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Laboratory for lease
A modern biomedical research facility which is fully fitted out and 

ready for immediate occupation is offered for lease

For more information, please refer to: laboratoryforlease.com

This facility contains a Certified Physical Containment level 

2 laboratory (PC2), including separate tissue culture room, 

dark room, equipment room, consumables storage room, 

freezer room (with supplemental air conditioning and data 

ports) and isotope laboratory, two Physical Containment 

level 3 (PC3) laboratories, two chemistry laboratories 

containing a total of 24 chemical fume cupboards which 

are ideal for chemical synthesis, a built-in vented chemicals’ 

cupboard and accommodation for a substantial number of 

free standing vented chemicals/solvents’ cupboards. Also, 

the complex contains three analytical chemistry laboratories 

and a storage room. All finishes are of high quality and 

laboratory services include 3 phase power, reticulated 

low pressure gases (carbon dioxide, nitrogen and argon), 

high pressure nitrogen (suitable for analytical equipment), 

nitrogen generator, chilled water loop and independent air 

handling, as well as a ground floor flammable storage room, 

gases storage room and secure chemicals and biological 

waste areas. Additionally, the laboratories are serviced by 

ample safety stations including safety showers/eye washes, 

a wash-up area, a substantial number of storage cupboards 

and a goods’ receiving/shipping area including a goods’ lift. 

Fire sprinklers and appropriate gas safety monitoring systems 

are fitted throughout.

The remaining part of the building contains 2 boardrooms 

which open to one large area, 31 offices, 58 work stations, 

2 interview rooms, 2 meeting rooms and a large tea 

room, all fully furnished. A reception area and of the 65 

car parks, 45 are undercover and completely secured.

The laboratory is located at 585 Blackburn Road Notting 

Hill within the Monash Technology Precinct, Melbourne, 

Australia. A rent of A$550,000 pa plus outgoings is requested.

Contact our Agent

Lynton Williams 

T  0411 330 217 

E  LWilliams@savills.com.au
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Home-brew 
heroin
Making illicit drugs 
from yeast will shake 
up world’s drug trade
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LEADERS

EVEN if it hasn’t happened to you 
yet, it may only be a matter of 
time. Blurry vision, a trip to the 
optician for glasses or contact 
lenses – or, if you find such aids to 
be a nuisance, corrective surgery. 

Newer remedies range from 
basic dietary tweaks to ingenious 
self-focusing phone screens  
(see page 33). They are sorely 
needed: impaired vision is one of 
the world’s commonest ailments – 
and becoming commoner still. 
Myopia, which already affects 
nearly half of Westerners, and a 
majority of people in some Asian 
countries, is on the up and up. 
The causes of this rise in short-
sightedness are complex, but 
probably largely environmental 
(Opthalmology, doi.org/4q7).  

The vision thing

Trouble brewing?

It’s time we focused on one of the world’s biggest health issues

Modern Western lifestyles are 
key, but this is a growing problem 
in the developing world, too. 
The World Health Organization 
estimates that 153 million people 
globally have uncorrected vision. 
Many have no access to eye care at 
all, or can’t afford it anyway.  

That is a tragedy, not a nuisance. 
Uncorrected vision keeps people 
out of work and education; only 
cataracts cause more preventable 
blindness. The Centre for Vision in 
the Developing World, set up by 
University of Oxford physicist 
Joshua Silver, says that by 2030 
eyesight will be one of the world’s 
top 10 health issues in terms of 
productivity and opportunities – 
taking a bigger economic toll than 
the HIV epidemic. 

The single biggest problem is 
a lack of trained specialists and 
access to corrective lenses. Sierra 
Leone, for example, has only one 
optometrist treating a population 
of 6 million people. But there are 
rays of hope. A new WHO drive 
has prompted governments to 
take action, and cheap, innovative 
solutions are emerging. Silver  
has pioneered spectacles that the 
wearer can fill with liquid until 
their vision is corrected, and  
the OneDollarGlasses project is 
training cadres of opticians, 
who travel with ultra-cheap,  
pre-ground polycarbonate lenses 
for insertion in simple spring 
steel frames. There is still a long 
way to go. But at least we are now 
focusing on the problem.  ■

DID you know how easy it is to 
make opium? First, buy or grow 
some opium poppies – perfectly 
legal in many countries, including 
the UK. Next, find the recipe in a 
book or online. And if you’re so 
minded, it is fairly simple to 
process the opium into heroin. 

None of this is difficult. And  
yet the masses are not consuming 
opiates en masse. Cannabis is 
even easier to grow and process, 

and much safer, but it is still a 
minority pursuit in most places.

What does this tell us? That if 
making morphine and cocaine 
becomes as easy as brewing beer 
(see page 8), we probably won’t  
see a large hike in drug use – at 
least among populations who  
are educated about the risks. 

But the arrival of “home-brew 
drugs” will be bad news for 
growers and traffickers, who could 

find themselves outcompeted. 
It will also be bad for the police: 
it’s a lot easier to hide a 
microbrewery than a field of 
poppies or an electricity-hungry 
cannabis farm under the eaves. 

So while the idea of home-
brewed hard drugs seems risky, 
its social effects will probably 
be largely positive. With the two 
sides of the ineffectual“war on 
drugs” hobbled, civil society  
can get on with its gradual but 
inexorable progress away from 
knee-jerk prohibition.  ■
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BRING us your antibiotics. The 
world needs a global authority 
to pay drugs companies to 
develop new antibiotics, 
according to a panel set up 
by the UK government.

Earlier this year the same 
panel – chaired by economist Jim 
O’Neill, formerly of investment 
bank Goldman Sachs – reported 
that companies aren’t developing 
new antibiotics fast enough to 
keep up with the rate at which 
bacteria are becoming resistant 
to existing ones. The problem, 

they explained in a report issued 
last week, is that there is little 
profit in antibiotics. 

One proposed solution is to 
“delink” profits from sales. The 
most radical approach, they say, 
would be a global authority that 
awards a lump sum to companies 
for bringing an antibiotic to 
market, then control its sales.

NEW Zealand’s worst earthquake 
fear – an 8.9 magnitude quake 
that would dwarf the 2011 quake 
that demolished Christchurch – 
is a real possibility. Such a quake 
could kill over 3000 people and 
cause NZ$13 billion of damage in 
Wellington alone.

Off the east coast of New 
Zealand, the Pacific plate is 
subducting under the Australian 
plate. The fault is divided into 
three segments and the worst-
case scenario imagines that all 
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Antibiotic solution? NZ quake fear 

UPFRONT

“The panel estimates that 
it would cost $2 billion to 
buy the marketing rights 
to an antibiotic”

They estimate that it would cost 
between $2 billion and $3 billion 
to buy all the marketing rights to 
an antibiotic. It could then be 
carefully sold in the interests of 
public health, rather than for 
profit. Alternatively, they suggest 
a less radical change in marketing, 
in which for $1 billion the global 
authority would have a say in 
how the drug was sold, but the 
company that developed it could 
still sell it for a profit.

Lump-sum payments once 
a drug has reached the market 
might not be enough to guarantee 
success, however. The scheme 
resembles another effort to 
promote otherwise unprofitable 
pharmaceutical R&D, the US 
BioShield Programme for anti-
bioterrorism drugs. The venture 
failed – partly because small, 
innovative companies couldn’t 
afford years of testing to get a 
drug to market, for an uncertain 
pay-off at the end if the drug 
actually worked. 

But the plan would be good for 
basic research. O’Neill’s team calls 
for $2 billion over five years for 
blue-sky research into antibiotics 
and other antibacterial measures.

three rupture at once – something 
thought to be unlikely as quakes 
normally occur at single segments. 

But Kate Clark of GNS Science 
research consultancy in New 
Zealand and her team have found 
evidence of a huge megathrust 
earthquake crossing segment 
boundaries there some 500 years 
ago (Bulletin of the Seismological 
Society of America, DOI: 
10.1785/0120140291). “If the quake 
500 years ago ruptured across one 
segment boundary, there’s really 
no reason it couldn’t rupture 
across another one,” says Clark. 

Shell preps for 4 ºC rise
THE oil giant Shell is betting on 
a world that will be 4 ºC warmer 
by 2100, according to this week’s 
media reports. Their justification? 
“We do not see governments taking 
steps now that are consistent  
with 2 ºC scenario,” says an internal 
planning document seen by  
The Guardian newspaper.

It should be no surprise that 
oil companies like Shell, which 
publicly talk about the need to limit 
warming, privately assume this will 
not happen. Oil companies’ value 
depends on their reserves, and only 
a fraction of existing reserves can be 
burned if we are to stay below the 
2 ºC warming target. If the firms were 
stopped from fully exploiting their 
reserves, their value would plummet, 
leading to a huge stock market crash. 

This is one reason behind campaigns 
to persuade large investors to 
withdraw from fossil fuels.

But most investors and oil 
companies are betting on business 
as usual, with Shell still trying to find 
new fossil fuel reserves. The green 
light it got to explore the Arctic 
sparked protests in Seattle this week. 

And it is true that governments are 
not taking the steps necessary to limit 
warming to 2 ºC. Just this week an 
International Monetary Fund report 
revealed that they are subsidising 
fossil fuel companies to the tune of 
$5.3 trillion a year – equivalent to 
6.5 per cent of global GDP. And so far 
it seems that the global deal to rein in 
further emissions, expected at the 
summit in Paris in December, will not 
go far enough to change this.

–Cold reception for Arctic drilling–

Train disaster was preventable 
IT WAS the deadliest US train crash  
in 20 years. But it could have been 
prevented had override systems 
been rolled out across the country  
as planned.  

Eight people died and 200  
were injured when an Amtrak train 
derailed in Philadelphia last week.  
It took a bend at 160 kilometres per 
hour, twice the speed limit. 

On Monday, investigators were 
examining a grapefruit-sized fracture 
on the train’s windshield but could 

not be sure when it happened. 
Technology to prevent this kind of 

disaster already exists. Positive Train 
Control overrides the driver to keep 
trains below the speed limit. The US 
Congress has mandated that PTC be 
installed across the country but it 
isn’t operational yet.

David Thurston of engineering 
firm Atkins says that re-engineering 
the network for PTC has proved a 
major challenge. “It’s essentially 
re-signalling the entire country.”
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MATES sing duets to each other at 
dawn, but for how much longer? 
With only 25 individuals left, the 
Hainan gibbon is the primate 
closest to extinction, but it could 
be saved thanks to a rescue plan 
announced this week by the 
Zoological Society of London. 

“It’s the world’s rarest primate 
and the rarest mammal,” says 
Sam Turvey of ZSL. It is also 
evolutionarily unique, as it 
was the earliest of four gibbon 

lineages to split off. “Its genetic 
distinctiveness makes saving it 
a global priority,” says Turvey. 

In the 1950s there were 2000 
gibbons on Hainan, the island at 
the southernmost tip of China. 
But the population plummeted 
following the growth of rubber 
plantations and habitat loss,  
and it has been at the current, 
precarious level for around three 
decades. “We don’t know why  
that is, although it could be that 
there’s limited habitat available, 
the individuals can’t find mates, 
or they don’t want to mate,”  
says Turvey. 

The ZSL plan has 44 actions, 
including building forest canopy 

bridges and closer monitoring of 
individuals to find out why they 
aren’t forming new social groups 
beyond the remaining three. 

“One major priority is to make 
sure the existing population 
doesn’t go extinct,” says Turvey. 
“The other, more important, 
objective is to make sure it 
increases and expands 
geographically – that’s the key.” 

The rarest primate
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Too darned hot 
TICK tick. Less than 30 years until 
the big heat kicks in. In the US, a 
hike in temperatures coupled with 
population growth could mean 
a sixfold rise in the number of 
people exposed to the potentially 
fatal effects of extreme heat.

Bryan Jones of the City 
University of New York and 
his colleagues combined data 
from 11 standard climate change 
models with their own projected 
population models. The plan was 
to predict how the number of 
people exposed to extreme heat 
will change between 2041 and 
2070, when compared with 1971 to 
2000. They estimate a fourfold to 
sixfold increase by 2070 in those 
exposed to temperatures of 35 ̊ C 
or more (Nature Climate Change, 
doi.org/4q4). The hotspots are 
mainly in eastern Texas, Florida 
and the south-east and mid-
Atlantic regions, with Houston, 
Dallas and Washington DC among 
the most affected cities.

“Even a best-case scenario will 
lead to an increase in extreme 
heat exposure in the future, so 
from a planning perspective, 
identifying potential hotspots 
will help target public health 
efforts,” says Jones. 

60 SECONDS

Cocaine butterfly
What now for halting cocaine 
production? The Colombian 
government is to stop spraying the 
weedkiller glyphosate on illegal coca 
plantations after it was classified as 
a possible carcinogen by the World 
Health Organization. The president 
of the country’s Quindio Botanical 
Garden has suggested that the 
plants could be controlled by coca-
eating butterflies instead.

Standard sequencing
The US National Institute of 
Standards and Technology helps 
measure everything from the 
tiniest nanotech devices to massive 
aeroplanes. Now it is turning to 
genetic testing. NIST’s reference 
DNA will enable gene sequencing 
labs to compare and calibrate their 
results to the same standard.

Prehuman tools 
The world’s oldest stone tools were 
made 3.3 million years ago – some 
500,000 years before our human 
genus evolved. Discovered in what 
is now Kenya, these tools may  
have been made by Lucy’s species, 
Australopithecus, which would 
have needed a strong grip to chip 
such sharp basalt flakes (Nature, 
DOI: 10.1038/nature14464).

Russian rocket failure
After two high-profile launch 
failures in 2013 and 2014, Russian 
rocket scientists suffered a further 
setback last Saturday when another 
Proton-M rocket failed to launch. 
No one was hurt, but a Mexican 
telecommunications satellite the 
rocket was supposed to be carrying 
into orbit was destroyed. 

Plastic fantastic
Nothing lasts forever. Iconic 
20th-century plastic objects are 
beginning to degrade, so London’s 
Victoria and Albert Museum is 
working with researchers to find 
ways to conserve plastic items in its 
collection, including an inflatable 
chair and a 1960s PVC dress.

“Even the best-case 
scenario will lead to an 
increase in exposure to 
extreme heat in future”
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–Travelling too fast–

–Where is everyone?–

THERE it goes again. As New 
Scientist went to press, the 
mysterious X-37B plane was 
preparing to head into space 
for its fourth trip – and we finally 
have a clue what it’s doing 
up there.

Built by Boeing, the X-37B is a 
miniature, uncrewed version of 
NASA’s retired space shuttle. It 
flew for the first time in 2010, and 
its most recent mission ended in 
October after 674 days. 

US officials had remained tight-
lipped about the spaceplane’s 
exact purpose until earlier this 
month, when NASA revealed that 
it will carry nearly 100 samples 
of different materials on its next 
trip, to see how they are affected 
by more than 200 days in space.  
It will also test a new type of fuel-
efficient thruster.

The plane is scheduled to take 
off from Cape Canaveral Air Force 
Station in Florida on 20 May.

Spaceplane trip

“One major priority is to 
make sure the existing 
population doesn’t go 
extinct”
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Michael Le Page

HUMBLE fungi and a home-
brewing kit could soon do what 
military might and diplomacy 
failed to – halt the thriving poppy 
industry in Afghanistan, the 
source of 80 per cent of the 
world’s opium. 

Genetically engineered yeasts 
could make it easy to produce 
opiates such as morphine 
anywhere, cutting out the 
international traffickers and 
making such drugs cheap and 
more readily available. If home-
brew drugs become widespread,  
it would make the Sisyphean 
nature of stopping the supply of 
illegal narcotics even more 
obvious than it is now. 

“It would be as disruptive to 
drug enforcement policy as it 
would be to crime syndicates,” 
says Tania Bubela, a public health 
researcher at the University of 
Alberta in Edmonton, Canada. 
“It may force the US to rethink its 
war on drugs.”

A growing number of drugs, 
scents and flavours once 

NEWS FOCUS

Just a sip could get you high
Genetically modified yeast that makes producing narcotics as easy as brewing 
beer looks set to throw the illicit drugs trade into disarray

CU
LT

U
R

A
/R

EX

“ In theory, anyone who has 
the yeast could make 
morphine in their kitchen 
using a home-brewing kit”

THE YEAST ROUTE TO NEW PAINKILLERS
The world’s supply of legal opiates 
comes from  poppy fields in Australia, 
Turkey and India. If we manage to 
create opiate-producing yeast, the 
ultimate aim will not be to replace 
opium poppies but to make  
innovative forms of these drugs. 

There is a real need for safer 
painkillers, says Kenneth Oye at  
the Massachusetts Institute of 
Technology, such as less addictive 
opiates and ones that don’t cause 
occasional breathing problems.

What’s more, opiates are part of 
a much bigger family of around 

2500 molecules, many of which  
are thought to have anticancer or 
antibiotic properties, says John 
Dueber of the University of 
California, Berkeley. Getting yeasts 
to pump out these kinds of molecules 
cheaply would make it much easier  
to explore their potential.

By adding the genes for the plant 
enzymes involved in the first part  
of the chemical pathway, Dueber’s 
group has created yeast that 
produces S-reticuline, the main 
precursor of all 2500 molecules 
(Nature Chemical Biology,  

doi.org/4q8). The next step is to  
add genes for the enzymes involved 
in the pathway from S-reticuline to  
molecules such as morphine. It will 
also be possible to create related 
molecules that do not exist in  
nature, including novel opiates.

Three other groups have worked 
out the beginning, middle and end 
stages of the process needed to 
produce opiates from S-reticuline. 
In theory, combining their work could 
create an opiate-producing yeast 
tomorrow. In practice, it is likely to 
take years to iron out all the wrinkles.

obtainable only from plants can 
now be made using genetically 
modified organisms. Researchers 
want to add opiates to that list 
because they are part of a family 
of molecules that may have useful 
medicinal properties (see “The 
yeast route to new painkillers”, 
below). Plant yields of many of 

these molecules are vanishingly 
small, and the chemicals are 
difficult and expensive to make 
in the lab. Getting yeast to pump 
them out would be far cheaper.

Yeasts capable of doing this 
do not exist yet, but all the 
researchers that New Scientist 
spoke to had no doubt that they 
soon will. “The field is moving 
much faster than we had previous 
realised,” says John Dueber of the 
University of California, Berkeley, 
whose team has just created a 

yeast that makes the main 
precursor chemical needed to 
produce opiates. Until recently, 
Dueber had thought that the 
creation of, say, a morphine-
making yeast was 10 years away. 
He now thinks a low-yielding 
strain could be made in two or 
three years.

It might take many more years 
to produce a high-yielding strain. 
But once it exists, in theory 
anyone who got hold of it could 
make morphine in their kitchen 
using a home-brewing kit. 
Drinking tiny quantities of the 
resulting brew – perhaps as little 
as a few millilitres – would get you 
high. “It probably is as simple as 
that,” says Dueber. “The beer 
would have morphine in it.”

We need to start thinking about 
the implications now, before such 
strains – or the recipes for 
genetically engineering them – 
become available, he says.

Other teams are working on 
producing tropane alkaloids – a 
family of compounds that include 
drugs such as cocaine. Cocaine-
making yeasts are further off, as 
we still don’t understand certain 
critical steps that coca plants use 
to make the stuff. 

But there’s no reason we cannot 
engineer yeast to produce any 
substance that plants produce, 
once we understand the 
machinery, says biochemist Peter 
Facchini of the University of 
Calgary in Canada. “So indeed, 
someone could potentially 
produce cocaine in yeast,” he says.

If these kinds of biosynthetic 
yeasts became widely available, 
they could transform the supply 
of illicit drugs. Instead of 
substances like heroin and 
cocaine being grown abroad and 
imported by criminal gangs, they 

–Fermenting trouble–
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could be produced locally by 
individuals or small groups. It 
would “democratise” production, 
as Dueber puts it.

Brewing would also be much 
harder to detect or prevent than 
the cultivation of drug-yielding 
plants. Growing cannabis indoors, 
for instance, requires a lot of 
electricity to power lights. A drug-
producing “microbrewery” would 
have only a tiny footprint.

Synthesising drugs like 
methamphetamines in small 
illegal labs, meanwhile, requires 
not only expertise but also the 
right chemical ingredients. 
Cutting off the supply of these 
chemicals is one of the main 
strategies of law enforcement 
efforts. This would be impossible 
with home-brew drugs – the only 
raw material needed is sugar.

And unlike crystal meth 
production, brewing does not 

In this section
■  The firms too complex to be allowed to fail, page 10
■  Magnetic spirals show why we’re here, page 12
■  Hackers can see your dating pics and chat, page 20

could deprive traffickers in 
countries such as Afghanistan and 
Colombia of their main source of 
revenue – money that fuels 
corruption and other criminal 
activities, destabilises 
governments and even funds 
terrorism. “If I were a member of 
a criminal syndicate, I would not 
like this very much,” says Kenneth 
Oye, a political scientist at the 
Massachusetts Institute of 
Technology, and one of Bubela’s 
co-authors.

Bringing heroin home
But it is hard to say how things 
would pan out. “You’d be battling 
the illicit market with another 
illicit, home-grown market,” says 
Dueber. “Is that a good solution? 
I don’t know.”

Until last year, for instance, 
coca cultivation in Colombia had 

been declining. But the criminal 
gangs didn’t vanish; instead,  
they turned to illegal mining and 
logging, says Liliana Davalos of 
Stony Brook University in New 
York, who has studied the 
environmental impacts of coca 
growing. “The traffickers have 
shifted their portfolio,” she says. 
It’s not clear if they are even any 
poorer.

All this assumes that 
bioengineered yeast capable of 
making drugs does become 
widely available. There are two 
ways for that to happen: a yeast 
strain engineered for the purpose 
could be stolen from a laboratory 
or legal factory, or someone could 
independently genetically 
engineer ordinary yeast to do it. 

If all the instructions are out 
there, recreating the strain from 
scratch starting with baker’s yeast 
would not be that difficult, 
Dueber says. Groups of self-styled 
biohackers are already tinkering 
with DNA in their spare time in 
community labs or their own 
garages. They have no sinister 
motives, but their existence 
illustrates the relative ease of DIY 
genetic engineering.

Oye and Bubela say four  
kinds of measures are needed. 

Distributing opiate-making yeast 
strains should be made illegal. 
The strains themselves should be 
altered to make them hard to 
grow outside specialised facilities, 
for instance by making them 
dependent on unusual nutrients. 
The strains should also be kept in 
secure, government-licensed 
facilities. And companies that sell 
custom DNA sequences should 
refuse to supply the genes needed 
to engineer such strains.

If the history of drug control 
efforts is anything to go by, 
though, such measures won’t 
prevent the cat from being let out 
of the bag before too long.  ■

create a toxic mess: the waste 
products are just brackish water 
and some very mild chemicals 
such as acetate, says Dueber.

In a commentary in Nature, 
Bubela and her co-authors say 
governments need to act now if 
they want to prevent morphine-
making yeasts getting into the 
wrong hands (doi.org/4q9). Some 
fear that drug use could soar if 
home-brewing makes drugs easily 
available.

But it is far from clear that this 
is a likely scenario, especially for 
rich countries such as the UK. 
Here the war on drugs has already 
failed: opiates like heroin are sold 
very cheaply on the street, says 
David Nutt of Imperial College 
London, a former drug policy 
adviser to the UK government. 
“People don’t take them because 
most of them are not stupid.”

In theory, home-brew drugs 

“ Cutting off the raw 
materials for drug-making 
is impossible with home 
brew – it just needs sugar”

–Back to the flower bed you go–N
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SPECIAL REPORT GLOBAL CAPITALISM

Capitalism’s hidden web of power
Measuring complexity will help keep track of what giant firms are up to 

along with size, which is easy to 
determine. To date, relatively little 
attention has been paid to the 
third part of the SIFI designation – 
complexity – says Robin 
Lumsdaine of American 
University in Washington DC.

Complexity has been 
overlooked for the same reason 
that it causes problems for global 
capitalism: it is hard to quantify. If 
a company has many subsidiaries 
in multiple countries working in 
a variety of different industries, it 
can be difficult for anyone – either 
inside or outside the company – 

to be sure of what’s going on. 
And when there’s uncertainty, 
financial markets worry. This year, 
for instance, HSBC shares fell in 
the wake of news that the firm’s 
executives in the UK and Hong 
Kong were unaware of tax evasion 
at a Swiss subsidiary. 

Firms with a complex structure 

are not only a potential source of 
dangerous financial uncertainty – 
they are also more difficult to sell 
off if they do get into trouble. 
Lehman Brothers collapsed in 
2008, but is still being unwound. 

To better understand 
complexity, Lumsdaine and  
her colleagues used tools from 
network science to analyse the 
corporate structure of a variety  
of financial institutions, including 
Goldman Sachs, Barclays and 
HSBC. The researchers 
anonymised the firms – 
identifying them only by their 
country – and used snapshots 
of  data from 26 May 2011 and 
25 February 2013 to see if the 
firms’ complexity had changed.

Their method involves 
mapping out a firm’s subsidiaries, 
and then each subsidiary’s 
subsidiaries and so on. These 
“control hierarchy” networks are 
then labelled according to the 
country or industry of each 
subsidiary (see diagram, below). 

A large control hierarchy isn’t 
necessarily a complex one; the 
question for regulators is whether 

Jacob Aron

NEVER again? The global financial 
crisis of 2008 saw banks around 
the world bailed out to the tune  
of billions by governments 
worried that the entire financial 
system was in meltdown. “Too big 
to fail”, the thinking went, and 
since then, efforts have been 
made to increase scrutiny of 
large institutions. But the latest 
research suggests a much more 
sophisticated analysis is needed 
to prevent another crisis.

We already know that firm 
size isn’t the only problem 
in a financial crisis. In 2011, 
New Scientist revealed that 
147 interconnected entities – 
not all of them large financial 
institutions – control the network 
of global capitalism. A problem 
with any of them could have a 
significant effect on the system, 
demonstrating the ongoing 
potential for vulnerability. 

Shortly after the New Scientist 
story was published, the 
Financial Stability Board, an 
international body that monitors 

global finance, published a list 
of 29 systemically important 
financial institutions (SIFIs) – 
which could harm the global 
economy if they fail. SIFIs are  
now required to safeguard against 
collapse by holding significant 
amounts of their capital as 
collateral, even though this affects 
their profitability. The FSB has 
since added more firms to the list, 
including some that aren’t banks. 

A SIFI designation is based  
on an institution’s size, 
interconnectedness and 
complexity – but there is no 
consensus on how these factors 
interact to determine a firm’s 
global importance, so the 
designations can be challenged. 
For instance, US insurance 
company MetLife is currently 
disputing its SIFI designation – 
although the US Department of 
Justice last week dismissed its 
lawsuit, saying the firm was 
“significantly interconnected”. 

Most of the emphasis in SIFI 
designation is placed on this 
interconnectedness, which has 
been much studied by academics, 

Web of control
obin Lumsdaine and her 

colleagues measured the 
complexity of companies 
by assessing how many 
subsidiaries they own, what 
industries they are part of 
and how they are connected

Mining & construction

Transportation 
& public utilities 
Trade
Finance & insurance
Services
Public administration

Large US firm Small Japanese firm

HQ

“ We may be over-
emphasising the ‘too big  
to fail’ mantra: complexity 
threatens stability too”
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they are organised in an easily 
understandable way that allows 
effective scrutiny. 

Rather than rate companies 
against each other, the team 
compared each firm to an 
idealised version. They imagined 
a firm with the same network 
structure but with each node 
perfectly organised – meaning, 
for instance, that every Japanese 
subsidiary of a US firm would 
ultimately report to a single  
top-level Japanese subsidiary.

Scores for complexity
It’s unrealistic to expect real-
world businesses to follow exactly 
this model, so the team generated 
1000 variations of each firm,  
with the same network structure 
but with the nodes shuffled 
at random. Both actual and 
generated firms were then scored 
according to how well they match 
the idealised version. The higher a 
real firm scores against its 1000 
simulations, the less complex it is. 

The team calculated two 
complexity scores for each firm 
based on its organisation by 
country and by industry. For 
example, when it comes to 
industry groups, a small Japanese 
firm in 2011 was better organised 
than 95.2 per cent of simulations, 
versus 70.2 per cent for a large US 
company. Both firms perform 
well on organisation by country, 
with 99.85 and 100 per cent 
respectively (arxiv.org.1505.02305).

Across the board, country 
complexity seems to have fallen 
between 2011 and 2013, the 
researchers found. That’s in  
line with a recent report in The 
Economist showing that banks 
aren’t seeing the expected returns 
from globalising their operations 
and are starting to withdraw,  
says Stefano Battiston of the 
University of Zurich, Switzerland, 
who carried out the 2011 
interconnectedness work. 

But while falling complexity  
is a positive trend in terms of 
reduced financial uncertainty, the 
comparisons between different 

complex than banks, despite 
being smaller, having fewer 
subsidiaries and less geographical 
and industry diversity. We already 
know the risk an insurance 
company can pose to the global 
economy, as US insurer AIG had  
to be bailed out during the 2008 
crisis, but MetLife’s fight to resist 
SIFI designation shows the 
difficulty facing regulators.

“The challenge is how to 
compare banks and insurance 
companies in a way that 
recognises that [they] have very 
different business models and 
supervisory structures,” says 
Lumsdaine. “Our metrics may 
help to make that comparison.” 

“It’s nice because it is very 

simple, and regulators like simple 
things,” says David Veredas of 
the Free University of Brussels 
(ULB) in Belgium. The method 
highlights how complexity may 
be growing outside the banking 
sector, he adds. “The finding on 
insurers is probably the most 
interesting one.”

Christophe Pérignon of HEC 
Paris, a business school in France, 
says that high complexity alone 
doesn’t mean insurance firms 
should be designated as SIFIs, but 
he thinks it is helpful to have an 
independent way of measuring it. 
“We don’t really know how the 
regulators are measuring the 
complexity of a firm,” he says. “I 
like that it is very transparent.”  ■

kinds of firms is more revealing. 
The team found essentially no 
difference in the complexity of 
banks, whether or not they were 
SIFIs. In other words, we may be 
over-emphasising the “too big  
to fail” mantra: even small 
companies can be complex in  
a way that could threaten 
financial stability if they failed.

“It speaks to the size threshold 
as being inadequate,” says 
Lumsdaine. Regulators already 
know this, she adds, but the 
team’s analysis highlights the 
need for change. “There should  
be greater focus on complexity 
and more metrics are needed.”

The rankings also revealed that 
insurance firms tend to be more 
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Michael Slezak

GIANT magnetic spirals in the 
sky could explain why there is 
something rather than nothing 
in the universe, according to an 
analysis of data from NASA’s 
Fermi space telescope.

Our best theories of physics 
imply we shouldn’t be here. 
The big bang ought to have 
produced equal amounts of 
matter and antimatter particles, 
which would have almost 
immediately annihilated each 
other, leaving nothing but light.

So the reality that we are 
here – and there seems to be 
very little antimatter around – 
is a big unsolved mystery in 
physics (see also page 28).

In 2001, Tanmay Vachaspati 
from Arizona State University 
offered a purely theoretical 
solution. Even if matter and 
antimatter were created in equal 
amounts, he suggested that as 
they annihilated each other, 
they would have briefly created 
monopoles and antimonopoles – 
hypothetical particles with just 

one magnetic pole, north or south.
As the monopoles and 

antimonopoles annihilated each 
other they would produce matter 
and antimatter again. But because 
of a quirk in nature called CP 
violation, that process would be 
biased towards matter, leaving the 
matter-filled world we see today.

If that happened, Vachaspati 
showed that there should be a 
sign of it today: twisted magnetic 
fields permeating the universe – a 
fossil of the magnetic monopoles 
that briefly dominated. And he 

showed the twists should look 
like left-handed screws rather 
than right-handed screws.

So Vachaspati and his 
colleagues went looking for them 
in data from NASA’s Fermi space 
telescope. As gamma rays shoot 
through the cosmos, they should 
be bent by any magnetic fields 
they pass through, so if there 

are helical fields permeating 
the universe, that should 
leave a visible mark on those 
gamma rays.

Lo and behold, they found 
just the twists they expected – 
well, maybe (Monthly Notices 
of the Royal Astronomical 
Society, doi.org/4n5). 

“What we found is consistent 
with them all being left-handed,” 
says Vachaspati. “But we can’t be 
sure.” He says there’s less than a 
1 per cent chance that what they 
see in the Fermi data happened 
by chance. “That’s being 
conservative,” he says.

They also found that the twists 
in the field are a bit bigger than 
they predicted. “So there is some 
mystery there,” says Vachaspati. 
He says more data from Fermi, 
which is expected this year, will 
help narrow down the odds.

Nicole Bell from the University 
of Melbourne in Australia warns 
that magnetic fields could have 
been caused in other ways, 
including as a result of inflation. 

What’s more, for CP violation 
to provide enough matter in 
the universe we probably need 
new physics – stuff beyond the 
standard model of particle 
physics – which hasn’t been 
confirmed experimentally 
yet. “But it is a very interesting 
idea,” she says.  ■

Space spirals show 
why it’s all matter
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“ The big bang ought to have 
produced equal amounts 
of matter and antimatter, 
which would annihilate”

–Cosmic twists are history–

DO YOU have the morals of a rat?  
Good for you, as rats appear to  
show empathy, freeing distressed 
neighbours trapped in a wet chamber. 
They do so even faster if they  
have already suffered a soaking 
themselves. “This suggests knowing 
that soaking is distressing enhances 
the rats’ motivation to help their cage 
mate,” says Nobuya Sato of Kwansei 
Gakuin University in Japan.

We know that some non-humans 
feel empathy but proving that it 
can motivate helpful behaviours in 
non-primates has been a challenge. In 
2011, Peggy Mason of the University 
of Chicago and her colleagues showed 
that rats would free cage mates if  
they were trapped in a distressing 
restrainer apparatus. That experiment 
provided evidence that rats could 
empathise with another’s discomfort, 
but the possibility remained that they 
freed others to acquire a playmate, 
rather than just to help.

To test this, Sato put some rats 
in unpleasantly wet chambers and 
others in dry ones. For both types of 
chamber, a second rat was placed in 
an adjacent, dry chamber, from where 
they could free the first rat by opening 
a door. The rats only helped others 
that were soaked and distressed, and 
did so more quickly if they themselves 
had been soaked once before (Animal 
Cognition, doi.org/4n2). “It shows 
that  memory can facilitate emotional 
empathy,” says Mason.

Empathic helping in mammals 
is thought to have evolved from 
maternal behaviour. This work, 
together with Mason’s 2011 study, 
shows that the benefits of helpful 
empathy extend beyond the juvenile 
stage, says Mason. 

But there may be another 
explanation for the speedier rescues. 
It is possible, says Sato, that rats 
opened the chamber faster because 
they had already seen how the door 
mechanism worked when they were 
soaked. His team plans to test if this 
was the case.  Penny Sarchet  ■

Rats don’t leave 
their friends to 
sink or swim
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Jessica Hamzelou

WHAT a mix-up. How can a couple 
undergoing IVF be sure that the 
right egg and sperm have been 
used? A personalised barcode for 
their sex cells could be the answer.

Though rare, IVF mix-ups do 
happen. In February, it emerged 
that a woman in Poland had given 
birth to another woman’s child, 
after her husband’s sperm was 
mistakenly used to fertilise 
someone else’s egg. And last year, 
a couple in the US sued a sperm 
bank for providing the wrong 
sample, an error revealed when 
their baby’s skin colour didn’t 
match that of the donor they 
had selected. 

“Clinics are often working 
with several patients at once, and 
mistakes are made,” says Carme 
Nogués at the Autonomous 
University of Barcelona in Spain. 
Fertility clinics try to minimise 
the risk by electronically labelling 
the containers that store sperm 
and eggs, and ensuring all 
procedures are overseen by 
two embryologists. But neither 

approach is foolproof, says 
Nogués. “After a while, 
embryologists become relaxed 
and pay less attention,” she says. 

So she has developed a method 
to label the sperm and egg cells 
themselves with tiny barcodes. 
Her team first managed to tag 

human eggs a few years ago, 
and now they have succeeded 
in labelling sperm.

The barcodes are made from 
polysilicon, the same material as 
in glass. Each tag is about a tenth 
of the width of a human egg and 
can be marked with patterns 
representing an eight-digit binary 
code – providing 256 possible 
combinations.

To attach these barcodes to 
eggs, Nogués’s team uses a protein 
that binds the carbohydrates on 
the cell’s outer surface. To check 

that the right egg is being used, 
the barcode is simply read using 
a microscope before going ahead 
with the IVF procedure. The tag 
doesn’t affect the egg itself, or the 
resulting embryo, and is shed by 
the embryo when it is implanted 
into the womb.

But sperm cells are too skinny 
to label in the same way, says 
Nogués. Instead, her team 
pumped thousands of barcode 
copies into semen samples. They 
aim for at least one barcode per 
microlitre sample used in IVF, so 
that a microscope can be used to 
verify the origin of the tiny drops 
of semen before they are used. 
Rigorous testing shows that such 
barcoded samples are just as 
healthy as non-barcoded ones, 
says Nogués (Reproductive 
Biomedicine Online, doi.org/4nt). 

“It’s a very neat idea to label 
the sample rather than the 
container,” says Roger Sturmey at 
the Hull York Medical School, UK. 
The approach is yet to be approved 
for use in people, but there may 
already be demand from animal-
based industries, such as horse-
racing and farming, where semen 
from valuable males commands a 
high price. “I can imagine people 
wanting to have some proof that 
the sperm that you’re paying a lot 
of money for has come from the 
right bull,” says Sturmey.  ■

Barcode sperm 
for error-free IVF 
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“ This is the world’s oldest 
known broken bone from a 
four-legged animal – and it 
must have broken on land”

–Who’s the daddy?–

IT WAS one small fall for a tetrapod, 
but it signals one giant leap for 
tetrapod kind. A broken leg bone 
pushes back the emergence of our 
four-legged ancestors from water 
on to land by at least 2 million years.

A gap in the tetrapod fossil record 
means we know little about what 
happened between the time when 
limbs evolved from fish fins some 
360 million years ago and the first 
land-adapted tetrapods appeared 
330 million years ago. 

Broken leg bone 
reveals switch 
to life on land

To find out, Peter Bishop at the 
Queensland Museum in Hendra, 
Australia, and his colleagues analysed 
a rare tetrapod fossil from that gap, a 
1.5-metre-long Ossinodus which lived 
some 333 million years ago in what is 
now Australia. They found that 
Ossinodus’s forearm bones were 
strong enough to support the animal’s 
body on land. 

It also has what Bishop believes 
is the world’s oldest known broken 
tetrapod bone. When the team used 
computer software to reconstruct the 
forces required to cause the break, 
they found the magnitude of the force 
was so large relative to the size of the 
animal that the accident must have 
occurred on land. 

“Those kinds of impact forces are 
very difficult to achieve in water, 
because water acts like a cushion,” 
says Bishop. 

The team concludes that the break 
happened when the animal dropped 
85 centimetres, perhaps by falling off 
a rock or a log in the temperate forests 
that covered parts of Australia at the 
time (PLoS One, doi.org/4qg). 

Together, the evidence suggests 
Ossinodus must have spent some time 
on land, making it the oldest known 
tetrapod to be adapted to land 

life – although earlier footprints exist . 
Dominique Adriaens at Ghent 

University, Belgium, agrees the 
fracture probably occurred on land, 
but says the height of the fall would 
depend on unknowable factors 
including the surface the animal hit.

“This is a quirky but convincing 
study,” says Ted Daeschler at the 
Academy of Natural Sciences in 
Philadelphia. “Rarely does the fossil 
record offer up a moment in time like 
this injury.” 

Even though we still haven’t found 
the exact origins of land animals, 
this brings us closer to a more robust 
understanding of the transition from 
aquatic to terrestrial lifestyles, says 
Daeschler.  Colin Barras  ■
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YOUNG blood has once again 
shown its promise as an elixir of 
youth: blood from young mice 
helps bones of older animals heal. 

In 2012, researchers reversed 
some of the effects of cognitive 
decline by pumping the blood of 
young mice into old mice. The 
results were so intriguing that a 
team at Stanford University began 
the ultimate rejuvenation trial: 
giving blood plasma from under 

30s to people with Alzheimer’s. 
Results are expected next year.

To see if young blood could also 
help ageing bones, Benjamin 
Alman at the Hospital for Sick 
Children in Toronto, Canada, 
surgically joined the circulatory 
systems of mice of various ages. 
Fractured shin bones of old mice 
healed faster and better when the 
rodents were joined to young 
mice than to mice their own age. 

Older bones have higher levels 
of a protein called beta-catenin. 
This makes bone marrow stem 
cells more likely to form cells that 
hold bone together than cells that 
make bone itself. Beta-catenin 
levels were much lower in old 
mice that had received young 
blood, suggesting that a molecule 
present lowers beta-catenin and 
promotes bone growth. “We’re 
honing in on that molecule,” says 
Alman (Nature Communications, 
DOI: 10.1038/ncomms8131).
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Space bullets could have 
formed Earth’s iron core

CANNONBALL! The iron in Earth’s core may be from giant 
iron bullets fired off by stars when they die.

Stars fuse the hydrogen and helium present in the 
early universe into heavier elements such as iron. When 
they die, stars explode in supernovae, leaving behind a 
cloud of ejected material called a supernova remnant.  
A particular kind of supernova called a type Ia, the result 
of a white dwarf star exploding, is responsible for most  
of the iron on Earth – but we still don’t know what makes 
them blow up.

Now Noam Soker at the Technion-Israel Institute of 

Technology in Haifa and his colleague Danny Tsebrenko 
think they have a clue. The supernova remnants should 
be spherical, but some have bumps.

The pair think clumps of iron produced within a white 
dwarf going supernova could punch through the remnant 
like bullets, creating these bumps.

In their model, the bullets – clouds of molecules rather 
than solid chunks – only form when the white dwarf is 
the result of two smaller dwarfs merging (arxiv.org/
abs/1505.02034v1).

The diffuse bullets could also be responsible for 
Earth’s origins. They would be several times the mass of 
Jupiter and, as they spread, could eventually seed dust 
clouds with iron that would go on to form stars and 
planets, including Earth’s core.

Young blood heals old fractured bones

Smarter fish aren’t 
dish of the day

“AS CLEVER as a guppy” is  
not a huge compliment. But 
intelligence does matter to the 
tropical fish, as big-brained 
guppies outwit predators to live 
longer than slower witted peers.

Alexander Kotrschal at 
Stockholm University, Sweden, 
and his colleagues bred guppies 
(Poecilia reticulata) to have brains 
that were bigger or smaller than 
average. His team previously 
showed that bigger brains meant 
smarter fish. Big-brained females 
were eaten about 13 per cent less 
often than small-brained ones 
though there was no such link in 
males, whose bright colours may 
counter any benefits of higher 
intelligence (Ecology Letters,  
doi.org/4p9).  

“This is exciting because it 
confirms a critical mechanism 
for brain size evolution,” says 
Kotrschal. It shows, he adds, that 
interactions between predator 
and prey can affect the brain size. 

Brains respond 
uniquely to words

WATCH your language. Words 
mean different things to different 
people – so the brainwaves they 
provoke can identify you. 

Blair Armstrong of the Basque 
Center on Cognition, Brain and 
Language in Spain and his team 
recorded the brain signals of 
45 volunteers as they read a list 
of acronyms, then used computer 
programs to spot differences 
between individuals. 

The responses varied enough 
that the programs could identify 
the volunteers with about 
94 per cent accuracy when the 
experiment was repeated 
(Neurocomputing, DOI: 10.1016/ 
j.neucom.2015.04.025).

Armstrong hopes this could be 
developed into an alternative to 
fingerprint recognition systems.

IN BRIEF
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Salmon ears map 
their journeys

TO GET to know a salmon, it helps 
to get inside their head. A team has 
mapped the journeys of hundreds 
of Chinook salmon by looking at how 
small chunks of calcium carbonate 
in their ears store rare elements 
from the water. 

These bone-like structures, 
called otoliths, grow in concentric 
circles as a fish grows, so they can 
be used to age a fish. The chemical 
composition of each layer of an 
otolith depends on what was in 
the water around the fish at the 
time the ring was laid down.

Sean Brennan of the University 
of Alaska Fairbanks and his 
colleagues wondered if they could 
use the traces of the element 
strontium in otoliths to track where 
salmon had been.

The team travelled along the 
Nushagak river in Alaska collecting 
water samples, and used them to 
identify seven regions among the 
river’s streams and tributaries with 
distinct strontium profiles.

This map helped Brennan’s team 
pinpoint the birthplaces and travels 
of more than 400 salmon caught in 
2011. Some 70 per cent lived in the 
same stream they were born in – the 
rest had moved to other habitats 
(Science Advances, doi.org/4p8).

This could suggest new sections 
along the river that would be 
important for conservationists 
to protect.

Easy glider likes to snooze in tall trees 

TAKE one look at a flying lemur, or 
colugo, as it glides through the forest 
canopy and you see where it gets its 
name. But it’s not just when gliding 
that it likes to be in the treetops – it 
rests at height, too.

Skin flaps stretched from fingertip 
to tail tip give this large-squirrel-sized 
mammal “wings”. These allow it to 
glide 130 metres while losing only 10 
metres in height – on a par with flying 
squirrels and other gliding mammals.

With their bark-patterned fur and 
nocturnal habits, colugos are tough 
to spot. This didn’t deter Yamato Tsuji 
of Kyoto University in Japan and his 

team, who spent four years in the 
jungles of Indonesia studying them.

Colugos spend their days curled 
up in cracks and crevices in the trees, 
only emerging to snack on young 
leaves at night. Tsuji’s team found 
they are particular about which tree 
species they sleep in, favouring tall 
trees standing high above the canopy 
(Mammal Study, doi.org/4p5).

The lack of surrounding vegetation 
makes for a quick and easy getaway 
from predators, such as civets and 
pythons. It also gives them a nice 
launch pad for their dusk departure 
to food-filled trees lower down.  

DOES this qualify as irony? We 
need iron to be healthy – but too 
much could bring on Alzheimer’s. 

We still don’t know the cause of 
this form of dementia. The main 
suspect is a protein called beta-
amyloid that forms plaques in the 
brain, but drugs that dissolve it 
don’t result in people improving. 
Studies have suggested that 
people with Alzheimer’s also have 
higher iron levels in their brains. 
Now it seems that high iron may 
hasten the disease’s onset.

Researchers at the University of 
Melbourne in Australia followed 

144 older people who had mild 
cognitive impairment for seven 
years. To gauge how much iron 
was in their brains, they measured 
ferritin, a protein that binds to the 
metal, in their cerebrospinal fluid. 
For every nanogram per millilitre 
people had at the start of the 
study, they were diagnosed with 
Alzheimer’s on average three 
months earlier. 

The team also found that the 
biggest risk gene for Alzheimer’s, 
ApoE4, was strongly linked with 
higher iron, suggesting this is why 
having it makes you more at risk.  

Iron is highly reactive so it 
probably subjects neurons to 
chemical stress, says team 
member Scott Ayton. The finding 
alone doesn’t prove that reducing 
iron levels would cut people’s risk, 
says Ayton. But a  trial of a drug 
that does this, carried out 24 years 
ago, suggests it’s worth 
investigating. The drug halved the 
rate of Alzheimer’s cognitive 
decline but was overlooked when 
the beta-amyloid theory of the 
disease became dominant (Nature 
Communications, DOI: 10.1038/
ncomms7760).

When it comes to Alzheimer’s, iron may not be good ferrous

Flies have basic 
elements of fear

FLIES seem to be chickens. They 
may look unfazed by our swatting, 
but they could in fact be rattled,  
a bit like us when we feel fear. 

William Gibson of the 
California Institute of Technology 
in Pasadena and his colleagues 
exposed fruit flies to overhead 
shadows resembling aerial 
predators, such as birds, and 
found that the more shadows the 
flies saw, the more twitchy they 
got (Current Biology, doi.org/4nx). 

The researchers also offered 
starved flies food, and part way 
through the meal threatened 
them with shadows. “The more 
shadows we used to disperse them 
from the food, the longer they 
took to ‘calm down’ and return to 
the food,” says co-author David 
Anderson, also at Caltech. 

The researchers compare this to 
reactions of humans witnessing a 
shooting. The fear can outlast the 
gunshot itself, increasing if more 
shots are fired, and would arise 
whatever else the person was 
doing at the time of the shooting.

“In humans, fear is something 
that persists on a longer timescale 
than a simple escape reflex,” says  
Gibson. The flies’ state isn’t 
necessarily fear, but has some 
similarities to it, he says. 
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Through the looking glass
A new generation of virtual worlds is so richly detailed that they promise 
to tell us about our own lives, finds Chris Baraniuk

I WATCH as two people build a 
flying machine. Suddenly, an 
engine slips free from its tether.  
It rolls down a grassy hill, arriving 
feet from a precipice, on the brink 
of a wide blue abyss. They both 
scramble to catch the device, 
grabbing it just before it tumbles 
over the edge.

This is Worlds Adrift. Set for 
a beta release later this year, it’s 
a multiplayer game in which 
players build airships to explore 
mysterious floating islands. Its 
developer, London-based Bossa 
Studios, says it is the first game  
to bring real-world physics and 
causality to a massive online 
world. Every action a player takes 
is governed by lifelike mechanics, 
and the results have an impact  
on every other gamer.

“Players will be able to explore 
and do whatever they want,”  
says Bossa co-founder Henrique 
Olifiers. “This is game design stuff 
that nobody could do before.” The 
technology is poised to change 
the way we manage the real world 
too, allowing unprecedentedly 
accurate simulations of 
everything from fisheries to 
cancer cells to whole economies.

Building a virtual world  
with complex, unpredictable 
interactions between objects and 
players is a challenge because 
processing the ever-changing 
positions of all the elements 
overloads servers. Instead, most 
large multiplayer games use tricks 
and illusions to spoof complexity.

In Worlds Adrift, items can be 
moved around in an incredibly 
lifelike manner. Designer Luke 
Williams shows off the gameplay 
by dragging a large piece of 
machinery to the top of a column. 
“If someone walks underneath 

here I can drop it on them,” he 
says, with a mischievous smile.

A London start-up called 
Improbable is powering this  
live demonstration. Rather than 
make single servers simulate  
a whole sector of the virtual  

world, it computes individual  
elements using connected 
“worker” programs, running 
across a network of servers. 

“The workers are like a  
swarm of bees or ants doing  
little things,” says Herman  
Narula, Improbable’s CEO. Acting 
together, they can achieve more 
than any individual server. The 
approach allows for low-cost 
simulations in which realistic 

interactions are ubiquitous.  
Narula believes this level of 

detail is increasingly important 
for gamers. “People want to 
deepen their illusion,” he says. 
“Look at the rise of virtual reality 
and HD graphics. There’s clearly 
a demand to be in these worlds.”

The developers of Worlds Adrift 
want to realise a world in which 
people’s actions aren’t just 
lifelike, but have permanent 

“ People want to deepen 
their illusion. There’s 
clearly a demand to be 
in these worlds”
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–Super model–

For more technology stories, visit newscientist.com/technology

consequences in the game. Trees 
will grow and obey the rules of  
a complex ecosystem, as will  
the animals that inhabit the 
landscape. When players cut 
down trees in a forest to build 
flying machines, those precise 
trees will stay cut down, says 
Olifiers. 

Improbable aims to power 
more than games. Researchers 
and businesses can also use the 
platform to build large-scale 
simulations of real-world systems. 
Some are already in the making.

At the University of Oxford’s 
Institute for New Economic 
Thinking, David Pugh and his team 
are planning to use Improbable  
to create a sophisticated model  
of the entire UK housing market, 
among other things. 

Economists frequently rely 
on statistical modelling to make 
predictions. But alternative 
approaches in which buyers  
and investors, for example,  
are simulated on a more  
granular scale can offer a  
better understanding of how 
individuals’ behaviour affects 
the economy as a whole. 

Revolutionary potential
These models often run up 
against a lack of computational 
resources, exactly the problem 
that Improbable solves for large 
game worlds. Pugh says that  
even supercomputers struggle 
with the level of complexity 
required, but initial tests with 
Improbable have been impressive. 
“It has the potential to be  
quite revolutionary,” he says. 
“They’ve solved the scalability 
issue that has handicapped 
building large-scale models of 
systems like the economy.”

If successful, Pugh’s  models  
will be a powerful new tool for 
economic forecasts. They might 
inform a bank’s decision to lower 
or raise interest rates, or predict 
the long-term consequences  
of a new government policy.  
“Or you could go all the way up to 
simulating the world economy,” 
says Eric Bonabeau, CEO of 
Icosystem, a consultancy based  
in Cambridge, Massachusetts, 
which builds models for 
businesses and the military.

Swarm simulations could  
also paint a clearer picture of  
the planet’s ecosystems, helping  
us conserve them.

Richard Bailey, of the University 
of Oxford’s School of Geography 
and the Environment, is looking 
at fisheries off the West Coast  
of the US. “There’s evidence that 
productivity is probably going 
down in the ecosystem due  
to climate change,” he says. 
“Determining how a fishery 
should be managed as those 
changes kick in is quite a difficult 
problem.” 

Up until now, the interactions 

between humans and the marine 
environment have been too 
complex to model accurately, he 
says. “The platform Improbable 
has developed is hugely 
impressive and should help us  
to produce the class of highly 
detailed models necessary to 
answer these kinds of questions.”

Improbable’s technology has 
medical applications too. “You 
could simulate cancer growth 
at scale, by simulating all of the 
cancer cells that are growing,” 
says Bonabeau. 

Narula says Improbable could 
be used to model large transport 
systems, helping those who 
manage traffic flow. And he says 
the UK’s Ministry of Defence has 
been in touch, though they won’t 
reveal why they’re interested.

There are those who remain 
somewhat sceptical, at least  
of Improbable’s potential to 
transform game design. Jeff 
Orkin, a seasoned game developer 
and researcher, says using the 
platform to power complex in-
game physics is interesting. But 
he worries that players might  
not always understand the sheer 
complexity of the world they 
inhabit. “It can be frustrating for 

players if things are happening 
and they don’t know what caused 
them,” he says.

The same sort of confusion  
is what often makes living in  
the real world vexing too. But  
if Improbable fulfils its biggest 
promises, then we might soon 
glean a much better 
understanding of why complex 
events unfold the way they do. 

Perhaps these detailed 
simulations will let us take better 
control over systems which seem 
to have a mind of their own, for 
now. But at the very least, when  
it comes to gaming, simulating  
a world in detail could make for 
one hell of a playground.  ■

ONE PER CENT

Time is finite
The doctor will see you… soon.  
The frustration might be over  
for patients waiting seemingly 
indefinitely. A pair of New York 
University students has developed 
MedTimers, which analyses staff 
logs of patient visits and uses the 
data to estimate wait times for 
those still in the queue. A hospital 
in St Louis, Missouri, has already 
begun using the system and 
New York health facilities are 
considering it.

“Beer, sex, run away 
from home”

Three of the 800 phrases that a 
parental-control app called Smart 
Relief reports  if used in messages. 
According to the AP press agency, 
South Korea's telecoms regulator  
has ordered apps of this kind to  
be installed on all smartphones 
belonging to minors

Robo barista
Need a morning pick-me-up? 
There’s an app for that – and a 
robot. Hong Kong start-up Café X  
is building a robotic coffee shop. 
Orders placed through the app go 
to the nearest booth, where the 
drink is prepared by a robotic arm. 
Café X claims that its coffee “meets 
or exceeds the standards of top 
specialty cafes”. It plans to set up 
booths in Hong Kong, China and 
Singapore by the end of the year.
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“ You could simulate  
cancer growth at scale by 
simulating all of the cancer 
cells that are growing”
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The internet is almost full
The net must adapt to meet our lust for media, finds Jacob Aron

ARE we running out of internet? It 
might sound like an odd question, but 
researchers met at the Royal Society in 
London last week to discuss a coming 
internet “capacity crunch”, and what 
we might do about it.

The meeting sparked headlines 
warning of the need for data rationing 
in the face of a “full” internet, but the 
reality is more nuanced. The crunch is 
real, caused by fast growth of online 
media consumption through the likes 
of Netflix and YouTube. But the 
internet just needs a few tweaks.

Fear of a capacity crunch stems 
from a hard physical truth – there is a 
limit to the amount of information you 
can cram down any communications 
channel, fibre-optic cable or copper 
wire. Discovered in 1940 by Claude 
Shannon, this limit depends on the 
channel’s bandwidth – the number 
of frequencies it can transmit – and 
its signal-to-noise ratio.

The information capacity of optical 
fibres – the light-carrying pipes that 
form the backbone of the internet – 
can be increased simply by upping the 
power of the light beamed through 
them. This boosts the signal that 
encodes, say, a Netflix show so that it 
dominates over the inherent noise of 

the fibre, making it easier to read at 
the other end. Researchers have spent 
decades finding ways to amplify 
signals, increasing the capacity of fibre 
already in the ground and keeping up 
with the growth of internet traffic. 

But that trick has hit a dead end. 
If you up the power beyond a certain 
point, the fibre becomes saturated 
with light and the signal is degraded. 
This limit means internet fibres are 
nearing their capacity. “You can’t get 
an infinite amount of capacity in a 

fibre,”  Andrew Ellis at Aston University 
in Birmingham, UK, who organised the 
meeting, told New Scientist.

René-Jean Essiambre of French 
communications firm Alcatel-Lucent 
presented research suggesting the 
limit is around 100 terabits per second, 
around 250 Blu-ray discs-worth. The 
internet’s fibre systems could reach 
this in the next five years, he warned. 

Don’t cancel the Netflix account just 
yet, though. Polina Bayvel of University 
College London presented a tool to 

compensate for distortion in optical 
fibres at high power. Her technique 
analyses interference within the fibre 
as light travels through. It then rapidly 
calculates how the light was distorted, 
allowing the recipient to clean up the 
signal at the other end. “You receive a 
mess, and by carrying out these steps 
you are able to reconstruct the signal 
digitally,” she said.

David Richardson of the University 
of Southampton, UK, is investigating 
new fibres that contain multiple cores 
for transmitting data, effectively many 
fibres in one. These are more difficult 
to make than conventional fibres 
because the cores are tiny and must 
keep their shape across cables that 
can be kilometres long – but they’re 
capable of handling much more data.

Techniques such as these will be 
key to fighting capacity crunch, says 
Ellis. But if researchers can’t scale up 
and commercialise their solutions, 
rationing or other restrictions on 
internet use may be the only option.

“I don’t see a crisis in the internet,” 
Andrew Lord, a researcher at UK 
telecom company BT, told the meeting. 
“I’ve got a lot of faith in the ingenuity 
of people to keep delivering the 
goods,” he told New Scientist.  ■

“ The internet’s fibre 
systems could reach 
capacity within the 
next five years”
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–Digital traffic jam–

DATING is all about exchanging 
information. But if you’ve used a 
dating app, what you shared could 
have gone further than you’d like.

Raymond Choo and his colleagues  
at the University of South Australia  
in Adelaide have shown that it is easy 
to hack into popular dating apps like 
Tinder and Grindr to reveal private 
data. They used a Samsung Galaxy  
S3 phone to create fake profiles on 
eight of the most popular dating apps 
in the Google Play store and then  
tried to steal data. They did this by 
capturing the phone’s network traffic 
and trawling the apps’ private 
directories on the phone.

All the apps had security flaws. 
On Tinder, for example, the group 
pulled up images of the profiles the 
person had viewed, and records of 
whether they were a match. On 
gay hook-up app Grindr, the team 
accessed data about people the user 
had checked out, including dates of 
birth, their distance from the user on 
last viewing and a database of sent 
and received messages, as well as the 
user’s email address. Tinder and 
Grindr have not yet responded to 
requests for comment.

“Mobile devices are an attractive 
attack vector. These devices can see 
and hear things around us,” says Choo. 
“In fact, our mobile devices and apps 
are likely to know more about us than 
our partners do.”  Aviva Rutkin  ■

Hackers can 
see your dating 
pics and chat

–Still identifiable–
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Smoke in the water
At Faulty Towers, you’re sure of a warm reception. 
No, not the “He’s from Barcelona”, “Don’t mention 
the war” Fawlty Towers hotel managed by John 
Cleese. This is the Faulty Towers complex, more 
than 2 kilometres underwater on the Juan de Fuca 
ridge off the coast of Washington state. It is an 
array of natural chimneys, better known as black 
smokers, that spew out superheated mineral-rich 
water. Their hot contents come from the 
geothermally active faults below. 

This is a mosaic of 144 images taken with a 
remotely operated underwater vehicle named 
Jason, operated by the University of Washington, 
Seattle. It’s one of some 500 images in 
Discovering the Deep, a new book documenting 
unfamiliar deep-ocean environments. 

The Faulty Towers complex is the largest array 
of chimneys in the Mothra hydrothermal vent 
field. The complex is made of 14 chimneys up to 
22 metres high. The “log” in the bottom left of the 
image is a collapsed chimney.

 Deep sea vents have become attractive sites 
for mining, because they often contain high-
grade metal ores. But they are also home to some 
of the most extraordinary life forms on the planet, 
capable of thriving at temperatures of 100 °C . 
Black smokers produce the hottest water ever 
discovered on Earth, more than 400 °C, and have 
even been suggested as a possible site for the 
first evolution of life.  Rowan Hooper

Photographers 
J. R.  Delaney, D. S. Kelley and M. Elend   
University of Washington/WHOI-ROV Jason/American 
Museum of Natural History, New York
From Discovering the Deep: A photographic atlas of 
the seafloor and ocean crust by Jeffrey A. Karson, 
Deborah S. Kelley, Daniel J. Fornari, Michael R. Perfit 
and Timothy M. Shank, Cambridge University Press

http://worldmags.net/
http://worldmags.net/


24 | NewScientist | 23 May 2015

OPINION

Into the wild
While big oil scales back Arctic exploration, the military is muscling in. 
This frozen wilderness never gets a break, says Fred Pearce

WRANGEL Island is as remote as 
it gets. This speck of land in the 
Arctic Ocean far north of Siberia 
is where the last mammoths lived. 
Today it is rich in wildlife, one of 
the most important polar bear 
breeding grounds and UNESCO’s 
most northerly World Heritage 
Site. Some call it the Galapagos of 
the north. It’s a shame, then, that 
Russia has just built a military 
post there.

The geopolitical shock waves 
of Russia’s invasion of Crimea 
and military meddling in eastern 
Ukraine are spreading poleward. 
The damaged relations with the 
West have unleashed a new cold 
war in the Arctic, with nature in 
the firing line. 

Three years ago, miners and oil 
prospectors were hurtling north 
as the ice melted, in search of the 
last great fossil fuel bonanza. That 
rush has been snuffed out for now 
by the depressed prices of 

everything from copper to crude. 
Chevron, ExxonMobil and Statoil 
have all abandoned drilling in the 
Arctic Ocean. But just when it 
seemed safe for a few years, the 
region is suddenly full of soldiers.

In March, 38,000 Russian 
soldiers and 50 ships and 
submarines were on exercise 
around Novaya Zemlya, Franz 
Josef Land and all points north of 
Siberia. The build-up, according 
to the country’s defence ministry, 
is part of a plan to create a “self-
sufficient” standing military force 
in the region by 2018. Two-thirds 
of its navy are on the north coast.

Meanwhile, Canada’s prime 
minister, Stephen Harper, has 
announced plans to spend 
billions of dollars on patrol ships 
and other kit to increase his 
country’s footprint in the Arctic. 
Can the US be far behind? The icy 
north has no ban on military 
activity, unlike Antarctica.

Free speech’s front line
Bloggers risking death for rational, secular 
views are heroes, says Sanal Edamaruku

MASKED men with machetes 
killed Ananta Bijoy Das last week 
in Bangladesh. He was murdered 
for his honesty and integrity, for 
standing up for rational, sceptical 
thought and scientific reasoning 
in the face of religious bigotry.

The 30-year-old edited the 
journal Jukti (Reason), blogged 
vigorously and had written a book 

on Charles Darwin. He felt religion 
was opposed to human dignity. 

He is not the first brilliant 
young rationalist in Bangladesh 
to die in a pool of blood. On 
26 February, Avijit Roy, moderator 
of the internationally renowned 
rationalist portal Mukto-Mona 
(Free Mind), was murdered. And 
Washiqur Rahman, who criticised 

the attack, was killed on 30 March. 
The deaths of my Bangladeshi 

colleagues are shocking. I was in 
regular contact with Avijit, who 
used to reproduce my articles in 
Mukto-Mona. And Ananta was to 
be my guest in Finland after he 
told me that he had been invited 
to Stockholm by free speech 
group Swedish PEN. He never 
made it; Swedish officials in 
Dhaka refused to grant him a visa. 

Rationalist blood has also been 
shed in my former homeland, 

India. Narendra Dabholkar, 
who criticised oppressive Hindu 
superstitions, was murdered in 
2013 in Pune. Govind Pansare, a 
rationalist who criticised Hindu 
radical groups, was killed in 
February this year. 

My own life was threatened 
three years ago, after I identified 
the source of the “miracle” of a 
dripping Jesus statue in a Mumbai 
Catholic church as a blocked 
drain. Agitators were employed 
to attack me. I escaped. But then 
came blasphemy complaints, 
arrest threats and the cardinal’s 
demand for my apology. I refused, 
and extremist Catholic groups 
discussed my assassination. I left 

“ The enemies of reason 
try to stop the flow of 
free thought with guns 
and cleavers”

http://worldmags.net/
http://worldmags.net/


23 May 2015 | NewScientist | 25

ONE MINUTE INTERVIEW

For more opinion articles, visit newscientist.com/opinion

SE
B 

CH
A

N
D

LE
R

This sabre-rattling takes place 
amid territorial rows. Russia is 
about to lay claim to an extra 
1.2 million square kilometres 
after seismic surveys last summer 
“proved” that large areas of the 
ocean floor are part of its 
continental shelf. The well-
publicised planting of a Russian 
flag on the seabed at the North 
Pole in 2007 was no idle stunt.

Russia’s aim, says Timo 
Koivurova, an international 
lawyer at Finland’s University 
of Lapland, is partly military, but 
partly to secure natural resources. 
Geologists are convinced that 
sedimentary layers under the 
ocean make it the planet’s last big 
potential oil and gas source. Shell 
is the only Western oil firm set to 
drill in the frigid waters this year. 
But in Russia, they see long-term 
advantage rather than short-term 
financial risk. The Arctic’s only 
permanent offshore oil 
production platform is Russian.  

In a sensible world, the 
international community would 
declare those reserves off limits 
in the interests of protecting the 
world from climate change. But in 
a sensible world, military forces 
would not be moving into such a 
fragile, pristine environment.  ■

Fred Pearce is a consultant for 
New Scientist

for Europe and have not returned.
The enemies of reason are 

afraid of word, pen and keyboard. 
They try to stop the flow of free 
thought with guns and cleavers. 
But rationalists are not so easily 
stopped. More and more writers 
and bloggers are emerging to join 
those challenging such bigotry. 

Governments must defend free 
speech for those who stand for 
science and progress. If a rational 
point of view can’t be expressed 
freely, much that we value about 
civilisation will be at stake.  ■

Sanal Edamaruku is an Indian author 
who lives in exile in Finland. He is the 
president of Rationalist International

Cuckoos against the clock
Their evolutionary arms race is a wonder to behold, but the UK’s 
cuckoos are vanishing at an alarming rate, says Nick Davies

PROFILE
Field naturalist and zoologist Nick Davies is a 
professor of behavioural ecology at the University 
of Cambridge. His latest book is Cuckoo: Cheating 
by nature (Bloomsbury Publishing) 

What first drew you to cuckoos?
I’m fascinated by the evolutionary arms race 
between the cuckoo and the birds that it 
parasitises. It’s a constant ding-dong battle. 
And there is always more to learn. We have 
recently discovered that the UK’s cuckoos winter 
in the Congo rainforest, thanks to satellite 
tracking by the British Trust for Ornithology. 
The birds spend the winter with lowland gorillas 
in the rainforest, then cross the Sahara during a 
60-hour, non-stop flight to the UK. It’s a tough 
migration: several of the tracked birds didn’t 
make it.

How are cuckoos faring in the UK?
Sadly, our cuckoo numbers have been 
plummeting, dropping by more than half in just 
two decades. We aren’t sure why. It may be 
because there’s been a catastrophic decline in 
many moth species in the UK in the last few 
decades, meaning fewer hairy caterpillars for the 
cuckoos to feed on. Habitat destruction might 
also be a cause. Whatever the reason, we’re not 
the only ones to have noticed it.

What else has spotted the cuckoos’ decline?
Reed warblers. I’ve studied common cuckoos 
[Cuculus canorus] and the warblers they 
parasitise in the fens of eastern England for 
30 years. A cuckoo lays one egg in a host nest. 
In the old days, one in five cuckoo eggs were 
rejected by the warblers. It’s a risky defence, 
because sometimes the warblers mistakenly 
reject one of their own eggs. Today, with fewer 
cuckoos around, the warblers have relaxed that 
defence: they’re much less likely to reject eggs. 

What if the warbler misses a cuckoo’s egg?
The warblers have evolved to reject eggs that 
look different to their own and the cuckoo 
responded by evolving egg mimicry – their eggs 
are a beautiful match. If a cuckoo’s egg isn’t 
detected, the cuckoo hatchling tosses all the 
warblers’ eggs out of the nest, along with any 
warbler chicks that happen to be there. What’s 
extraordinary is that the parent warblers will sit 
and watch, doing nothing to interfere even as 
they witness the destruction of their brood. 

So if the egg is missed, the cuckoo has won?
Yes, because the warblers don’t reject chicks that 
look different to their own. And then the cuckoo 
chick will trick the warbler parents into feeding it 
by using a begging call that sounds like a whole 
brood of hungry warbler chicks. In Australia, 
where cuckoos have probably been battling with 
their hosts for longer, the arms race has gone to 
the next level. There, some host birds will eject a 
newly hatched chick that doesn’t look like their 
own. In response, those cuckoos have evolved 
chick mimicry as well as egg mimicry.  

Why do we like these cheating, chick-killing 
freeloaders so much?
I think it’s partly the romance of them being a 
harbinger of spring, and partly because their 
sound is so instantly recognisable: Wordsworth 
referred to them as a “wandering voice”. 

Yes, they are cheats, but I think we admire 
them for getting away with it.  
Interview by Sean O’Neill
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You have been studying the Whillans ice stream 
in West Antarctica. Tell us about it.
It’s one of the largest ice streams draining 
the West Antarctic ice sheet, hundreds of 
kilometres long and about 100 kilometres 
wide. It used to discharge as much water as 
the Missouri river in the US.

What is it that you find intriguing about that 
ice stream?
Whillans is behaving oddly. It is slowing down. 
Because of internal ice-sheet dynamics, it has 
lost about 50 per cent of its velocity compared 
with the 1970s. It’s switching from negative 
mass balance – where the outflow of ice 
exceeds the accumulation of snow – to 
positive mass balance. A positive mass balance 
can help contain sea level rise.

Another large ice stream next to it, Kamb, 
stopped moving about 150 years ago. If we can 
understand the mechanical processes at the 
base of the ice that are making these huge 
slabs slow down, then maybe one day we could 
regulate the flow of ice and slow the rate of sea 
level rise. 

Are you talking about geoengineering ice 
streams to control sea level rise?
Yes. When we talk about geoengineering we 
usually mean bringing down levels of carbon 
dioxide or controlling Earth’s reflectivity to 
sunlight. We haven’t yet considered putting 
the brakes on ice streams and glaciers, but we 
should be considering this possibility. Last 
month in Nature,new results corroborated 
previous evidence showing that the loss of 
mass from polar ice sheets accelerated in the 
last decade (DOI: 10.1038/nclimate2635). 

What’s been the response when you present 
your ideas at geoengineering conferences?
Predominantly negative.

What about in the broader climate science 
community?
Because it is geoengineering, people don’t like 
to talk about it. However, a recent report by 
the US National Research Council argued that 
rather than shy away from geoengineering, 
climate scientists should be open to studying 
the various methods and their consequences.

What irks me about the resistance to even 
thinking about it is that we are funded by the 
public. We should be thinking about such 
ideas to maximise the benefit to the public.

But the public may shudder at the thought of 
humans interfering with these pristine places.
It’s a psychological barrier. This planet will not 
remain pristine; there are too many of us. It’s 
not pristine anyway. You can find human-
made chemicals in the Arctic and Antarctic. 

In any case, if we don’t slow sea level rise, 
there is going to be a huge environmental 
impact. Today, we have protected parts of the 
coastal ecosystem in the US, but usually they 
are very narrow strips of land right on the 
shore, and there are towns and cities and 
industries next to them. As sea levels rise, 
these preserves will be the first to go.

How might we slow down the flow of ice?
One mechanism has to do with decreasing the 
amount of water at the base of the ice stream, 
to increase the friction between the base and 
the bedrock. Basically, we’d need to remove 
water by increasing drainage. Paradoxically, 

that may require something counter-intuitive, 
like drilling a hole from the top of the ice 
stream to the base and injecting water. You 
would have to work out how the sliding of 
the ice would respond to the injection of 
additional water, but in certain scenarios, 
the excess water would create a new, bigger 
channel beneath the ice, and this would help 
drain the water that’s already there faster than 
before. Typically when you drive water out 
from beneath a glacier, you are making it 
harder for ice to flow.

PROFILE
Slawek Tulaczyk is 
a glaciologist at the 
University of California, 
Santa Cruz. He studies 
Antarctic ice streams – 
fast-moving “rivers” of 
ice – and their response 
to climate change 

If we don’t develop 
bold ideas, we’ll be 
up to our necks in it 

OPINION  INTERVIEW

Let’s put the freeze 
on sea level rise 
The oceans are set to swallow our coastlines, says  
Slawek Tulaczyk, who suggests a truly radical solution
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There are other ways. One would be to 
prevent warming ocean waters from reaching 
the ice sheets.

What do you mean?
One reason why many ice streams and glaciers 
are flowing faster into the ocean is because 
warming waters are melting the floating ice 
shelves that surround them and normally act 
as buttresses. We think that warm water is 
channelled in through deep troughs in the 
continental shelf.

And you are saying we can prevent this warm 
water from reaching the ice?
That’s right. You should be able to build 
submarine barriers. I’m not suggesting huge 
concrete structures; you can build something 
that has the right density to float 300 to 
400 metres underwater. You attach some kind 
of barrier to the floats. The currents in these 
troughs are not very strong and the barriers 
don’t have to stop the flow of water, just slow it 
down. And you could have openings in them 
to enable life to pass through.

As an engineering project, can you compare 
the effort to anything we have done so far?
To get to the point where it starts to make 
a difference to sea level rise, it would be 
comparable to digging the Panama Canal. But 
we can start small and if this doesn’t work out, 
that’s okay, because any problems would be 
minimal and confined to whichever glacier 
is selected for experiments. This is the key 
difference between global geoengineering of 
CO

2
 levels and experimenting with glaciers. 

How do you rate the problem of sea level rise 
in the context of all things climate change?
To me, it’s the most important. The lower 
end of predictions made for sea level rise 
is 40 centimetres by 2100. Even with that, 
low-lying parts of the San Francisco Bay Area, 
near where I live, will be submerged. And 
that’s just one bay in one country. 

Some would say geoengineering is like putting 
a sticking plaster on a much bigger problem. 
Of course. The real solution is to stop emitting 
CO

2
. But since 1990, the atmospheric CO

2
 level 

has risen from 350 parts per million to about 
400 ppm and we don’t have any international 
agreement that has a chance of stopping that 
upward trend in the near future.

Geoengineering might buy us time for 
our way of generating energy to catch up. 
I’m very hopeful – in the last decade we have 
seen more renewable sources of energy come 
online. But we can’t turn on a dime and 
stabilise CO

2
 levels soon.

How might you win support for your ideas?
I would like to make an analogy between 
scientists and doctors. Doctors have an ethical 
responsibility to help in a medical emergency. 
Do scientists have the right to only describe 
an emergency and predict how it will unfold, 
rather than study ways to avoid or diminish it? 
How would we feel about a doctor who just 
described the condition of a sick person and 
made predictions about his prognosis, but 
didn’t try to help? The world does not seem 
to be very successful at applying the cure of 
decreasing emissions. Geoengineering may 
buy us time for our economic and value 
systems to develop enough so that we can 
apply this ultimate cure.  ■

Interview by Anil Ananthaswamy

“ We haven’t yet considered 
putting the brakes on 
glaciers. But we should”

For more opinion articles, visit newscientist.com/opinion

Photographed for New Scientist by Timothy Archibald
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Equal amounts of stuff  
and antistuff were made  
at the big bang. So how 
come only stuff survived, 
asks Elizabeth Landau

IT’S an odd thought that the banana on your 
kitchen counter, squished in your lunch bag 
or tucked away in your desk drawer is the 

embodiment of one of the universe’s great 
mysteries, just waiting to be unpeeled.

Whatever its state of ripeness, that banana 
is made of particles of matter, just like you: 
its intrinsic matteryness is why you can see, 
feel and taste it. What you don’t see is what 
a banana does 15 times a day or so. Blip! 
It produces a particle of something else, 
something that vanishes almost 
instantaneously in a flash of light.

That something else is antimatter.
The prediction, and subsequent discovery, 

of antimatter counts as a great triumph of 
physics. It represents a whole mirror world >
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At Geneva International Airport on the 
French-Swiss border, it’s easy to miss that 
such deep questions are being explored in 
an underground cavern just a kilometre away. 
Planes take off and land tantalisingly close to 
the building that houses the control room of 
the experiment Shears works on, LHCb. This 
detector at CERN’s Large Hadron Collider – the 
$10 billion particle smasher buried beneath 
Geneva’s outskirts – isn’t as famous as its two 
bigger cousins, ATLAS and CMS. They garnered 
glory back in 2012 for co-discovering the 
elusive Higgs boson particle, the signature 
of an all-pervasive field that gives the basic 
particles of matter mass.

But LHCb is after an even more fundamental 
prize. 

The b stands for beauty – not as in salons, 
but as in quarks. Quarks are the fundamental 
particles found in the protons that the LHC 
smashes to smithereens. There are six types 
of quark, and they all have the odd quirk that 
they are never found by themselves, but 
always bundled into larger composite particles 
made up of two, three or possibly more (see 
“Tetraquirk?”, left). Protons, for example, are 
made up of three of the lightest – two up 
quarks and one down quark.

These days, the beauty quark is often more 
prosaically called the bottom quark, or just b. 
It is much more massive than the up and 
down quarks, but thanks to Einstein’s E = mc2, 
particles containing more massive quarks 
can be made from the energy liberated in the 
LHC’s proton collisions. One example would 
be particles called B mesons, which contain 
either a b quark or its antimatter equivalent, 
as well as one other quark.

B mesons could hold the key to how matter 
came to win out over antimatter. To 

LHCb collisions create  
screeds of particles 
and antiparticles 

There are six types of quark: up, 
down, strange, charm, bottom (or 
beauty) and top (or truth). Each has 
an antimatter doppelganger that is 
identical in mass, but has opposite 
electrical charge. 

Quarks of any kind only ever turn 
up in larger composite particles. 
Heavier “baryons” contain three 
quarks, as the familiar proton and 
neutron do; they also have antimatter 
equivalents containing three 
antiquarks. Lighter mesons contain 
a quark and an antiquark.

That might not be the whole 
story, though. Before the LHC’s 
recent two-year shutdown, the 
LHCb experiment amassed the 
most significant evidence yet for 
the existence of tetraquarks – 

particles with four quarks.
The standard model doesn’t 

explicitly limit the number of quarks 
in a single particle, but if tetraquarks 
do exist they represent a whole new 
form of matter beyond the pairs and 
triplets previously confirmed, says 
Eric Swanson of the University of 
Pittsburgh. “Now comes along 
another option for the first time.”

More observations of LHCb’s 
particular tetraquark find – the jazzily 
named Z(4430) – could give us a 
better understanding of how quarks 
are glued together. More broadly,  
it could tell us what exotic states of 
matter may have existed when the 
universe was just a baby – another 
insight into matter’s mysterious early 
history (see main story).

unsettling. According to their best-laid 
theories, the big bang should have created 
matter and antimatter in exactly equal 
amounts. In the orgy of annihilation that 
followed, the cosmos would have been left 
filled with nothing but a sea of light.

But it wasn’t. Some blip at the beginning of 
the universe caused some matter to survive – 
and make everything from bananas to black 
holes, seahorses to stars. It didn’t need much: 
calculations show a difference of just one part 
in a billion would have been enough. “It’s that 
one-part-in-a-billion more matter that forms 
the universe that we’re in now,” says physicist 
Tara Shears of the University of Liverpool, UK. 
But how did it happen?

of particles, identical in mass to those of 
normal matter, but with opposite electrical 
charge. But it seems rather an afterthought. 
In our neck of the woods, antimatter particles 
are only produced during interactions of high-
energy cosmic rays in the atmosphere, or in 
radioactive decays – such as those from the 
tiny amount of radioactive potassium-40 
every banana contains.

In one sense that’s unsurprising, given that 
antimatter and matter “annihilate” whenever 
they meet, giving out a puff of energy in the 
form of light. In our matter-dominated world, 
antimatter simply doesn’t stand a chance. But 
for physicists studying the fundamentals of 
the material world, the imbalance is deeply 

TETRAQUIRK?

CE
R

N

http://worldmags.net/
http://worldmags.net/


23 May 2015 | NewScientist | 31

understand why, we must rewind 50 years, to 
the discovery in the 1960s of a phenomenon 
known as charge-parity (CP) violation. James 
Cronin and Val Fitch later won the 1980 Nobel 
prize in physics for showing that, under 
certain circumstances, antiparticles decay at 
different rates from their matter counterparts. 

It was just the sort of thing that might 
explain matter’s dominance, but 
unfortunately the effect was far too small 
even to explain a one-in-a-billion imbalance. 
Subsequent experiments such as BaBar at 
SLAC National Accelerator Laboratory in 
California and Belle at the KEK Laboratory 
in Japan have shown that CP violation also 
occurs when particles containing b quarks 
decay, and the imbalance is greater in this  
case (see diagram, right). “The behaviour of 
the matter version and the antimatter version 
of the beauty quark happen to be the most 
different of any fundamental particle that 
we’ve studied,” says Shears. “We don’t know 
why, but it means we can measure it with 
more accuracy.”

Even so, decays of known particles so far 
account for only about one part in a trillion 
of the CP violation needed to explain the 
universe. Meanwhile, the discovery of the 
Higgs boson has only deepened the mystery. 
Its mass of 125 gigaelectronvolts and observed 
decay rate fit predictions from the standard 
model of particle physics, a theoretical 
construct laboriously built up over decades, 
boringly well. If it had defied them, that might 
have pointed to the influence of particles as-
yet unknown – which might have provided 
another source of CP violation.

No such luck. “The known type of CP 
violation we have in the equations so far is not 
enough. Now that we know more about the 
Higgs particle, it’s not enough to explain the 
matter-antimatter asymmetry in the universe 
today,” says Matt Strassler, a theorist at 
Harvard University. “People are looking 
for something wrong with the equations, 
something wrong with the standard model, 
something beyond it.” 

And perhaps unexpectedly, that throws 
the focus back on B mesons. The “beauty 
factories” BaBar and Belle collided electrons 
and their antimatter equivalents, positrons, 
with energies in the range of billions of 
electronvolts – enough to produce only the 
lightest B mesons in appreciable numbers. 
But  to arrive at any meaningful answer as to 
why matter’s dominance arose, we need to 
recreate the more energetic conditions of the 
cosmic primordial soup.

After a two-year shutdown, the LHC is 
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Truth in beauty
Subtle asymmetries in the way particles containing heavy quarks and antiquarks decay could hold 
clues as to why matter dominates antimatter in the universe

The six types of quarks and antiquarks 
always come bundled into larger particles

Most of the time, antiparticles 
decay like mirror images of 
corresponding particles

Particles containing b quarks and antiquarks 
sometimes decay asymmetrically. Proton collisions 
at LHCb create large numbers of these particles, 
allowing this “CP violation” to be observed

Increasing mass

Quark

Anti-quark

Up Down Strange Charm Bottom
(Beauty)

Top
(Truth)

Proton Neutron B+ meson

ProtonProton

DECAY 
PRODUCTS

DECAY 
PRODUCTS

DECAY 
PRODUCTS

DECAY 
PRODUCTS

K+ meson Strange B meson

now expected to produce collisions releasing 
13 trillion electronvolts of energy, at a higher 
rate than ever before, bringing us much closer 
to doing that. The results could perhaps open 
up a crack between experiments and standard-
model predictions. “The energy increase 
brings us increased B particle yields that will 
allow more sensitive studies of CP violation 
in areas we have not yet probed,” says LHCb 
physicist Sheldon Stone of Syracuse University 
in New York state.

And LHCb is custom-made to do that. 
It is a relatively small fish in a big pond – or 
perhaps more appropriately, given the LHC’s 
27-kilometre circular structure, in a very large 

moat. ATLAS and CMS each cost seven times as 
much to build, and have three times as many 
researchers working on them. But unlike these 
general purpose detectors, which were built to 
observe all sorts of particles created in the 
energetic melee of the LHC’s collisions, LHCb 
is more choosy. Whereas ATLAS and CMS are 
cylindrical, fully encompassing the point at 
which the protons collide, LHCb’s detectors 
are in a cone or wedge shape, with the 
collisions taking place at the pointy end. 

That makes the experiment much less 
sensitive to detecting Higgs bosons, which 
tend to emerge at high angles outside LHCb’s 
zone of detection. But it’s just the thing for 
measuring B mesons, which tend to be 
produced with their momentum directed 
along the line of the original proton beams. 
“For certain measurements, LHCb is the best 
game in town,” says Strassler.

“ Just one part in a billion 
more matter created the 
universe we see today”
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difference. “If you have certain varieties of 
supersymmetry as the real nature of the 
universe, then the way in which this particle 
behaves is modified, and it can produce these 
pairs of muons more often or less often,” says 
Shears. “It’s a very, very precise probe of what 
could be out there.”

Nonetheless, this particular decay hasn’t 
yielded any insights into why the fates of 
matter and antimatter were so very different. 
“Unfortunately, it all matches up with our 
predictions,” says Shears.

It sounds a little funny to hear experimental 
physicists say it’s unfortunate how well theory 
and experiment match, but it’s a refrain Stone 
echoes. “It’s not a big deal,” he says about the 
strange B meson findings so far, but then 
pauses and corrects himself: “The result is a 
big deal, but unfortunately it confirmed the 
standard model. That’s the problem.”

That yearning for something new will 
continue as long as that existential question 
of what caused the blip at the beginning of 
the universe remains unanswered.

Maybe, just maybe, LHCb will be the 
underdog experiment to satisfy that longing 
as the LHC kicks back into gear. “For the first 
time, we’re going to a regime in the universe 
where what we really need to see, and what 
we’re really looking to see, is the unexpected,” 
says Shears.

And if we do find a convincing explanation 
for the matter around us any time soon – well, 
that really would be reason to go bananas.  ■

Elizabeth Landau is a science writer in Pasadena, 
California. She Tweets as @lizlandau

Not that getting hold of a B meson is easy. 
They are produced travelling close to the 
speed of light and exist for just 10-12 seconds 
before decaying. That’s not long, but it is an 
eternity compared with some other particles: 
those containing the even heavier top quarks, 
for example, decay after just 10-20 seconds. 
Crucially, it means B mesons carve 
characteristic trails through the LHCb 
detectors that are a centimetre or so long – 
long enough for the LHCb’s analysis teams 
to begin to get a handle on them. “That’s what 
we do,” says Stone. “That’s what we live on.”

Recent results from data taken before the 
LHC’s shutdown, presented earlier this year 
at a conference in La Thuile, Italy, suggest 
something interesting. They confirm earlier 
hints of deviations from standard-model 
predictions in the rare decay of a B meson to 
a K meson and two muons, heavier versions 
of the electron. The signal isn’t yet certain 
enough to tell if some unknown physics is 
responsible for the anomaly, or whether it can 
help to explain the matter mystery. Following 
up on that lead is a priority for LHCb’s 
physicists once the LHC is fully rebooted.

Another focus is the decay of a different 
beauty-containing particle, the “B-sub-s”, 
or strange B meson. This agglomeration 
of a b-antiquark and a strange quark can 
transform into its antiparticle incredibly 
fast, so looking at whether the reverse process 
happens in the same way would provide 
another avenue to study CP violation. Also, 
three times in every billion, it decays into a 
muon and an antimuon. This decay may be 
rare, but its end state is very easy to see 

because muons leave a trail right through 
the detector all the way to the outermost layer. 
That makes it a “golden channel” to search for 
new physics, says Shears.

Here the interest may not just be in 
CP violation, but also in hints of phenomena 
predicted by theories such as supersymmetry. 
SUSY proposes the existence of a raft of exotic 
particles and might explain a lot of things 
the standard model can’t, such as why the 
fundamental forces have very different 
strengths, and the nature of the mysterious 
dark matter that seems to make up most of the 

stuff in the cosmos. But if these particles truly 
exist, their masses are so large that neither the 
LHC nor any other particle smasher has 
created them to date (7 March, p 30).

Rare B-meson decays should be especially 
susceptible to the influence of unseen massive 
particles, perhaps giving the LHCb experiment 
a sneaky way to prove their existence without 
detecting them directly. Any deviation from 
B-mesons’ expected rates of decay could mean 
hidden particles are participating in a “ghostly 
manner”, says Guy Wilkinson of the University 
of Oxford, the leader of the LHCb collaboration.

The strange B meson decay is so unusual 
that experiments to date have seen very few 
examples, although both LHCb and CMS did 
spot it happening in 2013. More observations 
with the revamped LHC could make all the 

LHCb’s massive 
detectors spy out tiny 
particle imbalances

“ The signal is not yet certain 
enough to tell whether 
unknown physics causes it”
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The lenses in our eyes get stiffer as we age, 
making it harder to focus on things that are 
close up. This is why people start to need 
reading glasses from their 40s onwards. 
Eventually, nearly everyone will own a pair. 
But it can be a pain putting on your glasses 

so we mathematically invert that and compute 
the image,” says Daniel Aliaga, a computer 
vision researcher at Purdue University in West 
Lafayette, Indiana, who helped develop the 
idea. The software distorts images on the 
screen in such a way that it mimics the effect 
of a lens bending the light rays before they 
reach the eye. “It looks weird to anyone else 
but to you it looks sharp,” says Aliaga.

The approach works with both text and 
images, he says, so with pre-focused screens 
people would no longer need reading glasses. 
The Purdue team’s start-up, called CPrecisely, 
is developing apps that can modify the text on 
ebooks, phones and computers. The first 
product, a free alarm clock phone app, is due 
for release this year. “Imagine you’re in bed 
and you want to see what time it is,” says 
Aliaga. “Instead of searching for your glasses 
you just pick up your phone.” >
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Not many of us have perfect eyesight, and 
we will all develop problems as we get 
older. Until recently, glasses or contact 

lenses were just about the only options. But as 
we’ve learned more about the eye, we’ve come 
up with some surprising new ways to preserve 
or enhance vision, from changing what you eat 
to software that lets you read your smartphone 
without reading glasses.

Looking good

   SCREENS THAT DO THE 
FOCUSING FOR YOU

Glasses are far from the only way to see 
better, says Clare Wilson

every time you look at your phone, for 
instance, assuming you can remember where 
you put them. 

Glasses work by partly focusing light  
before it hits the eye – so if you are looking at  
a screen, why not make it do the focusing for 
you? A team at the Massachusetts Institute of 
Technology has shown that plastic screen 
covers can correct for all kinds of vision 
problems – effectively, the screen wears the 
glasses. But rather than making plastic covers 
tailored to individuals’ eyes, the team want to 
exploit the ability of existing 3D screens to 
control the direction of light. The idea is that 
instead of providing a 3D image, users could 
adjust the screen settings to “pre-focus” light 
as their eyes require. 

Few handheld devices have 3D screens so 
far, but something similar can be done with 
software alone. “We know how the eye works 
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EAT YOUR GREENS

During the second world war, British 
propagandists circulated rumours that RAF 
pilots were such good night fliers because all 
the carrots they ate helped them to see in the 
dark. In reality the British were trying to keep 
their use of radar secret. 

Yet it turns out that there is some truth to 
the idea that diet can affect our eyes. Retinal 
cells contain three yellow pigments – lutein, 
zeaxanthin and meso-zeaxanthin – which 
absorb near-ultraviolet light, protecting the 
eye from its damaging effects and reducing 
glare. These pigments are concentrated in the 
centre of the retina that produces the sharp 
central area of our vision, the macula. “It’s  
like wearing internal sunglasses,” says Billy 
Hammond of the University of Georgia in 
Athens. “It reduces the light intensity and 
absorbs scatter.”

We get these pigments from food, and the 
richer our diet is in them, the higher the levels 
in our macula. In theory then, people of any 
age could boost their eyesight by improving 
their diet or taking supplements. A large trial 

of supplements is due to finish in July, but a 
smaller one, in which 36 people took a pill 
containing all three pigments every day for six 
months, has already yielded positive results. 

The effect was big enough that people 
should have noticed the difference when 
coping with the glare of car headlights at 
night, for instance, says team member John 
Nolan, a nutrition and vision researcher at 
Waterford Institute of Technology in Ireland.

Nolan says boosting macular pigment  
levels should be even better than wearing 
yellow-tinted glasses for driving at night, as 
some people do, because such glasses block 
blue light from the whole of the retina. Extra 
macular pigment, by contrast, doesn’t stop 
the light reaching the retinal cells outside the 
macula, so peripheral vision is not reduced. 

Nolan already takes the supplements 
himself, and thinks taking all three is 
important. Hammond, however, thinks it is 
best to get these compounds from your diet, 
by eating plenty of vegetables – kale, spinach 
and red peppers are among the best sources. 
Eggs are another. “We like things to seem like 
drugs, but you’d always be better off just 
eating some spinach,” Hammond says.

A diet rich in macular pigments could not 
only improve your sight, it might actually  
save it. As we get older the retinal cells in the 
macula often become damaged. As the disease 
progresses, people develop a blurred patch  
in the centre of their vision that gets worse. 
Over a quarter of over-75s have macular 
degeneration, making it the biggest cause  
of blindness in Western countries.

As there is no cure, the best approach is to 
detect macular degeneration early and try  
to stop it progressing. Telltale yellow spots 
appear in the tissue underlying the retina 
before symptoms appear. Trials have shown 
that people in the early stages of the disease 
who take supplements of macular pigments, 
vitamins C and E, and zinc are 25 per cent less 
likely to suffer deterioration in their vision. 

“ In theory, people of  
any age could boost  
their eyesight by 
improving their diet”
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BETTER LENSES

The natural lenses in the eye tend to become 
cloudy in old age, with more than half of 
people over 80 developing the problem in at 
least one eye. It has long been routine to treat 
cataracts, as they are called, by replacing the 
lens with an artificial one.

The standard replacement lenses, however, 
can only focus light from distant objects, 
unlike the natural lens, which changes shape 
to focus on different distances. That means 
people still need reading glasses after a 
cataract operation. 

Over the past decade, replacement lenses 
have been introduced that mimic the variable 
focusing power of the natural lens, meaning 
many people who have cataract surgery can 
dispense with glasses completely. “I’ve had 
82-year-old patients who’ve worn glasses 
since they were 8,” says Anne Sumers, an 
ophthalmologist in Ridgewood, New Jersey, 
and a spokesperson for the American 
Academy of Ophthalmology. “It’s so exciting 
for them.”

There are several designs. One type, for 

instance, is made in such a way that it has 
different light-bending powers at different 
places within the lens. The brain somehow 
pays attention only to the light rays that  
give the sharpest image for the object you 
want to see and ignores the rest. “The visual 
cortex chooses the points of best focus,” says 
Bruce Allan, a surgeon at Moorfields Eye 
Hospital in London. “Everything else is 
photoshopped out.”

Cataract surgery is a no-brainer if you need 
it, whatever kind of replacement lens you get. 
However, there are now also other kinds of 
implants designed specifically to replace 
glasses. One type is for people who are so 
short-sighted that they can’t have corrective 
laser surgery as it would cut away too much of 
their cornea. Known as intraocular collamer 

GET MOVING

“ Many can dispense  
with glasses entirely, 
even if they’ve worn 
them all their lives”

lenses, these implants are inserted just in 
front of the natural lens. “It’s like putting 
spectacles inside the eye,” says Allan.

Another kind of implant, called corneal 
inlays, treat the long-sightedness that comes 
with age, so you could throw away your 
reading glasses. But there have been reports of 
side effects so the jury is still out safety-wise. 

Doing eye exercises won’t stop you needing 
glasses (see Game on, page 36). But ordinary 
exercises like running might just save your 
sight as you get older.

Running or walking reduces your chances of 
getting cataracts, according to a massive study 
that followed over 40,000 people for six years. 
According to a smaller study, running also 
reduces the risk of macular degeneration –  
the leading cause of blindness in developed 
countries. The exact mechanism isn’t clear in 
either case, but exercise is of course known to 
have a whole host of benefits.
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Gaming boosts 
some aspects of 
vision, but young 
eyes need time 
outdoors

The latest in personalised 
medicine? Eye drops made from 
your own blood. It might sound 
like a  celebrity fad, but it is a bona 
fide treatment for people whose 
eyes do not make enough tears, 
leading to dry, sore eyes. In 
severe cases, ordinary eye drops 
may not  bring relief as they lack 
the antibodies, growth factors 
and nutrients present in natural 
tears. The blood “tears” do.

Don’t do headstands if you have 
glaucoma. This condition, which 
affects about 2 per cent of 
people over 40, is caused by 
raised pressure within the 
eyeball, and can lead to 
blindness. Tipping yourself 
upside down more than doubles 
the pressure inside the eye, and 
regularly practising such 
“inversions” during yoga has 
been linked with worsening 
glaucoma in several cases.

Things that aren’t bad for your 
eyesight: watching TV, using 
computers, and reading in dim 
light. “Reading in poor light is 
difficult and uncomfortable, but 
there’s no good evidence it does 
you any harm,” says Bruce Allan, 
a surgeon at Moorfields Eye 
Hospital in London.

Scared of laser eye surgery? It’s 
actually safer than long-term use 
of contact lenses. The risk of 
laser surgery damaging the 
surface of the eye to the extent 
that you need a corneal 
transplant is about 1 in 3000. 
The yearly risk of a serious 
corneal infection from contact 
lenses is 1 in 2000. Daily 
disposable contact lenses are the 
least likely to trigger infection.

DID YOU KNOW?

better at interpreting the signals it receives 
from the eyes. The main focus of research has 
been contrast sensitivity – how well we can 
discern things that are only slightly darker or 
lighter than their surroundings. It is 
important for reading in poor light, say, or 
driving at night.

There have been some apparently 
impressive results reported with training 
schemes involving Gabor patches. These look 
like blurry lines, and the exercises typically 
involve spotting ever-fuzzier lines that get 
harder and harder to distinguish from the 
background. One recent study suggests that 
older people, who tend to have worse contrast 
sensitivity, could regain similar abilities to 
those in their early 20s.

Several apps are now on sale so you can try 
these exercises at home, but it’s not yet clear 
whether they improve vision in real life or just 
make people better at detecting Gabor 
patches. Most eyesight specialists want to see 
more controlled trials done before they 
recommend their use. “It’s probably too soon 
to know,” says James Tsai, an ophthalmologist 
at Yale University.

In the meantime, some of the strongest 
evidence that brain training can improve 
vision comes from studies of computer 
gamers. Daphné Bavelier, a neuroscientist 
now at the University of Geneva, Switzerland, 
first became aware of the effect after some 
students who were keen gamers scored more 
highly than expected on vision tests. 

Her team has been studying this 
phenomenon ever since. They have shown 
that people who spend a lot of time playing 

Another common eye disorder is diabetic 
retinopathy, when the blood vessels of the 
retina overgrow or leak. This can damage the 
retina, affecting vision, and eventually lead to 
blindness. All the things that help prevent 
type 2 diabetes, such as exercise, also help 
prevent diabetic retinopathy.

People can also have the equivalent of a 
stroke within the eye if a clot blocks one of the 
blood vessels that feed the retina.  Such 
“retinal vein occlusions” can trigger transient 
or even permanent loss of vision. 

The best way to avoid one is to do all the 
things that prevent a stroke in the brain, says 
Anne Sumers, a spokesperson for the 
American Academy of Ophthalmology. Stay 
active, watch your blood pressure and 
cholesterol levels, and above all, don’t smoke.

GAME ON

In his 1920 book Perfect Vision Without Glasses, 
William Bates claimed that doctors did not 
understand how the eye works and that 
anyone could achieve perfect vision by, for 
example, staring at the sun (do not try this at 
home!). His mad ideas remain popular to this 
day: countless books and websites still claim 
that “natural vision correction” can be 
achieved simply by doing eye exercises.

In fact, there is no evidence that any kind of 
exercise improves the eye’s focusing powers, 
which is the cause of most vision problems. 
But there is evidence that the brain can get 
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Short-sightedness is becoming more common 
in most rich countries, and is skyrocketing in 
certain parts of Asia; in Singapore, for 
instance, 80 per cent of young adults are now 
myopic. So why the increase?

Myopia typically arises when the eyeball 
grows too long, causing light from distant 
objects to be focused in front of the retina 
rather than on it. Because the condition is 
commoner among those who are more 
educated, the obvious conclusion is that the 
development of the eye can be affected by 
spending too much time reading. But it’s not 
quite that simple.

Some studies have found that the less time 
children spend outdoors, the more likely they 
are to become short-sighted. Such findings 
suggest that it is not book or computer work 
that is harmful per se, but failing to look 
into the distance. “A hunter-gatherer would 
have spent a lot of time seeing things at a 
distance – not 12 inches in front of their face,” 
says Billy Hammond, a visual neuroscientist 
at the University of Georgia in Athens.

Not all researchers agree that looking at 
distant things is the key; some think that the 
brightness or quality of outdoor light is what 
matters. But for now, giving children regular 
doses of the great outdoors seems to be the 
best bet for avoiding short-sightedness. And 
it has a whole host of other benefits too.  ■

Clare Wilson is a medical reporter at New Scientist

IMPROVE YOUR CHILDREN’S 
VISION

action games have better contrast sensitivity 
than non-players. Not only that, but when 
they asked people who don’t usually play 
these games to do so for 6 hours a week for 
nine weeks, their contrast sensitivity 
improved by 43 per cent.

The effect is strongest with so-called first-
person shooters, which some claim increase 
violent behaviour. “It’s the games that are 
ostracised,” says Bavelier. For comparison, 
non-gamers who played The Sims for six weeks 
only improved by 11 per cent. However, it 
might be possible to create games that have 

the same effect as first-person shooters 
without the violence.

The people in her study were all in their 20s 
and already had good vision, so Bavelier 
doubts they would notice the effect on their 
vision in everyday life. Some of her volunteers 
spotted one result of the training, though: the  
screens of old-style cathode-ray tube monitors 
seemed to start flickering because their vision 
was now sharp enough to spot the pixels being 
refreshed. Fortunately, that side effect doesn’t 
happen with modern LCD screens. 

Bavelier thinks that computer-game-based 
brain training is most likely to produce 
meaningful improvements in vision in people 

who already have problems, although her 
team has yet to demonstrate this. In theory, 
older people with declining contrast 
sensitivity stand to benefit most. The trouble 
is that most action video games are too fast 
for older adults, Bavelier says, but some 
researchers are creating games specifically 
for them.

Brain training is also showing great promise 
as a treatment for what’s called lazy eye, where 
the brain ignores the input from one eye, 
often because of a squint in childhood. It 
affects about 3 per cent of the population.

The standard treatment is to put a patch 
over the good eye to force the brain to use the 
bad one, but children sometimes refuse to 
cooperate, leading to permanent vision 
problems. The brain-training approach 
involves playing the computer game Tetris 
through special goggles, so that one eye just 
sees the falling blocks and the other sees the 
shapes at the bottom of the screen they slot 
into. The game can be played only if the brain 
uses both eyes, working together. 

In one study, after 10 hours of training, 
vision improved dramatically in the lazy eyes 
of 18 adults, equivalent to 2 or 3 lines on an eye 
chart. The biggest surprise was that adults 
were able to benefit at all, as patching does not 
work in children over 12, says Robert Hess, an 
ophthalmologist at McGill University in 
Montreal, Canada, who led the work. “There’s 
no current treatment for adults,” he says.

A commercial version of the training game, 
called Dig Rush, is now being developed for 
home use. It uses cheap 3D glasses to show 
different images to each eye.

“ Students who were 
keen gamers scored 
better than expected 
on vision tests” 
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THE 
METHANE 

APOCALYPSE

THEY look like massive bomb craters. So 
far seven of these gaping chasms have 
been discovered in Siberia, apparently 

caused by pockets of methane exploding out 
of the melting permafrost. Has the Arctic 
methane time bomb begun to detonate in a 
more literal way than anyone imagined?

The “methane time bomb” is the popular 
shorthand for the idea that the thawing of the 
Arctic could at any moment trigger the sudden 
release of massive amounts of the potent 
greenhouse gas methane, rapidly accelerating 

the warming of the planet. Some refer to it in 
more dramatic terms: the Arctic methane 
catastrophe. Even the methane apocalypse. 

Some scientists have been issuing dire 
warnings about this. There is even an Arctic 
Methane Emergency Group. Others, though, 
think that while we are on course for 
catastrophic warming, the one thing we don’t 
need to worry about is the so-called methane 
time bomb. The possibility of an imminent 
release massive enough to accelerate warming 
can be ruled out, they say. So who is right?

Few scientists think there is any chance of 
limiting warming to 2 °C, even though many 
still publicly support this goal. Our carbon 
dioxide emissions are the main cause of the 
warming, but methane is a significant player. 

Methane is a highly potent greenhouse  
gas – causing 86 times as much warming  
per molecule as CO2

 over a 20-year period. 
Fortunately, there’s very little of it in the 
atmosphere. Before humans arrived on the 
scene there was less than 1000 parts per 
billion. Levels started rising very slowly 

Is the melting Arctic poised to release catastrophic quantities of methane?  
Actually, that’s one thing we don’t have to worry about, says Anil Ananthaswamy
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around 5000 years ago, possibly to due to rice 
farming. They’ve gone up more since the 
industrial age began: the fossil fuel industry  
is by far the single biggest source, followed by 
farting farm animals, leaking landfills and so 
on. Only a tiny percentage comes from 
melting Arctic permafrost.

The level in the atmosphere is now nearing 
1900 ppb, but that’s still low. CO

2
 levels were 

much higher to start with, around 270,000 
ppb before the industrial age. They have now 
shot up to 400,000 ppb today. The main 
reason is that CO

2
 persists for hundreds of 

years, so even small increases in emissions 
lead to its buildup in the atmosphere, just as 
water dripping into a bath with the plug left  
in can fill the bath eventually.

Methane, by contrast, breaks down after 
just a dozen years, so its level in the 
atmosphere can only increase if there are big 
ongoing emissions. Think of a bath with the 
plug pulled out: to have any chance of filling  
it, the taps have to be turned on full blast.  
So for methane to cause a big jump in global 
warming there not only has to be a massive 
source, it has to be released very rapidly. Is 
there such a source?

Yes, claim a few scientists. They point to the 

Arctic permafrost, and specifically to the East 
Siberian Arctic shelf (see map, page 41). This 
vast submerged shelf underlies a huge area of 
the Arctic Ocean, which is less than 100 metres 
deep in most places. During past ice ages, 
when sea level dropped 120 metres, the land 
froze solid. 

This permafrost was covered by rising seas 
as the ice age ended around 15,000 years ago. 

The upper layer has been slowly melting as  
the relative warmth of the seawater penetrates 
down. But the frozen layer is still hundreds of 
metres thick. No one doubts that there is 
plenty of carbon locked away in and under it. 
The questions are, how much is there, how 
much will come out in the form of methane, 
and how fast?

Natalia Shakhova of the International Arctic 
Research Center at the University of Alaska 
Fairbanks, has been studying the East Siberian 
Arctic shelf for more than two decades. Her 

team has made more than 30 expeditions to 
the region, in winter and in summer, collected 
thousands of water samples and tonnes of 
seabed cores during four drilling campaigns 
and made millions of measurements of 
ambient levels of methane in the air.

Her team has estimated that there is a 
whopping 1750 gigatonnes of methane buried  
in and below the subsea permafrost, some of it 
in the form of methane hydrates – an ice-like 
substance that forms when methane and water 
combine under the right temperature and 
pressure. What’s more, they say that the 
permafrost is already beginning to thaw in 
places. “Our results show that... [the] subsea 
permafrost is perforating and opening gas 
migration paths for methane from the seabed to 
be released to the water column,” says Shakhova.

Her team’s work hit the headlines in 2010, 
when in a letter in the journal Science they 
reported finding more than 100 hotspots 
where methane was bubbling out from the 
seabed (pictured, page 40). But as others 
pointed out, it was not clear whether these 
emissions were something new or had been 
going on for thousands of years.

More sensational stuff was to follow. In 
another 2010 paper, the team explored the >

“ They found hotspots where 
methane was bubbling up 
from the seabed”
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consequences of 50 gigatonnes of methane – 
3 per cent of their estimated total – entering 
the atmosphere (Doklady Earth Sciences, vol 
430, p 190). If this happened over five years 
methane levels could soar to 20,000 ppb, 
albeit briefly. Using a simple model, the team 
calculated that if the world was on course to 
warm 2 °C by 2100, the extra methane would 
lead to additional warming of 1.3 °C, so 
temperatures would hit 3.3 °C by 2100.

This study appeared in an obscure journal 
and did not get much attention at the time. 
But then Peter Wadhams of the University of 
Cambridge and colleagues decided to see how 
much difference a huge methane release 
between 2015 and 2025 would make when 
added to an existing model of the economic 
costs of global warming. “A 50-gigatonne 
reservoir of methane, stored in the form of 
hydrates, exists on the East Siberian Arctic 
shelf,” they stated in Nature, citing Shakhova’s 
paper as evidence. “It is likely to be emitted as 
the seabed warms, either steadily over 50 
years or suddenly.”

Their study concluded that it would cost  
the world $60 trillion over the next 100 years.  
“My view is that the risk is large enough and 
the consequences are bad enough that this 
should be a very high priority research area,” 
says Wadhams. “My plea is let’s take this 
seriously, and study it very intensively.”

Understandably, this was big news. The  
idea that 50 gigatonnes of methane could be 
released in a few years was widely reported as 

fact, including by New Scientist. Our news 
story quoted Shakhova as saying that an 
abrupt release of 50 gigatonnes is “highly 
possible at any time”.

But in reality the idea that 50 gigatonnes 
could suddenly be released, or that there’s a 
store of 1750 gigatonnes in total, is very far 
from being accepted fact. On the contrary, 
Patrick Crill, a biogeochemist at Stockholm 
University in Sweden who studies methane 
release from the Arctic, says it is simply 
untenable. He wants Shakhova’s team to be 
more open about how they came up with 
these figures. “The data aren’t available,”  
says Crill. “It’s not very clear how those 

extrapolations are made, what the geophysics 
are that lead to those kinds of claims.”

For her part, Shakhova now says, “We  
never stated that 50 gigatonnes is likely to be 
released in near or distant future.” It is true 
that the 2010 study explores the consequences 
of the release of 50 gigatonnes rather than 
explicitly claiming that this will happen. 
However, it has certainly been widely 
misunderstood both by other scientists and 
the media. And her team’s papers continue to 
fuel the idea that we should be worried about 
dramatic and damaging releases of methane 
from the Arctic.

But other researchers disagree. “The Arctic 
methane catastrophe hypothesis mostly 
works if you believe that there is a lot of 
methane hydrate,” says Carolyn Ruppel,  
who heads the gas hydrates project for the  
US Geological Survey in Woods Hole, 
Massachusetts. And her team estimates that 
there are only 20 gigatonnes of permafrost-
associated hydrates in the Arctic (Journal of 

Chemical and Engineering Data, vol 60, p 429). 
If this is right, there’s little reason for concern. 

What’s more, the issue is not just how much 
methane hydrate there is, but whether it could 
be released rapidly enough to build up to high 
levels. This could happen soon only if the 
hydrates are shallow enough to be destabilised 
by heat from the warming Arctic Ocean. But 
David Archer of the University of Chicago says 
that hydrates could only exist hundreds of 

Set to defrost
Warming waters are melting subsea permafrost formed during the last ice 
age. But it will take hundreds of years for the warmth to penetrate to the 
depths at which methane hydrates can exist

Methane hydrate  zone

Permafrost
ARCTIC OCEAN

Pockets of methane gas
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“ The heat will take 
thousands of years to  
reach the hydrates”
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metres below the sea floor. That’s far too deep 
for any surface warming to have a rapid 
impact. The heat will take thousands of years 
to work its way down to that depth, he 
calculated last year, and only then will the 
hydrates respond (Biogeosciences Discussions, 
vol 12, p 1). “There is no way to get it all out on a 
short timescale,” says Archer. “That’s the crux 
of my position.”

This concerted push back against the idea  
of an impending methane bomb has led to 
something of a feud. Commenting on Archer’s 
paper, for instance, Shakhova said he clearly 
knew nothing about the topic. She has 
repeatedly pointed out that her team has 
actual experience of collecting data in the  
East Siberian Ice shelf, unlike her detractors.

But there is scepticism about Shakhova’s 
actual measurements, too. For instance, her 
team has reported that methane levels above 
some hotspots in the East Siberian shelf were 
as high as 8000 ppb. Last summer, Crill  
was aboard the Swedish icebreaker Oden, 
measuring levels of methane over the East 
Siberian shelf. Nowhere did he find levels  
this high. Even when the Oden ventured near 
the hotspots identified by Shakhova’s team, 
he never saw levels much beyond 2000 ppb. 
“There was no indication of any large-scale 
rapid degassing,” says Crill.

It’s not clear why other teams are finding 
lower levels than Shakhova’s. But to find  
out if a catastrophic release of methane is 
imminent, there is another line of evidence  
we can turn to. Thanks to ice cores from  
places like Greenland, we have a record of  
past methane levels going back hundreds of 
thousands of years. If there are lots of shallow 
hydrates in the Arctic poised to release 
methane as soon it warms up a little, they 

should have done so in the past, and this 
should show up in the ice cores, says Gavin 
Schmidt of the NASA Goddard Institute for 
Space Studies in New York.

Around 6000 years ago, although the world 
as a whole was not warmer, Arctic summers 
were much warmer thanks to the peculiarities 
of Earth’s orbit. There is no sign of any  
short-term spikes in methane at this time. 
“There’s absolutely nothing,” says Schmidt.  
“If those methane hydrates were there, they 
were there 6000 years ago. They weren’t 
triggered 6000 years ago, so it’s unlikely 
they’d be triggered imminently.”

During the last interglacial period, 125,000 

years ago, when temperatures in the Arctic 
were about 3 °C warmer than now, methane 
levels rose a little, as expected in warmer 
periods, but never exceeded 750 ppb. Again, 
there’s no sign of the kind of spike a large 
release would produce.

The missing evidence
There is, then, no solid evidence to back the 
idea of a methane bomb and past climate 
records suggest there is no cause for alarm.  
“Is it right to be alarmist? Is it right to be too 
conservative? There are problems with both, 
so you want to get it right,” says Crill. 
“Extraordinary claims require extraordinary 
proof, otherwise it’s going to undermine 
credibility and slow down our ability to 
actually make the decisions that we are going 
to have to make as a society.”

No one is saying methane is not a concern. 
Levels are now the highest they’ve been for at 
least 800,000 years and climbing. The 
Intergovernmental Panel on Climate Change’s 
worst-case emissions scenario does assume a 
big rise in methane, to as much as 4000 ppb 
by 2100. This scenario does not include some 
possible positive feedbacks, such as increases 
in methane emissions from wetlands if local 
water tables rise and if warming boosts 
microbial activity. This could lead to an 
additional rise of around 800 ppb, Schmidt’s 
team estimates. So methane is seen as 
significant – just not apocalyptic.

What about the gaping craters? They are 
certainly spectacular and scary-looking.  
The latest idea is that they are caused by the 
release of pockets of compressed methane as 
ice seals melt. But the amount of methane 
released per crater is minuscule in global 
terms. Around 20 million craters would have 
to form within a few years to release 50 
gigatonnes of the gas, Archer has calculated. 
Far from being a sign of the methane 
apocalypse, the craters are a distraction from 
the real problem – the continuing massive 
emissions of CO2

 from burning fossil fuels.
CO

2
 levels are rising faster than ever. As a 

result, we’re currently on course for warming 
of between 3 °C and 5 °C, or more, even without 
a methane bomb. And despite all the talk 
about reductions, the omens are not good. 
We’ve already discovered far more fossil fuel 
than we can afford to burn, but as yet not a 
single country has any plans to leave any of it 
in the ground. Now that really is scary.  ■

Anil Ananthaswamy is a freelance writer based in 
Berkeley, California

Cold store
Vasts amounts of methane may be locked away 
under the East Siberian Arctic shelf. The question 
is how much, and how fast it could be released
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Hole story: Arctic 
methane craters 
look dramatic but 
their emissions 
are negligible
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Einstein’s Dice and Schrödinger’s Cat: 
How two great minds battled 
quantum randomness to create 
a unified theory of physics, 
Paul Halpern, Basic Books, $27.99

THESE are the 
good times.  
A few years ago,  
I was at a dinner 
during a Solvay 
Conference – the 
triennial gathering 
to discuss 

enduring problems in physics 
and chemistry. Looking around, 
I asked a physicist I knew who he 
thought was the smartest person 
there. Almost without hesitation, 
he pointed to a dark-haired  
young man a few tables away.

I was a little surprised. There 
were at least three Nobel laureates 
in the room for starters, plus a 
number of highly respected 
scientists that I knew by sight. 
I didn’t have a clue who the young, 
dark-haired man was. Now I do: 
the man was Juan Maldacena.

But in 100 years, will anyone 
write about Maldacena’s life in 
physics? Almost certainly not, 
because he is now 46 and no cult 
of personality has yet grown up 
around him. What’s more, his 
work is not easy to appreciate 
in terms non-physicists can 
understand. But the most crucial 
missing ingredient may be this: 
Maldacena doesn’t seem that 
concerned with self-promotion. 
In other words, he doesn’t have 
what set Albert Einstein and 
Erwin Schrödinger apart.

Paul Halpern’s fascinating book  
is, in many ways, a study of the 
long tail that marks many 

distinguished careers in science. 
In physics and mathematics, 
people tend to do their best work 
early on. What then? Strive for 
further accomplishments, or 
invest in the next generation? 

There can be no doubt about 
the enormous scale of Einstein 
and Schrödinger’s contributions. 
Einstein deserves to be the world’s 
most famous physicist for his 
1905 work alone. Special relativity, 
the photoelectric effect and his 
explanation of Brownian motion 
were all stunning contributions. 
This year we are celebrating the 

centenary of Einstein’s general 
theory of relativity. Created in his 
mid-30s, this was yet another 
gigantic deposit into the bank 
of human knowledge.

Schrödinger’s contribution 
was slightly less extraordinary –
although still more extraordinary 
than most physicists manage in 
a lifetime of research. His wave 

equation, describing the 
behaviour of quantum objects 
such as subatomic particles, 
revolutionised our understanding 
of, and our ability to manipulate, 
the fundamentals of matter.

Halpern, a professor of physics, 
takes the time to explain the 
intricacies and significance of the 
two men’s work in wonderfully 
clear ways. He employs helpful 
analogies and metaphors to lower 
the reader gently into a strange 
new world where electrons jump 
like dancers under strobe lights, 
and the mathematical metric 
tensor of general relativity is 
a sewing pattern for the 
canopy of space-time.

Neither Schrödinger nor 
Einstein liked what they found 
in the subatomic world. The 
particles exhibit properties that 
are not traceable to any cause, 
but take on random values. 
There is no certainty, only 
probability. Hence Einstein’s 
famous phrasing of his disbelief: 
God doesn’t play dice. 

Schrödinger’s most famous 
cultural contribution – the cat 
that is simultaneously dead and 

alive because nothing has forced it 
to take on a definite character  – 
was born out of a similar 
dismissal of what seemed absurd 
and unphysical in the theory both 
men had helped to create.

For most of their careers, 
Schrödinger and Einstein were 
convinced that quantum theory 
was in need of a major overhaul. 
Halpern reports how Einstein’s 
obsession showed during a lecture 
given in the presence of Danish 
physicist Niels Bohr, often 
considered the founding father 
of quantum theory. “At the end of 
the talk,” he writes, “Einstein 
gazed directly at Bohr and said 
that his goal was to replace 
quantum mechanics. Bohr glared 
back but didn’t say a word.”

Schrödinger and Einstein both 
spent far longer on the hunt for a 
unification of quantum physics 
and relativity than they had on 
the breakthroughs for which they 
are known. This quixotic quest 
forms the major part of Halpern’s 
book, and it makes for a tragic tale.

Einstein revised and rejigged 
his work, to the increasing ennui 

CULTURELAB

The price of fame
 Michael Brooks on Einstein and Schrödinger – after their glory days

Schrödinger vied with Einstein  
for public adulation

“ Neither Schrödinger  
nor Einstein liked  
what they found in  
the subatomic world”
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of his peers and the increasing 
adulation of the world. 
Schrödinger, never as famous, 
overstepped the mark, trying so 
hard to be taken seriously that 
he offended Einstein with public 
pronouncements about the 
superiority of his own work. 
For three years, Einstein didn’t 
return Schrödinger’s letters.

Their fellow physicists became 
more bewildered and irritated by 
the pair. It is tough for physicists 
to see the public offer awe and 
respect for ideas that are 
unproven speculation. It was 
especially galling when it became 
clear that both men were writing 
pre-publication summaries of 
their research for newspaper 
reporters to work from – then 
complaining about subsequent 
press attention. 

As Halpern makes clear in 
entertaining and evocative prose, 
these were also frustratingly 
fruitless times for Einstein and 
Schrödinger. What’s more, very 
little of the scientific wisdom and 
insight the two men had amassed 
was passed to students or junior 

ASTONISHINGLY, a century after 
Einstein completed the work he 
called “the most valuable theory 
of my life”, there is still plenty to 
write about relativity and the man 
who conceived it. 

Among the very different but 
equally fascinating books is a first 
translation of Milena Wazeck’s 
Einstein’s Opponents (Cambridge 
University Press, £65). Wazeck 
describes how relativity sounded 
the death knell for a culture 
dominated by classical 
mechanics, which had been 
broadly tolerant of amateurs  
and independent scholars. The 
arrival of big science put paid to 
individual eccentrics, even as 
Einstein’s famous papers scotched 
19th-century dreams of unifying 
the sciences. Relativity, it seems, 
had its unsung casualties. 

Einstein also bagged the scalp 
of the celebrated philosopher 
Henri Bergson, besting him in 
debate in Paris in April 1922, at a 
public gathering both men had 
gone to great lengths to avoid. 
Einstein’s point – that time is 
relative in space – engaged the 
attention of “every coachman and 
every waiter” in Europe, he wrote 
later. Bergson’s riposte, that there 
is more to time than clock time, 
seemed trivial in comparison. 

Jimena Canales’s task in The 
Physicist and the Philosopher 
(Princeton University Press, $35) 
is to explain why Bergson wasn’t 
wrong, and why treating time as a 
fourth dimension is a dangerous 
and metaphysical convenience. 
Whether or not you agree, this 
humane and melancholy account 
of how two talents misunderstood 
each other will linger in the mind.

Far more tongue-in-cheek is 
Marcia Bartusiak’s Black Hole (Yale 
University Press, $27.50), which 

traces black holes to a 1783 paper by 
English astronomer John Michell. 
But Einstein’s difficulty with the 
idea is what centres her work, and 
she calls his 1939 disproof of the 
singularity a strong candidate for 
the dubious distinction of being 
his worst scientific paper.

The irony, that Einstein sought 
desperately for order in a universe 
he had so thoroughly trashed, is 
not lost on Bartusiak, who packs a 
lot of learning into a deceptively 
light and enjoyable read. 

Equally enjoyable, but with a 
very different focus, is Einstein: 
His space and times by Steven 
Gimbel (Yale University Press, 
$25). The clue here is that the book 
is part of Yale’s “Jewish Lives” 
series. In a mere 191 pages, Gimbel 
packs it all in – science that 
changed the world, the personal 
disasters, the celebrity – and the 
uncomfortable reassessment of 
what being a Jew meant to him. 

But for those who just want to 
engage with Einstein’s theory, 

there’s Relativity: The special and 
general theory 100th anniversary 
edition (Princeton University 
Press, $26.95), a republishing of 
the work Einstein intended for a 
popular audience. The editors are 
Hanoch Gutfreund and Jürgen 
Renn, who, in The Road to 
Relativity (Princeton University 
Press, $35), also offer key 
background to a facsimile edition 
of “The Foundation of General 
Relativity”. They remind us of the 
charm a manuscript affords: rare 
glimpses into the working process 
of a great mind.  ■

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

Einstein’s worlds
At the centenary of general relativity, 
CultureLab rounds up the best books

colleagues who might have helped 
take their work forward. The only 
real beneficiaries were the 
institutions whose reputations 
their presence enhanced. 

Not that the legacy is totally 
lost. Maldacena is at one of these 
institutions – the Institute for 
Advanced Study in Princeton. 
Unlike Einstein, though, he 
collaborates and publishes with 
colleagues on a wide range of 
topics. But Maldacena is just one 
of many fine minds who are 
making inroads where Einstein 
and Schrödinger made none. 

Anyone given to muttering 
about things being better in the 
old days should read Halpern’s 
insightful book to appreciate that, 
relatively speaking, we’ve never 
had it so good.  ■

Michael Brooks is host of New 
Scientist’s Instant Expert – Einstein’s 
Universe, at the British Library, London, 
23 May. More information and tickets at 
bit.ly/1Pdyknl 

Einstein made huge deposits into 
the bank of human knowledge

“ Big science put paid to 
eccentrics, as Einstein’s 
papers scotched dreams 
of unifying the sciences“
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How to Clone a Mammoth: The 
science of de-extinction by Beth 
Shapiro, Princeton University Press, 
$24.95/£16.95

WILL we see woolly 
mammoths 
grazing on a 
Siberian steppe 
anytime soon? Or 
chickens laying 
eggs with a dodo 
surprise?

When Beth Shapiro started 
writing How to Clone a Mammoth 
a few years ago, she could have 
had little idea how timely her 
“how-to” manual would be. Now, 
with a flurry of headlines in recent 
months about the “imminent” 
resurrection of the woolly 
mammoth, her timing looks 
impeccable. Already, news of 
mammoth genes cloned in living 
elephant cells has emerged from 
two research groups this year. 

“De-extinction”, the preserve of 
proleptic fiction like Jurassic Park, 
and coined from that genre, is 
becoming real. Shapiro, a biologist 
who researches the mammoth 
and the passenger pigeon, gives 
us a clear and fascinating update.

 For some, de-extinction means 
the literal resurrection of long-lost 
species through whole-genome 
cloning, while for others it’s about 
conferring the traits of extinct 
animals on closely related living 
species to create approximations.

Shapiro is in the second camp. 
As she says, we are never going to 
get back the woolly mammoth 
our forebears hunted, but science 
may help us build a proxy. The 
Herculean hurdles involved 
provide much of the book’s focus.

So how do you do it? First, 
there’s old-school, Dolly-the-
sheep cloning, which involves 
taking a whole genome from the 
DNA of your target species and 
injecting it into an egg of a closely 
related species that is minus its 
nucleus, and coaxing it to develop. 
Ice is far better at preserving DNA 
than the amber of Jurassic Park, 
but only bits of the genetic 
sequence are likely to survive.

Then there is back-breeding, 
where you select the closest 
descendants to your desired 
creation and breed for traits most 
like those of the extinct animal. 
Clearly, having the right genes in 
the first place is crucial here. 

Then there’s the deluxe version, 
with new gene-editing techniques 
like CRISPR, currently a hot topic. 
Harness these, and you no longer 
need a full ancient genome – just 
an idea of which genes confer 
what trait and where they sit. Cut 
and paste mammoth genes into 
the genome of its closest relative, 
the Asian elephant, and voilà. 

So much for the how-to. A 
sceptical proponent, Shapiro 
poses other big questions. Why do 
it at all? Once done, what next? 
Where will the new beasts live? 
Are they endangered species or 
genetically modified organisms? 
Could they upset our ecosystems?

Researchers are working on  
these issues. A mammoth, for 
example, would already have a 

home – Pleistocene Park in 
Siberia, tundra turned to fertile 
grassland by Sergey Zimov of the 
Russian Academy of Science.

De-extinction is an exciting 
topic, but the book can be a little 
academic, although Shapiro 
explains complex molecular 
biology clearly. It really comes 
alive, though, when she describes 
her own expeditions, for example, 
hunting mammoth bones across 

Arctic tundra in rickety Russian 
helicopters – minus window glass, 
for smokers.

 Shapiro handles the debates 
well, although I’d have liked more 
about the “benefits” of de-
extinction. For example, some 
experts say repopulating Siberia 
with mammoth-alikes would 
refill a niche that would make the 
ecosystem flourish, and have a 
positive effect on global warming.

 Who knows? Some of us just 
have a soft spot for mammoths. 
Mine dates to 2014 when Lyuba, a 
baby mammoth, visited London’s 
Natural History Museum from 
the Shemanovsky Museum,  
Siberia. Sadly, says Shapiro, the 
baby did not yield usable DNA.

Public appetite for 
mammoths – and de-extinction – 
is clearly immense, and Shapiro 
has received both fan and hate 
mail. Her book can only prove a 
great aid to informed debate.  ■

Shaoni Bhattacharya is a consultant for 
New Scientist

CULTURELAB

A mammoth task
It’s time to get real about de-extinction, finds Shaoni Bhattacharya

Could we ever bring back 
mammoths like Nebraska’s Archie?

“ Shapiro hunted mammoth 
bones over Arctic tundra in 
rickety helicopters minus 
window glass for smokers”
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CONGRATULATIONS, you’ve just  
landed a postdoctoral position in a 
coveted lab. Before the champagne goes 

to your head, however, you should be asking 
yourself: how do I go about making the most  
of my limited time here?

Besides turning out high-quality, 
publishable research, a successful postdoc 
should be cultivating connections and 
developing the skills that will help advance  
his or her career further down the road.

As the saying goes, to fail to plan is to plan  
to fail. “You can’t just go into the lab every day, 
do your science and not pay attention to the 
complete picture,” says Mary Anne Timmins, 
administrative director for biomedical 
postdoctoral programs at the University of 
Pennsylvania, in Philadelphia. A strategy for 
your career will help make your aspirations a 
reality, she says.

Depending on your, and your advisor’s, 
preferences, you may want to write an 
individual development plan as soon as you 
begin your postdoc. This document should 
spell out your goals for up to five years ahead. 
“I can’t emphasize enough how much doing a 
self-assessment tells you where you stand 
versus where you want to be,” says Darwin 
Operario, a member of the National 
Postdoctoral Association’s board of directors 
and a research associate at the University of 
Virginia, Charlottesville.

Keep focused on your goals by asking 
yourself at the end of each day, “What did I do 
today to advance my career?” It could be as 
little as coffee with a potential collaborator,  
or perhaps attending a seminar and learning 
something new. 

“Remember that your postdoc is a training 
experience, helping you prepare for the career 
you want,” says Robin Moudy, a science and 
technology policy fellow at the American 
Association for the Advancement of Sciences 
with two postdocs under her belt. “It’s not a  
lab tech job.”

Planning with your advisor can only get you 

so far, however. Connections are essential, 
whether you want research collaborations,  
a faculty position or a job in industry.

First, get yourself noticed. Jump at every 
chance you get to present your work, attend 
conferences and meetings, or reach out to 
local institutions or your alma mater and offer 
to give seminars. The higher your profile, the 
more likely your reputation will precede you 
when it comes to a job interview – and the 
more likely you will be to make a connection 
needed to land that dream position.

Take a leaf from Peter Newton’s book. From 
January 2012 until December 2014, he was a 
postdoctoral research fellow at the University 
of Michigan in Ann Arbor. During that time, 
he attended 26 meetings, conferences, 
workshops and training events. “I’m pretty 
sure that’s not normal for most postdocs,”  
he says. Newton is an exceptionally keen 
networker and has seized the opportunities 
presented by his politically hot research area – 
managing resources in tropical forests and 
agricultural landscapes – which has brought 
him into contact with interested parties from 
academic colleagues all the way to the Food 
and Agricultural Organization of the UN.

Make friends, influence people
Even if you aren’t swapping cards with  
global diplomats, never be afraid to network 
with as wide a spread of people as you can, and 
give them an elevator pitch about your work. 
New connections may lead you to other 
scientists you wouldn’t otherwise meet,  
or career paths you’d never considered. 

Use your advisor’s connections by all 
means, but don’t ignore people outside your 
immediate research experience – even 
program directors, science journalists and the 
people you purchase your lab equipment 
from. “They could be doing something very 
interesting, but you’ll never know unless you 
ask,” Timmins says.

Crucially, don’t let yourself feel awkward. 
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Time well spent
Postdocs have a brief window to accomplish career-changing 
results. Focusing on a few key goals can help you maximize the 
rewards, finds Rachel Nuwer

INSIDER

“Approaching people is encouraged – it’s part 
of the game,” says Daniel Goldman, a physicist 
at the Georgia Institute of Technology in 
Atlanta. “You do it once and it’s painful, but it 
gets better.”

A networking strategy will come in useful. 
“Talk to people who are already in the position 
you want to have, and to people at different 
stages in their career,” Operario says. You want 
to fill in the gaps in your understanding of 
your career path, so speak to people going 
through the faculty selection process and 
those managing a lab in the long-term.

Turning conversations into job offers can be 
easier if you have applied for or obtained your 
own funding. It “makes things instantly 
better,” Goldman says. “People who didn’t 
have space for you suddenly will.” By the latter 
part of your postdoc, you should be far enough 

“ New connections may lead to people 
you wouldn’t otherwise meet, or 
career paths you’d never considered”
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skills such as grant writing, public speaking 
and teaching, while academic libraries often 
offer training programs on how to create 
masterful PowerPoint presentations. 
Toastmasters clubs – nonprofit organizations 
that specialize in helping people with 
communication and leadership skills –  
can help you hone your public speaking and 
teach you to communicate your research to  
a non-academic audience.

Social skills count, too. Each year, Timmins 
invites a manners expert to give workshops, 
ensuring her postdocs can charm their way 
into the heart of any interviewer. “It doesn’t 
matter if you’re going for an academic 
position, an industry position or into science 
writing – you still have to go through the 
interview process and connect with people,” 
she says.

Shine in your science
Extracurricular activities and good manners 
aside, strong scientific work remains the best 
way to maximize your postdoc. Unlike your 
PhD, your postdoc does not need to be limited 
to a single research question. You can hedge 
your bets by getting involved with at least one 
project that has high chances of success, which 
will offset riskier or more left-field pursuits. 
This way, even if your main project fails, you 
will have a backup with publishable results. 
Try to avoid spending too much  

For more careers articles, visit newscientist.com/careers

along to be able to submit a strong application 
for relevant competitive grants from 
government organizations such as the 
National Science Foundation or the Fulbright 
program, or private foundations such as the 
American Cancer Society or even National 
Geographic.

The more fellowships you apply for, the 
greater chance you will be awarded at least one 
of them. Even if you don’t win a grant, simply 
applying for it can show a hiring committee 
that you are motivated and proactive. In his 
three years, Newton applied for seven grants – 
mostly from non-governmental organizations 
and usually as co-principal investigator with 
his postdoctoral mentor. He received six and 
was declined for one. “Applying for grants is 
great experience,” he says. “Even when they 
don’t pay off, it’s useful to learn that process.”

If you’re based on a campus, it makes  
sense to take advantage of the opportunities 
the college setting presents to enhance your 
value outside the lab as well. Many universities 
offer CV-boosting workshops in secondary 

The successful postdoc’s checklist 
HAVE A PLAN
Craft an individual development plan, or 
at least regularly discuss your goals and 
progress with your advisor.

NETWORK
Talk to everyone you can. The more 
people  you know, the better your 
chances of hearing of a future job. 
Consider joining a national  or university 
postdoc association to raise  your profile.

PUBLISH
Prioritize quality over quantity and aim 
for high-impact journals if possible. 

DO EXCELLENT SCIENCE
Try to participate in more than one 
research project so you have a range of 
experiences,  and have a backup in case 
your main project goes awry. 

SEEK YOUR OWN FUNDING
Coming into a job interview with your 
own money makes you a more appealing 
candidate. You will also have more 
freedom in your work if you are fully or 
partially supporting yourself. 

BE PROFESSIONAL
Make sure you can speak, write and 
present well, and that you can interact 
socially with others. You never know 
where a conversation might lead.

TAKE CARE OF YOURSELF
Don’t sacrifice your mental and physical 
wellbeing for the sake of your work.  
A healthy body helps keep your mind 
healthy, and you may find some of your 
best ideas come to you away from your 
desk, whether that’s in the great 
outdoors or in the gym. 

time setting up equipment and organizing 
field sites – it is better to invest your time in 
research than logistics.

When it comes to publishing, your job 
prospects may be severely limited if you 
haven’t published at least one paper by the 
fourth year of your postdoc. A publication in 
Science, Nature or Cell is a great target, and will 
show hiring committees that your research is 
important. But don’t put all your eggs in one 
basket, Goldman says. Aim for a mix of high-
profile journals by all means, but don’t neglect 
“solid, data-type papers, for the ten specialists 
who care.”

Newton worked on two main projects and 
dabbled in several others. He enjoyed being 
able to study and write about different things, 
but adds that “it requires you to be organized 
and adaptable, so you can keep several projects 
moving along at the same time.”

While your years as a postdoc will likely be 
far from relaxing, if you can manage to not 
only survive this hectic period but to thrive, 
your hard work should pay off in terms of your 
career. “I don’t know that you can ever ensure 
you have a job after the postdoc,” says Newton. 
But he did line up two faculty job interviews. 
The good news is that since January 2015 he 
has been an assistant professor at the 
University of Colorado Boulder.  ■

Rachel Nuwer is a writer based in New York. 
Additional reporting by Jeremy Webb
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from your institution
To participate in our Postdoctoral Recruitment Symposium at the Cincinnati 
Children’s Hospital Medical Center (CCHMC). This symposium will provide a unique 
opportunity for outstanding senior graduate students from top graduate programs 
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At the Center for Childhood Cancer Research (CCCR) 

at The Children’s Hospital of Philadelphia, we have over 

85 affiliated scientists with 56,000 square feet of research 

space and access to one of the largest, highest-ranked 

clinical programs for pediatric cancer in the nation. 

Our fully-integrated clinical, translational and basic  

science research program spans the entire spectrum  

of pediatric oncology. We sponsor a wide range of  

clinical trials, including a large and growing portfolio  

of investigational therapies for patients with refractory 

cancers. Our pioneering work in immunotherapy is making 

headlines — and there is so much more to come. 

The Center for Childhood Cancer Research  

offers unmatched opportunities to bring tomorrow’s  

advancements to children today — while honing your 

skills for the future. 

To view all CCCR career opportunities,  
including several open post-doc fellowships, 

visit chop.edu/careers. 

©2015 The Children’s Hospital of Philadelphia. All Rights Reserved.     

We’re Curing  
Childhood Cancer.
Won’t You Join Us?
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RESEARCH ASSOCIATE
Department of Physics 

The Department of Physics at Kansas State University is seeking a 

POSTDOCTORAL RESEARCH ASSOCIATE in Atomic, Molecular and Optical 

(AMO)/Laser physics. We have a large and vibrant AMO group.  The successful 

candidate will build on our recent success in the invention and development of 

Hollow-core Optical Fiber Gas LASers (HOFGLAS).  Furthermore, this person will 

be involved in research in the use of optical frequency comb spectroscopy toward 

the detection or spectroscopic measurement of agriculturally interesting gases, 

which may involve the development of novel laser systems or spectroscopy 

techniques.

  

Candidates must have earned a Ph.D. (or equivalent) in physics, optics, or a 

UHODWHG�¿HOG�E\�WKH�WLPH�WKH�SRVLWLRQ�EHJLQV��3UHIHUHQFH�ZLOO�EH�JLYHQ�WR�FDQGLGDWHV�

with experience in one or more of the following areas: laser development 

(particularly optically pumped gas lasers), spatial mode analysis of lasers, power 

beam combining, optical frequency combs and laser frequency stabilization, 

RSWLFDO�WUDFH�JDV�GHWHFWLRQ��¿EHU�ODVHUV��DQG�PLFURVWUXFWXUHG�RSWLFDO�¿EHUV�

  

The appointment will be a term appointment. The successful candidate(s) 

should also demonstrate a strong commitment to mentoring of graduate and 

undergraduate students and to serving a diverse population. Screening of 

applications will begin June 1, 2015�DQG�FRQWLQXH�XQWLO� WKH�SRVLWLRQV�DUH�¿OOHG��

Candidates should submit a letter of application and a vita including a 

list of publications to: lumospostdoc@phys.ksu.edu. Candidates should 

also arrange to have three letters of reference sent to the same address.  

For inquires about the position, please contact Assoc. Profs. Kristan Corwin 

(corwin@phys.ksu.edu) and Brian Washburn (washburn@phys.ksu.edu).   

Kansas State University is an EOE of individuals with disabilities and protected veterans. Kansas 

State University actively seeks diversity among its employees.  Background check required.

Post-doctoral Fellowship 
on Mouse Models of Cancer

Washington University School of Medicine is one of the top five US 

medical schools and is a leader in cancer genome sequencing.  By 

mining breast cancer genomics data, the laboratory of Dr. Ron Bose 

identified activating mutations in the HER2 Receptor Tyrosine Kinase 

(see Cancer Discovery, 3:224-37, Feb. 2013).  Transgenic mice and 

Patient-derived Xenograft models allow us to test the role of HER2 

activating mutations in several solid tumors, to study interaction with 

other oncogenes, and to determine drug sensitivity.  

We are looking for an experienced animal researcher who can lead 

this effort.  Requirements: 

1) Experience in transgenic mice or cancer xenograft models.
 

2) Ph.D. in molecular biology, cancer biology or related disciplines.   

Email your CV and a cover letter summarizing your research 

experience to Dr. Ron Bose, Division of Oncology. 

rbose@dom.wustl.edu.  

For further information: http://oncology.wustl.edu/people/
faculty/Bose/Bose_Bio.html and http://dbbs.wustl.edu/  
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Sanford Research, located in Sioux Falls, South Dakota, 

is currently seeking a full-time Postdoctoral Fellow for 

the Chandrasekar Lab.

The Chandrasekar lab investigates the role of actin 

associated proteins in cell and organ function.  We study 

PHPEUDQH� WUDI¿FNLQJ� DQG� HQGRF\WLF�PHFKDQLVPV� LQ� RUJDQ�

VSHFL¿F�FHOO� W\SHV�DQG�KRZ�DFWLQ�F\WRVNHOHWRQ�UHJXODWHV� WKLV�

SURFHVV��:H�XVH�FHOO�FXOWXUH�PHWKRGV�DORQJ�ZLWK�DGYDQFHG�

imaging techniques to address some fundamental cell biology 

TXHVWLRQV� DQG� H[WHQG� WKHVH� ¿QGLQJV� WR� RUJDQ� IXQFWLRQ� LQ�

mouse models. 

:H� DUH� VHHNLQJ� KLJKO\�PRWLYDWHG� LQGLYLGXDOV� ZLWK� H[FHOOHQW�

SUREOHP�VROYLQJ�VNLOOV��7KH�LGHDO�FDQGLGDWH�ZLOO�KDYH�D�3K�'��

LQ�PROHFXODU�FHOO�ELRORJ\�RU�UHODWHG�¿HOG��ZLWK�VRPH�H[SHULHQFH�

in microscopy/imaging techniques. Training in mouse models 

DQG�PRXVH�JHQHWLFV�ZLOO�EH�SURYLGHG��7KH�SRVLWLRQ�VKRXOG�EH�

RI�LQWHUHVW�WR�\RXQJ�VFLHQWLVWV�ZKR�ZDQW�WR�DSSO\�FXWWLQJ�HGJH�

microscopy techniques and mouse genetics to study basic cell 

DQG�RUJDQ�ELRORJ\�DQG�UHODWH�WKH�¿QGLQJV�WR�KXPDQ�GLVHDVHV�
 

7R�YLHZ�D�IXOO�MRE�GHVFULSWLRQ�DQG�WR�DSSO\��YLVLW�

careers.sanfordhealth.org�DQG�UHIHUHQFH�MRE�#231067.

EOE/AA

Cancer Prevention Fellowship Program
The National Cancer Institute (NCI) Cancer Prevention Fellowship Program (CPFP) is now accepting applications
for Cancer Prevention Fellows. This is a unique postdoctoral training opportunity for scientists and clinicians in
the fields of cancer prevention and control.

As part of the program, fellows receive:

• The opportunity to obtain an M.P.H. degree at an accredited university during the first year, followed by
mentored research with investigators at the NCI. Research opportunities exist across the spectrum of
cancer prevention research, including: epidemiology, biostatistics, clinical services, laboratory, social and
behavioral sciences and engineering.

• Competitive stipends, paid health insurance, reimbursement for moving expenses, and a travel allowance
to attend scholarly meetings or training.

The typical duration in the CPFP is 4 years (year 1: master's degree; years 2-4: NCI Summer Curriculum in Cancer
Prevention and mentored research).

Applicants should meet the following eligibility criteria:

• Possess an M.D., Ph.D., J.D., or other doctoral degree in a related discipline or must be enrolled in an
accredited doctoral degree program and fulfill all degree requirements by June 2016.

• Be a citizen or permanent resident of the United States at the time of application.

• Have no more than five years relevant postdoctoral experience.

The application deadline is August 25, 2015. To be considered, individuals must submit application via the CPFP
website (https://cpfp.cancer.gov/)

To learn more about eligibility requirements and to apply, please visit our website
https://cpfp.cancer.gov/

If you have specific questions, please contact cpfpcoordinator@mail.nih.gov
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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.

1401557328    
1401546598 
1401487465 
1401567298 
1401566941
  
1401568409  
1401565289  
1401564151
   
1401565686
 
1401564423   
1401564263   

1401564264

1401564440
  
1401563100
1401562641 
1401561600
 
1401546596
 
1401545856
1401568724 
1401568779 
1401568763 
1401568752
1401568744 
1401568689
1401568706
1401568721
1401568719
1401568699
1401568667
1401568666
1401570105
1401570112
1401570111
1401546595

1401568043

Postdoctoral position in The Section on DNA Helicases - Baltimore, MD  NIA, NIH
NASA Postdoctoral Program (NPP)  Oak Ridge Associated Universities
Opportunities at Lerner Research Institute- Cleveland ,OH  Cleveland Clinic Foundation
Part time Post Doc or PHD student, NY, NY, can supplement current salary, at 100.00 per hour...  UCLA
Postdoctoral Positions - Cancer Stem Cell Biology Laboratory - New York, NY  Weill Cornell Medical 
College 
Research Fellow, Gene Expression- Boston, MA  Dana-Farber Cancer Institute 
Postdoctoral Research Fellow - Melanoma (Hodi Lab)- Boston, MA  Dana-Farber Cancer Institute 
Postdoctoral Fellow, Cancer/Clinical Trials/Genomics/Oncology- Danville, PA  Geisinger Health System 
(GHS) 
Postdoctoral Position, Extracellular RNA - Cambridge, MA  Harvard University, Department of Molecular 
and Cell Biology  
Post-doctoral Fellowship - St. Louis, MO  Washington University School of Medicine, St. Louis 
Postdoctoral Fellow Position, Oncology - Philadelphia, PA  Children’s Hospital of Philadelphia & 
Center for Childhood Cancer Research
Post Doctoral Fellow, Oncology – Philadelphia, PA  Children’s Hospital of Philadelphia & The Center 
for Childhood Cancer Research  
Bioinformatics Postdoctoral Fellow - Philadelphia, PA  Children’s Hospital of Philadelphia & The 
Center for Childhood Cancer Research
Postdoctoral position - Cell / Molecular Biology - Chicago, IL  Northwestern University 
Postdoctoral Fellow - Biophysics - Milwaukee, Wisconsin   Medical College of Wisconsin
Post-Doctoral Position, Department of Internal Medicine  University of Michigan School of Medicine, 
Internal Medicine 
Postdoctoral Positions - Birmingham, AL  University of Alabama at Birmingham (UAB), Office of 
Postdoctoral Education 
Faculty and Postdoc Opportunities - Irvine, CA  University of California, Irvine 
Post Doctoral Research Fellow  Fred Hutch 
Post Doctoral Research Fellow  Fred Hutch 
Post Doctoral Research Fellow Chemistry and Engineering  Fred Hutch 
Post Doctoral Research Fellow Patient Genomics Data Visualization  Fred Hutch 
Post Doctoral Research Fellow B Cell Response to Vaccination  Fred Hutch 
Chaplaincy Fellow  Fred Hutch 
Statistical Research Associate II IV  Fred Hutch 
Statistical Research Associate I III  Fred Hutch 
Post Doctoral Research Fellow  Fred Hutch 
Post Doctoral Research Fellow  Fred Hutch 
Post Doctoral Research Fellow Immunobioengineering  Fred Hutch 
Post Doctoral Research Fellow Statistical Methods Development  Fred Hutch 
Post Doctoral Opportunity - Oncology NGS Bioinformatics, USA  AstraZeneca US 
Post Doctoral Opportunity-Neuroscience, USA  AstraZeneca US
Post Doctoral Opportunity, Neuroscience, Baltimore, USA  AstraZeneca US 
Grant Programs for Scientific Research and Teaching - Research Triangle Park, NC  Burroughs Wellcome 
Fund 
Scientific Postdoc Recruiter -Academic Programs  St. Jude Children’s Research Hospital
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method to select representatives.
West Launceston, Tasmania, 
Australia

From Vernon Hockey
A better way of obtaining people’s 
opinions is indeed required, and 
at a higher frequency than every 
five years. A basic requirement is 
good information. The recent UK 
election was dogged by innuendo, 
half truths and dubious statistics.

What is our actual national 
debt? How many hospitals work 
well and within budget? We need 
a base of understandable data that 
is easy to find, rather than having 
to dig very deeply, as I needed to 
do on the above questions.
Great Barrow, Cheshire, UK

From Simon Young
Niall Firth states that the secret 
ballot is one of the bedrocks of 
modern democracy. In the UK, 
each voter has a number on the 
register of electors and at the 
polling station an official writes 
it on your voting slip. So anyone 
seriously interested in finding out 
how I voted could do so.
Horwich, Lancashire, UK

The editor writes:
■  We believe it is illegal to trace 
votes in the UK, except for reasons 
such as fraud detection. So it is a 
secret ballot in principle.

Meteors, migraine 
and conversion
From Martin Pitt
The conversion of St Paul on the 
road to Damascus might well have 
been triggered by the sight of a 
meteoric fireball (25 April, p 8). 
However, he was also supposed to 
have heard the name of Jesus, 
which in Hebrew is Yeshua and in 
Aramaic Eosha. Do meteorites 
make such a whooshing sound?
Leeds, UK

From Ed Prior
The three accounts of Paul’s 
experience in Luke’s Acts of the 

Apostles all seem to me more like 
a migraine episode. In only one 
(Acts 22:3-21) does Paul state the 
men with him “saw the light” – 
and only Paul was blinded.

It is hard to describe if you 
haven’t experienced it, but Paul’s 
report of light “blazing around me 
and my companions” comes close 
to my experience of migraines.
Poquoson, Virginia, US

From Margaret Pitcher
That was the 1st century. It was 
believed that strange and 
wonderful astronomical events 
happened when great men were 
born or died. So people naturally 
assumed that one must have 
happened when Jesus was born, 
just as when he died, so one was 
put into the Gospel stories.

Were Paul a 21st-century man 
he might have said he had “a light 
bulb moment”. If our descendants 
see any of our cartoons with light 
bulbs over the heads of great 
thinkers, perhaps they will try to 
find out how those strange pear-
shaped objects worked.
Waramanga, ACT, Australia

From John Elton
Christianity’s rise was hardly 
meteoric: it was insignificant 
until well after the emperor 
Constantine’s conversion in 
AD 313. The descriptions of Paul’s 
conversion in Acts were written 
in about AD 100, long after the 
event, and show every sign of 
being imaginative fiction rather 
than serious history writing.

Maybe Paul just hallucinated or, 
wily cult leader that he was, made 
the whole thing up.
Lidingö, Sweden

The cold-house 
weight loss plan
From Jonathan Arch
It is exciting that there is now 
evidence that brown fat can be 
useful in treating obesity in adult 
humans, and that it can be 
activated by cold exposure or a 

Brains have many 
lovely purposes
From Anthony Castaldo
In his letter, Peter Silverman states 
that the purpose of the brain is to 
“make decisions with the objective 
of maximising the chance of passing 
on… genes” (25 April). This is not 
really true for humans. The brain can 
choose to commit suicide for a cause 
or over lost love. It can choose to do 
drugs, ski down a mountain or dive 
off a waterfall, all for fun and all 
increasing the chances of not 
passing on genes.

The purpose of the brain is to 
predict the future from existing 
patterns and make decisions about 
what to do in the next moments to 
choose the future most desired. 
There is no grand fixed objective; we 
pursue the objectives driven by our 
emotions, some of which are to have 
sex, loving relationships, children and 
a family. 

Others are ambitious, destructive 
or creative. Many are just selfish 
engagements or indulgences in food, 
pleasure, entertainment, curiosity or 
to gain wealth and luxury. 

Life isn’t about just one thing, and 
the brains of people who cannot 
reproduce for whatever reason are 
not just spinning away in some futile 
attempt to pass on their genes.
San Antonio, Texas, US

Trickle-down of 
ancient times
From Bryn Glover
Trickle-down theory is rather 
older than Ha-Joon Chang 
mentions (25 April, p 28). It was 
defined, adopted and then 
rejected as a failure by Imperial 
Rome some two millennia ago.

And 2600 years ago, Solon 
noted that the root cause of the 
economic problems of ancient 
Athens was that the hyper-rich 
were grabbing all the wealth of the 
city and spending none of it on 
public works. He proposed laws 
requiring the rich of Athens to 
spend their wealth only on public 
endeavours which benefited the 
city as a whole.
Glasshouses, North Yorkshire, UK

From Ronald Pearson
It would please everybody if the 
super-rich were taxed at, for 
example, 70 per cent but given a 
big discount for investing in 
projects that aim to counter 
climate change, say to a 30 per 
cent rate. This would really boost 
the economy in the areas that will 
help the world survive.
Bath, UK

Random draws and 
secret ballots
From Brian Horton
The article on digital democracy 
listed four flavours of democracy, 
and said that “direct democracy” 
in ancient Athens allowed all 
citizens to vote on policy (25 April, 
p 38). There were occasions when 
all citizens were required to vote, 
but this was too cumbersome for 
all decisions, so mostly a subset of 
office holders was selected.

To the Greeks the views of all 
citizens were equal, but voting for 
representatives would favour 
those who were rich, eloquent, 
powerful or just well-known. 
Therefore selection by drawing 
lots was agreed to be the best 
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drug like mirabegron (18 April, 
p 32). Studies using cold exposure 
to treat obesity have not been very 
successful, though. Perhaps they 
have been too short, or the 
temperature was not low enough. 

If cold exposure were a drug, 
would it get past the regulators? 
Cold weather increases the 
incidence of heart attacks, and 
regulators pay particular 
attention to the cardiovascular 
effects of obesity drugs. As 
somebody who worked on drugs 
like mirabegron 35 years ago, I 
would be delighted if it was 
discovered that people who take it 
not only find it easier to control 
their bladder but also lose weight.
Welwyn Garden City, 
Hertfordshire, UK

Werewolf seaweed 
of old acquaintance
From Arthur Dahl
Your article “Werewolf plant waits 
for full moon” states that Ephedra 
foeminea is “the first plant ever 
discovered to sync its activity to 
the lunar cycle” (11 April, p 16). 

It has long been known, however, 
that other species do this. Marine 
algae of the order Dictyotales 
synchronise their reproductive 
development with moonlight.
Geneva, Switzerland

The need for 
hacking tracking
From Gregory Sams
Marc Goodman says we must 
marshal resources on the scale of 
the Manhattan Project to counter 
the growing threat of cybercrime 
(11 April, p 26). In the UK at least, 
cybercrime is not a separate 
category of “recorded crime”. So 
there is no way to determine the 
scale of the problem, or changes 
from year to year.
London, UK

If we were all part 
of one observer…
From Martin Savage
Those who study paradoxes 
thrown up by quantum theory 

always seem to assume that there 
are multiple observers in the 
universe, and Anil Ananthaswamy 
does so explicitly (11 April, p 34).

But if you think of a universe 
with one observer but multiple 
points of observation – think of 
them as its “eyes and ears” – then 
it seems to me that most of the 
paradoxes disappear.

Once you envisage the universe 
as having only one observer then 
problems like entanglement, or 
the speed of light being the same 
for all observers, simply cease to 
exist. A single universal observer 
would also neatly explain why 
time travel will never be possible.
Jomtien, Thailand

More roots needed 
for our values
From Julia Barber
I was surprised to read an article 
on the evolution of human values 
that didn’t have anything at all to 
say about race, gender or birth 
control (18 April, p 28).

It is impossible to have an 
egalitarian world without birth 

control, and this technology, 
along with improved natal 
outcomes, has been pivotal in 
allowing under-represented and 
oppressed people a voice.

Freedom from constant child-
rearing allowed women to begin 
the struggle for equality and also 
pushed back the age at which 
young people started families, 
creating a new demographic we 
call “teenagers”.

Teenagers are people with well-
developed intelligence, a strong 
sense of generational unity and 
no family responsibilities. 
Without them, what chance 
would we have at social change 
for civil rights?

Yes, an economy that requires 
less manual labour for food 
production is an important piece 
of the picture, but is far from 
sufficient for creating a society of 
egalitarian values.
San Francisco, California, US

This is both funny 
and not funny
From Keith Hollins
I enjoyed your new Letters page 
cartoon (11 April) and it reminded 
me of one I saw online not long 
ago: “Ah, Mr Schrödinger… About 
your cat. Well, there’s good news 
and bad news…”
Sidcup, Kent, UK

For the record
■  We should have described the 
organisation RenewableUK as 
representing wind and marine energy 
producers (16 May, p 6).

  “ If built around a personality it probably 
has nothing to do with actual thinking”
 Justin Harrison Tweets about Bjørn Lomborg’s 
proposed think tank in Australia (16 May, p 7)
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People in the UK are bracing for the 
debate on whether to stay in the 
European Union – the Conservative 
party, just elected, promised a 
referendum by 2017. One anti-EU 
newspaper has set a disturbingly low 
bar. On the eve of the general election 
The Daily Telegraph  thundered that 
“a new EU directive which came into 
force in January” forces organic farmers 
to treat sick livestock with homeopathy.

That system of ingredient-free 
remedies is more associated with 
Conservatives than the EU: Health 
Secretary Jeremy Hunt has backed it. 
Feedback imagines that entertaining 
cognitive dissonance ensued among 
Telegraph readers.

But the admirable truth-hounds at 
fullfact.org confirm Feedback’s simple 
fact-checking on europa.eu: there is 
no such directive. Regulations dating 
from 2008 say organic farmers should 
use herbal and homeopathic thingies, 
“provided that their therapeutic effect 
is effective”. So not at all, then. The 

Telegraph report seems to be based 
on protests by Norwegian vets, who 
have apparently just read the rules. 

Wait a minute, we hear the 
informed Feedback reader say – 
Norway isn’t in the EU. No, but it is 
in the European Economic Area free 
trade zone, so has to meet EU rules, 
without having any say in what they 
are – a situation Britain could find 
itself in shortly, if this is the standard 
of information it gets about those 
crazy regulators in Brussels.

THINKING of homeopathy 
reminds us of Edzard Ernst, who 
told New Scientist: “I still think 
homeopathy works” – adding that 
this was because a long, empathetic 
consultation had a placebo effect 
(20 August 2011, p 27). 

He seems to have changed his 
mind. In March this year he told 
The Guardian: “As a boy, I was 
treated by homeopaths; my first 
post as a junior doctor was in a 

homeopathic hospital, later I 
researched homeopathy and 
published more than 100 papers 
on the subject…”

Then: “Our trials failed to 
show that homeopathy is more 
than a placebo… claims made by 
homeopaths to cure conditions 
like cancer, asthma or even Ebola 
were bogus; the promotion of 
homeopathy is not ethical.” 

He refers to a report from  
the Australian National Health 
and Medical Research Council 
confirming this, and its re-report 
in the face of the unsurprising 
hostile reaction, which confirmed 
it again. Congratulations on 
persevering with the evidence.

OUR report on a homeopathic kit, 
complete with dilution instructions, 
sold by a company promoting placebos 
(16 March 2013), inspired reader 
Philip Starr. “If all the toxins in the 
world end up in the sea and all water 
molecules end up in the oceans at 
some point, isn’t sea water the 
ultimate dilution? Could it be that all 
water is potent against all ills?”  
He concludes: “My head is spinning – 
I need a glass of water.”

IN THE same vein, Feedback has 
long sought estimates of the rate 
of urination (or, strictly, cloacal 
fluid evacuation) by dinosaurs, 
and their mean population.

Why? We want to know whether 
the world’s rivers, lakes and 
oceans are a homeopathic 
dilution of dinosaur pee. Or are 
they a homeopathic dilution of 
unsullied water in dinosaur pee?

FURTHER, Miriam Ashwell responds 
to our discussion of risk (7 March) by 
musing on whether there is a point 
at which a risk of simultaneous  
failure becomes so dilute that, on the 
homeopathic principle, it is inevitable.

Miriam also considers an analogy 
with the periodic table of the 
elements. There are suspicions of an 
“island of stability” in this, in which 
the general rule that the heavier an 
isotope, the less stable it is against 
nuclear decay, does not apply.

She proposes that, contrary to the 

assertion that “million-to-one 
chances… crop up nine times out of 
10” (11 April), it is “more likely that 
there is an island of anti-risk stability 
at the million-to-one mark, since I 
don’t seem to be winning the lottery 
13 times out of 14”.

MANY readers have written to 
clarify our reference to “Murphy’s 
law, also known as Sod’s law” in 
exploring ideas on risk (11 April). 
Rod Tranchant representatively 
states that “Sod’s law and 
Murphy’s law are not the same. 
Sod’s law is about things – the bit 
you really want to see on an 

electron micrograph is under a 
minute bit of crud. Murphy’s law 
is about people – if a job can be 
done wrongly, it will be.”

FINALLY, either Murphy’s or Sod’s law 
can, perhaps, be generalised. Angus 
Russel points us in this direction with 
reference to O’Toole’s Commentary: 
“Murphy is an optimist.” And Jim Russell 
discusses the theoretical difficulties 
in going further: “Long ago colleagues 
at the Royal Aircraft Establishment 
and I realised that any comprehensive 
hypothesis would necessarily be too 
general to be stated.” 

Natural language, however, came 
to their rescue with the observation 
that: “The perversity of the universe 
trends to a maximum.”

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.

Chris Rogers reports an offer of “everything  
half price – plus 60 per cent off selected items”.  
If he actually wanted any, he might find out 
whether he gets paid to take them away…
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Wibbly wobbly
Lots of people have seen a video 
of wobbly lamp posts on the M62 
motorway in northern England  
(bit.ly/M62LampPosts). The posts 
are swaying erratically in the windy 
weather, and news articles cited 
vortex shedding as the reason.  
What does that mean?

■  We are immersed in vortices 
but very rarely see them. They  
are the reason why we can hear 
the wind sighing through pine 
trees, why leaves flutter and why 
flags flap. 

Yacht crews can see them in 
the flapping of a loose sail, hear 
them in the hum of the rigging 
and are annoyed by them when 
the ropes bang against the mast 
at night. Overhead power or 
telephone wires and even wires 
in fences can sometimes be  
heard to “sing” when the wind  
is blowing across them. This is 
obviously difficult to hear in a 
noisy city but can be heard in  
a quiet country lane. 

Vortices can sometimes be 
seen in a smoothly flowing 
stream as water passes around 
a rock, or in the air if smoke or 
dust makes the flow visible.

Vortices can form almost 
anywhere that fluids move, 
especially in low-viscosity fluids 
like air and water. Any object that 
is not streamlined will create or 
“shed” a trail of vortices or swirls 
of fluid on its downstream or 
downwind side. 

Have you ever wondered why a 
flag being towed by a helicopter 

does not flap as furiously as one 
on a pole in a stiff breeze? A flag 
flaps in the vortices shed by the 
pole or wire at its leading edge. 
A large-diameter pole creates 
large vortices that can ultimately 
shred a flag, as anybody who 
has seen an old, straggly flag 
flapping in a strong wind can 
testify. However, the thin wire 
that holds a flag beneath a 
helicopter creates much smaller 
and faster vortices, causing only 
ripples in its flag. 

Usually, vortices form 
alternately to the left and right of 
the leading object, and each swirl 
of fluid applies a small force to 
the source of the vortices. How 

rapidly they are repeated depends 
on the size of the object and the 
speed of the flow. 

When vortices are 
synchronised or “in phase”, 
the forces start to add up, and 
can become destructive – 
uncontrolled vortices can 
cause serious damage. 

Vortices can also be very  
useful, and are used industrially 
in a robust method of fluid flow 
measurement. A body is placed 
inside a pipe to create vortices. 
Pressure sensors detect the 
vortices as alternating pulses 
and the rate of the pulses is 
proportional to the flow rate. 
Martin Greenwood
Stirling, Western Australia

■  When a flow of air or gas 
passes around a vertical 
obstruction such as a lamp post 
or a chimney, a vortex will form 
on one side downstream of the 
obstruction. The vortex will 
then break away, followed by 
another vortex forming with 
an opposite rotation on the 
other side. The process is 
repeated at regular intervals. 

This shedding of eddies, 
or vortices, creates a regular 
change in pressure on each side 
of the obstruction and, if this 
coincides with the natural 
frequency of oscillation of the 
obstruction, it will cause the 
object to vibrate to and fro, as in 
the case of the lamp posts in the 
video. If the swaying persists and 
causes the vibration to increase, 
the structure can fail. 

In the early 1960s, there was 
a 30-metre steel incinerator 
chimney at the Distillers 
Company chemical works at 
Saltend near Hull in the UK. 
Despite being stabilised by guy 
ropes, this swayed alarmingly 
in fairly gentle 35-kilometre-per-
hour winds. It was so bad that 
the company took the problem 
to the National Physical 
Laboratory. Their solution was 
to fit helical fins called strakes 
to the chimney, which caused 
the eddies to shed at different 
times at different heights along 
the length of the chimney, thus 
preventing any natural vibration 
from being set up. 

This spiral design can now be 
seen on metal chimneys all 
around the world and, every time 

I see such a chimney, my mind 
goes back to its progenitor at  
the Distillers factory where I  
once worked. 

Vortex shedding also causes 
problems with the vertical cables 
of suspension bridges. Because 
spiral fins are not a practical 
solution here, the problem is 
solved by fitting dumb-bell-like 
weights to calculated positions 
on the cable, which dampen its 
natural vibration so that there is 
no risk of fatigue failure. 
Tony Finn
Hedon, East Yorkshire, UK

This week’s 
questions
SPINNING WHEEL
On a London Underground 
platform recently, I saw a man 
wearing an official badge holding 
what looked like a small, spinning 
fan. I realised, however, that it  
was powered by the wind coming 
through the tunnels ahead of  
the trains. He was obviously 
measuring wind speed. Why  
was he doing this?
Justin Davies
London, UK

BLOWIN’ IN THE WIND
After videoing something outside, 
I found that, although I hadn’t 
noticed it being windy at the time, 
the recording played back a very 
obvious wind noise. Why did the 
wind noises seem much louder 
during playback?
Hannah Edwards
Sheffield, 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, 110 High 
Holborn, London WC1V 6EU, 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. 

“A flag being towed by a 
helicopter will not flap as 
furiously as one on a pole 
in a stiff breeze”

The latest book of science 
questions: unpredictable 
and entertaining. Expect 
the unexpected

Available from booksellers and at  
newscientist.com/questioneverything
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