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ARISTOTLE’S ERROR

Although our perception of the world seems effortless and
instantaneous, it actually involves considerable image processing.
Curiously enough, much of the current scientific understanding of
that process is based on the study of visual illusions.

Analysis and resolution of an image into distinct features
begin at the earliest stages of visual processing. This was
discovered in cats and monkeys by a number of techniques, the
most straightforward of which was to use tiny needles—
microelectrodes—to pick up electrical signals from cells in the
retina' and the areas of the brain associated with vision. By
presenting various visual targets to monitored animals,
investigators learned that cells in early-processing brain areas are
each sensitive mainly to changes in just one visual parameter?, not
to others. For instance, in the primary visual cortex?, the main
feature is the orientation of edges. In the area known as V4 in the
temporal lobes?, cells react to color.

One characteristic of these cells that may seem surprising is
that their activity when stimulated is not constant. A neuron that
responds to red, for instance, will initially fire vigorously but taper
off® over time as it adapts, or “fatigues,” from steady exposure.
Although part of this adaptation may result from depletion® of

retina /retina/ n. 14

parameter /pa'reemita(r)/ n. [ 2] %%
cortex /ko:teks/ n. [ = [/ 12
temporal Iobe' 3 1

taper off: ] A U
depletion /dl pI| jan/ n. HFE, IR
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neurotransmitters’, it also likely reflects the evolutionary logic that
the goal of the cell is to signal change rather than a steady state.

How do we know that such cells also exist in humans? Simply
put, we descended from apelike ancestors, and there is no reason
why we would have lost those cells during evolution. But we can
also infer the existence (and properties ) of feature-detecting cells
in humans from the results of psychological experiments in which
the short-term viewing of one pattern very specifically alters the
perception of a subsequently viewed pattern.

For example, if you watch a waterfall for a minute and then
transfer your gaze to the grass on the ground below, the grass will
seem to move uphill. This illusion occurs because the brain
normally interprets motion in a scene from the ratio of activity
among cells responding to different directions of movement. By
gazing at the waterfall, you fatigue the cells for downward
movement; when you then look at a stationary image, the higher
baseline of activity in the upward-motion cells results in a ratio that
is interpreted as the grass going up. The illusion implies that the
human brain must have such feature-detecting cells because of
the general dictum? that “if you can fatigue it, it must be there.”

The waterfall effect was first noted by Aristotle. Unfortunately,
as pointed out by 20th-century philosopher Bertrand Russell,
Aristotle was a good observer but a poor experimenter, allowing
his preconceived notions to influence his observations. He
believed, erroneously®, that the motion aftereffect was a form of
visual inertia®, a tendency to continue seeing things move in the
same direction because of the inertia of some physical movement

1 neurotransmitter /njuarautreenzmita(r)/ . [/ |20 {48 2
2 dictum /diktem/ n.

3 erroneously /1'rauniasli/ adv

4 inertia /'na:fa/ n. [ 1] 1]
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stimulated in the brain. He assumed, therefore, that the grass
would seem to move downward as well—as if to continue to mimic
the movement of the waterfall! If only he had spent a few minutes
observing and comparing the apparent movements of the waterfall
and the grass, he would not have made the mistake.

The principle of motion adaptation isn't all that different from
the one illustrated by the color aftereffect. Stare at the fixation spot
in a between the two vertically aligned’ squares—the top one red,
the bottom one green. After a minute, look at the blank gray
screen in b. You should see a ghostly bluish-green square where
the red used to fall in your visual field and a reddish square where
the green used to be. The effect is especially powerful if you blink
your eyes.

This color-adaptation aftereffect occurs mainly in the retina.
The eye has three receptor pigments>—for red, green and blue—
each of which is optimally (but not exclusively) excited by one
wavelength. Light that contains all wavelengths and thereby
stimulates all three receptors equally yields a ratio that the brain
interprets as white. If your red color receptors become fatigued
from staring at a red square, then when you look at a field of white
or light gray, the ratio of activation shifts in favor of greenish blue,
which is what you see.

Orientation adaptation, discovered by Colin Blakemore is
another striking example of this phenomenon, except that it occurs
in the brain, not the eye. Stare at the anticlockwise-tilted lines in c
for a minute and then transfer your gaze to the vertical lines in d.
You will be startled to find the vertical lines tilted in the opposite
direction, clockwise. This perception allows the inference that
orientation-specific cells do exist in the human brain: the

1 aligned /a'laind/ ad). [ V11
2 pigment /pigmant/ 1. (75
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/g
paper because your eye movements ensure that all color
receptors are equally stimulated on the retina, whereas cortical’
cells that have an orientation specificity are not stimulated.

Therefore, with a 10-minute experiment, we have shown the
existence of neurons in the brain that require the joint presence of
a specific color and orientation to fire. The adaptation effects that
result from fatiguing them are called contingent® aftereffects. The
McCollough effect is an orientation-contingent color aftereffect.

1 cortical /ko:tikl/ ad). [ % ]l
2 contingent /kan'tindzent/ ad).
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practice. The Crown Estate', which owns the seabed around the
UK, auctioned off? the rights to exploit wind power over thousands
of square kilometres of open sea, mostly in the North Sea. In the
next 10 years, these areas should become home to 6000 turbines®
capable of generating around 30 gigawatts* of power—enough to
supply a quarter of the UK's electricity needs.

This is one of the largest civil engineering projects on the
planet. It comes with a price tag to match: a hefty> £75 billion,
according to Benj Sykes, a geologist at the Carbon Trust®. Sykes’s
job is to identify technologies that will smooth the path to offshore
renewables and to find ways around bottlenecks that prevent
rapid adoption.

Perhaps the biggest initial challenge is to make the whole
project profitable enough to attract big finance. To do that needs
new thinking on a range of technologies and procedures to cut
costs. For example, there is the problem of siting turbines on the
seabed cheaply and efficiently. To sit in waters up to 60 metres
deep, offshore wind turbines will have to be gigantic: from base to
blade tip they will stand 220 metres tall. The foundations of these
monsters must be built to exacting” standards while remaining
cheap and easy to install.

1 the Crown Estate: /[« 007 10 2]

auction off: {1 I |
turbine /ta:bain/ n. 461
gigawatt /dzargewnt/ 1. [ il ] -z
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If the UK is going to hit its CO, targets, the rate at which
turbines are being deployed needs to increase from the present
one turbine every 11 days to more than two a day. The Carbon
Trust recently held a competition to find new ways of attaching
turbines to the sea floor. The trust is funding seven of the winning
ideas, which range from undersea tripods’ to structures that are
kept in place by moorings on the seabed.

Improvements are also needed in the way turbines are
installed. Conventionally, they have been carried out to sea in
pieces and put together in situ?. The base of each mast® has to be
attached to a pile* that extends into the seabed, after which the
turbine and rotor are assembled at the top.

All this requires ocean-going barges® with pile-driving
equipment and heavy lifting cranes. Such craft are in seriously
short supply, and demand for them means that the cost of
building wind farms is soaring. Sykes is looking at new ways to
deploy® turbines more quickly without all this gear’. One idea is a
“self-deploying” turbine that stands on a tripod and attaches to
the seabed via huge anchors that work like suction cups®. The
whole structure is constructed on land, towed out to sea on a
barge and simply lowered into place.

There are other ways to cut costs. One goal is to find
cheaper, easier ways for maintenance engineers to access
turbines even in rough seas, a feat sometimes achieved by

tripod /traipod/ n. [
in situ: /=70

mast /ma:st/ n.
pile /pa1l/ n. (#7
barge /ba:d3z/ n. 4
deploy /dr'plox/ vi.
gear /gia(r)/ 1. -
suction cup: " [
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winching' someone down from a helicopter. Another area where
Sykes thinks there is potential for savings is in minimising? the
effect of wind shadow, where the wake of one turbine reduces the
output of generators downwind. There is also scope for making the
systems that transmit electricity to shore more efficiently. Taken
together, all these savings could cut costs by 20 per cent, says
Sykes. That could amount to £14 billion, creating a potential profit
margin for investors that should attract the big boys®. Wind
turbines aren’'t the only way to harvest energy offshore. In the
depths of Strangford Narrows, at the entrance to Strangford
Lough* in Northern Ireland, sits SeaGen®, the world’'s first
commercial-scale facility producing energy from tidal flows. Its two
turbines are each turned by giant rotors 16 metres in diameter,
and each is capable of generating 600 kilowatts.

Although its mode of action is similar to that of a wind turbine,
the stresses on SeaGen are significantly greater. “The tidal race is
equivalent to a fast-moving wall of water seven storeys high,
coming at you at 2 metres per second,” says Peter Fraenkel,
technical director of Marine Current Turbines®, the company that
built SeaGen. This exerts well over 100 tonnes on the rotor blades
with the tide running at full pelt”. It is truly the problem of finding
an immovable object to withstand an irresistible force and there is

winch /wint[/ vi. 120 F M
mlnlmlze/mmxmalz/»r HE S S

big boy: /- /.4, i
Strangford Lough: HI 4 = FR
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no point in making the rotors much bigger because of diminishing
returns in the amount of power generated.

That opportunity is likely to come sooner rather than later. Two
weeks ago, the Crown Estate announced that Marine Current
Turbines had been awarded the chance to generate up to 100
megawatts—that's eighty times as much power as SeaGen can
produce. It also includes opportunities for two other would-be
tidal-stream companies and five wave-power companies. Wave
power is not as well advanced as wind and tidal energy, but the
rate of development is set to increase.

One reason wave power has been held back is a lack of
facilities to enable prototypes and demonstration machines to be
easily tested. However, that picture has changed in recent years
with the development of sites such as the European Marine
Energy Centre in Orkney, the world’'s first facility for full-scale
testing. Cornwall is about to get Wave Hub', effectively a plug-
and-play? socket on the sea floor for wave-power companies to try
out new ideas. None of these projects is worry-free.
Environmentalists have expressed fears that SeaGen’s huge rotors
would shred® any seals unlucky enough to get drawn into their
slipstream, though so far these have proved unfounded. And the
threat wind farms pose to migrating birds is well documented.

Despite these concerns, the offshore energy revolution is
under way and is likely to be generating significant power, jobs
and income in the not too distant future. How much we in the UK
will pay for that revolution and the electricity it yields will depend
largely on the ingenuity of inventors and the innovations they come
up with.

1 hub /hab/ n. L
2 plug-and-play socket: !!////[ 111/}
3 shred /[red/ vi. 17




PARASITE LOST": EXTERMINATING®
AFRICA’S HORROR WORMS

It starts with a painful blister*—very painful blister. It feels,
people say, like being stabbed with a red-hot needle. When the
blister bursts, the head of a worm pops out?, thin, white and very
much alive.

The rest of the worm, about a metre long, remains inside your
body. It can take up to two months to pull it out, inch by agonising
inch, during which time it may be impossible to walk. In extreme
cases, you may host up to sixty of them, anywhere on your body.
The worms can cause paralysis® or lethal® bacterial infections, and
even if you survive mostly unscathed’, next year it can happen all
over again.

The guinea worm® ( Dracunculus®, or little dragon) is probably
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the closest living equivalent to the monsters in the Alien movies—
except we're beating this enemy. Guinea worm was once
widespread in Africa, the Middle East and many parts of Asia. In
1986, there were nearly 4 million cases a year in 20 countries
across south Asia and Africa. Last year, there were just 3,142 in
four countries in Africa. The worm could be extinct by 2012,
making dracunculiasis' the second human disease ever to be
eradicated*—the first being smallpox®.

Guinea worms start out as minuscule* larvae® living inside
water fleas of the genus Cyclops®. These millimetre-long
crustaceans’ live in stagnant® water, and people can swallow
them when they drink from ponds, ditches or shallow wells.
Stomach acids dissolve the water fleas but can leave the larvae
untouched. The free larvae then burrow® out of the intestine™ and
cross to the chest or abdominal wall, where the male and female
worms mature and mate. The males eventually die, but the
growing females tunnel imperceptibly™ to, and then under, the
skin.

Even as the females grow up to a metre long, their hosts
remain unaware of their presence. The worms prevent pain by

dracunculiasis /drakankju'latasts/ n. [ 1= ]2 A i 26 i
eradicate /1'reedikert/ vi. {17 |
smallpox /'smo:lpoks/ 1. [ = ] o ik
minuscule /minaskju:l/ adj. 12/, (7
larva /la:iva/ n. (pl. larvae )| 2
genus Cyclops: [ /) ] 2117k o (77
crustacean /kra'sterfn/ n. [ 7]
stagnant /staegnant/ adj. 1 ]
9 burrow /barau/ v. i {111
10 intestine /in'testin/ 1. /1%
11 tunnel /tanl/ v. 240

12 imperceptibly /1mpa'septabli/ adv. %50 4 214
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