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THE International Monetary Fund seemed 
like such a good idea. That idea, in the hopeful 
post-war days of the 1940s, was to have a bank 
that would rescue countries in financial 
difficulties and put them back on track. Like 
a wise uncle, it would loan them cash to tide 
them over, on the condition that they balanced 
their budgets by making “structural 
adjustments”. Unfortunately, this uncle has 
proved not to be as wise as was hoped. To 
achieve structural adjustments, governments 
have been forced to slash their spending on 
services needed for long-term economic 
health: education, agriculture and healthcare.

Plenty of anecdotal evidence exists for the 
negative impact of IMF loans. A decade ago, 
frustrated African doctors were calling it 
the   Infant Mortality Fund  because of what 
happened to child survival rates when it 
started guiding government spending. 

This week comes news that tuberculosis 
deaths, a sensitive indicator of the quality of 
public health services, climbed in 21 countries 
during IMF programmes (see page 6). In 
addition, the deaths correlate with the length 
of IMF involvement and the amount loaned. 
The effect did not appear to be a statistical 
anomaly, nor the result of other factors 
affecting TB: the IMF is clearly in the frame.

The main problems here are ideology and 

evidence – lots of the former and a lack of the 
latter. Since the 1970s, the IMF has followed 
the Chicago school of economists, who insist 
on “small government”. That means cutting 
expenditure, privatising state-owned services, 
removing government subsidies and so forth. 
The IMF’s measures of success (or otherwise) 
are almost exclusively economic. It seems 
to be in denial over growing evidence that 
achieving these goals damages things like 
people’s health and levels of schooling, even
though these are essential to the long-term 
development of a nation.

It is time to treat IMF programmes like the 
experiments they are, and measure outcomes 
using more than just economic indicators. 
There seems little point in restoring short-
term economic stability to a nation if its 
well-being and prospects for future prosperity
are seriously damaged in the process.

We can argue all day about political and 
economic ideologies, but what really matters 
is what is happening on the ground, where 
ideology becomes a matter of life or death. 
The TB study shows there is more than one 
way to measure the impact of economic 
policies. Such real, empirical measures must 
become a requirement for any effort to 
manage economies for the benefit of the 
people they serve.  ●

GOOD news at last. While we deal with the 
credit crisis, the food crisis, the oil crisis and 
whatever new crisis turns up next week, 
we can at least rest secure in the knowledge 
that humanity is not about to be wiped out. 
That’s according to researchers meeting in 
Oxford to survey the catastrophic events that 
might consign humans to history (see page 8). 
Discounting climate change, which is 
happening too slowly to qualify as a 
catastrophic event, the gathering concluded 
that, for now at least, our continued existence 
is not in question.

Though it is a relief, there are lessons 
to be learned here. Many of the potential 
catastrophes under scrutiny are the preserve 
of, if not the direct result of, research in 
science and technology. That makes it 
imperative that researchers keep a sharp 

eye out for potential threats. 
Scientists are often quick to complain that 

governments don’t pay enough attention to 
their concerns. But as the head of NASA’s 
asteroid survey pointed out in Oxford, the 
only reason we know no object larger than a 
kilometre across is heading our way is because 
a worried member of the US Congress 
initiated a sky survey. Scientists were not 
the first to flag up the threat. 

Support for state-funded science is 
dependent upon the perception that scientists 
are working to improve the public wellbeing. 
If there are issues the public should be 
concerned about, scientists should make sure 
they are raising them – and raising them first. 
Complacency about catastrophe might not 
wipe out humanity, but it could seriously 
undermine trust in science.  ●

Hope for the best, plan for the worst

Hidden costs
Struggling economies, beware international bodies bearing loans
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News in perspective

Upfront–

across the country from the 
south-east, where bluetongue 
arrived last year. The vaccination 
“front” has now reached Yorkshire 
in northern England, alarmingly 
close to the country’s main sheep 
areas. The disease kills sheep but 
only makes cattle ill.

Sheep just outside the 
vaccinated zone are at high risk, 
being close to potential infection, 
but are unlikely to be vaccinated 
till autumn. Much depends on 
whether enough farmers south 
of the line have vaccinated their 
livestock to slow the spread of 
the virus. The number of cases to 
date in France, though, suggests 
that it may be hard to stop. 

IF YOU want to save coral reefs 
from rapacious starfish, you 
should ban fishing. 

The crown-of-thorns starfish, 
Acanthaster planci, preys on 
corals in some of the most 
biodiverse and threatened reefs 
in the world, dwarfing coral losses 
from storms and bleaching. The 
predator is less devastating in 
“no-take zones” of Australia’s 
Great Barrier Reef, however, where 
fishing has been banned since 1989 
(Current Biology, vol 18, p R598).

“BUBBLE fusion”, once hailed as a 
potential green-energy source, is 
mired in controversy again. Rusi 
Taleyarkhan, who claimed to have 
achieved nuclear fusion by popping 
bubbles in a solvent, has been found 
guilty of research misconduct.

In 2002, Taleyarkhan, then at 
Oak Ridge National Laboratory 
in Tennessee and now at Purdue 
University in West Lafayette, 
Indiana, claimed in Science that 
his team could create bubbles 
that trigger nuclear fusion by 
bombarding a cool solvent with 
neutrons and sound waves. When 
others failed to replicate the work, 
a Purdue committee investigated 
allegations of misconduct 
involving Taleyarkhan in 2006, 
and   cleared him of wrongdoing. 

Yet a second investigation began 

in May 2007 when further,   secret 
allegations were made . Last week, 
the Purdue panel found two 
instances of misconduct. First, 
he added an author who did not 
significantly contribute to a 

subsequent paper aiming to 
replicate the result. “The sole 
apparent motivation for the 
addition was a desire to overcome 
a reviewer’s criticism” that the 
experiments should not have 
been carried out by one person, 
   the report says.  Second, in a 2006
paper in Physical Review Letters, he 
stated that the results reported in 
his original paper “have now been 
independently confirmed”. This 
assertion was false and constituted 
misconduct, the panel concluded. 

Taleyarkhan, who could not be 
reached for comment, was cleared 
of seven further allegations, 
including plagiarism and allowing 
a misleading press release. 

BLUETONGUE is back. It has 
survived another winter in 
northern Europe, and now 
farmers are vaccinating livestock
in a race against the biting midges 
that carry the virus. 

The first cases of the disease, 
which affects ruminants, began 
to surface this month, with France 
so far reporting 260. Most are 
located along the front line of last 
year’s outbreaks, suggesting that 
the epidemic is spreading into 
new territory despite France’s 
compulsory vaccination policy.

In England, voluntary 
vaccination has been rolled out 

The global organisation charged with 

securing financial stability and reducing 

poverty could be bad for your health.

The International Monetary Fund 

lends money to countries with financial 

problems and in return requires them 

to cut spending to control inflation. 

  Critics have long charged  that this in fact 

reduces spending on healthcare and so 

promotes the spread of disease.

Now   David Stuckler  and colleagues 

at the University of Cambridge have 

analysed the spread of tuberculosis in 

21 countries in central and eastern Europe 

that received IMF loans after 1989. The 

countries started with a TB mortality rate 

of 6 per 100,000 people, on average. The 

researchers found that the loans were 

linked with a 13 per cent increase in cases 

of TB, and 16 per cent more deaths (PLoS 

BAILOUT LOANS TAKE THEIR TOLL 
Medicine, DOI: 10.1371/journal.

pmed.0050143). The team also 

discovered that the countries spent less 

on TB control and had fewer doctors per 

person after receiving IMF loans. What’s 

more, the bigger the loan, the bigger 

the increase in TB that followed.

The effect was not because countries 

with worsening TB simply attracted 

more IMF attention, says Stuckler, as the 

TB rates were falling or at least steady 

before the IMF loans. The team also 

found that for each year of a country’s 

involvement with the IMF, the TB death 

rate increased by 4 per cent, on average.

William Murray, a spokesman for the 

IMF, says that the organisation advises 

countries to spend on healthcare, and 

that the increases in TB and mortality 

are due to something else.
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“The sole motivation for adding 
the author was a desire to 
overcome reviewer criticism” 

–Cutbacks hit healthcare–

The bubble bursts Farmers beware

Coral reefs’ lifeline
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60 SECONDS

Final ACT?

A lab that pioneered cloning technology 

and stem cell treatments faces closure 

unless it secures more funds by 31 July. 

Advanced Cell Technology of Worcester, 

Massachusetts, may have to cancel 

plans to test a stem cell treatment for 

blindness. “If we don’t obtain funding 

in time, I hope someone is willing to 

take the torch and run with it,” says 

chief scientist Robert Lanza.

Testing, testing 

A leap in experimentation on genetically 

modified animals, mainly mice, boosted 

the annual number of procedures on 

animals in the UK by 6 per cent to 

3.2 million, the Home Office reports.

Smoky silver lining

The warming Arctic may get some 

temporary relief from the predicted 

global rise in wildfires, as smoke drifts 

there and absorbs solar radiation. This 

cooling effect is greatest over snow-free 

regions, says Robert Stone of the 

University of Colorado, though he 

cautions that when smoke particles 

settle on snow or ice, they reduce 

reflection and so may increase melting 

(Journal of Geophysical Research, DOI: 

10.1029/2007JD009657, 2008). 

This is spinal map 

To accelerate development of 

treatments for broken spines and 

spinal diseases, the Allen Institute for 

Brain Science in Seattle has launched 

the Allen Spinal Cord Atlas – a project 

to map the chromosomal positions of 

20,000 mouse genes that function 

in the spinal cord.

Bee minus 

Commercially maintained bumble 

bees may be to blame for the recent 

decline in native bees in North 

America and elsewhere. Michael 

Otterstatter at the University of Toronto 

in Ottawa, Canada, showed that bees 

used for pollinating vegetables in 

greenhouses can escape and infect 

wild bees with the parasite Crithidia 

bombi (PLOS One, DOI: 10.1271/journal.

pone.0002771).

A team led by Hugh Sweatman 
of the Australian Institute of 
Marine Science in Townsville, 
Queensland, found that, between 
1994 and 2004, there were only 
about a quarter as many starfish 
“outbreaks” in no-take zones as 
in open areas of the reef. 

Sweatman suspects that while 
the protected fish are unlikely to 
prey on the starfish directly, they 
may be eating more of the smaller 
fish that usually prey on small 
marine invertebrates, which in turn 
eat more of the juvenile starfish. 

Coral bleaching, caused by 
rising sea temperatures, remains 
a long-term threat to corals, but 
fishing bans could buy time for 
reefs, says Sweatman. 

AUSTRALIA  is experiencing the 
biggest outbreak of the highly 
virulent   Hendra virus  since the 
disease was identified in 1994. 
Worse, a change in the symptoms 
in horses suggests that new 
strains may have emerged. The 
big worry is that a strain capable 
of spreading from human-to-
human will follow.

Hendra virus originated in fruit 
bats but passed to horses and then 
people, where it tends to affect 
the nervous system, causing 
headaches, convulsions and 
coma. It can be fatal. As New 

Scientist went to press, the latest 
outbreak had infected two people, 
who remain in hospital, while 
50 more are being tested.

Classic horse symptoms are 
laboured breathing, frothy nasal
discharge, a swollen muzzle and 
death within days. This time, 
however, horses have mainly 
suffered neurological symptoms 
such as paralysis and loss of 
balance. This, along with “very 
preliminary sequencing data”, 
suggests that “there is a cluster 
of strains that differ in their 
pathogenesis and infectivity”, 
says   Hume Field  of the Australian 
Biosecurity Cooperative Research 
Centre for Emerging Infectious 
Disease. Such a cluster makes it 
more likely that a strain that can 
pass between humans will arise. 

SPACE tourism operators need to 
get real about the extraordinary 
risks they face, the US Federal 
Aviation Administration warned 
last week.

George Nield, head of the FAA 
unit that regulates commercial 
human space flight safety, said 
many civil companies presented 
their efforts as pioneering a 
“golden age”. For example, the 
X Prize Foundation, which backed 
the $10 million prize for the first 
civilian spacecraft to reach 
sub-orbit, has often likened 
the race to Charles Lindbergh’s 
1927 transatlantic flight which 
set off the golden era of aviation.

“What’s going on now 
represents a very different level of 
risk,”   Nield told the Space Frontier 
Foundation’s annual meeting  in 
Washington DC. If you have to 
draw parallels, he said, look to the 
early supersonic jets, such as the 

F-104 Starfighter, dubbed the 
Widowmaker, which took the lives 
of 110 pilots of the Luftwaffe alone.

Neglecting safety could mean 
“an end to commercial human 
space flight before it has chance 
to get started”, he warned.

“Neglecting space safety could 
mean an end to civil space 
flight before it gets started” 

When a supposedly factual TV 

programme on global warming contains 

fabricated climate graphs, dozens of 

false statements and frequently 

misleading content, you might think 

it would be in breach of broadcasting 

standards. Apparently not in the UK.

This week the British regulator 

charged with upholding broadcasting 

standards, Ofcom, announced its 

response to the   many complaints  about 

The Great Global Warming Swindle.

The programme was first broadcast 

in the UK last year and attacks the 

idea that human activity is responsible 

for global warming. It has since 

been sold to 21 countries and widely 

circulated on YouTube. The film-makers 

  fabricated parts of graphics of climate 

data  shown. They also made many false 

statements – such as that   volcanoes 

emit more carbon dioxide than human 

activity  – and misrepresented the views 

of several scientists.

Ofcom   upheld three complaints  

relating to individuals or organisations 

being treated unfairly. It also ruled that 

the programme breached rules relating 

to impartiality.

Despite this, Ofcom decided that the 

programme was not in breach of any 

rules relating to accuracy. Only news 

programmes have to be presented with 

“due accuracy”, says the regulator. 

It does not matter if other factual 

programmes are misleading, so long as 

they do not cause “harm or offence”. 

Most viewers would have been aware 

that the views expressed were at odds 

with the scientific consensus, it added.

CLIMATE SWINDLERS EXCUSED
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–Film-makers clouded the issues–

Hendra outbreak 

Too gung-ho
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This week–

YOU could be forgiven for thinking 
that our existence on Earth 
becomes more precarious by the 
decade. So breathe a sigh of relief – 
we may never have been safer. 

Last weekend, experts 
gathered at the Future of 
Humanity Institute at the 
University of Oxford to discuss 
the risk of global “mega-
catastrophes”. The idea was to 
leave aside slow-burn disasters 
such as climate change and global 
famine  and focus on events that 
could wipe out hundreds of 
millions of people, threaten 
humanity’s continued existence 
on Earth, or at least produce 
a total collapse of civilisation. 
The meeting drew contributions 
from physicists, sociologists, 
microbiologists and philosophers. 
Their conclusion: leaving aside 
scenarios that have yet to be 
imagined, we are at least handling 
the major concerns well. 

First up for consideration 
was an act of bioterrorism, 
such as the synthesis and release 
of a dangerous virus. According 
to Ali Nouri of the Science and 
Global Security programme at 
Princeton University, such an 
act is becoming ever more 
unlikely. That’s because the 
centralisation and automation 
of the biotech industry are 
making it harder for anyone to 
create a dangerous pathogen or 
compound without triggering 
alarms within the industry, he 
says . For example, in the US if 
someone applies to synthesise 
Ebola without a licence, they are 
reported to the authorities.

Joseph Cirincione, president of 
the Ploughshares Fund, a 

foundation dedicated to 
reducing nuclear proliferation, 
told the meeting that the threat of 
nuclear war is lower now than it 
has been for 15 years. This is down 
to significant reductions in US 
and Russian nuclear arsenals, 
bans on nuclear testing, the 
shutdown of weapons material 
production and consensus 
between nuclear policy-makers. 

The threat of nuclear terrorism 
has similarly diminished: 
improved security at nuclear 
facilities, the removal of fissile 
material from vulnerable sites 
in former Eastern bloc countries, 
and a tighter grip on smuggling 
have made it “hard to devise 
plausible scenarios for terrorists 
wiping out humanity with stolen
nuclear materials”, says William 
Potter of the Monterey Institute 
of International Studies in 
California. There is still scope for 
such acts to cause huge loss of life, 
he says, but the challenge of 
preventing nuclear terrorism 
is “urgent but manageable”.

The way of the dinosaurs
How about cosmic threats? 
Though the danger from 
asteroid impacts remains, we are 
getting close to charting all the 
potential world-destroying rocks. 
“We now know there is no 
asteroid out there remotely like 
the one that ended the Cretaceous 
period,” says David Morrison, 
NASA’s leading expert on asteroid 
threats. “We are not going to 
go the way of the dinosaurs.”

We can be confident that 
physics won’t kill us either: 
Michelangelo Mangano of the 
CERN particle physics laboratory 
near Geneva in Switzerland points 
out that exhaustive investigations JU

RG
EN

 S
CH

AD
EB

ER
G/

H
IL

TO
N

This week–
International news and exclusives

MICHAEL BROOKS
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Don’t panic, we’ve 
got it covered 
From bioterror and nuclear war to an asteroid hit, 
the threat from a mega-catastrophe is diminishing
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mean we can dismiss any claims 
that the Large Hadron Collider 
will produce dangerous particles 
or black holes when it turns on 
later this year.

There is one cloud on the 
horizon. The threat from the 
H5N1 strain of influenza virus 
is real, according to John Oxford, 
a virologist at St Bartholomew’s 
hospital in London. The density 
and mobility of modern 
populations – especially in the 
western world – mean that an 
outbreak could quickly become a 
major catastrophe. But, he says, 
governments have taken this 
possibility seriously and are 
well prepared for the worst-case 
scenario. “We can stop an 
outbreak for the first time 
in history,” he says.

However, some threats remain 
unquantifiable. Nanotechnology
is one: it is simply too early to say 
whether anything dangerous 
enough to cause a mega-
catastrophe might emerge. 
Another is artificial intelligence. 
“Intelligence is the most powerful 
force scientists have ever tried to 
tamper with. It could help or it 
could hurt,” says Eliezer 
Yudkowsky from the Singularity
Institute for AI research based in 
Palo Alto, California.

Reassuringly, humanity’s ability
to cope with an unexpected major 
catastrophe has improved vastly in 
recent years – and not just because 
of new technology. According to 
the geneticist Christopher Wills, in 
the last century, racial mixing has 
created a dynamic gene pool that 
is accelerating our evolution in a 
positive manner. This includes 
throwing up diverse kinds of 
intelligence in the population, 
which will provide a vital resource 
for the future, he reckons. “We are 
now beginning to draw on the 
resources of our gene pool in ways 
that could not be imagined a few 
years ago,” he told the assembly. 
“Our society and our attitudes are 
changing as a result.” 

Wills believes it is becoming 
ever more likely that individuals 
with new insights or 
unprecedented charisma will 
arise in the human population. 

He points to Mohammed Yunus, 
winner of the Nobel peace prize, 
as someone who fits this model. 
Yunus’s economic innovations, 
such as the introduction of micro-
credit loans for small Bangladeshi 
businesses, have transformed his 
society, Wills says. “The variation 
makes it exponentially more 
likely that someone extraordinary 
like this will emerge to form a 
new scientific or political 
paradigm,” he says. This, Wills 
says, will get us out of many of the 
threats we currently face.

If it comes as a surprise that the 
future is rosier than expected, that 
is probably because we have 
misread the times, according 
to Jonathan Wiener of Duke 
University, North Carolina, and 
president of the Society for Risk 
Analysis in McLean, Virginia. 
“There’s a sense that these 
catastrophic risks are of growing 
importance, but it’s really that, as 
we solve other risks, these become 
relatively more important,” he says. 

This gradual erosion of the 
things to worry about poses a new 
problem for scientists. According 
to sociologists and cultural 

historians at the meeting, it has 
created a heightened religious 
and cultural focus on apocalyptic 
scenarios – a focus that scientists 
are tempted to share. Researchers 
are given disproportionately large 
policy, publishing and funding 
incentives to look at catastrophe, 
rather than at more likely but less 
dramatic scenarios, says Dave 
Frame of the University of 
Oxford’s Centre for the 
Environment. This means there 
is a disproportionate amount of 
research into – and publicity for – 
spectacular possibilities. That’s no 
surprise to Yudkowsky, who told 
the meeting that many studies 
have shown that we are unable to 
think rationally about the end of 
humanity. “Things outside the 
human experience send our 
minds into a different mode 
of thinking,” he says. 

Nick Bostrom, the meeting 
organiser, says this is just one 
reason why the conference was 
important: the full spectrum of 
catastrophic risk has never been 
properly assessed. “The very 
biggest questions, the things that 
can fundamentally change 
humanity, have until now been 
the subject of speculation by 
journalists and retired physicists,” 
he says. “By gathering academic 
researchers, you get the ability to 
compare which are most serious, 
and mitigate them.”  ●

“Intelligence is the most 
powerful force scientists have 
ever tried to tamper with. 
It could help or it could hurt ”

WHO FOOTS THE BILL?
If you think your insurance premiums 

are high, consider the travails of 

companies involved with biotech or 

nanotechnology. Getting insurance for 

the worst-case health or environmental 

disaster that their products may cause 

can be a real struggle. 

That is because insurers cannot work 

out what they should charge. “We have 

no way of estimating what the 

frequency or severity of losses might 

be, so our approach is the same as 

with nuclear, biological and chemical 

warfare: we exclude them,” says Peter 

Taylor, a researcher at the University of 

Oxford’s Future of Humanity Institute 

and a consultant to Lloyd’s of London.

Taylor reckons this could stymie the 

development of vital new technologies. 

He wants governments to underwrite 

extremely large but unlikely events. 

With the worst-case scenarios taken care 

of, the industry can begin the process of 

setting and annually adjusting 

premiums to cover its insurance needs. 

This, he says, will also encourage people 

to monitor their working practices. 

Because risks and incidents are 

reassessed every year, and the 

incentives are financial, insurance is 

a powerful motivator in the business 

world. “Insurance is a great way of 

helping industry regulate its 

behaviour,” Taylor says.



This week–
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SOUNDBITES

‹ As a sport, cycling is 
dead. As a spectacle, it is still 
running – like a chicken 
with its head cut off.›
French journalist Laurent Joffrin, on the 
news that Tour de France cyclist Riccardo 
Ricco had tested positive for a previously 
undetectable form of a banned blood-
boosting drug. Two Spanish cyclists have 
also been disqualified from the race for 
doping (Libération, Paris, 18 July)

‹ Pea-soup air at the 
opening ceremony would 
be their worst nightmare.›
Victor Cha, director of Asian Studies at 
Georgetown University in Washington 
DC, on China’s “Olympic shutdown”, 
in which half of Beijing’s 3.3 million 
vehicles will be pulled off the roads 
and polluting factories shut 
(Associated Press, 19 July)

‹ As a factor in climate 
change, it’s pretty clear that 
we don’t have any indication 
that this is important at all.›
Jon Egill Kristjansson of the University 
of Oslo, Norway, after finding no 
evidence for a link between cosmic rays 
and cloud formation, a theory popular 
with climate sceptics (BBC news, 18 July)

‹ It’s New York. If it’s 
loud, and noisy, and you’re 
in a hurry, and the kids are 
crying, who is going to stop 
and read the calories?›
Cynthia Kaufman, resident of New 
York’s Long Island, has doubts about a 
new rule that forces restaurant chains in 
the Big Apple to post calorie information 
about their menus above the cash 
register (Associated Press, 18 July)

‹ Genetic exchange has 
not taken place.›
US judge Donald Molloy’s reason for 
granting a preliminary injunction restoring
federal protection for grey wolves in 
Montana, Wyoming and Idaho. He said 
the government has not shown that 
scattered groups of wolves are cross-
breeding  (Los Angeles Times, 19 July)

COULD a way to identify areas at 
risk of earthquakes be hiding in 
plain sight? That’s the claim of 
a team of geologists, who reckon 
that the shape of some mountains 
can betray the presence of active 
faults beneath the surface, such 
as the one that caused the 
earthquake in China’s Sichuan 
region in May. 

About seven years  ago, Eric 
Kirby of Pennsylvania State 
University and colleagues trekked 
out to the mountains above 
Chengdu in south-west China to 
study how steep the riverbeds 

were there. “If you were sitting 
in Chengdu, and could lift all the 
clouds and smog, you would see 
an incredibly steep mountain 
front rising almost 6000 metres 
above you just 50 kilometres 
to the west,” says Kirby. This 
is where the eastern Tibetan 
plateau pushes against the 
tectonic plate beneath the 
Sichuan  basin. Rivers flow out of 
the range into the Sichuan basin, 
perpendicular to a series of fault 
lines (see map, below).

The researchers noticed that 
the riverbeds were in some parts 
far steeper than elsewhere. Kirby 
wondered whether this abrupt 

change in gradient indicated 
a region rising faster than the 
surrounding landscape. Such 
rapid uplift would signal that a 
fault was at risk of slipping below. 

Though they couldn’t predict 
when, the team proposed in 2003 
that the southernmost part of 
the Beichuan fault  within the 
Longmen Shan mountain range 
was more active than surrounding 
faults and was most likely to slip 
(Journal of Geophysical Research,
DOI: 10.1029/2001JB000861). 
Sure enough, this part of the 
fault shifted by 5 metres on 
12 May, killing 70,000 in the 
Sichuan earthquake. 

For similar reasons, the team 
argue that another fault in the 
Sichuan region, the Huya fault, 
could produce a quake at some 
point in the future. Kirby is also 
analysing topography maps of the 
Andes and Himalayas to test 
whether his idea applies in other 
regions (Nature Geoscience, DOI: 
10.1038/ngeo265).

The researchers point out that 
the connection between mountain 
shapes and earthquake risks are 
not always easy to interpret. “It is 
not as simple as saying ‘Aha! the 
mountains are steeper here so 
they must be rising faster, and 
this is where we’re going to see an 
earthquake’,” says Kirby. Riverbed 
steepness, for instance, can be 
affected by the hardness of the 
underlying bedrock.

“You could say it is a quick and 
dirty reconnaissance tool,” he 
says. “Mountain ranges can be 
vast, and identifying the zones 
that are most likely to rupture 
is a challenge, especially in 
remote and rugged ranges.” 
High-resolution maps of the 
surface can now be obtained from 
planes and satellites, which help 
distinguish abrupt changes in the 
slope of riverbeds. 

For Alex Densmore of the 
University of Durham, UK, that’s as
far as the method can go. “But that 
in itself is a huge step compared 
to nothing,” he says. “If you can 
direct the selection of sites and 
go to areas that are most likely of 
being at risk, then you have done 
something worthwhile.”  ●

Quake risk written 
in the mountains
CATHERINE BRAHIC

QUAKE FINDER

Steep topography in the southern part of the Beichuan fault may have revealed in advance the 
location of the earthquake that devastated China’s Sichuan region in May
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CROOKS beware, a scraping of mud 

on your shoe could link you to a 

footprint at the scene of a crime, 

thanks to a technique that uniquely 

identifies different soils within a 

small area by their organic material.

Soil is a tried-and-tested source 

of forensic information. To determine 

where it came from, investigators 

usually try to identify the inorganic 

components, such as the minerals, 

or the size, shape and colour of 

grains. That’s fine as long as you’re 

comparing samples over a wide 

geographical area. But what if you 

are trying to catch a thief who 

has been operating in one town, 

where these characteristics are 

likely to be very similar?

Lorna Dawson at the Macaulay 

Institute in Aberdeen, UK, and her 

colleagues have been   analysing the 

organic components of soil  to see 

how much it varies within a local 

area. The team took soil samples 

from seven flower beds in four 

gardens in and around Aberdeen. 

For each sample they measured the 

levels of organic molecules including 

n-alkanes, fatty alcohols and fatty 

acids, which are all found in the 

waxy outer layer of plant matter. 

Some of these compounds can 

remain in the soil for thousands of 

years, so that each area should have 

a unique organic profile. 

“Every garden has a different 

history of ownership, with different 

plants, woodchips and fertilisers.   

These all build up to give an 

additional level of organic 

information,” says Dawson. What’s 

more, the team found noticeable 

differences between soils from the 

different beds, even those within 

the same garden.

Further studies have shown that 

combining this organic analysis with 

traditional mineral analysis can 

pinpoint soil samples to different 

parks within the same town, as well 

as linking soils to larger geographical 

areas with more accuracy. 

Dawson’s team also thinks that 

comparing DNA fragments from 

bacteria and fungi living in the soil 

could provide another layer of soil 

evidence. “You can never say with 

absolute certainty that two samples 

come from the same place, but the 

more markers you have, the stronger 

the likelihood is,” says Dawson, who 

presented the results at the 

  International Crime Science 

Conference  in London last week. 

“This has phenomenal potential 

to increase the power of soil as a 

forensic tool,” says   Peter Bull , 

a forensic soil expert from the 

University of Oxford.  While the size 

and shape of soil grains often 

correlate with its mineral content, its 

organic content does not and so acts 

as  “an independent witness” that 

two soil samples came from the same 

place, Bull says. But he cautions that 

the technique could fall down when 

soils are introduced from a central 

location such as a gardening shop.  

The team would also like to be 

able to trace soil samples back to 

any location, which will mean 

building a comprehensive database 

of samples.  Linda Geddes ●

How to dish the dirt 
on crime suspects

“The organic content of soil 
acts as an independent witness 
that two soil samples came 
from the same place”

SMART FACT: With its tridion safety cell,  

the smart fortwo will keep you remarkably 

safe. This steel cell can shrug off the  

equivalent of a head-on collision with  

a 2-tonne rhino running at full tilt. 

>>

There are over 500 accidents on British  

roads every day, on average.

www.newscientist.com/thinksmart
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This week–

ARE comets born in great swarms? 
The puzzling abundance of comets 
in short solar orbits has led a pair 
of astronomers to suggest that 
they are fragments of larger 
bodies that crumbled as they 
entered the inner solar system.

Short-period comets take less 
than 200 years to circle the sun 
and are thought to originate in 
the Kuiper belt of icy objects 
beyond Neptune. Some Kuiper-
belt objects (KBOs) are in 
vulnerable orbits that allow the 
gravity of the outer planets to tug 
them inwards, where the sun’s 
heat turns them into comets.

However, there seem to be too 
few KBOs in these vulnerable orbits 
to maintain the 10,000-strong 
population of short-period comets, 
which is continually thinned as 
they burn out, fall into the sun or 
get ejected from the solar system. 
When Kathryn Volk and Renu 
Malhotra at the University of 
Arizona in Tucson calculated the 
rate at which Kuiper-belt objects 
should be drawn inwards, their 
result was just 1/500th of the 
rate needed (The Astrophysical 

Journal, in press).
This disparity would disappear 

if some of the largest KBOs 
crumble into 100 to 1000 pieces 
as they are drawn into the inner 
solar system. The idea is supported 
by the fact that comets have been 
seen to break up from the stress of 
encounters with planets. “Comets 
are thought generally to be pretty 
fragile,” Malhotra says.

Alternatively, small KBOs 
in more stable orbits may be so 
numerous that they contribute 
the lion’s share of comets, even
though a smaller fraction of them 
are nudged our way. Luke Dones 
of the Southwest Research 
Institute in Boulder, Colorado, 
favours this theory. “I know of no 
evidence that comets can break 
into 100 or 1000 pieces,” he 
says.  David Shiga ●

Breaking up 
may be easy to do,
if you’re a comet
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THE urge to pee too frequently 
might literally mess with your 
mind. Experiments in rats show 
that an overactive bladder changes 
brain activity. If the same is true in 
humans, it could in part explain 
the disrupted sleep, reduced ability 
to concentrate and confusion that 
often accompany ageing. 

“If you have an overactive 
bladder, you don’t just have a 
bladder problem. It has 
neurobehavioural consequences,” 
says   Rita Valentino , a neuroscientist 
at the Children’s Hospital of 
Philadelphia in Pennsylvania.

As much as 17 per cent of the 
US population is affected by the 
disorder, which is characterised 
by uncontrolled bladder 
contractions, leading to frequent 
urination. It is often caused by a 
partial obstruction of the urethra, 
such as in men with enlarged 
prostates. Valentino and her 
colleagues mimicked this in rats 
by surgically constricting the 
outlet from the bladder.

When the team scanned the 
rats’ brains they found increased 

activation of a region of the 
brainstem called the locus 
coeruleus, which helps control 
alertness. In normal mammals, 
this region is activated only when 
the bladder is full, and helps the 
animal to disengage from other 
activities. In rats with overactive 
bladders, however, activation 
seems to occur continually. 
An overactive locus coeruleus 
triggered increased and 
disordered activity in the 
forebrain, which controls higher 

brain function (Proceedings of the 

National Academy of Sciences,
DOI: 10.1073/pnas.0800969105). 
In people, this is likely to lead to 
anxiety, disrupted sleep and other 
behavioural problems. 

The study is the first to show 
that a bladder disorder can have a 
direct effect on brain function. 
“This helps complete the puzzle of 
why overactive bladder symptoms 
are so disruptive to quality of life,” 
says   Craig Comiter , a urologist at 
Stanford University School of 
Medicine in California. 

Bowel disorders such as 
irritable bowel syndrome may 
also overactivate the locus 
coeruleus, which would help 
explain the psychiatric disorders 
that often accompany IBS, 
Valentino says.  ●

Overactive bladder 
does your head in

AN AGGRESSIVE form of prostate 

cancer has been stymied by a drug 

that stops production of all male sex 

hormones. The hope is that it could 

keep the disease in check for years – 

today, many men die within 

18 months of starting treatment.

Johann de Bono and colleagues at 

the   Royal Marsden Hospital  in London, 

together with the UK   Institute of 

Cancer Research  and   Cougar 

Biotechnology , a company in Los 

Angeles, this week announced results 

of a trial of the drug    abiraterone  in 

21 prostate cancer patients for whom 

all other treatments had failed. 

In eight men with measurable 

tumours, five shrank, while blood 

concentrations of prostate-specific 

antigen, which is produced by growing 

cancers, fell by at least 30 per cent in 

most men (Journal of Clinical Oncology,

DOI: 10.1200/JCO.2007.15.9749). De Bono

says these findings were replicated in 

further trials in 250 people though 

the results are not yet published.

Today, the only reliable therapy 

for prostate cancer is to “chemically 

castrate” men using drugs that stop 

the testes making testosterone. Yet in 

many cases, the tumours simply start 

making testosterone themselves.

Abiraterone dodges this problem 

by penetrating all cell types and 

disabling an enzyme vital for 

producing testosterone and other 

hormones that drive tumour growth. 

“The drug blocks the ability of 

cancers to make the ‘fertiliser’ for the 

cancer seeds to grow,” says de Bono. 

Abiraterone could be available in 

two years if a trial in 1200 people is 

successful.  Andy Coghlan and Angela Self ●

Testosterone blocker 
starves prostate cancers

BOB HOLMES

–No rest for the brain–

PL
AI

N
PI

CT
UR

E/
S.

 K
IR

CH



SMART FACT: From 30 mph, the smart fortwo  

has a braking distance of just 11.5 metres, 

during which its brakes absorb the energy  

equivalent to a baby grand piano falling  

from an 8-storey building.

>>

The typical braking distance for a car  

travelling at 30 mph is 14 metres.

www.newscientist.com/thinksmart

A GENETIC takeover on a scale never 

seen before among vertebrates is 

taking place in the western US. An 

alien fish is not only hybridising with 

the locals, but also breaking down 

the genetic barriers between once-

distinct species. Such multiway 

hybridisation might be much more 

common than we thought.

Dave McDonald, an evolutionary 

biologist at the University of Wyoming 

in Laramie, and his colleagues 

sampled DNA from three species 

of fish in the Colorado river basin 

in the south-western US – two 

native species, the flannelmouth 

and bluehead suckers, and one 

introduced species, the white 

sucker – as well as hybrids between 

them. They found that white and 

flannelmouth suckers breed so 

extensively with each other that 

all sorts of genetic intermediates 

exist; white suckers also occasionally 

breed with bluehead suckers. 

The team also found another 

sort of fish, which they dubbed the 

“muttsucker” – a hybrid containing 

genetic material from all three 

original species. Since bluehead and 

flannelmouth suckers have never 

been reported to cross-breed on 

their own, it seems that the white 

sucker acts as a genetic bridge to 

break down the barriers between 

these two native species (Proceedings 

of the National Academy of Sciences,

DOI: 10.1073/pnas.0712002105).

If this process continues, the 

gene pools of the three species 

could eventually merge into a single 

indistinct “hybrid swarm”, which 

may eventually pull in other suckers 

as well. If so, says McDonald, “this 

species isn’t going to wipe out just 

one native. It’s taking out a whole 

assemblage of native species.” 

McDonald’s is the first published 

study to report solid evidence of 

Colorado river fish are 
suckers for alien species

three-way hybrids in vertebrates, 

says Ole Seehausen, an evolutionary 

ecologist at the Swiss Federal 

Institute for Aquatic Science and 

Technology in Kastanienbaum. 

However, Seehausen says he has 

unpublished evidence that the 

many species of cichlid fish in Lake 

Victoria in Africa arose from a three 

or even four-way hybridisation in 

the distant past.  Bob Holmes  ●

–The outsider that started it all–
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IF YOU thought that breast milk 
must taste rather bland, think 
again. Human milk provides a 
veritable cornucopia of different 
flavour combinations that may 
prime a child to try new foods 
later on.

Previous studies suggested 
that what a mother eats can 
affect the taste preferences of 
her child. For example, the infants 
of mothers who drank carrot 
juice during pregnancy or 
breastfeeding seemed to prefer 
carrot-flavoured cereal.

To get a handle on how 
flavours from a mother’s diet get 
transferred into her milk, Helene 
Hausner and her colleagues at 
the University of Copenhagen 
in Denmark asked 18 lactating 
mothers to provide a sample 
of breast milk before they ate 
capsules containing the same 
compounds that give caraway 
seed, menthol, banana and 
liquorice their flavour, and then 
at regular intervals afterwards. 

They found that different 

flavours take varying amounts 
of time to appear in breast 
milk. While concentrations 
of the caraway and liquorice 
compounds peaked 2 hours after 
the mother ate them, the banana 
compound could only be detected 
in the milk during the first hour 
after consumption. Menthol 
was present at relatively stable 
levels for between 2 and 8 hours 
after consumption (Physiology 
and Behaviour, DOI: 10.1016/
j.physbeh.2008.05.007). 

All four flavours had 
disappeared from the women’s 
breast milk eight hours after 
they ate the capsules. However, 
there was considerable variation 
between the women in how the 
flavours were transferred to milk. 

“Human milk is clearly 
a substance which varies 
considerably in flavour over time 
and between different people,” 
says Gary Beauchamp of the 
  Monell Chemical Senses Center  
in Philadelphia, Pennsylvania, 
who has also studied how flavours 
pass into breast milk. 

The findings could have 

practical implications for mothers 
worried about why their infant is 
refusing to feed, says Gill Rapley, 
a UK nurse with more than 20 
years’ experience specialising in 
postnatal care. “Mothers often 
talk about whether something in 
their milk may have upset their 
baby, but within 8 hours most 
flavours will be gone.” 

Preliminary results from 
Hausner also suggest that 
breastfed infants might be more 
receptive to new flavours than 
bottle-fed ones. “It’s not like if the 
mother eats apple pie the baby 

thinks ‘mmmm, apple pie’, 
but it may make them more 
accepting of the flavour of 
other foods,” she says. 
“Breastfeeding may prepare 
the infant for flavour changes 
and new experiences when they 
start to eat solid foods.”

Mothers of bottle-fed infants 
should not despair, however. 
“If you don’t breastfeed you 
should change the brand of 
formula milk you use from time 
to time,” says Hausner, who has 
also found that different brands 
of formula milk vary in taste.  ●

On today’s menu is 
banana breast milk

IF YOU’VE ever been part of a crowd 

spilling out of a late-night bar, you’ll 

be familiar with scenes of drunk 

people staggering around, the 

arguments breaking out, not to 

mention the occasional violent brawl. 

Now a model that mimics the 

movements of drunken crowds might 

help find ways to design streets so 

that they direct late-night revellers 

safely home to their beds rather than 

into the path of potential conflict.   

Simon Moore at the University of 

Cardiff in the UK and his colleagues 

wondered how the staggering gait 

and loss of balance associated with 

being drunk would affect a model 

based on the behaviour of sober 

crowds. Models have been widely 

used to predict how crowds will 

behave, for example, during the Hajj 

pilgrimage to Mecca in Saudi Arabia, 

to improve crowd control. This is the 

first time a model has looked at 

crowds of drunken people, says Moore.

The team made 24 visits to Cardiff 

city centre between 11pm and 3am 

on Friday and Saturday nights, 

breathalysing people and monitoring 

their gait. Of the high number of 

drinkers around, they found that 

around 25 per cent were staggering . 

The team factored this information 

into their simulation, then ran 

simulations with crowds in varying 

states of inebriation trying to make 

their way through a narrow alleyway 

to three different destinations.

As predicted, laminar flow – in 

which people line up behind other 

individuals who are going in the 

same direction – was reduced in the 

drunken crowds. This slowed their 

movement by 9 per cent when a fifth 

of people were staggering, and by 

38 per cent when the whole crowd 

was. This isn’t surprising, perhaps, 

but it’s the first time traffic flows in

drunken crowds have been quantified.

“Drunks become irritants because 

they slow people’s progress towards 

their goal,”  says Moore, who 

presented his team’s results at 

the International Crime Science 

Conference in London last week. 

This irritating behaviour means 

“they may then become targets 

of violence”, he says.

Moore’s team hopes to use 

the model to examine how moving 

street furniture or increasing 

pedestrianisation might ease 

congestion around nightspots. The 

model could also be used to look at 

the effect of a new bar or fast-food 

outlet opening in a crowded city 

centre.  Linda Geddes  ●

Designing streets 
to help drunk 
people get home

“Drunks become irritants because 
they slow people’s progress 
towards their goal. They may 
become targets of violence”

LINDA GEDDES
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INFLATION, one of the most 
important ideas in big bang 
cosmology, may have hit another 
stumbling block.

The best explanation for 
how the newborn universe went 
through a period of ultrafast 
expansion has been under 
increasing scrutiny recently, after 
researchers found irregularities in 
the cosmic microwave background 
– the radiation left over from the 
big bang – that appeared to 
contradict some of the predictions 
of the simplest version of the 
model (New Scientist, 7 June, p 30).

Now this model faces yet 
another challenge, this time 
linked to hypothetical particles 

called axions, which are thought 
to have precipitated a fundamental 
change in the state in the early 
universe. Mark Hertzberg, Frank 
Wilczek and Max Tegmark of the 
Massachusetts Institute of 
Technology plotted a “map” of the 
range of possible energy expended 
during inflation (x-axis on the 
diagram) against a particular 
property of the axion – the 
maximum energy the particle 
can absorb before its symmetry 
breaks (y-axis on the diagram).

“We thought we should take 
what we think is our best picture 
of particle physics and our best 
picture of the early universe, 
and put them together to see 

what’s allowed and what isn’t,” 
Hertzberg explains.

Next they filled in areas of 
the map where experiments or 
observations have failed to find 
evidence of axions, or ruled out a 
particular energy for inflation. For 
example, if inflation occurred at 
an extremely high energy, it would 
have produced high-amplitude 
gravitational waves, which we 
would have detected by now. 

That left the map with two 
territories in which both inflation 
could have occurred and the axion 
could still exist. And here’s the 
rub: particle physics calculations 
and string theory suggest that the 
axion’s symmetry is much more 
likely to break at a high-energy 
threshold (top-left corner of the 
diagram). If true, this suggests that 
inflation probably occurred at a 
relatively low energy (www.arxiv.
org/0807.1726). In other words, 
inflation happened later, and at a 

lower temperature, than expected.
Paul Steinhardt at Princeton 

University is unconvinced, and 
says we are far from certain about 
string theory and the nature of 
axions. There is a “strong case” 
that the widely accepted model 
of inflation is correct, he 
says.  Michael Brooks ●

Energetic axions paint 
inflation into a corner

www.newscientist.com 26 July 2008 | NewScientist | 15

For more surprising facts visit 

www.newscientist.com/thinksmart

?D<B7J?ED�M?D:EMI

;nf[h_c[dji�WdZ�eXi[hlWj_edi�je�ZWj[�b[Wl[�

edbo�jme�m_dZemi�_d�m^_Y^�_d\bWj_ed�YekbZ�

^Wl[�eYYkh[Z�WdZ�Wn_ed�fWhj_Yb[i�YekbZ�[n_ij

7BBEM;:

7BBEM;:

HKB;:�EKJ

;d[h]o�e\�_d\bWj_ed
Bem

Be
m

L[ho�^_]^

>
_]
^

7n
_e
di
Ê�
ÈX
he
a[
d�
io
c
c
[j
ho
È�

[d
[h
]o
�j
^h
[i
^e
bZ



In brief–
Research news and discovery
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THE neighbourhood around 
a black hole is no place to raise 
a star. Violent forces usually rip 
apart gas clouds, preventing 
them from condensing into stars. 
Despite this, astronomers have 
spotted hints of protostars only 
6.5 light years away from the 
Milky Way’s centre, where a 
black hole is thought to reside.

The protostars are shrouded 
by so much gas they cannot be 

seen with telescopes. Instead, 
Farhad Yusef-Zadeh of 
Northwestern University in 
Evanston, Illinois, and colleagues 
found strong radio signals emitted 
by “methanol masers” – clouds of 
methanol gas that act like lasers 
and are a telltale sign of star 
formation (The Astrophysical 

Journal Letters, in press). 
The team suspect the gas cloud 

that spawned the protostars was 

pulled into orbit around the Milky 
Way’s centre not long before they 
formed. Older stars share the 
same space as these protostars, 
suggesting the Milky Way may 
have a history of such captures. 
Gas clouds may be constantly 
coming in to form a generation 
of stars before being used up, 
says Yusef-Zadeh. This process 
may also explain a population 
of stars perched only 2 light years 
away from the Milky Way’s centre. 
How any star can take shape in this 
violent region   remains a mystery. 

Dangerous place for a stellar nursery

WHAT a strange week 
for Alzheimer’s disease. 

  Rachelle Doody  of Baylor 
College of Medicine in Houston, 
Texas, gave 120 patients Dimebon, 
an antihistamine drug, for a year. 
Their scores on practical cognitive 
ability tests rose significantly 
compared with those receiving 
a placebo, and their symptoms 
seemed to improve the longer 
they took the drug – a first for 
an Alzheimer’s drug (The Lancet,
vol 372, p 207). 

Yet in the same issue (p 216), 
a team led by   Clive Holmes  of the 
University of Southampton, UK, 
report that a vaccine that helps 
to destroy the protein plaques 
thought to cause Alzheimer’s 
successfully cleared the plaques 
in patients, but failed to alleviate 
or reverse their symptoms. 

Mixed results 
for Alzheimer’s

FORGET lavender bubble baths, 
capuchin monkeys get in a lather 
over communal onion baths. But 
rather than being relaxed after 
this social activity, the monkeys 
become unusually aggressive.

Wild capuchins rub themselves 
with pungent plants like citrus 
and peppers that are antifungal 
or antiseptic. Annika Paukner and 
Stephen Suomi at the National 
Institute of Child Health and 
Human Development in Poolesville,
Maryland, found that a colony of 
15 captive monkeys grew more 
solitary and aggressive after 
washing with onions, but not apples
(American Journal of Primatology,
DOI: 10.1002/ajp.20595).

Capuchins also urinate on their 
hands and feet, an odour thought 
to signal peaceful intent. Onion 
might overpower that signal, says 
Paukner, which “may cross wires 
in the capuchin social circles and 
explain the increased aggression”. 
Whether this happens in the wild 
too is not yet known. 

Wild about onion

THE plumes of hot magma that fuel the volcanism of 
“hotspots” like Hawaii and Iceland have long been thought 
to be efficient conduits of Earth’s fiery contents. Yet it seems 
they can be rather lacklustre on their way to the surface.

We traditionally picture the plumes of hot magma that 
rise through the mantle as mushroom-shaped with a thin 
stalk feeding a bulbous head, or hotspot, beneath the crust. 
However, seismic imaging in Iceland reveals a patchy 
structure without a stalk, leading some researchers to 
suggest there are no   plumes at all .

Ichiro Kumagai and colleagues at the Paris Institute 
of Earth Physics in France reckon they can explain these 
patchy structures. They created plumes by heating the base 
of a tank containing sugar syrups of varying densities, 
to simulate the composition of the mantle. The densest 
material was heated just enough to rise and create the core 
of the plumes, but as it rose it also cooled, so its density 
increased once more to match or slightly exceed that of the 
surrounding material. This caused the core to either stall or 
sink, while the less dense material separated and 
continued rising (Geophysical Research Letters, in press).

John Brodholt of University College London says the 
model “seems to explain some of the observations used 
to argue that plumes do not exist”.

Raging lava at the surface, but 
beneath it’s a more lazy affair
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ONE of the biggest mysteries of 
HIV is why the virus spreads so 
readily via heterosexual sex in 
Africa, but not elsewhere. A study 
in monkeys suggests parasitic 
worms may be to blame.

Evan Secor of the   US Centers 
for Disease Control and Prevention  
and his colleagues infected 
macaques with   schistosomes , 
parasitic worms that infect millions 
of people in Africa each year. 
Infected and uninfected macaques 
were injected with simian-human 
immunodeficiency virus (SHIV) 
via the rectum. Only about 1/20th 
the amount of virus was needed to 
cause SHIV infection in monkeys 
with worms compared with those 
without the parasite (PLoS 

Neglected Tropical Diseases, DOI: 
10.1371/journal.pntd.0000265). 

If infection with worms 
also increases a person’s risk of 
acquiring HIV, and if this is true 
of infection via the vagina as well 
as the rectum, Secor says it could 
explain why vaginal sex is riskier 
in Africa than elsewhere. This could 
be because the urinary form of 
schistosomiasis, which affects up 
to 50 per cent of women in parts 
of Africa, damages the lining of 
the vagina, the first defence 
against HIV. 

Worms provide 
clue to HIV puzzle

FEMALE crickets should stick to 
an Atkins-style protein-heavy 
diet, while males are better off 
carb-loading. There is a chance that 
men and women might benefit 
from sex-specific diets too.

Alexei Maklakov at the 
University of New South Wales in 
Sydney, Australia, and colleagues 
measured lifespan and success in 
reproduction in hundreds of black 
field crickets. They found that the 
insects lived longest on a diet of 
eight parts carbohydrate to one 
part protein – up to 55 days for 
females and up to 70 for males.

The same high-carb, low-
protein diet gave males greatest 
potential for reproductive 
success, as judged by the length 
of their night-time mating chirps. 
However, females laid three times 
as many eggs on a diet with equal 
amounts of carbs and protein.

Male crickets probably need 
to carb-load to provide accessible 
calories for calling, while females 
need protein to make eggs, the 
team suggests (Current Biology,
DOI: 10.1016/j.cub.2008.06.059).

Surprisingly, given a choice, 
both sexes opted for the same 

diet – roughly three times as much 
carb as protein. It seems crickets 
have evolved to prefer a diet that 
favours male reproductive 
success over that of females.

“During pregnancy women 
get told which micronutrients to 
eat. But they may also benefit if 
they ate different amounts of 
proteins and carbohydrates,” 
says Mark Elgar of the University 
of Melbourne, Australia. “We 
need to understand the ways our 
evolutionary history has shaped 
our diet preferences and how they 
might lead us astray.”

Live long and prosper with his ’n’ hers diets

A PROTEIN that detects blue light also 
helps fruit flies tune into the Earth’s 
magnetic field. Sensing this weak 
field is crucial for the homing and 
migration abilities of many animals. 

Researchers suspected that 
proteins known as cryptochromes 
detect magnetic fields, perhaps by 
making charged molecules – called 
free radicals – when they’re struck 
by blue light. The number of free 
radicals formed may depend on the 
strength of the field, indicating the 
creature’s latitude. But evidence 
from migratory warblers and 
salamanders has so far only hinted 
at this connection.

Now a team led by Robert Gegear 
and Steven Reppert of the University 
of Massachusetts in Worcester, has 
shown that fruit flies must have 
these proteins in order to perceive 
a magnetic field. The team built a 
T-shaped maze, on one side of which 
was a field roughly 10 times as strong 
as Earth’s. Once flies had learned to 
associate the magnet with a sugar 
treat, they drifted towards the 
magnetised side even when no sugar 
was there. Flies with an inactive 
version of cryptochrome could not 
tell one side from the other.

While the experiment does not 
prove that other animals use the 
same proteins to navigate, the fruit 
flies could help researchers explain 
how the proteins work – and 
perhaps find out how migratory 
animals such as birds and butterflies 
make their way home.

Blue light helps 
flies feel the force

IT’S not just people with autism who 
view the world differently. Some 
parents of autistic children evaluate 
facial expressions in a similar way to 
people with the condition, despite 
not being autistic themselves.

  Ralph Adolphs  of the California 
Institute of Technology in Pasadena 
and his colleagues first tested which 
of 42 parents of autistic children 
qualified as socially aloof – meaning 
that they tend not to enjoy small talk 
and have few close friendships. The 
team then asked the 15 aloof and 
27 non-aloof parents plus the parents 
of 20 neurotypical children to judge 

whether faces looked happy or fearful.
People with autism often struggle 

to read others’ emotions, but all three 
groups of parents scored equally on 
the task. However, the socially aloof 
parents with autistic children were 
most reliant on looking at the mouth, 
rather than the eyes, when judging 
the faces (Current Biology, DOI: 
10.1016/j.cub.2008.06.073). “This 
bears a striking resemblance to what 
we have reported previously in 
individuals with autism,” says 
Adolphs. Neurotypical people tend 
to use the eyes to read feeling.

Autism is known to have a genetic 
component, so the discovery of 
specific, heritable behaviours may 
help to pin down genes responsible 
for particular autistic traits.

Aloof people read 
mouth before eyes
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Comment and analysis–

LOUISE BROWN, the world’s first test-
tube baby,   turns 30 this week . She is no 
longer the miracle she once seemed: 
more than 3 million people have now 
been conceived through in vitro 
fertilisation. Indeed, IVF has become 
such a common means of conception 
that it is hard to believe the Catholic 
church still opposes it.

At the time of Brown’s birth, the 
church was undecided about the 
morals and ethics of IVF, but it has 
since banned its members from using 
the technology, declaring it “morally 
unacceptable”. That is primarily 
because it views fertilised embryos as 
potential human beings, and thus sees 
the destruction of embryos, a common 
aspect of the IVF process, as equivalent 
to murder.

That is not the only problem: there 
is also a moral question over the extent 
to which humans should usurp the 
role of the divine. In 1986 Cardinal
Ratzinger, now Pope Benedict XVI, 
wrote that IVF “entrusts the life and 
identity of the embryo into the power 
of doctors and biologists and 
establishes the domination of 
technology over the origin and destiny 
of the human person”. In other words, 
IVF allows us to play God.

The Catholic church’s position is 
looking ever more absurd, especially 
when you consider that it stands 
virtually alone on this matter. The vast 
majority of Jewish, Muslim, Buddhist 
and Hindu groups see IVF as a useful 
means to an essential end: overcoming 
infertility. Muslim scholars issued their 
first proclamation, or fatwa, on IVF 
within two years of Brown’s birth. This 
came from the leaders of the majority
Sunni group, to which over 90 per cent 
of the world’s 1.3 billion Muslims 
belong. The fatwa decreed that a 
married couple was free to use IVF 
as long as there was no donation of 
gametes from third parties. The 
minority Shiite group is even more 
tolerant: it has allowed its members to 
use donated eggs or sperm since the 
mid-1990s, so long as all parties adhere 

to Islamic codes regarding parenting.
Most Catholics are similarly 

progressive, but this means they have 
to flout the dictates of their church. 
After a 1987 Vatican pronouncement 
on the immoral nature of IVF, Margaret 
Brooks, an Australian Catholic and the 
first woman to have a child born from a 
frozen embryo, boldly told The New 

York Times that no one paid any 
attention to such decrees. At the same 
time, several European Catholic 
hospitals announced that they would 
defy the church and continue to 
provide IVF treatment. It was, one 
hospital said, “an infinitely precious 
human service”.

The pope is not in the business of 
bowing to popular demand, but even
he must sense that the church’s 
position is becoming ever more 
isolated. He could do something about 
it. The church has changed its views in 
response to scientific and technological 
developments before. It was the 
invention of the microscope and the 
subsequent discovery of the ovum that 
first persuaded Catholics to err on the 

side of caution and adopt their current 
position on the sanctity of the embryo. 
Why can’t the Vatican take account of 
all we have learned in the IVF era and 
revise the rules again?

Making a sensible retreat over IVF 
would also open the way to resolving 
other controversies over reproductive 
technologies – for example, stem cell 
research, which the Vatican opposes. 
This in turn might enable other 
conservative religious groups to back 
down without losing face. Muslim 
scholars have already blazed a trail here 
too. In 2001 the   Islamic Institute , a 
think tank based in Washington DC, 
convened a panel of medical, scientific 
and religious experts to work out how 
IVF and stem cell research fit in with 
Islamic teaching. They concluded that 
IVF is “a compassionate and humane 
scientific procedure”. On stem cells they 
went even further, calling it “a societal 
obligation” to perform research on the 
extra embryos that are produced in IVF 
procedures because of the potential 
benefits that could accrue from it.

Next to this kind of enlightened 
judgment, the Catholic church looks 
increasingly out of touch. Moreover, 
failure to modernise its stance on IVF 
will make it harder for the church to 
deal with issues thrown up by even
newer technologies. Scientists are 
learning how to manufacture sperm 
and egg cells from other types of cell; 
others are developing “alternative” 
wombs. In the coming decades, 
infertility may become nothing more 
than an inconvenience. If most 
Catholics already ignore their church’s 
decrees on IVF, how can it hope to be a 
voice of guidance when the issues 
become even more complicated?

IVF has its downsides. It is still 
expensive, failure rates – the 
proportion of fertilised eggs that fail 
to result in a live birth –  are relatively 
high (twice as high as with natural 
pregnancies), and there are health 
risks for the woman whose eggs are 
harvested for the procedure. However, 
it has also turned frustration into joy 
for millions of parents. This is 
something to celebrate. IVF was born 
of compassion and a desire to relieve 
human misery. If humans are using the 
technology to play God, they are at 
least demonstrating God’s good side. 
The pope, of all people, should 
recognise that.  ●

Faith in denial

“If most Catholics 
ignore the church 
on this, how can 
it hope to guide 
on even more 
complex issues?”

The Catholic church’s insistence on demonising IVF is making it look 
irrelevant and out of touch, says Michael Brooks
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Letters–

Whale foil
From Jock Webb

 Be it ever so small, it is a 
disappointment to see anything 
resembling support for the 
nonsense preached by the 
Japanese government over its 
whaling – such as your soundbite 
of the Japanese delegate to 
the International Whaling 
Commission saying: “This is a 
case of accepting the coexistence 
of different cultures,” (  28 June, 
p 12 ). Many people in Australia 
feel this disappointment deeply, 
and find the sullying of the terms 
“scientific research” and “cultural 
practice” a travesty and an insult.

There is no widespread historic 
culture involving eating whale 
meat in Japan. It was eaten after 
the second world war when other 
meat was in short supply. Japan 
has programmes to encourage 
primary schoolchildren to eat 
whale. There is no need for us 
to “educate” our Aboriginal 
children to eat kangaroo or 
goanna (monitor lizards).

Australians are often criticised 
for hunting and eating kangaroo 
or emu. Fair enough, but they are 
at least our kangaroos and emus. 
Killing 500 or more whales in a 
sanctuary around Antarctica – for 
a “scientific programme” that has 
produced nothing of merit and 
sees the vast majority of the catch 
neatly boxed for market when the 
ship reaches port – has nothing to 
do with regional culture.
Narromine, New South Wales, 

Australia

Nature not over yet  
From Dawn Nelson

“Nature is finished” (  5 July, cover  
and    p 32 )? Oh please. Nature is 
just fine, and is busy doing what 
it always does when faced with 
environmental challenges.

Some species are becoming 
extinct, some are adapting and 
evolving, some ecosystems are 
disappearing, and new ones are 
taking their place. Granted, 
humans may be causing more 
rapid changes than do purely 

“natural” events, but it’s hubris 
to think that our effects are 
somehow worse than asteroid 
strikes, or microbes reclaiming 
the planet (  9 February, p 40 ).

Even without human impacts, 
nature is never static. For 
example, I live in the rocky 
Mojave desert, which has been 
inundated by oceans, covered in 
freshwater lakes, and a sand-
scoured desert that would put the 
Sahara to shame. Do we bemoan 
these changes as bad for nature?

The only problem with the 
changes humans are causing is 
that we’re creating a planet 
that will be less beautiful to us 
and less able to support our 

burgeoning numbers. These are 
legitimate concerns but they are 
purely human concerns. No 
matter what comes, nature will 
shrug and get on with adapting.
Henderson, Nevada, US

Electrickery
From Jonathan Zwart

 You extol the virtues of electric 
cars without asking where the 
electricity they need will come 
from (  28 June, p 5 ). It is highly 
unlikely that this electricity
will have zero carbon cost, not 
to mention the additional 
environmental cost embodied 
in the manufacture of and 
infrastructure for these cars.

People should not be lulled 
into thinking that technology 
like this is a cure-all. There is 
no substitute for cutting 
consumption.
Cambridge, UK

Waste not
From David Affleck

I am continually baffled by the 
enthusiasm for using agricultural 
“waste” to produce cellulosic 
ethanol (  21 June, p 30 ). I fail to see 
any material difference between 
that and the use of food crops for 
the production of ethanol.

Directly diverting food to fuel 
production increases not only the 
cost of food but also the cost of 
crop inputs such as fertilisers 
obtained from oil, gas and potash. 
The negative effects on both food 
prices and the environment from 
corn-based ethanol production 
has been extensively documented 
and this seems to have caused 
suspension of critical thinking 
about so-called “crop waste”.

Failure to leave this “waste” – 
be it corn stalks, wheat straw or 
whatever – on the land after 
harvesting robs the soil and the 
farmer of a natural and local 
fertiliser and soil enhancer. If 
fields are continually stripped
with each harvest and all the 
materials turned into food or fuel, 
the inevitable result will be 
depleted and barren soil. That’s 
unless it is enriched with organic 
matter and fertilisers obtained 
off-site, at a cost in both money 
and carbon emissions.

Depletion of the soil will 
progressively lower yields and 
dramatically increase input costs, 
resulting in further scarcity and 
increased prices. The same soil 
impacts would apply also to 
sawgrass, logging “waste” and any 
other plant matter that would 
normally be left in place to decay 
and enrich the soil.
Windsor, Ontario, Canada

Nitrogen trifluoride
From Corning Painter, 

  Air Products 

You reported Michael Prather 
expressing concerns about 
nitrogen trifluoride as “the 
missing greenhouse gas”  (  5 July, 
p 10 ). Air Products believes the 
basic premise of Prather and 
his co-author Juno Hsu – that 

100 per cent of the annual global 
production of NF3 could be 
released into the atmosphere – 
is an inaccurate and implausible 
scenario. More than 20 years of 
research and work with our 
customers finds that less than 
2 per cent of NF3 is released into 
the atmosphere. In fact, we 
developed NF3 as a safer and 
more environmentally sound 
alternative to other materials.

As you noted, we received a 
Climate Protection Award from 
the US Environmental Protection 
Agency for this work in 2002.
NF3 is used in the manufacturing 
process for computer chips and 
certain types of televisions: it is 
split into nitrogen and fluorine 
before it is used. The fluorine then 
cleans the equipment. During this 
process, more than 98 per cent of 
the gas is destroyed. Most of the 
remaining NF3 – less than 2 per 
cent – is then destroyed by 
emission-control equipment.

Global demand for electronics 
continues to drive the need for 
NF3. We continue to work closely 
with our customers to further 
reduce the industry’s impact 
on the environment. We agree 
that the amount of NF3 in 
the atmosphere should be 
measured and are investigating 
techniques to do this.
Walton-on-Thames, Surrey, UK

Survival of the nastiest 
From Jennifer Manson

 Narcissists are not interested 
enough in others to try to 
understand them, or even to care 
about meeting their needs. They 
learn just enough to enable the 
manipulation of others to meet 
their own needs. This works only 
in the short term as most people 
eventually realise that they’re 
being used and that their deeper 
needs are not being met.

Women, like men, are curious 
and attracted to excitement, 
opportunities to explore and 
experience new things, new 
people and new perspectives. 
Narcissistic men can appear 
exciting and challenging, offering 
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new opportunities. Attractive, 
intelligent and capable women 
may feel confident that they can 
conquer this challenge, or at least 
that they’ll have fun trying.

But the narcissist’s self-focus 
ensures that any partner will 
become dissatisfied as she realises 
that this man is not really there 
for her, nor for any children, in 
the long term. Even in the short 
term, the availability of such a 
man depends on how this might 
help him meet his personal needs, 
such as sex, security, status, 
financial support or social 
opportunities. From an 
evolutionary perspective, the 
narcissist’s life is physically 
productive and utilitarian.
Kingston, Australian Capital 
Territory

Einstein and god
From Andy Smith
The interesting thing about 
Einstein’s take on god and religion 
is not that he considered god to be 

non-personal, but that he 
recognised the vast and intense 
intelligence inherent in the 
universe (  5 July, p 50 ). Perhaps in 
the first half of the 20th century it 
was easier to think of personhood 
as a separate thing to physicality, 
and to associate the idea of a 
personal god only with the abuses 
of that concept perpetrated by 
those in power.

But compartmentalisation has 
broken down and the disciplines 
of physics, biology, psychology 
and philosophy are more 
integrated than ever before. Just 
as we ascribe personhood to the 
complex animated system of 
energy, mass and chemistry we 
call the human body, it is not 
unscientific to ascribe 
personhood to the universe.

Science is at a crucial point, 
where we are finding that most 
of the mass in the universe is 
something we know nothing 
about and where we can look so 
closely at subatomic matter that it 
disappears before our eyes. At the 
same time, our ability to reconcile 
ethics with scientific capability is 
being challenged in many areas, 
from genetic design to space 
exploration.

This is no time to write off god 
as an impersonal force of nature, 
nor to write off our fellow human 
beings as expendable units. 
Einstein, genius as he was, may 
have thrown out the baby (a 
personal god) with the bath water 
(abuses of religion), but he didn’t 
get rid of the bath.
Ashford, Kent, UK

History at stake 
From Mark Vernon
A. C. Grayling perpetuates the 
myth that astronomers were 
burned at the stake by the 
Catholic church (  28 June, p 54 ). No 
natural philosopher, as they were 
then known, was ever burned by 
the church because they practised 
what we now call science.

That said, this cannot excuse 
the brutal punishment some 
received for practising alchemy 
and occultism, such as that 
meted out to Giordano Bruno, 
who was burned.

Nor does it minimise the 
sentence of house arrest that 
Galileo received from the 
Inquisition, though it now 
seems the reasons behind that 
punishment had little to do with 
the simple idea that religion and 
science were in conflict. 
London, UK

A. C. Grayling writes:
● The distinction between 
alchemy and occult practices, and 

what we now regard as legitimate 
science, was clear to very few 
people between the 14th and early 
17th centuries. Vernon might 
like to start with the burning at 
the stake of the astronomer-
astrologer Cecco d’Ascoli in 
Florence in 1327, and then proceed 
through the centuries to the 
“cleaning-up” of the University of 
Salamanca – a Spanish hotbed of 
astronomy in the 16th century – 
by the Council of the Supreme 
and General Inquisition (the 
Suprema). A list of names can be 
compiled from the trial records 
that survive.

Plutonium puzzle
From Eric Roberts (and 59 others)
You warn that “the world is 
running out of plutonium” 
(  12 July, p 36 ), but NASA’s James 
Green need look no further 
for new supplies.

We have plenty in the UK, as 
you reported under the headline 
“Radioactive cache grows” 
(  same issue, p 7 ).
Bristol, UK

From Brian Whittaker
This somewhat comical 
juxtaposition arises from your 
failure to mention which 
plutonium isotopes you were 
talking about.

The shortage is of plutonium-
238 – a powerful alpha-particle 
emitter used in space vehicles 
and landers, which is produced 
by irradiating neptunium-237 in 
a reactor.

The surplus is of plutonium-
239 – a fissile isotope used in 
nuclear reactors and weapons 
and, like neptunium, produced in 
the course of reactor operation.
Grove, Oxfordshire, UK
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Enigma
All ten digits
No. 1504 Richard England

HARRY has chosen some 5-digit perfect 
squares (all different) which use only the 
digits 0 to 4, none of them starting or 
finishing with the digit 0. Each of the digits 
0 to 4 is used a different number of times in 
his squares, those numbers of times being 
5 to 9. 

(1) Which eligible square or squares has 
Harry not chosen? 

Tom has chosen some 5-digit perfect 
squares which use only the digits 5 to 9. 
Each of the digits 5 to 9 is used a different 
number of times in his squares, those 
numbers of times being 0 to 4.

(2) Which squares has Tom chosen? 

£15 will be awarded to the sender of the 
first correct answer opened on Wednesday 

27 August. The Editor’s decision is final. 
Please send entries to Enigma 1504, New 
Scientist, Lacon House, 84 Theobald’s Road, 
London WC1X 8NS, or to enigma@
newscientist.com (please include your 
postal address). The winner of Enigma 1498 
is Wilko Willemsen of Wageningen in the 
Netherlands.

Answer to 1498  Cubic date 
The date is 11 September 25



Technology

TO SOUP up your bulletproof vest, 
why not make it antibacterial, too? 
Jie Luo and Yuyu Sun of the 
University of South Dakota in 
Vermillion have done just that, 
using a molecule called 
polymethacrylamide (PMAA).

The pair dipped Kevlar fabric – 
used in fire-retardant clothing 
and bulletproof vests – in a 
solution of PMAA and baked it at 
110 °C. Next they washed the 
coated fabric in a mild bleach, 
where the chlorine atoms 
converted the ends of the PMAA 
molecules into N-halamines, 
which kill many pathogens. 

The fabric retained Kevlar’s 
toughness and thermal properties, 
and killed off E. coli and 
staphylococcus, a virus called 
MS2, the fungus candida, and 
bacillus spores (Industrial and 

Engineering Chemistry Research,
DOI: 10.1021/ie800021p).

FALLS are the leading cause of 
accidental death in people over 
65. Now technology developed
for astronauts could help to 
monitor those at greatest risk. 

When astronauts return home 
after months in zero gravity, they 
have their balance tested. A sensor 
tracks their changing centre  of 
mass as the floor and walls of 
the box they are standing in slide 

2
watts. The power used 
by the CherryPal desktop 
computer, according to 
its maker. A typical PC uses 
more than 100 watts

After finding itself in hot water with 

privacy advocates, Google has begun 

obscuring the faces of people in its 

Street View service, which lets users 

of Google Maps zoom in to view street 

level images. But the images look 

decidedly odd, with whole streets 

peopled by blurred faces. 

It needn’t be this way, says Neeraj 

Kumar of Columbia University, New 

York. Kumar and his colleagues have 

developed software that gives everyone 

a face – just not their own. The software 

randomly selects 33,000 photos of faces 

from picture-sharing sites like Flickr.

com, then picks the most suitable faces 

for each person in shot. Only the eyes, 

nose and mouth are used, resulting in 

a composite image of the two people. 

“It matches subject pose, lighting 

conditions and image resolution,” says 

Kumar. “The selected faces are aligned 

to common 3D coordinates, corrected 

for colour and lighting, and blended 

into the target image.”

The end result is a convincing face 

rather than a blur, although the team’s 

images (tinyurl.com/6ehog5) can be 

spooky, especially when people get 

features from the opposite sex. What’s 

more, the software works automatically. 

“Previous face replacement software 

required manual assistance, much 

like editing an image in Photoshop,” 

says Kumar.

Aside from Street View, the system 

could be used to obscure the faces of 

military personnel or eyewitnesses 

to crime. It could also allow amateur 

photographers to improve group shots, 

by replacing frowning faces with better 

photos of the same people.

TWO FACES BETTER THAN ONE

and tilt. A version of the software 
used in this system has now been 
developed to fit inside a shoe. 

Erez Lieberman of Harvard-
MIT Health Sciences and 
Technology in Cambridge, 
Massachusetts, and his colleagues 
created an insole containing 
sensors that detect pressure 
changes when the wearer’s foot 
moves. The data is passed to a 
control box outside the shoe, 
before being sent wirelessly to 
a computer that could report 
balance problems to a doctor.

Is that person on the phone your friend, an impostor or a prankster? You can find 

out by taking advantage of the unique way every human ear canal reflects sound – 

its “otoacoustic signature”. In a US patent filed last week, Alcatel Lucent of France 

claims that callers can be identified by sending a few clicks down the line and 

comparing the echo from the ear canal to a database of these otoacoustic signatures. 

UK defence firm Qinetiq is developing an uncrewed surveillance aircraft that can 

fly like a plane and hover like a helicopter. Previous aircraft have done this by using 

swivelling propellers, but in Qinetiq’s case the entire vehicle tilts upwards into a 

nose-up vertical position. When vertical its wings exert no aerodynamic lift, but 

very high thrust from the propellers, pointing straight up, keep the craft hovering.

GIZMO

Graphene sheet  
(1 atom thick) 

supports 
2.9 micronewtons

A sheet 100 micrometres 
thick (equivalent of 

plastic food wrap) would 
support a 2-tonne pick-up

SKINNY BUT TOUGH

Graphene, atom-thick sheets of carbon, 
is the strongest material ever measured

John Lewis, head of life-support systems for the Orion space capsule at NASA, on why the agency wants its workers’ urine. Designers of the capsule – 

which will carry astronauts to the International Space Station and the moon – need to find a way to dispose of stored urine (Chinaview.cn, 16 July)

“You can’t make fake urine”

–Find me a face, any face–
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Vest stops more 
than bullets

Shoe sensors help 
monitor balance
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Technology

 IT’S mysterious, intangible and 
invisible, and exists in far larger 
quantities than we can actually 
see. No, it isn’t dark matter, and 
it doesn’t involve galaxies. Dark 
liquidity is the latest way for 
investors to get the best out of 
financial markets  – and the cause 
of a technological arms race 
between stock traders.

When an investor wants to buy 
or sell a large block of stock, their 
biggest concern is that other 
traders will notice their intention 
and take positions against them – 
changing the market price to their 
detriment. “The fundamental 
problem is trying not to show 
people what you’re doing, while 
trying to read where everyone else 
is going,” says Richard Balarkas, 
CEO of Instinet Europe, a London-
based brokerage firm.

This “market impact” is a real 
problem for investors such as 
pension fundholders, which tend 
to trade stock in very large 
quantities and often at times 
specified rigidly by investment 
policies – for example, selling 
stocks that have fallen out of 
equity indexes such as the FTSE-
100. Traders can spend months 
slicing up large blocks of stock 
and discreetly selling off the 
pieces, just to minimise market 
impact, says Doyne Farmer, an 
expert in complex systems at the 

Santa Fe Institute, New Mexico, and
founder of Prediction Company, 
a quantitative trading firm. 

So big investors are always 
looking for liquidity – the ability 
to place orders without moving 
the market. Markets that offer 
“dark” liquidity cater to this need 
by the simple expedient of not 
publicly displaying the order. 
That means no one can exploit 
that information for their own 
benefit, but creates a bizarre 
situation: vendors may put large 
blocks of stock up for sale, but 
would-be buyers have no concrete 
way of knowing that it’s there. 
Both sides rely on the market 
operator to make sure a deal gets 
done (see table, right).

That might seem perversely 
complicated, but dark liquidity 
may have a critical role to play in 
financial markets. On an average 
day, $16 billion worth of stock is 
traded on the London Stock 
Exchange (LSE), less than 0.5 per 
cent of the total capitalisation 
of stocks listed on the exchange. 
Dark liquidity will facilitate 
much greater volumes of trade, 
argues Balarkas, provided that 
algorithms can be developed that 
allow buyers and sellers to find 
each other efficiently in the dark.

Dark liquidity is made available 
in a number of ways. Some 
brokerages offer “iceberg” orders, 
in which they break up a big order 
into smaller orders that are each 

Dark pools – a way to buy and sell stocks in secret – 
have set off a technological arms race between traders

sent to market in turn . Others 
have set up “dark pools”, which 
resemble any other stock-trading 
venue – except that they make a 
secret of the price being asked and 
the volume of stock being offered. 

Many of these dark pools don’t 
advertise their existence, but it’s 
estimated that up to 40 have been 
set up. Most are based in the US, 
but they are starting to appear 
in Europe. The highest profile is 
Turquoise, a London-based dark 
pool established by nine big 
securities dealers as a venue for 
European share trading that is 
due to start trials next month. 
Its advent prompted the London 
Stock Exchange to announce in 
June that it would also be 
developing a pan-European dark 
pool whose name – Baikal – refers 
to the world’s deepest lake.

Developing a dark pool is far 
from straightforward: Turquoise 
has been unkindly nicknamed 
“Tortoise” in the City – London’s 
financial district – because of its 
slow rate of development. On the 
one hand, dark pools have to 
ensure that buyers can find 
sellers; on the other, they must 
avoid giving away information 

about the quantities and prices 
of the stocks lurking in their 
depths. “The name of the game is 
controlling information leakage,” 
says Fred Federspiel, president of 
Pipeline, a New York-based 
company that runs a dark pool.

That’s far from easy, because 
there are third parties actively 
trying to extract that information. 
For buyers, trading in the dark is a 
bit like seeing a product for sale in 
a shop window, but not being able 
to read the price tag or guess how 
many others there are in the 
stockroom. Does the shop have 
lots of stock to get rid of at bargain 
rates, or is the product as scarce 
and overpriced as a popular toy at 
Christmas? But at least when you 
buy something in a shop you can 
be fairly confident that there 
aren’t any third parties actively
plotting to make your purchase 
more expensive. That’s not the 
case for big investors making 
massive stock trades.

What’s in the water?
 In an effort to find out what’s 
floating in the dark pool , so-called 
“statistical arbitrage” firms place 
small orders to probe how much 
stock a pool conceals, and its 
going price. If the orders are 
fulfilled, they yield information 
that can be used to bet on likely 
price movements.

Statistical arbitrage firms 
specialise in this activity, but 
they’re not the only ones taking 
an interest: “If the large pension 
funds know you are trying to get 
rid of a large block of stock they 
would probably try and do the 
same thing. It’s a herd mentality,” 
says Balarkas.

To counter this sniping, 
investors use their own 
algorithmic trading systems 
to read the market. The idea is 
to work out the most effective way 
to allocate chunks of a block of 
stock to different dark pools. For 
example, Pipeline offers its 
customers a system that looks at 
50 different variables across the 
market, such as trends in the 
pricing and availability of shares 
being traded in the public market, 
as well as trying to infer what’s 

Investors head 
into the darkness 
to sell stocks

DUNCAN GRAHAM-ROWE
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best of everything in a one-stop 
shop,” he says. But such a radical 
approach is bound to unsettle 
market supervisors. About four 
years ago, L’Huillier was involved
in an effort to create a similarly 
integrated pool at the Boston 
Stock Exchange, but the move was 
vetoed by the US Securities and 
Exchange Commission. “Back 
then the SEC was afraid of the 
dark,” he says.

There may still be cause for 
concern. “Dark pools are in a 
certain way parasitic,” says 
Farmer, because their participants 
rely on public markets to provide 
reference prices, but their 
transactions don’t contribute 
directly to the public prices that 
most investors see. So public 
prices may not accurately 
represent the true value of stocks. 
“If things get too far out of hand, 
governments would have to start 
to create rules prohibiting dark 
pool activity,” says Farmer.  ●

available in other dark pools.
“We are also using techniques 

developed by statistical arbitrage 
firms, looking at what shares are 
sold and what price they are sold 
at, to infer prices under hidden 
orders,” says Federspiel . “There 
are thousands of transactions 
a second. It’s a significant 
computational effort.” 

This information is used to 
decide which of many different 

algorithms should be used to 
place orders in different pools. 
“This requires switching between 
dramatically different tactics 
between bids,” he says. 

Of course, legitimate buyers 
still need to be able to find this 
liquidity. So a plethora of 
companies have started to offer 
“dark aggregation” services, 

which use their own algorithms 
to find out where these large 
blocks are hidden. This is 
technically challenging, says 
Balarkas. “In a perverse sort of 
way, it’s designed to be found, but 
not to let you know that it’s there.” 
After all, if you can find it, then in 
theory so can anyone else. The 
other side of the coin is that 
buyers need to ensure they don’t 
reveal what they’re looking for, 

for fear of pushing the price up. 
Instinet’s NightHawk system 

uses probabilistic analysis to 
create what Balarkas calls 
“thermal maps” of where the 
dark stuff is. For any firm to 
reveal precisely how these 
algorithms work would amount 
to commercial suicide, he says. 
But what works in the favour of 

these dark aggregators is that their 
orders are legitimate, so they can 
afford to probe for larger amounts 
of stock; statistical arbitrage 
firms, who may not actually be 
interested in bulk buying, need 
to minimise their expenditures. 

Another approach is to 
integrate visible and dark pools. 
This is what Turquoise will offer, 
allowing buyers to see small 
stock orders and their prices, 
but letting them ask for larger 
quantities than those publicly 
offered. They may just end up 
with the small amount of stock 
that’s visible, but if there are 
larger blocks of stock floating 
in the dark pool, they will walk 
away with a much larger chunk, 
potentially at a better price than 
they originally offered. 

This integration offers 
customers the best possible 
prices, according to Yann 
L’Huillier, Turquoise’s chief 
technology officer. “You get the 
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“Dark liquidity is designed to be found, 
but not to let you know that it’s there”

–Watching from the shadows–
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WHEELED robots designed for 
security or military work have 
always had one fatal flaw: despite 
state-of-the-art technology, they 
can usually be foiled by something 
as mundane as a staircase. That 
could soon change.

Sporting two recycled mineral-
water bottles, ScoutRobot may 
look like a cross between R2D2 
and a piece of landfill, but it can 
sense a step ahead of it, assess its 
height, and jump onto it.

The technology was developed
by Dong Hwan Kim and 
colleagues at the Seoul National
University of Technology in South 
Korea and could allow wheeled 
robots to leap on to or over 
obstacles, rather than being 
forced to navigate around them 
or give up entirely when target 
locations are too high to reach. 
“We want to eliminate the time 
wasted by detours,” says Kim. 

Jumping could also make 
ScoutRobot quicker at overcoming 
obstacles than tracked robots 
such as iRobot’s military machine, 
PackBot, which can climb stairs, 
but relatively slowly.

Previous attempts to develop 
jumping wheeled robots typically 
involved using a motor to 
compress a spring to the desired 
degree before releasing it against 
the ground, hurling the robot 
upwards and forwards. However, 
the combined weight of the 
motors, spring and the strong 
clutch mechanism needed means 

that such robots land heavily, 
damaging delicate onboard 
cameras and sensors.

Instead, Kim’s team developed
an ultra-lightweight version of an 
old technology: the pneumatic 
ram. Powered by compressed air 
stored in two 2-litre plastic 
bottles, the ram – an aluminium 
cylinder – is fired to launch the 
robot to the required height. 

To determine how much 
compressed air is needed for the 
jump, an onboard processor first 
calculates how fast the robot is 
travelling, using information 

from its 25-centimetre-diameter 
wheels. It also works out the 
distance to the obstacle and its 
height, using stereoscopic cameras 
and ultrasound sensors. The 
processor uses this information 
to calculate the jump, then sends 
a signal to a solenoid valve that 
squirts high-pressure air into the 
ram for the right length of time.

When the robot lands on the 
step, its momentum makes it 
lean forwards. So a small motor-
powered arm rights the chassis. 
“The robot was designed to jump 
without inflicting serious damage 
to its body and to recover its initial 
pose after the jump,” says Kim.

“This is an elegant solution to 
a difficult robotics problem,” says 
Noel Sharkey, a roboticist at the 
University of Sheffield, UK. “The 
clever part is that it determines 
the height of an obstacle before 
deciding to jump onto it, jump 
over it or go around it,” he says. 
However, he warns that because 
that the robot has no way of 
determining the depth of an 
obstacle, or what’s on its upper 
surface, it risks getting stuck in 
mud or rubble on the other side. 

Kim is developing a jumping 
robot the size of a soda can, using 
the compressors from toy air 
guns. An unnamed toy company 
is planning to exploit the 
technology, he says.  Paul Marks ●

THE pink, fleshy tongue curls up and 

down inside the bare skull’s jaws as it 

talks, as if mouthing a silent prayer. 

This is no excerpt from a bad horror 

film, but an animatronic tongue 

designed to improve the accuracy 

of speech-recognition software.

Existing systems are only reliable 

if people talk in a steady, uniform 

manner. In reality, speech varies 

depending on where you are and 

what you’re doing. For example, you 

may start slurring your words when 

you become tired. 

Feeding recognition systems 

with larger and larger databases of 

recorded speech has not significantly 

improved their ability to cope with 

such variation, says Robin Hofe of 

the University of Sheffield, UK. 

He believes we need a better 

understanding of how the mouth 

produces sounds if we are to develop 

better software. 

However, getting data from inside 

a human mouth is difficult. “You 

would need to embed electrodes 

within the muscles of the tongue,” 

he says. This would be a painful 

procedure, and would also be 

unlikely to produce accurate results.

Hofe and his supervisor, Roger 

Moore, think they may have found 

a solution with Anton, a mechanical 

tongue and jaw that accurately 

mimics the muscular activity used 

to produce sounds. The tongue is 

made from a soft silicone called 

EcoFlex, which changes shape 

under pressure without losing 

its volume, like a real tongue. 

Embedded within the silicone are 

seven layers of fibre mesh, each 

attached to a motor. The meshes 

help to spread the movement 

produced by the motors across the 

tongue, mimicking muscular control. 

Additional motors control the jaw – 

a plastic cast from a real skull.

So far, the researchers have 

compared Anton’s movements with 

MRI scans of real mouths making 

vowel sounds. The prototype 

successfully mimicked the 

movements required for the vowel 

sounds “a” and “u”, but struggled 

with “i” sounds. They plan to embed 

artificial muscles, such as shape-

memory polymers, inside the tongue 

to make it more realistic, and a 

future version may also produce 

sound. The team will present Anton 

at the International Society of Artificial 

Life conference in Winchester, UK, 

starting on 5 August.  David Robson ●

“The tongue is designed 
to improve speech-
recognition software”

ONE GIANT LEAP FOR ROBOTKIND

ScoutRobot takes the measure of obstacles, then conquers them by releasing compressed air to 
fire a pneumatic ram

Jumpy robot 
makes light 
of obstacles

Artificial mouth 
sets tongues 
wagging
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Stereoscopic cameras

Pneumatic ram

Air tanks

Processor



TA
VI

S 
CO

BU
RN

28 | NewScientist | 26 July 2008 www.newscientist.com



 What combines the romance of 
space travel with the visceral thrill 

of road racing? Welcome to the new 
era of motor sport, says Greg Klerkx

●
THE skies above Oshkosh, 

Wisconsin, are usually as 

sleepy as the town below, but 

in August they come alive with the howl 

of jet engines and whirr of propellers. 

Oshkosh is home to the world’s largest 

annual air show, properly called the EEA 

AirVenture Oshkosh but affectionately 

known as “Oshkosh” by the nearly 1 million 

fans who flock to it every year.

Over the years Oshkosh has seen it all, 

from elegant second-world-war Mustangs and 

Spitfires to cutting-edge 21st-century planes 

such as the stealthy F-22 Raptors. In 2005, it 

hosted the first and only public appearance 

of Burt Rutan’s SpaceShipOne after it had   won 

the X Prize  for being the first privately funded 

spacecraft to make it into space twice within 

two weeks.

This year’s show will feature another first: 

the throaty roar of rocket-powered planes 

going head-to-head in a race of speed and 

agility. After nearly three years of rumours, 

false starts and setbacks, the Rocket Racing 

League (RRL) will take to the air at   Oshkosh 

2008 . RRL has exhibition races scheduled for 

1 and 2 August, and while these will be a mere 

taster for a full-blown event involving at least 

six teams  (see table, page 31), the RRL’s 

founders hope the exhibition will light a fire 

under an idea that marries the other-worldly 

fascination of space tourism with the visceral 

excitement of big-time motor sport. The 

organisers also hope the RRL will boost the 

private space industry, both in terms of 

popular appeal and technological progress.

Rocket-powered planes have been 

around for more than 60 years, though as 

a commercial proposition they have never 

really got off the ground. In the second world 

war, the Germans and the British added 

rockets to propeller or jet aircraft to give them 

extra oomph on short runways or to lift heavy 

payloads. In the early days of the space race, 

rocket-powered planes clocked up some 

important aviation milestones. 

In 1947, a US air force plane called the Bell 

X-1 became the first plane to break the sound 

barrier – around 1225 kilometres per hour, 

depending on air temperature and pressure – 

while in the 1960s the mighty North 

American X-15 set a speed record that still 

stands, 7274 kilometres per hour (Mach 6.7). 

The X-15 was also the first plane to reach the 

edge of space and held the altitude record 

until 2004 when it was beaten by 

SpaceShipOne – also rocket-powered.

The rocket planes lined up for Oshkosh 

can’t climb as high as the X-15 and with a top 

speed of around 480 kilometres per hour they 

won’t break the sound barrier. But the crowd

should still be treated to a thrilling spectacle.

At the start of the race two  planes will blast 

along the runway and take off steeply, engines 

aflame and roaring, then climb sharply to 

a height of about 400 metres where they 

will navigate several laps of an 8-kilometre 

virtual circuit, roughly 3.2 kilometres long 

and 800 metres wide. The route will keep the 

planes within view of the crowd at all times, 

with several close passes so spectators can see 

the flames and hear the howl of the engines. 

The winner will be the pilot who successfully 

completes the course in the fastest time. (The 

number of laps hasn’t been specified yet, 

though the RRL says it expects the real races 

to be four laps.)

Each plane will be powered by a single 

rocket engine capable of 6700 newtons of 

thrust, giving it similar acceleration to a state-

of-the-art fighter plane. The engines will carry 

enough fuel to burn for about 4 minutes, 

meaning that the pilots will have to pursue a 

“burn-and-glide” strategy to stay in the air for 

the 12 minutes or so it will take to complete 

the course. The initial take-off burn will last 

about 45 to 60 seconds; after that the duration 

of the burns will depend on the course and the 

pilot’s strategy.

In a real RRL race, pilots will see the course 

as a series of fly-through hoops on displays 

inside their helmets. The RRL hasn’t released 

the details of the exhibition races, but they 

won’t be quite as sophisticated as that. Each 

plane will have its own track to reduce the 

risks of a catastrophic collision – though of 

course no one can guarantee the contest will 

be completely safe.

More lift, less drag
The planes themselves are an unusual design. 

Both employ a “canard” configuration in 

which the horizontal tailplane is mounted 

at the front of the fuselage rather than at the 

back. Because it offers greater lift and less 

drag, this design is particularly well suited 

to rocket planes and other “pusher” aircraft, 

where the propulsion system is at the rear.

The planes will be built by Velocity Aircraft 

of Sebastian, Florida, which was recently 

bought by RRL for this purpose. Both are 

off-the-shelf models from Velocity’s range of 

propeller-powered planes, one a Velocity SE 

and the other a Velocity XL, with the 

propellers replaced by a rocket engine. RRL 

will eventually choose one of the planes as the 

prototype for a standard RRL plane, which will 

be called the Rocket Racer .

For the engine, the RRL initially had 

a contract with just one company, XCOR 

Aerospace of Mojave, California, which has 

been experimenting with rocket planes since 

the late 1990s. In May, however, the RRL 
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powered experimental EZ-Rocket plane 

at Oshkosh in 2002. He told New Scientist

that the feel of a rocket plane in flight is very 

different from propeller or jet-powered 

aircraft. “Since the rocket motors consume 

a copious amount of fuel, the take-off and 

initial climb gross weight is very heavy,” he 

says. “Once the take-off, initial climb angle 

and airspeed are obtained the ride gets better 

and better, steeper and faster. The thrust on 

your back lets you know you are getting with 

the programme.”

Another veteran military and test pilot 

with rocket-plane experience is Rick Searfoss, 

who has also flown three shuttle missions. 

He compares rocket-plane performance to 

that of the T-38, a popular training jet used 

by the US military. “It’s definitely more 

challenging than a light aircraft,” he says. “But 

it’s less challenging than performing a full-up 

mission in a fighter-type aircraft.” However, 

he adds that because the RRL vehicles are still 

very much prototypes, “we haven’t yet seen 

anything close to best performance”.

Searfoss has long-standing links with 

XCOR and has been hired by RRL to fly in the 

exhibition race, where he will be piloting the 

Velocity SE with an XCOR engine. The other 

announced a second deal with Armadillo 

Aerospace of Rockwall, Texas, to design and 

build a competing engine. The idea is to give 

the RRL teams a choice of engine much as 

Formula 1 teams used to be able to choose 

between Bridgestone and Michelin tyres.

XCOR’s engine will use a mixture of liquid 

oxygen (LOX) and kerosene, a departure from 

the company’s traditional LOX-alcohol mix. 

The decision, says XCOR spokesman Douglas 

Graham, is largely aesthetic: alcohol gives 

a colourless burn, but the RRL wants to wow 

spectators with bright, colourful flames. 

Armadillo is likely to stick with a LOX-alcohol 

mix, but may seed the flame with sodium or 

another chemical to produce colour.

A key difference between XCOR and 

Armadillo’s engines is control. Most rocket 

engines have no throttle: they’re either on or 

off. XCOR’s engine will stick with this design, 

but Armadillo’s will have a throttle, allowing 

pilots greater flexibility with their burn-and-

glide strategy.

Flying a rocket plane isn’t for novices. 

Veteran test pilot Dick Rutan, brother of 

SpaceShipOne’s Burt Rutan, is one of only 

a handful of experienced rocket-plane pilots, 

whose exploits include a stint in an XCOR 
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“You are miles high and alone. The words ‘you 
got a clean shutdown’ are most agreeable”

One of the RRL’s test 

planes takes off on 

a flight last October

Record-breaking rocket 

planes Bell X-1 (top) and 

the North American X-15
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pilot, Len Fox, will fly the Velocity XL, which 

is slightly wider and longer than the SE, 

powered by an Armadillo engine. “There’s 

not much difference between the aircraft,” 

says RRL chief executive Granger Whitelaw. 

“We’re just testing some safety and 

performance parameters.”

Whitelaw, an entrepreneur who was part 

of the Indianapolis 500 winning teams of 

1996 and 1998, co-founded the RRL in 1995 

with X Prize impresario Peter Diamandis. The 

idea was to combine the pioneering spirit of 

the X Prize with the more down-to-earth 

world of motor racing, with its blend of high 

technology and crowd-pleasing thrills.

One important parallel between the RRL 

and motor racing, says Whitelaw, is that the 

competition will stimulate technological 

advancement. Formula 1, IndyCar and 

NASCAR all serve as test beds for a variety 

of technologies, from rubber compounds 

to valves, brakes and safety harnesses. “So 

many things that go into a race vehicle end 

up in your car,” says Whitelaw. “That’s why 

Indy and other races are heavily supported 

by manufacturers.”

Much as motor racing teams generate 

intellectual property in the form of engines, 

materials and parts, so the RRL will end up 

owning new aerospace technologies. Velocity 

Aircraft will design a standard airframe and 

avionics for all teams in the league , although 

the teams will be allowed to make “small 

adjustments”; XCOR and Armadillo will do the 

same for the engines. In this way the RRL and 

its affiliates will create intellectual property 

they can sell or license to the aviation and 

private space industries.

Big money
Whitelaw also hopes that the RRL will 

stimulate competition and cooperation in 

private space-flight, much as the X Prize did. 

“If you get Virgin and Bigelow and Blue Origin 

[the space company created by Amazon.com 

founder Jeff Bezos] and others to work 

together, you’ll have more success,” he says. 

“The league is a place they can do that.”

Potentially, there is big money to be made 

from ticket sales and merchandise. Whitelaw 

points out that the two existing plane-racing 

events, the Reno and Red Bull air races, attract 

millions of people. “It’s huge,” he says.

Spectators at a real RRL race will see 

something quite different from the Oshkosh 

exhibitions. The real league has six teams so 

far, and races will feature multiple aircraft – 

possibly as many as 10 – with several in the air 

at any one time. Since the races are not head-

to-head contests but a set of individual time 

trials, there is no equivalent of pole position 

and no obvious race leader. Each race will have 

several heats and require at least one pit stop 

for refuelling, says Whitelaw.

He says that one of the more nerve-racking 

aspects of an RRL race will be the process of 

landing, refuelling and getting airborne again 

as quickly as possible. “The big events in 

rocketry are start and shut down,” says 

Rutan. “Each has its own unique set of 

sequences that must go just right. If not, 

real bad things can happen.”

It’s not hard to work out what those real 

bad things might be: since rocket engines rely 

on the controlled combustion of highly 

volatile chemicals, fires and explosions are 

not infrequent. Last year three people were 

killed at Burt Rutan’s Scaled Composites in 

Mojave, California, when an experimental 

propellent system for SpaceShipTwo 

  exploded . Dick Rutan recalls one test flight 

where he had to “get out and run” from a 

rocket plane while it was still on the ground – 

not an option when you’re shutting the 

engine down in flight during a burn-and-glide 

race. “You are miles high and all alone,” he 

says. “The words ‘you got a clean shutdown’ 

are most agreeable.”

As an added complication, the rocket 

planes will land only after they have burned 

through all their fuel, meaning they’re 

essentially gliders performing a “deadstick” 

landing, at the mercy of gravity and what little 

aerodynamic performance the pilot can coax 

out of them. “No second chance with that,” 

Rutan says dryly.

On top of the flying challenges, the RRL 

teams will need smart strategy and effective 

teamwork. “It’s definitely a thinking man’s 

game,” says Searfoss. As in Formula 1 or 

NASCAR, successful RRL teams will need to 

employ detailed planning, clever engineering 

and meticulous operation before and  during 

the race. “It ain’t gonna be just turn-and-

burn,” says Searfoss.

Even if all goes well at Oshkosh, Searfoss 

isn’t yet convinced that the RRL will be ready 

to take off in earnest. “Conceptualising this 

rocket-plane racing operation is one thing 

and it’s a very exciting prospect,” he says. “But 

actually designing, building, testing and flying 

these systems is orders of magnitude more 

difficult than I believe virtually anyone 

recognises.” The league also has to decide how 

many races to hold in a season, and where.

Right now, RRL’s leadership are happy just 

to be getting the exhibition races off the 

ground. After the league formed in October 

2005, several teams joined up only to drop 

out or fold. The first exhibition race was 

lined up for the 2006 Wirefly X Prize Cup, but 

didn’t happen. Along with Oshkosh though, 

the RRL is scheduled to fly three more 

exhibition races before the end of this year, 

and the first full RRL race could happen as 

early as next year.

“I really want to get through one or 

two exhibition races, to see how the tech looks 

and feels, how fans react,” says Whitelaw. 

“There’s a lot to consider. We have to produce 

multiple planes, train multiple teams, make 

sure the Federal Aviation Authority is 

comfortable with everything we’re doing. 

I just think you’ve got to do things right.” Get 

it right, though, and the NASCAR of the skies 

can start dreaming of soaraway success.  ●

Greg Klerkx is a writer based in London

Read previous issues of New Scientist at 
www.newscientist.com/archive.ns
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Bridenstine Rocket Racing 

Date joined: Sept 2006

Owner: US Navy Lt James Bridenstine 

Rocket Star Racing

Date joined: Oct 2007 

Owner: former US Navy test pilot

Todd White 

Team Extreme Rocket Racing 

Date joined: Oct 2007 

Owner: US Navy pilot Lt Bryan Schwartz 

Beyond Gravity Rocket Racing 

Date joined: Oct 2007 

Owner: Canadian space entrepreneur 

Brian Feeney 

Santa Fe Racing 

Date joined: Oct 2006 

Owner: Marc Robert Cumbow, 

an Albuquerque land developer 

Thunderhawk Rocket Racing 

Date joined: May 2007 

Owner: Rocket Racing League 

Six teams have signed up so far to compete in the inaugural 
rocket plane races, which could happen next year

C;;J�J>;�J;7CI



●
IN APRIL, the Israeli scientist Amnon 

Marinov announced that he had 

glimpsed a mysterious island. It was 

something that he and many rival explorers 

had long been seeking – but few of those rivals 

were prepared to accept that he had really 

found what he said he’d found. Yet if he is 

right, physicists may have to reconsider what 

they know about the outer limits of matter. 

What Marinov of the Hebrew University 

of Jerusalem and his colleagues claim to have 

discovered is a monstrous atom with by far 

the heaviest nucleus ever seen, packing a 

whopping 122 protons and 170 neutrons. 

Crucially, the team had not synthesised it in 

the lab, but found it in nature, in a sample of 

purified thorium. The discovery implied that 

the element had a half-life of no less than 100 

million years (  www.arxiv.org/0804.3869 ).

Had his team finally stumbled upon the 

fabled “island of stability” – a region populated

by superheavy atoms that is widely believed

to exist beyond the outer reaches of the 

periodic table? Possibly, but a key problem 

for Marinov’s atomic giant is that 100-million-

year half-life. “It couldn’t be shorter or we 

wouldn’t see it,” he explains. This is incredibly 

long for such a massive element, and goes 

against the theoretical grain. No wonder 

his claim has been viewed with scepticism. 

The island of stability is no flight of fancy, 

though. It is predicted by well-established 

theory, the same theory that casts doubt 

on Marinov’s claim. By smashing atomic 

nuclei together, some of the rival teams have 

synthesised elements just a handful of protons 

short of Marinov’s purported record-breaker. 

Step by step, they just might reach their goal. 

“People have always been interested in this 

problem, especially the limits of the material

world’s existence,” says Yuri Oganessian of 

the Joint Institute of Nuclear Research (JINR)

in Dubna, Russia.

Leaving aside Marinov’s possible find, the 
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Higher, higher!

The quest for the biggest atoms in the universe is 
teetering on the brink of the possible, says Tim Dean

heaviest known naturally occurring element 

is uranium, with an atomic number of 92 – the 

number of protons in its nucleus. In 1941, Nobel 

prizewinner Glenn Seaborg and his team at the 

University of California, Berkeley, synthesised 

the first element heavier than uranium by 

bombarding it with neutrons. The new element 

had an atomic number of 94 and was named 

plutonium. Subsequently, Seaborg made 

significant extensions to the periodic table, 

predicting several more elements heavier 

than uranium. His team went on to synthesise 

a total of 10 so-called transuranium elements, 

culminating in 1974 with what was eventually 

named seaborgium, atomic number 106.

Superheavy monsters
Since then, others have taken on the challenge 

of making “superheavy” elements (anything 

with an atomic number of 104 or more 

qualifies as superheavy). This is more than 

just an exercise in machismo: pushing the 

boundaries of matter puts theoretical models 

of atomic structure to the test.

When Seaborg started his work on 

transuranium elements, the accepted theory 

of the nucleus was the “liquid drop model”, 

developed by Niels Bohr and John Wheeler . 

This envisaged the nucleus as a drop of 

charged liquid whose surface tension 

counteracted the mutual repulsion of the 

protons within, keeping the nucleus stable. 

In the 1960s, however, researchers at JINR 

showed that the lifetimes of some isotopes 

of the transuranium elements were orders 

of magnitude less than that predicted by 

the model, so it fell by the wayside.

The liquid drop model has now been 

replaced by another model in which protons 

and neutrons populate discrete energy levels, 

or “shells”, within the nucleus, much as 

electrons exist in shells around it. Each 

shell has a maximum number of protons 

and neutrons it can hold. For protons, the 

capacity of the first shell is 2, followed in 

turn by shells containing 6, 12, 8, 22, 32 and 

44. Neutrons are thought to exist within an 

identical framework. Crucially, the model 

shows that when a nucleus has a full 

complement of protons or neutrons in its 

outer shell, it is highly stable, and even more 

stable if it has a full complement of both types 

of particle. For example, an oxygen nucleus 

is extremely stable because it contains 8 

protons and 8 neutrons, which means its 

outer shell is full, containing 6 protons and 

6 neutrons. As a result of all this, the numbers 

of protons and neutrons that lead to full shells 

have been dubbed the “magic numbers”. They 

are 2, 8, 20, 28, 50, 82 and 126 (due to a 

modification in the theory to account for the 

effects of huge nuclei, the proton numbers of 

114 and 120 are also considered magic).

This model successfully explains why 

some heavy-ish elements are unstable, 

such as the highly radioactive polonium 

(atomic number 84), while their neighbours 

on the periodic table, such as lead (82), are 

not. It’s because lead is magic. In fact, strictly 

speaking, it’s doubly so: its most stable isotope, 

lead-208, has a magic number of both protons 

(82) and neutrons (126). Change the number 

of neutrons and you get a different isotope 

of lead, which is not doubly magic any more 

and therefore less stable. 

Another prediction of the shell model 

is the existence of long-lived superheavy 

elements – the island of stability – amidst 

a sea of unstable elements (see diagram,

page 34). These elements should have magic 

numbers of protons and neutrons that lend

stability to an otherwise shaky ensemble. 

According to the theory, the next doubly magic 

element will have 114 protons and 184 neutrons.

Hot on the trail is Oganessian’s team. 

Along with colleagues at the Lawrence 

Livermore National Laboratory (LLNL) in 
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184 neutrons to reach its peak stability.

Nevertheless, Shaughnessy reckons 

calcium-48 may have outlived its usefulness. 

“We have basically run out of reactions using 

the calcium-48 beam, so we are now trying to 

develop new beams, such as iron,” she says.

Combine a beam of iron nuclei with a 

plutonium target, and element 120 could 

be within reach. However, this is not any 

old plutonium. It has to be plutonium-244, 

an extremely rare and extraordinarily stable 

isotope. “We currently have what amounts 

to the world’s supply of plutonium-244,” says 

Shaughnessy. This highlights the challenge of 

synthesising superheavy elements: researchers 

are being forced to use exotic elements such 

as curium, americium and californium, which 

themselves have to be made in the lab.

Meanwhile, theoreticians are investigating 

just how stable some of these superheavy 

elements are. Early this year, Partha 

Despite the difficulties, the race is on 

to synthesise element 120 (which should be 

easier than 119). Shaughnessy’s challenge is 

to produce the exotic materials required for 

the beam and the heavy target atom. One 

reason the joint Russian-US team successfully 

synthesised element 118 is their use of the very 

rare and expensive isotope calcium-48. This 

doubly magic isotope has 20 protons and 28 

neutrons, which also makes it unusually 

neutron-rich for such a light element. That’s 

important, because when synthesising a 

superheavy element you need all the neutrons 

you can get. Something like element 118 needs 

California, the team has pioneered the 

synthesis of atoms heavier than seaborgium. 

So far, they have made elements with atomic 

numbers 113, 114, 115, 116 and 118 – the heaviest 

made to date. But because these elements 

have only 173 to 177 neutrons, far fewer than 

the magic number 184, they are incredibly 

unstable, with half-lives from 

fractions of a millisecond to a few 

seconds. Still, the researchers are 

mastering the techniques 

that could help them reach 

the island of stability.

The procedure involves 

bombarding certain heavy 

elements with a beam of lighter “naked” 

nuclei – atoms with their electrons stripped 

away – in the hope that they might fuse into 

a new element. The key is to use nuclei for the 

beam that have just the right number of 

protons to form the superheavy element you 

want. For example, element 118 was formed 

by fusing californium, which has 98 protons, 

and calcium, which has 20.

It’s a fiddly and laborious procedure. 

The beam has to have just the right amount 

of energy to encourage fusion with the target. 

If the atoms have too little energy, electrostatic  

repulsion between the two atomic nuclei 

causes them to ricochet apart. Use too much 

energy and the resulting combined nucleus 

is overexcited and unstable. “The probability 

of fusing a beamed particle with one of the 

target nuclei is extremely small,” says LLNL 

team member Dawn Shaughnessy. 

Experiments can last for months, and 

produce as little as one superheavy element 

per month. “But one atom is all that’s 

needed to confirm the existence of a new 

element,” she says.
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“One atom is all that 
is needed to confirm 
a new element”



Chowdhury and Chhanda  Samanta of the Saha 

Institute of Nuclear Physics in Kolkata, India, 

modelled the stability of 1700 isotopes of 

superheavy elements, with atomic numbers 

from 100 to 130 (  Physical Review C, vol 77, 

p 044603 ). Their calculations confirm that 

a smattering of superheavy elements should 

be stable enough to resist spontaneous decay 

for long periods, some for up to hundreds of 

thousands of years.

But not for millions of years, so it’s little 

wonder that Marinov’s claim for element 122, 

with a half-life of at least 100 million years, 

raised eyebrows, if not hackles. However, 

it was not just the claims of a half-life that 

drew fire; the experimental technique was 

also criticised. Marinov’s team ran a purified 

solution of natural thorium – atomic number 

90, atomic mass 232  – through a mass 

spectrometer, which measures the mass of 

individual atoms. Besides thorium, the team 

saw a handful of atoms that had much greater 

mass, just over 292. Marinov’s team ruled out 

contamination and said that what they found 

was element 122 with 170 neutrons, or possibly 

element 124  with 168 neutrons .

A handful of counts in a mass spectrometer 

is not enough to prove the existence of such 

a massive atom, argues David Hinde, a nuclear 

physicist at the Australian National University 

in Canberra. Furthermore, he says: “Our 

extensive current understanding of nuclear 

physics cannot accommodate a lifetime of 

100 million years for any configuration of 

element 122. However, if compelling evidence 

were found, of course we would have to look 

for holes in our knowledge. But the evidence 

is not compelling.”

Marinov’s experiment aside, Chowdhury’s 

and Samanta’s calculations show that 

superheavy elements might be stable for 

hundreds of thousands of years, which will 

encourage others to keep looking for element 

120 and above.

Quantum spanner
If that task was not hard enough already, 

quantum mechanics also throws a spanner 

in the works: even if a superheavy nucleus 

can resist spontaneous decay for hundreds 

of thousands of years, there is a second way 

it could fall apart long before then.

It’s easy to picture the protons and 

neutrons sitting firmly in their atomic shells 

in precise locations, but quantum mechanics 

tells us things are not so clear-cut. In fact, the 

position of any one proton or neutron is better 

represented by a cloud of probable locations. 

And sometimes, particularly with large atoms, 

this cloud will move beyond the   “boundary” 

of the nucleus. When this happens, there’s 

a chance that a proton or neutron will escape – 

effectively “tunnelling” its way out.

This quantum tunnelling effect is 

responsible for the radioactive alpha-decay 

of heavy atoms, where they emit two protons 

and two neutrons (a helium nucleus) and slip 

two slots down the periodic table in the 

process. So while a superheavy atom might 

resist spontaneous decay for millennia, 

as Chowdhury and Samanta suggest, it may 

nevertheless undergo alpha-decay within 

microseconds. This makes it extremely 

unlikely that we’ll find stable superheavy 

elements in nature (see “Atomic needle in 

a cosmic stack”, left).

Nevertheless, hope remains that it will 

be possible to synthesise one or more of them. 

One candidate that might last long enough for 

chemists to play with it is a potential isotope 

of darmstadtium, element 110, with a magical 

184 neutrons. This is predicted to have a half-

life of over 300 years. However, no one is close 

to synthesising darmstadtium with so many 

neutrons. The heaviest isotope created so far 

is still 13 neutrons short and has a half-life of 

just 11 seconds.

If a superheavy element does get 

synthesised with a long enough half-life 

to study its chemistry, what could we expect? 

Definitely something unusual. The huge 

positive charge of the extremely large nucleus 

would accelerate the electrons around it to 

speeds approaching the speed of light , 

radically skewing the element’s chemical 

properties. This effect explains why mercury 

is liquid at room temperature: it weakens the 

bonds between atoms thus lowering the 

melting point. And the bigger the nucleus, 

the faster the electrons go and the stronger 

the effect. Some predictions suggest that 

element 114 would be a gas rather than a solid. 

According to Shaughnessy, a shortage 

of neutron-rich nuclei beams and targets 

is currently the biggest practical barrier to 

synthesising long-lived superheavy elements. 

“We may get to a point where we just don’t 

have the materials to get there, but all the 

theorists tell us we would be able to see 

something that at least lasts longer than 

what we have now.”

If they do manage to solve the 

technological problems, can the researchers 

keep creating heavier and heavier matter? 

Is there an end in sight to superheavy 

elements? “At some point, the repulsion  

between the protons in the nucleus will be 

so high that no number of neutrons will be 

able to make it exist, even for a fraction of 

a second,” says Shaughnessy.

Oganessian is more emphatic. “Of course, 

there is an end, as there is an end in everything,” 

he says. But it may yet take decades of diligent 

effort to find the last island of stability in the 

turbulent sea of matter.  ●

Tim Dean is a writer based in Sydney, Australia
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Atomic needle in a cosmic stack
If superheavy elements really 

exist with half-lives in the order 

of thousands or millions of years, 

could they be lingering right 

under our noses here on Earth?

“It cannot be excluded, in 

theory, though it seems rather 

unlikely,” says Yuri Oganessian 

of the Joint Institute of Nuclear 

Research in Dubna, Russia. His 

team has been trying to find 

hassium, element 108, in 

samples of natural osmium. 

They haven’t found any natural 

hassium yet, and it may take 

years to do so.

Indeed, research since the 

1950s has failed to find any signs 

of superheavy elements from 

either cosmic or terrestrial 

sources. This might be because 

they simply cannot be created 

through natural processes, says 

David Hinde, a nuclear physicist 

at the Australian National 

University in Canberra. Even the 

high pressure and temperature 

in exploding stars – which can 

form elements as heavy as 

uranium – may not be capable 

of creating a superheavy 

element. The problem is working 

out how to jam enough neutrons 

into a heavy nucleus to get to the 

magic number of 184 without 

the nucleus undergoing fission 

first. “It’s a bit of a stretch,” 

Hinde admits.

Perhaps the only place these 

fleeting superheavy elements 

exist in the entire universe is 

in nuclear physics labs on Earth.



●
ON 17 March 2007, the bar-tailed 

godwit known to science as E7 spread 

her wings and took flight, leaving the 

northern shores of New Zealand behind her. 

For the next eight days and nights she flew 

non-stop, 10,000 kilometres northwards 

to the coast of China’s Yellow Sea. Five weeks 

later, after a brief break for refuelling, E7 

continued on her way. She headed east, then 

took a sharp left turn in the featureless mid-

Pacific, before arriving six days later at her 

breeding ground in Alaska. By late August, she 

was off again, this time on a non-stop journey 

of nearly 12,000 kilometres – the longest 

continuous bird flight on record – that ended 

just 13 kilometres from where she had started.

Until recently, the idea that we could chart 

a small bird’s migration in such detail was 

unthinkable. Now, however, biologists are 

developing tracking technologies that are 

leading to a revolution in their understanding 

of migration. Suddenly they have the power to 

answer questions they could barely guess at 

before. They are beginning to learn not just 

where the birds are going, but also the 

timetables of their migratory flights and 

their airspeeds and energy costs. These new 

techniques are also helping to explain the 

biology that underpins the uncanny 

navigational abilities of migratory birds. 

The new-found opportunities have 

biologists brimming with anticipation. 

“Every new instrument you put out is a major 

breakthrough,” says Martin Wikelski from the 

Max Planck Institute for Ornithology in 

Radolfzell, Germany. “I think we’re entering 

a new, data-rich realm of animal movement. 

It’s a very exciting time.”

The old tracking techniques were crude 

and not very effective. For a century or so, 

biologists have been putting numbered 

metal bands on the legs of migrating birds, 

then waiting to see where they turned up. 

This helped to sketch the outlines of migration 

routes, but revealed next to nothing about 

what individual birds did on the way.

Then, in the 1960s, William Cochran of the 

Illinois Natural History Survey in Champaign, 

began mounting home-made radio 

transmitters on birds. Using hand-held 

antennas he would track their migratory 

flights, chasing them by car or – when budgets 

allowed – by light aircraft. The technique is 

still used today because it is quite cheap and 

the tiny transmitters are light enough to 

mount on even relatively small birds, but 

the work involved in following them is hard 

and the hours punishing, especially when 

tracking songbirds, which migrate at night.

“You sit out there starting at sunset,” says 

Wikelski. “You’ve filled up the gas tank. You’ve 

got your food. You’ve got your sleeping bag. 

You’ve cancelled all your appointments for 

the next day… And you wait for the bird to 

take off. Then you race with the bird, try to 

catch up with it, and after 500 miles, you 

have to recapture it [to remove the transmitter] 

and drive back again. You’re up for 35 hours – 

and then you have to capture another bird, 

because you only have a short season.”

The pay-off for all those sleepless 

nights has been a more intimate snapshot of 

migration than leg bands ever allowed. This, 

for example, is how Cochran and Wikelski 

discovered that Swainson’s thrushes often fly 

all night, but will cut their flight short if they 

hit a cold front. Radio transmitters also 

revealed that these thrushes are sensitive to 

wind speed, and stay put on nights when it 

exceeds about 10 kilometres per hour. By 

adding a heart-rate sensor, Wikelski and his 

colleague Melissa Bowlin found that the birds’ 

hearts beat faster on windy nights, showing 

they have to work harder to go the same 
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primary site at each of their three major stops. 

“No other sites are showing up, and that has 

got us concerned,” says Robert Gill from the 

US Geological Survey’s Alaska Science Center 

in Anchorage, who heads the tracking 

programme. Although these sites are all 

protected, godwit numbers have already 

dwindled to just a few thousand birds, and 

any damage to any of the sites could be 

catastrophic to the species, he says.

As well as showing precisely where 

birds are flying, satellite tracking also gives 

important information about the timing. 

Unlike ground-based observers, who can never 

be certain whether a departing bird is heading 

to the opposite hemisphere or merely the 

next marsh, the satellites reveal the moment 

birds set off on their migratory journeys. 

In 2007, for example, the godwits timed their 

southward departure from Alaska to coincide 

with a low-pressure system about 1500 

kilometres to the south-west. This gave the 

birds tailwinds several days after departure, 

as they swept across the Pacific. “They ride 

on the back of that low-pressure system,” 

says team member Theunis Piersma from the 

University of Groningen in the Netherlands. 

“From a Dutch perspective, that’s like using 

distance – even with a tailwind. This may be 

because higher winds cause turbulence that 

buffets the small birds. Indeed, this may be 

the reason most small birds choose to migrate 

at night, when turbulence tends to be lower, 

says Bowlin, who is now at the University of 

Montana in Missoula.

Not surprisingly, the rigours of chasing birds

by car – and the many failed nights when a 

bird chooses a course not well served by roads – 

have meant that very few researchers have 

taken on the challenge. And, of course, such an 

approach will not work for birds that migrate 

over water, such as godwits. No wonder the new 

tracking devices are causing such excitement.

In-flight transmission
The godwit study, for example, highlights 

the benefits of satellite tracking. E7 was one 

of 24 godwits to have a transmitter surgically 

implanted in its abdominal cavity. This sends 

out regular beeps that are picked up by a 

satellite and relayed to researchers on the 

ground. The global coverage has made it 

possible to log the godwits’ entire migration 

itinerary, and has also revealed that their 

travel plans are extremely precise, with one 

the wind systems in the south of France.” 

No one knows how the birds manage this 

feat of long-distance weather forecasting, 

but enough of them did it last year  to suggest 

it must be more than a lucky coincidence, says 

Piersma. What’s more, it makes a difference – 

the few birds that got it wrong and were 

caught by storms en route took several days 

longer to complete their journeys.

For all their ease of use, though, satellite 

tags are not perfect. The transmitters draw a 

lot of power and their batteries are heavy: the 

smallest tags available today weigh about 

10 grams, which rules out satellite tracking for 

any birds smaller than about half a kilogram – 

about the size of a pigeon. What’s more, the 

batteries only last a few months – even though 

they are set to transmit just a few hours a day 

to save power – so it’s rare that researchers can 

track a single bird through its full migratory 

cycle, let alone for several years running. 

Other researchers are experimenting with 

ways of improving tracking technologies. One 

idea is to fit birds with miniature cellphones 

so that they can be tracked using the existing 

network of communication towers. Another 

approach that already shows promise is to fit 

birds with tiny, light and long-lasting 
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Clever tracking devices are finally letting us crack 
the mysteries of bird migration, finds Bob Holmes



devices that do nothing more than sense 

and record the time of sunrise and sunset each 

day. Once these so-called “archival tags” have 

been recovered from their subjects and their 

stored data downloaded, researchers can 

calculate a position fix for each day, 

determining latitude from day length (except 

within a week or so of the equinox, when the 

length of day does not vary with latitude) 

and longitude from the sunrise time.

Such tags have offered the first 

opportunity to track the complete migration 

of sooty shearwaters, small seabirds that 

spend most of the year roaming the Pacific 

away from their breeding grounds in 
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Track the pigeon
Experiments with homing pigeons 

reveal that birds use several 

systems to find their way across 

the landscape. Pigeons flying over 

familiar terrain settle into habitual 

routes in which they regularly 

make the same turns at the same 

points along the way. Clearly they 

rely on visual cues, but do they 

also use their inner compass? 

To find out, Dora Biro from the 

University of Oxford and her 

colleagues altered the timing 

of light and dark in an aviary, so 

that released birds would see the 

midday sun when they expected 

to see early-morning sun, and so 

treat south as east. The birds still 

flew along their usual paths, but 

shifted slightly to the east – proof 

that they use both landmarks and 

a solar compass (Proceedings of 

the National Academy of Sciences,

vol 104, p 7471).

To work out unfamiliar routes 

pigeons must have an internal 

map of the area. Like many birds, 

they can navigate using the Earth’s 

magnetic field as a guide, but 

Anna Gagliardo of the University 

of Pisa, Italy, has found that they 

seem to rely primarily on their 

sense of smell. Birds raised in an 

aviary shielded from winds – so 

that they could not associate the 

odours they smelled with the 

direction the wind was blowing – 

were unable to navigate properly 

(Ethology, vol 114, p 95). Her team 

also found that surgically cutting 

the olfactory nerve prevented 

homing, while cutting nerves 

associated with perception of 

magnetic fields did not. 

In another study, Biro found 

that when two birds fly together 

over terrain that each has learned 

independently, they take an 

intermediate path between their 

two individual routes – provided 

these are reasonably closely 

matched. This compromise route 

tends to be more efficient, because 

it averages out some of the zig-

zags that the individual birds fly 

(Current Biology, vol 16, p 2123). 

A similar phenomenon may help 

wild birds collectively find more 

efficient migratory routes, Biro 

speculates. 

New Zealand. Each spring huge flocks 

of shearwaters turn up in the northern 

hemisphere, proving the birds must cover 

vast distances – but little else. “We knew this 

migration existed, but we didn’t know if the 

same birds made that migration in a single 

season, which directions they chose to go, or 

the routes they followed,” says Scott Shaffer 

at the University of California in Santa Cruz. 

“Just within the last couple of years, we’ve 

really been able to answer these questions.” 

It turns out that the shearwaters make a 

huge figure-of-eight across the Pacific, flying 

eastward from New Zealand and then north 

for a stopover off the coast of either California, 

Alaska or Japan, before finally heading south 

again. The whole journey lasts more than six 

months and covers an average of 64,000 

kilometres – the longest known migration 

of any animal (Proceedings of the National 

Academy of Sciences, vol 103, p 12799). The 

tracks also show that the shearwaters zoom 

quickly through the relatively unproductive 

tropics to spend most of their time in 

temperate latitudes where food is plentiful. 

This new-found ability to plot exactly 

where a bird goes on its migratory journey 

has another benefit. It offers biologists a fresh 

look at one of the great mysteries of 

migration: how do birds navigate during such 

Birds do it...
Migratory insects, such as bees, dragonflies, 

beetles, butterflies and moths mainly rely on the 

sun for orientation, but many can also use polarised 

light as a compass. The monarch butterfly’s journey 

from the US/Canadian border south to Mexico lasts 

around four months.

Marine turtles use Earth’s magnetic field to 

navigate between their egg-laying beaches and 

feeding grounds, but strong currents can knock 

them off course. The longest turtle migration 

recorded to date was 20,558 kilometres, travelled 

by a leatherback. 

Grey whales undertake the longest migration of any 

mammal, covering up to 19,000 kilometres annually 

between Baja, Mexico, and the Arctic seas. Caribou 

hold the record for the longest overland migration, 

at around 3000 kilometres in a year.

Bar-tailed godwits make

a record-breaking 12,000 

kilometre non-stop flight 
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long flights, in some cases returning to the 

very same tree or cliff ledge they left nearly 

a year earlier? The question continues to be 

hotly debated among biologists, with some 

experimental studies suggesting that birds 

use a magnetic compass, others implying a 

celestial compass, and still others indicating 

that odour cues are the key (see “Track the 

pigeon” page 38). Clearly, evolution has 

provided birds with multiple back-up systems 

so that if one fails – if it is too cloudy to see the 

sun, for example – they can fall back on 

another. But what are their preferred options? 

Tracking wild birds may be the best way to 

answer that question, says Wikelski. “Go wild, 

and ask the animals how they decide.” 

For example, Thomas Alerstam at Lund 

University in Sweden, and his colleagues used 

satellite-tracking data to show how ospreys 

and peregrine falcons navigate northward. 

If the birds followed a magnetic compass, 

they reasoned, each day’s trek should follow 

a slightly different bearing, because the angle 

between true north and magnetic north 

changes slightly from place to place. Instead, 

though, the birds’ daily bearings remained 

steady, indicating that they navigate using the 

sun or stars instead (Animal Behaviour, vol 72, 

p 875). And in tracking studies of Swainson’s 

thrushes and white-crowned sparrows, 

Wikelski and colleagues found that they use 

the position of sunset each night as their fixed 

compass point. Different species may rely on 

different systems, he notes.

True navigation requires both a compass 

and a map. For some birds, at least, evidence 

suggests that this “map” is learned, not innate. 

Wikelski’s team captured white-crowned 

sparrows in Washington state and airlifted 

them 3700 kilometres eastward to New Jersey 

on the Atlantic coast. Then they released the 

birds and tracked them – the old-fashioned 

way, by aircraft – as they tried to find their 

wintering grounds in the south-western US 

and Mexico. Juvenile birds, which had never 

migrated before, simply headed south as 

though nothing was wrong. But veteran birds 

headed south-west, toward their target – a 

clear sign that their prior migrations had 

furnished them with a continent-wide 

map (Proceedings of the National Academy of 

Sciences, vol 104, p 18115). The researchers are 

now working to identify which senses the 

birds use to build their map, with early 

indications that smell is crucial.

Thinking even bigger, researchers believe 

that tracking migrations could provide an 

early-warning system for climate change 

and other major ecological shake-ups. 

Ranging over such large areas, migrators are 

uniquely sensitive to global change, and as 

more of their wanderings are tracked this may 

reveal patterns of change that are not obvious 

from a single study. That is one reason why 

Wikelski is creating a database called 

Movebank, due to go live later this year, that 

will act as a central clearing house for all the 

information on migration records. “Those 

big-scale questions are now at our fingertips,” 

he says. “We can’t do it right now, but we can 

next year.”  ●
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Surely you’re either firmly behind reason and an 
Enlightened world view or you aren’t? When 

rational thinking is threatened by everyone from 
fundamentalists to pseudoscientists, what can you 
do but counterattack? However, as our contributors 

discuss seven of the most provocative charges 
against reason, it turns out that things are not that 

simple. A. C. Grayling sets the scene
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“ENLIGHTENMENT,” wrote Immanuel Kant, 
“is man’s emergence from his self-imposed 
immaturity. Immaturity is the inability to 
use one’s understanding without guidance 
from another. This immaturity is self-
imposed when its cause lies not in lack of 
understanding, but in lack of resolve and 
courage to use it without guidance from 
another. Sapere Aude! [Dare to know!]  Have 
courage to use your own understanding! That 
is the motto of enlightenment.”

This passage from Kant’s 1784 essay “What 
Is Enlightenment?” was not intended to herald 
the arrival of an enlightened age, as Kant was 
keen to make clear, but only the beginnings of 
a process that might lead to one. Progressive 
thought in the 18th century was far in advance 
of the social and political realities of the time, 
but the thinkers in its vanguard were sure 
they were witnessing a new dawn in human 
affairs. The revolutions in America and France, 
and much that happened in western history 
since, has proved them right, even though 
fierce counter-Enlightenment movements 
have contested its principles at every step.

It is important to distinguish between 
“The Enlightenment” as a complex historical 
phenomenon, mainly of the 18th century, and 
more general talk of “Enlightenment values”, 
where they are used to describe rationality, 
liberty, democracy, pluralism, human rights, 
the rule of law and the centrality of science to 
a proper understanding of the world. 

Of course, these values are descended 
from those put forward by the 18th-century 
thinkers, but with the modifications one 
would expect from changed historical 
circumstances. For example, atheism was 
regarded with special abhorrence in the 18th 
century, so to announce oneself an atheist was 
impossible unless one was prepared to accept 

pariah status in society. Consequently, most 
agnostics and atheists described themselves 
as “Deists”, who believed the world had been 
created by a deity who had since taken no 
further interest in it – and they limited their 
criticism of religion to criticism of the church.

As a historical phenomenon, however, the 
Enlightenment movement emphasised 
reliance on reason, sought to take a scientific 
approach to social and political questions, 
championed science, and opposed the clergy, 
the church and all forms of superstition as 
obstacles to progress. Enlightenment thinkers 
promoted the rights of man and, correlatively, 
opposed the tyranny of absolute monarchy 
and unjust social systems associated with it.

The flagship project of the Enlightenment 
was the compiling of a great encyclopedia, the 
Encyclopédie, ou Dictionnaire raisonné des 

sciences, des arts et des métiers (Encyclopedia, 

or a systematic dictionary of the sciences, arts 

and crafts), edited by the philosopher Denis 
Diderot and the mathematician Jean le Rond 
D’Alembert. It was published in multiple 
volumes between 1751 and 1772, and sought to 
unite all the best discoveries and thinking in 
the natural and social sciences, technology, 
the arts and crafts, and philosophy. 

The original idea was to translate the 
English Chambers Cyclopaedia. Progressive 
thinkers in France, under the spell of John 
Locke and Isaac Newton, wanted to import 
the enlightened thinking of the former and 
the discoveries of the latter. But Diderot 
and his collaborators found the Chambers 
unsatisfactory and resolved to produce their 
own. They were conscious that their efforts 
would be opposed by traditionalists, not least 
because the compilers wished the new 
knowledge and ways of thinking to create a 
new social order, and even a new, freer human 

being, characterised by the ability to think for 
himself and the courage to act on his thought. 

In his Supplement to Bougainville’s Voyage,
Diderot has Nature say to Mankind: “In vain... 
have you sought your happiness beyond the 
limits of the world I gave you... Examine the 
history of all peoples in all times and you will 
see that we humans have always been subject 
to one of three codes: that of nature, that of 
society, and that of religion – and that we have 
been obliged to transgress all three... because 
they could never be in harmony.”

Because Enlightenment ideas challenged 
the vested interests of church and state, and 
because they continue to threaten those who, 
right or wrong, fear scientific rationality will 

How humans 
dared to know
Our passion for “Enlightenment values” owes a lot to the 
18th century. But where do those values come from and what 
do they mean today? Philosopher A. C. Grayling explores 
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undermine their cherished beliefs, there have 
always been vigorous counter-Enlightenment 
movements. Its critics blame it for the worst 
excesses of recent history, from the French 
Revolution’s Reign of Terror (the period of 
exceptional violence thought to have been 
instigated by Robespierre)  to 20th-century 
Nazism and Stalinism. They also blame it for 
toppling beauty, morality and faith from the 
pedestals they once stood upon, from whence 
they civilised humanity in a way scientific 
rationality, so its critics say, never can.

The first counter-Enlightenment activists 

were of two broad kinds: reactionaries, who
defended the traditional powers of church and 
monarchy, and Romantics, for whom nature, 
emotion and imagination were far more 
important sources of authority than reason, 
which they saw as reductive and desiccating. 

Reactionaries blamed Robespierre’s 
excesses on the Enlightenment, choosing not 
to see the Terror as the opposite of an event 
promoting pluralism and individual liberty. 
Their spokesman, Edmund Burke, repudiated 
Enlightenment claims that ultimate political 
authority lies with the people. For Burke “the 
people” were nothing but an anarchic mob, 
and democracy nothing but mob rule.

The Romantics found the Enlightenment’s 

emphasis on science not only reductive but 
mechanistic and even deterministic. They 
recoiled from it, elevated feeling over reason, 
extolled the passions as routes to truth, and 
applauded spontaneity and chance as 
superior to rigorous enquiry. No one would 
wish to deny the importance of feeling, but 
out of Romanticism also grew nationalism, 
theories about the spirit of a people or race, 
and a new religious enthusiasm.

After the atrocities of Nazism and 
Stalinism, new criticisms were advanced, 
notably by postmodern  thinkers who had 
been part of the influential Frankfurt School 
of sociology. They argued that Enlightenment 
rationalism had soured into repressive 
notions of bureaucratic efficiency and control, 
that individuals had become enslaved to 
economic forces, and that science had bred 

scientism, a salvation myth falsely promising 
scientific solutions to all problems, replacing 
religion as a deceitful and malignant force.

This analysis is odd, not least because it 
ignores a key feature of the Enlightenment, 
namely that it specifically opposed the 
monolithic hegemonies of church, state and 
ideology, arguing instead for pluralism and 
individual freedom. Monolithic hegemonies 
demand that everyone believes the same 
thing: the tyrannies of Nazism and Stalinism 
were monolithic hegemonies in precisely this 
sense and were, therefore, as far from being 
descendants of the Enlightenment as could be. 
In fact, Nazism’s roots lay in Romantic notions 
of race and its purity as the highest good. 
Stalinism was the same kind of juggernaut, 
using much the same kind of methods as the 
Inquisition in 16th-century Europe – terror, 
oppression, show trials and execution. 

When people talk about “Enlightenment 
values” now, they tend to mean a 
modernised and somewhat idealised take on 
the 18th-century version. Enlightenment 
values today are commitments to individual 
autonomy, democracy, the rule of law, 
science, rationality, secularism, pluralism, 
a humanistic ethics, the importance of 
education, the promotion of human rights. 
These are not empty or abstract ideas. If one 
compares the lives of ordinary people 
300 years ago with those we can enjoy now, 
the impact of the Enlightenment on the 
structure and practice of society can be fully 
appreciated – and admired.  ●

Delacroix’s 1830 masterpiece Liberty leading the 
people came to be linked with the French Revolution

“Today’s ‘Enlightenment 
values’ are not empty 
or abstract ideas”
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TODAY reason has come to be seen as 
something exercised by an individual, but it 
wasn’t always so. Until the early Middle Ages, 
being “reasonable” was primarily a matter of 
being aware of where you belonged in the 
cosmos. As a human being you were 
capable, unlike other creatures, of knowing 
who you were. You knew that you were 
given the task of using your freedom of choice 
to act coherently, in accordance with the 
whole flow of the universe or, more simply, 
the creative will of God.

To have the ability to shape your life 
in a certain way, rather than being governed 
by a system of instinct – impulse and 
reaction, in other words – was to have a share 
in the “rationale” of reality itself. Being 
reasonable was like singing in tune (an 
analogy the Stoic philosophers of ancient 
Greece and Rome loved to use) with who you 
were and what the universe was like.

It was as early as the 12th century that this 

view was challenged by people such as the 
philosopher Peter Abelard, who wanted to be 
clearer about reason’s function in telling you 
what was or was not a good argument. This 
instrumental view of reason, as the ability to 
draw sensible conclusions from what was in 
front of your eyes instead of just reacting 
blindly, had been a smallish area of its 
meaning. As enquiry progressed, it steadily 
colonised the whole territory.

From the 16th century, reason came to be 
seen as opposed to tradition and authority. 
Faced with the expectation of believing 
something just because a particular sort of 
person said so, the reasonable person was now 
the one who asked: “What are the arguments 
for this?” Reason became a tool for protesting 
against the violence of arbitrary authority, 
and the great minds of the Enlightenment 
were confident that they were on the side of 
equality and universality: being reasonable 
was the heritage of each human person. 

Inherited habit and belief would always, they 
were sure, stand in the way of people growing 
into this universal heritage.

And thus in the early days of the French 
Revolution, the new regime tried to replace 
the traditional days of the week and months 
of the year with a new, “rational” calendar – 
an extreme of opposition between reason 
and tradition. In assuming that the essence of 
being human was to be found in the capacity 
to argue your way to the truth, independently 
of any legacy from history or community, this 
reason created a highly artificial model of 
humanity, more or less at odds with how most 
human beings actually lived.

The result was not an age of unprecedented 
equality and universal communication, but 
a different sort of violence: by “real” human 
beings against the unreasonable remainder. 
There was a constant risk of slipping into the 
conclusion – plausible on the grounds of 
some sorts of Enlightenment thinking – that 
the unreasonable human being didn’t count.

Revolutionary America and France 
lost no sleep over slavery. Humanity had 
to wait for another, more traditional sort 
of rationality, based on a vision of what 
human beings were in the eyes of God and 
in the frame of the cosmos, to see the slaves 
finally emancipated.

As defined by the Enlightenment, 
rationality could be a tool, not for protest, but 
for conformity to the agenda of those who 

1Reason stands against 
values and morals
Rowan Williams, Archbishop of Canterbury 
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saw themselves as fully qualified rational 
human beings, at the expense of the rest. 
Even gentle, wise Darwin could use language 
suggesting that some humans were less 
“developed”, nearer their primate cousins, 
than others. That language was gleefully
exploited by ideologues of empire and 
racial domination.

These are not grounds for overturning 
the entire legacy of the Enlightenment, 
but for pausing before we assume that 
instrumental reason will answer all the 
questions about how to shape a moral and
humane world. Absolute convictions about 
human worth, those which prescribe 
unconditional opposition to experiments 
on non-consenting subjects, or to racial 
discrimination, are not simply generated by 
instrumental reason. They have more in 
common with the pre-modern “rationality” 
of recognising oneself and one’s fellow 
humans as standing together in a common
relation with a certain kind of “order”, a way 
things “just are” in the universe.

This recognition of commonality  is at 
the simplest level what makes language 
possible. Instead of indulging in  a pointless 
stand-off between reason and conviction, 
perhaps we should ask how the meaning 
of reason can recover some resonance with 
those skills of self-knowledge and coherent 
or consistent choice which once belonged 
to the word.  ●

THOUGH many may find it troubling, it is 
now clear that few of the active processes 
occurring in our brains ever impinge on our 
awareness. In other words, we do most of our 
“thinking” without ever being conscious of it. 
The simple act of seeing something depends 
upon what the German physicist, doctor and 
philosopher Hermann von Helmholtz called 
“unconscious inferences”. It is these that 
enable our brain to work out which object is 
causing the crude signals coming from our 
senses. The same principle applies to action. 
When we perform a simple action, picking up 
a glass, for example, we are not aware of the 
complex decisions our brain has to make 
about the best way to move our arm and shape 
our fingers. 

It is a good thing that we are not aware 
of these low-level inferences. The truth is 
that we would never do anything if we had 
to think consciously about everything we 
see and every move we make. And it turns 
out that even quite important decisions 
involving many factors, such as choosing 
which car to buy, are better made if we don’t 
consciously think about them. This is because 
the unconscious brain is very good at taking 
many things into account at the same time. 

We suspect that as soon as you start thinking 
about those things consciously, a brain system 
with very limited capacity is employed, which 
can concentrate on just a few items. 

So where does conscious reasoning come 
into the picture? It is an attempt to justify the 
choice after it has been made. And it is, after 
all, the only way we have to try to explain to 
other people why we made a particular 
decision. But given our lack of access to the 
brain processes involved, our justification is 
often spurious: a post-hoc rationalisation, or 
even a confabulation – a “story” born of the 
confusion between imagination and memory. 

Taking all of this into account, what then is 

reason? Just because our decisions are not 
conscious, it does not follow that reason is not 
involved. Given two options, the reasonable 
thing to do is to choose the better option. 
Brains are very good at doing this. After all, 
this is the basis of learning: to choose the nice 
things and avoid the nasty ones. 

Economists and mathematicians, such as 
John Nash of A Beautiful Mind fame, have 
developed mathematical algorithms to 
ensure the best option is chosen – and 
brains have been shown to use similar 
mechanisms. The problem lies in deciding 
what we mean by “best”. For Rational
Economic Man, the best choice is the one 
that gets him the most gain. But do real
people make such “best” choices? 

In the experimental Ultimatum game, for 
example, suppose one player is given $10, and 
can give any proportion of this money to the 
second player. If the second player refuses 
their offer, then neither player gets any 
money. What should the second player do? 
The rational action is to accept any offer since 
some money is better than none. But in reality 
most people reject low offers. 

This result is often understood to show 
that people are unreasonable, that their 
judgement is clouded by their emotional
response to an unfair offer. However, from the 
point of view of the group, rather than the 
individual, the rejection of unfair offers is a 
good choice because it increases the likelihood 
of group cooperation and fairness. In this case, 
therefore, we can argue that our emotional
responses are more reasonable than our 
conscious decisions. 

In the 21st century, we are discovering 
more and more about the brain and the role of 
emotion, and challenging old ideas about how 
we learn, make decisions, act and remember. 
This is already beginning to make us revise 
our notions of what constitutes reason – and 
that, in turn, is bound to have consequences 
for our attitudes to reason and to the 
endeavours of scientists.  ●

Chris Frith is at the Wellcome Trust Centre for 
Neuroimaging, University College London. He wrote 
Making up the Mind (Blackwell, 2007)

“Conscious reasoning is 
an attempt to justify a 
decision after it’s made”

2 No one really 
uses reason
Neuroscientist Chris Frith
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STRATEGIC use of science, or the appearance 
of science, is a well-used part of the armoury 
of the public relations industry. It is effective – 
it delayed action on tobacco for decades – and 
it poisons the public perception of actual 
science. The public relations and lobbying 
industries were themselves founded on 
attempts to pervert rationality and science 
in the service of vested interests. The very 
earliest PR practitioners, such as Sigmund 
Freud’s nephew Edward Bernays, were adept at 
this. Bernays famously put psychology to use 
in promoting cigarettes to women in the 
1920s – by styling them “torches of freedom” 
and associating them with equality.

Bernays was among the first to make 
a profession out of what he called the 
“conscious and intelligent manipulation” of 
the beliefs and behaviour of the public. Those 
who “manipulate this unseen mechanism” 
of society were, he wrote in his book 
Propaganda, an “invisible government which 
is the true ruling power of our country”.

The PR industry today prefers to be 
invisible, particularly when its task is to fend 
off the consequences of actual science. When 
the desired message is likely to be treated with 
scepticism if given openly by a corporation or 
politician, it must be put in the mouth of 
someone seemingly disinterested. What 
appears more disinterested than a dissenting 
view from a scientist? When the interested 
party needs an even greater distance between 
them and their message, the PR industry sets 
up “third party” front groups.

Both tactics are clearly documented in the 
battle to protect the tobacco industry. We see 
the same strategy of publicising doubts – 
enough to prevent political action, or merely 
to delay it until a return has been made on 
investments – in today’s strategic use of 
science in climate-change denial, and to 
muddy the waters around obesity and binge-
drinking as they become crisis issues.

A local case that I have followed in detail 
started with a study of toxic industrial 

Reason

3I hear ‘reason’, 
but I see lies
Sociologist David Miller

contaminants in farmed salmon, published in 
Science in 2004 (  vol 303, p 227 ). It was greeted 
with a chorus of condemnation in the press. 
Many of the voices were described as 
academic scientists, yet almost all had 
financial links to the industry which were 
undisclosed in the reporting. The study   was 
actually well grounded , but the campaign to 
remove the stain of “poisoned salmon” from 
the public mind was largely successful. 

On a bigger scale, while the International 
Life Science Institute (ILSI) sounds scientific, 
it is actually a food-industry lobby group 
funded by hundreds of the biggest food, 
pharma and chemical companies. For years 
it was more or less directed by the Coca Cola 
company. It was able to   infiltrate the World 
Health Organization process examining 
dietary sugars  by covertly funding some of the 
scientists involved . In January 2006, the WHO 
  decided that ILSI could no longer take part in 
WHO activities setting microbiological or 
chemical standards for food and water .

The PR industry remains busy creating and 
managing front groups. The Scientific Alliance 
turned out to be run from the offices of 
Foresight Communications, a PR firm in 
central London, and at launch was funded by 
Scottish quarry owner Robert Durward. 

The Social Issues Research Centre “fosters 
the image of… a heavyweight research body,” 
as Annabel Ferriman wrote in the British 

Medical Journal in 1999 ( vol 319, p 716). It is run 
by the PR/marketing company MCM Research, 
which used to announce on its website: “Do 
your PR initiatives sometimes look too much 
like PR initiatives? MCM conducts psychological 
research on the positive aspects of your 
business… The results do not read like PR.”

Ironically, the biggest asset such operations 
have is humans’ deeply ingrained sense of 
fairness. They do not have to win a scientific 
argument. They merely have to convince 
citizens – among them politicians, judges 
and juries – that there are “two sides to the 
argument”. The stage for inaction, or rather 
for continuing their sponsors’ harmful 
activities, is thus set. Worse, perhaps, in 
principle, is the creation of a perception that 
all rational inquiry is serving some hidden 
interest. If every dispute is presented as 
having two incomprehended  sides, why, in 
fairness, not see them as equivalent?

The defence is simple: full public funding 
of research, with enhanced ethics standards 
including transparency about funding. Simple 
in principle, that is.  ●

David Miller is at Strathclyde University, UK, and co-
authored A Century of Spin: How public relations became 
the cutting edge of corporate power (Pluto Press, 2007)

Linguist and activist Noam Chomksy

On co-option: Anything that is co-optable is 
going to be co-opted by power systems for 
doctrinal purposes – for exploitation, violence, 
oppression, whatever – and science is no 
exception. So scientists should be very scrupulous 
and clear about the limits of their 
understanding – particularly important in a 
culture that tends to be deferential to expertise. 
Claims are made by real scientists that go way 
beyond what they could possibly support. That 
leads to blind acceptance of, or scepticism about 
science, both wrong.

On reason and power: George Orwell said that 
in a free society, ideas can be suppressed but 
without the use of force. He refers to the 
indoctrination of educated people, which instils 
the notion that there are things you don’t talk 
about. Reason is “dangerous” because it leads 
you to question faith, not just faith that the world
was created 6000 years ago but faith in the 

secular religions that lead to state power. 
Take Iraq. In the US we cannot have a principled 
discussion about the invasion of Iraq as we can 
about the Russian invasion of Chechnya. It’s taken 
for granted that our goals, if achievable, are the 
right goals. If we approached this with reason, 
meaning that we apply the same standards to 
ourselves that we do to others, we would have a 
radical critique of power structures, and that can’t 
be tolerated.

I think the sharpest turn away from reason 
is among the educated intellectuals, who 
advocate reason and blame others for turning 
away from it. If we can’t even reach the level of 
applying to ourselves rational standards of the 
kind that we apply to others, our commitment to 
reason is very thin.

Noam Chomsky is professor of linguistics at 
Massachusetts Institute of Technology
See www.newscientist.com/reason for the full interview
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I’M A great lover of science. It’s a fascinating 
language that I use regularly, and its brilliant 
insights have inspired my artworks, including 
some based on mathematical systems that are 
attempting to visualise higher dimensions: 
things that we can’t make a picture of yet 
which can be described mathematically. The 
challenge is to find ways I can use concepts 
that cannot be visualised in two, three or four 
dimensions, and yet somehow cast shadows 
into the world, rather like a hypercube. These 
concepts are very exciting because they’re 
both rational and counterintuitive.

Here art has an advantage over science in 

They happened when I tried to find 
chemicals with different viscosities and 
hydrophobic qualities that didn’t mix well 
and reacted in certain ways to heat. I put them 
together to create chemical reactions that 
were scale-invariant, so zoom in and the 
painting looks as intricate and fractally 
beautiful as it does from a distance. Some 
of the paintings are reminiscent of cell 
structures or river basins. My conclusion, 
rational or otherwise, is that this is because 
the same mathematical laws, in a closed 
system, operate in my painting as operate in 
that cell wall or river basin. So, I really didn’t 
do them, nature did – although I get a cut!

This makes me feel nostalgic for the days 
when there was no differentiation between 
being a natural historian or an artist-
theologian. The lives of Newton or da Vinci 
seem much richer. The specification and 
reductionism of knowledge has given us many 
technological advancements, but I feel that 
we’ve lost a holistic synthesis. That’s not a 
cerebral question, it’s an emotional one.

If you’re using reason alone, you’re looking 
at the phenomena and at your paradigm. 
Ultimately, you will change your paradigm to 
make sense of the paradoxes that occur, so 
reason can be a very slow process – it requires 
a very incremental approach, since those 
axioms must be preserved if the method of 
reason is going to be maintained.

Using a more intuitive approach can 
accelerate the process, but to prove or 
disprove the result by reason is a long process, 
and as an artist you’re impatient. When 
people say things, you draw conclusions that 
are not reasonable, but they are emotional or 
intuitive, and often very fulfilling creatively – 
science would never accept that.

When we look at the offspring of reason, 
such as string theory, which is currently 
getting a bad press, they look as if reason 
originally came up with extremely elegant 
ideas but that now they’ve got very 
convoluted. My intuition is that a much 
simpler paradigm is required to solve the 
problem: so long as you’re trying to solve it 
using the kind of thinking that created it, 
you’ll come up with complex, bizarre ideas. 
If you’re going to have a grand unified idea 
of reality, which is basically the simplest 
reflection of your paradigm, it’s hard to do 
that the incremental way because you can’t 
make a sweeping judgement: you’re 
“artistically” stuck in your process!  ●

Keith Tyson won the Turner prize for modern art in 2002

Keith Tyson’s Nature Painting (Red),
created by rational serendipity

that its methodology can be tumbling and 
contradictory, whereas strict mathematical 
language tends to be built on axioms, rules 
of inference and theorems, and has to be 
consistent. With art you make a creative leap
of faith, and later you explain it.

I’m not interested in science as a process, 
but I am interested in nature, and science is a 
very convenient and elegant language to use 
to explore that. I have works I call the Nature 
Paintings, not because they are pictures of 
nature, as in Constable, but because they are 
paintings made by nature, made by the same 
forces that made me and you, and the Earth.

4Reason excludes 
creativity and intuition
Artist Keith Tyson
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THE 18th-century challenges to superstition, 
religion, prejudice, monarchical government 
and lack of freedom all made sense. Replacing 
the oppressive baggage of the past with ideas 
of individual autonomy, liberty and, above all, 
reason, was a considerable step forward. The 
fruits of that reason have transformed our 
world and brought many benefits and riches, 
but they have also brought problems which 
are rarely discussed in mainstream discourse.

Feminist theorists, for example, argue that 
the Enlightenment’s focus on the individual, 
on rights, on reason, ignores the complicated 
and subtle web of networks that we are part of:  
the interdependencies and the relationships. 
For them, it’s not just about individual choice, 
but about the context in which we choose.

Then there is the problem that the brain is 
a “feeling” brain as well as a “thinking” brain. 
Many modern thinkers are increasingly 
turning to the 17th-century philosopher 
Baruch Spinoza for inspiration. Spinoza was 
a pantheist: for him, God was immanent. 
He did not believe in mind/body dualism, 
nor that everything is rational, pure and 
perfect, and that the body contaminates. 
For people such as neuroscientist Antonio 
Damasio or Gaia-theorist James Lovelock, 
Spinoza holds promise because his thinking 
offers a way to integrate disparate parts of 
what it is to be human, and a way to avoid 
separating humans from nature.

Important things happen when you leave 
out nature, the body, emotion, the complexity 
with which lives are lived. The utilitarian 
thinkers who follow the Enlightenment to 
its hyper-rational conclusions create 
arguments with no detail, no bodies, no 
nature, no complexity. When they say “look, 
there is your solution”, it doesn’t work because 
once you have removed the richness and 
complexity, you’re left with a judgement that 
is very difficult to implement. It’s just not 
how people work.

A few years ago, I was interested to 
find when talking to a famous utilitarian 
philosopher that he and his partner did not 
want to know the sex of their fetus. When 
I asked why, he replied, what if the fetus is 
severely impaired and they had to decide 

about withdrawing care? In that case (and 
both of them were medical doctors, by the 
way), they thought it would be better not to 
have identified with the embryo so that it 
would be easier to turn off the machines.

This focus on rationality doesn’t speak to 
how people usually understand their lives and 
so they reject it for homeopathy, diet pills and 
Sunday Sun (or The National Enquirer) stories 
about planes on Mars. People understand the 
world in stories, not dry rationality. It’s not 
that they are unreasonable, it’s that we need 
ways to look at the world which are both as 
empirically accurate and rationally 
sustainable as possible, but which also speak 
to everyday experience and do not exclude as 
mere superstition or irrationality the ways 
most people most of the time live their lives.

The trouble is we don’t seem to know how 
to do this. Measurement, league tables and 
quantification dominate. A recent news story 
reported that UK nurses will be rated on how 
often they smile, thereby reducing to simple 
arithmetic the most complicated, subtle and 
important of human interactions – care. We 
can’t agree on thick, complex issues, on our 
goals, so we spend a lot of time thinking about 
thin, process measures. How do we measure 
this? How do we judge that?

If utilitarianism or “straightforward” 
rationality dominates, and if you fail to see 
what makes life worth living, many things 
follow. Disabled or older people become too 
costly to keep alive. You judge people on their 
output or performance. Whereas if we look at 
what we want – happiness, fulfilment and 
positive living – none of that matters. Most 
of us aspire to, long for, a much more human-
sized, human-centred, emotionally mature 
way of living, but the chance of that is being 
squeezed out. If your measure is very 
objective, rational and limited, you end up 
with a certain type of school, child, human 
and society, but it’s not one that I’d want to live 
in, and I think increasingly for many people, 
it’s not one they want to live in either.  ●

Tom Shakespeare is a research fellow at the Policy, Ethics 
and Life Sciences Research Centre, set up by Durham and 
Newcastle universities and the Centre for Life, Newcastle

Reason

5Whose reason 
is it anyway?
Bioethicist Tom Shakespeare
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DO WE know for certain that 2 plus 2 equals 4? 
Of course we don’t. 

Maybe every time everybody in the whole 
world has ever done that calculation and 
reasoned it through, they’ve made a mistake. 
Maybe it isn’t 4, it’s really 5.

There is a very, very small chance that this 
has happened. But now I am talking about 
probabilities: I am using mathematics again, 
on the basis that it makes sense in the first 
place. So my reasoning is circular and, as often 
happens, you have to stand back and ask, well, 
what is reasonable?

We have to distinguish this question from 
pure Reason – with a capital “R”. Philosopher 
David Hume notoriously argued, applying the 
rules of that formal Reason, that induction is 
impossible: however often we add 2 to 2 and 
get 4, that does not logically tell us anything 
about the result next time. And doubt does 
permeate all our reasoning, or should. But at 
some point we have to stand back and ask 
what is reasonable – with a small “r”.

When we ask what is reasonable from 
our direct experiences, we are finding and 
applying general rules about behaviour which 
are consistent. In mathematics we demand 
absolute formal consistency. But often, even
when you’re doing mathematics, you explore 
something by trying to prove it, get stuck, and 
say, oh, maybe it’s not true, and look for a 
reasonable path for your next round of 
applying pure Reason.

The mathematician Kurt Gödel went 
through a process like this as he destroyed any 
hope that formal Reason could be universal. In 
1900 David Hilbert proposed that we should 
build the whole of mathematics on formal, 
logical rules. But in 1931 Gödel showed that 
if you have any set of trustable rules that are 
computationally checkable (a machine could 
go through them and see whether you’ve 
applied them correctly), then statements exist 
that you have to accept as well, according to 
the rules, but that you cannot arrive at by 
means of those rules.

Gödel used the word “intuition” to 
describe how you get to those statements. For 
me, that word has connotations which are not 
quite appropriate: I’d say we need 

understanding and insight. Gödel’s result is 
one of the things some people correctly use to 
pick holes in Reason. Another is the very 
unreasonable behaviour of quantum 
mechanics where, for example, particles seem 
to be able to be in two places at once. This 
doesn’t match our normal experience, so we 
say it’s unreasonable.

Personally, I think there is something not 
quite right about quantum mechanics. And 
quantum mechanics seems to be to blame for 
some people who’d like to be exempt from 
Reason being able to say: “Science is full of 
these contradictions and unreasonableness – 
and so I can more or less say anything.”

You had people saying we shouldn’t turn 
on the Large Hadron Collider experiment 
because a small probability exists that it 
might create black holes that would annihilate 
Earth. Sensible scientists say that this is 
ridiculous, there’s no chance. On the other 

hand, there’s a small chance that accepted 
theory is wrong, so there is a chance!

That’s one example of people putting 
unreasonable standards on being sure. 
Another is climate change. Most scientists say 
that the climate is changing and it’s changing 
for quite clear reasons – because we are 
pumping in all this carbon dioxide, for one. 
There’s no puzzle, we can see it happening, 
and we can see why it’s happening. But a few 
don’t agree. True, sometimes the small 
minority turns out to be right. But it doesn’t 
mean you should do what the small minority
say. The majority is a majority for good reasons.

To me, Reason is essential for human 
discourse and all forms of enquiry, whether 
legal or scientific or mathematical. It is 
absolutely central. But we have to be 
reasonable about it.  ●

Roger Penrose is a mathematical physicist at 
the University of Oxford, UK

“Quantum mechanics 
is one thing people use 
to pick holes in Reason”

6 Reason 
destroys itself

Mathematician Roger Penrose
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 IN 1960 Jawaharlal Nehru, the first prime 
minister of independent India, wrote: “It is 
science alone that can solve the problems 
of hunger and poverty, of insanitation and 
illiteracy, of superstition and deadening custom 
and tradition, of vast resources running to 
waste, of a rich country inhabited by starving 
people… The future belongs to science and to 
those who make friends with science.” 

This was doubtless intended as a manifesto 
for reason, but it also sums up a major 
justification people have for objecting to reason.
Such pronouncements were common at that 
time. The crucial words in Nehru’s stirring 

speech, for me, are “science alone”. It is this 
exclusiveness that is the trademark of scientism:
the belief in the unconditional supremacy of 
physical science – or of Science with a capital 
“S” – over all other forms of thought. Scientism 
sparked many movements, both in thought and
politics, especially during the 20th century, 
from so-called “scientific socialism” to the 
doctrine in psychology called “behaviourism”.

Taken literally, Nehru’s proposal is odd. We 
might think, for instance, that we obviously 
need other things, such as good laws, good 
institutions and a clear understanding of 
history, as well as science, to solve the problems 

he named. He surely knew this, but he put 
science first because he thought it was the 
only cure for what he considered the central 
cause of present evils – religion. 

This function of subverting religion played 
a huge part in the widespread exaltation of 
science at this time, both in the east and west. 
Throughout the Enlightenment, reformers 
who were struggling against the power of the 
church had called for the use of reason to 
undermine Christianity.

But the term “reason” proved ambiguous 
and, in the 20th century, the rallying cry 
shifted to something that seemed more 
specific, namely science. This had awkward 
effects. It put off those who did not want to be 
cured of religion and also – perhaps even more 
unfortunately – it led to science’s functioning 
like a kind of rival religion itself.

The central question here is about trust. 
What do you put your faith in? The kind of 
faith that Nehru expresses in science is 

Reason

7Reason’s just 
another faith
Philosopher Mary Midgley

The Church of Light in Osaka and the brain of the atom 
smasher at CERN, near Geneva. Mutually exclusive?
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absolute. It is not at all the qualified, provisional 
acceptance that might suit actual scientific 
findings. It claims to answer not just factual 
questions but every kind of social and moral 
dilemma. It offers general salvation.

This sort of unconditional, general 
reliance on a single authority is never sensible, 
whatever god it may invoke. No system 
provides an infallible oracle; different 
problems need different ways of thinking.

Indeed the sciences themselves are various 
and use all sorts of methods. Of course there 
are clear cases, such as evolution, where 
scientific doctrines are needed to correct 
particular non-scientific ones. But controversy 
on such topics inevitably involves a wide clash 
of imaginative visions which cannot possibly 
fall under the physical sciences.

Science then no longer stands for enquiry 
but for ideology, authority, a general approach 
to life which demands to prevail in all 
conflicts: that is, it is turned into scientism. And, 
as past experience shows, that ideology can 
include some very odd components. The most 
obvious example is eugenics, the programme 

of “improving” the human race. This was fully 
accepted as an authentic part of science from 
the time when the Victorian polymath Francis 
Galton invented the term and proposed 
incentives for “the lights of the nation” to 
breed early and often. That was until the 
arrival of the Nazis, whose activities suddenly 
made the fearful overtones of eugenics plain.

Another example – less deadly but perhaps 
more confusing – was the campaign by 
behaviourists, led by the psychologist 
B. F. Skinner from the 1950s, to drive all 
discussion of subjective experience out of 
psychology. Though this movement had no 
real scientific basis it has been extraordinarily 
successful in paralysing thought for much of 
the last century. Indeed, it has managed to 
send the crucial topic of consciousness – of our 

Daring to admit 
what’s wrong

own most intimate experience – into a limbo 
which it is now proving very hard to extract it 
from. The campaign has made, and still makes 
it hard to discuss our subjectivity not as a 
delusion but as an objective fact, to say that 
we do have experiences and inner states.

The behaviourist project was, of course, 
part of a campaign to subordinate the social 
sciences and humanities to science, on the 
assumption that they were all merely “folk” 
doctrines – primitive, uninstructed habits 
which needed to be simplified, boiled down 
and reduced ultimately to physics. Indeed, 
excepting the long-standing war with 
fundamentalist churches in the US (which 
is essentially political), it is the social sciences 
and humanities that have lately been the main 
targets of scientistic campaigning.

Science does not need to be defended in this 
way and it is surely not surprising if this kind 
of reductive chauvinism sometimes confuses 
the bystanders and makes them hostile.  ●

Mary Midgley is a moral philosopher, previously at 
Newcastle University in the UK

WRITING these words in a pavement cafe in 
Brussels, capital of that rationalist and 
cosmopolitan project known as the European 
Union, all seems well with the world. A band is 
playing. The church at the end of the square is 
filled with tourists. The passing cyclists look 
content and healthy. You could experience 
similar scenes in similar squares in Boston, 
London, Paris or Tokyo. The streets are calm, 
the smell of progress towards democratically 
agreed political, social and cultural goals is in 
the air. It’s hard to see what could be wrong.

Yet it seems that a number of forces are 
rising up to attack the rationalist thinking that 
has produced this way of life. New Scientist’s 
own concern in 2005 was – and is – typical: 
“After two centuries in the ascendancy, the 
Enlightenment project is under threat.” That is 
how the magazine introduced a special issue 
on fundamentalism (  8 October 2005, p 39 ), 
continuing: “Religious movements are 
sweeping the globe preaching unreason, 
intolerance and dogma, and challenging the 
idea that rational, secular inquiry is the best 
way to understand the world.”

Whether the attackers are religious 

fundamentalists, faith-based terrorists or 
practitioners of pseudoscience, the discussion 
feels like a cowboy movie, as Daniel Hind 
suggests in his book The Threat to Reason (see 
New Scientist, 19 January, p 46 ). You either 
cheer the sheriff, or get behind the outlaws.

But is it so simple? As A. C. Grayling 
outlines  on page 42, the main principles of 
Enlightenment thinking are that humans are 
rational, and that we should accept beliefs on 
the basis of reason , not authority, tradition or 
the church. Central to this is the idea that the 
universe is a rational system, wholly accessible 
to detached, logical enquiry. This magazine 
stands firmly behind the idea that such 
enquiry is indeed the best tool we have to 
understand the physical world. But instead of 
accepting the polarised “good vs evil” terms 
in which the reason debate is increasingly 
framed, this special report has invited 
thinkers from all areas of public life to look 
more carefully at people’s concerns.

The aim is to understand not just the rise 
in religious fundamentalism, but phenomena 
such as the rising popularity of pseudoscience, 
the falling number of western children who 

“The central question 
here is about trust. In 
what do you put faith?”
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we will not surrender, no matter what.
Artist Keith Tyson sees reason as central 

in our thinking: in fact, his art is based on 
keeping the rational and the creative in a 
productive tension (see page 47). When reason 
is allowed to sideline the emotional and 
intuitive forces that shape the arts, we lose 
something important. Meanwhile, bioethicist 
Tom Shakespeare is concerned with the 
qualities that make us human. A properly 
rational society, he says on page 48, might 
advocate a world in which all disability, or old 
age for that matter, was eliminated, and it 
would use medical science to that end. But he 
would not have been chosen to live in such a 
world – and he would not choose it.

So our current version of reason brings with 
it major political and cultural baggage, and 
leaves out much of what makes life both 
human and humane. Some of our contributors 
bring a third charge: that even on its own 
terms, reason must own up to some serious 
limitations. On page 45, neuroscientist Chris 
Frith explains how even when we think we are 

choose to study hard science, and the high 
number of people who doubt human input in 
climate change. Might part of the problem be 
that reason itself does not always live up to the 
claims on the label? Might there be legitimate 
grounds for being sceptical about reason’s 
scope and for arguing for its reform?

The first problem our contributors have 
identified is not with reason itself, but with its 
abuse. Sociologist David Miller argues on 
page 46 that governments and big corporations 
have hijacked the language and methods of 
reason and science in their PR and advertising 
to subvert the ability of people to judge for 
themselves – an end directly opposed to the 
Enlightenment values we supposedly hold 
dear. Environmental activist and former 

US vice-president Al Gore takes a similar line 
in his book Assault on Reason (reviewed on   
21 July 2007, p 46 ), in which he argues that 
propaganda and advertising are a major threat 
to reason and therefore to democracy. 

The feeling that western, “rational” 
societies are inescapably entwined with these 
anti-rational and anti-democratic forces lies 
behind many critiques of the Enlightenment 
enterprise – from within these societies and 
from outside them. Linguist and political 
activist Noam Chomsky argues on page 46 
that although we may think of western society 
as enlightened and free, we are restricted in 
what we can think and say. In practice, power 
is with industry and the military, and values 
are determined by corporations and brands, 
not individuals and ideals. 

The second unifying theme among our 
contributors, including philosopher Mary 
Midgley on page 50, is the concern that science 
and reason are increasingly seen as providing 
not just scientific, technical and military fixes, 
but answers to everything that matters in the 
world. This alienates people, Midgley warns, 
because it leaves no room for morality, art, 
imperfection and all of the things that make 
us human. Is it really surprising that so many 
turn to pseudoscience?

As Archbishop Rowan Williams argues on 
page 44, scientific reasoning is essential but 
isn’t sufficient to guide our moral lives. It can 
never furnish us with absolute conviction 
about, say, the value of a human being and 
the necessity of opposing torture or racial 
discrimination. Our sense of human rights 
must be unconditional, based on values that 

“Might reason not 
always live up to the 
claims made for it?”

being reasonable, we aren’t. Our decisions are 
based on gut instinct, then justified post hoc – 
and they are made better when we don’t 
consciously think about them. Researchers 
are also starting to realise that individual 
judgements they had long categorised as 
emotional and irrational may actually be 
beneficial when seen in the context of a group.

This raises the question of what we even 
mean by “reasonable”. And researchers are 
also having trouble with the meaning of 
“scientific”. Science, in the sense of carrying 
out experiments to test hypotheses, is the best 
tool we have for understanding the physical 
world. But that doesn’t make it perfect. In fact, 
the philosophical basis of science is looking 
increasingly shaky as branches of maths, 
physics and even biology head into areas that 
we can’t see how to test.

On page 49, mathematician Roger Penrose 
points out that many insights in science and 
maths are reached without following the 
“proper” rules. And Midgley criticises attempts 
to force all empirical inquiry into a black-and-
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white “rational” framework, such as when 
behaviourists stripped subjectivity from the 
study of psychology. Across biology, scientists 
are struggling with big concepts such as life, 
consciousness and free will, which they are 
finding impossible to define, let alone to split 
up into smaller components as the traditional 
reductionist approach to science requires.

Can we do better? The rationalist world view 
has been incredibly successful, transforming 
human life vastly for the better. But one big 
misunderstanding about the Enlightenment is 
that it is a finished thing, that all the west need 
do is convert the rest of the world to its merits. 
In contrast, the Enlightenment that Immanuel 
Kant described in his seminal essay was an 
ongoing process. Asking what’s wrong with 
reason and seeking to improve it falls squarely 
within that Enlightenment tradition of 
trusting our inquiry over received wisdom.

One central Enlightenment idea was the 
separation of the human intellect from 
nature – the notion of a detached observer 
who manipulates and experiments on the 

world around him. This is not shared by 
non-western philosophies, and some argue 
that rethinking this separation might offer 
one way forward. After all, 18th-century 
thinkers applied core Enlightenment concepts 
such as freedom and equality only to 
“reasonable” men – that is, white men of a 
certain class. We have now extended these 
rights to poor white men, women and other 
races. Could we extend them again? 

As far back as 1992, Gore argued in Earth 

in the Balance (see   New Scientist, 1 August 1992, 
p 38 ) that to avert environmental crisis, the 
rights and freedoms granted to ever-wider 
groups of people must now be applied to 
future generations and to nature. Feminist 
and biologist Donna Haraway (New Scientist, 

18 June, p 50 ) thinks we should extend those 
values to include other life forms – and even 
non-life – and maybe even the Earth.

As for science itself, we may need to come 
up with a definition based on comparing the 
evidence for rival theories rather than black-
and-white falsification. As Lee Smolin 
discusses in the online version of this special, 
logicians are already devising techniques that 
can take into account context and uncertainty.

Meanwhile the political theorist George 
Lakoff argues in The Political Mind (reviewed 
New Scientist, 31 May, p 48 ) that in a world of 
complex and life-or-death decisions on issues 
ranging from climate change to cloning, 
making informed and democratic judgements 
will require moving beyond reductionism to a 
realistic understanding of how individuals and 
societies make decisions – emotion, intuition 
and all. It’s a process Lakoff calls a “21st-century 
Enlightenment” and it feeds into another core 
Enlightenment value, democracy.

The toughest challenge may be distancing 
science from the vested interests of 
governments and corporations, or at least 
ensuring that voters understand how various 
groups are trying to manipulate their 
decisions. Miller’s key ingredients for science 
that works for, not against, Enlightenment 
values are transparency, stronger ethical 
standards and increased public funding.

All this sounds daunting. But to judge by 
the arguments of our contributors and others, 
much is at stake if we don’t open reason up to 
debate and change. Larger and larger sections 
of society will be unable to give informed 
consent for the actions officials take in their 
name; there will be no chance of reining in 
corporate power – even if we want to; and 
important aspects of being human will 
continue to be marginalised, probably to the 
detriment of science itself. We risk never 
learning that some of the expectations of 
reason are just, well, unreasonable.  ●

Continue the 
debate online:
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Articles by Tom Shakespeare, Keith Tyson and Noam Chomsky 

as told to Mike Holderness, Liz Else and Ivan Semeniuk. Reason 

special edited by Liz Else, Mike Holderness and Jo Marchant.
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Feedback–

EAGLE-EYED readers have pointed us 
to an intriguing offer. The US website 
for Japanese electronics giant Denon 
is inviting consumers to pay $499 for 
what appears to be a 1.5-metre network 
cable of the type that usually costs only 
a few dollars. So what’s so special about 
Denon’s   AK-DL1 patch cord ?

According to Denon’s website it has 
“woven jacketing to reduce vibration” 
and the cable structure is “designed to 
thoroughly eliminate adverse effects 
from vibration”. In addition, “signal 
directional markings are provided for 
optimum signal transfer”. Plus, the 
AK-DL1 is made from “high purity
copper” which “will bring out all the 
nuances in digital audio reproduction”.

As puzzled as our readers, we 
emailed Denon via the website to 
ask for an explanation of what causes 
vibration in a network cable, what 
the adverse effects are, why signal
directional markings optimise 
signal transfer, and how high-purity
copper wire brings out the nuances 
of a digital signal. 

Within minutes an email winged 
back that failed to answer any of our 
questions. Although the AK-DL1 may 
look like an ordinary ethernet cable, 
it told us, “the similarities end there… 

the cable is designed in such a way 
that vibration is all but eliminated so 
that sound being passed is as pure as 
possible… That being said, this cable is 
not going to provide you with much of 
a difference unless used with top of the 
line equipment across the board.”

Denon helpfully gives some 
examples of such equipment, 
including a DVD player that costs 
$3800 and an amplifier costing $7000. 
So all we have to do to check Denon’s 
claims for the $500 cable is pay 
$10,800 for something to plug it 
into. Isn’t that nice?

Shortly after this exchange with 
Denon, we came across an item on 
the BoingBoing gadget site at  
www.cablereviews.notlong.com. 
It quotes “brilliant” reviews of the 
Denon cable from what BoingBoing 
describes as “perhaps the best Amazon 
[reader] reviews page of all time”. Our 
favourite is this: “A caution to people 
buying these: if you do not follow the 
‘directional markings’ on the cables, 
your music will play backwards.”

THE Swedish recipe website www.recepten.

se told Angi Mauranen, who was asking it 

to calculate his body mass index: “Weight 

must be a number in kilograms between 

4.9 × 10-324 and 1.7976931348623157 × 10308,

for example: 1999999”. (Of course it said 

it in Swedish.) 

“OK,” says Mauranen, “I’m lighter than 

the known universe and heavier than an 

electron – yet that’s just a tiny fraction 

of the given mass scale.” And why, we 

wonder, is the example roughly the 

mass of a small asteroid?

WHEN Chris McManus published 
a paper in Medical Education (vol 36,  
p 35) he received a puzzling email from 
GenWay Biotech which said: “Dear Dr. 
McManus, From your article titled 
‘How consultants, hospitals, trusts and 
deaneries affect pre-registration house 
officer posts: a multilevel model’… we 
learned of your research with BAD and 
thought you might be interested in 
knowing that GenWay currently has 
an antibody against this target as part 
of our catalog of products…”

However, McManus’s paper says 
nothing at all about antibodies or 
even blood – and least of all about 
BAD, which stands for the protein “Bcl2 
antagonist of cell death”. So what was 
GenWay talking about? The answer 

can be gleaned from the paper’s 
abstract, which says: “Twenty per 
cent of PRHO [pre-registration 
house officer] posts were described as 
excellent and 34 per cent as very good, 
through to 6 per cent reported as not 
very good, poor or bad.” 

GenWay, it appears, is sending the 
email about this unfortunately named 
protein and its antibody to whoever 
happens to have used the word “bad” 
at any point in their abstracts. There 
must be quite a few of these. McManus 
says it took him only a few seconds to 
find there are 18,825 in the Pubmed 
archive alone. 

CONTINUING the theme of very large 

measurements: on the  Duravit bathroom 

products website, the weight of the multi-

functional shower unit number #730002 

is given as “530,000 kilograms”, or 530 

tonnes. Anoushka Haas is concerned that 

the website says nothing about reinforcing 

the foundations of your house before 

installing it.

FINALLY, the holiday competition 
run by Virgin and Prima magazine that 
Richard Townsend entered closes at the 
end of September 2008. Presumably to 
prevent any foolhardy attempts at time 
travel, the rules emphasise that you 
cannot take your holiday in July or 
August 2008.

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.

Christopher Sait recently heard 
this at St Pancras railway station in 
London: “Customers must stay with 
their luggage at all times, otherwise 
they will be taken away and 
destroyed.” Presumably their 
luggage will be left intact
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The last word–

SNAKES ALIVE
On 22 September 2007 my wife 

and I were on the shingle beach 

at Dunwich in Suffolk, UK, when 

we spotted a snake wriggling along 

the water’s edge. It was about 

50 centimetres long and light olive-

brown. Behind its head was a bright 

yellow, delta-shaped marking which 

pointed forwards. As we watched, it 

entered the water and swam strongly 

out to sea. Is this how a grass snake 

might behave – albeit one with 

atypical markings – or has climate 

change brought a sea snake north 

of its usual habitat? The weather was 

windy and it was neither warm nor 

sunny. Is it relevant that this occurred 

about 2 kilometres north of the warm 

water outlets of the Sizewell B 

nuclear power station?

● It is extremely unlikely that a sea 
snake was found off the coast of 
Dunwich. They are among the most 
temperature-restricted snakes and 
for this reason are only found in the 
Indian and Pacific Oceans. Sea snakes 
cannot tolerate cold water and so 
cannot venture into the warm parts 
of the Atlantic – the water around the 
southern tip of Africa is too cold for 
them to cross. 

Of all the sea snake species, 
Pelamis platurus  tends to range the 
furthest (although again, not into the 
Atlantic) due to its habit of floating 
like flotsam on the oceans’ surface 
currents. P. platurus occasionally turns 
up in unexpected places, such as the 
coast of southern California, but still 
needs waters of around 21 °C. While 
global warming could potentially 
allow sea snakes to colonise new 

habitats, the UK is probably still too far 
north, despite any warming from the 
nuclear plant mentioned. It’s also 
worth noting that sea snakes are often 
extreme dietary specialists – several 
species eat only one species of fish 
egg. So, even if it could swim to 
the UK, a lack of prey would prevent 
its survival.

I could find no sea snake that 
matches the description – P. platurus

has a black dorsum and a bright 
yellow venter, but no yellow on the 
nape of the neck. Additionally, and in 
contrast to some sea snakes that just 
hang out in tidal areas, the truly 
pelagic sea snakes rarely come onto 
land and, when they do, they are 
usually unable to move in a truly 
snake-like fashion. With a few 
exceptions, sea snakes do not have 
the normal belly scales that allow 
other snakes to move on land. They 
are adapted for an aquatic lifestyle. 

Your correspondent does not 
mention whether the snake has a 
flattened, paddle-like tail, which 
would be indicative of seafaring 

snakes. Therefore my guess is that the 
animal was   Natrix natrix , better 
known as the grass snake. It inhabits 
the area in which it was spotted, can 
be up to 1 metre in length, is a 
grayish-tan or olive colour and does 
have yellow on the nape of the neck, 
which is typically shaped like a collar. 
The questioner may have happened 
upon on odd specimen with more of 
a delta shape in this part of its body 
which explains the anomaly. Natricine 

snakes, of which the grass snake is 
one, are strong swimmers and 
are known for aquatic behaviour, 
although this is typically in fresh 
rather than salty water.
Sara Ruane 

Department of Biology

College of Staten Island

New York, US

DIRTY BUSINESS
In James Bond films a gun with a 

silencer is used to dispose of bad 

(and good) guys. How does the 

silencer work?

(Continued)

● An earlier correspondent (  Last Word, 
16 February ) stated that a gunsmith 
once told him that the report of a gun 
is not caused by the cartridge’s 
explosive charge, nor the escaping 
gases, but by the supersonic boom 
of the bullet.

This doesn’t stand up to scrutiny. 
Blank cartridges are typically the same 
as live rounds, but with a slightly 
smaller charge and the end of the 
cartridge pinched in where the bullet 
would be. I have used these in both 
starting pistols and rifles. 

Both gave loud reports without 
the presence of a bullet. Indeed, 
the blanks that I used with Lee 
Enfield .303 rifles were so loud that 

I was required to use ear protection.
Ian Cargill

Leatherhead, Surrey, UK

THIS WEEK’S QUESTIONS
Brolly life

When I took the cover off my picnic 
table’s sun umbrella I found a number 
of these structures running down the 
one of the folds (see Photo). They look 
like they are made of dried mud and 
inside each one is a vivid yellow powder 
and a single thin, curled-up larva. Each 
structure was about 5 centimetres long. 
What did it, how did it do it, how long 
did it take – and should I get rid 
of them?
Ian Gilbert

Monks Eleigh, Suffolk, UK

Rain imminent

During the Monaco Grand Prix, 
I was watching the drivers battle 
with the damp conditions when 
the commentator said that rain was 
expected at the track in 6 minutes. 
How can forecasting be so accurate? If 
such technology is available, why isn’t 
it offered to the public? Incidentally, 
the rain didn’t arrive on this occasion, 
but was predicted with such confidence 
that presumably the forecasting must 
be accurate most of the time.
Derek Bolon

Tetbury, Gloucestershire, UK

“Sea snakes do not have the 
normal belly scales that allow 
other snakes to move on land”

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

New Scientist retains total editorial 
control over the content of The Last Word.

Send questions and answers to 
The Last Word, New Scientist, Lacon House, 
84 Theobald’s Road, London WC1X 8NS, UK, 
by email to lastword@newscientist.com or 
visit www.newscientist.com/lastword.ns 
(please include a postal address in order to 
receive payment for answers). For a list of all 
unanswered questions send an SAE to 
LWQlist at the above address.

Last Words past and present, plus questions, at www.newscientist.com/lastword

How to Fossilise 
Your Hamster
The latest collection from 
New Scientist featuring experiments 
for armchair scientists

Available from booksellers and at 
www.newscientist.com/hamster
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