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justice will be the loser 
Dismantling the work of the UK's forensics lab will be a disaster 

A QUARTER of a century ago, 
Alec Jeffreys made a discovery 
that would go on to revolut ionise 
forensic science. Though 
he developed this "genetic 
fingerprinting" technique at the 
University ofLeicester, UK, much 
of its success is due to research 
done at the UK's Forensic Science 
Service (FSS), which led to many 
significant advances in its 
precision, sensitivity and power. 

So it is with disbelief and 
dismay that I read that the UK 
governmenthasannounced the 
"orderly wind-down" of the FSS 
by March 2012 for commercial 
reasons. The service is losing 
about £2 million a month and 
is being outcompeted by private
sector companies. 

While I am not privy to all 
the details, it is clear that an 
organisation that offers world
leading research will never be 
able to compete with commercial 
suppliers that focus on the lowest 
cost and highest efficiency. 

Nor should it. There will always 
be a demand for customised tests, 
determined by the circumstances 
of individual cases. These are 
important for justice, even though 
they may not be the cheapest 
on offer. An independent second 
opinion is crucial in forensic 

Niels Morling is professor of 
forensic genetics and director of the 
department of forensic medicine at the 
University of Copenhagen, Denmark, 
and president of the International 
Society for Forensic Genetics 

science, and this should 
come from government and 
academic laboratories. 

For many years, the FSS was 
a hub for collaboration within 
the framework of the European 
DNA Profiling Group and later 
the European Network of Forensic 
Science Institutes. This work led 
to the harmonisation of DNA 
investigations in Europe, 
which is playing a major part in 
the fight against crime. 

With DNA evidence and other 
science-based techniques 

fulfilling an increasingly 
important role in the detection 
and conviction of offenders, 
continuing research is needed 
to improve these methods and 
avoid erroneous conclusions. 
As New Scientist has reported, 
we still need to do more to 
remove the subjective element 
from DNA testing. 

The UK has made a unique 
contribution to the development 
of forensic science - and long 
may this continue. Even if the 
decision to close down the FSS 
is irrevocable, the British justice 
system will still need research, 
development, education, advanced 
investigations and a source for a 
competent independent second 
opinion within all fields of 
forensic sciences. 

This could be achieved 
by establishing a properly 
funded national centre to host 
research and training facilities, 
and a laboratory that could 
conduct specialised casework 
invest igat ions, hold reference 
data and provide a quality
assurance service for other labs. 
If the UK government allows its 
hitherto world-leading effort 
to end with the demise of the 
FSS, the verdict is clear: justice 
will be the loser. Niels Morling • 

Real adventures in numberland 
IS MATHEMATICS a matter of 
invention or discovery? It is an 
age-old question that probably 
has no resolution, but this week 
we report on a breakthrough that 
backs the latter camp. 

A mathematician on a 
geometrical safari has stumbled 
upon "hyperstructures" composed 
of interlocking rings that are 
themselves linked ring structures. 

The discovery has set physicists 

hot on the t rail of new states of 
matter (see page to). It is a further 
example of what Eugene Wigner 
once called "the unreasonable 
effectiveness of mathematics". 
The most celebrated illustration 
is Paul Dirac's predict ion of the 
existence of antimatter, based on 
nothing more than his equations. 

There are wider lessons here. 
Critics of string theory should 
take note: strings provide another 

area where geometry seems to 
provide a connection - perhaps an 
unreasonably effective one - with 
the physical world of particles and 
forces. Funders should also pay 
heed. Playing with shapes and 
shadows in strange mathematical 
worlds might not have an easily 
predictable impact, but these are 
adventures of the mind that can 
turn our gaze to undiscovered 
wonders at our feet . • 
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UPFRONT 

Forces and fate 
THE cosmos loves irony. While 
trying to prove that the Earth is 
fixed in space, an Italian priest 
described something similar to 
the Coriolis effect - the slight 
deflection experienced by objects 
moving in a rotating frame of 
reference - nearly 200 years 
before mathematician Gustave 
Coriolis worked it out in 1835. 

In 1651, Giovanni Riccioli 
published 77 arguments against 
the idea that the apparent 
motions of the heavens were due 
to the Earth's rotation and orbit 
around the sun. Now, Christopher 
Graney at Jefferson Community 
and Technical College in Louisville, 
Kentucky, has t ranslated them 
from Latin, and discovered that 

"The Coriolis effect was 
then unknown, so Riccioli 
concluded that the Earth 
must be stationary" 

Riccioli conjectured phenomena 
resembling the Coriolis effect 
(arxiv.org/abs/1012.3642). 

Riccioli argued that if the Earth 
were rotating, the speed of the 

6 1 NewScient ist IB January 2011 

ground at different latitudes 
would be different, so cannon 
shots fired due north or south 
from near the equator would 
show a slight deflection east 
or west as the ground moved 
beneath them during flight. 
No such effect was known at the 
time, so he wrongly concluded 
that the Earth must be stationary. 

Still, historian Owen Gingerich, 
formerly ofHarvard University, 
says Coriolis should retain credit 
for the idea because he recognised 
the deflection should occur for 
objects moving in any direct ion, 
not just north or south. 

Flood blamed on 'little girl' 
THE strongest la Nii'la for decades 

combined with a monsoonal 

low-pressure zone has been blamed 

for the megafloods in the Australian 

state of Queensland. 

La Nii'la, an interaction between 

the atmosphere and the oceans, 

has trapped warm water at the 

coast, fuelling cloud development 

and rainfall. Atthe same time a 

low-pressure trough has dragged 

moisture from north-westerly 

monsoonal w inds into the region, 

also encouraging heavy rain. "With 

the La Nii'la and monsoonal trough, 

conditions were absolutely set f or 

these floods to occur," says jonathan 

Nott, a geoscientist at james Cook 

University in Cairns, Queensland. 

As New Scientist went to press, 

flood waters in some parts of the state 

Cholera shots 
THE World Health Organization 
will start vaccinating in April to 
help stem the cholera epidemic in 
Haiti, which has killed over 3300. 

The vaccine hasn't been used 
before, partly to focus medical 
resources on treating cases, but 
also because little is available, as 
vaccination is not standard in 
acute outbreaks. Cholera, 
however, has changed, says Peter 
Hotez at George Washington 
University in Washington DC. 
"Dramatic outbreaks used to last a 
few weeks; gone by the time you 

were slowly receding, while other 

areas waited f or river levels to peak. 

The region's Fairbairn dam was still 

over capacity, but water levels had 

dropped from a peak on 31 December 

when the reservoir was at 176 per 

cent capacity, with water overflowing 

at a rate of 370 million tonnes a day. 

Pradeep Singh of Australia's 

Bureau of Meteorology says heavy 

rain early last month saturated 

central Queensland and raised 

stream levels above average. The 

final trigger was a deluge on 

26 and 27 December, which broke 

river banks and flooded half of 

Queensland's 1.1 million square 

kilometres - covering an area the size 

of France. Some 200,000 people 

have been affected by the floods, 

w ith nine confirmed dead. 

could vaccinate anyone," he says. 
But Haiti's epidemic will not 

peak for another few months, and 
will linger and recur, suggest 
analyses presented at a meeting 
on 17 December in Washington DC. 

Ten million Haitians are at risk 
but only about 40o,ooo doses of 
vaccine could be ready by April, 
and a million by late 2011. 
Available stocks will be used in a 
pilot project, possibly in central 
Haiti. Inevitably, many Haitians 
will miss out. "This is why we want 
a cholera vaccine stockpile," says 
Hotez, so such hard choices need 
not be made again. 

1. Feb 1990 Drill ing starts Drill near to Vostok 
GLACIER ICE 

10001' 
2.Dec 1991 
Dnlllng obstructed 
at 2503m and 
red1rected 1n 1992 
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FOR 14 million years, Antarctica's 
vast Lake Vostok has remained 
tantalisingly sealed off from the 
rest of the world. What unique 
forms oflife might have evolved 
in the hidden depths? 

After years of speculation we 
are about to find out, as Russia's 
drill nears the lake (see diagram). 
The Antarctic Treaty Secretariat, 
the body set up to preserve the 
continent, has approved the 
comprehensive environmental 
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evaluation conducted to ensure 
the reservoir is not polluted. 
Researchers from Russia's Arctic 
and Antarctic Research Inst itute 
(MRI) in St Petersburg expect to 
reach the water in late January. 

The AARI's Valery Lukin says 
they have devised a clever method 
for sampling the lake without 
contaminating it. "Once the lake 
is reached, the water pressure will 
push the working body and the 
drilling fluid upwards in the 
borehole, and then freeze again," 
Lukin says. The following season, 
the team will go back to bore in 
that frozen water, take it out and 
analyse its contents. 

Looming US battle 
AS REPUBLICANS take control of 
the US House of Representatives, 
science could take a hit - despite 
a new Congressional measure to 
boost funding. 

"There is going to be a big 
fight," says Michael Lubell of 
the American Physical Society 
in Washington DC. "The question 
is who blinks fi rst." 

In one of its last votes of2010, 
Congress passed the America 
COMPETES Reauthorization Act , 
which calls for a 13 per cent boost 
in funding for the National Science 
Foundation by 2013 and similar 
growth for other science agencies. 

Yet the boost is not assured. 
Republicans - whose consent 
is needed to set budgets for 
government agencies - have been 
calling for cuts to the overall 
federal budget. it is not at all clear "" 
that science will survive unscathed, ~ 
says Lubell. Things could come ~ 
to a head in March, when a ~ 

stopgap spending measure 1li 
expires, forcing Congress to vote 
anew on spending levels, he adds. 

Other elements of the act 
take effect immediately, 
including permission for all 
federal agencies to set up cash 
prizes to spur innovation, 
a pract ice pioneered by NASA and 
the Defense Advanced Research 
Projects Agency. 

Swine flu returns 
EUROPE and North America are 
braced for a surge in flu cases as 
schools resume after the holidays. 

Schoolchildren are the main 
carriers of seasonal flu, and 
epidemics often reflect school 
schedules. The winter flu that is 
already push ing intensive care 
services to capacity in the UK 
has been dominated by the same 
swine flu virus that caused a 
pandemic in 2009. 

While swine flu has now 
become a seasonal virus, and 
more people have immunity to it 
than in 2009, it still carries a sting 

in its tail. At least 36 people have 
already died of the virus in the 
UK this flu season and, as in 
pandemics but unlike most 
seasonal flu, nearly all were under 
65, while 40 per cent had none 
of the risk factors that make 

"Unlike most seasonal flu, 
nearly all deaths from 
swine flu were in people 
under65" 

flu deadlier, such as asthma. 
Health agencies in Europe and 

North America are advising people 
in risk groups, such as pregnant 
women, to get vaccinated. 

Carcasses kill Africa's vultures 
AFRICAN vultures are starting t o 

follow their Asian cousins on a deadly 
downward spiral. 

Munir Virani and colleagues at the 
National Museums of Kenya, Nairobi, 

have reported that vultures in and 

around the Masai Mara National 

Reserve have suffered a population 

crash of over 50 per cent in the last 

25 years (Biological Conservation, 

DOl: 10.1016/j.biocon.2010.10.024 ). 

Over the same period the number 

of livestock farmers near the park 

soared. The pattern of vulture deaths 

suggests their main threat comes 

from the farmers, who leave dead 

goats laced with the toxic pesticide 
Furadan to kill hyenas and lions. 

In south Asia, griffon vultures 

have been driven to near-extinction 

by consuming accidentally poisoned 

cattle carcasses- cows that had been 
t reat ed bef ore death with drugs that 
happen to harm vultures. Because 

vultures range widely and eat 

communally, only 1 per cent of cattle 
need to be poisoned to affect the 

whole population. This makes 

the use of deliberately poisoned 

carcasses in Africa even more of 

a threat to the scavengers. 

The irony, says Chris Bowden 

of the UK's Royal Society for the 

Protection of Birds, is that if the 

poisoned carcasses eliminate 

vultures, it will help the hyenas and 

lions that the f armers are trying to 
eliminat e t o flourish. That's because 
there will less competition for the 

carrion normally eaten by the birds. 

60SECONDS 

Blind hope 
Elder1y people in danger of going 

blind as a result of a common eye 

condition w ill receive an experimental 
treatment using human embryonic 

stem cells (hESCs). Advanced Cell 

Technology in Massachusetts has 

permission to treat dry age-related 

macular degeneration by injecting 

the eyes of 12 people with retinal 

cells made from hESCs. 

Urban birds chirp up 
Australian birds are calling more 

loudly in urban areas than in rural 

areas, suggesting they have evolved 

to better survive in noisy urban 

environments. The calls of silvereyes 
(Zosterops lateralis) are innate, 

not learned, so a change in call 

pitch indicates a genetic, evolved 

change (Proceedings of the Royal 

Society B, DOl: 10.1098 / 

rspb.2010.2296). 

Growth opportunity 
Bald patches on the scalp contain 

just as many stem cells with 

potential to grow into hair as 

hairy regions, but just one-t enth 

of the cells mature to this stage. 

Finding drugs to activate them 

could help regenerate hair 

Uournal of Clinical Investigation, 

DOl: 10.1172/jCI44478). 

Bumblebees dwindle 
Four species of North American 

bumblebee have sharply declined, 

someby96 percent over the 

past century (Proceedings of the 

National Academy of Sciences, 

DOI:10.1073/ pnas.1014743108). 

These species are more likely than 

four stable ones to carry a parasite 

that is depleting European bees. 

Food safety overhaul 
US president Barack Obama signed a 
law this week giving the US Food and 

Drug Administration more power to 

shut down food producers to stem 

food-borne infections. However, 

critics suggest food safety will not 

improve until standards are set for 

permissible bacteria levels in food. 
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THIS WEEK 

Ani I Ananthaswamy point of no return. The suggestion accounts for about 25 per cent of topped the chart, with 500 square 
is that Greenland will reach a the annual, global rise in sea levels. kilometres (see map). 

ON 4AUGUST 2010, the Petermann tipping point in the early 2040s. Last month's meeting of the But not all ice is created 
glacier in Greenland sounded a After that no amount of action American Geophysical Union in equal. Glaciers in the north like 
warning. A gigantic slab of ice on our part can save the ice sheet. San Francisco highlighted the Petermann and Humboldt lost 
broke off and the glacier retreated Unless governments dramatically situation. Jason Box of Ohio State a lot of thin, floating ice that does 
15 kilometres, leaving it further up their game, the only thing that not impede the outward flow 
inland than it has been since will change that date is natural "Greenland's ice sheet of ice behind. That means the 
observations began a century ago. variations in the climate, which holds enough ice to glaciers did not immediately 

That warning went unheeded might either hasten or delay the raise global sea levels surge seaward. But thicker ice was 
at the UN climate talks in Cancun, tipping point. by 7 metres" exposed to the ocean. Thicker ice 
Mexico, last month. Delegates Greenland's ice sheet holds acts like a cork in a bottle: take it 
left without agreeing drastic cuts enough ice to raise global sea University in Columbus and away and the glaciers accelerate. 
in greenhouse gas emissions, levels by 7 metres. Ice melting at colleagues listed Greenland's "If we continue to lose ice, we'll 
leaving the planet on course for the surface and breaking off at "biggest losers": the five glaciers start losing important ice," says 
3.2 •c of global warming, and the margins of the ice sheet is and ice streams that lost the team member Ian Howat, also at 
Greenland - the world's second already adding up to about greatest area of ice in the past Ohio State University. "If these 
largest ice cap - heading for a 300 gigatonnes each year. That decade. The Petermann glacier glaciers were to accelerate and 
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mobilise the large amount of ice 
up in northern Greenland, it has 
the potential for a huge change." 

It is the kind of change that has 
already been seen in Greenland, 
south of70 degrees latitude. For 
instance, the speed at which the 
Jakobshavn glacier flows has more 
than doubled over the past 10 years. 
In July, its margin withdrew by 
about 1.5 kilometres, bringing its 
grounding line - where the glacier 
lifts off the bedrock and begins 
floating- to a knife edge, where 
bits can break off to form icebergs. 

Beneath the ice, Greenland is 
built like a soup dish: the bedrock 
slopes down towards the interior 
and in the case of Jakobshavn 
bottoms out some 16oo metres 
below sea level. Jakobshavn's 
margin is now perched on the edge 
of that dish. I fit breaks up further, 
it would end up on a downward 
slope, with nothing to stop it 
slipping 8o kilometres inland. 

"It would cause a huge 
embayment into the ice sheet, 
something that we have never 
seen before," says Howat. 
Jakobshavn is one of many 
glaciers perched on similar 
topography. "Once a glacier hits 
this point, the dynamics of the ice 
take over. No matter what climate 
does, whether it gets warmer or 
cold er, that glacier is going to keep 
[retreating]," says Howat. 

One-way ticket 
Other factors could also put 
glaciers on a one-way ticket to 
extinction. Kristin Poinar of 
the University of Washington, 
Seattle, and colleagues have 
been studying the bottom of 
Jakobshavn. The ice there is slushy 
due to the enormous friction and 
pressure at those depths: friction 
within the glacier and against 
the bedrock generates enormous 
amounts of heat. Studies show 
this "temperate ice" layer is about 
270 metres thick and acts like a 
conveyor belt, helping the ice slip 
faster into the sea. 

Not only that, it could give $ 
glaciers some form of"memory" 8 

of past warm events, says Poinar. 
In the 1990s, warm ocean waters 
caused Jakobshavn to speed up 
dramatically, creating more 
temperate ice, which could stick 
around for decades. That means 
the consequences of sudden 
changes like Jakobshavn's 
increase in speed in the 1990s 
could be felt for tens or hundreds 
of years, says Poinar. 

Thousands of smaller glaciers 
are also showing dramatic 
declines. Sebastian Mernild of the 
Los Alamos National Laboratory 
in New Mexico and colleagues 
have been studying one in 
south-east Greenland, close to the 
Sermilik fjord. From photographs 

GREENLAND 

Watson river 
drainage basin 

Sermilik fjord ( 

going back to 1931, the team 
calculated that the glacier has 
retreated by 17 metres per year on 
average, but in 2010 it lost ground 
by 35 metres. "The same trend is 
happening to all the glaciers in 
east Greenland," says Mernild. 

"Glaciers haven't fully 
responded to temperature 
rises. Even if warming 
stops, melting will go on" 

Last year was also a bad one 
for the ice sheet as a whole. By 
combining observations and 
modelling, Mernild's team 
calculated that 52 per cent of the 
ice sheet experienced surface 

melting. Natural annual 
variability can't be ruled out, 
says Mernild, "but if you check 
the trends, surface melt has 
been increasing since 1972, all the 
way up to 2010, and 2010 was a 
record year". South-west 
Greenland saw a dramatic 
increase in the number of melting 
days, about so days more than 
the average for the past so years. 
And three decades of 
measurements from the Watson 
river drainage basin in west 
Greenland show that surface 
runoff in 2010 was 30 to 40 per cent 
higher than average (Cryosphere, 
DOl: 10.5194/tC-4-231-2010). 

More melting is in store, warns 
Mernild. His team's models 
show that Greenland's glaciers 
haven't fully responded to the 
temperature rises. In other parts 
of the world, including Antarctica 
and the Himalayas, glaciers 
are about 25 per cent out of 
equilibrium, meaning that even if 
warming were to stop today, the 
glaciers would continue to melt 
further before stopping. But 
temperatures in and around 
Greenland have been increasing 
faster than elsewhere, and the 
glaciers there are 70 per cent out 
of equilibrium, says Mernild. 

This worries Mernild. His team 
modelled the fate of Greenland, 
using a scenario for future human 
development outlined by the 
Intergovernmental Panel on 
Climate Change. The scenario 
assumes rapid economic growth, 
a global population that peaks in 
2050, and rapid adoption of new, 
efficient technologies for energy 
use and generation. Given the 
outcome in Cancl.in last month, it 
is a likely scenario for the future. 

Mernild's models show that 
if it does play out, Greenland 
will reach a tipping point in about 
30 years. After that nothing will 
prevent the ice cap from 
eventually vanishing entirely 
(journal ofHydrometeorology, 
DOl: 10.1175/2oogJHM1140.1). 

"We can see which way the 
trend is going," says Mernild. 
"It doesn't look nice." • 
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Quirky new matter 
via mathematics 

each atom had a single link to 
one of the others, but picking up 
one moved all three (Nature, DOl: 
10.1038/natureo4626). 

Then, in 2010, Japanese 
researchers found Borromean 
rings in the bonds between atomic 
nuclei (Physical Review Letters, 

vol104, p 062701). "These 
structures seem to act as a recipe 
for what you can construct in the 
real world," Baas says. 

to bond in this way, they would 
create matter with previously 
unseen properties, Baas reckons. 
"When you go to a higher level, 
something completely new 
happens mathematically- and 

Michael Brooks 

WE ALREADY have solid, liquid, 
gas, plasma and Bose-Einstein 
condensate. Now it seems we 
may be on the verge of discovering 
a whole host of new forms of 
matter- all based on mathematics. 

Nils Baas, a mathematician 
at the Norwegian University 
of Science and Technology in 
Trondheim, has unearthed a 
plethora of possibilities for the 
way the components of matter 
can link together. 

He made the discoveries while 
researching the field of topology 
the study of the properties that 
objects share because of their 
shape. It is particularly concerned 
with the various shapes that 
can be formed while squashing 
and bending an object. A ring 
doughnut and a teacup share the 
same topology, for example: it is 
possible to squish the doughnut 
into a teacup shape without doing 
away with the hole, as it becomes 
the hole in the handle. 

Baas was studying 
"Brunnian rings" - collections 
of rings that are linked together 
but can all be separated if only one 
ring is cut. Borromean rings are 
the most famous example. 
Each of three rings is threaded 
through only one other, and 
cutting one ring separates them 
all (see illustration). 

Baas has shown that many 
more linkings are possible: not 
only are there Brunnian links of 
four or more components, there 
are also sets ofBrunnian links 
which are themselves linked 
together in a Brunnian fashion to 
create what Baas calls 
"hyperstructures" (arxiv.org/ 
abs/1012.2698). 

In 1970, Vitaly Efimov, now 
at the University of Washington 
in Seattle, predicted that the 
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topology of the Borromean rings 
would be reflected in nature as a 
hitherto-undiscovered form of 
binding between three particles. 
In the last five years, it has been 
shown that some of these links 
can indeed occur in physical 
systems. In 2006, researchers 
found this "Efimov state" in a 
gas of ultra-cold caesium atoms: 

Brunnian links with a twist 

But Baas's more complicated 
hyperstructures have radically 
different topologies from 
anything yet seen in nature. 
If groups of particles can be made 

This Borromean ring (below. left) and Brunnian ring (below, right) are linked in 
such a way that cutting just one component makes the whole thing fall apart 

Pushing on one side of the Brunnian ring creates a ( -shaped loop, which can be 
connected to other such loops to form complicated "hyperstructures" (below). 
If particles can be made to form bonds with each other in this way, they will 
likely display hitherto-unknown properties 

I would suspect it does in the real 
world too," he says. 

Baas has teamed up with Ned 
Seeman of New York University 
in New York City to figure out 
how to build the hyperstructures. 
"Mathematics seems to be a pretty 
good predictor of reality," says 
Seeman, who synthesised 
Borromean rings using DNA 
strands in 1997. "I have every 
suspicion that they'll work out." 

Baas has plenty of other 
avenues to explore, too, 
including a new inroad into the 
fundamentals of quantum theory. 
Particles that interact can become 
curiously synchronised, even 
when separated, in a quantum 

"These structures seem 
to act as a recipe for what 
you can construct in the 
real world" 

process called entanglement. 
If the particles start out 
linked together in complex 
Brunnian ways, they might 
be able to affect each other 
even when separated, he says, 
providing new ways to create 
the spooky-action-at-a-distance 
connections like those observed 
in entangled systems. 

"Once [these links] have been 
pointed out from topology, then 
we can go back and look for them 
in the Schrodinger equation" that 
describes the mathematics of 
quantum theory, says Baas. 

From there, it might be possible 
to create new quantum states in 
the lab. This in turn might provide 
new ways to build super-powerful 
quantum computers, which 

l;i 
~ manipulate information carried 
g:<: in the quantum states of particles. 

Such quantum information can 
~ ~ be in many states at once, so 
~ quantum computers can carry 
~ out enormous numbers of 
~ calculations simultaneously. • 
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In the beginning was 
naked genetic material ... 
ONE of the great transitions in the 
history oflife took shape when 
naked genetic material clothed 
itself and protocells were born. 
But try to recreate this moment 
and you quickly hit a stumbling 
block. A lipid-coated protocell 
doesn't have the machinery to 
easily divide in two when the 
genetic material replicates. 

Now Kunihiko Kaneko and 
Atsushi Kamimura, both of the 
University ofTokyo, Japan, have 
devised a model which may 
solve the problem. They took 
inspiration from living things, 
in which DNA and RNA code for 
proteins, and proteins catalyse 
replication of the genetic material. 
They suggest a similar self
perpetuating system in which a 
cluster of two types of molecules 
catalyse replication for one 
another and demonstrate a 
rudimentary form of cell division. 

Kaneko and Kamimura argue 
that natural selection acts on the 
cluster, improving copy fidelity 
and boosting the corn plexity of 
the protocell. "This may solve the 
origin of heredity and origin of 
compartmentalisation 
simultaneously," says Kaneko. 

In their model, as with DNA, the 
genetic material - or heredity 
carrier as they call it - replicates 

Methane on 
Mars? The case 
is not closed 
CLAIMS that Mars's atmosphere 

contains methane, which have 

fuelled speculations that the planet 

hosts life, may be premature. 

A key piece of evidence for 

methane on Mars may actually be 

due to Earth-based methane, warn 

researchers led by Kevin Zahnle of 

NASA's Ames Research Center in 

Moffett Field, California. "This is 

much more slowly than the other 
cluster molecules and also takes 
longer to degrade, so it allows an 
entourage of the other molecule 
to accumulate. After the heredity 
carrier replicates, the copies 

not a done deal," says Zahnle, despite 

a widespread perception that methane 

has been found on the Red Planet. 

The clearest evidence for methane 

on Mars came in 2009 from a team led 

by Michael Mumma at NASA's Goddard 

Space Flight Center in Greenbelt, 

Maryland. They used ground-based 

telescopes to look at light emitted 

by Mars and attributed dips in the 

spectrum to Martian methane 

absorbing those frequencies. The 

readings, taken several years apart, 

suggested that methane's lifetime 

in the Martian atmosphere is 

unexpectedly - and inexplicably -

drift away from one another, 
and the molecules between them 
break down, automatically 
creating two separate entities. In 
effect, when the heredity carrier 
replicates and separates, the 
whole cluster divides. 

Kaneko and Kamimura's 
cluster model isn't plagued by 
"parasitic molecules" either. 
These are selfish entities which 

short. While most researchers have 

assumed that this was due to an 

as-yet-unknown Martian process, 

Zahnle's team offers an alternative 

explanation: the dips in the spectrum 

are not due to alien methane. 

Mumma's team focused on 

readings taken when Mars was either 

moving towards or away from Earth, 

when any dips in its light would be 

shifted to higher or lower frequencies 

"The light absorbed by 
'Martian methane' would 
also be absorbed by 
Earth-based methane" 

may be catalysed by one of the 
molecules but do not in turn 
help it replicate. For example, 
a parasite molecule that only 
mimicked a heredity carrier 
wouldn't have a team of catalysers, 
so it wouldn't replicate as well 
as the true heredity carrier, and 
would therefore die off (arxiv.org/ 
abs/100S.1142Vl). 

"This is an interesting model, 
although there are a couple 
challenges for a realistic 
application," says biologist Irene 
Chen of Harvard University. In 
real life, membrane lipids around 
an RNA molecule don't typically 
catalyse RNA replication, but she 
speculates that replacing the 
lipids with hydrophobic pep tides 
might work in the way Kaneko 
and Kamimura propose. However, 
there is another challenge to 
overcome: you need access to a 
high concentration of chemical 
building blocks to generate the 
crowded cluster around the 
heredity carrier, Chen says. 

She suggests that periodic 
wetting and drying - as you 
might find in tidal regions or 
clay ponds - could increase these 
concentrations. You would of 
course need experiments to 
demonstrate that real chemicals 
associated with life can divide as 
the team suggest, since Kaneko 
and Kamimura don't name 
specific molecules for their 
heredity carrier or cluster species. 
Kate McAipine • 

and so could be separated from 

dips caused by methane in Earth's 

own atmosphere. But Zahnle's team 

notes thatthe frequency of a spectral 

dip attributed to Martian methane 

could also be caused by Earth-based 

methane containing carbon-13 

instead of the more common 

carbon-12 isotope (lcarus, DOl: 

10.1016/j.icarus.2010.11.027). 

Mumma, however, says he is 

confident his team measured Martian 

methane. "My group does not publish 

until we're certain we've exhausted 

all other possible explanations," 

he says. Rachel Courtland • 
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Intensive logging 
made rich wetlands 
Sujata Gupta 

THOSE who enjoy the wetlands 
and seafood of New England's 
coastline may be surprised by who 
they have to thank: the loggers of 
the 18th and 19th century. In 
clearing vast tracts ofland, those 
prolific loggers released so much 
sand and dirt that open-water 

Urine yields 
stem cells for 
self-repair 
IT MAY be a bodily waste product, 
but urine contains cells with 
huge potential for repairing our 

internal plumbing. 
Yuanyuan Zhang and his 

colleagues at the Wake Forest 

University School of Medicine in 
Winston-Salem, North Carolina, have 
made urethra-like tissue by growing 

stem cells extracted from the urine 
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bays turned into swamps. 
While logging devastated the 

landscape, it had the opposite 
effect on the coast. The wetlands 
it boosted buffer the coastline 
from storms, stop pollutants 
in the ocean from reaching the 
shore, and shelter marine 
organisms. "No wetlands, 
no seafood," says Matthew Kirwan 

of four healthy volunteers on 
scaffolds made f rom pig gut tissue. 

To do this, the team first 

converted stem cells extracted from 
urine into urothelial cells and smooth 
muscle cells - vital cell lines for 

making ureters, which empty fluid 
from the kidneys into the bladder, 
and urethras, which conduct it from 

the bladder out of the body. 
Zhang then chemically stripped all 

pig cells from layers of pig gut tissue, 

leavingjustthe underlying inert 
collagen scaffold. He coated this 
scaffold with the two types of cell. 

Two weeks later, the deposited cells 

of the US Geological Survey in 
Laurel, Maryland. 

For purists who favour 
returning New England to its 
natural state - and restoration is 
a multibillion-dollar endeavour
the theory presents a conundrum. 
Many New England marshes are 
much bigger than they were 
before the arrival of European 
settlers, says Kirwan, so restoring 
the environment to a "natural" 
state would mean losing much 
of the marshland and its benefits. 

To find out how old the marsh 
in the Plum Island estuary in 
Massachusetts is, Kirwan dated 

had formed layers on the scaffolds 
resembling urethras and ureters. 

In another experiment, the same 

structures developed after the 
seeded scaffolds had been implanted 
in mice lacking an immune system, 

proving that the cells can survive and 
grow in live animals (Biomaterials, DOl: 
10.1016/j.biomaterials.2010.10.006). 

Zhang plans further experiments 
in larger animals and eventually 

"There are ample stem cells 
in urine to make urethra 
and ureter tissue to replace 
damaged plumbing" 

fossil plant rhizomes - found 
in marshes but not open water
from 45 sediment cores. The 
oldest ones were found at the 
marsh's edge and dated back 
some 4000 years. In the centre 
of the marsh, however, the oldest 
rhizomes were just zoo years old, 
suggesting that until then Plum 
Island estuary was half marsh, 
half open-water bay. The shift to 
full marsh coincides with an 
increaseinlogging,according 
to historic records. Only that sort 
of extensive land-use change can 
account for the bay's filling in, 
says Kirwan. He presented his 
findings at the American 
Geophysical Union conference 
in San Francisco last month. 

The idea that what's bad for the 
land may be good for the sea is not 
unique to New England. Studies in 
the 1980s showed that Chesapeake 
Bay was built thanks in part to 
high sedimentation rates caused 
by logging and land clearance. 
Agricultural development along 
the Mississippi river is likely to 
have contributed to Louisiana's 
estuaries and bayous, and Kirwan 
suspects that mining bolstered 
California's coastal wetlands. 

Dorothy Merritts, a geoscientist 
at Franklin & Marshall College in 
Lancaster, Pennsylvania, points 
out that whatever the inadvertent 
ecological benefits of logging, it 
still destroyed the coast's original 
ecosystem. "Many original 
wetlands were lost," she says. • 

in humans. He and his colleagues 
hope to emulate the clinical 

success seen two years ago when 
researchers replaced a woman's 
damaged windpipe by growing her 
stem cells on a section of donated 

w indpipe that had been stripped of 
the donor's cells. 

There seem to be ample stem cells 

in urine to make these structures. 
A single colony of converted cells can 
coat a scaffold up to 10 cubic 

centimetres in volume, and just 
200 millilitres of urine contains 
enough stem cells to form 15 colonies, 

saytheteam. AndyCoghlan • 
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INSIGHT 

Would you knowingly 
take a placebo if it works? 

No active ingredients: but it still 
helps irritable bowel syndrome 

other ailments? "ltwouldn't work 
on a tu m our or kill microbes, but it's 
likely to affect illnesses where 
self-appraisal is important, such as 
depression," says Kaptchuk. 

THERE is little doubt that the placebo 
effect is real, but it has always been 
argued that a person feels better 
becausetheythinkthe pill is the real 
deal. But what if it works even when 
you know it is a fake? 

According toTed Kaptchuk at 
Harvard Medical School and his 
colleagues, at least one condition can 
be calmed by placebo, even when 
everyone knows it's just an inert pill. 
This raises a thorny question: should 
we start offering sugar pi lis for 
ailments without a treatment? 

In the latest study, Kaptchuk tested 
the effect of placebo versus no 
treatment in 80 people with irritable 
bowel syndrome. Twice a day, 37 

people swallowed an inert pill that 
cou Id not be absorbed by the body. 
The researchers told participants that 
it could improve symptoms through 
the placebo effect. 

While 35 per cent of the patients 
who had not received any treatment 
reported an improvement, 59 per 
cent of the placebo group felt better 
(PLoS One, DOl: 10.1371/journal. 
pone.001SS91). 'The placebo was 
almost twice as effective as the 
control," says Kaptchuk. "That would 
be a great result if it was seen in a 
normal clinical trial of a drug." 

Edzard Ernst professor of 
complementary medicine at the 
Peninsula Medical School in Exeter, UK, 

thinks that "the size of the benefit is 
too small to be cl inically relevant''. 
Kaptchuk agrees and wants to run 
some larger trials to get a better 
picture of the effect. 

If a dummy pi 11 can improve IBS, 
shouldn't we be exploring its effect on 

A 2008 study found that around a 
third of physicians had prescribed a 
dummy pill to unwitting patients. 
"Now we have shown that there are 
ethical ways of harnessing the 
placebo effect," says Kaptchuk. 

So is there now a case for using a 
placebo when there are no other 
treatment options? Kaptchuk feels 
there is still an ethical dilemma here. 
''I'm against giving patients something 
unless it's been shown to work in that 
condition," he says, though the 
individuals concerned may feel 
differently. jessica Hamzelou • 
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IN BRIEF 

Mitochondria's 
cancer secret? 

FRESH insight into prostate cancer 
has come in a study showing that 
the mitochondrial DNA of human 
prostate cancer cells is riddled 
with mutations. The findings 
could shake up prostate cancer 
research, providing targets for 
treatment of one of the most 
prevalent cancers in the west. 

Mutations in mitochondrial 
DNA have been linked to 
development of the cancer, 
so An ita Kloss-BrandsUitter of 
Innsbruck Medical University in 
Austria and colleagues compared 
the entire mitochondrial genome 
of cancerous and non-cancerous 
tissue from 30 men with prostate 
cancer (The American Journa l of 
Human Genetics, DOl: 10 .1016/ 

• j.ajhg.zow.n.oot). In total, 
41 mutations were found 

Africa may have two 
elephant species, not one 

for the forest, savannah and Asian elephants, and the 
extinct woolly mammoth; and also from the extinct 

mastodon which split from these elephant groups 

THERE may be grounds for doubling the number of 
much earlier in their evolutionary history (PLoS Biology, 

DOl: 10.1371/journal.pbio.l000564). They looked atthe 

African elephant species, according to DNA evidence differences in the DNA to estimate when each population 
comparing the genomes of the living elephant species diverged. "What was really surprising was that the forest 
and extinct relatives. The finding backs arguments for elephant and the :savannah elephant were as diverged 

conserving savannah and forest elephants separately, as the Asian elephant and woolly mammoth," says Reich. 
rather than treating them as one species. The study suggests that the two African elephants 

"The forest elephant is half the size of the savannah split at least 2.5 million years ago, and possibly much 

elephant and lives in the forest. Their body shape and earlier, although Pascal Tassy at the National Museum 
how they look is quite different;' says David Reich, of Natural History in Paris, France, warns that looking 
an evolutionary biologist at Harvard Medical School. at historical genetic divergence does not give the final 

Reich and colleagues compared the DNA of 375 genes word on separating species. 

A fat tummy shrivels your brain 
HAVING a larger waistline may 
shrink your brain. 

Obesity is linked to an 
increased risk of type 2 diabetes, 
which is known to be associated 
with cognitive impairment. So 
Antonio Convit at the New York 
University School of Medicine 
wanted to see what impact obesity 
had on the physical structure of 
the brain. He used magnet ic 
resonance imaging to compare 
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the brains of 44 obese individuals 
with those of tglean people of 
similar age and background. 

He found that obese individuals 
had more water in the amygdala 
a part of the brain involved in 
eating behaviour. He also saw 
smaller orbitofrontal cortices 
in obese individuals, important 
for impulse control and also 
involved in feeding behaviour 
(Bra in Research, in press). "It could 

mean that there are less neurons, 
or that those neurons are 
shrunken," says Convit. 

Eric Stice at Oregon Research 
Institute, Eugene, thinks that the 
findings strengthen the "slippery 
slope" theory of obesity. "If you 
overeat, it appears to result in 
neural changes that increase the 
risk for future overeating," he 
says. Obesity is associated with a 
constant, low-level inflammation, 
which Convit thinks explains the 
change in brain size. 

in cancerous cells that were 
not observed in healthy cells, 
suggesting they are associated 
with prostate cancer development, 
says Kloss-Brandstatter. 

Seeing the light in a 
womb with a view 

A FETUS might learn to see before 
it is born. So much light penetrates 
a pregnant woman's tummy that 
her fetus may develop vision in the 
final two months of pregnancy. 

We have long known that 
fetuses can smell, taste and 
hear. Marco Del Giudice at 
the University ofTurin in Italy 
wondered if there was enough 
light present for them to see, too. 

He measured the amount 
of light that could penetrate 
through to a typical woman's 
uterus and found that in a naked 
woman, about 0 .1 to 1 per cent 
of ambient light would get in 
(Developmental Psychology, 
DOl: w .w oz/dev.zoso6). 

In bright sunlight, a fetus could 
receive light equivalent to that 
found in a typically lit house. 
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Great tits choose 
food over sex 

How to sort the dwarfs from the planets 

PUT up a bird feeder in spring and 

great t its could end up choosing 

a secure f ood supply over sex. 

People put up bird feeders t o help 

w ild birds survive the winter, but 

little is known about how they affect 

behaviour. To find out, Valentin 

Am rhein of the University of Base I 

in Switzerland set up f eeders in a 

forested area outside Oslo, Norway, 

home to territorial greattits (Porus 
maj or,. Two weeks later t hey taped 

the dawn singing of each bird w ith a 

f eeder in its t erritory and compared 

it w ith birds with no feeder. 

The dawn chorus is thought 

to be important for attracting and 

def ending females, yet well-fed 

birds delayed their singing by 

an average of 20 minutes, often 

waiting until after sunrise. They 

were still delaying the chorus two 

weeks after the food had been 

removed (Animal Behaviour, DOl: 

10.1016/j.anbehav.2010.ll.OOB). 

Am rhein thinks the birds might 

be chasing other males away from 

their valuable larder instead of 

singing. Stuart Bearhop of the 

University of Exeter, UK, agrees but 

cautions that this remains a theory. 

Whatever the cause, Am rhein 

advocates taking bird feeders down 

in the spring. Any change in singing 

behaviour could be costly for the 

birds: f emales listen t o male songs 

to assess their performance and 

choose a mate. 

WHAT's the difference between 
a planet and a brown dwarf? That 
can be a tricky question, because 
some objects straddle the 
conventional boundary between 
the two categories. Now the 
discovery that there is a dearth 
of cosmic bodies whose mass lies 
within a particular range could 
provide a clean dividing line 
between planets and brown 
dwarfs, which are heavier than 
planets but lighter than stars. 

Objects are traditionally classed 
as planets if they have less than 
about 13 times the mass ofJupiter, 

Magma rain and 
a moon mystery 

IF MOLTEN rock once rained onto 
Earth's surface, it might explain 
puzzling differences between the 
chemical compositions of our 
planet and the moon. 

After a Mars-sized body struck 
the infant Earth, a common 
atmosphere of rock vapour 
enveloped the resulting magma
covered Earth and its disc of 
orbiting magma. This atmosphere 
should have thoroughly mixed 
material from Earth and the disc, 
which later formed the moon. 

But while the Earth and the 
moon have the same relative 
abundance of different oxygen 
isotopes, some measurements 
suggest that moon rocks are 
iron rich and magnesium poor 
compared with those on Earth. 

Magma rain could explain 
the discrepancy. A team led by 
Kaveh Pahlevan at Yale University 
calculate that as rock vapour 
rose from Earth's hot, roiling 
surface, the magnesium oxide it 
contained would have condensed 
into droplets and rained back to 
the surface more readily than the 
more volatile iron oxide, which 
could then have mixed into the 
moon-forming disc (Earth and 
Planetary Science Letters, DOl: 
10.1016/j.epsl.2010.10 .o36). 

and as brown dwarfs if they are 
heavier. Uncertainties in the 
measurement of mass make it 
hard to classify borderline objects 
this way. But when Johannes 
Sahlmann of the Geneva 
Observatory in Switzerland and 
colleagues surveyed brown dwarfs 
and planets orbiting stars, they 
found a dearth of objects between 
25 and 45 times Jupiter's mass, but 
plenty of objects outside this 
range (arxiv.org/abs/1012.1319). 

This dividing line could have 
arisen because the heavier and 
lighter objects form in different 

ways. Planets, on the light side 
of the divide, may form from 
leftover gas and dust in discs 
swirling around newborn 
stars, while stars and brown 
dwarfs form from the collapse 
of clumps of gas. 

Other surveys found hints of 
a poorly populated "trough" at 
around this mass range, says 
Stanimir Metchev of the State 
University of New York in Stony 
Brook, who was not involved in 
the study. He predicts, however, 
that a few borderline objects will 
fall within this range. 

Exercise link to lower cognitive skill 

WOMEN who habitually take 

strenuous exercise might be at risk 

of damaging their cognitive function 

later in life. 

Strenuous exercise is known t o 

reduce oest rogen levels in women 

and girls. This can delay the start 

of menst ruation, and can lead to 

irregular periods in adult women. Low 

levels of oestrogen in premenopausal 

women have been linked t o impaired 

mental function in lat er l ife. 

Mary Tierney atthe University 

of Toronto, Canada, reasoned that 

strenuous exercise mighttherefore 

lead to impaired cognition in later 

life. She asked 90 healthy post -

menopausal women to report 

their life-long exercise habits, and 

then t ested their cognitive ability. 

The results, which will be reported 

in the j ournal of Alzheimer's Disease, 

showed a stat ist ically significant 

decrease in performance in various 

cognitive tasks in women who said 

that they exercised st renuously 

compared with those that had 

exercised moderately. 

The overall benefits of regular 

exercise are well established, but 

Tierney says the possible impact 

of strenuous exercise on cognition 

should be investigat ed further t o 

see if it is significant. 
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HISTORY OF METAMATERIALS 
How a material affects light falling upon it is dictated in part by its 
chemical composition, but its internal structure can have an even 
stronger influence. Silvered mirrors are highly reflecting, but black
and-white photographs also owe their blackness to silver- billions of 
nanometre-scale spheres of the metal embedded in the film. This 
dramatic difference arises because the silver spheres are much 
smaller than the wavelength of light. 

Metamaterials extend this concept with artificial structures that 
might be nanometres across for visible light, or as large as a few 
millimetres for microwave radiation. Their properties are engineered 
by manipulating their structure rather than their chemical composition. 

The possibilities these materials open up are limited only by our 
imagination, and not by the number of elements in the periodic table. 
As a result, metamaterials research has exploded during the past 
decade. lt has given us optical properties we once thought were 
impossible, including negative refraction never found in nature, and 
novel devices such as invisibility cloaks. 

LIGHT REFRACTED BY 
A CONVENTIONAL MATERIAL 

LIGHT REFRACTED BY 
A MATERIAL WITH A 
NEGATIVE REFRACTIVE INDEX 

AMOUNT OF BENDING IS DETERMINED 
BY A MATERIAL'S REFRACTIVE INDEX 

AN ENGINEERING CHALLENGE 
The structures that make up metamaterials have to be smaller than 
the wavelength of the radiation to be manipulated 

1()2 lQO 10·l 10"' 10"" 10·• 
(lOOm) (1m) (1cm) (1001Jm) (11Jm) (10nm) 

Wavelengt h (metres) 

10·10 10 ·12 
(100pm) (1pm) 
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NEGATIVE SPACE AND 
THE PERFECT LENS 
General relativity predicts that extremely massive 

objects will cause severe distortions to the 

surrounding space. Perhaps the best known of these 

objects are black holes- singularities in space-time 

from which even light cannot escape. Some people 

have asked if metamaterials can be used to mimic 

black holes, but t his is not possible as metamaterials 

lack the built-in energy source required to produce 

the "Hawking radiation" that real black holes emit. 

But there is something metamaterials can do that 

Is even more spectacular: they can create "negative 

optical space". Think of space as a sheet of rubber that 

can be compressed. By pushing hard enough on t he 

sheet. it should in principle be possible to fold space 

back on itself so that light moving in the folded space 

passes the same point three times. A fish swimming 

In this space w ould come into focus three times, the 

middle focus being inverted. 

Transformation optics tells us that a portion of the 

folded space must have a negative refractive index. 

This negative optical space has a remarkable property. 

Light leaving an object can be thought of as defocusing 

as it travels away in all directions. Negative optical 

space cancels out this effect. As a result. a lens made 

of a metamaterial that creates negative optical space 

is optically perfect. lt effectively eliminat es the space 

separating the object and image, so thatthe object 

and image coincide. 

Another limitation of ordinary lenses is that they 

can never resolve details smaller than the wavelength 

of the light being used. That's because light diffracts 

or bends around objects of a similar size to Its own 

wavelength, so it can never be focused to a sharp 

point. The lens is said to be "diffraction limited". 

When I calculated in 2000 that a negatively 

refracting lens breaks the diffraction limit. the result 

caused a furore, so entrenched was the notion that 

lenses cannot be used to see anything smaller than 

the wavelength of light. Several experiments have 

since shown my prediction to be correct. In particular, 

Nicholas Fang, working at the time with Xiang Zhang 

at the University of California, Berkeley, demonstrated 

a lens that could resolve details as small as one-sixth 

the wavelength of visible light. Subsequent work has 

improved resolution to l/20th of the wavelength. 

Such lenses are challenging to make, however, 

because they are extremely sensitive to imperfections. 

A SLAB OF NEGATIVELY REFRACTING 
MATERIAL CAN FOCUS DETAILS SMALLER 

THAN THE WAVELENGTH OF LIGHT 
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TRANSFORMATION OPTICS 
We need a clever design tool to make the most of metamaterials' 
potential. In conventional optics, light travels in a straight line until it 
hits the boundary between two transparent materials, at which point it 
abruptly changes direction. Metamaterials are much more sophisticated. 
They can force light to travel along a curved path, thereby opening up 
the possibility of devices such as invisibility cloaks. 

The mathematical tool that tells us what kind of metamaterial will 
bend light along the desired path is known as transformation optics. 

A ray of light 
travel ling through 

space behaves as if 

it were "nailed" to the 

coordinate system, 

even when space 

becomes warped. To 

control the ray in the 

waywewant,al l we 

have to do is to warp 

the coordinates . 

Einstein gave us a 

f ormula that lets 

us work out the 

refractive indices 

that will do this 

y 
' 

~- •X 

A LITTLE HELP 
FROM EINSTEIN 
A remarkable experiment conducted during a solar 

eclipse in 1919 showed that the sun acts like a giant 

lens, bending starl ight that passes close to the sun's 

disc.lt vindicated Albert Einstein's prediction in his 

general t heory of relativity that the sun's 

gravitational field would distort space. 

As far as light is concerned, the warped space 

near to the sun appears to have a large refractive 

index. Very helpfully for metamaterials, Einstein 

produced a formula relating the distortion of 
space to changes in effective refractive index. 

Furthermore, Einstein's formula is an exact 

transformat ion of Maxwell's equations, which 

govern all electromagnetic phenomena. 

What transformation optics seeks to achieve 

is to t ake a ray of light and distort its t rajectory 

in whatever way we please. We could do this by 

distorting space itself using extremely massive 

objects, but thanks t o Einstein's insight this is not 

necessary. Simply changing t he refractive index will 

have the same effect as far as light is concerned. 

Transformation optics can be used to calculate 

the required refractive indices. All that is then 

needed is to construct metamaterials that meet 

these specifications . 

.. 
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This layered 
metamaterial works 
at visible wavelengths 



"M eta materials 
make light almost 
as controllable 
as electrons in 
computer chips" 

FRONTIERS OF METAMATERIALS 
Metamaterials seemingly bend the rules of traditional optics, opening 
up a host of new applications and possibilities. Experimentalists are 
augmenting their capabilities by using them in combination with other 
excitingmaterialslikequantumdotsanddyes,whiletheoristsarecoming 
up with novel ideas for metamaterials that are getting ever harder to 
manufacture with the precision required. 

HARVESTING LIGHT 
Often we want to collect light and harness its energy 

to detect a molecule, switch a nanoscale electronic 

circuit. or simply power a device. Nature has long 

used the feat of light harvesting in the process of 

photosynthesis: chlorophyll molecules in leaves 

absorb light with a wavelength hundreds of times 

their size, and convert its electromagnetic energy 

into chemicall energy. 

Transformation optics offers a systematic route to 

this harvesting process. The strategy I favour is to start 

from a system that is well understood, yet doesn't have 

the desired properties, and then use transformation 

optics to reshape it into something useful. 

The starting point is an area of science called 

plasmonics- the study of how electrons in a slab of 
a metal such as silver wobble back and forth like jelly 

and create strong electric fields outside the slab. 

When these wobbles occur on the surface of the slab, 

they are called surface plasmons.lt turns out we can 

use them to harvest light. 

Suppose light from an excited atom shines on an 

infinite sheet of silver. Surface plasmons capture the 

light and transport its energy away towards infinity 

along the surface of the metal. This is a widely studied 

LIGHT 
SURFACE PLASMONS 

SPREAD ENERGY OUT 
ACROSS THE SURFACE 

ENERGY IS FOCUSED ON 
POINT OF CONTACT 

effect, but it does not achieve our 

goal, as the harvested energy is 

dispersed to infinity. 

What we want to achieve is the 

reverse: we want to capture light from 

infinity and concentrate it to a point. 

A transformation known as an 

inversion shows us how to do this. 

lt maps points at infinity to the origin, 

and the origin to infinity, with all 

points in between mapped into 

reverse order (see diagram, below). 

So t he source of light is now at infinity, 

and the surface plasmons are now 

incoming waves focused on what was 
the origin. The silver slab becomes 

a crescent-shaped object which 

gathers energy at its outer regions 

and funnels it down to the cusp. 

In theory, a metal crescent of the 

order of 100 nanometres in diameter 

should be an excellent light harvester. 

However, transformation optics 

tells us more. As the light slows in its 

journey to the cusp, its energy density 

is increasingly concentrated and 

would reach infinite concentration at 

the cusp were it not for losses in the 

silver. Such theoretical studies show 

t hat very large concentrations of 

energy should be possible. 

Other structures can also harvest 

light. Two metal spheres in contact 

with each other will concentrate 

light at the point where they touch. 

As ever, t he challenge is to 

manufacture devices on a nanometre 

scale to the required precision. 

Several groups, including one led 

by David Smith, who is now at Duke 

University in Durham, North Carolina, 

have done t his to develop effective 

harvesting structures. 
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johnPendry 
is professor of physics at 
Imperial College London. 
He works on the theory of 
metamaterials and other 
problems in electromagnetism 

THE BIG CHALLENGE 
REALISING OUR DREAMS 
The advent of metamaterials has 
inspired renewed interest in the 
fundamentals of electromagnetism. 
In part, our dreams of what can be 
achieved with these materials have 
been realised, but to some extent they 
have outrun our capacity to make them 
happen. What are the stumbling blocks? 

Fundamental to the metamaterial 
concept is the ability to structure 
a material on a scale less than the 
wavelength of the radiation you want 
to manipulate. This is not a problem 
with the microwaves used for mobile 
phone signals, with a wavelength of 
around 30 centimetres, which is why 
much of the early experimental work 
was with microwaves. 

Visible light presents a greater 
challenge: whereas traditional 
technologies used to manufacture 
mirrors and glass lenses have required 
tolerances of better that 1 micrometre, 
metamaterials have to be constructed 
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to nanometre-scale accuracy. Though 
technologies such as ion beam etching 
can do this, they are expensive and 
handle only small samples. Further 
progress will require investment in 
nano-manufacturing. 

The performance of a metamaterial 
is ultimately determined by the 
characteristics of the ingredients from 
which it is made. Metallic metamaterials 
perform well at the frequencies used 
by mobile phone networks but not at 
visible wavelengths, where metals 
tend to absorb visible light. 

One approach is to compensate 
for such losses by introducing an 
amplifying medium, such as dye 
molecules or an array of quantum dots. 

What is not in doubt is the excitement 
created by the new metamaterial world, 
which has liberated theorists to dream 
of things that were previously 
thought impossible, and challenged 
experimentalists to make them happen. 

NEXT 
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EXPERT 
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MATTER 
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RECOMMENDED READING 
A selection of articles at both advanced 
and popular level can be found at 
my website (bit.ly/cBXmF4) and 
at David Smith's site (bit.ly/bmFgh7) 

Optical Metamaterials: Fundamentals 
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Physics and Applications of Negative 
Refractive Index Materials 
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Rise of the mimic-bats 
that act like we do 
A robot inspired by human mirror neurons can interpret 
human gestures to learn how it should act 

Helen Knight 

A HUMAN and a robot face each 
other across the room. The human 
picks up a ball, tosses it towards 
the robot, and then pushes a toy 
car in the same direction. 

Confused by two objects coming 
towards it at the same time, the 
robot flashes a question mark on a 
screen. Without speaking, the 
human makes a throwing gesture. 
The robot turns its attention to the 
ball and decides to throw it back. 

In this case the robot's 
actions were represented by 
software commands, but it will be 
only a small step to adapt the 
system to enable a real robot to 
infer a human's wishes from 
their gestures. 

Developed by Ji-Hyeong Han 
and Jong-Hwan Kim at the Korea 
Advanced Institute of Science and 
Technology (KAIST) in Daejeon, 
the system is designed to 

respond to the actions of the 
person confronting it in the 
same way that our own brains do. 
The human brain contains 
specialised cells, called mirror 
neurons, that appear to fire in the 
same way when we watch an 
action being performed by others 
as they do when we perform the 
action ourselves. It is thought that 
this helps us to recognise or 

predict their intentions. 
To perform the same feat, the 

robot observes what the person 
is doing, breaks the action down 
into a simple verbal descr iption, 
and stores it in its memory. It 
compares the action it observes 
with a database of its own act ions, 
and generates a simulation based 
on the closest match. 

The robot also builds up a set 

Human-machine teamwork 
As the population of many countries that is equipping robots with software 
ages, elderly people may share more that recognises an object they are 
of their workload with robotic helpers picking up before they hand it to a 
or colleagues. In an effort to make person. They also have eye-tracking 
such interactions as easy as possible, 
Chrls Melhuish and colleagues at the 
Bristol Robotics Laboratory in the UK 
are leading a Europe-wide 
collaboration called Cooperative 
Human Robotic Interaction Systems 

technology that they use to monitor 
what humans are paying attention to. 
The goal is to develop robots that can 
learn to safely perform shared tasks 
with people, such as stirring a cake 
mixture as a human adds milk. 

of intentions or goals associated 
with an action. For example, a 
throwing gesture indicates that 
the human wants the robot to 
throw something back. The robot 
then connects the action "throw" 
with the object "ball" and adds 
this to its store of knowledge. 

When the memory bank 
contains two possible intentions 
that fit the available information, 

"Socially intelligent robots 
will need to develop a 
mental model of the person 
they are dealing with" 

the robot considers them both and 
determines which results in the 
most positive feedback from the 
human - a smile or a nod, for 
example. If the robot is confused 
by conflicting information, it can 
request another gesture from the 
human. It also remembers details 
of each interaction, allowing it to 
respond more quickly when it 
finds itself in a situation it has 
encountered before. 

The system should allow robots 
to interact more effectively with 
humans, using the same visual 
cues we use. "Of course, robots 
can recognise human intentions 
by understanding speech, but 
humans would have to make 
constant, explicit commands to 
the robot," says Han. "That would 
be pretty uncomfortable." 

Socially intelligent robots 
that can communicate with us 
through gesture and expression 
will need to develop a mental 
model of the person they are 
dealing with in order to 
understand their needs, says 
Chris Melhuish, director of the 
Bristol Robotics Laboratory in the 
UK. Using mirror neurons and 
humans' unique mimicking 
ability as an inspiration for 
building such robots could be 
quite interesting, he says. 

Han now plans to test the system 
on a robot equipped with visual 
and other sensors to detect people's 
gestures. He presented his work 
at the Robio conference in Tianjin, 
China, in December. • 
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Stay healthy with 
a smart contact lens 
Lenses that monitor pressure in the eye or glucose in tears 
are on the way. Welcome to the world of augmented vision 

Duncan Graham-Rowe 

THE next time you gaze deep into 
someone's eyes, you might be 
shocked at what you see: tiny 
circuits ringing their irises, their 
pupils dancing with pinpricks of 
light. These smart contact lenses 
aren't intended to improve vision. 
Instead, they will monitor blood 
sugar levels in people with diabetes 
or look for signs of glaucoma. 

The lenses could also map 
images directly onto the field of 
view, creating head-up displays for 
the ultimate augmented reality 
experience, without wearing 
glasses or a headset. To produce 
such lenses, researchers are 
merging transparent, eye-friendly 
materials with microelectronics. 

In 2008, as a proof of concept, 
Babak Parviz at the University of 
Washington in Seattle created a 
prototype contact lens containing 
a single red LED. Using the same 
technology, he has now created a 
lens capable of monitoring glucose 
levels in people with diabetes. 

It works because glucose levels 
in tear fluid correspond directly to 
those found in the blood, making 
continuous measurement 
possible without the need for 
thumb pricks, he says. Parviz's 
design calls for the contact lens to 
send this information wirelessly 
to a portable device worn by 
diabetics, allowing them to 
manage their diet and medication 
more accurately. 

Lenses that also contain arrays 
of tiny LEDs may allow this or 
other types of digital information 
to be displayed directly to the 
wearer through the lens. This 
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kind of augmented reality has 
already taken off in cell phones, 
with countless software apps 
superimposing digital data 
onto images of our surroundings, 
effectively blending the physical 
and online worlds. 

Making it work on a contact lens 
won't be easy, but the technology 
has begun to take shape. Last 
September, Sensimed, a Swiss 
spin-off from the Swiss Federal 
Institute ofTechnology in 
Lausanne, launched the very first 
commercial smart contact lens, 
designed to improve treatment 
for people with glaucoma. 

The disease puts pressure on 
the optic nerve through fluid 
build-up, and can irreversibly 
damage vision if not properly 
treated. Highly sensitive platinum 
strain gauges embedded in 
Sensimed's Triggerfish lens record 
changes in the curvature of the 
cornea, which correspond directly 
to the pressure inside the eye, says 
CEO Jean-Marc Wismer. The lens 
transmits this information 

"The idea is to map images 
onto the field of view, 
creating head-up displays 
for augmented reality" 

wirelessly at regular intervals to a 
portable recording device worn by 
the patient, he says. 

Like an RFID tag or London's 
Oyster travel cards, the lens gets 
its power from a nearby loop 
antenna - in this case taped to the 
patient's face. The powered 
antenna transmits electricity to 
the contact lens, which is used to 
interrogate the sensors, process 
the signals and transmit the 
readings back. 

Each disposable contact lens is 
designed to be worn just once for 
24 hours, and the patient repeats 
the process once or twice a year. 
This allows researchers to look for 
peaks in eye pressure which vary 
from patient to patient during the 
course of a day. This information 
is then used to schedule the 
timings of medication. 

"The t iming of these drugs 
is important," Wisner says. 

Parviz, however, has taken a 
different approach. His glucose 
sensor uses sets of electrodes to 
run tiny currents through the tear 
fluid and measures them to 

Eye strain? Triggerfish will know 
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detect very small quantities of 
dissolved sugar. These electrodes, 
along with a computer chip 
that contains a radio frequency 
antenna, are fabricated on a flat 
substrate made ofpolyethylene 
terephthalate (PET), a transparent 
polymer commonly found 
in plastic bottles. This is then 
moulded into the shape of a 
contact lens to fit the eye. 

Parviz plans to use a higher
powered antenna to get a better 
range, allowing patients to carry 
a single external device in their 
breast pocket or on their belt. 
Preliminary tests show that 
his sensors can accurately detect 
even very low glucose levels. 
Parvis is due to present his 
results later this month at the 
IEEE MEMS 2011 conference in 
Canctin, Mexico. 

"There's still a lot more testing 
we have to do," says Parviz. In 
the meantime, his lab has made 
progress with contact lens 
displays. They have developed 
both red and blue miniature 
LEDs - leaving only green for 
full colour- and have separately 
built lenses with 3D optics that 
resemble the head-up visors 
used to view movies in 3D. 

Parviz has yet to combine both 
the optics and the LEDs in the 
same contact lens, but he is 
confident that even images so 
close to the eye can be brought 
into focus. "You won't necessarily 
have to shift your focus to see the 
image generated by the contact 
lens," says Parviz. It will just 
appear in front of you, he says. 
The LEDs will be arranged in a grid 
pattern, and should not interfere 
with normal vision when the 
display is off. 

For Sensimed, the circuitry is 
entirely around the edge of the 
lens (see photo). However, both 
have yet to address the fact that 
wearing these lenses might make 
you look like the robots in the 
Terminator movies. False irises 
could eventually solve this 
problem, says Parviz. "But that's 
not something at the top of our 
priority list," he says. • 

INSIGHT 

Glasses-free 3D TV tries 
to broaden out its appeal 
TELEVISION makers have shifted their 
sights from HO to 3D. In 2010, the first 
30 TVs from major manufacturers 
went on sale, and a spate of 30 
channels launched around the world. 

However, many viewers disl ike the 
special glasses that existing 30 TVs 
require. Over half of the people asked 
to watch 30 minutes of 30 TV found 
the glasses "a hassle", according 
to a recent report by the Cable and 
Telecommunications Association 
for Marketing, a non-profit cable 
TV industry body in National Harbor, 
Maryland. So the emphasis in 2011 
is likely to be on "autostereoscopic" 
displays. These aim separate images 
at the viewer's right and left eye, with 
no need for special glasses. 

Unlike the 30 TVs already on the 
market many of the f irst glasses-free· 
devices deliver 30 images to just one 
viewer at a t ime. That's the case with 
the Nintendo 30S, a hand-held 
gaming unit due for release in japan 
in February. lt works by interlacing 
vertical strips of the images for the 
left and right eye. To do this it has 
an array of slits - known as a parallax 
barrier- in front of the screen to 

ensure that each eye sees only the 
strips it is meant to, as long as the user 
stays within a narrow viewing area. 
That's not a drawback for a hand-held 
device, but it might be for the fi rst 
glasses-free 30 TVs, which Toshiba 
released in japan in December. They 
are available with 30-centimetre 
(12-inch) and 51-centimetre screens, 
but neither model produces a 30 
effect outside a small viewing area. 

iPont International, based in 
Budapest Hungary, has a different 

"lt has to be easy for 
viewers to find and keep to 
the sweet spots where the 
30 effect springs into life" 

solution. At the Consumer Electronics 
Show in Las Vegas, Nevada, this week, 
it demonstrated a 140-centimetre 
glasses-free 30 display developed 
by Tridelity in jersey City, New jersey. 
Tridelity's screens have mult iple 
parallax barriers and so can send 
I ight from pairs of images in five 
directions at once, considerably 
widening the viewing area so that 
at least f ive people can enjoy the 

Looks great, but just one gamer 
at a t ime can see t he 30 effect 

30 experience simultaneously. 
iPont has already begun 

deploying the screens in cinema 
lobbies, says Glen Harper, the 
company's business development 
director. "Far back from the screen, 
it looks like 20," he says, "but when 
people get close enough to see the 
pop-out effect they say it's cool." 

Tridelity's technology has its 
own drawbacks, however. Parallax 
barriers reduce the brightness of 
the display since they block some 
of the light says Doug Lanman of 
the Massachusetts Institute of 
Technology Media Lab. Dividing the 
I ight f ive ways, as T ridelity's screens 
do, will only compound that issue, 
so that viewers wi 11 need to be in dark 
surroundings to see t he 30 effect. 

Lanmanand his tea mare 
attempting to minimise this problem 
with a parallax barrier that adapts 
to each video frame to block only 
the mini mum amount of I ight to 
achieve a 30 effect. For instance, 
if the edge of an object is lying 
horizontally, the left and right-eye 
images are essentially identica l, so 
the barrier in this part of the image 
can be temporarily switched off. The 
same applies to any featureless areas 
of the image. With this approach, 
Lanman says they can build a display 
three to five t imes as bright as other 
parallax barrier displays. 

Even so, there are still questions 
to be answered before glasses-free 
30 displays for multi pie viewers are 
ready for market. Perhaps the most 
important challenge is to make it 
easy for viewers to find and keep to 
the sweet spots where the 30 effect 
springs into life. In the intervening 
zones, images get sent to the 
wrong eyes, making the picture 
look garbled, warns 30 consul tant 
John Merritt of Will iamsburg, 
Massachusetts. Despite the buzz 
around autostereoscopic displays, 
he sounds a pessimistic note. "Right 
now, I know of no good substitute 
for glasses." j eff Hecht • 
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Fridge keeps its cool 
during 10-day power cut 
A TYPE of fridge that can stay 
cool for up to 10 days without 
any power has been developed. 
Besides keeping food and 
medicines fresh for longer during 
outages, in future it could cope 
well with the deliberate power 
cuts imposed on domestic white 
goods by renewable-energy
powered smart grids. 

Originally developed to help 
store vaccines in developing 
countries, the low-power cooler is 
partly the result of good insulation. 
But it also incorporates a phase
change material to regulate the 
temperature, says Ian Tansley, 
chief technical director of the firm 
behind the fridge-True Energy, 
based in Tywyn, Gwynedd, UK. 

Vaccine fridges typically use 
batteries to store power for use 
during outages, or an energy 
storage medium, such as ice, 
to cope with intermittent power. 
But batteries tend to have limited 
life-spans and ice will behave 
differently depending on the 
ambient temperature- either 
providing too much or too 
little cooling, and so leading 
to unwanted temperature 
fluctuations inside the fridge. 

This is where phase-change 
materials come in. They behave 
normally while in solid form: as 
they absorb heat the material's 
temperature rises. But when 
they begin to melt - change 
their phase- they absorb large 

Sainsbury PhD Studentships in Plant Science 
Enhanced four year postgraduate studentships starting in October 2011, will once 
again be awarded by the Gatsby Charitable Foundation, one of the Sainsbury Family 
Charitable Trusts. Each of the supervisors below will select a candidate who will then 
compete at interview, with Sainsbury Undergraduate students, for one of up to three 
Sainsbury PhD Studentshi ps. Interviews will be held in London on Friday, 4 March 
2011. lt would be expected that the studentship holder spend six months during their 
3rd or 4th year at another university/institute to gain additional experience. 
Interested applicants should write, attaching a CV, before 2 7 January 2011 , to one 
or more of the following: 
'Novel genes modifying Polycomb-group gene action in Arabidopsis.' 
Dr Justin Goodrich, lnst of Molecular Plant Sciences, Univ of Edinburgh, Edinburgh 
EH9 3JH Email: justin.goodrich@ed.ac.uk Tel: +44 (0) 131 650 7032 
'Investigating whether stomatal development can be optimised for current 
and future C02 environments' 
Professor Julie Gray, Molecular Biology & Biotechnology, Univ of Sheffield, Western 
Bank, Sheffield SlO 2TN Email: j.e.gray@sheffield.ac.uk Tel: +44 (0) 114 222 
4407 
'Maternal and paternal effects on seed size' 
Dr Paula Kover, University of Bath, Dept. of Biology and Biochemistry, 
Bath BA2 5DW Email: p.x.kover@bath.ac.uk Tel: +44 (0) 1225 385059 

Understanding the molecular basis of the influence of climate change on 
seasonal growth cycles' (NB, this project will be based at Univ of Exeter) 
Dr Steven Penfield, Dept of Biology (Area 8), University of York, Heslington, York 
Y010 5DD Email sdp5@york.ac.uk Tel: +44 (0) 1904 328755 

'Plants in a warmer world: understanding the molecular basis of 
temperature perception.' 
Dr Philip Wigge, Cell and Developmental Biology Department, John lnnes Centre, 
Norwich NR4 7UH Email: philip.wigge@bbsrc.ac.uk Tel: +44 (0) 1603 450 576 
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amounts of heat from their 
surroundings while maintaining 
a constant temperature, until the 
phase change is complete. 

Although True Energy will not 
say which phase-change material 
it is using, the firm says it 
was chosen because it has a 
melting point that is ideal for 

refrigeration. "It wants to be at 
5 •c," says Tansley, and so it keeps 
the fridge at that temperature. 

The vaccine fridge was endorsed 
by the World Health Organization 
last year. True Energy is now 
aiming to apply the technology 
to domestic and commercial 
fridges. Duncan Graham-Rowe • 

Crystal sieves could 
make oil sands greener 
A FILTER made from natural crystals 
may help dirty, carbon-emitting fossil 
fuels green up. 

Zeolite crystals are a popular 
industrial "sieve" because their 
tiny pore spaces allow only certain 
molecules to slip through. Now a 
group of researchers led by Steven 
Kuznicki at t he University of Alberta 
in Edmonton, Canada, and Anthony 
Ku at General Electric think they can 
be used to screen out the carbon 
dioxide produced when processing 
or burning fossil fuels. 

The vast oil-sand deposits of 
Alberta are estimated to hold up 
to 170 billion barrels of recoverable 
oil, second only to Saudi Arabia. 
But extracting the oil accounts for 
millions of tonnes of carbon emissions 
each year, and the industry is growing 
rapidly. Much of the emissions are 
generated when superheated steam 
is pumped into the deposits. The 
steam pushes oil to the surface, 
but also picks up carbon from the 
oil and surrounding bedrock, which 

is then released into the atmosphere. 
The team found that passing such 

dirty steam through a zeolite crystal, 
such as the mineral clinoptilolite, 
traps everything but water, hydrogen, 
helium and ammonia. Carbon captured 
by the crystals could then be buried 
underground or utilised. 

This technique could cut emissions 
related to oil sands by a quarter, the 

"Passing the steam used 
to extract oil through a 
crystal'sieve' could cut 
emissions by a quarter" 

researchers say. The sieves could also 
work in coal gasification plants, which 
currently use solvents to scrub C02• 

Long-term stability and creating 
reliable, leak-free seals between 
crystals are still challenges, however. 
"We must prove we can go from a rock 
to a piece of equipment that really 
works;· says Ku. He hopes to have 
a pilot plant running in Alberta in 
two years. Claudia Deutsch • 



Explore the Amazing Mysteries of Our Cosmos 
Supermassive black holes. Dark energy. Cosmic inflation. These and 

other cutting-edge concepts are central to the science of cosmology
a fascinating and profound fie ld of study that offers amazing clues 
about the history and nature of our universe. The picture of the cos
mos that researchers have recently assembled is stunning, making 

this the perfect t ime to learn about cosmology. 
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OPINION 

Stick to your guns 
Climate scientists should not be apologising for their errors when they could 
win hearts and minds by patient explanation, argues Evelyn Fox Keller 

IF NOTING else, December's 
Cancun climate conference 
demonstrated, once again, just 
how dependent international 
negotiations are on the American 
political process. In this respect, 
the US Senate's failure to pass a 
climate bill last summer was a 
colossal setback, and we need to 
understand how this could 
have happened. 

One major factor is that public 
confidence in climate scientists 
and their science is at an all-time 
low. This loss of confidence is a 
direct result of a long-standing 
campaign to discredit them, 
initially mounted and funded by 
business interests and libertarian
conservative organisations. 

The campaign made good use 
of strategies honed by the tobacco 
industry and soon recruited an 
army of"sceptics": some opposed 
to government regulation per se, 
some resistant to claims to 
intellectual authority (especially 
scientific), and some mobilised 
by a version of everyone's right to 
an opinion. 

The upshot is that internet 
sites, radio and TV channels now 
transmit "contrarian" attacks on 
climate scientists on a daily basis. 
Even responsible newspapers 
seeking "balance" contribute to 
the false impression that climate 
scientists are deeply divided 
about the danger and relevance of 
human activity to global warming. 
Not knowing who or what to 
believe, the natural response of 
the public is to do nothing. 

"Climategate" may well have 
brought tensions to a breaking 
point. The term was coined to 
describe the scandals erupting, 

22 1 NewScientist IS January 2011 

first, from the theft and release 
of some scientists' private 
emails, and second, from the 
exposure of an error in a report 
by a subcommittee of the 
Intergovernmental Panel on 
Climate Change. Climate 
scientists were charged with 
mounting a "hoax" and engaging 
in "fraud" and "conspiracy", 
and bombarded with threats. 
The researchers were - and are 
thunderstruck: nothing in their 
training prepares them for the 
vitriol of such attacks. 

Until recently, the main 
response has been to take refuge 
in peer review and to blame 
scientific illiteracy. But with the 
escalation of attacks, some now 

feel the need to engage with 
their critics, admit mistakes, and 
open up their data. As a result, 
the media reports that researchers 
have been learning a little 
humility and trying harder to 
stay clear of policy advocacy. This 
response, they claimed, indicated 
a new willingness to engage with 
critics, as if this was a step towards 
more democratic relations 
between science and society. 

I am not sure. I am all in favour 
of greater engagement with the 
public, but propitiation is not 

"Scientists also have 
obligations incurred by 
the trust the public has 
invested in them" 

engagement, and self-criticism 
must not obscure the fact that 
these "revelations" are not 
evidence of misconduct but of 
the human nature of scientific 
inquiry. Nor must it obscure the 
fact that their own confidence in 
their findings on climate 
remains unshaken. 

If they are to be blamed at all it 
is for adhering to an image of 
science as capable of delivering 
absolute (and value-free) truth: an 
image most scholars recognise as 
indefensible, and one that, among 
themselves, most researchers 
accept as unrealistic. They well 
recognise that, however rigorous 
their practice, the knowledge they 
produce falls short of infallibility, 
certainty, and value-neutrality. 
Furthermore, confidence in their 
findings does not depend on such 
unattainable ideals, but on the 
constant scrutiny, mutual 
criticism, and peer review to 
which they are subject. 

Climate science is especially 
prone to uncertainty, but what 
mainly distinguishes it from 
other sciences is the gravity of 
its social implications. That this 
science has become so politicised 
is probably inevitable. Because 
its findings so conspicuously 
affect the body politic, climate 
science might be said to be 
inherently political. 

Yet the notion that scientific 
knowledge should be politically 
neutral persists, posing a deep 
dilemma by suggesting that 
engaging in public controversy 
could compromise their claim to 
scientific objectivity and 
undermine their credibility. 

On the contrary, I say that 
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researchers have a responsibility 
to so engage. Discussions of 
scientific responsibility often 
centre on questions of scientific 
integrity. But researchers are also 
under an obligation to the public 
who have placed their trust in 
them- by their implicit contract 
with the state, which by funding 
them makes the product of their 
labour a public good. 

For as long as the scientific 
knowledge they produce remains 
under their control, they are its 
custodian s, responsible for its safe 
delivery into public hands. They 
have an obligation to convey 
the results of their expertise to 
those likely to be affected by the 
implications of those results. 

They need to redouble their 
efforts to make their arguments, 
their doubts, and the reasons for 
both their confidence and their 
concerns intelligible to the non
specialist citizen. They need to 
combat, piece by piece, the 
misrepresentations brought 
in support of attacks on their 
scientific integrity, and to 
show readers why the popular 
accounts and even the naming 
of"Climategate" are so 
misleading. And they need to 
explain why the expectations 
of science on which these 
accounts are based are similarly 
misleading. Doing so is rarely 
as difficult as they assume: 
disagreement, uncertainty and 
distortion are familiar territory to 
most readers who, even without 
specialist technical expertise, are 
capable of the discrimination 
needed to establish trust. 

What I am proposing is far from 
a solution. But if it encourages 
climate scientists to take the lead 
in breaking the current impasse, 
both because they are best 
equipped to take on the task, and 
because their responsibility as 
scientists obliges them to do so, 
it is at least a start. • 

Evelyn Fox Keller is emeritus professor 
of the history and philosophy of 
science at the Massachusetts Institute 
of Technology 

One minute with ... 

Michael Hartl 
lt's time to kill off pi, says the physicist who believes that 
an alternative mathematical constant will do its job better 

What's wrong with pi? 
Of course, pi is not "wrong" in the sense of being 
incorrect it's just a confusing and unnatural choice 
for the circle constant. Pi is the circumference of 
a circle divided by its diameter, and this definition 
leads to annoying factors of 2. Try explaining 
to a 12-year-old why the angle for an eighth of 
a pizza - one slice - is pi/4 instead of pi/8. 

So what should replace pi? 
In The Tau Manifesto, which I published last year 
(see tauday.com), I suggest using the Greek letter 
tau which is equal to 2 pi, or 6.28318 ... instead. 
Tau is t he ratio of a circle's circumference to its 
radius, and this number occurs with astonishing 
f requency throughout mathematics. 

If this idea is so fundamental, why haven't 

we made the change before? 
The paper that got the ball roll ing on this, "Pi is 
Wrongf"by mathematician Robert Palais, traces 
the history of pi. lt's only in the last 300 years that 
t his convention was adopted, and I think it's just 
a mistake. it's one of those times in history when 
we chose the wrong convention. 

And you are here to correct that mistake? 
Yes. The aim of The Tau Manifesto was first and 
foremost to be fun, but it's true that I would like 
pi to be replaced by something more sensible. 

Have you had much success? 
it's definitely getting some traction among 
geeks. Eventually I think there is going to 
be a groundswell of support for it. 

You are up against a formidable enemy, 
because pi is a popular constant... 
lt is: there are books written about it and people 
care enough to memorise tens of thousands of its 
digits. Google even changed its logo to honour pi 
on 14 March 2010 - Pi Day. 

Doesn't using tau ruin equations like the 
formula for circular area and Euler's identity? 
Quite the opposite. As I show in The Tau 

PROFILE 
Michael Hartl has a PhD in physics from the 
California Inst itute of Technology, and is the 
author of the web development book Ruby 
on Roils Tutorial. Having memorised 50 digits 
of pi. he is now memorising 52 digits of tau 

Manifesto, using tau reveals underlying 
mathematical relationships that are obscured 
by using pi.ln particular, the famous formula for 
circular area is the manifesto's coup de grace. 

Could tau exist alongside pi? 
Yes. There is no need to rewrite t he textbooks. 

Has anyone successfully changed notation 
like this in the past? 
In physics, there is an important quantity known 
as Planck's constant h. As quantum mechanics 
developed, it became clear that h-barwas more 
important which is equal to h/2 pi - that's the 
factor of 2 t hat pops up everywhere! h-baris now 
the standard notation, though both are used. 

People celebrate pi by eating pies on Pi Day. 
How can people celebrate tau? 
I'm planning a Tau Day party for 28 June, and if you 
think that the circular baked goods on Pi Day are 
tasty, just wait -Tau Day has twice as much piel 
Interview by jacob Aron 
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OPINION LETTERS 

Vote for science 
From Thomas Bowery 
I am interested in Dan Hind's 
proposal to distribute a portion 
of research funding according 
to a democratic public vote 
(11 December 2010, p 26), but 
it would be helpful if he would 
define the word "public". Who 
would constitute this public? 
Individuals from all races, creeds 
and colours; political parties; all 
ranges of formal education; and 
all income levels? How would the 
people involved be chosen, and 
who would choose them? 

A betterdefinitionofHind's 
terms would allow one to give 
rational consideration to what 
he is proposing. 
Sarasota, Florida, US 

Dan Hind writes: 
• When I say the public, I mean 
everyone. We would all have 
equal commissioning power, 
with each person free to review 
the proposals submitted and to 
vote for those they favour. Various 
non-state institutions could offer 
their opinions, but voting would 
be done by individuals, by virtue 

of their being citizens. The 
voting public would thus be 
self-selecting. Public institutions 
would hold the funds, tally the 
votes and disburse the grants. 

From Sebastian Hayes 
Dan Hind omits to take into 
account the self-interest of the 
complacent scientific elite. 

Researchers take it for granted 
that the public should fund 
their particular hobby horse 
ad infinitum, and no one even 
pretends to be working for the 
benefit ofhumanity any more. 

When did you last see a job 
in science advertised which 
mentions the potential benefits 
to ordinary people as the main 

Enigma Number 1628 

Power crazy 
SUSAN DEN HAM 
My godson is 5 years old. When you 
work out his age raised to a power 
equal to itself you get 55 = 3125, 
which ends with his age. 

Similarly, if you take my age in 
years and raise it to a power equal 
to itself then the answer ends with 
my age. And if you reverse the two 
different dig its of my age and work 

out my "reverse age" raised to a 
power equal to itself then the 
answer ends with my reverse age. 

I was also surprised to find that if 
you raise my reverse age to a power 
equal to my age then the answer 
also ends with my reverse age. 

Clearly I do not expect you to 
work out any of these powers, as 
they all consist of over 100 digits! 
However; you should still be able to 
answer the question: how old am I? 

WIN £15 will be awarded to the sender of the f irst correct answer 
opened on Wednesday 9 February. The Editor's decision is f inal. 
Please send entries to Enigma 1528, New Scientist Lacon House, 
84 Theobald's Road, London WClX 8NS, or to enigma@newscientist.com 
(please include your postal address). 
Answer to 1622 Chances for a business meeting: chances are 5 in 18 
The winner Richard Kennaway of New Costessey, Norfolk, UK 
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attraction? Curiosity is all, and the 
message research scientists give 
to the general public is a simple 
one: pay up and shut up. 

One of the most useful things 
public money could be spent on 
would be to set up free-to-attend 
science and mathematics cafes 
where ordinary people can 
challenge researchers to justify 
the apparent absurdities of 
quantum mechanics and the 
theory of transfinite ordinals. One 
suspects that eminent scientists 
and mathematicians don't want 
to mix with the hoi polloi because 
someone might ask an awkward 
question. Oh, for the days when 
science and mathematics were 
the affair of disinterested and 
enthusiastic amateurs. 
Shaftesbury, Dorset, UK 

From Giuseppe Sollazzo 
As much as it is true that public 
scrutiny is the base of every 
democratic system, I'm not sure 
that this concept can be easily 
applied to research anywhere 
but in an ideal world. Exclusion 
of people from the voting system 
based on their level of education 
would be considered anti
democratic, but what happens 
when the electorate is ignorant? 

In the US, the incoming 
Republican House majority 
leader, Eric Cantor, has instigated 
a public vote that has already 
favoured cuts in science funding 
over other areas and is now being 
used to determine where these 
cuts should be made (11 December 
2010,p7). 

Would Hind let people who 
voted for Cantor, Sarah Palin 
and the like decide how to 
allocate research funds? If not, 
the democracy is flawed. If he 
does, good luck to the rest of us. 
London, UK 

Play with my planet 
From Steve Leishman 
Rather than arguing over their 
respective interests, delegates to 
last month's climate conference 

at Canc\in might have better spent 
their time playing the Fate of the 
World game reviewed by Clint 
Witchalls (4 December 2010, p 44) 
to see the consequences of their 
policies for life on Earth. 

The delegates could run 
the talks as a Fate of the World 
tournament. Whoever managed 
to reach the game's elusive goal 
of"hope still intact" by 2120 
would win the policy debate. 
Bridgewater, South Australia 

Effective drug policy 
From John Cannell 
While I broadly agree with Dick 
Taverne's article calling for a 
rational drug policy (27 November 
2010, p 26), it seems to miss the 
point that the social harm done 
by a drug is subjectively defined. 

In the case of drugs that have 
a definable ill-effect on the user, 
and the user alone, it is a moral, 
political and social decision 
whether the user's free choice to 
take the drug should be impeded 
by legislation. 

Moderate consumption of 
alcohol has no significant effect 
on health, crime or the number 
of accidents caused by drink. Such 
problems are caused by people 
whose general behaviour is 
immoderate or uncontrolled, 
and that includes their drinking 
habits and actions under the 
influence. The problems arise 
from sociology, so perhaps 
we should deal with the social 
causes rather than the various 
symptoms. Tobacco is 
undoubtedly harmful to 
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a smoker's health, with related 
social costs, but it does less 
harm to anyone else. Perhaps 
the current approach of heavy 
taxation is correct. It could 
also be applied to cannabis. 

In the case of drugs where 
individual harm is rare, the drug 
is taken voluntarily and social 
harm is slight, why not legalise 
the lot straight away? 
Byfield, Northamptonshire, UK 

What a shocker 
From Rodger Mitche/1 
Your Feedback article proposing 
a shoe defibrillator was truly a 
shocker (20 November 2010). It 
said: "In case of need, you take the 
shoes off, pop your hands inside, 
and apply the soles to your chest 
to administer the required electric 
shock." Yikes! 

The purpose of a defibrillator 
is to start a stopped heart. If you 
are awake, your heart is beating. 
Never, never, use a defibrillator on 
a conscious person: it can stop a 
beating heart. In short, you could 
kill yourself. 
Wilmette, Illinois, US 

Trawl tales 
From GeojJShester, Oceana 
Sujata Gupta paints a 
misleadingly positive picture of 
bottom trawling (27 November 
2010, p 10). Her article suggests 
that marine life thrives on 
the effects of bottom trawling 
and that the practice creates 
additional habitats by etching 
grooves into the flat sea floor. 

Such claims have been shown 
time and again to be incorrect. 

Hundreds of studies on bottom 
trawl impacts, including those 
on soft sediment habitats, have 
shown that trawling can remove 
or damage structure-forming 
organisms, alter the composition 
of communities living in the 
sea bed (infauna) and reduce 
their productivity. Trawling 
disrupts the sea bed; reduces 

microhabitats and the 
displacement and mixing of 
sediment particles (bioturbation}; 
damages surface crusts that 
keep sediment in place; and can 
alter nutrient and gas exchange 
between the sea bed and water 
column. In its 2002 report Effects 
ofTrawling and Dredging on 
Seajloor Habitats, the Ocean 
Studies Board, which is part 
of the US National Academies, 
concluded that trawling reduces 
the productivity, diversity, and 
complexity of sea-floor habitats. 

The Nature Conservancy study 
reported in the article, which 
I support, is intended to get a 
better handle on the extent of 
some of these impacts. But this 
is the second year of a five-year 
programme, and speculating 
on conclusions as you did was 
premature. The presence of 
marine life after a trawl tow does 
not constitute a thriving ocean 
community any more than a 
group of deer grazing in a clear-cut 
area constitutes a healthy forest. 

The article is now being used by 
advocates of trawling to support 
the notion that trawling is 
actually good for sea-floor habitat. 
Many conservation and fishing 
organisations have worked hard 
to bring the science to policy
makers. It remains unclear 
whether there are any cases in 
which bottom trawling has a 
place as part of a sustainable 
fishing portfolio. 
Monterey, California, US 

Sujata Gupta writes: 
• Trawling has destroyed 
many marine ecosystems, and 
environmental agencies have 
long sought a complete ban 
on the practice. The Nature 
Conservancy's researchers have 
taken a different stance, asking 
whether trawling could be zoned 
in more ecologically-friendly 
ways. They have seen early signs 
that muddy, sandy habitats might 
present a suitable zone for low
intensity trawls but, as we note in 
the article, it is too soon to draw 
definitive conclusions. 

Music of the seers 
From Rosemary Wells 
Having taught piano and guitar 
for many years, I have seen the 
amazing educational benefits 
that playing an instrument can 
bring (30 October 2010, p 31). 

I have seen students blossom 
under music tuition. The self
discipline and focus required 
to learn to play an instrument 
transfers over to other aspects 
of life, not to mention the most 
important aspect of musical 
playing: the confidence and 
sense of achievement it gives. 

One child who was diagnosed 
with dyslexia was transformed as 
she learned to play the piano. Her 
success in piano examinations 
gave her the confidence to believe 
that she could achieve things 
in other subjects, and she 
transferred the way she learned 
music into other subjects more 
reliant on reading. In the end, 
she gave up the piano because she 
was so busy learning other things. 

I have no doubt that music has 
the ability to enhance learning 
and also improve behaviour in 
children. Not everyone will be able 
to play an instrument to concert 
standard but, if given the chance, 
many children and adults, too, 
could have their lives enhanced 
by playing for pleasure. 
Weymouth, Dorset, UK 

Infinite imitation 
From Brian Clegg 
While the nLab website should 
be congratulated on its error 

message, Feedback really ought 
to have pointed out how much 
it owed to Douglas Adams 
(4 December 2010). 

Compare the end of the nLab 
website message - "normal 
service will be restored once we 
are sure what 'normal' is" - with 
an announcement made by the 
starship Heart of Gold, in Adams's 
book The Hitchhiker's Guide to 
the Galaxy. As it comes out of 
its "infinite improbability drive" 
mode the ship intones: "We will 
be restoring normality as soon 
as we are sure what is normal 
anyway. Thank you." 
Swindon, Wiltshire, UK 

Animal confusion 
From Sue Macrae 
Douglas Fox refers to half-human, 
half-animal figures in his article 
on anthropomorphism 
(27 November 2010, p 36). He did 
not say what the other half was. 
Wonga, Queensland, Australia 

The editor writes 
• The creature was half-man, half
lion and was part of a 32,ooo-year
old painting in the Hohlenstein
Stadel cave in Germany. 

From I an Gordon 
I know what a "bull market" is: 
one in which share prices are 
tending to rise. 

And I know what a "bear 
market" is: one where share prices 
in general are tending to fall. 

But what is this" stork market" 
that Douglas Fox mentions? 
One in which lots of new 
companies are arriving? 
Camberley, Surrey 
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OPINION INTERVIEW 

The fastest brain 
in the west 
From phantom limbs and sick brains, through mirror 
neurons, synaesthesia, metaphor and abstract art, the 
ability of Vilayanur S. Ramachandran to generate new 
ideas about the human brain has made him a superstar. 
just talking to him, Helen Thomson found out, puts 
your brain through a strenuous workout 

"HE knows his leg belongs to him, he's not 
crazy. He just doesn't want it anymore,'' says 
Vilayanur Ramachandran. He calls this odd 
state of affairs" spooky". Downright terrifying 
seems more like it. Another of his patients 
believes he is, rather inconveniently, dead. "He 
says he can smell decaying flesh but doesn't 
bother committing suicide because what's the 
point? In his mind he's already dead." 

Ramachandran is regaling me with these 
disturbing anecdotes at a recent Society for 
Neuroscience conference in San Diego, 
California. As one of the most prolific 
neuroscientists of our time, everyone wants a 
piece of him. I sneak a glance at the other 
reporters looking on as I whisk him out of the 
press room. He seems endearingly unaware of 
his popularity, shaking hands with "fans" at 
every turn. Then again, investigating strange 
neurological conditions and asking what they 
can tell us about the human mind has allowed 
him to develop special insights into the 
qualities of human uniqueness, something 
he is eager to share not only with his peers 
at the conference but with a wider audience 
through his books and lectures. 

In person, Ramachandran sparkles, his 
hands shake with a slight, odd, quiver, but his 
smile suggests he is on the verge of either 
telling you something very wise - or very silly. 
But today there is no silliness: we talk about 
the complex topic of metaphor. He describes 
his theory that several areas of the brain 
developed in tandem which ultimately 
resulted in the uniquely human ability to link 
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Music is an important hobby 
for Ramachandran in his rare 
moments of downtime 

dissimilar concepts. "People don't like saying 
we're special because it smacks of creationism, 
but there are areas of the brain that, when 
developing, simultaneous and fortuitously 
combined to create something wonderful
this huge explosion of abilities that 
characterise the human brain." 

Ramachandran is particularly interested 
in metaphor because it ties in neatly with his 
previous work on synaesthesia - a kind of 
sensory hijack, where, for example, people see 
numbers as colours or taste words. "Metaphor 
is our ability to link seemingly unrelated 

PROFILE 
Vilayanur S. Ramachandran directs the Centerfor 
Brain and Cognition, University of California, San 
Diego, and is adjunct professor at the Salk 
Institute, La jolla. He trained as a doctor, then 
neuroscientist Among his books a re Phantoms in 
the Brain, and, published this month, The Tell- Tale 
Brain(William Heinemann) 

ideas, just like synaesthesia links the senses," 
he says. After spending years working with 
people who have synaesthesia, he believes 
"pruning genes" are responsible. In the fetal 
brain, all parts of the brain are interconnected, 
but as we age, the connections are pruned. 
If the pruning genes get it wrong, the 
connections are off. "If you think of ideas as 
being enshrined in neural populations in the 
brain, if you get greater cross-connectivity 
you're going to create a propensity towards 
metaphorical thinking," he says. 

I don't have synaesthesia, neither does 
Ramachandran, but he points out to me the 
strangeness of asking why, say, the cheddar 
cheese in your sandwich is "sharp". It's true, 
cheese isn't sharp, it's soft, so why do I use a 
tactile adjective to describe a gustatory 
sensation? "It means our brains are already 
replete with synaesthetic metaphors," he says. 
"Your loud shirt isn't making any noise, it's 
because the same genes that can predispose 
you to synaesthesia also predispose you to 
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make links between seemingly unrelated 
ideas, which is the basis of creativity." 

This ability to link ideas allowed us to swing 
through the trees, he explains. "Making the 
connection between the angle of a branch and 
the angle of your hand is a form of abstraction. 
Once this fundamental ability to abstract was 
in place we could start to do more complicated 

"Mirror neurons make us 
all alike ... If you remove my 
skin, I dissolve into you" 

abstractions," he says. "If a cat sees a rat, it's 
just a long thing that's good to eat. For you, a 
rat evokes associations with the plague. And 
for me, that quality is unique to humans." 

It's not just words that get him going these 
days, but drawings, too. Ramachandran came 
to art after hearing a lecture on Auguste Rod in
and it's now both a hobby and a fundamental 
part of his work. As if to prove it, he grabs a 

notepad and draws a picture. It bears a pretty 
good likeness to a sea gull. "This is brilliant," 
he grins, not boasting about his artistic 
abilities but preparing me for his next tale. 

"A newborn gull chick begs for food from 
its mother by pecking at a red spot on its 
mother's beak," he explains. "The mother 
then regurgitates food into the chick's 
mouth. You can just hold a beak without the 
mother and the chick will still peck at it. But 
here's the best part," he says, gearing up for 
the denouement like a motorised bunny. "Put 
three red stripes onto a stick and the chick 
goes crazy, completely berserk, and totally 
ignores the real beak." 

At this point, he sounds passionate: "Maybe 
the neurons responsible have a rule that the 
more red the better, so by putting three stripes 
on it you're stimulating these neurons more 
optimally and this sends a jolt to the limbic 
system which says 'wow what a sexy beak!'" 

But how does this relate to art, I ask. 
"It's what a great abstract artist has 

discovered by intuition, genius or 
accident - a Picasso is merely a stick with 
three stripes for the human brain!" 

Ramachandran was just about to give me 
the intriguing neurological explanation for 
why people prefer to glimpse a nude behind a 
shower curtain rather than full frontal in a 
magazine when his phone beeps and our 
interview is briefly put on hold. 

As I wait, I remember reading that 
Ramachandran could never remember his 
children's or his wife's birthdays. "It doesn't 
mean I don't love you," he had told them. 
After listening to his voicemail, he says, 
sheepishly: "I forgot to turn up to another 
interview." It's funny and intriguing that the 
man with such a privileged insight into the 
brain is himself so often absent-minded. 
"Where were we?" he asks. 

But it doesn't seem to matter. Despite his 
forgetfulness, Ramachandran speeds from 
one fascinating topic to the next, with an 
excitement that's somewhere between a 
young researcher on the verge of a great 
discovery and a small child on a sugar rush. 

Eventually he returns, as I knew he would at 
some point, to his pet subject: mirror neurons. 
These neurons are thought to act in the same 

~ way when you perform an action or watch 
§ someone else performing the same action, 
i giving a rich internal reflection of their 
~ actions. For Ramachandran, this system is 
~ likely to have played a key role in making us 
~ unique. "It probably developed from being 
~ able to understand another's actions and then 

turned in on itself. Suddenly you're taking an 
allocentric rather than egocentric view of 
yourself. That's the dawn of self-awareness." 

And it's impossible to curb his enthusiasm. 
"Mirror neurons make us all alike, they're 
acting in the same way whether you or I make 
the action. If you remove my skin, I dissolve 
into you," he explains. It's a fascinating 
concept and the mainstay of many eastern 
religious traditions. But he's a little guarded 
when I ask whether he is religious, claiming no 
obvious alliance to any particular religion nor 
atheism, but accepting that what he has just 
said gives some credence to talk of us all being 
interconnected - as long as you don't take it 
too literally. "There's no real difference 
between you and other people," he says. 
"Through our mirror neurons we're all hooked 
up together." 

That's why interviewing Ramachandran is 
such a treat: you turn up expecting to find out 
more about him, and in some spooky mixing 
of minds end up finding out a whole lot more 
about yourself. • 
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COVER STORY 

A man walks into a bar. "I have a new way 
oflooking at evolution," he announces. 
"Do you have something I could write it 

down on?" The barman produces a piece of 
paper and a pen without so much as a smile. 
But then, the man wasn't joking. 

The man in question is Andrew Feinberg, a 
leading geneticist at Johns Hopkins University 
in Baltimore; the bar is The Hung, Drawn and 
Quartered, a pub within the shadow of the 
Tower ofLondon; and what's written on the 
piece of paper could fundamentally alter the 
way we think about epigenetics, evolution 
and common diseases. 

Before setting foot in the pub, Feinberg had 
taken a turn on the London Eye, climbed Big 
Ben and wandered into Westminster Abbey. 
There, as you might expect, he sought out 
the resting place oflsaac Newton and Charles 
Darwin. He was struck by the contrast between 
the lavish marble sculpture of a youthful 
Newton, reclining regally beneath a gold-leafed 
globe, and Darwin's minimalist floor stone. 

As he looked round, Feinberg's eyes came 
to rest on a nearby plaque commemorating 
physicist Paul Dirac. This set him thinking 
about quantum theory and evolution, which 
led him to the idea that epigenetic changes 
heritable changes that don't involve 
modifications to DNA sequences- might 
inject a Heisenberg-like uncertainty into the 

expression of genes, which would boost the 
chances of species surviving. That, more or 
less, is what he wrote on the piece of paper. 

Put simply, Feinberg's idea is that life has a 
kind of built-in randomness generator which 
allows it to hedge its bets. For example, a 
characteristic such as piling on the fat could 
be very successful when famine is freque nt, 
but a drawback in times of plenty. If the good 
times last for many generations, however, 
natural selection could eliminate the gene 
variant for piling on fat from a population. 
Then, when famine does eventually come, 
the population could be wiped out. 

But ifthere is some uncertainty about the 
effect of genes, some individuals might still 
pile on the fat, even though they have the same 
genes as everyone else. Such individuals might 
die young in good times, but if famine strikes 
they might be the only ones to survive. In an 
uncertain world, uncertainty could be crucial 
for the long-term survival of populations. 

The implications of this idea are profound. 
We already know there is a genetic lottery
every fertilised human egg contains hundreds 
of new mutations. Most of these have no 
effect whatsoever, but a few can be beneficial 
or harmful. IfFeinberg is right, there is also 
an epigenetic lottery: some people are more 
(or less) likely to develop cancer, drop dead 
of a heart attack or suffer from mental 

Quantum 
evolution 
Uncertainty rules in life too, as Henry Nicholls discovers, 
and it's the key to survival in a changeable world 
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health problems than others with exactly 
the same DNA. 

To grasp the significance ofFeinberg's idea, 
we have to briefly rewind to the early 19th 
century, when the French zoologist Jean
Baptiste Lamarck articulated the idea- already 
commonly held- that "acquired characteristics" 
can be passed from parent to offspring. If a 
giraffe kept trying to stretch to reach leaves, 
he believed, its neck would get longer, and its 
offspring would inherit longer necks. 

Darwin the Lamarckist 
Contrary to what many texts claim, 
Darwin believed something similar, that the 
conditions an organism experiences can lead 
to modifications that are inherited. According 
to Darwin's hypothesis ofpangenesis, these 
acquired changes could be harmful as well as 
beneficial - such as sons getting gout because 
their fathers drank too much. Natural selection 
would favour the beneficial and weed out the 
harmful. In fact, Darwin believed acquired 
changes provided the variation essential for 
evolution by natural selection. 

Pangenesis was never accepted, not even 
during Darwin's lifetime. In the 20th century 
it became clear that DNA is the basis of 
inheritance, and that mutations that alter DNA 
sequences are the source of the variation on 
which natural selection acts. Environmental 
factors such as radiation can cause mutations 
that are passed down to offspring, but their 
effect is random. Biologists rejected the idea 
that adaptations acquired during the life of 
an organism can be passed down. 

Even during the last century, though, 
examples kept cropping up of traits passed 
down in a way that did not fit with the idea 
that inheritance was all about DNA. When 
pregnant rats are injected with the fungicide 
vinclozolin, for instance, the fertility of their 
male descendants is lowered for at least two 
generations, even though the fungicide does 
not alter the males' DNA. 

No one now doubts that environmental 
factors can produce changes in the offspring 
of animals even when there is no change 
in DNA. Many different epigenetic > 
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mechanisms have been discovered, from the 
addition of temporary "tags" to DNA or the 
proteins around which DNA is wrapped, to the 
presence of certain molecules in sperm or eggs. 

What provokes fierce argument is the role 
that epigenetic changes play in evolution. A 
few biologists, most prominently Eva Jablonka 
ofTel Aviv University in Israel, think that 
inherited epigenetic changes triggered by the 
environment are adaptations. They describe 
these changes as "neo-Lamarckian", and some 
even claim that such processes necessitate a 
major rethink of evolutionary theory. 

While such views have received a lot of 
attention, most biologists are far from 
convinced. They say the trouble with the 
idea that adaptive changes in parents can 
be passed down to offspring via epigenetic 
mechanisms is that, like genetic mutations, 
most inherited epigenetic changes acquired 
as a result of environmental factors have 
random and often harmful effects. 

At most, the inheritance of acquired 
changes could be seen as a source of variation 
that is then acted on by natural selection -
a view much closer to Darwin's idea of 
pangenesis than Lamarck's claim that the 
intent of an animal could shape the bodies of 
its offspring. But even this idea is problematic, 
because it is very rare for acquired changes to 
last longer than a generation (Annual Review 
ofGenomics and Human Genetics, volg, p 233). 

While epigenetic changes can be passed 
down from cell to cell during the lifetime of 
an organism, they do not normally get passed 
down to the next generation. "The process 
of producing germ cells usually wipes out 
epigenetic marks," says Feinberg. "You get a 
clean slate epigenetically:' And if epigenetic 
marks do not usually last long, it's hard to 
see how they can have a significant role in 
evolution - unless it is not their stability 
but their instability that counts. 

Rather than being another way to code 
for specific characteristics, as biologists like 
Jablonka believe, Feinberg's "new way of 
looking at evolution" sees epigenetic marks 
as introducing a degree of randomness into 
patterns of gene expression. In fluctuating 
environments, he suggests, lineages able to 
generate offspring with variable patterns of 
gene expression are most likely to last the 
evolutionary course. 

Is this "uncertainty hypothesis" right? 
There is evidence that epigenetic changes, 
as opposed to genetic mutations or 
environmental factors, are responsible for 
a lot of variation in the characteristics of 
organisms. The marbled crayfish, for instance, 
shows a surprising variation in coloration, 
growth, life span, behaviour and other traits 
even when genetically identical animals are 
reared in identical conditions. And a study last 
year found substantial epigenetic differences 
between genetically identical human twins. 
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On the basis of their findings, the researchers 
speculated that random epigenetic variations 
are actually "much more important" than 
environmental factors when it comes to 
explaining the differences between twins 
(Nature Genetics, vol 41, p 240). 

More evidence comes from the work of 
Feinberg and his colleague Rafael Irizarry, 
a biostatistician at the Johns Hopkins 
Bloomberg School of Public Health in 
Baltimore, Maryland. One of the main 
epigenetic mechanisms is the addition of 
methyl groups (with the chemical formula 
CH3) to DNA, and Feinberg and Irizarry have 

been studying pattems of DNA methylation 
in mice. "The mice were from the same 
parents, from the same litter, eating the 
same food and water and living in the same 
cage," Feinberg says. 

Stunning f inding 
Despite this, he and lrizarry were able to 
identify hundreds of sites across the genome 
where the methylation patterns within a given 
tissue differed hugely from one individual to 
the next. Interestingly, these variable regions 
appear to be present in humans too 
(Proceedings of the National Academy of 
Sciences, vol107, p 1757). "Methylation can 
vary across individuals, across cell types, 
across cells within the same cell type and 
across time within the same cell," says Irizarry. 

It fell to Irizarry to produce a list of genes 
associated with each region that could, in 
theory at least, be affected by the variation in 

methylation. What he found blew him away. 
The genes that show a high degree of 
epigenetic plasticity are very much those that 
regulate basic development and body plan 
formation. "It's a counter-intuitive and 
stunning thing because you would not expect 
there to be that kind of variation in these very 
important patterning genes," says Feinberg. 

The results back the idea that epigenetic 
changes to DNA might blur the relationship 
between genotype (an organism's genetic 
make-up) and phenotype (its form and 
behaviour). "It could help explain why there 
is so much variation in gene expression 

during development," says Gunter Wagner, 
an evolutionary biologist at Yale University. 
But that does not necessarily mean epigenetic 
changes are adaptive, he says. "There has not 
been enough work on specifying the 
conditions under which this kind of 
mechanism might evolve." 

When he began exploring the idea with 
Feinberg, Irizarry constructed a computer 
simulation to help him get his head round it. 
At first, he modelled what would happen in 
a fixed environment where being tall is an 
advantage. "The taller people survive more 
often, have more children and eventually 
everyone's tall," he says. 

Then, he modelled what would happen 
in a changeable environment where, at 
different times, it is advantageous to be 
tall or short. ''If you are a tall person that 
only has tall kids, then your family is going 
to go extinct." In the long run, the only 
winners in this kind of scenario are those 



that produce offspring of variable height. 
This result is not controversial. "We know 

from theory that goes some way back that 
mechanisms that induce 'random' phenotypic 
variation may be selected over those that 
produce a single phenotype," says To bias Uller, 
a developmental biologist at the University of 
Oxford. But showing that something is 
theoretically plausible is a long way from 
showing that the variability in methylation 
evolved because it boosts survival. 

Jerry Coyne, an evolutionary geneticist at 
the University of Chicago, is blunter. "There 
is not a shred of evidence that variation in 

The "uncertainty 
hypothesis" helps 

explain why twins differ 

methylation is adaptive, either within or 
between species," he says. "I know epigenetics 
is an interesting phenomenon, but it has been 
extended willy-nilly to evolution. We're 
nowhere near getting to grips with what 
epigenetics is all about. This might be a part 
of it, but if it is it's going to be a small part." 

To Susan Lindquist of the Massachusetts 
Institute ofTechnology, however, it is an 
exciting idea that makes perfect sense. "It's 
not just that epigenetics influences traits, but 
that epigenetics creates greater variance in 
the traits and that creates greater phenotypic 
diversity," she says. And greater phenotypic 
diversity means a population has a better 
chance of surviving whatever life throws at it. 

Lindquist studies prions, proteins that can 
not only flip between two states but pass on 

their state to other prions. While they are 
best known for causing diseases such as 
Creutzfeldt-Jakob disease, Lindquist thinks 
they provide another epigenetic mechanism 
for evolutionary "bet-hedging". Take Sup35, 
a protein involved in the protein-making 
machinery of cells. In yeast, Sup35 has a 
tendency to flip into a state in which it 
clumps together, spontaneously or in 
response to environmental stress, which in 
turn can alter the proteins that cells make, 
Lindquist says. Some of these changes will 
be harmful, but she and her colleagues have 
shown that they can allow yeast cells to 

Survival of the varied 

response to environmental factors, or both. 
Feinberg predicts that if the epigenetic 

variation produced by this mechanism is 
involved in disease, it will be most likely found 
in conditions like obesity and diabetes, where 
lineages with a mechanism for surviving 
environmental fluctuation would win out in 
the evolutionary long run. He, Irizarry and 
other colleagues recently studied DNA 
methylation in white blood cells collected in 
1991 and 2002 from the same individuals in 
Iceland. From this, they were able to identify 
more than 200 variably methylated regions. 

To see if these variable regions have 

How epigenetic changes might help populations survive in a changeable world 

CONVENTIONAL VIEW 

ttt 
iii 

Individuals with the same 
genes, raised in the same 
environment will always 
be the same 

In a stable environment 
that favours tallness, 
all individuals w ill 
evolve to be tall 

If tallness suddenly 
becomes a big 
disadvantage, the 
whole population 
is wiped out 

survive conditions that would normally 
mean death. 

While Jablonka remains convinced that 
epigenetic marks play an important role 
in evolution through "neo-Lamarckian" 
inheritance, she welcomes Feinberg and 
Irizarry's work. "It would be worth homing 
in on species that live in highly changeable 
environments," she suggests. "You would 
expect more methylation, more variability, 
and inheritance of variability from one 
generation to the next." 

As surprising as Feinberg's idea is, it does 
not challenge the mainstream view of 
evolution. "It's straight population genetics," 
says Coyne. Favourable mutations will still win 
out, even ifthere is a bit offuzziness in their 
expression. And ifFeinberg is right, what 
evolution has selected for is not epigenetic 
traits, but a genetically encoded mechanism 
for producing epigenetic variation. This might 
produce variation completely randomly or in 

UNCERTAINTY HYPOTHESIS 

e Random epigenetic changes 

e t I produce variation in 

I offspring of characteristics 
such as height even if there 
are no genetic or 
environmental differences . t In a stable environment 

I 
that favours tallness, 

n the unlucky short 
W individuals in each 

generation will perish 

If tallness suddenly 
becomes a serious 
disadvantage, the 
short individuals 
will survive 

something to do with human disease, they 
looked for a link between methylation density 
and body mass index. There was a correlation 
at four of these sites, each of them located 
either within or near genes known to regulate 
body mass or diabetes. Feinberg sees this in a 
positive light. If random epigenetic variation 
does play a significant role in determining 
people's risk of getting common diseases, he 
says, untangling the causes may simpler than 
we thought. The key is to combine genetic 
analyses with epigenetic measurements. 

Feinberg is the first to admit that his idea 
could be wrong. But he's excited enough to 
put it to the test. Perhaps, he suggests, it 
could be the missing link in understanding 
the relationship between evolution, 
development and common disease. "It could 
turn out to be really quite important." • 

Henry Nicholls is a science writer based in London. His 
latest book is The Way of the Panda(Profile, 2010) 
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Meditation isn't just for mystics, it can actually improve 
your mental and physical health, says Michael Bond 

Everybody say om 
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M ANY people see meditation as an exotic 
form of daydreaming, or a quick fix for 
a stressed-out mind. My advice to them 

is, try it. It's difficult, at least to begin with. On 
my first attempt, instead of concentrating on 
my breathing and letting go of anything that 
came to mind as instructed by my cheery 
Tibetan teacher, I got distracted by a string of 
troubled thoughts and then fell asleep. 
Apparently this is normal for first-timers. 

Experienced meditators will assure you that 
it is worth persisting, however. "Training 
allows us to transform the mind, to overcome 
destructive emotions and to dispel suffering," 
says Buddhist monk Matthieu Ricard. "The 
numerous and profound methods that 
Buddhism has developed over the centuries 
can be used and incorporated by anyone. What 
is needed is enthusiasm and perseverance." It 

Time spent meditating 
is time well spent 

all sounds very rewarding, but what does 
science have to say on the subject? 

Stories abound in the media about the 
transformative potential of meditative 
practice, but it is only in recent years that 
empirical evidence has emerged. In the past 
decade, researchers have used functional 
magnetic resonance imaging (fMRI) to look at 
the brains of experienced meditators such as 
Ricard as well as beginners, and tested the 
effects of different meditative practices on 
cognition, behaviour, physical and emotional 
health and brain plasticity. A real scientific 
picture of meditation is now coming together. 
It suggests that meditation can indeed change 
aspects of your psychology, temperament and 
physical health in dramatic ways. The studies 
are even starting to throw light on how 
meditation works. 

"Time spent eames tly investigating the 
nature of your mind is bound to be helpful," 
says Clifford Saron at the Center for Mind and 
Brain at the University of California, Davis. 
And you don't need a Buddhist or spiritualist 
world view to profit from meditation. "One 
can be an empiricist [in meditation], just by 
working with the nature of your experience:' 
Saron should know - he is leading the 
Shamatha project, one of the most 
comprehensive scient ific studies of 
meditation ever. 

In 2007, Saron and a team of neuroscientists 
and psychologists followed 6o experienced 
meditators over an intensive three-month 
meditation retreat in the Colorado Rockies, 
watching for changes in their mental abilities, 
psychological health and physiology. The 
participants practised for at least five hours 
a day using a method known as focused 
attention meditation, which involves directing 
attention on the tactile sensation ofbreathing 
(see "How to meditate", page 34). The first 
paper from the project was published in June 
2010 (Psychological Science, vol 21, p 829). 

Headed by Katherine MacLean at Johns 
Hopkins University School of Medicine in 
Baltimore, the study measured the volunteers' 
attention skills by showing them a succession 
of vertical lines t1ashed up on a computer 
screen. They then had to indicate, by clicking 
a mouse, whenever there was a line shorter 
than the rest. As the retreat progressed, 
MacLean and her colleagues found that as 
the volunteers became progressively more 
accurate and increasingly easy to stay focused 
on the task for long periods. 

Other researchers have also linked 
meditation with improved attention. Last year 
a team led by Antoine Lutz at the Waisman 
Laboratory for Brain Imaging and Behavior, 

which is part of the University ofWisconsin
Madison, reported that after three months of 
training in focused attention meditation, 
volunteers were quicker at picking out 
different tones among a succession of similar 
ones, implying their powers of sustained 
concentration had improved (Journal of 
Neuroscience, vol2g, p 13418). In 2007, 
Lutz's colleague Heleen Slagter, now at the 
University of Amsterdam in the Netherlands, 
published results from a study involving a 
combination of focused attention and "open 
monitoring" or mindfulness meditation 
which involves the constant monitoring of 
moment-by-moment experience. After three 
months of meditation for between 10 and 12 
hours a day her subjects showed a decreased 
"attentional blink", the cognitive processing 
delay, usually lasting about half a second, that 
causes people to miss a stimulus such as a 
number on a screen when it follows rapidly 
after another (PLoS Biology, vols, p e128). 

The suggestion that meditation can 
improve attention is worth considering, 
given that focus is crucial to so much in life, 
from the learning and application of skills to 
everyday judgement and decision-making, 
or simply concentrating on your computer 
screen at work without thinking about what 
you will be eating for dinner. But how does 
dwelling on your breath for a period each day 
lead to such a pronounced cognitive change? 

"Volunteers noticed a 
decreased sensitivity 
to pain after just a few 
sessions of meditation" 

One possibility is that it involves working 
memory, the capacity to hold in mind 
information needed for short-term reasoning 
and comprehension. The link with meditation 
was established recently by Amishi Jha at the 
University of Miami in Coral Gables. She 
trained a group of American marines to focus 
their attention using mindfulness meditation 
and found that this increased their working 
memory (Emotion, voltO, p 54). MacLean 
points out that meditation is partly about 
observing how our sensory experiences 
change from moment to moment, which 
requires us to hold information about 
decaying sensory traces in working memory. 

MacLean and others also believe that 
meditation training enhances some central 
cognitive faculty - as yet unknown - that is 
used in all basic perception tasks. "It's like a 
muscle that can be used in lots of different > 
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ways," she says. Then, once perception 
becomes less effortful, the brain can direct 
more of its limited resources to concentration. 
Backing up this idea, Slagter's measurements 
of electrical activity in the brain during the 
attentional blink task revealed that as 
meditation training progressed, volunteers 
used fewer resources when processing the first 
st imulus, meaning they were less likely to get 
"stuck" on it and miss the second stimulus. 

Feeling better 
Along with enhancing cognitive performance, 
meditation seems to have an effect on 
emotional well-being. A second study from 
researchers with the Shamatha project, to 
appear in the journal Emotion, concluded 
that meditation improves general social 
and emotional functioning, making study 
participants less anxious, and more aware 
of and better able to manage their emotions. 

A clue about how this might work comes 
from the finding that the volunteers also got 
better at a task in which they had to look at a 
screen and click a mouse whenever a long line 
appeared but resist the urge to click at the 
appearance of shorter lines. This is harder 
than it sounds, especially as the shorter lines 
appear infrequently. Lead author Baljinder 
Sahdra, at the University of California, Davis, 
reasons that meditation training teaches 
people to "withhold impulsive reactions to a 
lot of internal stimuli, some of which can be 
emotionally intense in nature", adding that 
this kind of restraint seems to be a key feature 
of healthy emotion regulation. 

The notion that by practising meditation 
people become less emotionally reactive is 

HOW TO MEDITATE 

You needn't be an 
expert to reap the 
benefits of meditation 

also reinforced by brain imaging work. A team 
led by Julie Brefczynski-Lewis at West Virginia 
University in Morgantown used fMRI to study 
meditators "in action" and found that the 
amygdala - which plays a crucial role in 
processing emotions and emotional 
memories - was far less active in expert 
meditators than in novices (Proceedings of the 
National Academy of Sciences, vol104, p 11483). 

The ability to manage one's emotions could 
also be key to why meditation can improve 
physical health. Studies have shown it to be an 

There are numerous meditation, start by sitting on a In time this w ill train the mind in 

meditation styles, but the two cushion or chair with your back three essential skills: to watch 

most commonly studied by straight and your hands in your out for distractions, to "let go" 

researchers are focused lap and eyes closed. Then of them once the mind has 

attention meditation. in which concentrate your mind on your wandered. and to re-engage 

the aim is to stay focused on a chosen object - say your with the object of meditation. 

chosen thing such as an icon, breathing. or more particularly With practice, you should find it 

a m antra or the breath, and the sensation of your breath becomes increasingly easy to 

mindfulness or open monitoring leaving your mouth or nostrils. stay focused. 

meditation, where practitioners Try to keep itthere. Probably In mindfulness meditation the 

try to become aware of your mind w ill quickly wander aim is to monitor all the various 

everything that comes into their away. to an itch on your leg. experiences of your mind -

moment-by-moment experience perhaps, or to thoughts of what thoughts, emotions. bodily 

without reacting to it. you w ill be doing later. Keep sensations- and simply observe 

For focused attention bringing it back to the breath. them. rather than trying to focus 
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effective treatment for eating disorders, 
substance abuse, psoriasis and in particular 
for recurrent depression and chronic pain. 
Last year, psychologist Fade! Zeidan, at Wake 
Forest University School of Medicine in 
Winston-Salem, reported that his volunteers 
noticed a decreased sensitivity to pain after 
just a few sessions of mindfulness meditation 
(Journa l of Pain, volll, p 199). He believes 
meditation doesn't remove the sensation of 
pain so much as teach sufferers to control 
their emotional reaction to it and reduce the 

on any one ofthem. Instead of 

grasping at whatever comes to 

mind, which is what most of us 

do most of the time. the idea is to 

maintain a detached awareness. 

Those who develop this skill find 

it easier to manage emotions in 

day-to-day life. 
The more you practise. the 

deeper the changes will be. As 

Buddhistteacher Alan Wallace 

puts it: "You have now set out on 

one of the greatest expeditions 

as you explore the hidden 

recesses of your mind." 



Transcending met aphysics 
Scientific studies show that meditation has many measurable benefits 

"One of the hottest areas 
in meditation research is 
whether it can enhance 
feelings towards others" 

stress response. He is now using fMRI in 
an attempt to understand why that helps. 
"There's something very empowering about 
knowing you can alleviate some of these 
things yourself," he says. 

The positive effect of meditation on 
psychological well-being could also explain 
recent findings from the Shamatha project 
that regular meditation practice can lead to 
a significant increase in the activity of 
telomerase, an enzyme that protects against 
cellular ageing and which is suppressed in 
response to psychological stress. The work 
will appear in Psychoneuroendocrinology. 

Emotions may also be at the heart of 
another benefit of meditation. One of the 
hottest areas in meditation research is 
whether the practice can enhance feelings 
towards others. This arose partly because 
fMRI studies by Lutz and his team showed 
that brain circuits linked to empathy and the 
sharing of emotions - such as the insula and 
the anterior cingulate cortex - are much more 
active in long-term meditators than in novices 
(Neurolmage, vol47, p 1038). 

Compassion is a complicated construct 
that probably involves a host of emotional 
skills according to Margaret Kemeny at the 
University of California, San Francisco. "To be 
compassionate with someone, first you have 
to recognise that they are experiencing a 
negative reaction. Then you have to consider 
what a beneficial response might be. Then you 
have to have the motivation to do something 
about it." In other words, you are unlikely to 
increase someone's capacity for compassion 
without improving their emotional balance. 

A gym for your mind 
In 2009, an institute dedicated to studying 
the neurobiological roots of empathy and 
compassion opened at Stanford University 
in California. The Cent er for Compassion and 
Altruism Research and Education, which is 
funded by a range of interest groups including 
neuroscientists, Silicon Valley entrepreneurs 
and the Dalai Lama, has already instigated a 
clutch of studies. They aim to discover how a 
special kind of meditation training in which 
the practitioner focuses on enhancing their 
altruistic love for others affects the brain, and 
the extent to which it can cultivate empathic 
and compassionate feelings and behaviour. 

The suggestion that people can 
become more empathic and compassionate 
through meditation practice has prompted 
psychologist Paul Ekman and Alan Wallace, 

a Buddhist teacher and president of the 
Santa Barbara Institute for Consciousness 
Studies, to float the idea of mental training 
"gymnasiums". Like physical exercise gyms, 
but for the mind, these would allow people 
to drop in and learn to improve their 
emotional balance, develop their capacity 
for compassion and even measure their 
stress levels. 

Others have suggested that meditation 
could become an alternative to medication. 
Although this seems like a good idea, Saron 
is dubious. He worries that thinking of 
meditation as a quick fix will smother some 
of the subtleties that are integral to successful 
practice. "When you are returning your mind 
to the object in hand, you have to do it with a 
sense of gentleness and authority, rather 
than develop a sense of failure when your 
mind wanders." 

But the great thing about meditation is 
that anyone can practise it anywhere. What's 
more you don't have to be an expert or spend 
five hours a day at it to reap the benefits. The 
novices in Zeidan's pain experiment reported 
improvements after meditat ing for just 20 
minutes a day for three days. In a second 
experiment he found that similarly brief 
sessions can improve cognitive performance 
on tasks that demand continuous attention, 
such as remembering and reciting a series of 
digi ts (Consciousness and Cognition, vol 19, 
p 597). "It is possible to produce substantial 
changes in brain function through short-term 
practice of meditation," says Richard 
Davidson, director of the Waisman Laboratory. 
He says data from a new unpublished study by 
his lab shows "demonstrable changes in brain 
function" in novice meditators after just two 
weeks of training for 30 minutes a day. "Even 
small amounts of practice can make a 
discernible difference." 

That is good news for beginners like me. 
Still, it does seem that the more you meditate, 
the greater the impact on your brain. Research 
by Brefczynski-Lewis, for example, revealed 
changes in brain activity indicating that 
expert meditators require minimal cognitive 
effort to stay focused. But this particular effect 
was only evident in people who had spent 
around 44,000 hours meditating - that's the 
equivalent of working for 25 years at a full 
time job. Most of us will probably never 
achieve that level of transcendence but it's 
certainly something to aim for. • 

MichaeiBond is a consultantfor New Scientist 
Further reading: Mind in the Balance by Alan Wallace 
(Columbia University Press, 2009) and The Art of 
Meditation by Matthieu Ricard (Atlantic Books, 2010) 
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Treasure, wizards and lightsabres are no longer 
restricted to video games -they are bursting into 
the real world to demolish the barrier between 
work and play, says MacGregor Campbell 

It's 6.30 am. Yellow alert! Your forces are under 
attack. You stumble to the bathroom and 
consult your command screen. It exposes an 
infestation of aliens. You dispatch them quickly 
with your ray gun and collect their gold credits. 
Your screen lays out today's quest. You will ride 
a space cruiser into battle and, with the help of 
your squad, attack the central alien hive. 

0 K, YOU are not really a space soldier. 
You are actually brushing your teeth 
rather than fighting aliens, your mirror 

is the command screen displaying your daily 
schedule, courtesy of the internet, and the 
space cruiser is your bus to the office. 

Welcome to your entire life as a game, where 
everything you do can be played. The point
scoring, treasure-collecting and fantastical 
elements of video games are no longer 
restricted to the virtual world of consoles 
and computers: they are leaping out of the 
screen and into the physical world, thanks 
to smartphones, cameras, sensors and the 
increasingly ubiquitous internet. 

The signs of" gamification" will be all 
around you in the next few years, in some 
form or another. Already, the skills we acquire 
by playing video games are making us better 
at real-world tasks, such as playing music 
(see "Virtual to reality", page 39). At the same 
time, game designers, researchers and even 
companies like Pepsi, IBM and Nike are staging 
a broad effort to garnify parts of our lives that 
previously have been impossible to play. 
Gamifying your life, they say, could help you 
learn new skills, connect with others, and 
become fitter, happier and healthier. Work and 
play would unite. Their critics counter that we 
are headed for a dystopia in which our sense of 

fun could be used to manipulate us. Whatever 
the case, the boundary between reality and 
video games is poised to vanish forever. 

"I think it's going to happen, and I think 
we're seeing it now," says Jesse Schell, a video 
game designer and researcher at Carnegie 
Mellon's Entertainment Technology Center 
in Pittsburgh, Pennsylvania. 

The use of games to motivate people is at 
least as old as the collectible stamps given out 
with purchases from the late 18gos onwards. 
Stamps could be redeemed for prizes. They 
worked because of the obvious economic 
motivation, but also relied on the urge to 
collect and complete a set of items - a feature 
seen in many games. 

The use of points, badges and leaderboards 
has exploded on the internet. Auction site 
eBay rewards buyers and sellers with stars 
and status. Foursquare encourages people 
to" check in" at places they visit using their 
smartphones. Users earn badges and race to 
have the most check-ins in a given place, so 
that they can become the virtual "mayor" 
of their local pub, for instance. 

Goldenkew 
More recently, fantastical gaming elements 
have come to housework and chores. 
Reporting that you have done the vacuuming 
on the website chorewars.com allows you to 
upgrade your chosen persona on the website 
a wizard or a demon, perhaps - and further 
advances you in a quest. And smartphone 
apps such as Epicwin have turned buying a 
birthday present for your mother, say, into 
a hunt for treasure across a fantasy land: 
you role play as a dwarf or a warrior, and win > 
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"The fact that we can sense all these 
things is suddenly here. Anything you 
can sense you can make a game out of" 

virtual gold and other rewards for completing 
your daily to-do list. 

Now video game elements are poised to 
burst fully into the physical realm. Last year, 
Schell presented a vision of what's just around 
the corner in gamification at the DICE Summit 
2010, a design and technology conference in 
Las Vegas. It has created quite a buzz among 
researchers, game designers and several 
multinational companies. 

Schell argues that almost every aspect of 
our lives could soon be turned into a game 
powered by the flood of data generated by 
sensors such as accelerometers, cameras, GPS 
and radio-frequency identification (RFID) tags. 
All of these inexpensive sensors are now 
found inside the gadgets in our pockets and 
homes. "The fact that we can sense all of these 
things is suddenly here. Anything you can 
sense you can make a game out of." 

Some examples already exist. For 
example, the wearable device Fit bug uses 
an accelerometer to track a person's daily 
physical activity, and awards "vitality points" 
that can be redeemed for discounts on 
health insurance plans. A similar device 
for kids, called Pokewalker, lets players 
unlock new characters in the popular 
video game Pokemon by getting exercise. 

Game researchers are now exploring how 

Play these pages 

sensor-powered gadgets could turn all sorts of 
tasks into play - cooking, eating and personal 
hygiene to name a few - and improve our 
performance too. Yu-Chen Chang of National 
Taiwan University in Taipei gave kindergarten 
children a sensor-enabled and gamified 
toothbrush. Cameras in the bathroom 
tracked the position of the brush and 
calculated how effective the brushing was. 
A mirror-mounted screen showed virtual 
teeth, suggesting an optimal brushing order. 
As the child brushed, the game teeth went 
from discoloured to squeaky clean. The game 
quadrupled the time the kids spent brushing 
with a normal toothbrush, and doubled their 
cleaning effectiveness. 

Sensor world 
In the near future, tiny sensors are set to 
become embedded into objects in the world 
around us, from buildlings to trash cans. 
Internet coverage will also be ubiquitous soon. 
All of this means that no matter where we go, 
we will be able to plug into a local game via a 
gadget, smartphone or portable computer. 
Consider a paper coffee cup that contains 
an RFID tag. Lob it into a recycling bin with 
sensors, and the bin will communicate with 
your smartphone, adding credits that give 

New Scientist has made the reading of this article into a game. 
The object of the game is to fill in the blanks of an apocryphal quotation below 

Where to look/What to do 

HINT: 

Read again/spot duplicate 

On the line/decode 

HINT: 
Thmk inside the box/ 
assemble 

HINT: 
A break in the text/ 
unscramble 

HINT: 

Look down/translate 

HINT: 

At the end/who wrote me? 

000 

eo 
oe 
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The answers are hidden in the words and 
other elements on the page, but they are 
often cunningly coded. Search for things 
that aren't supposed to be there. The hints 
suggest where you will find the clues, and 
then how to produce each answer. 
(Solutions on page 65) 

you a discount off your next cappuccino while 
helping you compete with your friends in an 
online recycling game. 

Schell envisions game-like interfaces 
for every measurable part oflife - a status 
console, for instance, that shows if you are 
sleeping enough, spending time with your 
family, or eating enough healthy food. "All 
of us can pretend we are on the bridge of the 
Starship Enterprise, but the ship is our daily 
lives," he says. Later this month, specific plans 
for an increasingly gamified world will be laid 
out by game researchers, marketers and 
business people at the world's first 
Gamification Summit in San Francisco. 

Will we want to play though? All the 
evidence about why we enjoy games suggests 
this world will be hard to resist. Studies of the 
brains of people playing video games show 
that it is associated with the release of 
dopamine, a neurotransmitter involved in 
many pleasurable experiences, including 
eating and sex. Functional MRI brain scans 
have also shown that playing games is 
associated with activity in parts of the 
striatum, one of the brain's reward centres. 
Moreover, "virtual" rewards, like positive 
social feedback and recognition of status are 
well known to activate the same regions of 
the striatum as monetary rewards. 

We have played throughout our evolution. 
Marc Bekoff, an evolutionary biologist at the 
University of Colorado at Boulder, spent a 
decade studying the behaviour of coyotes and 
other mammals and found that play was an 
important part of daily life. "If they don't play, 
they don't develop social bonds. They don't 
develop the ability to be flexible in a changing 
environment," he says. Bekoff argues that 
human play is no different. Play gives 
individuals the opportunity to practise 
behaviours that would be useful in other 
contexts, from physical skills like wrestling, 
which might help on the hunt, to mental skills 
such as the ability to figure out where your 
friend is hiding in a game of"hide and seek". 
"It feels good for a reason," he says. 

The most powerful games satisfy core 
psychological needs, such as our need to feel 
competent and socially connected, says Scott 
Rig by, a game researcher and head of game
design consultancy Immersyve, based in 
Celebration, Florida. The idea that triggering 
such needs can motivate us into action is 
called self determination theory. In a number 
of studies, Rig by found that measures of 
mastery and autonomy within a game 
are stronger predictors of positive game 
outcomes - such as the desire to keep playing. 

Given the power of gaming to push our 
buttons, a gamified world also has the 
potential to be an unpleasant one. "There are 
aspects through some of these marketing 
plans that can definitely make our lives 
worse," says Schell. 



For one thing, a lot of real-world 
gamifica tion in its present form is based 
on simple points and badges, but these can 
actually be demotivating in the long term, 
says Sebastian Deterding, who is studying 
the motivational effects of games at the 
Research Centre Media and Communication at 
Hamburg University, Germany. In one famous 
study from 1973., young schoolchildren were 
given the opportunity to draw with markers 
and paper. If they did, they were given either 
a predictable reward, an unexpected reward, 
or no reward. When the children were 
subsequently given free time to choose a task, 
those who had been given an expected reward 
spent the least amount oftime drawing 
(Journal of Personality and Social Psychology, 
vol28, p 129 ). Similar phenomena have since 
been replicated in over 120 other studies. 

Deterding says those who think points 
alone encourage people to play their games 
are misguided. "I enjoy a video game because 
I beat the boss monster, not because beating 
the boss monster gives me 1o,ooo points," 
he says. "The core motivation is intrinsic." 

Worse, marketers, advertisers and even 
governments may be lured by the idea of 
using gamification to change our behaviour. 
Ian Bogost, a games researcher at the Georgia 
Institute ofTechnology in Atlanta, says that if 
games hid their t rue true intentions from the 
player, they would cross an ethical line. "When 
a person doesn't have full knowledge, then 
you can't really call it persuasion. You can call 
it influence I suppose, but we usually call it 
manipulation," he says. 

Creepy future 
Imagine smart breakfast cereal boxes 
equipped with cheap cameras and playable 
screens that pit you against your friends in 
competition for brand loyalty, TV-mounted 
eye-tracking cameras that offer rewards for 
watching ads, a government that gives tax 
breaks if your child "wins" good marks at 
school. Schell calls this potential future 
the "Gamepocalypse". 

The possibility of a creepy, game-
fuelled surveillance state is clear. If t here 
were no escape from all the sensors and 
games surrounding us, we may 

"I enjoy a video 
game because I beat 
the boss monster, not 
because beating the 
boss monster gives me 
10,000 points" 

VIRTUAL TO REALITY 

Playing computer games can hone performed better than non-garners, 

your skills in the real world. but people who played an action 

The latest version of the video game for SO hours over a nine-week 

game Rock Band, for example, comes period had substantially better 

with instrument controllers, and the 

guitar-based controller has nearly as 

many fret positions as a real one, 

albeit with no strings. One mode of 

the game teaches performance skills 

that can then be transferred to 

proper instruments. The guitar, 

drums and keyboard-based 

controllers can even plug into 

electronic music-creation software. 

contrast sensitivity than a group who 

played a slower simulation game. 

Games have even improved the 

performance of surgeons. james 

Rosser of Beth Israel Medical Center 

in New York found that surgeons 

who played a simulated surgery 

video game subsequently made 

one-third fewer errors on a test 

of real suturing skills. 

Action games can also improve 

visual acuity. Renjie Li at the 

University of Rochester in New York 

tested people's ability to resolve 

contrast - the difference between 

light and dark areas in an image. 

They found not only that garners 

Some game researchers are also 

trying to recruit garners for worthier 

real-world goals. One example of 

these "serious games", called Evoke, 

challenges players to work together 

to solve a problem such as food 

security or sustainable energy. 

end up feeling more like lab rats inside a maze 
working for treats. 

Still, on balance, Schell believes a gamified 
world will be more positive than negative. 
Nicole Lazzaro, founder of XEODesign, a 
game design consultancy based in Oakland, 
California, is also optimistic. Done 
thoughtfully and ethically, she says, the 
gamification effort could ultimately help us 
triumph over the biggest boss monster of all, 
that heinous antithesis of play: hard work. 

You could be forgiven for scepticism about 
this suggestion. Yet consider that games 
and work are already beginning to mix in a 
number of ways. IBM uses the virtual world 
Second Life to help dispersed teams 
collaborate. An application called Attent, 

designed by Byron Reeves of 
Stanford University in California, 

mixes a virtual currency 
system into office email to 

cut down on the tedium 
of sifting through the 
daily email barrage. 
Before sending an email, 

• • • • • --. -. 
players can attach a certain amount of 
currency to a message, based on how urgent 
it is. That currency is won by the addressee if 
they read and respond to the email promptly. 

Things get even stranger when we 
move into virtual payments for real work. 
Crowdflower, an online labour supply 
company, or crowd-sourcer, now pays 
some of its workers in virtual currencies 
redeemable in applications like the Facebook
based game, Farmville. 

"It's not written in stone that we have to 
work the way we have for the last 200 years," 
says Mihaly Csikszentmihalyi, a psychologist 
at Claremont Graduate University in 
California. Csikszentmihalyi's theory of 
flow - a state of focus attained during a 
difficult challenge - is widely acknowledged 
as one of the key goals for all game designers. 
"Unfortunately, through most of school and 
work and much of our life, we don't have a 
chance to experience it that much," he says. 

"We don't have to be this cubicle-farm 
factory anymore," says Lazzaro. "Wouldn't 
it be great if by the year 2020 we go to work 
with the expectation of play?" 

After an exhausting 8-hour battle, the alien 
hive finally falls. And that was despite the fact 
that Dave the intern called in sick. Your team 
has made enough sales to unlock the coveted 
prize: "Spreadsheet of a Thousand Truths': 
A smile breaks across your face. You just might 
make squadron leader by the end of the year. • 

MacGregor Campbell is a New Scientist consultant 
Further reading: "On the Electrodynamics of Moving 
Bodies", Annalen der Physik vol XVII, p 891 

8 January 2011 1 NewScientist 139 



CULTURELAB 

Smoochology 
You must remember this, a kiss is just a kiss - until we try to understand it, says Deborah Blum 

The Science of Kissing by Sheri l 
Kirshenbaum. Grand Central Publishing, 
$19.99/£16.99 

I WAS a third of 
the way into Sheril 
Kirshenbaum's 
fascinating little 
book when I 
started to worry 
about myself. It 
turns out that 

most people remember their 
first tender kiss incredibly 
well, recalling go per cent of the 
details, which are locked into their 
memories "more vividly than 
their first sexual encounter". 
I racked my brain, but I couldn't 
remember mine at all. 

I do recall the night a high
school boyfriend kissed me on 
the porch while accidentally 
leaning on the musical doorbell. 
The next morning, my parents 
broke into snorts oflaughter 
whenever they glanced my way. 
Is it a character flaw that my 
brain apparently hangs on to 
comedic moments rather than 
romantic ones? 

Or is it just more evidence that 
a kiss is never really just a kiss? As 
Kirshenbaum tells us, kissing is 
a remarkably slippery subject, 
so to speak. When trying to pin 
it down scientifically, the best
planned experiments seem 
to find the most unexpected 
results. For example, when some 
Pennsylvania scientists measured 
hormonal responses to kissing 
in couples involved in long-term 
relationships, they expected to 
see hormones such as oxytocin, 
which is associated with 
relationship bonding, rise with 
extended kissing and cuddling. 
Instead, those levels inexplicably 
decreased. "This experiment 
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represents a classic example 
of how science isn't always 
predictable, and sometimes 
surprises even the researchers 
involved," Kirshenbaum notes. 
"It also demonstrates how 
difficult it is to study such an 
emotional subject as kissing." 

"An exploratory kiss 
provides genetic and 
hormonal information 
to those who pucker up " 

Still, Kirshenbaum, a research 
scientist at the University of 
Texas at Austin, has found a 
wonderful trove of detail about 
our kissing culture. She tracks 
down the first record of human 
kisses, which dates back to 

Is it true that kissing means 
more to women than to men? 

2nd-century India. She locates 
a 17th-century book cataloguing 
20 different kinds of kisses in such 
painstaking detail that the book 
ran to more than 1000 pages. She 
explores the way that "European 
style kissing" - messily mouth 
to mouth - eventually spread 
to other continents in which 
such unclean contact had 
long been avoided. 

Not that humans are the only 
kissing species. Our primate 
cousins, the bonobos, have 
been clocked in extended kisses 
that last up to 12 minutes, not 
to mention nose-nuzzling 
porcupines, tongue-happy bats 

and neck-twining giraffes. As 
Kirshenbaum notes, when one 
finds such a consistent pattern 
across species, there's usually 
some compelling biological 
purpose behind it. And indeed 
there is some interesting research 
showing that women respond 
to (that is, get turned on by) a 
man's testosterone levels in 
the saliva exchanged in a good 
wet kiss. At its most basic level, 
an exploratory kiss offers a 
reproductive advantage, providing 
genetic and hormonal information 
to those who pucker up. 

Kirshenbaum also tackles sex 
differences, both mechanical 
and attitudinal, in the context 
of the kiss. Why, for instance, are 
lipstick-red female lips considered 
attractive? Researchers have 
found that glossy scarlet tends 
to speed up mens' pulse rates. 

In one of my favourite parts of 
the book, Kirshenbaum sets out to 
debunk the old sexual stereotype 
that kissing means more to 
women than it does to men. She 
conducts her own survey of a wide 
range of people, from writers to 
construction workers. ''I hoped to 
blow some gender expectations 
out of the water," she admits. 

I won't give away the answer 
except to tell you that she was 
surprised by the results. And 
that's really the great thing about 
kissing: it's still full of surprises; 
it's still a little mysterious. And 
sometimes a little mystery is just 
what we want. When I put the 
book down, I asked my husband 
if he still remembered his first 
romantic kiss. "Not at all," he said, 
"it's a mystery to me." I'd call that 
a perfect answer, wouldn't you? • 

Deborah Slum is the author of The 
Poisoner's Hondbook(Penguin, 2010) 
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Look beyond the cuddly facade 
As this book reveals, the story of the first cloned puppy has a dark side, says jonathon Keats 

Dog, Inc.: The uncanny inside story 
of cloning man's best friend by John 
Woestendiek, Avery, $26 

SNUPPY,the 
world's first canine 
clone, celebrated 

D 0 C, 1 N C. his first birthday 
·==t;:. on 24 Apri12oo6 

with sausage and 
ice cream. People 

~..=...:..;_=-----' brought him 
flowers and 

wrapped him in a South Korean 
flag, yet the mood was hardly 
festive in the lab at Seoul National 
University where he was born and 
raised. Snuppy's creator, 
geneticist Woo Suk Hwang, had 
just been fired by SNU for falsely 
claiming to have cloned human 
embryos. Charged with fraud, 
Hwang plummeted from a 
national symbol to a prospective 
criminal. 

Given his dogged 
determination and dubious 
ethics, not to mention his self
destructive pride, Hwang is an 
apt father figure for dog cloning. 
As investigative journalist John 
Woestendiek documents in Dog, 
Inc., the story ofSnuppy and 
company is anything but cuddly. 

Motivated by a mixture of 
patriotism and profit, dependant 
on the wholesale harvesting of 
eggs, and prone to producing 
sickly mutants, South Korea's 
dog cloning industry has largely 
evaded international scrutiny- a 
disturbing state of affairs given its 
monumental implications. "The 
cloning of dog," Woestendiek 
writes, "has brought us a step 
closer to what much of the world 
fears - human cloning - and it 

The first cloned dog, Snuppy (centre), 
has been fol lowed by many puppies 

did so not just by advancing 
the science but by advancing the 
social acceptance of clones." 

Nevertheless, Woestendiek 
says, dog cloning was practically 
inevitable. In the century that 
cloning has advanced from sea 
urchins and salamanders to 
Dolly the sheep, dogs have 
come indoors to be coddled like 
children. They have increasingly 
been outfitted with technological 
enhancements, from flea collars 
to pacemakers. Woestendiek 
is rightly dubious that these 
heroics are altruistic, arguing that 
artificially lengthening dogs' lives 
has less to do with their well-being 

first seem surprising. Snuppy 
was not cloned as a pet, and has 
seldom been outside his cage. The 
dogs that provided the eggs and 
DNA to produce Snuppy were 
mostly drawn from the vast 
population of "farm mutts" that 
supply restaurants with dog meat. 

But this unsentimental 
environment was crucial to 
cloning success, Woestendiek 
argues. Given that dogs go into 
oestrus only a few times a year, 
and that they are exceedingly 
difficult to clone owing to their 
opaque eggs, success depended 
on a vast canine population and 

than with our attachment to them. "Westerners had all but 
That the first dog was cloned given up on dogs. Cloning 

in South Korea, a country where Snuppy meant beating 
canines are on the menu, may at them at their own game" 

minimal ethical oversight. 
What's more, Hwang and his 

colleagues were motivated by the 
chance to show off South Korean 
scientific prowess. While early 
cloning milestones, including the 
birth of Dolly, had been achieved 
in the UK and US, western 
countries had all but given up 
on cloning dogs, unable to access 
enough eggs. Cloning Snuppy 
meant beating westerners at their 
own game. Plus there was money 
to be made selling cloning 
services to fanatical dog owners, 
especially Americans, at upwards 
of$10o,ooo a pup. 

Still, Woestendiek takes 
care not to condemn dog cloning 
altogether, noting that SNU has 
made advances in scientific 
research, particularly with the 
production oftransgenic beagles. 
Six of them were born in 2007 - all 
named Ruppy - with a gene that 
glows red under ultraviolet light. 
"The glowing dogs show that it is 
possible during cloning to insert 
genes with a specific trait," 
Woestendiek writes, "allowing the 
researchers to proceed with plans 
to clone dogs with Alzheimer's, 
Parkinson's, diabetes and other 
diseases." Why dogs are desirable 
as a research platform, especially 
given their difficulty to clone, is 
never explained. 

Dog, Inc. is a flawed book, with 
a muddled structure and sloppy 
writing. But these faults are offset 
by Woestendiek's investigative 
skills, and his recognition that 
dog cloning concerns more than 
just canines. Snuppy is at once a 
political animal and a creature 
of our technological culture. • 

jonathon Keats is a writer and artist 
based in San Francisco and author 
of Virtual Words (Oxford University 
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NewScientiSt Jobs 
Incorporating Sciencejobs.com 
To apply online visit www. NewScientistjobs.com 

BIOLOGY 
Biology Faculty 
Pi m a Community College (PC C) 
AZ - Arizona 
Teaching biology using alternative 
modalities (preferred) lntemet
based curriculum development 
and course design Communicat ing 
effectively in writing and an 
understanding of the role of design 
in promoting understanding of 
written materials in a self-paced, 
internet-based curriculum 
Developed capacities used to work 
with people to achieve goals 
For more information visit 
NewScientistJobs.com Job ID: 
1401052282 

Protein Biochemist (002VN) 
Monsanto 
MO - Missouri 
The successful candidate will 
be responsible for the hands-on 
purificat ion and analysis of 
recombinant proteins from various 
expression systems and as well as 
native sources. This individual will 
also execute GLP studies to support 
our Regulatory submissions. 
For more information visit 
NewScientistJobs.com Job ID: 
1401049251 

Senior Scientist -Biology 
PfizerUS 
NY- New York 
Research scientist with a strong 
understanding of science behind 
ongoing experiments: the rat ionale, 
purpose and appropriate analytical 
methods. The position holder works 
virtually independently toward 
def ined objectives conducting 
several complex experiments, some 
in parallel, and offering insight into 
future experiments. 
For more information visit 
NewScientistJobs.com Job ID: 
1401057376 

Deputy Center Director 
Department of Health and 
Human Services, Food and 
Drug Administration/Center for 
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Biologies Evaluation & Research 
MD - Maryland 
Preferred candidates possess 
specialized knowledge and 
experience in the development of 
biological products, including the 
evaluation of safety, effectiveness, 
and quality; knowledge of the FDAs 
regulatory and review process; 
strong leadership and management 
experience 
For more information visit 
NewScientistJobs.com Job ID: 
1401053706 

Faculty Positions 
University of Pittsburgh Cancer 
Institute (UPCI) 
PA - Pennsylvania 
Interested applicants working on 
problems in all aspects of genome 
stability, including, polymerase 
fidelity, DNA double-strand break 
repair, structure-function studies 
of DNA repair enzymes and DNA 
damage responses, are encouraged 
to apply. 
For more information visit 
NewScientistJobs.com Job ID: 
1401048292 

Post Doctoral Fellow-
YEAST MOLECULAR 
GENETICS/SIGNALING/ 
TRANSCRIPTIONAL CONTROL 
Thomas jefferson University 
PA - Pennsylvania 
A FT Post Doctoral Fellow position 
is available in the Department of 
Biochemistry. The research scientist 
will study signal t ransduction, 
t ranscriptional regulation, and cell 
cycle control using budding yeast as 
a model system. 
For more information visit 
NewScientistJobs.com Job ID: 
1401050190 

Bioinformatics Scientist 
(002X6) 
Monsanto 
MO - Missouri 
Monsanto is seeking a highly 
motivated individual who is excited 
about applying computational tools 
to large scale biological data to 

East Coast Office 
225 Wyman Street 
Waltham, MA 02451 
Email N5Sales@NewScientist.com 
Phone 781 734 8770 
Fax 7203569217 

West Coast Office 
201 Mission Street 26th Floor 
San Francisco, CA 94 105 
Email NSSales@NewScientist.com 
Phone 415 908 3353 
Fax 4155436789 

Calls may be monitored or recorded for staff training purposes 

characterize the metabolic impact 
of novel genes in transgenic plants. 
For more information visit 
NewScientistJobs.com Job ID: 
1401049201 

Bioinformatics Specialist, 
The Genome Center, 
Washington University in St. 
Louis 
Washington University School of 
Medicine, St. Louis 
MO - Missouri 
The candidate will be responsible for 
applying computational approaches 
aimed at understanding organisms 
and community of organisms at a 
molecular level. More specifically, 
this candidate will be responsible for 
microbial metagenome annotation, 
annotat ion assessment and 
comparative metagenomics. 
For more information visit 
NewScientistJobs.com Job ID: 
1401053669 

Faculty Associate - Technical 
Director, Children's Cancer 
Sequencing Facility 
Greehey Children's Cancer 
Research Institute, UT Health 
Science Center San Antonio 
TX- Texas 
The successful candidate wi 11 
have primary responsibility for the 
strategic planning process as the 
enterprise is set up, and will manage 
and service the requests for 
genomic tasks, advise invest igators 
and identify multidisciplinary 
collaborations. 
For more information visit 
NewScientistJobs.com Job ID: 
1401053892 

Research Assistant- Galena, 
MD(002P9) 
Monsanto 
MS- Mississippi 
Monsanto is seeking a highly 
motivated Field Research Assistant 
with the ability to work as part 
of a multidisciplinary Research 
Tea m. The Field Research 
Assistant will assist in all phases 
of a comprehensive breeding 

and testing program aimed at 
germplasmn development and the 
introgression of new traits into elite 
cultivars. 
For more information visit 
NewScientistJobs.com Job ID: 
1401049164 

Research Assistant 
Pioneer Hi-Bred Production LP 
OR- Oregon 
This position provides support for 
IMPACT Seed Production, with 
primary emphases on: planting 
and harvesting operations; plot 
maintenance; field data collection 
according to established protocols 
and timelines; and efficient 
processing, conditioning, treatment 
and shipping of seed. 
For more information visit 
NewScientistJobs.com Job ID: 
1401054659 

POSTDOCTORAL 
FELLOWSHIP 
Duke University Medical Center 
NC- North Carolina 
The Duke Comprehensive Cancer 
Center (DCCC) at Duke University 
Medical Center invites applications 
for post -doctoral fellowships for an 
NCI Cancer Education and Career 
Development (CECD) Program 
entitled Integrating Population and 
Basic Science in Cancer Research. 
For more information visit 
NewScientistjobs.com Job ID: 
1401053882 

Faculty Position, 
Department of 
Pharmacology and 
Toxicology, Indiana 
University School of 
Medicine 
Indiana University School of 
Medicine 
IN - Indiana 
Faculty Position, Department of 
Pharmacology & Toxicology, Indiana 
University School of Medicine The 
Department of Pharmacology & 
Toxicology at Indiana University 
School of Medicine in lndianapolis 
invites applications from 
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\ii:u COLUMBIA UNIVERSITY 
IN THE C LTY OF NEW YORK 

2011 The Louis a Gross Horwitz Prize for Biology or Biochemistry 

The Louisa Gross Horwitz Prize was established under the will of the late S. Gross Horwitz through a bequest to Columbia University and is named to honor 
the donor's mother. Louisa Gross Horwitz was the daughter of Dr. Samuel David Gross ( 1805-1889 ), a prominent surgeon of Philadelphia and author of the 
outstanding Systems of Surgery who served as President of the American Medical Association. 

Each year since its inception in 1967, the Louisa Gross Horwit't. Prize has been awarded by Columbia University for outstanding basic research in the fields of 
biology or biochemistry. The purpose of this award is to honor a scientific investigator or group of investigators whose contributions to knowledge in either of 
these fields are deemed worthy of special recognition. 

TI1e Prize consists of an honorarium and a citation which are awarded at a special presentation event. Unless otherwise recommended by the Prize Committee, 
the Prize is awarded annually. Dr. Thomas]. Kelly, Memorial Sloan-Kettering Cancer Center, New York, N.Y. and Dr. Bruce W. Stillman, Cold Spring Harbor 
Laboratory, Cold Spring Harbor, N.Y. were the 2010 awardees. 

Qualifications for the award 
The Prize Committee recognizes no geographical limitations. The Prize may be awarded to an individual or a group. When the Prize is awarded to a group, the 
honorarium will be divided among the recipients, but each member will receive a citation. Preference will be given to work done in the recent past. 

Nominations must be submitted electronically at http:/ / www.cumc.columbia.edu/ horwitz/ 
Deadline date: January 31,2011 

Nominations should include: 
1) A summal'}'i preferably less than 500 words, of the research on wlhich this nomination is based. 
2) A summal'}'i preferably less than 500 words, of the significance of this research in the fields of biology or biochemistry. 
3) A briefbiographical sketch of the nominee, including positions held and awards received by the nominee. 
4) A listing of up to ten of the nominee's most significant publications relating to the research noted under item 1. 
5) A copy of the nominee's curriculum vitae. 

outstanding individuals for a 
faculty position at the Assistant or 
Associate Professor level. 
For more information visit 
NewScientistjobs.com job ID: 
1401056064 

Make a Difference. Teach 
Science in NVC. 
NYC Teaching Fellows 
NY - New York 
NYCTeaching Fellows come 
from a wide range of 
backgrounds and careers including 
science and research, finance, 
advertising, non-profit healthcare, 
law, and academia. You could be 
a recent college graduate or have 
worked in an industry for many 
years. 
For more information visit 
NewScientistjobs.com job ID: 
1401048006 

Medical Scientific Liaison
Regional job 
Novo Nordisk US 
OH- Ohio 
S/he provides product and field 
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scientific support to Medical, 
Sales and Marketing, as well as 
Managed Care and Government 
by using academic credentials and 
scientific expertise to communicate 
with health care providers and 
organizations. 
For more information visit 
NewScientistjobs.com job ID: 
1401053868 

Medical Scientific Director, 
Diabetes- Mid Atlantic Job 
Novo Nordisk US 
PA- Pennsylvania 
Provides leadership on the Area 
level for scientific support activities 
and coordinates with other 
MSD-EN DOs and f ield leadership to 
ensure the most optimal 
coverage for the top 
endocrinologists in the Area. 
Coordinate and partner with 
Regional MSA team to ensure 
integrated, aligned and 
comprehensive scient ific support in 
the Area to all key customers 
For more information visit 
NewScientistjobs.com job ID: 
1401054468 

Medical Scientific Director, 
Endocrinology-Southwest 
job 
Novo Nordisk US 
AZ- Arizona 
S/he provides f ield-based clinical 
and scientif ic support to Medical, 
Sales, Marketing as well as Market 
Shaping teams consistent with 
Novo Nordisk strategies and 
therapeutic interests by using 
academic credentials, cl inical 
expertise and scientific knowledge 
to communicate with the top 
Endocrinologists and relevant 
professional organizations on the 
Area level. 
For more information visit 
NewScientistjobs.com job ID: 
1401054487 

Medical Scientific liaison 
-Diabetes -South Atlantic Job 
Novo Nordisk US 
VA - Virginia 
Position reports to the Field Director. 
Additional key internal relationships 
are with the regional MSA teams, 
Clinicians, Marketing, Managed Care 
& Government and Sales personnel. 

External relationships include key 
opinion leaders (KOL's), academic 
institutions, physicians, nurse 
practit ioners, diabetes educators, 
and pharmacists. 
For more information visit 
NewScientistjobs.com job ID: 
1401054471 

Tenured!Tenure Track 
Faculty-Kannapolis 
NC -University of North 
Carolina at Chapel Hill 
University of North Carolina at 
Chapel Hill 
NC- North Carolina 
The Nutrit ion Research 
Institute and the Department of 
Epidemiology at the University of 
North Carolina at Chapel Hill 
invites applicat ions at the 
Assistant or Associate 
Professor level for a tenure-track 
posit ion in the area of genet ic 
epidemiology and/or statistical 
genetics as they 
relate to nutrition and metabolism. 
For more information visit 
NewScientistjobs.com job ID: 
1401048303 
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Department of Health and Human Services 

Food and Drug Administration 

Center for Biologies Evaluation & Research 

Immediate Office of the Center Director 

Deputy Center Director 

The FDA's Center for Biologies Evaluation and Research (CBER), Immediate 

Office of the Center Director, is searching for a Deputy Center Director. CBER 

has the responsibility for protecting the public health o f the U.S. population 

by p lanning, developing and administering policies and programs related to 

the safety, effectiveness and labeling of biological p roducts for human use, 

including blood and blood products, vaccines, and cellular, tissue, and gene 

therapies. CBER is responsible for an annual budget of approximate ly $260 

million and supports more than 1 ,000 employees. 

As the Deputy, the incumbent will serve as the principal advisor and spokesperson 

for the Director in matters related to planning, developing and administering the 

Center's broad national and international programs and activities. 

Qualifications: Eligible individuals must be U.S. citizens with an M.D. and / 

or Ph.D. is desired with relevant training and extensive experience. Preferred 

candidates possess specialized knowledge and experience in the development 

of biological products, including the evalua t ion of sa fety, effectiveness, 

and quality; knowledge of the FDA's regulatory and review process; strong 

leadership and management experience; excellent interpersonal ski lls to 

deal effectively with multi-d isciplinary teams and diverse stakeholders; and 

outstanding oral and written communication skills. 

This position may a lso be filled by appointment in the U.S. Public Health 

Service, Commissioned Corps. Physician candidates for Civil Ser vice or U.S. 

Commissioned Corps must possess a valid license to practice medicine in any 

state in the U.S. Candidates may a lso be eligible for an excepted service Title 

42 appointment. 

Salary: Salary is commensurate w ith education and experience. An excellent 

benefits package is also available. 

Location: Rockville, Maryland 

How to Apply: Submit resume or curriculum vitae with cover letter by 

February 18, 2011 to: CBER.Employment@fda.hhs.gov. Please reference 
Job Code: 00/ Dep. 

The Deportment of Health and Human Services is on equal opportunity employer 
with o smoke free environment. 

Human Geneticist- Staff 
Scientist- Medical Genomics 
Group 
Washington University School of 
Medicine, St. Louis 
MO- Missouri 
Previous experience with linkage 
analysis, genome-wide association 
studies (GWAS), high-throughput 
genotyping, gene expression 
profiling, copy number /LOH 
analysis, pathway analysis and 
whole-genome sequencing is 
preferred. 
For more information visit 
NewScientistjobs.com job ID: 
1401051893 

Microbiologist 
University of California, Davis 
CA - California 

461 NewScientist 18 January 2011 

A background in microbiology and/ 
or waste management 
along with experience 
reducing or eliminating microbial 
pathogens in animal waste, the 
environment, or the host is 
required. Experience and knowledge 
of standard management practices 
of large-scale animal agricultural 
and 
waste management operations 
(dairy and/or poultry) are 
desired. 
For more information visit 
NewScientistjobs.com job ID: 
1401028602 

Prinicpal Scientist -Early 
Phase Development 
Pfizer US 
NY - New York 

The person in this position provides 
analytical support to early stage 
Vaccine development (within 
Vaccine Research 
Early Development) through 
developing, qualifying, and 
transferring assays required for 
testing/characterizing 
intermediate, in-process, 
formulated, and f inal f ill vaccine 
samples. Represent Analytical 
Development in appropriate project 
teams. 
For more information visit 
NewScientistjobs.com job ID: 
1401056566 

POST DOCTORAL 
FELLOW-0696100412 
Johnson &Johnson 
CA - California 
We are seeking a postdoctoral 
researcher with cellular immunology 
experience to study T cell activation 
and differentiation in human and 
mouse systems with particular 
interests in Thl7 and memory T 
cells. 
For more information visit 
NewScientistjobs.com job ID: 
1401053545 

Sr. Associate Scientist, 
Metabolism/Inflammation 
Pfizer US 
CA - California 
Develop, validate and run 
biochemical and cell based 
assays to evaluate potential drug 
candidates particularly in the 
areas of metabolic disease and 
immunology- Utilize ex vivo 
analysis of blood and tissue 
samples to verify mechanism 
of action -Engage in projects, 
generate and evaluate project 
ideas, work collaboratively 
with other groups to achieve 
object ives and timelines 
For more information visit 
NewScientistjobs.com job ID: 
1401057380 

VRW Microbiologist (R3) 
Pfizer US 
CA- California 
Vaccine Research seeks to 
discover novel vaccines 
(prophylactic and therapeutic) for 
the prevention and treatment of 
significant human diseases using 

a variety of vaccine technology 
platforms combined with 
immunomodulatory agents. 
For more information visit 
NewScientistjobs.com job ID: 
1401053903 

Postdoctoral Fellow 
Greehey Children's Cancer 
Research Institute, UT Health 
Science Center San Antonio 
TX - Texas 
We are seeking highly motivated 
candidates with a PhD and/or 
MD degree who have strong 
laboratory and analytical skills, as 
well as a willingness to work with 
animals, to join a research group 
studying the role of small non
coding RNA in development and 
tumorigenesis. 
For more information visit 
NewScientistjobs.com job ID: 
1401053701 

Molecular Biology- Research 
Associate (002ZZ) 
Monsanto 
MS - Mississippi 
We are seeking a highly talented 
and motivated scientist to join our 
Bt Gene Discovery group. 
This person will be part of a larger 
multi-disciplinary cross-functional 
effort dedicated to development 
of novel insect control strategies to 
be used in commercial transgenic 
crops. 
For more information visit 
NewScientistjobs.com job ID: 
1401052662 

Post Doctoral Fellow 
Neuroscience Research Unit 
PfizerUS 
CT- Connecticut 
Successful candidates will 
come from a range of 
backgrounds including molecular/ 
cellular biology, protein 
biochemistry, in vitro and in vivo 
electrophysiology, imaging, 
neurochemistry, 
systems neuroscience, 
computational biology, animal 
models of disease, synapse 
biology and behavioral/cognitive 
neuroscience. 
For more information visit 
NewScientistjobs.com job ID: 
1401056567 
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FEEDBACK 

THE UK business school Mike 
Page belongs to subscribes to the 
Ebrary book reader service. When 
he tried to access a publication, 
Ebrary told him: "The document 
you wish to access is currently 
being viewed by another user. 
Your institution permits access 
to the document 'Corporate 
Governance' by limited number 
of users at a time. There are 
2147483646 people in line ahead 
of you ... You can now add yourself 
to the waiting list for access to 
the document." 

Mike is impressed that about 
one-third of the population of 
the planet is trying to access this 
surprisingly popular publication 
at the same time. 

A REPORT on December's forest 
fires in Israel in the normally reliable 
London Daily Telegraph notes that: 
"There are only 1500 firefighters 
operating across Israel, a number 
widely accepted as woefully 

inadequate for a country of 
7.6 people." 

Ken Lassesen, who noticed this, is 
surprised that the population of the 
country has fallen so sharply. On the 
bright side, he assumes that one of 
the 7 people left is pregnant. 

THINGS are hardly better over at 
that ironclad redoubt of science 
reporting, the UK'sDaily Mail. 
Stephen Lunn was researching 
statins. He unearthed a Daily Mail 
report from March 2010 titled 
"The other side of statins". It 
featured anecdotes from people 
attributing side effects such as 
memory loss to these cholesterol
reducing drugs, which doctors 
prescribe increasingly as patients' 
ages increase. 

What caught Stephen's eye, 
though, was the accompanying 
panel: "54 million: The number of 
adults in the UK with high blood 
pressure, that's one in every two." 

"Do they know something 

The instructions for Steve Markham's solar 
battery-charger promise that its charge regulator 
will"keep the whole solar system in proper 
working condition". Cherish it, Steve 
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we don't?" he asks. 
Even the all-seeing CIA hasn't 

been told: it estimates the UK 
population in July 2010 as 
62,348,447- Is the Mail suggesting 
that in addition to this there are 
46 million asylum seekers - to 
pick another of its preoccupations 
at random - hiding under our 
beds? 

AN ''ESPO 860 framework" is a list 
of refuse and recycling products 
recommended for procurement 
by local authorities in the UK, Ellie 
Lutterkort tells us. Last year's ESPO 
860 included an advertisement for a 
kitchen bin liner. Its dimensions were 
given as "210 + 190 x T-Shirt". Ellie 
says she really can't imagine what 
they meant. 

"I AM not sure if this is 
fruitloopery, because I can't make 
sense of it at all. I assume it is 
trying to sell something - perhaps 
a service or an idea - but have no 
means ofidentifying it," Nic Plum 
informs us. 

He is talking about a document 
he was directed to in a "systems 
analysis" group on the Linkedin 
social network site. The document 
is called "Reflections on 
confronting the system resilient 
growth challenge among the 
'Systemic quadruple power play"'. 

The impenetrable five page 
document that follows amply 
fulfils the headline's promise of 
incomprehensibility. It is put out 
by a company called Alphafields 
which, Nic suggests, "looks like a 
management consultancy". It 
does, sort of, but then again it may 
be something quite different. Its 
website, alphafields.com, does 
little to make the purpose of its 
existence clear. 

Nic is reminded of the 
entertainer Rolf Harris, who used 
to do drawings on his TV show. As 
his drawing proceeded, he asked 
the audience: "Can you tell what 
it is yet?" 

The answer in this case is, no, 
we can't. 

WIKIPEDIA, in its interesting entry on 
the Lieutenant Governor of the Isle of 
Man- t hat constitutionally peculiar 
island off the coast of north-west 
England- observes that the current 
incumbent, Ad am Wood, has been 
holding the position from 
"2011-Present". lt started saying 
this, by the way, in 2010. 

CAN this be true? Sian Cole was 
looking through some iPhone 
apps and came across one for 
Domino's Pizza. It states that 
people can choose from 1.8 billion 
pizza combinations, a claim that 
is repeated on the Domino's 
Pizza website. 

What Sian (who admits that 
she is not a mathematician) wants 
to know is: how many ingredients 
does it take to make that many 
different pizza combinations? 
We have asked round the 
New Scientist office, and several 
people here think the claim can be 
stood up. What do readers think? 

FINALLY, "Hope you've had your 
breakfast" is the subject line of an 
em ail from Robert Milne. lt refers 
to a message he received from 
environmentjob.co.uk about 
courses and events on the topic 
of "Sustainability". One of these, 
at t he UK's Centre for Alternative 
Technology, is a "Compost toilet 
taster day". 

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. 



THE LAST WORD 

Yellow to the core 
Why do we perceive the sun 
as yellow? I understand that its 
colour arises from t he mixture 
of wavelengths in sunlight. But 
as sunlight has been t he main 
source of illumination t hroughout 
evolution- the background light to 
everything on the planet up to the 
invention of electric light - it gives 
us our default colour for everything. 
So why don't we consider it to be 
the neutral colour- in other 
words, white? 

• Why do we perceive the sun as 
yellow? Because the sky is blue. 

The sun's light is white, 
but when it hits the Earth's 
atmosphere it is scattered by the 
atoms, molecules and dust in the 
air. If this didn't happen the sky 
would be black, as it is in space. 
This was first explained by John 
Strutt, who became Lord Rayleigh, 
which is why the process is known 
as Rayleigh scattering. 

Shorter wavelengths, such as 
violet and blue, are scattered more 
than longer ones. Because blue 
light is scattered across the 

ANSWERS TO GAMIFIED 
FEATURE CPAGE 36) 
1) TRUE Duplicated in main text p39 
2) SIGN Morse code in box border p39 
3) INTELLIGENCE Incongruous letters 
in box text p39 4) KNOWLEDGE 
Anagram of "Golden kew" in cross head 
p37 5) IMAGINATION Translat ion of 
German word next to page number 
p38 6) ALBERT EINSTEIN Author of 
suggested "Further reading" footnote 

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. 

entire sky- turning it blue - the 
remaining direct light from the 
sun appears richer in longer 
wavelengths such as yellow and 
red. When the sun is very low in 
the sky its light passes through 

"The sun's light is white, 
but when it hits the Earth's 
atmosphere it is scattered 
by molecules and dust" 

more of the atmosphere, resulting 
in more of the spectrum being 
lost to scattering, making it 
appear more orange or red. 

On a cloudy day we see 
everything in its true colours 
because there is no direct light 
and all wavelengths are 
t ransmitted equally. Our eyes 
automatically adapt to the colour 
balance around them so we don't 
notice this, but photographic 
colour film can't do that. It is 
adjusted for sunshine, so cloudy 
photos will turn out blue. 

Our eyes can even adapt to 
tungsten artificial light, but to 
capture this in a photo we need 
to use a film balanced for artificial 
light. Of course, as people 
switch to digital photography, 
it is much easier to correct for 
these problems. 
Guy Cox 
Centre for Microscopy 
& Microanalysis 
University of Sydney, New South 
Wales, Australia 

The writer is the author of Optical 
lmaging Techniques in Cell 
Biology, published by CRC Press/ 
Taylor & Francis (zoo6) 

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 WClX 8NS. UK, by email to 
lastword@newscientist.com or visit 
www.last-word.com {please include a 
postal address in order to receive payment 
for answers). 

For a list of all unanswered questions 
send an SAE to LWQiist at the above 
address. 

Last words past and present, plus questions, at www.last-word.com 

• I contest the statement that 
we see the sun as yellow. Most 
people never look directly at the 
sun- it is dangerous and virtually 
impossible to do so. The only time 
we look at it directly is when it is 
near the horizon, where it does 
appear to be a variety of shades 
from yellow to red thanks to the 
scattering of blue light. But at 
those times that part of the world 
takes on the same orangey hues, 
as that is the colour of the source. 

The definition of a white surface 
is one that reflects all wavelengths 
of the visible spectrum equally. 
The human eyes and brain see 
such a surface as white under a 
wide range of conditions, such 
as under standard incandescent 
light bulbs. This is true even 
though such a light is in fact 
yellow, as one can observe by 
seeing a lit room from outdoors 
at dusk. But we still see the 
surface as white. 

The same surface viewed under 
the noon sun will still appear 

" A white surface is 
one that reflects all 
wavelengths of the 
visible spectrum equally" 

white, but it is not the same white 
as that seen under the artificial 
light. Most importantly, it will not 
appear yellow, showing that the 
sun itself is not yellow - rather, it 
actually defines the whitest white 
that we ever see. So I would argue 
that the sun is white (but please 
don't look at it to check). 
John Elliott 
Stockport, Cheshire, UK 

Why can't 
elephants 
jump? 
The new collection: 
witty, brilliant, intelligent 
and packed with insight 

This week's 
questions 

ANT ARCHITECTS 
The photo below shows a green 
sweet that has been discovered 
by ants on a paved path in my 

garden. The sweet had been 
dropped several hours before, 
and had attracted the interest of 
an ant colony which was carrying 
it away. But the pattern of the 
surrounding plant debris is a 
mystery. What accounts for its 
arrangement around the candy? 
RoyLevian 
Lexington, Massachusetts, US 

CULINARY TIPS 

When I buy asparagus and keep 
it too long small beads ofliquid 
appear on the tips. Why does 
it seem to decay preferentially 
from the tips, and what is the 
composition of the liquid that 
appears there? More importantly, 
can I still eat the asparagus after 
the liquid starts to appear? 
Tyler Keaton 
Bolton, Lancashire, UK 
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