust 
acid secretion, you could develop an ulcer. The 
20th-century ulcer epidemic was a sign of good 
health in American people – good diet, strong 
acidity and healthy immune response actually 
make ulcers more likely. That’s why businessmen 
eating giant T-bone steaks were prone to ulcers.

You famously experimented on yourself with 
H. pylori. Was that a risk for your career?
At that point my colleagues were treating ulcer 
patients as psychosomatic cases – using 
antidepressants, tranquilisers, psychotherapy,  
all that kind of thing. My career was already very 
shaky because I was ignoring the mental state of 
the patient and giving them antibiotics. Then my 
boss’s patients started secretly coming to my 
clinic for treatment. The politics have always been 
difficult in medicine. There is some truth in the 
way medical practice is portrayed in TV dramas.

Would you recommend self-experimentation 
in medicine today?
I haven’t asked people to let me do it again.  
But I think maybe because there was a useful 
outcome from my experiment, it’s probably easier 
to get permission nowadays.
Interview by Elizabeth Landau 

pass when NASA chose to share its 
Mars rover and Cassini orbiter 
images. Instead the public 
appreciated the chance to share 
in the missions and had a go at 
processing the images, often 
outdoing the pros in complex 
tasks such as stitching together 
chaotic picture sequences taken 
by descent cameras. Some of the 
results were so good that the 
mission teams used them in their 
publications. But as for the public 
besting the scientists in getting 
published in refereed journals, 
that never happened.

While the row over images from 
Rosetta’s main camera system 
rumbled on, ESA changed its tune 
over images from the craft’s 
navigational camera. ESA was 
initially reluctant to share these 
pictures, with a resolution one-
fifth that of the main system, 
because the main camera’s teams 
might not approve. But on 24 July 
it made the surprise decision, 
perhaps swayed by the leak from 
CNES and subsequent pleas, that 
one navigation image would be 
published daily.

It’s a start. And Rosetta fans 
could kind of join the ride, at  
least until the probe arrives at the 
comet this week. What happens 
then is up to the camera scientists 
from five countries, led by 
Germany, and ESA. They will have 
to figure out what publicity 
strategy to adopt during the year-
long orbital phase, especially in 
November, when Philae, the 
probe riding with Rosetta, will 
attempt to land on the comet. 
Examples of best practice are 
out there.

It’s Europe’s time to shine –  
and even set a fresh precedent for 
public access to data. Next year, 
two NASA spacecraft will again be 
encountering worlds up close for 
the first time: the dwarf planets 
Ceres (in March) and Pluto (July). 
We still live in an exciting era of 
space exploration – that is, if we 
are allowed to share in the fun.  ■

Daniel Fischer is a space science writer 
based in Königswinter, Germany
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PROFILE
Dr Z is the pseudonym  
of a man who is arguably 
the world’s most 
productive discoverer  
of “designer drugs”. His 
most famous creation is 
mephedrone, which shot 
to popularity before 
being banned in many 
countries in 2010 

OPINION  INTERVIEW
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You invented mephedrone, aka “m-cat” or 
“meow meow”, which was probably the world’s 
most famous legal high. Why did you do it?
I’m a discoverer by trade and by nature. 
I also believe that healthy balanced adults 
should be free to make up their own minds 
about how to alter their mental state, and 
that they should have access to whatever  
they would like to experiment with – as long 
as they don’t harm others. And if I discover  
a really exciting substance, the first thing  
I want to do is share it with everybody else.

In the early 2000s, mephedrone was in 
every way legal in Israel, where I was based. 
That got me to thinking that it doesn’t make 
sense for the public not to have access to this 
compound. It’s legal. It’s pure. It’s inexpensive. 
And I didn’t want to enjoy it alone.

You test the substances you invent on yourself 
first. What does a mephedrone high feel like?
The classic explanation by one “psychonaut” 
is that “it’s like coke and pills”. I think we often 
lack the language to describe a state of mind 
that is novel by definition. So we try to use 
experiences we already have words for.

What other testing do the drugs you invent  
go through before they are released?
After I test them on myself, then, according 
to the method mapped out by the late US 
chemist Alexander Shulgin, the group of 
knowledgeable self-experimenters expands. 
So, for example, mephedrone was tested by 
human experimenters from its inception 
all through its popularisation.

Yet, today I realise that it is not responsible 
to give the substance commercial exposure 
before doing initial preclinical toxicology,  
so now we also conduct that first. That means 
seeing what the maximum tolerated dose is. 
If that threshold is within abuse boundaries – 
that is, if the drug appears to be dangerous in 
quantities that someone might take if abusing 
it on a binge – then you stop developing it.

How do you safely determine the  
maximum tolerated dose?
If the family of molecules is completely 
unknown and untested, you follow a 
logarithmic scale starting from micrograms 
and taking a dose over a couple of days and 
doubling it unless an effect is perceived. 
Shulgin laid out the method. When an effect 
is perceived, the increase in dosing is slowed 
down. When the family of molecules being 
studied is well-known and when we have a  

lot of experience with them, I can often  
guess at what dose level to start. Of course  
for caution’s sake I start lower.

For animals, there are strict protocols that 
define how to assess safety when, say, new 
pharmaceuticals are being tested.

Do you think everyone in the legal-highs 
industry is concerned with avoiding harm?
No, I do not. I think many are driven simply 
by profit. It’s very difficult not to succumb 
to temptation. This is a field of endeavour 
that makes poor people rich very quickly. 
New psychoactive substances are a global  
get-rich-quick scheme that works. 

How much money did you make  
from mephedrone?
I make a reasonable salary from the drugs  
I invent. I avoid making big money, otherwise 
I’d be “Al Capone’d” into inactivity by the tax 
authorities or police or ministry of health. 
I license the know-how to vendors, who 
make the substances and sell them.

With mephedrone, I didn’t appreciate how 
easy it is to reverse-engineer and synthesise. 
So when the drug became really big, I wasn’t 
making any money. It was being made by 

people without my control. But for those 
selling it, every kilogram might have made 
about £20,000 profit.

Can inventing new drugs benefit society?
Yes, in many ways. There is no shortage of 
examples of how the enforcement of 
prohibitionist policy harms the population it 
is meant to protect. I think legislators should 
be held accountable for that.

Also, the sale of legal marijuana in the US 
states of Colorado and Washington has shown 
that a legal alternative for illicit drugs could 
financially cripple the cartels. Similarly, 
options for legally acquiring enjoyable 
imitations of illicit drugs could cripple 
organised crime. These groups are money-
centric, often fringe dwellers of society that 
have taken opportunism to a sub-human 
degree. I detest organised crime.

How do you feel when you find out a drug you 
discovered contributes to someone’s death?
Don’t forget that I try everything on myself 
before ever offering it to anyone else –  
in prodigious amounts. And most of the  
scare stories in the British media prior to 
mephedrone’s banning there in 2010 turned 
out to be incorrect, pertained to other 
substances or were simply made-up. But I 
am greatly saddened by anything I’ve done 
that has contributed to harming another 
person. It is never my intention to harm 
anyone. That’s why I take pains not to be 
reckless in my discovery process.

How do you actually invent a new designer 
drug – and how many have you invented?
Designer drugs are actually not designed, 
they are discovered. And I have discovered 
lots, including K-MEX and 5-MAPB.

The distinction between design and 
discovery is that, when I’m inventing a 
molecule, I precisely map out its chemistry, 
but not its effect on the human body or the 

“ A legal alternative for 
illicit drugs could financially 
cripple the cartels”

For more opinion articles, visit newscientist.com/opinion

Photographed for New Scientist by Jonathan Bloom

The high life
Biochemist Dr Z is the world’s most productive discoverer of legal highs. 
He tells Michael Slezak how they can be a force for good
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brain. There are physico-chemical properties 
of the molecule that can be predicted with a 
high degree of precision. Polarity, for example, 
can affect the traversal of the blood-brain 
barrier. But from all of the options you start 
with on paper, you have to throw away 95 per 
cent – including the ones that will be difficult 
to synthesise or that have physico-chemical 
properties that are likely to make them 
unstable. Then you invent the chemical route 
of synthesis for the remaining shortlist and 
start self-experimenting.

Were you surprised by mephedrone’s effects?
I was and I always am. I have been a discovery 
scientist for 15 years, worked at major 
pharmaceutical companies and have several 
biological patents. If my training has had any 
effect, it is to reduce expectations. When I 
don’t overcome the temptation to expect, 
more often than not I’m disappointed.

Why do you go by a pseudonym?
Because by-and-large most people believe I do 
this out of a sinister chasing of profit. Beliefs 
run faster than fact. By exposing my identity, 
I run the risk of being alienated, ostracised 
and prosecuted. There could be misinformed 
vigilantes who might do me harm.

Do you think the drugs you invent should  
just be legal and easy to get?
No, they should be regulated. I think we 
should look to New Zealand’s approach to new 
psychoactive substances. The government is 

willing to go against the indoctrination of 
prohibition. I think it’s very brave and wise. 
The same cycle occurs with every new drug: 
they are introduced, become popular and then 
banned. And so on, ad nauseam. New Zealand 
has broken the cycle. They are saying to 
vendors: “Be responsible. If you do harm 
to somebody, we’re whisking away your 
livelihood. So take all the pains to make sure 
that nothing ever happens to anyone.”

Are recreational drugs a good thing?
Recreationals are drugs for healthy people. 
So you have to ask, why do I take a substance 
if there’s nothing wrong? A possible answer is 
for pleasure – but there you’re setting yourself 
a trap. Pleasure on tap can be inherently 
demotivating. There has to be a connection 

between the reward that you get and the 
action that you have taken to receive that 
reward, and this natural balance can be short 
circuited by the consumption of substances.

But all that said, the thing is, modern day 
life drives us into very unnatural, very eccentric 
situations: we have to stay focused; we have to 
stay up; we are unnaturally plagued by stress. 
If you can use state-altering substances to 
mitigate the psychological harms caused by 
the financial crisis, the population explosion, 
the tribulations of modern day life, then they 
can actually be used to correct an ill that was 
thrust on us by progress.  ■ 

OPINION  INTERVIEW

Dr Z remains anonymous out of concern that 
some may misunderstand his intentions

LETTERS

Social brains
From Nicholas Humphrey
Alun Anderson describes Robin 
Dunbar as the “key thinker  
behind the social brain 
hypothesis” (19 July, p 48). But 
Dunbar was actually a latecomer 
to the idea, which I and others 
developed in the 1970s. 

My 1976 essay “The social 
function of intellect” was the  
first of numerous publications  
on the evolution of brain size, 
social life and theory of mind, 
culminating in a book, The Inner 
Eye: Social intelligence in 
evolution, and a Channel 4  
UK television series in 1986. 

Dunbar’s first paper on the topic 
came in 1992, although I’m happy 
to acknowledge that since then,  
he has done more than anyone to 
provide empirical backing for the 
hypothesis. But it’s wrong to give 
Dunbar all the credit. 

Considering his particular 
interest in how primates 
manipulate their own and others’ 
reputations to their own 
advantage, I hope Dunbar sees  
the irony.
Cambridge, UK

Intelligent life
From Andrew Brooker
The artificial intelligences we 
create will lead to an autonomous 
system that develops technologies 
“to shape the future of life 
according to its preferences”, 
writes Nick Bostrom (5 July, p 26).

To have preferences implies 
consciousness, not a simple 
weighing of data, however 
complex and adaptable the rules 
for weighing. 

The superintelligence may well 
be able to rewrite its software, 
redesign its hardware, command 
the manufacture of more 
machines, and generally 
overwrite whatever goals and 
constraints we originally gave it. 

But without consciousness,  
and the motivation of felt desire, 
fear and ambition, I think the 

“ State-altering substances 
can mitigate psychological 
harms of modern life”
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outcomes will be unpredictable 
because they will be arbitrary, not 
because the superintelligence 
gives us new physics and takes 
over the world. 
Dursley, Gloucestershire, UK

From Phil Smith
Nathaniel Hellerstein claims that 
“by definition we cannot think up 
programs superior to our own 
best thinking” (26 July, p 31). 

But surely our very existence 
demonstrates that intelligence 
does not have to be brought into 
being by a superior intelligence.

Of course some believe this is 
what happened, but if so, how did 
that being come into existence?
Maidenhead, Berkshire, UK

GM’s bitter taste
From Johanna Carrie
In discussing genetically modified 
food, Susan Watts omits two 
issues that influence public 
attitudes (26 July, p 26).

In the late 1990s, I attended two 
large public debates on GM. No 
one was against the technology 
itself, as anti-nature, or anti-God. 
The issues were about who 
controlled the technology and 
what risks to the environment 
such crops might have. I have seen 
no evidence to suggest that these 
factors are no longer significant. 

Monsanto was not cast as the 
wicked ogre because of its GM 
technology but because it tried  
to control so much. At the time 
there was little evidence that  
GM crops gave higher yields,  

so the benefits accrued to the 
multinationals rather than 
farmers or consumers. 

GM microbes kept in vats in 
laboratories to produce 
flavourings or even human 
insulin were not a concern. Crops 
where genes could spread into the 
environment were. 

The world will need more food. 
But producing more will be no 
good unless people eat it willingly. 
I agree with Watts: let’s increase 
open dialogue between scientists, 
business and the public on GM. 
Edinburgh, UK

Element of doubt
From Peter Cooke
It’s no surprise that the periodic 
table is not holding up (12 July, 
p 38). There are over 3100 
nuclides, but the table only 
displays 100 or so. It can only  
be an approximation of 
something greater.

Perhaps it needs further axes  
to contain its properties, for 
example, a Z-axis so that each 
element gets a column of 
nuclides. A fourth axis could  
show how elements change their 
properties at different pressures. 
You can’t just reposition 
hydrogen, as your story suggests, 
if it changes to a metal under 
pressure, without considering 
every other nuclide under the 
same conditions. 

We could also consider shape. 
The linear array as it is might  
be better served by considering 
curves, spirals or more exotic 
shapes. To quote Wyszkowski’s 
Second Law: “Anything can be 
made to work if you fiddle with  
it long enough.”
Belfast, UK

Life unearthed
From Paul Reeve
Lisa Grossman writes that a probe 
that can drill through kilometres 
of ice is of interest because vapour 
plumes on Jupiter’s frozen moon 

Europa suggest there is liquid 
water underneath (26 July, p 10). 

If this unknown ocean contains 
any biology, won’t some of the 
microorganisms come to the 
surface with the plumes? It seems 
sensible to create probes to sense 
and sample the surface of Europa 
first for biological remnants. 

It certainly won’t be easy, but it 
sounds a whole lot easier than 
drilling into the ice, and if we find 
anything it could still be the 
biggest find of the millennium.
Maidenhead, Berkshire, UK

The editor replies:
■  Europa’s soaring water plumes 
are indeed a tempting destination 
for alien hunters. Earlier this year, 
we discussed plans to fly spacecraft 
through the vapour to sample it 
for signs of life (4 January, p 8).

Library cuts
From Guy Cox
Aviva Rutkin writes that  
libraries in the US are becoming 
workshops (19 July, p 22). She 
credits the famous library of 
Alexandria as the home of the 

world’s first steam engine, 
although I think that was built  
in the adjoining university. 

The library was notable in 
another way, though, in that 
entrants as well as being male, 
were required to be circumcised. 
Pythagoras, famous as he was, 
had to have the operation in  
order to be admitted. 

Given that circumcision was 

anathema to Greek culture at the 
time, it says a lot for the library.  
I don’t think such a requirement 
would be popular today.
Sydney, Australia

Hungary for bread
From Judit Brody
With regard to your article 
probing the gluten-free debate 
(12 July, p 28), when I was a child  
in Hungary we were taught that 
Hungarian wheat made the very 
best bread because it was gluten 
rich. Gluten was supposed to be 
good for you.
Witney, Oxfordshire, UK

Shocking discovery?
From Richard Miller 
The suggestion that people would 
rather give themselves electric 
shocks than sit idly seems to 
confirm notably cynical 
observations (12 July, p 12). 

For example, it was Bertrand 
Russell who once quipped, “Most 
people would sooner die than 
think; in fact, they do so.” 
London, UK

For the record
■ Don’t ditch the panda, as our 
headline suggested (19 July, p 38). 
Even if one were to interpret the 
Evolutionarily Distinct and Globally 
Endangered (EDGE) list for mammals 
as a plea to reduce conservation 
efforts for some flagship species, 
which was never its intention, it would 
still not be a problem for the panda, 
since it is number 19 on the list.

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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THIS IS YOUR  
CAPTAIN SPEAKING.  
IT’S FOGGY DOWN 
HERE ON THE 
GROUND.  
BUT HOPEFULLY IT’S 
BEAUTIFULLY CLEAR 
WHERE YOU ARE AT  
30,000 FEET…
ARE YOU READY TO 
GET ON A PILOTLESS 
PLANE?
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1 JUNE 2009: Air France flight 447 is 
cruising from Rio de Janeiro to Paris when 
it hits a tropical storm in the mid-Atlantic. 

Minutes later, the Airbus A330 flies into the 
ocean, killing all 228 people on board. 

On a sunny July morning four years later,  
an Asiana Airlines flight approaching San 
Francisco airport smashes into the sea wall 
just ahead of the runway, severing the entire 
tail section and sending the fractured fuselage 
cartwheeling across the airstrip. Three people 
died and dozens were injured.

These incidents appear unrelated, yet  
they share a tragic similarity: the pilot of  
each plane believed his flight control systems 
would automatically prevent the aircraft from 
stalling or flying too slowly to stay airborne. 
They were wrong. 

It turns out that this type of mix-up is a 
major contributor to a number of air crashes. 
And the confusion is set to get worse. With 
more things becoming automated, pilots can 
get muddled when something goes seriously 
wrong, losing track of where the autopilot’s 
responsibility ends and theirs begins. It is a 
recipe for disaster. 

So is it time to lose the human pilot 
altogether? Certainly many in the industry 
think so. Far better, they argue, for airliners 
to fly autonomously, under the remote 
supervision of pilots in an office thousands 
of kilometres away. Safety-wise it seems to 
make sense – flight crew error has been 
implicated in about half of all fatal airline 
accidents (see graph, page 33). 

Along with improved safety, pilotless 
passenger planes could offer dramatic cost 
savings for airlines and passengers alike. 
Without pilots, airlines would spend far less 
on salaries, simulator training, healthcare, 
layover hotels and retirement benefits, says 
Mary Cummings, a researcher in autonomous 
flight at Duke University in Durham, North 
Carolina. That should translate into lower 
fares, and automated flight should also be 
more fuel efficient, helping to further reduce 

for pilots. When autoflight computers 
experience situations they haven’t been 
programmed to handle – sudden structural 
damage to the aircraft, say, or extreme 
weather like that experienced by flight 447 – 
they can unexpectedly throw responsibility 
back to the pilots. Those pilots may become 
confused over the level of control they have 
been handed when something goes seriously 
wrong. Equally dangerous is the fact that flight 
deck computers can overload pilots with a 
blizzard of alerts, checklists and audible 
alarms at critical moments. In November 
2010, for instance, an engine exploded on 
Qantas flight 32 with 469 people on board, 
cutting 650 control wires. Yet as pilot Richard 
de Crespigny tried to land at Singapore, he and 
his co-pilot were distracted by 120 menus of 
instructions flashing on their screens.

The US Federal Aviation Administration 
recognises that humans and computers may 
not be the safest combination. In 2013, it 
published results of a seven-year study 
revealing a litany of dangers posed by the 
pairing of humans with flight deck automation. 
The FAA’s chief investigator, Kathy Abbott, 
found that pilots habitually “rely too much” 
on autoflight systems and are “reluctant to 
intervene, even when they suspect the 
systems are not performing as they should”. 
Pilots continue to be confused over the state  
of the autoflight system, the report warns. 

In the short term, airlines are trying to 
reduce these risks by redesigning computer 
systems and giving pilots extra training.  
In the longer term, using less automation in 
the cockpit might even seem a sensible 
solution. Yet many in the aviation industry are 
pursuing another path: reducing the role of 
fallible humans in the cockpit even further. 

A consortium of plane-makers, including 
Boeing, Airbus, BAE Systems and Dassault,  
has started a €30 million, four-year research 
project to provide computer assistance for 
pilots during emergencies. Called the 
Advanced Cockpit for Reduction of Stress and 
Workload project (ACROSS), its aim is to use 
computers to help reduce the dangerous peaks 
in workload that can lead to confusion during 
a crisis. The idea is for automation to allow a 
pilot or co-pilot to cope alone should the other 
be incapacitated. Yet ACROSS is going further 
than that. One objective is to identify the key 
challenges needed to create an autoflight 

What would it mean to fly without a 
human at the controls, asks Paul Marks

>
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costs and cut greenhouse gas emissions. And 
with the pointy end of the aircraft no longer 
taken up by crew, spectacular, panoramic 
views would be on offer to passengers in the 
front seats – provided they pay a little extra,  
of course. There’s just one key question: how 
would you feel boarding a plane without a 
human hand at the helm?

At the heart of this revolution lies a simple 
fact: computers now do so much on planes 
that airline pilots rarely have cause to take  
the controls. Autoflight computers can take 
over when the plane is just 30 metres off the 
ground, maintaining whatever speed, heading 
and height the crew tap into the flight 
management system. And the computer has 
long been able to home in on a runway radio 
beacon and land the aircraft automatically. 

Yet automation introduces fresh challenges 
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system that replaces the co-pilot entirely – 
allowing single-pilot operation from take off.

However, even if an ultra-smart machine 
intelligence works fine as a co-pilot, what 
would happen if the lone human pilot became 
incapacitated? According to Cummings, any 
computerised co-pilot good enough to work 
with a lone human must be able to assume 
complete control – to take off, fly and land the 
plane entirely on its own – should the pilot fall 
ill. So why bother with the human? It would 
certainly reduce the risk of confusion. 

Humans redundant?
Bolstering this reasoning is a 2013 study by  
a team at NASA’s Ames Research Center in 
California. It found that an autoflight system 
for a new generation of single-pilot very light 
jets still led to high workloads that tax a pilot 
“to the point that errors in navigation and 
flight control occur”. 

“All aviation researchers recognise  
that moving from two pilots to one is an 
intermediate step that will allow us to go  
from one pilot to zero,” says Cummings. 

Indeed, Cummings believes that the era of 
fully automated planes is inevitable. In her 
former job as a US navy pilot, she realised her 
fighter jet’s autoflight system made her all but 
redundant. It could land the craft on the deck 
of an aircraft carrier far better than a human, 
she says. “It adjusted direction, airspeed and 
altitude much faster than I could.”

Computers have the edge in split-second 
operations because eye-to-brain 
communication is slower than sensor-to-
processor transmission. “From the time you 
see a stimulus that requires action, to the time 
you act on it, is at best half a second,” she says. 
A computer, meanwhile, takes just 
milliseconds to detect sensor signals and  

act on them. “Humans cannot keep up.” 
Experience with US military drones 

confirms this – their crash rate dropped 
markedly the more automated they became. 
In particular, improvements were achieved by 
preventing pilots flying take off and landings, 
when crashes frequently happened. “Take off 
and landing are close to the highest workloads 
pilots experience,” says Cummings: almost 
half of all fatal airline incidents occur during 
these stages of flight.

So how far away are pilotless passenger 
planes? Well, one already exists, after a fashion. 
An unpiloted Jetstream airliner operated by 
BAE Systems has been flying 800-kilometre 
trips to see how it interacts with other aircraft 
and air traffic controllers – although it still has 
a crew on board, just in case. 

The Jetstream contains arguably the 
beginnings of the machine intelligence that 
pilotless planes will need – a smart flight 
management system called the Airspace 
Integration Processor (AIP). The AIP avoids 
collisions using radio, radar and camera-based 
sensors, and communicates with a ground 
pilot via satellite. After being given 
destination coordinates, the AIP can plan 
waypoints for a route, taking into account 
hazardous weather and air traffic restrictions, 
says BAE flight engineer Rod Buchanan.

Despite these advances, it is unlikely that 
passenger airlines will be the first to introduce 
pilotless planes. Cummings expects cargo 
carriers such as FedEx and UPS to be the first 
plane operators to drop from two pilots to just 
one. This will allow the technology to be tested 
in the same aircraft as those used by airlines, 
but with no passengers aboard. If that proves 
safe, we can expect to see cargo airlines 
ditching the crew completely by around 2035, 
she suggests. Instead, a pilot based at a 
company’s hub would watch over a fleet of 

cargo planes via satellite, ready to assume 
control if anything goes wrong. 

But flight automation technology could 
come into its own much earlier. Thanks to 
rapid developments in electric propulsion  
and intelligent flight controls, the time of 
flying cars or “personal air vehicles” (PAVs) 
may finally be near, and the key to commercial 
success will be complete automation, 
researchers believe. After all, learning to  
fly costs thousands of pounds, and if large 
numbers of us are to safely fly our PAVs in a 
crowded sky, we’ll need a computer at the 
helm. “You cannot have the current volumes 
of road traffic in the air and still have manual 
flight control,” says Mike Jump, an engineer 

To save lives in an emergency, could computers 
devise brilliant solutions like this river landing?

“ She realised that the jet’s autoflight 
system made her all but redundant”

Look, no hands!
Engineers have been testing aircraft designed to fly themselves for more than a century

March 1994

Aeroflot flight 593
crashes after pilot’s
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June 1952

Engineers test taking 
control of a B-25 
bomber's autopilot 
system from the ground

October 1947

First aircraft makes 
a transatlantic flight
completely under the
control of an autopilot

August 1944

Radio-controlled B-17 
crashes, narrowly
missing Ipswich, UK.
Another falls in Sweden

June 1944

Allied air forces begin
operation Aphrodite, 
to fly B-17 drone bombers
at targets in Germany

December 1931

US Department of 
Commerce licenses 
autopilot for use in 
passenger flights

May 1917

Sperry commissioned to 
build six programmable 
flying bombs

June 1914

Lawrence Sperry climbs on the
wing of his biplane to show
gyroscopic “autopilot” at an
aviation safety contest

December 1913

Orville Wright 
demonstrates crude
“autopilot” system 
using pendulums
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at the University of Liverpool, UK, and part of 
the MyCopter project which is building the 
automation software for a vertical take off 
PAV. He predicts lift-off for flying cars by 2025. 

There is no doubt that automation will be 
attractive to airline operators: after fuel, crew 
are one of the industry’s major costs. Senior 
pilots can earn $240,000 or more a year and 
require regular training and refresher courses, 
in addition to benefits such as healthcare and 
pensions. The time they can spend in the air is 
also tightly regulated. “Flight crews have 
physical needs and strict duty periods, and 
those limit flight time,” says aviation 
consultant Donough Wilson from Coventry 
University, UK. 

Automation means better fuel economy 
too, says Cummings – an autoflight system 
won’t stray off the optimum route and so need 
to use extra fuel getting back on track. What’s 

good for an airline’s bottom line, and the 
environment, could also benefit passengers  
by helping to keep seat prices down. And if 
pilotless planes can help reduce turnaround 
times between flights, they might go a little 
way towards reducing delays. Plane-makers 
could even rethink layouts. “Without the need 
to house pilots up front, there is no need to 
conform to current aircraft designs,” says 
Wilson. Losing the flight deck could offer 
passengers the views usually only enjoyed  
by pilots.

Of course, the big concern with full 
automation is what happens if the systems fail 
and there is no on-board crew to take control. 
For example, it is unlikely that an AI “pilot” 
could ever match the bizarre-but-brilliant 
decision to ditch on the Hudson River, as 
Chesley Sullenberger did in January 2009, so 
preventing fatalities when his plane’s engines 

failed over New York City. Perhaps not, says 
Bryant Walker Smith, a lawyer who researches 
risk and technology at the University of South 
Carolina in Columbia, but airlines might be 
prepared to accept the risk of such freak 
accidents. “If automation eventually succeeds 
in reducing the number and severity of crashes 
and injuries, then even if manufacturers are 
liable in a greater share of crashes, their actual 
[risk] exposure might not be higher,” he says.

But pilots are unlikely to let themselves be 
replaced by techology without a fight. “We will 
only be able to build resilient pilotless aircraft 
when we can replicate human consciousness, 
awareness and prediction in a machine,” says 
de Crespigny. “Until then it is pilots who have 
the only chance of saving people.”

Richard Toomer, spokesman for the British 
Airline Pilots Association agrees: “Passengers 
want to know they are in the hands of two 
well-trained, well-rested pilots. We can’t see 
that changing anytime soon.” 

Yet with driverless cars expected on the 
roads soon, people may become more 
comfortable with the idea of fully automated 
vehicles – Cummings says she has seen some 
evidence of this in a recent survey. But she 
admits that many will be reluctant to accept 
pilotless planes. “Moving from two pilots to 
one will be easier than from one to zero,” she 
says: it’s a technological challenge that will 
face regulatory and cultural resistance too. 

The roots of that cultural resistance run 
deep, says Robert Bor, a clinical psychologist  
at the Royal Free Hospital in London, who 
specialises in aviation psychology. “It comes 
down to a primitive fear of not being in 
control.” Passengers like to see a capable 
person in charge of a plane – someone who has 
as much to lose as they do if things go wrong. 
And although pilots acknowledge that they are 
often simply monitoring automated systems, 
Bor argues that passengers still see them as 
“calm-under-stress, uniformed people who 
wrestle with the controls and battle against 
the odds on our behalf”. Cummings agrees. 
“The need to see a James T. Kirk on the bridge 
is strong,” she says. 

It will be up to the aviation industry to 
demonstrate equal or better safety levels  
than crewed planes, says Bor. So would he fly 
in a plane flown by machine? “I’d need clear 
evidence from extensive experiments 
showing it is safe,” he says. “But if I was told 
tomorrow I only have a ground pilot, I’d be 
troubled. I think it is going to be a hard sell.”  ■

Paul Marks is senior technology correspondent at 
New Scientist
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without refuelling

What caused the crash?
The majority of fatal airline accidents are down 
to humans
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IT IS an annual ritual, as reliable as the 
spawning of frogs or the return of migrating 
birds. On the first sunny, warm day following 

winter, pale-skinned denizens of the high 
latitudes slough off excess clothing and 
expose their blanched bodies to the sun’s rays. 

Most of us love sunshine. Yet the standard 
health advice tells us to cover up and slather 
on the suncream for fear of developing skin 
cancer. That is still good advice, but the latest 
research suggests that sunshine – or rather the 
vitamin D it generates – may be more essential 
for health than we previously recognised.

Most people are familiar with the idea that 
extreme vitamin D deficiency causes rickets, 
a softening of the bones that can bow and 
distort them. It's also known that even a 
moderate lack of vitamin D can boost the  
risk of fractures. What's new is the idea that 
vitamin D is not just about bones. Mounting 
evidence indicates that if we don't get enough 
of it, we could leave ourselves more 
susceptible to infections, increase our risk of 
autoimmune diseases such as multiple 
sclerosis and type 1 diabetes, and even raise 
the risk of certain cancers. 

All that suggests a rethink of official advice 
about how much vitamin D is enough. “The UK 
guidelines have traditionally been targeted at 
trying to prevent rickets,” says Julia Pakpoor, 
a vitamin D researcher at the University of 
Oxford. “Higher doses – perhaps five times 
higher – are almost certainly safe, and more 
beneficial.” Time to get out in the sun?

We get vitamin D in two ways: by eating it, 
and by exposing our skin to the ultraviolet B 
(UVB) rays in sunlight. Technically, vitamin D 
made in the skin is a hormone, as a vitamin is 
defined as an organic compound that the body 
cannot produce in adequate quantities. Cells 
in the outermost layer of skin, the epidermis, 
make a substance called 7-dehydrocholesterol, 
which reacts with UVB light to form a 

precursor of vitamin D. Our kidneys convert 
this into the active form, which binds to 
receptors in the intestines and bones and 
helps regulate levels of calcium, a crucial 
building block of bone. 

Along with the kidneys, various types of 
immune cell can convert vitamin D into its 
active form, and many also possess vitamin D 
receptors. The first hints that vitamin D might 
play an active part in the immune system 
came as early as the 1960s from studies of 
multiple sclerosis. MS is characterised by the 
immune system attacking the fatty sheaths 
around nerve cells in the brain and spinal cord. 
Epidemiologists noticed that cases seemed to 
cluster at high latitudes, where people were 
exposed to less sunshine. “At first, the link 
seemed kind of improbable,” says George 
Ebers, a neurologist at Oxford. “But gradually, 
there has been more and more data to  
support the notion that it has something to 

do with sunshine.” 
In 2011, a group led by Steve Simpson at  

the University of Tasmania, Australia, 
combined the results of hundreds of studies 
investigating MS and sun exposure, and 
concluded that the trend is real, with a few 
exceptions. Scandinavia, for instance, has far 
fewer cases of MS than its latitude should 
predict – but then Scandinavians eat a lot of 
oily fish, a food packed with vitamin D. 

There could be other explanations for this 
clustering. People living at higher latitudes 
might have other genetic predispositions that 
would boost their MS risk, although the team 
controlled for one such gene variant. But 
recent studies of people living in Iran have 
bolstered the idea that sun exposure is directly 
involved. From the 1950s through to the 1970s, 
Iran was a country heavily influenced by the 
fashions and culture of the West. With the 
Islamic revolution of 1979, however, that 
changed. Men dressed more modestly and 

Sunny D
Sunshine's vitamin-making talents are even more vital 

for our bodies than we thought, finds Emma Young
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women covered their bodies almost 
completely, so skin previously bathed in sun 
was suddenly in darkness. 

There is no MS data from before the 
revolution, but the period 1989 and 2006  
saw an eightfold rise in cases, to nearly 6 per 
100,000 people. “This is a very high, rapid 
rise,” says Pakpoor, especially for such a sunny 
country.  “It must be because of an 
environmental risk factor, and one that is 
specific to Iran, because this isn’t something 
we’ve seen across the Western world," she 
says. "The only thing I can think of is the 
revolution.” 

Protective effects
That's still only a highly suggestive 
correlation, but there is other evidence. Earlier 
this year, Alberto Ascherio of the Harvard 
School of Public Health published data from 
people with the earliest symptoms of MS, 
suggesting that those with lower levels of 
vitamin D in their blood were more likely to 
develop full-blown symptoms, and to have a 
poorer prognosis. Ascherio has also reported  
that young adults with low vitamin D  are 
about twice as likely to develop type 1 diabetes  
as those with higher levels.

It's not yet entirely clear how vitamin D 
might protect against autoimmune diseases. 
From his own work on MS, Ebers suspects 
vitamin D may enhance the ability of immune 
cells to distinguish between foreign material 

and the body’s own cells. Other research hints 
at a link with the blood-brain barrier, the 
protective layer that prevents certain harmful 
chemicals and cells from reaching the brain. 
A recent study of mice given an MS-like 
disease suggested that one kind of immune 
cell was unable to cross the barrier and mount 
an attack against nerve cells if the animals’ 
diet was supplemented with vitamin D. When 
these supplements were stopped, the cells 
started appearing in their brains.

Whatever the answer, it seems the immune 
benefits don't stop with autoimmune 
conditions. Vitamin D also seems to ramp up 
the body’s defence against viruses, including 
those responsible for causing flu and colds. 
Possibly it increases the production of natural 
antimicrobial substances by various cells, 
including immune T-cells and cells lining the 
respiratory tract. The research is still young, 
but these findings suggest that low levels of 
vitamin D may be one reason why we are 
generally more susceptible to infection in 
winter, when there is less sunshine – although 
other factors that affect viral survival, such as 
temperature, humidity and the gloopiness of 
the protective mucus in our noses, could also 
be in play.

So how much vitamin D should we really be 
getting? There is currently no agreement on 
the optimal level. UK and US government 
guidelines focus on getting enough vitamin D 
to build healthy bones and teeth, and suggest 
the aim should be around 20 nanograms per 

millilitre of blood. But for a strong immune 
system we may need more. The Endocrine 
Society, a medical organisation dedicated to 
the study of hormones, says it could be 
anywhere between 30 and 100 ng/ml. 

Even assuming 20 ng/ml is enough, if you 
live at latitudes above around 35 degrees – 
north of San Francisco, Seville and Seoul or 
south of Melbourne, roughly speaking – the 
chances are that you’re deficient in vitamin D 
for at least some of the year. Between 

Sunshine could be a drug not just for healthy 
bones, but for a healthy immune system too
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“ Young adults with low 
vitamin D are about twice as 
likely to develop diabetes”

How much sun?
The number of minutes you need to spend in the sun to get your daily dose of vitamin D 
varies by the time of the year, your skin colour and where you are
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November and March (or June to August in the 
southern hemisphere), the angle of the sun 
means that few UVB rays hit the Earth at high 
latitudes, making it very difficult to synthesise 
vitamin D in skin. Neither can you stockpile 
enough vitamin D to tide you over the winter 
months, as bodily stores typically dwindle 
after around 30 days. 

One study of white Britons found that in 
winter and spring, around half have vitamin D 
levels below the recommended UK figure, and 
15 per cent are deficient year-round. The risk is 
even greater for people with darker skin living 
at high latitudes, who need more UVB 

exposure to make the same amount of 
vitamin D. Few people have levels low enough 
to cause the adult equivalent of rickets. But 
given how even a small deficiency increases 
the risk of bone fractures, and growing 
evidence for the role in our immune system, 
should we be doing more to get more?

Fear of skin cancer means many people are 
understandably keen to cover up during the 
summer months, and even moisturisers and 
make-up now often contain sun protection. 
That's despite growing evidence that more  
sun exposure could reduce the risk of getting 
other cancers – a positive effect also attributed 
to vitamin D (see "Don't be modest", below).

The good news is that, unless you are 
housebound, it should be easy enough to get 
enough vitamin D on a sunny day without 
getting a dangerous dose of sun. A fair-
skinned person in the UK need only expose 
their face and arms to the midday summer 
sun for 10 minutes to generate more than 
twice the amount they need for the whole  
day, while a dark-skinned person would need 
closer to 40 minutes (see diagram, below). 
Apps and gadgets have also appeared recently 
that calculate how long you should stay in the 
sun at any given time and location to get 
enough vitamin D while not getting burned. 

But the sun doesn’t shine every day, and we 
can’t all go outside when we want. What if it’s 
cloudy or you’re stuck in an office? Dense 
cloud and shade roughly halve the amount of 
vitamin D you synthesise, while glass blocks it 
almost entirely. UVB rays also dwindle in the 
early morning and evening, even though UVA 
rays continue to penetrate. Sunbeds provide 
lots of UVA exposure, but very little UVB.

Supplement your sun
So can you eat your way to vitamin D health? 
Current UK and US guidelines suggest adults 
need the equivalent of between 15 and 25 
micrograms of vitamin D per day from all 
sources combined, including the sun and diet. 
A 100-gram packet of smoked salmon would 
get you there, as would three 160-gram tins of 
tuna. But if you don't eat a lot of oily fish, it’s 
unlikely you’d meet these requirements 
through diet alone (see "How to get your daily 
dose", above). In the US, where milk is 
supplemented with vitamin D, the  average 
intake from diet is around a third of the 
recommended dose. In the UK, where this is 
not common practice, the figure is lower. 

That leaves vitamin D supplements as a 
possibility. The UK National Health Service 
already recommends supplements for 

children, and suggests that certain groups of 
adults should take around 10 micrograms of 
vitamin D per day. These include pregnant and 
breastfeeding women, those aged 65 and over, 
and people who “aren’t exposed to much sun”. 
It also points out that dark-skinned people are 
at greater risk of vitamin D deficiency, though 
it stops short of recommending supplements. 

Taking supplements is not risk-free. You 
can’t overdose on vitamin D from sunshine,  
as any excess made by the skin is degraded. 
But ingesting too much vitamin D can cause 
high blood calcium levels, which can damage 
the kidneys – although it’s unclear at what 
dosage this becomes a genuine concern.

Some think there is a case for much more 
widespread use of supplements, at higher 
doses. Current UK advice is to take no more 
than 25 micrograms of vitamin D per day in 
supplement form, while the US Institute of 
Medicine suggests an upper limit of 100 
micrograms. “That’s what I take,” says Pakpoor.  

Such higher limits could become the norm, 
both to help healthy people get enough, and 
also to help treat a growing number of ills. 
Clinical trials are under way in which vitamin 
D supplements are being given both to people 
with cancer and multiple sclerosis to see if 
they have an effect. Early results suggest it 
might ease the symptoms of MS.

A stroll in the sun is always a joy for body 
and soul.  But as we learn more about the 
sunshine vitamin and how it works, it seems 
that our cells are glad of its benefits, too.  
So get out there and enjoy – like all things,  
in moderation, of course.  ■

Emma Young is a freelance writer based in  
Sheffield, UK

How much sun is too much? While 
sunbathing until your skin burns is 
clearly going too far, evidence is 
emerging that covering up too much 
could be counterproductive. People 
living in sunnier low latitudes are less 
likely to develop certain cancers, 
including breast, prostate and 
colorectal cancer, than those in more 
northern climes. 

Why is that? The presence of 
receptors for vitamin D on a range of 
tumour cells suggest they respond to 
it, and vitamin D is known to influence 
the expression of genes that regulate 
cell growth. Studies on animals also 
show that vitamin D can slow tumour 
growth, and even encourages certain 
types of malignant cell to commit 
suicide. Once again, it seems the 
sunshine vitamin is at work.

DON'T BE MODEST

HOW TO GET YOUR 
DAILY DOSE
Each of the following will provide you with 
15 micrograms of vitamin D – the daily dose 
recommended by the US Institute of Medicine

0.5
88 g

10
15
15

2.8 kg

tablespoon of cod liver oil  

smoked salmon  

tablespoons of margarine  

eggs  

bowls of fortified cereal  

Swiss cheese
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Cost of de-orbit mission
Cost of new cameras

Hubble 
launched

A
lti

tu
de

 (k
ilo

m
et

re
s 

ab
ov

e 
Ea

rt
h)

Defective
mirror discovered

Shuttle 
astronauts 

service 
telescope, 

correct mirror

Altitude 
reboost 
by 8km

Shuttle 
mission to 
service 
telescope

Altitude 
reboost 
by 15km

Altitude 
reboost 
by 7km

Servicing 
mission

Servicing 
mission

Final servicing 
mission includes 
installing a grab ring

Space 
shuttle 
retires Robotic 

mission will 
steer Hubble 

to Earth

1990 1995 2000 2005 2010 2015 2018

615
610
605
600
595
590
585
580
575
570
565
560
555
550

$300m
$150-200m



9 August 2014 | NewScientist | 39

Get Hubble 
out of trouble

Let’s club together and rescue the planet’s favourite 
telescope, urges Govert Schilling

YOUR money could save Hubble.  
As things stand, the immensely  
popular space telescope will be steered 

into the Pacific Ocean around 2020. But, with 
enough funding, we could keep the craft going 
for another 10 years. Managers at the Space 
Telescope Science Institute in Baltimore, 
Maryland, are thinking about a Kickstarter 
campaign. “We’re having talks,” says the 
STScI’s director, Matt Mountain.

Since its launch from the space shuttle in 
1990, Hubble has revolutionised almost every 
field in astronomy. But non-astronomers also 
fell in love with the space telescope. Its 
spectacular cosmic images have captured the 
imagination, earning Hubble its nickname: 
the people’s telescope.

Thanks to a set of sensitive cameras 
installed five years ago, “Hubble is in the best 
shape it has ever been”, says John Grunsfeld 
of NASA. “Never before did we have such a 
wonderful telescope. It’s a worldwide 
national treasure.”

Grunsfeld, aka “the Hubble hugger”, was an 
astronaut on three of the five crewed missions 
sent to service Hubble, including the final one 
in May 2009. Servicing missions won’t be 
possible any more because NASA has retired 
its fleet of space shuttles.

Left alone, Hubble will be dragged down by 
friction in the tenuous upper layers of Earth’s 
atmosphere. Sometime in the mid-to-late 
2020s, the telescope will fall to Earth. It is the 
size of a school bus so potentially dangerous 
chunks could survive re-entry. Therefore, 
during the last servicing mission, astronauts 
mounted a docking device on Hubble so that 
a future robotic craft, outfitted with a rocket 
motor, can grab on and steer the telescope 
out of its current orbit.

NASA’s plan is to de-orbit Hubble a few years 
after the launch of its successor, the James 
Webb Space Telescope, which is planned for 
late 2018. Operating like a space tug, the 
robotic craft would guide the huge telescope 
safely into the Pacific. Hubble would partly 

burn up in the atmosphere; its mortal remains 
would end up at the bottom of the ocean.

“If that happens, I’m sure we will all be 
on a cruise to watch it die,” says planetary 
astronomer Heidi Hammel of the Space 
Science Institute in Boulder, Colorado. “We 
may even try to retrieve pieces of Hubble.” 

But is that really the best we can do for a 
space icon? “Why not use the rocket motor to 
put Hubble into a higher orbit, so it can be 
used in retirement mode?” asks Hammel.

It is a compelling idea. After all, Hubble 
won’t become useless after its successor 
switches on, just as terrestrial telescopes don’t 
become obsolete when newer models with 
bigger mirrors come along. What’s more, the 
two space telescopes address different 
scientific questions: the James Webb Space 
Telescope will observe mainly at infrared 
wavelengths, whereas Hubble covers the 
visible and ultraviolet part of the spectrum.

To really make the most of Hubble’s extra 
years, though, it needs replacement cameras. 

“The current instruments will become old. 
You can’t expect them to keep working,” says 
Harry Ferguson, an astronomer at the STScI. 
With a new wide-field camera, for example, 
we would be able to image all the galaxies in 
the universe out to a certain distance from us – 
something Hubble cannot do at present. 

So could a robotic mission swap the 
cameras? “Technically, it’s not a problem,” 
says Frank Cepollina of NASA’s Goddard 
Space Flight Center in Greenbelt, Maryland. 
Cepollina has been designing robotic 
servicing missions for almost 40 years. 
“It’s not easy, but it is doable,” he says. “It’s a 
matter of organisation and orchestration. 
The biggest hurdle would be a lack of desire. 
Everyone – government, science, industry – 
has to say yes.” 

They may well baulk at the price tag.  
A new camera would tax NASA’s science 
budget to the tune of $200 million – about the 
same as a cheap space probe and about 10 per 
cent of Hubble’s original project cost. 

“It’s a lot of money,” admits Ferguson,  
“but who knows, we might be able to 
crowdfund it.” That would really turn Hubble 
into the people’s telescope.

Astronomy and space science projects  
are already enjoying some crowdfunding 
success. Uwingu, a US-based company led by 
planetary astronomer and former NASA 
science chief Alan Stern, sells the right to 
name extrasolar planets and craters on  
Mars in order to fund space research and 
education. And recently, a group of space buffs 
raised nearly $160,000 to resurrect ISEE-3,  
a defunct NASA satellite.

That still leaves a hefty shortfall. Perhaps 
it could be made up with corporate funding. 
“If Microsoft would come up with half a 
billion dollars, NASA would be OK with that,” 
says Cepollina. 

Commercial space companies like SpaceX, 
founded by PayPal entrepreneur Elon Musk, 
might also be interested. Space X, based in 
Hawthorne, California, developed the Falcon 
rocket and the Dragon spacefreighter that has 
been used to resupply the International Space 
Station. Next year, the company hopes to 
launch its first crewed mission.

“I don’t know if crowdfunding would work,” 
says Mountain. “But if Musk says: ‘use my 
rocket and I’ll pay for the camera’, he becomes 
the guy who rescues Hubble.”

Are you listening, Elon?  ■

Govert Schilling writes about space and astronomy 
from Amersfoort in the Netherlands. Follow him on 
twitter @Astro_Govert  

Chief Hubble hugger John Grunsfeld has helped 
keep the telescope in tip-top condition
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  WOLVES 
 AT THE
     DOOR

(AND BEARS, AND LYNX)

Europe’s big 
carnivores are  
back and causing  
a rumpus. Henry 
Nicholls reports
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A wolf in Slovenia  
with a GPS collar (left); 
wolves approach a 
bear in Finland (below)

species on which carnivores depend. “The 
carnivores didn’t hang around,” says John 
Linnell of the Norwegian Institute for Nature 
Research in Trondheim and a member of  
the International Union for Conservation of 
Nature’s Large Carnivore Initiative for Europe. 
“They just said ‘thank you’.”

As well as natural expansion there were  
also some deliberate reintroductions – lynx  
to several areas of central Europe in the 1970s 
and 1980s, for example, and bears to the 
Pyrenees and Italian Alps in the 90s. With a 
few exceptions, populations are now stable  
or growing (see maps, page 43).

Wolves in particular continue to recolonise 
former territories. In 2012, birdwatchers in Thy 
National Park in northern Denmark reported 
seeing the first wolf in the country for some 
200 years. A few weeks later it was found  
dead, apparently from natural causes. DNA 
analysis showed that it had come from a pack 
inhabiting the borderlands between Germany 
and Poland, almost 1000 kilometres away.

But it hadn’t come alone. It is thought  
that there are now at least three wolves in  
the country. And if wolves can re-establish 
themselves in the fragmented habitat of 
Denmark, they can probably do it anywhere.

Hiding in the dark 
One of the challenges of counting large 
carnivores is their secretive and mainly 
nocturnal nature. “These animals are masters 
at being there but not being seen,” says 
Linnell. “Lynx, especially, are invisible.”  
In a 20-year career he has only ever seen lynx 
while capturing them to fit radio collars.

As a result, there are arguments over how 
many animals are actually out there. Head 
counts are impossible so researchers have to 
make use of indirect methods, which usually 
means working with faeces. “You pick up  
a piece in the woods and you go home and 
work out which species, which sex, which 
individual it is,” says Linnell.

Slovenia, for example, has a network  
of some 2500 foresters, hunters and 

NOBODY will ever know why Slavc 
abandoned his family. But in the winter 
of 2011, the young male wolf left his 

home territory and began an epic trek. He had 
spent the first years of his life meandering  
through the forests of southern Slovenia, 
occasionally straying into Croatia. Then, as 
Christmas approached, he struck out towards 
the north, alone.

Slavc was one of an estimated 4000 wolves 
living on the Balkan peninsula of south-
eastern Europe, a continent not usually known 
for its big, fierce predators. Twenty years ago 
that was quite right, but no longer. Europe – 
the most urbanised, industrialised and farmed 
continent on Earth – is now home to some 
12,000 wolves, 17,000 brown bears and 9000 
Eurasian lynx. To put that in perspective,  
there are as few as 32,000 lions left in Africa 
and fewer than 2000 tigers in India.

The return of Europe’s big three is an 
uncelebrated conservation success story.  
But as these charismatic mammals recolonise 
places they disappeared from long ago,  
age-old tensions between man and beast  
are starting to return. Can humans and wild 
predators really live alongside each other in 
harmony in Europe?

Several months before Slavc left home, 
ecologists had fitted him with a GPS collar 
programmed to send its position seven times 
a day. By the middle of December, it was clear 
he had left home for good.

“We knew something was different because 
he had crossed two large motorways far 
outside his home territory,” recalls Hubert 
Potočnik, a biologist at the University of 
Ljubljana in Slovenia. At one point the collar 
pinged a signal from the centre of a town 
called Vipava. Potočnik was worried that the 
wolf had been shot. But just as he was about  
to call the police, another signal showed that 
Slavc was on the move again.

A week later, having travelled some 
200 kilometres north, Slavc crossed into 
Austria. On New Year’s Eve he reached the  
river Drava. That night Potočnik received two 
signals, one from the south bank and one from 
the north. Slavc had swum across the river.

Bears, wolves and lynx were once 
widespread across Europe – including the 
British Isles  – but centuries of hunting, 
persecution and habitat destruction took  
their toll. Reliable numbers are hard to come 
by, but by the mid-20th century, the big three 
had effectively been exterminated everywhere 
except for small, precarious populations on 
the continent’s wildest fringes.

In the 1970s, however, there was a U-turn  
in attitudes. The environmental movement 
raised awareness of the predators’ plight  
and laws protecting them came into force.

By happy coincidence, changes in land  
use after the second world war – particularly 
reforestation – led to a boom in the prey LA
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volunteers who collect scats, urine and other 
samples such as hair and saliva swabbed off 
dead livestock and send them to Potočnik’s 
colleague Tomaz Skrbinsek. By analysing the 
DNA, it’s possible to estimate population size. 
The latest data suggests that the country’s wolf 
population has remained stable over the past 
three years, at around 40 to 50 individuals in 
nine or 10 packs.

GPS readings like those from Slavc’s collar 
yield other insights. “Everyone thinks these 
animals live in the forest and they don’t 
move,” says Linnell. “Yet every time you put on 
a collar and track them you find these animals 
cover huge areas.” A single lynx, bear or wolf 
can cover 1000 square kilometres or more.

In heavily populated Europe, that inevitably 
means coming into contact with people.  
As the Large Carnivore Initiative for Europe’s 
manifesto puts it: “wild areas without  

human land-use or activity… are virtually 
non-existent in Europe”.

That seems to suit the animals just fine.  
“I don’t think there’s anywhere they couldn’t 
live if they were allowed to,” says Linnell. Even 
cities aren’t off limits: in Brasov, Romania, 
bears make frequent, bold visits to gorge 
themselves on garbage. In 2008, a 20-year-old 
man was killed by a bear in the city centre.

As Slavc headed across Austria, through 
farmland, villages and around the edges of 
towns, Potočnik became increasingly anxious 
that he would have a run-in with farmers.

The concern is a real one, especially for 
wolves, which have the biggest impact on 
livestock. Bears and lynx will also take 
livestock, but because they are solitary and 
only tend to pick off one animal at a time  
they don’t generate the same hostility.

The impact can be costly. Exact numbers  

are impossible to obtain but unofficial 
estimates suggest that between 50,000 and 
100,000 livestock, mostly sheep, are killed 
each year. Bears also cause costly damage to 
bee hives, orchards, vehicles and buildings. 
“The situation is getting worse,” says Pekka 
Pesonen, secretary-general of Copa-Cogeca, 
the voice of farmers in the EU. 

Fences and guard dogs
Governments pay out millions of euros a  
year in compensation for these losses, which 
may explain why initiatives are being rolled 
out across Europe to encourage farmers  
to reintroduce old methods of protection, 
notably fences, guard dogs and shepherds.

There are, however, limitations to these 
measures. Putting up fences in mountainous 
or forested terrain is impractical, electric 

EURASIAN WOLF 
(Canis lupus lupus)
Europe’s most widespread and 
successful large mammalian 
carnivore, and also its most 
controversial.
Danger to humans? Yes. 
Though Western Europe  
hasn’t seen an attack by  
a wild wolf for decades.
Best place to see: The plains 
and wetlands of central and 
north-west Spain, home to  
a population of about 2500 
wolves.

EURASIAN BROWN BEAR 
(Ursus arctos arctos)
Europe’s largest native 
carnivore, though it eats fruit, 
nuts, vegetables and honey  
as well as meat. An adult male 
can weigh up to 320 kilograms.
Danger to humans? Yes. 
Attacks are rare but do happen, 
mostly in Romania.
Best place to see: Eastern 
Finland, close to the Russian 
border, where close-up  
views are possible in special 
bear hides.

EURASIAN LYNX (see left)
(Lynx lynx)
A medium-sized cat distributed 
patchily across Eurasia from 
the western Alps to Siberia. 
Adult males are about the size 
of a golden retriever. Not to be 
confused with the critically 
endangered Iberian lynx, which 
is confined to southern Spain.
Danger to humans? No.
Best place to see: A zoo.  
In the wild the best you can 
realistically hope for is to see 
tracks in the snow.

KNOW YOUR WILD BEASTS
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fences require monitoring and there are 
labour costs associated with shepherds and 
guard dogs. In Italy, there is strong resistance 
from farmers to implementing such measures. 
“Some of them refuse out of principle,” says 
Valeria Salvatori of the Institute of Applied 
Ecology in Rome, who is also a member of  
the Large Carnivore Initiative for Europe.

Pesonen puts it more bluntly. “By no means 
should farmers accept the costs resulting from 
the presence of large carnivores,” he says. 

Another group with strong views is hunters. 
Some have a sense of empathy with their 
fellow predators; a few want to hunt them. As 
a general rule, however, most express concern 
about competition for game species like deer.

Sometimes tensions boil over. Last year, a 
group of men in rural Finland organised an 
illegal wolf hunt in protest at what they saw  
as preferential treatment for the carnivores. 
They killed three wolves before they were 
stopped; the ringleader later shot himself.  
His suicide note blamed his death on the  
green movement and the EU.

Such illegal hunting is quite widespread, 
says Linnell. Again there are no numbers, but 
there is some evidence that poaching in the 
Alps may be causing lynx, bears and wolves  
to decline. The same may be happening to 
Finland’s wolves, he says.

In recognition of these growing tensions,  
in June the EU launched the Platform on  
the Coexistence between People and Large 
Carnivores, a forum to promote dialogue  
and understanding.

In some cases that means taking difficult 
decisions. Carnivores are heavily protected by 
European law: with the exception of Estonia, 
where lynx hunting is permitted, it is illegal to 

kill a bear or a lynx anywhere in the EU. Wolves 
are a different story. They are protected, but 
strictly controlled culls are carried out in 
many countries to keep the population stable.

For many people this might seem like a 
backward step. But such intervention can 
benefit wolves, says Cy Griffin, director of 
conservation at FACE, the European Federation 
of Associations for Hunting and Conservation. 
It can also serve a political purpose, he says. 
“The controlled management of some of  
those populations is going to be a very useful 
tool for easing some of those tensions.”

The Large Carnivore Initiative for Europe 
agrees. “As long as hunting is humane, 
regulated and sustainable then it may well  
be the price of acceptance,” says Linnell.

For Garry Marvin, an anthropologist at  
the University of Roehampton, UK, who 
studies conflicts between animals and 

humans, co-existence is possible. “I think we 
can live with large populations of wolves in 
Europe,” he says. “The trick is to bring together 
the environmentalists, the biologists, the 
hunters and the farmers and get them to talk.”

“There is no creature in Europe that is so 
emotionally charged, both for it and against  
it, as the wolf,” Marvin continues. “It’s one  
of the big tests of how you can get a proper 
conservation programme going. If you can do 
it over the wolf, you can do it over anything.”

Somehow, Slavc managed to navigate his 
way to the Alps without getting into trouble. 

In February he battled through 6-metre-deep 
snowdrifts to cross a mountain pass. Soon 
afterwards he entered Italy, crossed several  
ski runs and then headed south.

By now Slavc’s travels were well known to 
Potočnik’s colleagues in Austria and Italy. In 
March a forestry official sent him a video of  
a wolf in the Regional Natural Park of Lessinia 
north of Verona – the first sighting of a wolf 
there for almost 100 years. It wasn’t Slavc, but 
a female. “We started joking that Slavc was on 
his way to find her,” says Potočnik. 

But Slavc bypassed Lessinia and continued 
into the vineyards on the fringes of Verona. 
What drew him was probably a female wolf  
in a private zoo on the outskirts of the city. 
Unable to break in, Slavc loped back north.

In April, Slavc finally entered the Lessinia 
park. Potočnik asked a park manager to check 
out a couple of GPS coordinates. She found  
the tracks of two wolves. Later in the year a 
camera trap photographed two wolf pups, the 
first time in recorded history that a wolf from 
the Balkans had bred with a wolf from the 
Apennines. With such a powerful love story  
set so close to Verona, it was inevitable that the 
Italian media would name the female Juliet.

Slavc’s collar ceased transmission in August 
2012 so Potočnik can no longer keep regular 
tabs. But his excitement is undiminished.  
As far as he can tell, Slavc and Juliet are still 
together. “They probably have another litter 
this year,” he says. “Following Slavc across 
Europe offered a rare insight into the secret 
life of the wolf. It was one of the most amazing 
events in my life.”  ■

Henry Nicholls is a writer based in London. Follow him 
on Twitter @WayOfThePanda

“ There is no creature in 
Europe as emotionally 
charged as the wolf”
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Open Knowledge Festival, 15-17 July, 
Kulturbrauerei, Berlin, Germany

FROM science journals to research 
data, there is a movement towards 
setting data free for everyone to 
use. It is a fine idea, but how we 
get from A to Z is quite another 
matter.

This was the main theme of 
the recent festival at Berlin’s 
Kulturbrauerei hosted by 
Open Knowledge, a non-profit 
organisation that promotes the 
open availability and distribution 
of information. There have been 
many open data, activism and 
hacking conferences in recent 
years, but the atmosphere of 
this one was electric. For once, 
people believed that they might 
actually succeed in changing the 
status quo.

Industry is clearly paying 
attention, with sponsorship from 
Google and the investment firm 
Omidyar Network, and a keynote 
speech from Eric Hysen, Google’s 
programme manager for 
elections and civic engagement. 

Businesses are also looking at 
the commercial opportunities 
afforded by open data. Take, for 
example, Nostalgeo, a company 
which maps old photographs 
onto modern sites to see how 
their locality has changed over the 
decades. The company also maps 
street parking from open data and 
has secured deals with Lexus, 
Audi and BMW. 

Openness looks to be 
inexorable. Even Europe’s 
policy heavyweights seem to 
have caught the buzz. Neelie 
Kroes, the vice-president of the 
European Commission and head 
of the EC’s digital agenda, was at 
the conference, meeting the 

movement’s movers and shakers. 
Where it benefits the conduct 

and practice of science, the EC is 
cheering open data along. During 
the festival, visitors were asked 
what the EC should focus on to 
create a truly open scientific 
culture.

For a start, anyone bidding for 
European Union funding would 
do well to arrange open-access 
publication of their research. 

CULTURELAB

How to be really open
Can free data speed scientific progress and if so, how do we make it happen? 
Kat Austen attended a friendly but critical festival to find out

Getting down and dirty with open 
data at Berlin’s Kulturbrauerei
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Open-access, free papers reach 
the public; they also gain more 
citations than the equivalent paid-
for articles. The assumption – or 
hope, at any rate – is that such 
research findings are reused more 
within the scientific community.

But open-access journals are 
only the first step on the road to 
an open system for science – and 
the route map is far from clear.

At last month’s Lindau Nobel 
Laureate Meeting, laureates and 
young scientists heard Nobel 
prize-winner Randy Schekman, 
founder of open-access journal 
eLife. He insisted that researchers 

should be judged on the quality  
of their research, rather than the 
impact factor of the journal in 
which they publish or their 
institution’s reputation.

Few would disagree, but were 
science to become truly open, 
how, and from whom, would 
researchers acquire their 
reputations? Would affiliation 
to an institution matter more, 
or less? How would we assess 
publication in a traditional, high-
impact journal, since it is hardly 

“ Openness looks to be 
inexorable. Even Europe’s 
policy heavyweights seem 
to have caught the buzz”
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 Invisible: The dangerous allure of 
the unseen by Philip Ball, Random 
House, £25

FOR the past 
20 years, Philip 
Ball has been 
writing  about 
science. He is 
indefatigable, 
polymathic and 
conscientious. He 

is also good and, project by project, 
his books are getting better.

Invisible, Ball’s eighteenth 
offering, uses the notion of 
absence, apparent absence or 
hidden presence to unpack trunks 
of pop science treats. There are 
chapters on microscopy and 
camouflage, X-rays and stage 
magic, nods to the uncanniness  
of the internet, and a glance at the 
mischievous delights of 
experimental psychology.

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

Now you see it…
Primitive notions about invisible forces have 
defined the shape of science, finds Simon Ings
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It hardly matters that there is 
little new here. Familiarity can, 
after all, camouflage truths, and 
Invisible turns out to be more 
clever than it appears.  

Our fascination with 
invisibility, Ball says, begins in 
childhood. Almost all of us 
entertain invisible friends and 
pets at some point. Children 
consider themselves truly visible 
only when they are exchanging 

glances. Without a corroborative 
gaze, a child’s descriptions of  
itself become oddly disembodied. 

Invisible forces and entities are 
much older than science, and Ball 
is interested in how our thoughts 
about invisibility have shaped and 
defined our scientific ideas. 
According to him, science is 
simply magic that has learned 

likely to be an open-source one?
The hunt is on for examples of 

best practice. Jenny Molloy, who 
co-ordinates Open Knowledge’s 
open science working group, 
recounted the work of Matthew 
Todd’s Open Source Malaria 
team at the University of Sydney, 
Australia, as anecdotal evidence 
of how open science can beat 
traditional science at solving 
problems. When they released all 
their datasets, Todd’s team found 
new collaborators and friendly 
interest from pharmaceutical 
companies – input they were 
unlikely to have received if they 
had followed traditional 
publication practices.

And recent research by 
geneticist Todd Vision and 
informatics researcher Heather 
Piwowar shows that publications 
accompanied by open datasets 
are cited more frequently,  
which is better for science and 
scientists. Molloy told New 
Scientist that she is now looking 
for more empirical data so she  
can evaluate how and when open 
science is more efficient than 
traditional science – something 
that she admits may depend on 
circumstances.

In the same critical spirit, 
The Engine Room, a network-
based organisation exploring 
political, social and other non-
academic uses of data, ran a 
session on when open data 
goes wrong. Unsurprisingly, 
the UK government’s  care.data 
programme was cited as 
an example. Due to share 
information across the country’s 
health system, it has been put on 
hold twice now in the wake of PR 
blunders and public suspicion.

More than the inspiring 
atmosphere of the festival, more 
even than the presence of serious 
policy players and businesses, it 
was this sort of critical approach 
that turned what could have been 
dismissed as a congress of zealots 
into a rational and legitimate 
lobby for change.  ■

Kat Austen is a writer based in Berlin

how to spot its own successes.  
It is as much driven by fantasies  
of knowledge and power as its 
disreputable parent. 

 In defence of this sizeable claim, 
Ball explores everything from 
outré optics to popular culture, 
while reaching back to Plato’s fable 
of invisibility in The Republic. The 
story is that, on acquiring the 
power to vanish, the shepherd 
Gyges became a rapist and a 
tyrant almost overnight. 

Ball draws an important lesson 
from Plato’s fable. The problems 
we confront, be they the desire to 
trespass, seduce the king’s wife 
or steal a kingdom, are never 
just technical; they are  always 
moral ones.

We may try – as technologists, 
scientists or at the very least 
rational beings – to attain an 
objective understanding of how 
the universe works. But we are 
people, too, and our descriptions 
cannot help but be imbued with 
ideas about acts and consequences, 
transactions, wins and losses. We 
cannot imagine a meaningless 
universe; instead we  pursue 
“underlying laws”. In doing that, 
we stray into the occult, defined 
by German philosopher Theodor 
Adorno as “the readiness to relate 
the unrelated”.  

Science, like magic, posits 
invisible entities. It, too, dreams 
up purely conjectural sympathies 
and correspondences – if only to 
explain why much of the physical 
universe seems to be missing. 

It is its rigour that makes science 
exceptional, extraordinary and 
valuable. Ball is no dull relativist. 
He is aware, however, that popular 
understanding is everything, and 
that “magic offers visions we can 
understand”.  ■

“ Children consider 
themselves truly visible 
only when they are 
exchanging glances”

Science will never overcome our 
appetite for illusion and fakery
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Acareer in chemistry can look tough for 
recent graduates – and not just because 
of the scientific rigors of a potential 

life in the lab. An American Chemical Society 
(ACS) survey of 2013 graduates found that 
14.9 per cent were unemployed jobseekers 
five months after graduation, up from 
12.6 per cent in 2012. However, not all of 
chemistry’s fields are barren – if you know 
where to look.

The production of synthetic drugs, the 
development of tests to understand what’s in 
unregulated food supplements and the quest 
for better disease treatments mean that in 
three areas, at least, chemists are in demand 
for engaging and challenging jobs. 

Say yes to drugs
Americans fill approximately 2 billion 
prescriptions each year, driving a drug-
creation industry that, in 2012, saw the 

approval of 39 new drugs, and 27 in 2013. 
That 2012 figure is only half the story, 

though: it came after a 16-year lull in new 
drug development that was triggered by a 
string of drug patent expirations that led to  
a boom in the production of generics.  

A resulting plummet in brand-name 
drug sales hit the for-profit companies that 

had held the patents hard, says Kara Allen, 
resulting in layoffs across “big pharma”. 
Allen is the program chair for ACS’s Business 
Development and Management division and 
is a recruiter with Aegis Sciences Corporation, 
a Nashville, Tennessee-based toxicology lab. 

As employment prospects for the for-profit 
sector faltered, nonprofits and startups 

rushed in to fill the void. Earlier this year, 
the National Institutes of Health announced 
a new partnership to develop treatments 
for Alzheimer’s disease, type 2 diabetes, 
rheumatoid arthritis and lupus, matched 
with an investment of more than $250 
million. The partnership involved 10 pharma 
companies, but also multiple nonprofits.

And as big pharma creates new drugs  
and begins to rebound, jobs that pay big 
bucks are returning to the field. But there’s  
a tradeoff. “Salaries for nonprofits do tend to 
be a bit lower, but can offer more stability,” 
Allen says. She points to her own movement 
in 2004 from international healthcare giant 
GlaxoSmithKline to St. Jude Children’s 
Research Hospital, in Memphis, Tennessee, 
as proof of this. 

“Moving [here] let me see the research 
being done translate from bench to 
bedside,” Allen says. “Nothing is more 
fulfilling than seeing that come full circle.” 

GE
T
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All about 
chemistry
A first job in a chemistry-related 
field can seem an unrequited 
love, but Laura Dattaro finds 
three areas that can offer 
jobseekers a spark

“ Do you want a high-paying 
salary, a stable career or 
personal fulfillment?”
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“ Forensic toxicologists  
are helping monitor  
painkiller abuse”

An entry-level job in this field generally 
only requires a Bachelor of Science (BS) 
degree, Allen says. New graduates are likely 
to be employed as research assistants or 
research technicians, but master’s- and  
PhD-level chemists are also hired in these 
areas. PhD candidates often start with 
postdoctoral research and move into a more 
senior research role. Scientists, as well as 
medical professionals, can also focus on 
related administrative roles, including data 
entry, survey interviews and as research 
associates. “Job seekers need to decide what 
their key motivators are,” Allen says. “Is their 
focus on a high-paying salary, a stable career 
or a more personally fulfilling position?”

Get a feel for forensics
With the creation of new substances comes 
the need to test for and identify them, a field 
known as forensic toxicology. “Forensic 
toxicology is definitely a fast-growing 
field,” says Allen. One of the biggest drivers 
of this growth is the increased use of pain 
medications in the United States. In 2011, 
nearly 17,000 people died of an overdose 
of prescription pain medications – about 
three-quarters of the total deaths from 
pharmaceuticals that year. Many forensic 
toxicologists are working to develop 
new methods for monitoring the use of 
painkillers, says Allen, to help prevent some 
of these deaths and allow for safer pain relief.

These methods can also help pain 
specialists detect the use of other drugs 
for non-medical purposes. This includes 
recreational drug replacements, like 
synthetic marijuana and “bath salts,” 
sometimes called fake cocaine. “The need 
to detect new illegal synthetic drugs as 
they continue to hit the streets regularly 
and the need to be able to detect them at 
lower thresholds has become increasingly 
important,” Allen says. The story is similar 
with synthetic hormones in food, along with 
dietary supplements, which are not regulated 
by the FDA and may contain harmful or 
banned substances – a particular worry for 
athletes and an increasingly important one 
for the general public too. 

All of this points to new opportunities for 
job-seeking chemists. Aegis, where Allen 
works, has seen an increase in the number 
of employees working on these issues from 
50 to more than 900 since 2008. Some jobs 
in this field involve performing the tests 
themselves, while others contribute to 
research and development of new methods. 

And, while an undergraduate science degree 
is generally a must for lab accreditation, 
only an associate’s degree is necessary for 
jobs involving processing samples. With a 
bachelor’s or master’s degree, jobs at the lab 
bench preparing samples become available, 
and higher-level research positions are 
available to those with a master’s or PhD.

Hello biotechnology
As our understanding of the chemistry 
of living things becomes more complex, 
it’s no surprise that chemists nationwide 
are finding jobs in the broad field of 
biotechnology: making products from living 
systems and organisms. 

Anne-Marie Colapietro works for 
Vaco, a recruitment and consulting firm 
headquartered in Nashville, where she 
specializes in linking jobseekers with 
positions in life sciences and clinical 
research. This can mean jobs that pair 
biotechnology with pharmacology in order 
to develop new drugs based on the genetic 
building blocks. 

“I look at clinical research, drug discovery 
and biotechnology as though you can’t have 
one without the others,” Colapietro says.

But biotechnology isn’t all about 
pharmaceuticals. The field has a broad 
swathe of applications, with two of the 
biggest umbrellas being agriculture and 

the environment. People working in 
biotechnology create crops that last longer 
after harvest and thus can be shipped further, 
pesticides that kill bugs without harming 
animals, and solutions to blights on plants 
and crops.

It’s a “wet bench” field, Colapietro says, 
meaning researchers do much of the  
at-the-lab-bench research work. Those jobs  
are generally available to scientists with  
an undergraduate degree, with many 
companies providing career ladders to  
help with advancement.

For those seeking a clinical or scientific 
research position, an advanced degree 
is crucial, Colapietro says. But many 

employers of these top-notch positions also 
want prior experience, whether through an 
internship, summer research position or 
volunteer work.

“The most important information is to get 
a degree, at least a bachelor’s if not a master’s 
or a PhD,” Colapietro says. “I think one of the 
challenges is getting your foot in the door in 
order to obtain some experience.” 

Laura Dattaro is a writer based in New York City

JULIANNE 
BRYAN knows 
all about the 
huge amounts 
of time and 
manpower 
needed to 
develop a new 

drug. As Director of Operations 
for Chemical Biology and 
Therapeutics (CBT) at St. Jude 
Children’s Research Hospital  
in Memphis, Tennessee,  
she oversees teams of 
scientists from a variety of 
backgrounds as they work to 
develop new treatments. 

Under her lead, the program 
has brought its first drug to 
clinical trial: 5-fluorouracil 
(5-FU), an existing cancer drug 
that the team repurposed to 

treat ependymoma, a rare  
brain tumor. The department  
is also close to producing its 
first de novo drug, a treatment 
for malaria.

Bryan’s undergraduate 
studies at Mount Holyoke 
College in Massachusetts were 
not in chemistry, but in biology. 
She began her career in the 
1990s working on drug 
screening technology at 
Scriptgen Pharmaceuticals,  
a startup based in Medford, 
Massachusetts (it has since 
moved to San Diego and been 
bought). She later moved to  
the Cystic Fibrosis Foundation 
Therapeutics in Bethesda, 
Maryland, where she worked  
on project management. It  
was during her time there that 

she met R. Kip Guy, the  
future department chair at  
St. Jude, who brought her on  
to create a new program. 

“We are an academic 
department,” Bryan says. 
“However, we also have all of 
the small bits and pieces that 
would make up a biotech 
company doing drug discovery.  
I try to make everybody go in 
the same direction.”

Drug discovery involves 
scientists in a wide variety  
of disciplines, says Bryan – 
which is why the project 
management she offers is  
so important. “No one person  
is going to have all of the 
information, from an idea to  
the bench of the research, all 
the way to the clinic.”

CASE STUDY  
THE TEAM EFFORT BEHIND DRUG DEVELOPMENT
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Department of Chemistry

Assistant Professor of Chemistry

The Department of Chemistry at The University of Chicago invites 

applications from outstanding individuals for the position of Assistant 

3URIHVVRU�RI�&KHPLVWU\���7KLV�VHDUFK�LV�LQ�WKH�DUHDV�EURDGO\�GH¿QHG�DV�

inorganic, organic, physical and materials chemistry.  

Applicants must apply online to the University of Chicago Academic 

Career website.  

Inorganic chemists apply to http://tinyurl.com/nrssrlo

Organic http://tinyurl.com/pgyoxgw

Physical http://tinyurl.com/n98taw3 

Materials Chemistry http://tinyurl.com/nxe833v

Please apply to one search only.  Applicants must upload a cover letter, 

a curriculum vitae with a list of publications, a succinct outline of 

research plans and a one page teaching statement.  At the time of hire the 

VXFFHVVIXO�FDQGLGDWH�PXVW�KDYH�D�3K�'��LQ�&KHPLVWU\�RU�D�UHODWHG�¿HOG���

Joint appointments with other departments are possible.  In addition, 

three reference letters are required.  Review of completed applications 

will begin October 01, 2014, and will continue until all available 

SRVLWLRQV�DUH�¿OOHG���

$OO� TXDOL¿HG� DSSOLFDQWV� ZLOO� UHFHLYH� FRQVLGHUDWLRQ� IRU� HPSOR\PHQW�

without regard to race, color, religion, sex, national origin, age, protected 

veteran status or status as an individual with disability. 

The University of Chicago is an 

$I¿UPDWLYH�$FWLRQ���(TXDO�2SSRUWXQLW\���'LVDEOHG���9HWHUDQV�(PSOR\HU�

Academic Fellowships

dŚĞ�ZĂĚĐůŝīĞ�/ŶƐƟƚƵƚĞ�&ĞůůŽǁƐŚŝƉ�WƌŽŐƌĂŵ�Ăƚ�,ĂƌǀĂƌĚ�hŶŝǀĞƌƐŝƚǇ�

ǁĞůĐŽŵĞƐ� ĨĞůůŽǁƐŚŝƉ� ĂƉƉůŝĐĂƟŽŶƐ� ŝŶ� ŶĂƚƵƌĂů� ƐĐŝĞŶĐĞƐ� ĂŶĚ�

ŵĂƚŚĞŵĂƟĐƐ��dŚĞ�ZĂĚĐůŝīĞ�/ŶƐƟƚƵƚĞ�ĨŽƌ��ĚǀĂŶĐĞĚ�^ƚƵĚǇ�ƉƌŽǀŝĚĞƐ�

ƐĐŝĞŶƟƐƚƐ� ƚŚĞ� ƟŵĞ� ĂŶĚ� ƐƉĂĐĞ� ƚŽ� ƉƵƌƐƵĞ� ƚŚĞŝƌ� ĐĂƌĞĞƌ�Ɛ� ďĞƐƚ�

ǁŽƌŬ�� �ƚ� ZĂĚĐůŝīĞ� ǇŽƵ� ǁŝůů� ŚĂǀĞ� ƚŚĞ� ŽƉƉŽƌƚƵŶŝƚǇ� ƚŽ� ĐŚĂůůĞŶŐĞ�

ǇŽƵƌƐĞůĨ�� DĞĞƚ� ĂŶĚ� ĞǆƉůŽƌĞ� ƚŚĞ� ǁŽƌŬ� ŽĨ� ĐŽůůĞĂŐƵĞƐ� ŝŶ� ŽƚŚĞƌ�

ĮĞůĚƐ�� dĂŬĞ� ĂĚǀĂŶƚĂŐĞ� ŽĨ� ,ĂƌǀĂƌĚ�Ɛ� ŵĂŶǇ� ƌĞƐŽƵƌĐĞƐ�� ŝŶĐůƵĚŝŶŐ�

ƚŚĞ� ĞǆƚĞŶƐŝǀĞ� ůŝďƌĂƌǇ� ƐǇƐƚĞŵ�� ZĂĚĐůŝīĞ� /ŶƐƟƚƵƚĞ� &ĞůůŽǁƐŚŝƉ�

WƌŽŐƌĂŵ� ŝŶǀŝƚĞƐ� ĂƉƉůŝĐĂƟŽŶƐ� ĨƌŽŵ� ƉĞŽƉůĞ� ŽĨ� Ăůů� ŐĞŶĚĞƌƐ�� ĂŶĚ�

ĨƌŽŵ�Ăůů�ĐŽƵŶƚƌŝĞƐ��tĞ�ƐĞĞŬ�ƚŽ�ďƵŝůĚ�Ă�ĚŝǀĞƌƐĞ�ĨĞůůŽǁƐŚŝƉ�ƉƌŽŐƌĂŵ�� 

^ĐŝĞŶƟƐƚƐ� ŝŶ� ĂŶǇ� ĮĞůĚ� ǁŚŽ� ŚĂǀĞ� Ă� ĚŽĐƚŽƌĂƚĞ� ŝŶ� ƚŚĞ� ĂƌĞĂ� ŽĨ� ƚŚĞ�

ƉƌŽƉŽƐĞĚ�ƉƌŽũĞĐƚ�;ďǇ��ĞĐĞŵďĞƌ�ϮϬϭϯ)�ĂŶĚ�Ăƚ�ůĞĂƐƚ�ƚǁŽ�ƉƵďůŝƐŚĞĚ�

ĂƌƟĐůĞƐ� Žƌ� ŵŽŶŽŐƌĂƉŚƐ� ĂƌĞ� ĞůŝŐŝďůĞ� ƚŽ� ĂƉƉůǇ� ĨŽƌ� Ă� ZĂĚĐůŝīĞ�

/ŶƐƟƚƵƚĞ� ĨĞůůŽǁƐŚŝƉ�� dŚĞ� ƐƟƉĞŶĚ� ĂŵŽƵŶƚ� ŽĨ� Ψϳϱ�ϬϬϬ� ŝƐ� ŵĞĂŶƚ�

ƚŽ� ĐŽŵƉůĞŵĞŶƚ� ƐĂďďĂƟĐĂů� ůĞĂǀĞ� ƐĂůĂƌŝĞƐ� ŽĨ� ĨĂĐƵůƚǇ� ŵĞŵďĞƌƐ��

ZĞƐŝĚĞŶĐĞ� ŝŶ� ƚŚĞ� �ŽƐƚŽŶ� ĂƌĞĂ� ĂŶĚ� ƉĂƌƟĐŝƉĂƟŽŶ� ŝŶ� ƚŚĞ� /ŶƐƟƚƵƚĞ�

ĐŽŵŵƵŶŝƚǇ�ĂƌĞ�ƌĞƋƵŝƌĞĚ�ĚƵƌŝŶŐ�ƚŚĞ�ĨĞůůŽǁƐŚŝƉ�ǇĞĂƌ��

�ƉƉůŝĐĂƟŽŶƐ�ĨŽƌ�ϮϬϭϱ�ϮϬϭϲ�ĂƌĞ�ĚƵĞ�ďǇ�EŽǀĞŵďĞƌ�ϭ��ϮϬϭϰ�� 

&Žƌ�ŵŽƌĞ�ŝŶĨŽƌŵĂƟŽŶ��ƉůĞĂƐĞ�ǀŝƐŝƚ�ǁǁǁ�ƌĂĚĐůŝīĞ�ŚĂƌǀĂƌĚ�ĞĚƵ

Žƌ�ĞŵĂŝů�ƐĐŝĞŶĐĞĨĞůůŽǁƐŚŝƉƐΛƌĂĚĐůŝīĞ�ŚĂƌǀĂƌĚ�ĞĚƵ���

ENDOWED CHAIR and ASSISTANT PROFESSOR 
FACULTY POSITIONS IN CHEMISTRY

3URYLGHQFH�&ROOHJH�VHHNV�KLJKO\�TXDOLÀHG�DSSOLFDQWV�IRU�two full-time faculty positions� WKDW�
ZLOO� EHJLQ� LQ� $XJXVW� ������ 7KH� 'HSDUWPHQW� RI� &KHPLVWU\� DQG� %LRFKHPLVWU\� DW� 3URYLGHQFH�
&ROOHJH�RIIHUV�$&6�DFFUHGLWHG�GHJUHHV�LQ�FKHPLVWU\�DQG�KDV���IXOO�WLPH�WHQXUHG�RU�WHQXUH�WUDFN�
IDFXOW\�DQG�DSSUR[LPDWHO\����PDMRU�VWXGHQWV�LQ�IRXU�XQGHUJUDGXDWH�GHJUHH�SURJUDPV�

2QH�SRVLWLRQ�LV�WKH�LQDXJXUDO�Walsh Endowed Chair�LQ�&KHPLVWU\�DQG�%LRFKHPLVWU\��7KH�LQLWLDO�
:DOVK�&KDLU�ZLOO� KROG�D�QHZ� IDFXOW\� OLQH� LQ�Biochemistry��7KH� UDQN�RI� DSSRLQWPHQW�ZLOO� EH�
FRPPHQVXUDWH�ZLWK�WKH�FDQGLGDWH·V�H[SHULHQFH�DQG�DFFRPSOLVKPHQWV�LQ�UHVHDUFK�SXEOLFDWLRQ�DQG�
JHQHUDWLQJ� H[WHUQDO� IXQGLQJ��7KH�:DOVK� &KDLU� KROGHU� LV� H[SHFWHG� WR� H[HPSOLI\� H[FHOOHQFH� LQ�
WHDFKLQJ��PDLQWDLQ�D�UHJXODU�SURJUDP�RI�VFKRODUO\�DFWLYLW\�DQG�WR�FRPSRUW�ZLWK�EHVW�SUDFWLFHV�
WKURXJK�FRPPXQLFDWLRQ�ZLWK�DQG�VWHZDUGVKLS�RI�GRQRUV� WR� WKH�'HSDUWPHQW�RI�&KHPLVWU\�DQG�
%LRFKHPLVWU\�
 

7KH� RWKHU� SRVLWLRQ� LV� D� IXOO�WLPH�� WHQXUH�WUDFN�assistant professor� DSSRLQWPHQW� LQ� Inorganic 
Chemistry��7KH� VXFFHVVIXO� DSSOLFDQW�ZLOO� SULPDULO\� WHDFK�ERWK�JHQHUDO� FKHPLVWU\� DQG�XSSHU�
OHYHO�LQRUJDQLF�FKHPLVWU\��&DQGLGDWHV�VKRXOG�GHPRQVWUDWH�D�FRPPLWPHQW�WR�HQJDJHG�OHDUQLQJ�LQ�
WKHLU�WHDFKLQJ�UHVSRQVLELOLWLHV�DQG�LQ�WKH�HVWDEOLVKPHQW�RI�DQ�DFWLYH�UHVHDUFK�SURJUDP�IHDWXULQJ�
FROODERUDWLRQ� ZLWK� VWXGHQWV�� $SSOLFDQWV� ZLWK� UHVHDUFK� LQWHUHVWV� WKDW� LQFOXGH� ELRLQRUJDQLF�
FKHPLVWU\�DUH�RI�SDUWLFXODU�LQWHUHVW�

3URYLGHQFH� &ROOHJH� LV� D� 5RPDQ� &DWKROLF� LQVWLWXWLRQ� FRQGXFWHG� XQGHU� WKH� DXVSLFHV� RI� WKH�
'RPLQLFDQ�)ULDUV�DQG�VHHNV�FDQGLGDWHV�ZKR�FDQ�DIÀUP�DQG�FRQWULEXWH� WR� LWV�0LVVLRQ��$V�RXU�
VWXGHQW� ERG\� JURZV� LQFUHDVLQJO\� GLYHUVH�� 3URYLGHQFH� &ROOHJH� LV� FRPPLWWHG� WR� FUHDWLQJ� DQ�
DFDGHPLF�FXOWXUH�DQG�FDPSXV�FRPPXQLW\�WKDW�DWWUDFWV�DQG�VXSSRUWV�WKH�GHYHORSPHQW�RI�D�VWHOODU�
DQG�GLYHUVH�IDFXOW\��$Q�$IÀUPDWLYH�$FWLRQ��(TXDO�2SSRUWXQLW\�(PSOR\HU��WKH�&ROOHJH�HVSHFLDOO\�
HQFRXUDJHV�DSSOLFDWLRQV�IURP�ZRPHQ�DQG�SHUVRQV�RI�FRORU�

$SSOLFDQWV�PXVW�DSSO\�RQOLQH��Deadline for applications is October 15, 2014��&RPSOHWH�GHWDLOV�
DQG�LQVWUXFWLRQV�DUH�DYDLODEOH�DW��https://careers.providence.edu   
  

Apply Now

'PS�NPSF�$IFNJTUSZ�KPCT�HP�UP�
OFXTDJFOUJTUKPCT�DPN

'PS�NPSF�$IFNJTUSZ�KPCT�HP�UP�
OFXTDJFOUJTUKPCT�DPN
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Editor-in-Chief

Cell Press Chemistry - SCI001MZ

To expand our commitment to promoting cross-pollination of ideas beyond the life sciences, 

Cell Press will be launching a premier, broad-interest, high-impact journal serving researchers in

chemistry. We are seeking a visionary, insightful Editor to lead this initiative. The Editor will have the

exciting opportunity to shape a prominent journal in a vibrant field of research and lead the editorial

team according to his or her creative vision. As a respected member of the chemistry community, the

Editor will create a high-impact journal grounded in a strong understanding of the field and the needs

of authors, readers, and reviewers and a vision for providing sustained value in the changing world of

science and publishing. S/he will be responsible for defining the aims, scope, and formats for the

journal, building a strong network of leading chemists, recruiting exciting studies, and ensuring the

quality and value of the journal as a forum for the best work across the entire field.

This journal aims to publish the most exciting and significant advances in all areas of chemistry,

including inorganic, organic, analytical, physical, and materials chemistry. The journal will have a

variety of formats to encourage fast and effective communication of new research findings. In

addition, the journal will highlight important new advances and promote timely discussion of relevant

topics through commissioned articles such as previews, perspectives, and reviews.

Cell Press is a dynamic, interactive and creative scientific community located in the heart of Cambridge,

MA. With 70+ PhD scientists, a forward-looking and experienced editorial support and digital

production team, a results-driven marketing and press office, and a vibrant commercial partnership

group, Cell Press aims to facilitate effective scientific exchanges and is a leader in communicating the

most important scientific findings. 

REQUIREMENTS

This position requires a strong research background and broad scientific interests. The successful

candidate will demonstrate dedication to serving the scientific community, enthusiasm for

communicating science to a broad readership, and the ability to lead the editorial team. The minimum

necessary qualification is a doctoral degree and post-doctoral work in relevant areas. Interested

applicants with a current academic appointment and research chemists who currently work in industry

but are seeking new challenges in an editorial/publishing role are encouraged to apply. Previous

editorial and/or management experience is strongly preferred. The key qualities we look for are

breadth of scientific interest and curiosity, the ability to think conceptually and critically about a wide

range of scientific issues, strong communication skills, leadership ability, and a penchant for teamwork. 

As a member of the editorial and scientific community, the Editor will also have strong interpersonal

skills and the ability to bring/build a broad network of contacts, domestically and internationally.

He/she will travel extensively to attend conferences and visit research institutions. The Editor will be

expected to collaborate with internal colleagues in production, marketing and business development

and to contribute to the overall publishing strategy of the Journal and Cell Press as a whole. 

Please go to https://reedelsevier.taleo.net/careersection/51/jobdetail.ftl?lang=en&job=SCI001MZ to apply.
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Assistant Professor
Department of Chemistry

University of British Columbia
The Department of Chemistry at the University of British Columbia (www.chem.ubc.ca) is seeking an outstanding new 

investigator for a full time tenure-track faculty position, at the rank of Assistant Professor. We are seeking candidates of 

exceptional scientific talent who have demonstrated success and high potential in experimental, theoretical or computational 

research in any contemporary area of Chemistry.

The position requires a Ph.D. degree in Chemistry or a related discipline, postdoctoral experience and an outstanding research

track record. The successful candidate will develop and maintain an internationally recognized research program. As a faculty

member in the Department of Chemistry, the successful applicant will be expected to effectively supervise graduate students,

collaborate with other faculty members, obtain external funding, effectively teach undergraduate and graduate Chemistry courses

and actively participate in departmental activities. Successful candidates will complement and strengthen the Department's 

expertise in research and education.

The anticipated start date is July 1, 2015.

UBC hires on the basis of merit and is committed to employment equity. All qualified persons are encouraged to apply. UBC is

strongly committed to diversity within its community and especially welcomes applications from visible minority group 

members, women, Aboriginal persons, persons with disabilities, persons of any sexual orientation or gender identity, and others

who may contribute to the further diversification of ideas. However, Canadian and permanent residents of Canada will be given

priority.

Applicants should send curriculum vitae, a list of publications, a summary of research interests, a detailed research proposal, a

statement of teaching philosophy and experience, and arrange to have three reference letters sent directly to:

2015chemsearch@chem.ubc.ca. 

In the cover letter, the applicants should clearly specify the area of their research experience.

Review of applications will begin November 1, 2014.

Based on results of the largest-ever survey of working scientists from over 100 countries.
Learn More About the Association for Women in Science (AWIS) at www.awis.org

“A must-read 
book for anyone 

managing, 
supervising or 

responsible 
for hiring 

STEM talent.”

Order 
your copy 

today. 

AWIS 
members get a 
30% discount.
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University of Michigan School of Medicine
Department of Internal Medicine
Post-doctoral Position
 

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

including presenting at national conferences.

Representative publications:
 

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

  

Qualifications:
 

immunology, genetics, or related field

protein chemistry

from different backgrounds

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

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

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

https://jobs.uncc.edu
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AAUW Tech Trek is a science and technology camp 
serving girls in middle school. Make one happen. 
Visit www.aauw.org/STEM. by AAUW

DOESN’T 
STAY AT 

TECH 
TREK.

WHAT 
HAPPENS 
AT TECH 
TREK

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

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

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

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

Argonne is an equal opportunity employer and we value diversity in our workforce.
Argonne is a U.S. Department of Energy laboratory
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Canada Research Chair (Tier 2): Auditory Neuroscience/Binaural Hearing

Faculty of Health Sciences, Western University

The Faculty of Health Sciences at Western, one of Canada's leading research intensive universities, is seeking applicants for a
Tier 2 Canada Research Chair in Auditory Neuroscience/Binaural Hearing. In accordance with the regulations set for Tier 2
Canada Research Chairs (www.chairs-chaires.gc.ca), the successful candidate will be an exceptional emerging world-class
researcher with demonstrated research activity and creativity; acknowledged by peers as possessing the potential to achieve
international recognition and to lead in their field in the next five to ten years; and possess the potential to attract, develop
and retain excellent trainees, students, and future researchers.

The Tier 2 CRC successful candidate will be expected to pursue an independent, externally-funded, original and innovative
research program of high quality that helps build synergy among the areas of basic, clinical, and applied hearing science and
those of auditory and cognitive neuroscience. The chairholder will be eligible to apply for infrastructure support from the
Canada Foundation for Innovation to help acquire the state-of-the-art equipment essential to his or her research.

The position will provide excellent opportunities to collaborate with distinguished researchers in disciplines and professions
such as hearing science, audiology, auditory neuroscience, cognitive neuroscience, neuroimaging, psychology, and engineering,
among others. The successful candidate will hold a primary appointment in the School of Communication Sciences and
Disorders and will have affiliations with the National Centre for Audiology (NCA) and with Western’s Research Cluster in
Cognitive Neuroscience. The successful candidate will mesh well within the existing strengths and provide additional breadth
and depth of research activities within the NCA. The successful candidate also will significantly advance the international
research standing of the NCA. Other potential collaborative links include the Brain and Mind Institute, Schulich School of
Medicine & Dentistry, Faculty of Social Science, Faculty of Engineering, Lawson Health Research Institute, and the Robarts
Research Institute, among others. 

The School of Communication Sciences and Disorders offers professional master’s level degrees in audiology and speech-language
pathology, and participates in Western’s Graduate Program in Health and Rehabilitation Sciences that offers both MSc and PhD
research-based degrees. The School maintains the clinical-oriented and research-oriented H.A. Leeper Speech and Hearing Clinic,
which also functions as a service provider associated with the Ontario Ministry of Children and Youth Services for the Preschool
Speech and Language and Infant Hearing Programs. The NCA provides excellent facilities for hearing research including a
dedicated EEG suite and a large anechoic chamber. Advanced neuroimaging facilities (including 3T, 7T, and 9T MRI) are available
to researchers at Western at the Centre for Functional and Metabolic Mapping at Robarts Research Institute. 

Western has a full-time enrolment of approximately 32,000 in a range of academic and professional programs. Further
information about the Faculty of Health Sciences can be found at www.uwo.ca/fhs and Western at www.uwo.ca. Western's
Recruitment & Retention Office is available to assist in the transition of successful applicants and their families.

The successful candidate will hold a PhD and be appointed with tenure at the rank of Associate Professor. 

The appointment will be made to the School of Communication Sciences and Disorders in the Faculty of Health Sciences. 
The anticipated start date of the appointment is July 1, 2015. Interested applicants are asked to complete the form available at
http://uwo.ca/facultyrelations/pdf/careers/Faculty/Application-FullTime-Faculty-Position-Form.pdf and submit it along with:

i) a cover letter, ii) a detailed curriculum vitae, iii) a brief description of the candidate’s current research program, past
accomplishments and future plans, iv) copies of representative publications, and v) the names and contact information of three
references to:

Dr. JB Orange, Director, School of Communication Sciences and Disorders
Faculty of Health Sciences, Western University

Elborn College, Room 1510
London, Ontario N6G 1H1

The deadline for receipt of applications is October 15, 2014.
Please quote number HS 138 on all correspondence.

Positions are subject to budget approval. Applicants should have fluent written and oral communication skills in English. All qualified candidates

are encouraged to apply; however, Canadians and permanent residents will be given priority. Western University is committed to employment

equity and welcomes applications from all qualified women and men, including visible minorities, aboriginal people and persons with disabilities.
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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.

1401519446        

1401512529        

1401516180        

1401515908        

1401512040 

1401504672      

1401490263     

1401490261        

1401487465        

1401490259        

1401489992        

1401520548       

1401520483        

1401520084        

1401520482        

1401520442        

1401517983        

1401508079         

1401508077 

1401490255         

Postdoctoral Research Associate - Seattle, WA   Benaroya Research Institute 

Research Analyst - Scientific Data Management,   Institute for Defense Analyses 

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 

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

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

NASA Postdoctoral Program (NPP) -  Oak Ridge Associated Universities - NASA Postdoctoral Program 

Postdoctoral Fellowships -  Canadian Blood Services (CBS)

Post Doc Fellowship - Computational Chemistry Job-   Celgene 

Research Associate III (Antigen Production)-  Thermo Fisher

Research Associate III Biochemistry-  Thermo Fisher 

Research Associate III (DNA)-  Thermo Fisher

Research Associate III – DNA-  Thermo Fisher 

Post Doctoral Fellow - Innate Immunology-  Medimmune US 

Humboldt Research Fellowship for Postdoctoral Researchers-   Alexander von Humboldt Foundation          

A Humboldt Research Fellowship for Experienced Researchers-  Alexander von Humboldt Foundation 

Grant Programs at Burroughs Wellcome Fund 
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FEEDBACK’S random-access piling 
system has thrown up Wayne 
Plummer’s intriguing photograph of 
a sign in a hotel in Saffron Walden, UK. 
“This en-suite bathroom,” it declares, 
“is fitted with a Saniflow toilet which 
will not allow alien products to pass 
through its system…”

Has the European Space Agency 
been informed of this advanced 
detector of extraterrestrial matter?

RESPONSES to our sceptical 
inquiry into figures for annual 
consumption of toilet paper 
(3 May) continue to fill our virtual 
mailbag. Ian Buchanan follows up 
on an observation we quoted that 
“the British Army stocked toilet 
paper on the assumption that the 
soldier would use three sheets  
per day; the American ration was 
twenty-two and a half sheets” 
(7 June). He recalls that the British 
paper was the hard stuff – “thin, 
smooth, air and water resistant, 
an excellent medium for letter-

writing and also escape maps for 
downed airmen, I believe”.

Alan Chattaway concurs: “It’s 
not hard to see how three sheets 
would do the job of 22.5 sheets 
of fluff pulp.” Robert Cailliau 
observes that US paper is still 
“terribly thin”, whereas Swiss 
paper “is thick and soft, and that’s 
where we buy ours, though we live 
in France”. Then Brian Darvell 
chips in with the observation that 
in Hong Kong the paper is very 
absorbent: he has commonly 
found a roll on restaurant tables 
for general mopping-up use.

FEEDBACK reader Bob Lang has 
another papyrological question: why 
has New Scientist recently acquired 
odd single-leaf pages? Further: “Since 
the loose pages all appear on the 
left-hand side of the staples, I can 
only assume that this is reflecting 
some bias on the part of the printers.”

Our production editor explains that 
we have switched to a press that 

prints 64 pages “in one big hit”. 
Printing a number not divisible exactly 
by 64 produces what are called, in the 
trade, “guards”.

This gives us a further example of 
topology affecting publication on 
paper. We earlier observed the pesky 
First Directive of publishing: “the 
words must go all the way to the 
bottom right-hand corner and no 
further” (11 February 2012). And are 
we now in some sense a tad closer to 
Feedback’s lifelong ambition to edit a 
paper publication with an odd number 
of pages?

MEANWHILE we must face 
questions about toilet paper 
nomenclature. Stefan Bojczuk is 
puzzled by the unit of rate of use 
in the New York Times article we 
cited: “rolls per capita per 
year”(3 May). “Surely rolls per 
anus per annum?” he suggests.

SOMEHOW this discussion drew 
Feedback back to databases of 
patents. Specifically, to look up patent 
GB1548164, filed by Roger Penrose 
on 25 June 1976, covering uses of 
non-periodical “tiling” of surfaces.

The patent’s first unusual feature 
was that its validity depended on 
your position on the philosophy of 
mathematics. A strict Platonist, for 
example, would be someone who 
agrees with the Greek philosopher 
Plato that the pattern, like all other 
mathematics, already existed in the 
space of “ideal forms”. So it would 
be waiting to be discovered, and 
therefore not patentable.

The other point of interest is that 
Penrose is reported to have sued 
the Kleenex company for using a 
non-periodic pattern on toilet paper. 
Accounts we have so far found, 
however, seem to mix up patent and 
copyright law. The patent has expired.

THE legality of toilet paper leads 
us to Noel Cramer’s “amusement, 
visiting the Science Museum in 
London in the early 1960s, to see 
on each sheet of paper the printed 
words ‘Government Property’ ”. 
That led him to “steal” part of a 
roll – “which has unfortunately 
gone lost since”. That reminds 

Feedback of acquiring some of 
the same stock while making an 
appearance at the Royal Courts 
of Justice in the 1970s. There is a 
statute of limitations, isn’t there?

FINALLY, and returning to matters 
mathematical, several readers were 
suitably puzzled by Todd Moody’s 
definition of “ineffable numbers”  
as “the real numbers that cannot be 
individually named by any finite string 
of symbols in any language” (14 June). 
Tony Kline “sat for far too long 
contemplating the sentence ‘nothing 
cannot be named in any language’ 
until finally escaping from paradox by 
summoning the non-existent ghost 
of Bertrand Russell and quietly 
strangling it.” Todd refers, of course, 
to Russell’s paradox, concerning the 
barber who shaves all the villagers 
who do not shave themselves.

Jeremy Colman and Ken Zetie give 
essentially the same argument for the 

number of such numbers being zero. 
As Ken puts it: “Suppose there are 
two. Then you could name them  
‘the first ineffable number’ and ‘the 
second ineffable number’.”

Feedback thinks this may be an 
example of “second-order naming” 
and cheating. But looking for 
discussion of this topic takes us 
no further than the works of the 
late-Roman philosopher and 
theologian Anicius Manlius Severinus 
Boethius and a headache. Help?

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.

Max Lang was the first reader to forward a  
photo of a sign in a cycleway reading “Caution: 
signage in cycle way”. Yes. Tautologies are  
true. Why, though?
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Last words past and present at newscientist.com/lastwordTHE LAST WORD

My old china
I have a china mug that has a vertical 
crack in it. When I drink cold liquids 
from the mug, it doesn’t leak, but 
when I have a hot drink it does. 
I realise this is something to do with 
the china expanding with the heat, 
but surely it should expand into the 
crack as much as it expands in any 
other direction. So what is happening?

■  If a flat wall with a crack is 
constrained between two 
surfaces, then heating the wall 
will cause it to expand into the 
crack. However, an object like a 
china mug can expand freely in  
all directions. 

Hence, although the walls may 
be expanding towards each other 
in the tangential direction, they 
are also expanding away from 
each other in the outwards, radial 
direction. 

Provided the heating and 
expansion are uniform, the 
relative proportions of all the 
lengths remain the same. The 

shape of the object – including 
any cracks – stays constant,  
it is merely enlarged. This 
enlargement means the crack  
is now wider, and so liquid can 
egress more easily.

At high temperatures, water  
has a lower viscosity so it can flow 
more easily through any cracks. It 
also has a lower surface tension at 

higher temperatures, which 
means it can wet a surface more 
easily. Both of these factors may 
be helping the liquid to flow out 
more readily.
Simon Iveson 
School of Engineering 
University of Newcastle
New South Wales, Australia

■  If it warmed up very slowly, the 
whole mug would become slightly 
larger, retaining its proportions. 
This would make any existing 
crack slightly wider. But perhaps  
a better explanation lies in the 
“differential expansion” that 

occurs as the mug is rapidly 
heated from the inside. 

A curved wall will tend to 
straighten if warmed from the 
concave side. This is caused by the 
inner surface expanding first. So 
the wall of the cracked mug will 
try to unwrap and the crack will 
widen. Of course the base of the 
mug restricts this effect – 
especially if it is relatively thick 
and so warms more slowly. 
However, the crack is still there,  
it will just be wider at its top; 
essentially a very thin V shape. 
Martin Wilson
Kendal, Cumbria, UK

This week’s questions
SHELL SUITS
I found this egg among my 
groceries (see photo). It has a 
strongly ridged shell with the 
pattern of ridges resembling  
veins or arteries, while the surface 
between the ridges is densely 
pitted with a few isolated, tiny, 
pimple-like protrusions. The 
deformities are more prominent 
on the narrower end of the egg. 
What is the explanation, and is 
such an egg safe or palatable to 
eat? I did not feel inclined to put 
this to the test.
Brian Bonney
Southampton, UK

HEAD LINES
I have noticed that my head is 
tilted to my right in most photos, 
even though at the time the 
photos were taken, I believed my 
head to be erect. If I move my head 
to be upright, I feel as though it is 
tilted to the left. I am strongly 
right-handed. What causes this 
delusion, and is it common?
Alan Bartlett
Mansfield, Queensland, Australia

BOIL FOILS
I reheated a mug of instant coffee 
in the microwave, but left it too 
long and it was boiling over when 
I took it out. I ran a little cold water 
into the mug to cool the coffee, 
and it boiled again. The tap water 
ran in gently, and large active 
bubbles appeared on top of the 
coffee. How could this happen?
John Davies
Lancaster, UK

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. 

“At high temperatures, 
water has a lower viscosity 
so it can flow more easily 
through cracks”

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

Available from booksellers and at newscientist.com/dolphins

Will we 
ever speak 
dolphin?




