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GOOD 
mORNING!

Bang! returns this au-
tumn for its first ever 
third issue, a mile-

stone we’ve marked by sticking to 
the winning formula of sensational 

science with gorgeous graphics.

Read, absorb, enjoy and, if you like what you 
see, why not get involved with the writing, edito-

rial, creative or pr teams and be a part of the next issue? 
Just visit bangscience.org to get involved!
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The Bang!     Bulletin
all the science news that’s fit to print

Just in time for the resurrection of Oxford’s best science magazine, the word from Geneva is that, in celebra-tion, scientists are powering up the world’s largest particle accelerator again. The Large Hadron Collider (lhc) was shut down shortly after it opened in September last year: it was felt that if ground-breaking discov-eries in particle physics couldn’t be processed, parcelled up and served to Oxford’s student audience on our lov-ingly-designed pages, there just wasn’t much point. At least, we think that’s the reason. It might also be because a magnet failure caused a couple of tonnes of super-cold liquid helium to escape and evaporate.
Either way, the repair work is now finished at last. All 27 kilometres of tunnel have been taken down to the operating temperature of −271°C, and the first beams have been in-jected. After more testing, the colli-sions will begin: protons accelerated to near-lightspeed and then smashed 

n o w  w i t h  p h o t o - g r a p h i c  i l l u s t r at i o n s

D

into one-another to see what happens. The Holy Grail of the lhc’s work is to find the Higgs boson, a hypothetical particle which is keystone of current theories about the origins of mass.
In the process, the state of the Uni-verse a few moments after the Big Bang will be replicated, and count-less tiny black holes may flit in and out of existence. (Don’t worry—bil-lions of years’ worth of ‘cosmic rays’ slamming into the Earth with ener-gies much higher than those in the lhc demonstrate that, if black holes do appear, they must disappear be-fore they get chance to envelop the planet!) Whether or not the Higgs boson is found, the lhc promises to yield deep insights about the nature of reality: we might find particles which constitute the ‘dark matter’ and ‘dark energy’ thought to make up most of the Universe; ‘supersymmetric’ elec-trons which weigh hundreds of times as much as normal electrons; or we might find nothing at all. 

OXFORD THAWTs

on tidal power
A team of engineers from Ox-ford University are a step closer to helping the United Kingdom pro-duce more renewable energy, after producing a cheaper, robust and more effcient u nderwater t urbine  capable of harnessing twelve mega-watts of power—enough to power 12,000 average British homes.
The uk’s ragged coastline with its inlets and estuaries is believed to be a rich source of renewable energy: a potential fifteen gigawatts of power is estimated to be available to har-vest.  However, only a few underwa-ter turbines are currently in opera-tion with their rotor blades at right angles to the direction of water flow. The Transverse Horizontal Axis Water Turbine (thawt) rotor, de-veloped by Oxford engineers works using a cylindrical rotor with a hori-zontal axis, so that it intersects a larger area of the current making it more effcient than current turbines.
The engineers have produced a working prototype 1 m in diam-eter and 6 m long, but the finished thawt rotor would be 10 m in di-ameter and 60 m long.  They hope that by 2013 thawt rotors will be in commercial operation near the uk’s coastline and that eventually a 20 km line farm of thawt rotors could be constructed to produce 

as much as power as a small 
coal-fired power sta-

tion.

Physicists and chemists are continuing to investigate a strange new family of so-called ‘superconducting’ materials known as the ‘pnictides’.
Superconductors are materials which, below a certain critical tem-perature, have no electrical resist-ance, allowing huge currents to be transported through them with no loss. The first simple superconduc-tors were discovered in the early twentieth century, but these didn’t superconduct until cooled hundreds of degrees below freezing: ever since, scientists have been struggling to find materials with higher critical temperatures and, ultimately, a superconductor which would work at room temperature. Applications would range from the mundane, such as loss-free wiring, to the sub-lime, like magnetic levitation.
The new class of compounds is known as the pnictides because they contain elements from the group of the periodic table which contains ni-trogen and arsenic, known to chem-ists as the pnicogens. Also, unique amongst the superconductors so far discovered, many pnictide com-pounds contain iron, a magnetic element. Some pnictides even dis-play simultaneous magnetism and superconductivity—a phenomenon considered especally bizarre because traditional superconductors expel all magnetic fields.
The first pnictide was discovered by a Japanese group in 2006, but ex-citement came to a head in May last year when a Chinese collaboration successfully created a similar com-pound with a critical temperature of 53.5 K: a balmy −220°C. This may sound rather chilly, but it’s the warmest superconductor discovered since the late eighties, when frantic research in a group of copper-based compounds known as the ‘cuprates’ pushed the limit up to a record-breaking 135 K (−138°C).
Though several months of investi-gation haven’t turned up a pnictide which can compete with the copper superconductors, the discovery is still of interest to the scientific com-munity. The mechanism for high-temperature superconductivity is still not properly understood, and new materials with unusually high critical temperatures allow the vari-ous different theories to be tested, and might one day reveal whether dreams of room-temperature super-conductivity could ever become re-ality.

cern returns!
Big Bangs Begin in hunt for higgs

It’s not often that you spend $79m on a new toy, only to destroy it a few months later, but that’s ex-actly what nasa did at the begin-ning of last month, crashing robotic spacecraft lcross (Lunar CRater Observation and Sensing Satellite) into the Cabeus crater, near to a site proposed for a lunar base. Its mission was to look for frozen wa-ter, the existence of which could be crucial to man’s return to the Moon.
Scientists hoped that the impact would send a plume of dust into space which the main lcross craft could analyse for traces of ice, before following the first probe and crash-ing into the Moon’s surface four minutes later. The plume was ex-pected to be large enough to be seen by backyard telescopes so, on 9th Oc-tober, hundreds of amateur astrono-mers across the World were watch-ing the lunar south pole for traces of the impact. However, the crash did 

not create a 
plume of de-
bris as large 
as nasa had 
hoped, and 
was not seen from Earth.
Under careful investigation, it became clear that an impact had occurred. Despite early scepticism, with many scientists thinking that they had hit a ‘dry’ crater, nasa was delighted to announce that the data recorded by lcross could only be explained if the crater contained water—and lots of it. In fact, Cabeus is wetter than some of Earth’s deserts; an incredible discovery that brings us one step closer to the next age of lunar exploration.

Exercising as a team doubles your pain tolerance, according to a study of twelve rowers from the Ox-ford University Boat Race Squad.
It is well understood that a raised pain threshold is caused by the re-lease of endorphins—the chemicals responsible for the ‘natural high’ experienced during exercise. But this is the first time that doing an activity together has been shown to heighten the effect.
‘The results suggest that endor-phin release is significantly greater in group training than in individual training even when power output, or physical exertion, remains con-stant,’ said Dr Emma Cohen, lead author of the paper from Oxford’s Institute of Cognitive and Evolu-tionary Anthropology (icea).
The rowers were asked to complete 45 minutes of continuous rowing on an ergometer, both as two teams of six and as individuals, unobserved 

by other team members. The row-ers’ pain threshold was assessed af-ter each session by measuring how long they could tolerate an inflated blood pressure cuff on the arm.
The link found between team activ-ity and endorphin release suggests that the positive feeling and com-munal bonding effects associated with other group activities, such as religious rituals, dancing and laugh-ter, may depend on endorphin re-lease as the underlying mechanism.
Professor Robin Dunbar, Head of icea, explains: ‘Previous research suggests that synchronised physical activity such as laughter, music and many religious activities makes peo-ple happier and is part of the bond-ing process.
‘Synchrony alone seems to ramp up the production of endorphins so as to heighten the effect when we do these activities in groups.’

rowing Pains
Team ergs increase “ARRGH!” threshold

nasa proBe in
moon 
smasH!

NEWS: 
Neil Dewar,
Chloé Sharrocks,
Thomas Lewton,
Bryony Frost
& Andrew Steele
Art: Sean McMahon,
Andrew Steele 
& Spike Curtis
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there are strange beings in the 
garden. Thousands of them. 
They have tentacles, eyes on 

stalks, can walk upside down. They’re 
out there, watching you through tiny 
pinhole-camera eyes. And, as in any 
good Hammer Horror movie, they are 
all extremely slimy.

Slugs and  snails belong to  the class 
Gastropoda, meaning ‘belly footed’. 
Their muscular underside acts rather 
like a conveyor belt, with waves of 
muscle contraction moving from tail 
to head, propelling the snail forward 
like the tracks of a tank (but at a measly 
0.03 miles per hour). 

What snails lack in speed they make up 
for with teeth: snails have twenty-five 
thousand of them. Each. Their gnash-
ers form a mechanism called the rad-
ula, something like a cross between a 
cat’s tongue and a jcb digger. The snail 
scrapes the radula over food and the 
rows of jagged teeth gouge out chunks, 
which are then swallowed. The sound 
they make while eating is surprisingly 
loud— about 30 dB, similar to a stage 
whisper.

Snails have two pairs of tentacles. The 
eyes on the top pair are rather basic, 
like a pinhole camera; they can detect 
light, dark, movement and shapes. 
The lower pair is for tasting and smell-
ing. Both sets retract by turning inside 

Hail to the Snail

art by helen spiers

out, like pushing in the finger of a 
washing up glove. To retract the whole 
body into the shell, however, the first 
gastropods had to undergo a series of 
bizarre adaptations. 

To make things a little easier, most of 
the snail’s vital organs are already in-

side the shell, including the 
heart, liver and a lung. How-
ever, a snail’s orifices look as 

if they’ve been positioned by 
a blindfolded child in a party game. In 
order for the whole body to retract into 
the shell in one go, the mouth and anus 
both need to be at the front.  So ‘tor-
sion’ evolved—while the snail is just a 
larva, its gut twists back on itself dur-
ing development so that the anus opens 
above the head.  This also enables it to 
excrete even when inside its shell.

Snails’ mating organs are also pinned 
on in a bizarre location. Most land 
snails are hermaphrodites, with both 
a penis and a vagina positioned in the 
side of their neck. Prior to mating, they 
often wind around each other and join 

mouthparts as though kissing. The 
mating ritual really gets going when 
one snail, Cupid-esque, fires a calcare-
ous love-dart from the side of its neck 
into the neck of its prospective partner, 
binding the snails together and stimu-
lating the exchange of sperm.

If the snail’s elaborate courtship ritual 
makes you think they’re compensat-
ing for something, that’s because they 
are—their parenting. After sex, each 
snail goes away to lay tens or hundreds 
of eggs, which it will bury and aban-
don. After a few days, land snail ba-
bies hatch as miniature adults. 
However, marine snail lar-

jessica law gets under the shell of the garden gastropod.

vae often differ greatly from the adult. 
Whelk larvae have a wing-like ‘vel-
lum’, which they flap to swim through 
the ocean. The pioneering offspring 
find fresh pastures to settle down and 
change into a ponderous adult.

However, life for a snail isn’t all love 
and cucumbers. Some live in fear of 
infection by the hideous parasitic flat-
worm, Leucochloridium paradoxum. 
Bird droppings are full of flatworm 
eggs, which the amber snail unwit-
tingly eats. The eggs enter the snail’s 
digestive system and hatch. There they 
produce long, swollen tubes contain-
ing several hundred nematode larvae 
each. These grow and move up into 
the eyestalks, which causes them to 
stretch and pulsate in changing col-
ours. The larvae also affect the snail’s 
brain, making it climb, zombie-like, to 
the highest, most exposed point it can 
find. There it sits and waits for birds, 
which mistake the distended eyestalks 
for caterpillars. The bird picks off the 
eyestalks and, miraculously, the snail 
usually survives—but more parasites 
are waiting to move in when the eye-
stalks regenerate. Meanwhile, inside 
the digestive tract of the bird, the 
larvae mature, reproduce 
and lay eggs that are ex-
creted in droppings, 
ready to infect a 
new generation of 
victims.

Replete with 
lettuce, love 
and danger, 
life is far from 
slow for the 
most mundane 
of molluscs.

“A snail's orifices look 
as if they've been
positioned by a
blindfolded child
in a party game.”
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worth pursuing for its own sake. In his 
popular science book Counting Sheep, 
the author Paul Martin writes ‘I would 
not hesitate to say that if our aim is 
to experience the ultimate feelings of 
pleasure and beauty, then the state of 
dreaming would be the most conducive 
for them.’

Many famous figures in history firm-
ly believed that dreams were respon-
sible for their success. Robert Louis 
Stevenson championed the belief that 
dreams helped him become a profes-
sional writer by providing him with 
great inspiration for such literary gems 
as The strange case of Dr Jekyll and Mr 
Hyde. Others such as Einstein, Paul 
McCartney and Charlie Chaplin were 
all avid dreamers.

the future of sleep

with the realisation that insufficient 
sleep can have serious consequences, 
various research projects have been 
funded to try to reduce the amount of 
sleep humans require. Stimulant drugs 
similar in structure to caffeine and 
amphetamines have been tested by uk 
soldiers, but currently no safe chemical 
compound has been found to replace 
the need for sleep. However, following 
successful preliminary experiments on 
fruit flies, the us military has funded 
research into genetic mutation studies 
to help keep soldiers alert for up to 72 
hours. The gene concerned is involved 
in the flow of potassium, which is re-
sponsible for electrical activity in 
the brain’s nerve cells. Some 
scientists remain scepti-
cal; the research sug-
gests that while 
the fruit flies 
slept less, they 
also died 
y o u n g e r —
perhaps fur-
ther evidence 
that sleep de-
privation can 
have serious 
long-term conse-
quences.

When i was a fresher, my col-
lege parents advised me that, 
in order to spend enough time 

on my academic studies, I would only 
be able to do two of the following: be-
come involved in societies, socialise or 
sleep. Like many other Oxford students 
(notably rowers), I chose to forego the 
hours of shut-eye.

Many students view sleep as an unaf-
fordable luxury and try not to think 
too hard about the long-term effects of 
caffeine-fuelled weekly essay crises or 3 
am departures from Park End. In fact, 
a survey carried out by Cherwell found 
that over 90% of students were still 
awake after midnight, which is rather 
alarming when you consider the num-
ber of 9 am lectures and tutorials. With 
approximately one third of our lives 
spent sleeping, you could be forgiven 
for thinking that the odd all-nighter 
could not significantly affect your well-
being.

Despite the fact that a large propor-
tion of the human life is spent asleep, 

for many years the study of ‘sleep sci-
ence’ was pursued only by the dedicat-
ed, interested few, while most scien-
tists channelled their academic energy 
into more conventional research.

Why do we sleep?

aristotle was the first to propose 
that sleep was the body’s method of 
physical recuperation. However, re-
search during the last century seems 
to discount this idea; only about fifty 
calories of energy are saved during an 
eight-hour period of sleep, and scien-
tists have found that lying quietly al-
lows the body to conserve almost as 

much energy as sleeping. In the 1970s, 
biologist Ray Meddis suggested sleep 
was merely a mechanism to keep ani-
mals and humans still when there was 
nothing better to do with their time. 
It was concluded that sleep consisted 
of two distinct stages. The first, nrem 
(non-rapid eye movement), evolved to 
keep animals inactive during ‘useless’ 
hours—for humans, the hours of dark-
ness. The second stage is known as rem 
(rapid eye movement). Francis Crick (of 
dna double helix fame) proposed in the 
early 1980s that the function of rem 
sleep is related to learning. It is now 
widely accepted that its primary func-
tion is to allow the brain to process and 
store new information obtained during 
the day. In humans, timing is criti-
cal—rem sleep needs to occur within 
24 hours of a learning experience if it is 
to enhance our performance or mem-
ory. Recent studies of brain activity 
patterns have suggested that the brain 
recounts experiences from earlier in 
the day as if watching an action replay.

Sleep deprivation

the phrase ‘beauty sleep’ is not just a 
saying. A lack of sleep can affect your 
physical appearance, make you grumpy, 
irritable and more prone to illness, and 
alter your judgement. Sheer exhaustion 
can lead to psychotic tendencies and 
paranoia. If your sleep is reduced by 
only a couple of hours for several con-
secutive nights, the effect is similar 
to that of complete sleep deprivation 
for one or two nights. Research has 
also shown that drivers who have been 
awake for 21 hours perform as badly in 
simulators as those with an illegal level 
of alcohol in their blood. People suf-
fering from chronic sleep deprivation 
(two hours less sleep than your body re-
quires each night for a week) performed 
similarly badly.

For those students who not only sleep 
less than the recommend daily amount 
of seven to eight hours, but also com-
bine this with alcohol, the effects of 
sleep deprivation are more significant. 
Throughout history, the ‘nightcap’ 
and its sedative effect has been used 
to help induce sleep. The phrase was 
coined by Mark Twain while on a train 
where alcohol was banned. However, 
although after drinking you may ini-
tially feel more tired, the effect is not 
as beneficial as it seems. Alcohol in the 
blood reduces the amount of deep rem 
sleep you experience, making you more 
prone to waking frequently and finding 
it harder to return to sleep. Drinking 
beer exacerbates this by causing you to 
feel the need to urinate more often. 
Caffeine (including that contained in 
tea and chocolate), smoking and Has-
san’s chilli sauce on your late-night 
burger all prevent you from sleeping as 
well as you should. Avoiding coffee just 
before bed won’t help much either—
its half-life (the time it takes for the 
level of caffeine in your body to drop 
by 50%) is about four hours, but it can 
be as long as seven hours. Even a quick 
cuppa around dinner can significantly 
affect your ability to remain asleep 
later on.

to sleep, perchance 
to dream…

Most people experience several dreams 
every night, even if they cannot recall 
them. But for those who do, whatever 
the physical benefits of rem sleep, 
the positive aspects of the experience 
of dreaming can make it something 

chloÉ SHarrocks Dreams of having time to sleep at oxford.

“REM sleep needs to 
occur within 24 hours of 
a learning experience to 
enhance our performance 

or memory.”

Shattered Dreams

“The brain recounts
experiences form earlier 
in the day as if watching 

an action replay.”

trIVIa

Cows can only dream when
lying down. 

C
Sleep deprivation caused nuclear 

engineers to make irrational judge-
ments which directly contributed 
to the disaster at the Chernobyl 
nuclear power station in 1986.

C
Individuals who have been blind 

since before the age of about seven 
or eight years dream in emotions, 

sounds and touches rather than 
visual images

C
Snoring is caused by vibrations in 
the flesh at the back of the throat 
and the base of the tongue which 
occur in deep sleep when the sup-

porting muscles relax.  Gravity 
contributes to snoring (hence why 

a preventative measure is to lie 
on your side) and recent research 
with astronauts aboard the Space 
Shuttle has showed that snoring 

virtually stops in space.

C
Everyone has erections in their 

sleep, including women whose cli-
torises become enlarged by excess 
fluid.  Men can often have three 

or four full erections a night each 
lasting about thirty minutes.

C 

A study once found that short-
sighted people sleep on average 

longer than those without 
myopia.  It is thought 

this might arise 
because 
prolonged 
closure of 
an eye can 
contribute 
to the de-

velopment 
of short-

sightedness, 
but as of yet, 
there is no 

direct evidence.

art by Sean Mcmahon
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What makes us human? One 
way to answer this question is 
to consider what distinguish-

es us from our nearest living relatives, 
the great apes: chimpanzees, bonobos, 
gorillas and orang-utans. We share 99% 
of our DNA with these primates, yet 
there’s a world of difference between 
them and us. What is it about humans 
that means we, rather than the apes, 
are dominating the planet? Research-
ers have considered a wide variety of 
characteristics, which range from the 
more stereotypical ideas of rational 
reasoning and consciousness ,to the 
more unusual suggestions of a concept 
of money and cooking. But what these 
skills all have in common is that they 
depend on the brain.

There are three things in particular 
that distinguish the human brain from 
the brains of other primates: language; 
mental time travel—the ability to re-
member your past and imagine the fu-
ture; and theory of mind—the ability 
to understand that other people have 
different minds, viewpoints and opin-
ions from your own. Scientists have 
carried out experiments with great apes 
living in zoos and primate research fa-
cilities which show that, whilst they 
might be able to develop the basics of 
these skills, apes are nowhere near the 
human level.

What makes us human?

art by sean mcmahon
& andrew steele

kanzi the bonobo
Kanzi, a bonobo, has learnt some hu-
man language basics. Great apes can’t 
talk, other than grunts, whoops and 
cries, because their larynx (voice-
box) is too low in their throat for 
them to produce human speech 
sounds. However, Kanzi does 
appear to understand what hu-
mans are saying to him. For 
example, when told to ‘go get 
the carrot that’s in the micro-
wave’, he will dutifully bound 
off to the kitchen area of 
his complex and retrieve the 
vegetable. Kanzi can also use 
symbols to communicate with 
researchers. Although he cannot talk, 
he uses a keyboard of pictures to indi-
cate to researchers objects that he de-
sires or activities he wants to do. Kanzi 
knows over 500 of these ‘words’.

This level of language ability has been 
compared to that of a human two-year-
old,  but there are fundamental differ-
ences between Kanzi’s language and 
human language. Human language has 
a communicative intent unlike that of 
other animals’ language. Animals use 
language to give each other key pieces 
of information, such as ‘there’s some 
nice food over there’, ‘back off, mate’ 
and ‘hey ladies, look at my gorgeous 
tail-feathers’. But humans use lan-
guage to influence what others think. 

Kanzi only ever 
uses language to 
ask for peanuts 
or cans of cola. 
He never uses it 
to try to convince 
the researchers to 
let him out of the 
research centre or 
that he should be in 
charge for the day. 
In addition, he nev-
er strings more than 
a couple of words 
together—a typical 
remark of his would 
be ‘give banana’. This 
is partly due to his 

charlotte Rae asks why humans are greater than the great apes.

the researcher was wrong and chose the 
correct hiding location. This suggests 
that great apes do not understand what 
others think and believe. Understand-
ing what other people are thinking is 
very useful to humans because it allows 
us to coordinate our actions and work 
together to solve a problem.

time-travel
Humans are also able to anticipate 
potential problems that might occur 
in the future, and act now to prevent 
them occurring. For example, we bat-
tle through an all-night essay crisis 
because we are fully aware of our tu-
tor’s wrath tomorrow should we not 
hand in a decent piece of work today. 
This ability to think about events in 
the past and future is known as ‘men-
tal time travel’. The same German re-
searchers tested whether bonobos and 
orang-utans would save a tool with the 
intention of using it later. Some of the 
apes selected a tool fourteen hours in 
advance of gaining access to the appara-
tus with which they could use it. How-
ever, although they did not have access 
to the machine, it was in view when 
they made their selection, which would 
have given them a clue as to which tool 
they would need a short time later. Hu-
mans start planning for events years in 
advance, and sometimes for events that 
we aren’t even sure are going to happen. 

These three mental abilities enable 
humans to anticipate and solve incred-
ibly complex environmental problems, 
ensuring our survival. Of course, it is 
the human brain that is responsible for 
all of these important skills. Brain im-
aging is now a standard way of investi-
gating what goes on in the brain. An 
image is taken of the brain while the 
subject carries out an activity—such 
as having a conversation or imagin-

ing a future event—and the image 
shows which areas of 

the brain were 

particularly active during the task. 
Brain imaging experiments have indi-
cated that it is the brain that is respon-
sible for the key human skills of lan-
guage, mental time travel and theory 
of mind.

But great apes have brains, too. Why 
aren’t they as adept as us at these abili-
ties? One of the most obvious differ-
ences between human and great ape 
brains is the size. The human brain 
is about three times as big as that of a 
chimpanzee, but we’re only a little bit 
taller than them. For a primate of our 
size, the human brain is disproportion-
ately large. 

What’s going on with all this extra 
brain tissue? The brain registers in-
coming sensory information and pro-
duces appropriate reactions by mov-
ing muscles. For animals, most of the 
brain is employed to carry out the basic 
functions of seeing, hearing and mov-
ing about. However, brain imaging has 
shown that only about a half to two 
thirds of the human brain is concerned 
with these basic tasks, so we have a lot 
of extra brain cells to carry out addi-
tional functions.

Most of these extra brain cells are lo-
cated in an area towards the front of 
the brain called the prefrontal cor-
tex. Brain imaging experiments have 
shown that the prefrontal cortex is 
involved in all three of the key 
human skills. Although apes also 

have a prefrontal cortex, in humans it 
is substantially larger, and makes up 
a greater percentage of the total brain 
tissue. The prefrontal cortex makes up 
a third of the brain in humans, but in 
apes, it is only about a fifth to a quarter 
of the total brain tissue. 

Research looking at the cellular struc-
ture of primate brains has shown that 
human brains can also do more with 
their brain tissue. Comparative neuro-
anatomist Guy Elston looks at differ-
ences in brain structures between spe-
cies. His research group in Australia 
took samples of human and macaque 
monkey prefrontal cortices. Elston 
counted the number of dendritic spines 
on the brain cells in his tissue samples. 
The ‘spines’ are the bit of the brain cell 
that connect onto other brain cells, 
and form the pathway for communi-
cation. A greater number of ‘spines’ 
indicates that processing can be much 
more powerful. Elston found that hu-
man prefrontal cortex neurons have 
about 70% more spines than monkey 
prefrontal cortex neurons.

Looking at the cognitive abilities and 
brains of the great apes has told us a 
huge amount about who we are. The 
key to ruling the animal kingdom is 
clearly the brain, and psychologists are 
turning theirs to working out exactly 
why. In the future, genetic research 
might tell us even more about the dif-
ferences between our brains and those 
of the great apes, like why the prefron-
tal cortex makes up more of the brain 
in humans, or why humans suffer 
mental illnesses such as schizophrenia 
whilst our ape cousins are unaffected. 

Between our huge brains and our op-
posable thumbs, it looks like Earth will 
remain planet of the humans, whatever 
the apes (or the dolphins) have to say 
about it.

“The human brain is 
about three times as big 
as a chimpanzee's, but 
we're only a little taller.”

limited vocabulary and partly due to 
the fact that great apes don’t appear 
to understand grammar.

theory of mind
researchers in Germany have car-
ried out experiments with chimpanzees 
and orang-utans to investigate whether 
or not they have a theory of mind. 
The apes were allowed to observe a re-
searcher place a banana in a concealed 
location, and then were told to retrieve 
it. Initially, the researcher gave correct 
information about where the banana 
was hidden, and the apes were able to 
find it. However, in subsequent experi-
ments, the researcher gave incorrect 
information, and even though they 
had seen where the banana had been 
hidden, the apes still followed the re-
searcher’s incorrect instructions. Four 
year-old children, in contrast, realised 

top: human skull.
bottom: chimpanzee skull.
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matthew Marshall came to 
Oxford as a graduate of engi-
neering science from the Uni-

versity of Toronto. He is now finishing 
his third year as a DPhil student in the 
surface nanoscience group, under the 
supervision of Dr Martin Castell. ‘We 
basically investigate the curious sur-
face effects of the material, rather than 
what happens in the bulk underneath,’ 
Matthew tells me. ‘As the preeminent 
physicist Wolfang Pauli said: “God cre-
ated the bulk and the Devil created the 
surface…”’

Matthew shows me to his lab and in-
troduces me to a machine that looks like 
a sea-mine. ‘It’s a combined scanning 
tunneling microscope and scanning 
electron microscope, used for atomic-
scale and micron-scale imaging respec-
tively.’ The ‘sea-mine’ is capable of pro-
ducing ultra-high vacuum conditions, 
reaching pressures of one five-billionth 
of an atmosphere. This ensures that 
his surfaces are free from contamina-
tion, which is important when trying 
to image with atomic resolution. ‘The 
machine is unique in the world, so it lets 

Katie Moore was a materials 
undergraduate at Oxford and is 
now a DPhil student supervised 

by Professor Chris Grovenor. The focus 
for her first year has been the localisa-
tion of trace elements in cereal grain. ‘I 
have wheat grain with seventeen parts 
per million selenium and rice with 2.5 
parts per million arsenic. Although 
these are very low levels they have big 
impacts on human health.

‘Over the past thirty years, the amount 
of selenium in uk diets has decreased 
dramatically to the point where many 
people are deficient in this element, 
which is a key antioxidant,’ Katie ex-
plains. ‘Adding a selenium fertilizer to 
the soil is being considered as a way to 
increase consumption via wheat. Mean-
while, flooding of rice paddy fields with 
arsenic-contaminated ground water, in 
areas such as Bangladesh, is posing a po-
tentially severe health problem there.’

The key to both problems lies in lo-
cating the elements within the grain: 
both wheat and rice are milled, separat-
ing the outer bran layer from the inner 
part, which is consumed. ‘Locating the 

me do experiments that wouldn’t other-
wise be possible.’

He has been focusing on strontium ti-
tanate, studying the structure and com-
position of nanostructures that form 
on its surface and, in particular, the ef-
fects of high temperatures. ‘Strontium 
titanate has generated a lot of interest in 
recent years and there will be practical 
applications for the material down the 
road, such as in optoelectronic devices 
and new superconductors, but my inter-
ests are purely academic at this stage.’

Working on those devilish details has 
been tricky. ‘The machine is very sensi-
tive to vibrations and electrical interfer-
ence, so my experiments involve me sit-
ting still in a quiet, windowless room.’ 
Even then, Matthew sees the positives: 
‘It at least gives me lots of time to think 
about my work!’ Right now he is fo-
cused on finishing up, but will be inves-
tigating postdoctoral opportunities in 
North America. He admits that he will 
miss Oxford: ‘Despite the clouds, there 
are few places in the world that are more 
beautiful to be studying at.’

trace levels with sub-cellular resolution 
is a serious analytical challenge and is 
a question that can only really be an-
swered with the Nanosims, a state-of-
the-art Secondary Ion Mass Spectrom-
etry (sims) microscope,’ Katie says. The 
Nanosims she uses (one of only about 
twenty in the world) is capable of 50 nm 
resolution, parts per billion sensitivity, 
high mass resolution, and detection of 
all elements and isotopes. ‘I have dis-
covered that both elements are mainly 
localised in the central part of the 
grain, so removing the outer layers has 
a limited effect on their consumption.’ 
Good news for selenium—but bad news 
with the arsenic.

Katie has enjoyed the applicability of 
her work to human diet. ‘When I ex-
plain my project to people, they’re often 
interested in knowing where their grain 
comes from!’  She would like to continue 
focusing on the design of reliable sims 
experiments for locating trace elements 
in biological materials. ‘There are many 
biological systems where localisation 
of trace elements is important and in 
many cases this is only possible with the 
Nanosims.’

Science in the MCR
Scratching the surface

Against the grain

report by richard branch
art by jason wu

the nanostructured surface of the 
strontium titanate—the little 

balls are individual atoms!

nanosims
images of wheat.

above:
the cellular
structure; 
right:
map of selenium in the cells.

30 μm

5 nm
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mankind has invented some 
incredible scales—what better 
unit of volume can there be 

than the pint?—but we’ve had our dark 
moments, measurement-wise, too. 
From wind speed to chilli spiciness, 
nothing seems to escape the human 
desire to quantify. Where did it all go 
wrong?

The Beaufort scale, brainchild of 
nineteenth-century rear-admiral Fran-
cis Beaufort, was designed to allow 
Royal Navy sailors to distinguish the 
winds on the high seas. These ranged 
considerably, from ‘just sufficient to 
give steerage way’ to that ‘to which 
she should show no canvas’. Beaufort 
devised a scale, based on wave height, 
foaminess and levels of spray, which 
assigned a number between zero and 
twelve to the prevailing conditions, so 
that sailors could show or stow the sails 
accordingly.

It was 1906 when the ship, so to speak, 
hit the fan:  Met Office head George 
Simpson adapted Beaufort’s maritime 
scale for landlubbers. It ranges from 
zero—the classic ‘smoke rises verti-
cally’—through ‘leaves rustle’ at two, 
with ‘umbrella use becoming difficult’ 
at six, ‘damage to circus tents’ at nine, 
and finally ‘considerable and widespread 
damage’ up at force twelve.

So a Beaufort–Simpson anemometer 
would need a chimney, a leafy tree, an 
umbrella and a big top for even basic 
functionality—making it the size of a 
small field. Mmm…portable.

A similarly idiotic scale exists for 
earthquakes—the modified Mercalli 
scale runs, Beaufort-like, from one to 
twelve (but, bizarrely, in Roman nu-
merals). Where a traditional seismom-

eter is a pen on a stick, a Mercalli 
seismometer looks more like…
well, Tokyo.

So, at ’quake time, what should 
you look for? Well, by iv (mod-
erate), dishes and windows 

will ‘rattle alarmingly’; 
a vii (very strong) will 
damage chimneys in 

art by helen ward
& sean mcmahon

your Mercalli seismometer (the smoke 
will long since have ceased to rise ver-
tically); a x (disastrous) will bend rails; 
and a xii (catastrophic) would be hard 
to miss—‘almost everything is de-
stroyed’. There’s no mention of brol-
lies—though presumably umbrella use 
becomes pretty difficult in a magni-
tude vi or vii earthquake.

If the Mercalli trumps the Beaufort in 
devastation then the Torino scale must 
be the daddy of death and destruction. 
You take an asteroid, calculate its prob-
ability of hitting Earth and the likely 
subsequent damage, then nonchalantly 
assign it a number from zero to ten. A 
zero is a certain miss; a ten has a  greater 
than 99% chance of impact and would 
cause a blast the size of eight million 
Hiroshima nukes—making Beaufort’s 
ten (‘asphalt shingles in poor condition 
peel off roofs’) look cute.

If the destruction of humanity isn’t 
to your taste, then perhaps you’ll prefer 
the Scoville scale. Liquid chromatog-
raphy is used to measure a chilli’s levels 
of capsaicinoids, the chemicals respon-
sible for its spiciness, before chalking 
up a grade between one and…wait for 
it…sixteen million. It’s hard to probe 
the outer reaches of the Scoville scale 
at your local curry house: those deadly 
jalapeño peppers barely hit 10,000. 
The hottest chilli on record clocks up  
over 1,000,000—handling it requires 
gloves and eating one would send you 
vomiting all the way to A&E. Strong 
pepper spray hits five million, and only 
pure capsaicin reaches the full sixteen 
million Scoville units—eating two or 
three grams could be lethal. 

What could be harder than eating a 
million-point chilli? The Mohs scale 
of mineral hardness, of course. In 1812, 

andrew steele takes the measure of man’s quest to quantify.

Friedrich Mohs must’ve thought for 
at least eight seconds before com-
ing up with his genius idea—to find 
out how hard something is, why not  
scratch it against something else? 
Maybe because you don’t want a huge 
scratch down the middle of the spar-
kling, iridescent, sublimely beautiful 
gemstone you’ve just found? If that’s 
not a problem, whip out your Mohs 
hardness-ometer, a box of ten  min-
erals from softie talc (one point) to 
rock-’ard diamond (ten points), and 
try scraping each one across your test 
mineral. Your sample scratches all 
those below it on the Mohs scale, but 
is scratched by those above.

Mohs’ main failure was lack of origi-
nality. Why limit yourself to rocks? 
Everyday objects provide myriad pos-
sibilities: ‘Well, Dad, these car keys 
are softer than the double glazing but 
harder than the paintwork on your 
Volvo.’

So, history has tried pretty hard, but 
no-one has yet developed a scale which 
scores the full ten on Steele’s Stupid 
Scale Scale: a scale so monumentally 
ridiculous that it would wipe out 
humankind.

“Umbrella use becomes 
pretty difficult in a 
magnitude vi or vii 

earthquake.”

Tipping the Scales
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so Edwin A. Abbott, under the 
pseudonym of A. Square, intro-
duces us to Flatland. With their 

perspectives limited to one dimension, 
it seems inconceivable that the inhab-
itants can gain any knowledge of their 
world. However, in the same way that 
we determine three dimensions from 
two-dimensional perspectives, so they 
can determine the form of their two-
dimensional world. In fact, they lead 
perfectly ordinary lives as Soldiers, 
Tradesmen and Lawyers. Revolutions, 
religion, and a somewhat questionable 
hierarchy—determined by the size of 
your interior angle—sound all too fa-
miliar. It is only their geometrical cir-
cumstances that are completely alien 
to us, the significance of this being 
demonstrated one night as A. Square 
receives a visit from a Sphere. 

Advancing from Spaceland, the 
Sphere observes the contents of locked 
drawers and even the inhabitants’ in-
sides, but appearing in Flatland the 
Sphere is nothing more than a shaded 
line, distinguishable by A. Square 
as a Circle, albeit varying in size as 
the Sphere passes one slice at a time 
through Flatland. No number of 
words can explain to A. Square the dif-
ference between ‘Upward’ and ‘North-
ward’, how a Square can move ‘paral-
lel to itself ’ to form a Cube, or indeed 
the faintest notion of, or belief in, 
Spaceland. It is only when A. Square is 
wrenched into three dimensions that it 
suddenly all becomes clear to him.

Returning to Flatland, no one will 
believe A. Square’s fantasy and he is 
promptly thrown into jail. The reluc-
tance of the other Flatlanders to believe 
in the possibility of a higher dimension 
is mirrored by the Sphere’s refusal to 
accept a higher meaning to equivalent 
visits from four-dimensional ‘Extra-
Solids’.

higher dimensions
More than just a story, the need for 
humility on the part of A. Square, the 
Sphere and, indeed, ourselves was made 
mathematically rigorous eighteen years 
later by Henri Poincaré. In La science et 
l’hypothèse he emphasises that there is 
no possible proof of the axioms of Eu-
clidean geometry (i.e. the self-evident 
principles on which our idea of Space-
land is based), because it is possible to 
reject one or more of the fundamental 
axioms and still end up with maths 
that agrees with what we see in every-
day life. In fact, we can come up with 
a wide variety of geometries from dif-
ferent sets of axioms, all of which make 
perfect sense, leading Poincaré to ask: 
‘If several geometries are possible, is it 
certain that our [Euclidean] geometry 
is the one that is true?’

Myriad self-consistent geometries 
were devised on strange surfaces; 
spheres, saddle-shaped ‘hyperbolae’, 
weird ‘hot plates’ where every step to-
wards the edge was half as long as the 
last meaning that you could never 
escape… And there is no recourse to 
experiment, as Poincaré explains: ‘Ex-
periments only teach us the relations 
of bodies to one another. They do not 
and cannot give us the relations of bod-
ies and space, nor the mutual relations 
of different parts of space.’ Moreover, 
rather than changing our fundamen-

tal geometrical axioms in the face of 
experimental disagreement, we would 
rather change our physical laws. The 
geometrical axioms we use are neither 
mathematical necessities nor experi-
mental facts: Our choice of Euclidean 
geometry is based primarily on sim-
plicity and convention. The notion of 
a ‘true’ geometry has no meaning, and 
Euclidean geometry is dethroned from 
its revered position.

Popular culture quickly latched onto 
these imaginative ideas, most notably 
with the spiritualists’ views on the ‘as-
tral plane’, on which an observer sees 
all sides of an object at once. No longer 
confined to a single perspective point, 
they see the object’s true, absolute rep-
resentation, in the same way that the 
Sphere could observe the absolute rep-
resentation of the inhabitants of Flat-
land. 

Whereas it was popularly believed to 
be an impossibility to view objects from 
this fourth dimension, Poincaré saw it 
as something completely within our 
grasp: ‘in the same way that we draw 
the perspective of a three-dimensional 
figure on a plane, so we can draw that 
of a four-dimensional figure on a can-
vas of three (or two) dimensions.’ He 
suggested that the fourth dimension be 
represented as a succession of perspec-
tives. It wasn’t long before the major 
intellectual movements of the period 
began to take notice of his ideas.

 
picasso’s perspective

pablo picasso spearheaded the cubist 
art movement at the beginning of the 
20th century. In a breakaway from im-
pressionism, which sought to achieve 
an exact replica of a particular scene 
from a particular perspective, Picasso 
recognised that perspective distorts the 
absolute representation of an object, as 
an object’s shape will vary according to 
your viewpoint. He began the search 
for a more complete depiction of na-
ture. 

Picasso cannot have failed to take 
notice of Poincaré’s work when it was 
presented to him by his friend Maurice 

Princet, as a projection from the fourth 
dimension could provide the absolute 
view of nature he sought. Art could no 
longer find its basis in the perception 
of the erroneous senses, but instead 
focused on the conceptual qualities, 
such as those of higher dimensions. As 
Maurice Raynal wrote: ‘the quest for 
truth has to be undertaken not merely 
with the aid of what we see, but of what 
we conceive.’

Although there were many attempts 
at this conceptual representation of na-
ture, most used a succession of images, 
as advocated by Poincaré. Picasso’s ge-
nius was the leap from spatial succes-
sion to spatial simultaneity. By repre-
senting an object on canvas from all 
differing viewpoints simultaneously, 
giving equal validity to each one, Pica-
sso achieves an absolute representation 
of the object. His works are projections 
from the fourth dimension; it is as 
though he is observing from the astral 
plane. 

 
general relativity

poincaré’s influence was equally felt in 
the scientific realm. Extending Poin-
caré’s proof that there is no one true 
geometry and Picasso’s belief that there 
is no one true spatial perspective point, 
Albert Einstein asserted that there is 
no one true simultaneity. Two events 
that are simultaneous in one inertial 
reference frame (an observation plat-
form that moves at constant velocity 
with respect to similar platforms, like 
one spaceship cruising past another) 
are not necessarily simultaneous when 
measured in another. The everyday idea 
of time simultaneity is meaningless.

This counterintuitive idea led to an 
even stranger result: that our measure-
ment of time is also dependent on our 
viewpoint. Time no longer plays the 
role of an absolute quantity, resulting, 
for example, in the slowing down of a 
clock on board a moving aeroplane as 
measured by a clock on the ground. 
Poincaré’s mathematical work sug-
gested this years before Einstein’s dis-
covery, but his deep-rooted beliefs that 
a scientific theory should mirror every-

day concepts we have of the world led 
him to continue his belief in the abso-
lute nature of time. In fact, Einstein’s 
theory of special relativity goes beyond 
the relativity of time measurement, 
and shows that the measurement of 
time, mass and length all vary accord-
ing to the velocity of the reference 
frame. The picture we each hold of the 
world really is but one of many. 

Einstein completed his theory of 
general relativity in 1915. In this, grav-
ity is described as a property of the ge-
ometry of space and time, with massive 
objects within the universe distorting 
this geometrical structure. Time, hav-
ing already lost its absolute nature, is 
now intimately combined with the 
three dimensions of space into a non-
Euclidean four-dimensional space-
time.

 
reality’s geometry

picasso, einstein and abbott all re-
alised that our perspective is skewed. 
Our spatial perspective; our measure-
ment of time, mass and length; and 
even the dimensionality of the world 
we live in are one of myriad possibili-
ties. And if what we know about the 
universe depends on our perspective of 
it, we must look beyond appearances in 
our search for an absolute representa-
tion of nature. Poincaré showed that 
the notion of a true geometry has no 
meaning. Picasso and Einstein, in cub-
ism and general relativity respectively, 
came to the conclusion that a more 
complete and accurate representation 
of nature is through the non-Euclide-
an fourth dimension. Even in physics 
today, our best attempts at a ‘theory of 
everything’ are dependent on multiple 
dimensions. Ranging from M-theory’s 
eleven dimensions to string theory’s 26 
dimensions, it would seem the mod-
ern-day physicist fulfils A. Square’s 
hope that:

“The geometrical
axioms we use are
neither mathematical

necessities nor
experimental facts.”

Back to the Drawing Board

thomas lewton squares up to the jungle of geometries.

“Imagine a vast sheet of paper on 
which straight Lines, Triangles, 
Squares, Pentagons, Hexagons and 
other figures, instead of remaining 
fixed in their places, move freely 
about, on or in the surface, but 
without the power of rising above 
or sinking below it, very much 
like shadows—only hard and with

luminous edges.”

“...the Citizens of that Celestial 
Region may aspire yet higher and 
higher to the Secrets of four, five 
or even six Dimensions, thereby 
contributing to the Enlargement 
of the imagination and the pos-
sible Development of that most 
rare and excellent Gift of mod-
esty among the Superior Races of 

solid humanity.”
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Domestic Science 1.03

sodium street 
lamp (589 nm)

Eramus Darwin, possessor of not only a fine name but also a mightily well-bearded grandson, 

once said ‘A fool…is a man who’s never tried an experiment in his life.’ Here, to save you once 

again from the sharp end of Erasmus’ wit, is the ds kitchen with a fine pair of experiments to keep 

you on his good side for another term. Enjoy…

Do you find yourself regularly pondering the spectral composition of light sources around you? If not then you have your priorities in life all wrong. To help you get you get back on track, here’s how to make your very own grating monochromator. You will need:

An empty cereal box; a cd (unwanted Steps albums are ideal); 

scissors, sticky-tape and a kitchen knife; interesting light 

sources.

1. First, stand your cereal box upright and tape the lid shut.

2. Now, in one of the narrow sides, use the knife to cut a horizontal 

slit about 2″ from the top.

3. Next, cut out a 2×2″ square from the top of the box at the end 

opposite to your slit.

4. Then cut a 3″ long, angled slot beneath this square window, in-

clined down towards the bottom of the box at roughly 30°. The 

mid-point of this slit should roughly be level with the first slit 

you cut on the other side of the box.

5. Insert your cd into this slit and tape it in place such that light 

can enter through the first slit, bounce off the cd’s shiny surface 

and be seen via the window in the top.

6. With this done you’re ready to go and find some light sources to 

examine.

This simple set-up works because the fine lines etched into a cd’s 

metal surface are spaced such that they act as a diffraction grating. 

They deflect each wavelength of light along slightly different paths, 

splitting the light into a spectrum. This can reveal the make-up of 

a light source: for example, the discrete spectrum of a fluorescent 

lamp only contains a few colours, whereas the continuous spectrum 

of a the midday Sun contains all wavelengths of light. 

The really clever among us could even take some photos down their 

viewing window and create an educational Facebook album. Obvi-

ously only pretty cool people do those sort of things though. 

There are plenty of interesting 
things you can take a look at—the 
Sun at different times of the day, or 
any type of bulb you can find around 
your location. You can have a go at 
examining sodium street lights, 
but be aware that people might be 
concerned to see you standing in 
the street under a lamp post star-
ing into a butchered cereal box. You 
may lose friends. Rapidly.

words Ben

Bleasdale

Kids these days may have lcd tvs and PlayStations, but back in our day such fu-

turistic technology was all but a dream (ok, the PlayStation was a bad choice…). 

However, for some classic ambient entertainment this term why not try out the 

old favourite—a lava lamp. It’s really easy to make and can be used repeatedly to 

amaze your friends. I accept all the credit if this makes you popular. To begin, 

you will need:

An empty plastic 2 litre bottle, label removed; 1.5 litres of vegetable oil; tap water 

and food colouring (red is a personal favourite); a handful of Alka-Seltzer tablets.

1. Start by putting about 3″ of heavily-coloured water into your bottle.
2. Next carefully pour your oil into the bottle, leaving at least 2–3″ at the top of the bottle or you’ll end up with an oil volcano when you come to use your lava lamp.3. It’s that simple—your lamp is now ready. Leave it to settle out and prepare for use by breaking your tablets into rough quarters so they’ll fit through the bottle’s neck.

4. Now, as the party in your room begins, the music is on, the lights are down—train a desk lamp on your creation to dramatically illuminate it and reach for a few pieces of Alka-Seltzer.
5. Drop these quickly into the bottle, watch them sink through the oil and hit the water layer beneath. As soon as they breach the barrier a mass of bubbles will erupt which will rise up through the oil and drag bubbles of coloured water with them.

6. Upon reaching the surface the gas will escape, leaving the water droplets to sink back down through the oil again in a soothing rhythmic cycle.
7. Now that you have the undivided attention of all your guests, let them have a go popping in tablet fragments as the lamp will keep working for most of a box of Alka-Seltzers.

Although the two-litre version will keep working longest (eventually the water gets saturated and the tablets will fizz less), you can scale this down to any size of bottle—just remember to leave enough space at the top to prevent a cata-strophic flow of oil onto your carpet!
This is sure-fire way to win some admirers and spice up your parties—but don’t blame it on the ds kitchen team when you wake up in the morning with a throbbing hangover and realise all your pain relief tablets are dissolved beneath a litre and a half of oil.

low-energy bulb 
(discrete lines)

tungsten bulb 

(less blue)

daylight (full 
rainbow)

Genuine monochromator spectra!

art andrew
s t e e l e
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In august 2006, an Irish company 
called Steorn Ltd announced, via 
a full-page advertisement in The 

Economist, that it had developed a tech-
nology for producing a clean, free and 
constant source of energy. The advert 
was also a ‘challenge to the scientific 
community’ to test their technology, 
called Orbo, and report their findings 
to the world. The scientific commu-
nity, not one to take a challenge lying 
down, responded in kind: according 
to Steorn press releases, they received 
more than five thousand applications 
to join the twelve-person ‘jury’ that 
would test Orbo.

There’s just something about debunk-
ing claims of free energy, aka perpetual 
motion, that scientists can’t get enough 
of. The scientific ideal of scepticism is 
combined with the fact that betting on 
the laws of physics is perhaps one of the 
safest bets one can ever hope to make. 
As the events surrounding Orbo demon-
strate, perpetual motion proposals can 

be extraordinarily difficult to 
analyse. But they provide a 
scientific challenge, and, as 
we shall explore, their even-

tual unravelling can further scientific 
thought and inquiry.

Steorn claims the Orbo generates 
power using ‘time variant magneto-
mechanical interactions’. Although 
they have not released any technical 
details, it appears to be a wheel with an 
arrangement of mechanically mounted 
permanent magnets that propel it for-
ward. The idea of using magnets to 
power a perpetual motion machine 
dates from 1269, but under ordinary 
circumstances magnetic interactions 
do not result in a net gain of energy. 
Previous attempts at creating a mag-
netically-driven perpetuum mobile have 
demonstrated that certain arrange-
ments of magnets can generate excess 
power, but only by slowly weakening 
the permanent magnets in the device, 
much like running down the batteries 
in an electrical device. Steorn claims 
that Orbo’s magnets generate power 
without any signs of depleting the mag-
nets. By December 2006, they reported 
that they had signed contracts with the 
independent jury that would perform 
the validation, but declined to release 
any names. In July 2007, they set up a 

public demonstration of Orbo at a ‘ki-
netic art’ gallery in London. However, 
they cancelled the demonstration after 
several days of being unable to get their 
prototype working.

 Perpetual Motion 
of two kinds

the first law of thermodynamics 
states that a device cannot output more 
energy than it gains from its combined 
inputs. A perpetual motion machine 
of the first kind is one that does just 
that. Such a device could run forever, 
providing power without any sunlight, 
wind, fuel or other energy source.

The second law of thermodynamics 
states that things spontaneously give 
up heat only when they are hotter than 
their surroundings. A cold thing can be 
made to give up heat, but only if we ex-
pend energy on it. This is why your re-
frigerator requires a mains plug. A per-
petual motion machine of the second 
kind would violate this law, extracting 
heat energy from cold objects to gener-
ate power, rather than using it up.

the earliest recorded proposal for a 
perpetual motion machine is by an In-
dian author named Bhaskara circa 1159 
ad. It describes a wheel with mercury-
filled containers attached to the outer 
rim at an angle such that on one side 
of the wheel, the mercury would settle 
further from the axle, while on the 
other it would settle closer. The fur-
ther the mercury from the axle, the 
greater the torque created by the mer-
cury’s weight, and so the naïve view is 
that such ‘overbalanced’ wheels create 
continuous positive torque using the 

force of gravity.

However, while the weights shifting 
away from the axle would create more 
torque, they would also make the wheel 
more difficult to turn by exactly the 
same amount. Leonardo da Vinci’s 
notebooks contain detailed analyses 
of several of these wheels in which he 
concludes that they do not work. Of 
course, one requires no complicated 
mathematics to simply construct such 
a wheel and observe that it does not 
turn on its own.

in 1871, James Clerk Maxwell wrote 
about a thought experiment involv-
ing a perpetual motion machine of 
the second kind. Imagine a dæmon 
observing a clear vessel filled with air. 
The air molecules in the vessel move 
at different speeds, 
with an average speed 
determined by the 
temperature. The 
vessel is divided into 
two chambers by a 
sliding door, which 
is controlled by the 
dæmon. The dæmon 
can see and track indi-
vidual molecules of air, 
and opens the door to allow only faster 
molecules to pass from left to right, 
and to allow only slower molecules 
to pass from right to left. After some 
time at this door business, the dæmon 

will have succeeded in adding energy 
to one side at the expense of the other, 
creating a temperature difference. This 
can be used to generate energy, and the 
dæmon is assumed to be able to carry 
on, forever.

hermann Bondi, an expert on gen-
eral relativity and Einstein’s theory of 
gravitation, used a proposed perpetuum 
mobile to illustrate that light must be 
affected by gravity. He imagined a ver-
tical conveyer belt on which a series of 
atoms are held. On one side, the atoms 
have each absorbed a photon, storing 
its energy, and from Einstein’s famous 
equation, E = mc2, must therefore have 
slightly more mass. On the other, the 
atoms have not absorbed photons. The 

imbalance of mass causes the con-
veyer belt to move. When a high-
energy atom reaches the bottom, 

it emits its photon, which is reflected 
via mirrors to the top, where a low en-
ergy atom absorbs it, and the cycle can 
continue forever.

Bondi explained that the fallacy in this 
device is the assumption that travelling 
from the bottom to the top of the belt 
leaves the photon unchanged—in fact, 
it must lose energy as it travels against 
gravity, and the atom at the top will 
have slightly less mass than the one be-
fore it. Eventually all the energy of the 
photons will have been used up and the 
belt will stop.

the brilliant physicist Richard Feyn-
man was known not only for his con-
tributions to the theory of how matter 
interacts with light, called quantum 
electrodynamics, but for his charm and 
clarity when teaching physics in the 
classroom. He proposed an ingenious 
thought experiment that appears to be 
a perpetual motion machine of the sec-
ond kind. It consists of a bladed shaft 
connected to a ratchet, and a toothed 
wheel with a spring-loaded catch which 
allows it to turn only in one direction. 
An object immersed in a fluid, like air, 
experiences tiny random forces due 
to molecules of the fluid hitting it at 
different times with different speeds—
this effect is called Brownian motion. 
If the ratchet were made light enough 

to respond to these random motions, it 
would occasionally have enough force 
to turn the shaft forward, but the catch 
would prevent forces in the opposite di-
rection from turning it back. The shaft 

could then be connected to a genera-
tor to generate power directly from 

the heat energy of the air. 

The flawed assumption, Feynman ex-
plained, is that the catch would prevent 
the wheel from slipping backwards. In 
order for random molecular motions 
to be forceful enough to advance the 
ratchet, the catch would have to be so 
light that it too would undergo random 
motion, causing the shaft to slip back-
ward exactly as often, on average, as it 
advances forward.

The resolution of this apparent vio-
lation of the laws of thermodynamics 
took 89 years. In principle, the dæmon 
can both observe the air molecules and 
operate the door without expending 
any energy. However, if the dæmon is 

to know when to open 
the door, it has to store 
information about 
the air molecules in 
some kind of memory 
(whether in a brain, 
in ram or written on 
scraps of paper). At 
some point it will run 

out of space and need 
to erase old information to fit new in-
formation in. In 1960, Rolf Landauer 
demonstrated that even if the informa-
tion storage can be done without en-
ergy, it is during this erasure that the 
dæmon must expend energy.

Maxwell’s DÆmon

The Perpetuum Mobile

spike curtis explores devices that purport to do the impossible.

overbalanced wheels

bondi’s perpetuum mobile

feynman’s ratchet

art by spike curtis

the pursuit of free energy is the modern equivalent of creating the Philosopher’s Stone or unearthing the Holy 
Grail. The reward for success is quintessentially awesome: inexhaustible power. However, the quest is fraught with 
insurmountable difficulty, and it is beyond the power of the obsessed to see their folly. History is littered with the 

stories of the naïve, the brilliant and the cleverly conniving, but not a shred of repeatable or rigorous evidence exists. 
However, we do not base our judgment on the past failures in building perpetuum mobiles, but rather on the compelling 
success of the science that posits its impossibility as a fundamental tenet.

16 17



In medicine, a beneficial response 
to a treatment lacking an active in-
gredient is called the placebo effect. 

From the Latin for ‘I will please’, the 
concept is used to separate the intrinsic 
effects of a treatment from the effects 
derived from the cocktail of suggestion 
and expectation surrounding its ad-
ministration. 

The placebo response is well-docu-
mented, not only in clinical practice, 
but in everyday life. Consider pain—a 
common sticky plaster lacks analgesic 
properties, yet the relief brought by a 
mother gently placing her child’s fa-
vourite superhero-branded variety onto 
a painful knock is obvious: ‘This will 
make you feel better.’ And it does. 

But is it all good news? Whilst the pla-
cebo phenomenon is well-documented, 
much less is known about its flip-side, 
the ‘nocebo’ effect. If we can subvert 
pain by positive thinking, could the re-
verse also be true? Could you literally 
frighten someone to death?

Something wicked 
this way comes 

In 1942 the American physiologist 
Walter Cannon published an article en-
titled ‘Voodoo death’. Here he reported 
stories from a wide range of indigenous 
cultures, including the Tupinambás 
Indians and the New Zealand Maori, 
in which malign curses had brought 
their victims to a sticky end seemingly 
by magic alone. 

Cannon recounted a case sent to him 
by the resident physician of an Austra-
lian mission, Dr Lambert, involving 
the sudden decline in health of the 
chaplain’s recently-converted assistant. 
The assistant was ill and weak, but 
both fever and pain were unexpectedly 
absent. Critically, Dr Lambert found 
out that a renowned local witch doctor 
had pointed a bone at the assistant: an 
unmistakable action indicating con-
demnation to death. Although a sup-
posed convert from the old ways, the 
assistant’s former beliefs were so deeply 
entrenched that he became convinced 

that death was the only possible resolu-
tion. Convinced that the physical dis-
tress of the assistant was based in his 
beliefs and expectations, Dr. Lambert 
extorted the medicine man into tell-
ing the assistant that it was all a joke, a 
harmless mistake. 

Within hours, Lambert’s conviction 
was vindicated; the assistant ‘was quite 
happy again, back at work and in full 
possession of his physical strength’.

A BROkEN HEARt?
Voodoo death is all very well for cul-
tures in which beliefs in magic perme-
ate the shared psyche, but can analogies 
be drawn with more modern societies? 
Studies of sudden death outside tribal 
cultures suggest they can. 

In 1978, the psychiatrist George En-
gel identified eight categories (includ-
ing death or threat of death of a close 
person, acute grief, mourning and 
even triumph) that could cause sud-
den death. This was reinforced in 1991 
by the appearance of the curious case 
of broken heart syndrome, a state of 
reversible heart failure experienced by 
certain post-menopausal women who 
had experienced grief. Electrocardio-
gram recordings found altered electri-
cal function in the heart indicative of 
heart failure normally associated with 
acute coronary syndrome (a loss of 
heart function due to a blockage in cor-
onary arteries). However, physicians 
found no loss of blood flow to these ves-
sels. Baffled, the investigators imaged 
the heart and found a radically altered 
shape that made effective pumping a 
challenge. To the Japanese team who 
discovered the syndrome, the change 
resembled a traditional octopus-catch-
ing pot, a takot-tsubo, hence its other 
name: takot-tsubo cardiomyopathy.

tHE StRESS RESPONSE
Broken heart syndrome and voodoo 
death represent extreme examples of 
the nocebo response. How can they be 
explained? The fact that manipulating 
a firmly held belief could reverse physi-
cal morbidity led Cannon to suggest 
that emotion could influence bodily 
function. He argued that the morbid-
ity lay in an exaggerated and extended 
activation of the sympathico-adrenal 
system. 

The sympathico-adrenal system is 
composed of the sympathetic nervous 
system (sns) and the adrenal glands. 
The sns is a network of nerve cells sup-
plying sweat glands, blood vessels and 
the major organs. Stimulation of these 
networks from brain stem centres 
causes adrenaline and noradrenaline to 
be released from nerve terminals and 
into the bloodstream from the adrenal 
glands. Adrenaline and noradrenaline 
bind to receptors on target organs al-
tering their function: sweat production 
increases and skin vessels dilate, blood 
is diverted from the gut to skeletal 
muscle, the heart beats faster and hard-
er, and the liver releases glucose. This 
integrated reaction is known as the 
‘fight or flight’ response (a term coined 
by Cannon), as it ‘renders the animal 
more efficient in physical struggle’. 

A tiny area of tissue in the base of the 
brain, the hypothalamus, controls the 
sns. This region also controls the near-
by pituitary gland, which is known as 
the ‘master gland’ because, by releasing 
stimulating hormones, it controls the 
activity of the hormone systems of our 
body. Activation of this hypothalamo-
pituitary network during the stress 
response causes the adrenal glands to 
release cortisol. This hormone comple-
ments the sns by suppressing the im-
mune system, promoting the release of 
sugars and supporting increased blood 
pressure. 

Although we are yet to resolve the 
whole situation, both voodoo death 
and takot-tsubo cardiomyopathy can, 
remarkably, be explained largely in 

the terms hypothesised by Cannon in 
the 1940s. In severe cases, the fight 
or flight response can release exces-
sive amounts of adrenaline and nor-
adrenaline onto the heart, disrupting 
the waves of electricity that generate 
its rhythmic contractions. This can 
lead to breathlessness and fatigue, or 
full-on collapse and death. In the lon-
ger term, takot-tsubo cardiomyopathy 
also appears to be due to unrestrained 
sns activity since the damage follows 
the pattern of the sympathetic nerve 
distribution rather than the territory 
served by the coronary arteries. This is 
supported by reports of patients with 
phaeochromocytoma, an adrenaline-
secreting tumour, who display takot-
tsubo–like hearts without the emo-
tional heartache of bereavement.

ALL iN tHE MiND
how does psychological stress lead to 
the activation of networks that evolved 
to help survival? Cannon argued that, 
despite their differences, the societies 
he studied were united by an absolute 
belief in the power of the hexes. Usu-
ally, a sight or sound such as pointing 
the bone or hearing a curse led to the 
(often fatal) result. In psychology this 
association of unrelated stimuli and re-
sults is known as ‘conditioning’. 

Association usually begins in child-
hood when patterns of behaviour con-
sistent with association are promoted 
or discouraged, establishing fear cir-
cuits. Learning and memory reinforce 
these circuits of belief until they reach 
the stage where appropriate auditory 
and visual cues are sufficient to trig-
ger a reflex ‘fear reaction’, leading to 
the stress response. This fear reaction 
is present in everyone; we differ only 
by the specifics of the cues to which we 
respond. 

“tHiS WiLL HURt”
whilst hex death cuts a big headline, 
anecdotal reports suggest that the no-
cebo response operates more subtly and 
frequently than these extreme cases 
suggest. Drug side-effects, for example, 
can be generated using sugar pills with 
convincing warning literature, whilst 
death on the operating table is more 
likely if the patient believes treatment 
offers no hope.
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adam  al-diwani  explores the darker side of ‘mind over matter’.

“If we can subvert pain 
by positive thinking, 
could the reverse also

be true?”

Frightened to Death
Obviously, ethical considerations 

impede thorough investigation. None-
theless, recent work by Fabrizio Bene-
detti and colleagues has shed some 
light on this. To separate the effects 
of the treatment from the treatment 
and the doctor’s words they developed 
an ‘open/hidden’ procedure to admin-
ister medication for pain, Parkinson’s 
disease and anxiety. An open admin-
istration is performed by a doctor and 
accompanied by the suggestion that it 
‘will make you feel better’, whilst the 
hidden version is carried out by a com-
puter with the patient unaware that it 
is happening. They found that being 
covert is far less effective than treat-
ment given overtly. Conversely, when 
they looked at withdrawal of treatment 
they found that the hidden method, 
rather than the open, gave better out-
comes. Remember the mother and the 
plaster? The transaction between doc-
tor and patient appears to follow simi-
lar rules: context is everything. 

We tend to distance ourselves from 
Cannon’s tribal cultures but, where 
absolute beliefs are concerned, 
we are not so far removed. 
Our faith has shifted from 
the village elder to the 
providence of 
science. 

Whilst Cannon remarked on the oc-
cult power of the hex, modern medi-
cine should not forget the diagnostic 
label’s capacity to become a self-fulfill-
ing prophecy, engendering a similar 
sense of powerlessness and resignation. 
The nocebo/placebo phenomenon re-
minds us that successful treatment is 
both art and science; irreducible to al-
gorithm alone but whose mystical in-
cantations, like Cannon’s 
witch doctors, are 
accessible to
scientific 
study. 

art by clare hobday
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the Grand
Unified theory 

of Juggling

This equation describes the timing 
of juggled objects in the hands and 
in flight:

(F + D )H = (V + D )N

F = time an object spends in flight
D = time an object spends in a 

hand
H = number of hands

V = time a hand is empty
N = number of objects juggled.

As we can see, a third hand would 
be extremely useful in breaking 
records for juggling large numbers!

Juggling: ‘Isn’t that for losers 
with no social skills who wanted 
to join the circus?’

I say ‘Nay!’ Juggling is more than just 
a party trick; more than the admittedly 
inexhaustible puns about balls and toss-
ing. At the top level there are two com-
peting international organisations at 
the helm: the artistic and inclusive In-
ternational Jugglers’ Association (ija) 
versus the technical and competitive 
World Juggling Federation (wjf). The 
latter promotes a new breed of ‘sport 
juggling’. Their equivalent of a sprint 
event is a ‘flash’ juggle where each ball 
is thrown and caught once (the record is 
twelve). Despite the name, please note 
exhibitionism is not actually compul-
sory, though admittedly only an exhi-
bitionist would attempt it in public. In 
the parallel of an ultra-marathon, the 
world record for juggling three balls 
continuously stands at a gob-smacking 
eleven hours, four minutes and twenty-
two seconds. London 2012, anyone?

 
Physical fitnesS

the repetitive motions of tossing 
juggling-props such as balls, clubs 
and rings improves muscle tone and 
builds stamina, especially in the bi-
ceps to initiate powerful throws and 
maintain a flexed elbow. Furthermore, 
wrist strength, a valued commodity to 
practitioners of squash, badminton, 
the martial arts and onanism alike, is 
particularly nurtured by the use of the 
flexors and extensors of the forearm. 
Even for beginners, the frequent stoop-
ing to pick up fallen objects is quite 
the stretching workout. For the more 
hardcore jugglers, specialist equipment 
can be acquired, such as heavy-duty 
balls filled with steel ball bearings to 
further enhance the physical demands. 
This correspondingly magnifies the 
benefits to strength and cardiovascu-
lar fitness, as does throwing objects 
to great heights and in high numbers, 
which are surprisingly strenuous skills 
to master. Moreover, continuous runs 
of throws and catches help with stance 

actually needs to be seen for the appro-
priate manual manoeuvres to be made. 
This becomes second nature and de-
velops hand-in-hand with better depth 
perception, ambidexterity (possibly 
improving the circuitry of the corpus 
callosum—the white matter bundle 
connecting the brain hemispheres) 
and peripheral vision. Indeed whole-
brain mri studies on volunteers who 
learned to juggle in trials showed selec-
tive structural changes in grey matter 
associated with processing and storage 
of visual information in the temporal 
and parietal lobes when compared to a 
control group. Not only is this a stun-
ning example of learning-induced plas-
ticity, but jugglers have bigger brains! 
However, without the reinforcement 
of continued juggling, these differenc-
es disappeared.

 
StRESS RELiEF

focussing on juggling distracts atten-
tion from other stressful thoughts. 
Just some of the detrimental effects of 
chronic stress are: immune system sup-
pression (thus increased risk of latent 
viral infection), reduced threshold for 
cardiac arrhythmias, as well as the ag-
gravation of asthma and increased risk 
of developing type ii diabetes. Many 
jugglers report on entering an alternate 
mental state, almost like hypnosis or 
‘meditation’, after a few minutes due 
to the cyclic, repeti-
tive motions. By 
turning focus to 
a single point of 
reference, they 
claim to achieve 
greater clar-
ity, self-aware-
ness and even
‘inner peace’.
In your face,
Dalai Lama!

alex deng shamelessly juggles puns about balls and tossing.

Balls in the Air

art by Sean Mcmahon

and promote usage of postural muscles 
in the back. Eat that, Alexander Tech-
nique!

 
coordination

when progressing up the learning 
curve of juggling, the accuracy of 
tosses in terms of angle and velocity 
improves, eventually giving the effort-
less rhythm of objects gracefully flying 
between the juggler’s hands. The in-
tegration of tactile (perceptible to the 
touch) and proprioceptive (relating to 
the movement and spatial orientation 
of the body) stimuli means that even 
feats such as blind-folded juggling for 
stretches of minutes at a time are pos-

sible with practice. Developing these 
skills hones our so-called kinaesthetic 
intelligence, assimilating both gross 
and fine motor coordination. Natu-
rally, hand-eye coordination is another 
core skill improved in juggling: hardly 
surprising since even the simplest of 
juggling requires you need to keep track 
of two hands and three balls following 
the laws of Newtonian physics and bio-
mechanics! For these reasons, many 
players of top-level ball sports are en-
couraged to learn how to juggle.

A classic rookie error when learn-
ing to juggle is trying to watch where 
each ball will land and moving to catch 
them. With experienced jugglers how-
ever, researchers Santvoord and Beek 
showed (by obstruction with a fan-like 
screen) that only a fifty millisecond 
‘snapshot’ of each object’s trajectory 

“Even the simplest of 
juggling requires you 
to keep track of two 
hands and three balls 
following the laws of 

Newtonian physics and 
biomechanics!”

automated
juggling

Since the 1970s, efforts have been 
made to model juggling with 
robots in the hope that a better 
understanding of how to correct 
for small variations in trajectory 
might underpin useful technology. 
However, no such machine can yet 
equal the relatively simple feat of 
juggling three balls in a cascade as 
every beginner human first learns. 
There are machines which can jug-
gle three balls in two dimensions, 
and two balls in three dimensions. 
The closest they come is three ball 
bounce-juggling, which is a lot 
easier as the balls are caught at the 
peak of their trajectories, at their 
slowest.

apparatus

C three balls of comfortable 
size. C a bed to stand over so 

the balls don’t roll away. 

courage

A casual glance into the arcane and 
mysterious bestiary of juggling may 
bring you to a close encounter with a 
cascade of silly eponymy such as the 
Burke’s Barrage and the mesmeric 
Mills’ Mess, perhaps even a fleeting 
flash of the feared and revered Ruben-
stein’s Revenge. But fear not! Here’s 
a simple guide to get you started with 
the basic three-ball cascade pattern.

procedure

step 1. With your palms facing 
up and your hands at waist height, 
begin by throwing one ball from 
right to left and vice versa. It should 
follow a parabolic arc with a peak at 
eye-level. Practise this manoeuvre 
until the catching hand does not 
have to move significantly to grab 
the ball.

step 2. Now with two balls, toss one 
and wait for it to begin descending 
from the peak of the arc then throw 
the second ball with the same 
velocity ‘underneath’ or ‘inside’ the 
trajectory of the first.

step 3. Moving on to three balls 
(two in the initiating hand and one 
in the other), repeat the previous 
step. This time, as the second 
ball begins to descend, throw the 
remaining ball.

step 4. You should now have 
a semblance of juggling! Keep 
practising each step and make sure 
the rhythm is neither too rushed 
nor too sluggish. One you’re 
comfortable with balls, there are 
clubs, rings, chainsaws and new 
patterns with more objects. Be 
prepared to be a massive show-off 
at parties and accept the subsequent 
attention from the opposite sex. 

juggling for the novice

20 21



climate change could become 
the single greatest humanitari-
an crisis in our history, and the 

power to avert it is in all of our hands. 
Yet, apathy is endemic at every level 
from individuals to governments: no-
one is willing to take responsibility, 
in spite of the fact that it’s all of our 
faults.

So what can we do? Wave after wave 
of environmental campaigns have 
failed to rally individuals to action, 
and governments and business are 
all playing responsibility hot-potato 
on the basis that doing so will work 
out better for their coffers in the long 
run—a notion ridiculed by the Stern 
Report, commissioned by the uk 
government to analyse the economics 
of climate change, which damningly 
told us that fighting global warming 
was up to twenty times cheaper, fi-
nancially speaking, than ignoring it.

So, given that asking nicely has 
failed, is there a solution less draco-
nian than widespread banning and 
heavy-handed environmental legisla-
tion? Well, the same economists mak-
ing the grim predictions also have a 
possible solution: carbon pricing.

Carbon pricing comes in various 
different guises, but it centres on 
making people pay for the carbon di-
oxide they emit. We’ll hit consum-
ers, industry and governments 
in their wallets, where they 
have to listen; and, rather 
than appealing to the 
global conscience, 
which current levels of 
action on environmental 
issues would suggest is 
nonexistent, we channel 
global purchasing power, 
which is enormous. Mak-
ing environmentally damaging 
activities more expensive than green 
alternatives could help us transform 
our amoral markets into instruments 
of ethical good. But, rather than con-
fine this discussion to the abstract, 
incomprehensible global economy, 
let’s start by bringing it home. What 
does it mean to the average citizen of 

the uk? Grab the back of an envelope: 
it’s calculation time.

Scenario 1: the average uk citizen 
emits around twelve tonnes of carbon 
dioxide equivalent during the course 
of a year, and the average wage is just 
shy of £24,000. If we play it safe and 
assume that they save a lot of money, 
pay a lot of tax and share their income 
with their family, we could knock that 
salary down to £12,000 per capita. 
So, as a crude estimate, carbon diox-

ide costs an average person in the uk 
a quid per kilogram. Of course, they 
don’t get an enormous blimp full of 
carbon dioxide for their trouble—
they’ll get whatever goods and ser-
vices that carbon dioxide was used to 
produce, and the waste CO2 will drift 
off into the atmosphere, accelerating 
global warming.

Scenario 2: if you plan well in ad-
vance, it’s not too hard to fly to Austra-
lia and back for less than £700. This 
is about as far as you can fly from the 
uk, and the near-circumnavigation of 
the Earth will cost each passenger on 
the plane eight tonnes of carbon diox-
ide equivalent—two thirds as much 
as you normally use in a year. Only 
this time it costs over ten times less: 
a bargainacious eleven pence per kilo 
of carbon dioxide. There is simply no 
cheaper ticket to accelerating climate 
change than a budget air fare (except 
setting fire to an oil depot).

The disparity is at its most stark 
when you compare aviation—an 
industry which pays virtually no 

tax due to a fortress of 
international treaties—
to other common eco-
nomic activities. It’s 
obvious that air travel, to 
even remotely pay its way 
pollution-wise, needs to 
be made a lot more ex-
pensive. Even worse, the 
entire uk economy needs 
greening to the point 
where we are emitting 
only a tonne or two per 
person per annum for it 
to be environmentally 

sustainable.

So, how would applying a 
carbon price help? Goods and 

services which take a lot of CO2 to 
provide will cost more, and greener 
goods will be better value. This would 
mean that wind power, for example, 
currently about twice as expensive per 
unit of electricity as coal, would be-
come a cheaper option for households 
and businesses because of the extra 

price the coal power stations would 
have to pay for the right to emit car-
bon dioxide.

Science has a crucial rôle to play 
in any debate about carbon pricing. 
As a trading or taxation programme 
progresses, climate models and ob-
servations must be synergised into 
the economic ones to establish what 
a ‘safe’ level of carbon dioxide is, and 
therefore where to set the tax or the 
cap. Enforcement is also going to rely 
heavily on scientists, with satellite 
observations, air monitoring, and cal-
culation being used to verify emitters’ 
carbon accounting.

Setting this safe cap is more than 
just a scientific endeavour, though: 
it’s also a moral one. The only moral 
case to be made for tackling climate 
change is its effect on sentient be-
ings—preserving rainforests is only 
as necessary as the human (and pos-
sibly, to dodge a moral can of worms, 
animal) lives it will save or improve. 
The science tells us that the results of 
uncontrolled climate change will be 
overwhelmingly negative. The heat 
can kill directly, with soaring tem-
peratures in summer being especially 
deadly for the young, old and 
infirm; increasingly severe 
meteorological natural 
disasters can wreak 
death and destruction 
upon homes and farm-
land; changing weather 
patterns will render 
traditional farming meth-
ods unviable as centuries-old water 
sources run dry; and disease, whose 
distribution is strongly temperature-
dependent, can increase in range to 
cover new populations, whose natu-
ral immunity is much lower than 
peoples which have lived with a 
disease for generations.

These effects will be felt, 
by bitter irony, by those 
who have contributed 
the least to human 
emissions: the 
World’s poor. Not 
only that, but the 
poor are those least 
equipped to adapt, 
with no money 
to buy air condi-
tioning units; build 
stronger, hurricane-
proof buildings; buy 
gm crops or install irriga-
tion to stave off starvation; 
or afford vaccines and drugs to 
prevent the spread of disease. A few 
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Andrew steele asks if carbon pricing can make markets moral.

“We have to work 
out how much we are 
willing to spend to stop 

x deaths...

The Co$t of Living
positive effects, like decreased deaths 
from cold in winter, will fail to redress 
the balance.

Deaths induced by global-warming 
are occurring even now—the World 
Health Organisation estimates that 
150,000 people were killed by the con-
sequences of climate change in the 
year 2000—and it’s a figure which is 
doomed to rise with the global aver-
age temperature.

The uncomfortable corner that car-
bon trading backs us into is that we 
end up pricing human life and welfare. 
A tonne of emitted carbon dioxide re-
sults in a minuscule amount of extra 
climate change and in turn shifts the 
probability and intensity of humani-

tarian consequences up a notch. We 
have to work out how much we are 
willing to spend to stop x amount of 
carbon dioxide being emitted, y de-
grees of global warming and z deaths. 
This morally awkward calculation is 
made worse by the uncertainties in 
the climate system and the even larger 
unknowns in the human systems it 
will affect. How much is mitigating 
the increased possibility of a death 
in a developing country in fifty years 
worth?

A carbon price will decrease spend-
ing power, diverting more of the 
economy’s resources to expensive 
low-carbon alternatives because their 
high-carbon precursors are now even 
pricier. How much as a society we can 
afford to spend on increasing human 
welfare by reducing climate change 
must be balanced by how much this 
means we won’t be spending to im-
prove quality of life in other areas. Is 
it better to spend a pound on carbon 
mitigation, or put a pound towards 
building a well in an African village? 
Should a dollar be spent researching 
electric cars or cures for cancer? How 
can we better the most human lives 
for the least money? And, most awk-
wardly, are we spending enough on 
human betterment at all?

Costing carbon is a tricky business 
well worth some political debate—but 
we mustn’t let the smoke and mir-
rors confuse us into inaction. Any-
thing with economic uncertainty is 
a particularly hard sell in the current 
post–credit-crunchy economic cli-
mate—but it’s far better to set the ball 
rolling, and start experimenting 

with a trading 
scheme before 
it’s too late for 
a carbon price 
to save us. Bet-
ter to roll out 

an imperfect 
carbon trading 

system (which we 
could, of course, 

modify later) than 
to sit on our hands 
worrying about every 
last detail whilst the 
temperature drifts 

upwards to a point of no 
return. That would be a 
real humanitarian crisis, 

and make a carbon-trading–
induced economic wobble look 

like a cakewalk.

art by Jason yu
& andrew steele

“...which requires 
stopping y degrees of 
global warming, by not 
emitting z tonnes of 
carbon dioxide.”
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Back in the seventh grade, one of 
the girls told me I looked like 
Keanu Reeves. Seriously, I was 

hanging upside-down on the jungle 
gym, minding my own business, and 
she just walked over and told me like it 
was no biggie.

Then she giggled like a moron and 
ran away.

Now while this singular moment 
of brazen flattery would become the 
highlight of my paste-eating academic 
career, I was also torn. On one hand, 
I wondered how anyone could confuse 
Keanu (black shades, gothic trench 
coat, totally awesome) with me (pu-
bescent, angst-ridden, gawky)? Was 
this all some awfully cruel and sadistic 
joke girls liked to play on unsuspecting 
boys?

On the other hand, maybe—maybe 
she was on to something. Maybe some-
where—somehow, behind all that 
bad acne and ruffled hair, my hidden 
Keanu-like features beckoned faintly, 
like some distant lighthouse obscured 
by fog. 

Today, however, thanks to the latest 
advances in facial recognition, I  no 
longer have to wonder: she was right.

fairest of them all?

Myheritage is an internet-based 
company that offers you the chance to 
see which celebrity you most resem-
ble. Remember how in Snow White 
the queen has a magical mirror which 
provides her with uninhibited flattery? 
This is the same but, like, loads better.

After a free signup, you upload a 
large-ish jpeg of your mug, then let 
the software crank away. My personal 
resemblance results were: Brad Pitt 
(71%), Keanu Reeves (63%), Luke Perry 
(63%), Matt Damon (63%), and Jordana 
Brewster (60%).

Brad Pitt? Really? Matt Damon?      
Really? But y’know, as I gaze into the 
mirror…well…yes, I see it now. Defi-

Face to

art by S. Mcmahon

nitely. We’re practically brothers!

How does it all work? Is this actual 
science or just deceptive flattery? To un-
derstand how facial recognition works, 
we’re going to have to delve into the 
mathematics behind the algorithm.

REcOGNisiNG FAcES

suppose we were given someone’s pic-
ture. How might we go about identify-
ing that person from a large database 
of faces? 

One way we can go about it is by iden-
tifying the characteristics of the sub-
ject—perhaps the person has small 
lips, or a pointed chin, or distinct eyes. 
From here, we then consult the data-
base, going from picture to picture, 
each time isolating the features of the 
faces and checking for a match.

Whilst this might work, it would 
also be a lot of work; algorithms would 
need to be defined to analyse each de-
sired feature. Imagine having to do 
this for each of the thousands of faces 
that stream past the gates at a football 
match or in a busy airport. 

A more computationally-efficient way 
would be to examine these faces as a 
statistical whole rather than as the sum 
of their parts. This is similar to the 
difference between identifying a city by 
its landmarks and identifying the same 
city by the density of its roads, the clus-
ters and heights of its buildings, its 
downtown areas, and so on.

face space

snap! But what are pictures, really?

As stored in a computer, a picture is 
nothing more than a great big grid of 
dots (or pixels). If the picture is grey-
scale, each pixel is associated with a 
number from 0 to 255 representing its 
brightness, from pitch black (0) to pure 
white (255).

Now in the abstract theory of linear 

PHiL tRiNH explores the new mathematics of face recognition.

“Matt Damon? Really? 
But y'know, as I gaze 

into the mirror…well…
Yes, I see it now.
We're practically

brothers!”

Face
algebra, these grids of pixels are called 
‘vectors’. You’ve probably encountered 
vectors before in physics class and in 
fact, these ‘face vectors’ are quite simi-
lar. 

Like vectors representing force or 
motion, these new ‘face vectors’ have 
a ‘magnitude’ (an overall brightness), 
as well as a ‘direction’. Moreover, they 
can be added, subtracted, multiplied, 
and manipulated like most other math-
ematical quantities—the only differ-
ence is that they inhabit some higher-
dimensional ‘face space’, rather than 
the two- or three-dimensional physical 
world we live in.

What’s your Eigenface?

however, face spaces are complicat-
ed affairs—high-dimensional boxes 
stuffed with a large number of faces, 
each face containing hundreds of thou-
sands of pixels.

It would thus be foolish to try to com-
pare each face pixel by pixel; instead 
we look to construct a small group of 
pictures representing the general facial 
patterns of the database. This small but 

crucial group is called the ‘eigenface 
basis’.

Think of how, when we analyse the 
motion of a ball flying through the air, 
we break the motion into its horizontal 
and vertical components. These two 
components provide a fundamental 
‘basis’ capable of describing any arbi-
trary motion. 

Similarly, once the eigenface basis is 
found using linear algebra, each face in 
the database can then be expressed us-
ing certain percentages of each of the 
building blocks. For example, we may 
say that a picture is composed of 10% of 
the first eigenface, 25% of the second, 
4% of the third, and so on.

The beauty of this treatment is that, 
even in a large database, each unique 
face can be expressed very simply us-
ing its eigenface decomposition. We no 
longer have to express each face using 
thousands of pixels; now, like a simple 
recipe in which the eigenfaces are the 
ingredients, the entire database can be 
reconstructed as it was before.

A Problem of Distance

now imagine each face in the database, 
represented in terms of its eigenface 
percentages, akin to coordinates lying 
in some higher-dimensional plane. Our 
test subject (which may or may not lie 
in the database) is then projected onto 

this plane by expressing it in terms 
of the eigenface components.

Now the problem of recognis-
ing the subject becomes as sim-

ple as finding the shortest distance 
(or closest match) between our subject 
and the faces in the database, a process 
aided enormously by the fact that each 
face is now represented by only a hand-
ful of eigenface components.

the Future and you

But really, just how accurate are these 
eigenface algorithms?

In optimal conditions (with good 
lighting, a representative database, 
front-facing pictures, etc), a simple 
eigenface routine might produce accu-
rate readings of up to 90%.

Unfortunately, real life is never that 
simple, and one must contend with a 
multitude of ‘noisy’ factors. These in-
clude variance in pose (person facing at 
an angle), obstructions (sunglasses or 
other people), resolution and lighting, 
and so on. Despite this, however, the 
science of facial recognition has stead-
ily improved to the point where today, 
it is becoming a standard for many 
military, security, and commercial ap-
plications.

But I digress. You see, the whole point 
of this article was that the inner work-
ings of facial recognition are all sci-
ence and mathematics. That’s right. 
It’s not an idle, giggling schoolgirl’s 
speculation that I resemble Brad Pitt 
and Keanu Reeves. I really, really do. 
Dammit, it’s backed up with science 
and everything. 

Subject Face

      Database (Face Space)

Closest
Match

71%

63%

63%

the proBleM BecoMes
as siMple as finDinG
the shortest
Distance.
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It takes most scientists many years 
of hard study to make a name for 
themselves, but the history of sci-

ence is dotted with some very talented 
individuals who already stood out by 
the time they were your age.

EVARiStE GALOiS
1811–1832

Galois’ short and tumultuous life 
brought with it substantial advances 
in mathematics. Bored at school, Ga-
lois was considered unintelligent by his 
teachers, despite the fact that by his 
mid-teens he was already reading ad-
vanced mathematical texts. But in 1829 
he published his first paper, on contin-
ued fractions, and the following year he 
wrote three papers that laid the founda-
tions of Galois theory, which connects 
group theory and field theory.

Post-Napoleonic France was in po-
litical turmoil, and Galois was briefly 
imprisoned for activities related to his 
staunch republicanism. Galois’ life 

came to an end shortly after his re-
lease in rather bizarre and 

mysterious circum-
stances. Galois was 

shot in a duel over 
a love interest 

in May 1832, 
a c c o r d i n g 
to most ac-
counts. The 
night before, 
probably fear-

ing that he 
would not be the 
winner of the 
duel, he stayed up 
and wrote down 

his latest math-
ematical ideas in a 
letter to a friend, 

scribbling ‘I do not 
have time’ in the 
margin next to an 
incomplete sec-
tion. He died at 
the age of twen-

ty, but his 
w r i t i n g s 

had a 

Bright Young Things

art by Sean Mcmahon

great influence, particularly on group 
theory.

SUBRAHMANyAN 
cHANDRASEkHAR

1910–1995

in 1930, on his first voyage to Eng-
land from India, the nineteen-year-old 
Chandrasekhar calculated the maxi-
mum possible mass of a white dwarf, 
the final remnant left at the end of the 
life of a star like the Sun. Anything 
which exceeds this Chandrasekhar lim-
it must carry on collapsing into some-
thing denser, now known to be a neu-

tron star. This would eventually win 
him the 1983 Nobel Prize, although it 
took a long time for Chandrasekhar’s 
idea to be accepted.

In 1935, Chandrasekhar presented a 
more complete version of his theory 
to the Royal Astronomical Society, 
only to be ridiculed by the august as-
trophysicist Arthur Eddington, who 
called Chandrasekhar’s work ‘stellar 
buffoonery’. This humiliation held 
back progress in astrophysics for many 
years and haunted Chandrasekhar 
for the rest of his career, although he 
would come to be recognised as one of 
the greatest scientists of the century.

cARL FRiEDRicH 
GAUSS
1777–1855

there exist several tales of Gauss’ 
childhood genius, such as correcting 
an error in his father’s accounts at the 
age of three, or astonishing his pri-
mary school teacher by summing the 
integers from 1 to 100 in a matter of 
seconds. However, these anecdotes are  

PEtER WAtSON finds that youth is no BarrIer to brilliant mInDs.

hard to verify and probably apocryphal.

What is known is that, at the age of 
eighteen, Gauss made his first break-
through by working out how to con-
struct a regular heptadecagon using 
only a compass and straight-edge. In 
the following year, Gauss proved the 
prime number theorem, which gives 
an approximation of how the prime 
numbers are distributed, and developed 
the method of least squares for mini-
mising errors when plotting graphs, 
amongst other achievements. 

At 21, Gauss proved the fundamental 
theorem of algebra, which states that 
every polynomial has the same number 
of solutions as its degree. Then, at 23, 
he used his mathematical skill to accu-
rately predict the orbit of the recently 
discovered asteroid Ceres, which would 
otherwise have been lost by astrono-
mers as it passed behind the Sun.

Gauss continued to publish work at 
an exceptional rate throughout his 
life, despite often refusing to publish 
work he didn’t consider perfect and to-
tally above criticism. He was one of the 
greatest mathematicians ever to live.

WiLLiAM tHOMSON
1824–1907

Better-known by his later title Lord 
Kelvin, Thomson wrote his first paper 
at the age of just fifteen, in which he 
defended the rigour of Fourier series. It 
was to be the start of a glowing scientif-
ic career. Two years later, he published 
a paper on heat conduction, in which 
he made several illuminating connec-
tions between heat flow and electrostat-
ics. At the age of 22, Thomson became 
professor of natural philosophy at the 
University of Glasgow, although this 
was not just due to his intellect but 
also to the actions of his father, who 
held the chair of mathematics. Thom-
son went on to make great leaps in 
thermodynamics and helped to lay the 
first transatlantic cable, for which he 
received his peerage, becoming one of 
the greatest of the Victorian physicists.

“The nineteen–year–old 
calculated the maximum 

possible mass of a
white dwarf.”
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THE CRYPTIC CROSSNUMBER
Cerebral Amusement for the Modern Scientist
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puzzles  david seifert 
art Sean Mcmahon

across
_

2. The number of digits possessed by a human.
3. A palindrome in which each digit occurs half 
as often as its value suggests.
7. The year of the death of the person famous 
for discovering that for a fixed amount of gas at 
constant temperature the product of pressure and 
volume remains constant.
8. The mpc designation of the main-belt asteroid 
Alexacarey.
10. The number of insects among 1,000 crea-
tures—some ants, the rest spiders—with 6,198 
legs in total.
12. p2 minus the number of bits in a byte.
13. A typical body temperature in degrees
Celsius of a healthy person.
14. 10×p.
15. The area code of the city in which the Nobel-
Prize–winning discoverer of the Josephson Effect 
was born.
17. The number that equals 35 times its own 
square root.
18. The number that, written in binary form, 
spells evolution in Morse code
(with 1 = . and 0 = _ ).
20. The 17th term of the Fibonacci sequence.
21. X!

down
_

1. The product Re × Ac × Ti × O × N.
2. The 11th Mersenne number.
3. The total number of chromosomes in the nu-
cleus of a human cell.
4. The speed of light in vacuum in metres per 
second.
5.  The sum of six consecutive primes, starting 
with p.
6. The equatorial radius in kilometres of the 
largest planet in the Solar System.
7. The distance travelled by a fly that walks 
along the edges (each of unit length) of a regular 
octahedron, traversing each edge exactly once and 
ending up where it started.
9. The temperature in kelvin, to the nearest 
integer, at which the Fahrenheit and Celsius scales 
agree.
11. The only non-zero number that equals twice 
the sum of its digits.
13. The number of hours in seven sesquifort-
nights.
16. The greatest four-digit number all of whose 
digits are odd and distinct.
17. The year of birth of the younger author of 
Principia Mathematica.
19. The product a×b, where CaHb is the molecu-
lar formula of nonane.

Riddle
You walk ten miles south, 

then ten miles east
and finally ten miles north, 

and end up exactly where you started. 
can you come up with more than one 
spot on earth where this is possible?
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Once more, we’ve asked oxford’s dons some of
the most pointless questions in modern science. 

got an intellectual itch you can’t scratch?
e-mail us: askalecturer@bangscience.org

Ask a Lecturer !

Does cling film stick to Teflon?
in a nutshell, I would say: only 
weakly.  Cling film is a polymer sheet 
that was originally made from polyvinyl 
chloride (pvc).  In recent years, many 
clingfilm products have been made 
from polythene, or more strictly 
ldpe (low-density polyethylene), as 
there were some concerns about the 
plasticisers (the not-a-very-good-idea-
for-you-to-eat chemicals added to make 
the material more compliant) in the pvc 
leaking into the food, and also because 
of concerns about pvc in recycling 
and disposal.  Teflon is trade-name 

for a ptfe (polytetrafluoroethylene) 
product which, because its molecule 
contains lots of fluorine atoms, has a 
very low ‘surface energy’.  This means 
it’s used for non-stick surfaces such as 
the inside of frying pans. Cling film 
sticks to things as it contains a good 
proportion of reasonably mobile bits 
of molecules which can ‘lie down’ on 
the surface and hence form lots of 
intermolecular bonds with whatever 
it’s sticking to.  Low energy surfaces 
such as Teflon tend not to want to 
form intermolecular bonds with the 

cling film, so it doesn’t stick very well.  
Having said that, the same can be said 
for may other surfaces such as ceramics 
(e.g. oven dishes), metals (pans) or 
bread (sandwiches). Generally when 
you cover or wrap something in cling 
film you form the shape by wrapping 
the film in on itself around the product 
rather than relying on the film to stick 
to whatever you’re wrapping. What 
cling film is really  good at is sticking 
to another bit of cling film.

Dr peter Mcfadden, engineering 

How can I get myself fossilised?
well, it all depends how splendid you 
want to look as a fossil, and how long 
you want to last in the rock record. It’s 
easy to become a dark smudge in a swirl 
of river mud, but getting preserved as 
a fossil that a good museum would kill 
to get hold of—complete with genes 
and giblets—will take real planning. 
First, you must keep the worms from 
your remains: that means choosing a 
spot where oxygen levels are low, like 
the bottom of a stagnant lake, or very 
salty sea—the Black Sea, for instance..? 

After that, find a place on the sea floor 
where the muds are buttery-smooth, so 
that every tiny detail of your exterior 
can be preserved. These muds must 
also cover you quickly, or anaerobic 
bacteria will convert you into a dark 
smudge again. If you choose your place 
carefully, then you can just relax, set-
tle back, and wait for marvellous little 
bacteria to convert you into a stylish 
replica made from bluish phosphates 
and brassy sulphides. A few dozen years 
should do the trick. However, there is 

a problem if you chose the Black Sea: 
it will dry up in a few hundred million 
years’ time, and your fossil may be eat-
en away by wind and rain until you are 
little more than rubble. If you want to 
be present at the very end, then I sug-
gest you do what one woolly rhinoceros 
did during the Stone Age: jump into a 
bed of basaltic lava and become a hom-
inid-shaped bubble.

prof. Martin Brasier,
earth sciences

Would a magnetic monopole stick to the fridge?
Yes it would. Ordinary fridge magnets 
have two magnetic poles, a north pole 
and a south pole, joined together. 
These are the magnetic equivalent of 
the positive and negative charges found 
in electricity. An isolated magnetic 
pole, say a north pole, placed on to a 
fridge door would induce an opposite 
magnetic charge (south pole) on the 
outer surface of the door. These two 
opposite poles would attract, allowing 
the monopole to stick to the door. The 
difficulty would be to find the magnetic 
monopole in the first place. Although 

there is no fundamental law of physics 
that excludes the existence of isolated 
magnetic monopoles, none has ever 
been found despite considerable efforts 
to search for them. Unlike electric 
poles, which can exist in isolation as 
independent particles like protons and 
electrons, magnetic poles seem always 
to occur in nature paired up, a north 
pole joined to south pole. That said, 
recent experiments on a magnetic 
substance called ‘spin ice’ have revealed 
that positive and negative magnetic 
poles can be created inside the substance 

by disturbing the pattern of magnetic 
order, and these ‘monopoles’ can move 
around independently. The monopoles 
are trapped inside the substance in which 
they were created but, if they could 
be made to flow around a circuit with 
wires made of spin ice, various practical 
applications could be envisaged. This 
phenomenon, dubbed ‘magnetricity’, is 
the magnetic equivalent of electricity. It 
might even be possible to use this effect 
to make better fridges!

prof. andrew Boothroyd, physics
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