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’s no secret that science is important, but
sometimes its significance is overlooked.
Your body is capable of producing nerve
impulses that travel up to 120 metres per second
with only minimal effort; that’s faster than
a skydiver at terminal velocity, although not
faster that the man who fell from space, Felix
Baumgartner, who reached around 371 metres
per second (1.24 mach) during his own leap.
Did you know that nearly all flowers are
descended from the ancestor of one plant,
ambarella (Spondias dulcis), which mutated a
white leaf that later turned into a flower? In this
issue we take a closer look at interesting facts
like these to show you just how surrounded we
are by Hidden Science.
People tend to make better decisions when
they’re angry—so if you picked this issue up in
a moment of wild rage, we salute you—but what
about when they’re scared or looking for love?
With articles looking at the science behind fear,
attraction, the mind, our planet and skies, as
well as the more literal hidden science behind
paintings and your clothes; there’s something
for everyone in issue six. We even have a special
feature from our word-scientists at the University
of Aberdeen’s Library and Historic Collections
keen to show us how science is not only in the
present, but also ingrained in the journals of our
past.
Our hidden scientists over at Oceaneering
are also particularly on theme with this issue,
offering our readers an exclusive chance to win
a place on one of their training courses (see p 30
for further details).
The theme of this issue is especially important
to us at Au; our magazine endeavours to publicise
science that may otherwise go unnoticed. Not all
scientists wear white coats, as the saying goes,
and the coats in this issue are the most colourful
of all.
Issue six is brought to you by a new team of
editors so we’d like to thank the previous editors,
particularly Heather Doran, Sean McMahon,
Gina Maffey, Chris Sutherland, and Daisy
Brickhill, for passing the torch and placing their
trust in us.
We hope you enjoy this issue of Au. To join the
conversation, hop over to our website at ausm.org.
uk. We are looking for creative and enthusiastic
designers, illustrators, journalists, feature
writers, and editors. Students in all subjects
at all levels are welcome and no experience is
required; we’ll teach you the skills you need. Get
in touch via info@ausm.org.uk.
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News Update

Going beyond Einstein
The particle that could shadow out the Higgs-Boson.
Move over, higgs, there’s a new particle in town – or at least there could
be if a theoretical physicist’s theory is
correct. The University of Aberdeen’s
Dr. Charles Wang has proposed a new
theory as to how supernovae occur, and
if this theory is correct a new particle
could be discovered.
While supernovae are well known,
the processes that lead to the explosion
of the star are poorly understood, and
although astrophysicists have proposed
a theory it is so complex that it cannot be
properly modelled on computers. However, these dying stars are responsible
for producing many of the heavy elements present on Earth that are essential to life.
Supernovae occur when a star collapses under its own gravity after burning through the lighter elements within
its core. Once the nuclear fires reach
iron the core starts to collapse, crushing the atoms together and causing their
nuclei to overlap, which then suddenly
stops the collapse causing an expanding
shockwave. Explosion follows soon afterwards. When modelled on computers,
this process provides only weak explosions; a process that Dr. Wang believes is
due to gravity.

The Standard Model of Particle Physics does not account for gravity. The way
in which particle physics connects with
gravity is hugely important in understanding the origin and evolution of the
universe. As supernovae implode, large
amounts of gravitational energy are released and Dr. Wang proposes that the
process involves a new scalar particle
which increases energy transfer, ultimately creating the boost needed to create the catastrophic explosion. This particle, dubbed the “Wang particle” could
be the last to be found.
What initially started as a research
paper was picked up by cern researchers almost immediately—within a week
or so—after publication, much to Dr.
Wang’s surprise. “I was amazed at the
interest,” he says. Wang’s theory has
just been the subject of an experiment at
cern’s isolde facility by an international
team of experimental physicists led by
the University of Edinburgh.
The experiment comes hot on the
heels of the recent “detection” of the
Higgs boson, reigniting interest in fundamental physics and sparking further
curiosity in the science community as
well as the general public. The Higgs
discovery was a remarkable achieve-

New theory for birth of stars
Undergraduate published in Astrophysical Journal
james mcleman, a member of the
quantum gravity and gauge Group
at the University of Aberdeen,
achieved something few do when he
was still an undergraduate. His first
research paper was published in the
high impact Astrophysical Journal on
10 September 2012. This publication
was based on research he conducted
while under the supervision of Dr
Charles Wang, who he describes as being a brilliant academic who provided
invaluable input. The piece published
in The Astrophysical Journal was on
work he had done as an undergraduate.
Entitled “Gravitational Stability of a
Cylindrical Plasma with an Azimuthal
and Axial Magnetic Field”, it describes
the birth of stars as the collapse of a
long thin filament-shaped cloud consisting of interstellar gas and plasma.
Previous research done in the area
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involved radial gravitational forces
as well as magnetic fields along the
length of the filaments. His research
involved the addition of an azimuthal
magnetic field around the cylindrical cloud, which dictated the stability and could indeed drive the collapse
of these interstellar clouds, if the
magnetic field is sufficiently strong.
As opposed to most research in the
field, which takes millions of pounds,
years to complete and complicated
computer simulations, James had the
Cormack Summer Vacation Scholarship, 6 six weeks, a pen and some paper to complete his research. James is
now a PhD student at the University of
Aberdeen, and is currently in communication with the Rutherford Appleton
Laboratory to use the Herschel Space
Observatory to confirm his results.

Do you have news to share?
email:

news@ausm.org.uk

ment, but according to Dr. Wang’s theory
doesn’t explain everything, and is simply another part of the jigsaw. If proven,
Dr. Wang’s theory could eventually lead
to a Grand Unified Theory, going beyond Einstein’s Theory of Relativity or
the Standard Model.
image: CERN-EX-1211242 CREDIT: Maximilien Brice

Of Mars and
microbes
A study published in nature geoscience
led by the Natural History Museum in
London alongside the University of Aberdeen, suggests that minerals found
underground on Mars provide evidence
that the planet supported life. Around
half of all life on Earth exists as microorganisms in the subsurface, and

CREDIT: ESA, NASA, and L. Calcada (ESO for STScI)

scientists have believed for some
time that this may also be the case
on Mars. The research describes the
McLaughlin Crater, a basin that contains clay and carbonate minerals. The
study, produced by Dr Joseph Michalski, lead author and planetary geologist
at the National History Museum, and
Prof. John Parnell, geochemist at the
University of Aberdeen, suggests that
rather than drilling into the subsurface,
studying rocks brought to the surface by
meteor impacts, or deep basins could
provide evidence about early chemical
processes in the solar system. Prof. Parnell says that studies of Earth and Mars
are related, with current knowledge of
Earth helping to speculate on past habitats on Mars, which then helps to explain how early life survived on Earth.

Cocoa Crazy

Most of the chocolate from the festive
will likely have been devoured,
but chocolate-lovers may be able to rest
easy, particularly males, so long as it
was dark chocolate, that is.
Scientists at the University of Aberdeen’s Rowett Institute of Nutrition and
Health have found that eating cocoa-rich
dark chocolate may help protect against
heart disease and stroke, and the effects
were even more pronounced in men. In
a study carried out on healthy volunteers
after they had consumed dark chocolate enriched with cocoa extract, platelet function was investigated. Cocoa is
a rich source of flavanols which stop
platelets sticking together, therefore reducing the risk of clotting. Among other
results, the study showed that the male
volunteers showed decreased platelet
activation (where platelets start to get
sticky) and aggregation (where platelets
stick irreversibly together), while female
volunteers showed only a decrease in
platelet aggregation.
While these are interesting results,
this is no excuse to eat large quantities of
chocolate. Dark chocolate is best, preferably with at least 70% cocoa, and everything in moderation.
season

Deep-water
PharmaSea
A

four year collaborative project has

been launched,

led by the University of
Aberdeen’s Professor Marcel Jaspars, to
analyse samples from oceanic trenches.
Involving 24 European research
partners, PharmaSea aims to uncover
microbes that may result in novel antibiotics, and drugs for cns diseases. Antibiotics regularly save lives, but repeated

Rising stars
of fuel

With two-thirds of the Earth’s surface
covered with sea water, Aberdeen scientists hope to create biofuels from algae
found there. The research team led by
the University of Aberdeen is set to run
project AccliPhot for four years, backed
by 12 partners and four million euros of
EU funding.
Biofuels are currently created from
crops and land-based vegetation but project coordinator Dr. Ebenhoeh believes
using marine microalgae is a more sustainable option, as it doesn’t compete for
arable land or fresh water. The project
has been praised by First Minister Alex
Salmond. A multidisciplinary team including mathematicians and physicists,
biologists and biochemists aim to build
a better understanding of how plants
and microalgae respond to changes in
light and other conditions, and while
the main focus is on biofuels, the project
could also lead to developments in antibiotics, supplements and chemical compounds for the cosmetics industry.
Microalgae consume only carbon
dioxide, light and some minerals and
measure mere micrometers across.
They can be grown in huge numbers in
10,000 litre water tanks called bio-reactors, and if cultivation and subsequent
creation of biofuel is successful they
could be a sustainable answer to society’s fuel demand.

famelab winners
CREDIT: abdn/news

Aberdeen at
Famelab
Two

students from the university of

are through to the national
final of the international competition,
Famelab.
Sweeping through the scientific community, Famelab is an exciting contest
to find the freshest voices of science and
engineering from across the globe.
David McNee, a PhD student in chemistry, won the Aberdeen regional heat
of the competition. Sonia Watson is a
PhD student in neuroscience and organiser of Aberdeen’s Skeptics in the pub
branch. She got through to the final as a
wildcard meaning that she came second
in the regional heat but won a national
round for a special wildcard place in the
final.
The national final will be held at the
Bloomsbury Theatre, London, on 23
April 2013.
aberdeen

Arthritis therapies

In early January Arthritis Research UK
released a report on the effectiveness
of alternative therapies for arthritis.
Dr. Gareth Jones, of the University of
Aberdeen was the main author of this
report aiming to help individuals get
an overview of all the complementary
treatments available. About a quarter
of the UK population will at some point
seek alternative therapies, with evidence of a higher incidence in patients
with musculoskeletal conditions. These
therapies are often paid for by patients,

and according to Professor Alan Silman there seems to be a connection
between the success of the therapy and
the relationship between the patient
and the practitioner.
There were 25 therapies considered
in the report, each given a score on effectiveness. The scores were based on
data from clinical trials. Among the
more efficient were acupuncture for
osteoarthritis, fibromyalgia and low
back pain. Massage was also efficient
for low back pain and fibromyalgia.

use of these drugs can lead to resistance.
To combat this, researchers will comb
our ocean floors. Initial tests will be carried out in the autumn in the Atacama
Trench (100 miles off the coast of Peru).
Researchers in the University of Aberdeen’s Marine Biodiscovery Centre,
including Jaspars, Dr. Rainer Ebel and
Dr. Hai Deng, will use chromatography
and spectography to isolate and identify
new molecules from the bacteria obtained.
Deep trenches are being explored
because of the unique ecosystems they
present, being ~11,000 m deep and sepa-

rate from one another. In general, deep
oceans are poorly explored (“although
Oceanlab in Aberdeen are leading the
way”, says Jaspars) meaning the chances of finding new species just by going
below 3000 m is greater than 50%.
Jaspars adds: “More than 50% of current drugs come from nature, rising to
about 70% for antibiotics… A study we
carried out in Mariana trench sediment
(11,000 m deep) showed new biology
with new chemistry that had new biological activity (antiparasitic)… you can
see why we get excited about working in
the trenches.” ■

News compiled by zoe mckellar, anna cederlund and alan o’brien
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seductive science

How do you like me?
lieke braadbart looks at the subtleties of social interaction

As

many crooks, womanisers and
politicians would tell you—should
they ever be inclined to tell the truth—
we tend to prefer people who behave more like
us. This is great if you’re at a bar and you see
someone you like; all you have to do to get them
to like you is to subtly mimic the way they sit and
act (of course a nice conversation also helps). It’s
not so great when someone uses it to swindle
you.
Although this subtle
mimicry
has
been
used for many years to
establish social bonds,
researchers are still
not sure how it works.
This is remarkable
since we are one of the
few species capable of
such intricate social
manipulation. In fact,
we thrive on it and the
social togetherness it
can bring. When used
in the right way, mutual
mimicry can help us to
understand how another
person is feeling, why
they might be feeling
C R E D I T: V E N E S S A d e m e l l o
that way, and what you
would want someone
else to say or do if you were feeling the same way.
What’s more, the ability to perform joint actions
means that we can do things that other species
have not even begun to grasp, like dancing the
tango. This dance requires an intricate interplay
of movements between two people; their bodies
and minds need to be in sync, otherwise toes
and feelings get hurt.
In the nineties, a theory arose which
proposed that there are special kinds of neurons
in the brain called mirror neurons, which react
both when we see someone do something and
when we do the same thing ourselves. Their
existence was first suggested when a group
of researchers, led by Giacomo Rizzolatti and
Vittorio Gallese, found that single neurons in the
brains of monkeys reacted both to the monkey
watching someone else grab a banana and to it
grabbing the banana. Since we can’t just open
up people’s brains and test a single neuron,
evidence for their existence in humans has to be
deduced from whole-brain studies, by looking at
activity during action and observation in areas
corresponding to the supposed mirror neuron
areas in monkeys. This is further complicated
as our ability to put ourselves in another’s shoes

is far more advanced than the simple mimicry
found in monkeys.
At an extreme, the existence of mirror neurons
would suggest that just watching someone
exercise helps improve your own fitness. If only
it were that easy. Even studies that have seen
some effect of observing exercise state it takes
months of continuous watching before there is
even a minute effect on your muscles. Where
the implementation of
mirroring theory has
proven valuable is in
neu ro-rehabi l it at ion,
specifically to relieve
ghost limb pain. For
people that feel pain in
a limb that is no longer
there, just watching
someone else relax
their hand can relieve
perceived pain they feel
in their own missing
hand.
Some claim that
the
mirror
neuron
phenomenon can be
explained by associative
learning, by the way in
which our culture tells
us to react to things;
we learn to activate a
specific neuron in response to a specific event.
But this social learning alone doesn’t explain why
we mimic to establish ties; sometimes a countermovement would seem more productive. It also
doesn’t explain why mothers spend so much
time imitating their infants, and how infants
learn from this so quickly. There has to be a
mechanism that allows for the flexible and fast
processing of stimuli, either seen or acted. What
better place to house this mechanism than in the
motor area of the brain, where mirror neurons
were first discovered?
Twenty years since they were first discovered
the debate about mirror neurons and their
function is still thriving. Interestingly, there
have been more theoretical than experimental
articles on the subject of mirror neurons,
especially when it comes to talk about a possible
mirror neuron dysfunction as explanation for
disorders such as autistic spectrum disorder.
Enthusiasm for this intriguing theory seems
to have exceeded actual research findings. It
doesn’t look like we’ll get any definitive answers
soon, but perhaps at some point in the future
we’ll be able to better understand the mystery
behind the mirror neurons ■
Lieke braadbart is a phd student in cognitive neuroscience
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single
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Perfect Symmetry
anna cederlund looks at the science of attraction

Fi

rst impressions are important: it
generally takes between 90 and 240
seconds to decide whether you like
someone or not. Anecdotally it is also said that
beauty is in the eye of the beholder, but what is it
that actually attracts us to one another?
Recent studies have shown that the more
symmetrical a person is, the more attractive
he or she is perceived to be. Unfortunately the
symmetry of our bodies is decided long before we
are born. This leads to our left side being slightly
different from our right side. A significantly
unsymmetrical face is believed to convey signs
of underlying genetic problems. Despite the fact
that your symmetry is decided early on, plastic
surgeons make great money trying to improve
our looks by essentially making us more
symmetrical.
Female attractiveness is even more
complicated, because it can also depend on the
current phase of menstruation. In one study a
group of men were shown a series of pictures
depicting the faces of the same women at different
stages of their cycle. The group of women at the
most fertile stages of their menstrual cycle were
perceived by the men to be the most attractive.
A similar result was achieved when men were
asked to smell the body odour of women, again
at various stages of their menstrual cycle. In this
study Dr. Grammer and Dr. Oberzaucher found
that women were perceived as least attractive,
and of having the least pleasant body odour,
when at the least fertile stage of their menstrual
cycle. These findings have led to the conclusion

“

we are
attracted
to partners
who are
genetically
dissimilar...

”

beauty in the eye of the beholder

that females signal the current stage of their
fertility through unconscious changes to body
manner and odour. Some evidence exists that
the pitch of a woman’s voice changes perceptibly
with the current stage of her menstrual cycle,
and that higher pitches during the most fertile
stages are perceived as more attractive.
Pheromones may also play a significant role
in attractiveness. These are molecules that we
unknowingly secrete. They are used by a few
animals, insects and plants for communication.
Humans have been found to secrete these as well,
but there is debate as to whether we have actually
retained the ability to process the molecules
secreted by others. Pheromones are odourless
and colourless, but could still affect your
perception of someone else. One study showed
that the attractiveness of women significantly
increased when the male participants looked at
pictures of the women while under the influence
of pheromones. In other words, the more
pheromones you secrete, the more attractive
you are perceived to be. Even though you may
have highly symmetrical features, the person
standing next to you may be regarded as more
attractive because of the amount of pheromones
that he or she secretes.
Despite the effects of pheromones not being
entirely proven, many perfume makers include
them in their products. There are also pure
pheromone perfumes on the market that will
supposedly increase your sexual attractiveness.
If symmetry and pheromones were all that
mattered, we should all be attracted to the same
people, which clearly we are
not. In the study, women who
smelled the t-shirts that men
had worn for 48 hours were
generally more attracted to
the smell from t-shirts worn
by men that had a gene set that
complemented their own, and
an immune system that was
significantly different. The
t-shirts worn by men with very
similar genes were described
as smelling like male relatives.
This implies we are attracted
to partners who are genetically
dissimilar from ourselves.
So for those first few exciting
minutes of meeting someone
new and forming even a shallow
opinion, just remember that
beauty may not only be in the
eye of the beholder, but in the
nose as well ■
ANNA CEDERLUND IS A PHD STUDENT in the institute of medical sciences
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FEATURE ARTICLE

Wanderlust

Travel Journals and Explorers’ notes from the special collections

Wa

nderlust describes a yearning
for distant places. The term
characterises
individuals
who
possess an irrepressible compulsion to discover
the unknown. The forthcoming exhibition
at the Gallery of the Sir Duncan Rice Library
features vivid writing contained in some of the
travel journals and explorers’ notebooks held in
the University’s Special Collections. Spanning
four centuries, not only do these writings give
evidence of that compulsion to go beyond the
horizon but they also open an intimate window
into lost worlds.
Travel journals survive in many shapes and
sizes. Many are also illustrated with sketches
and drawings, with rubbings of coins or
occasional found images pasted in. The personal
nature of the writing along with the ephemera
collected en route endow even the oldest of these
journals with an immediacy and contemporary
relevance that will be recognised by anyone who
has ever made a scrapbook of holiday souvenirs.
A key figure in the exhibition is James Fraser
(1634-1709) who travelled in Europe from 1666
to 1670. Unlike his contemporary ‘connoisseur’

07

travellers of the Grand Tour, the young Fraser
chose to travel as a poor scholar. He often dressed
as a pilgrim, travelling on a meagre budget and
depending on charity and hospitality to survive.
However, he shared with the Grand Tourists
an interest in discovering for himself works of
art and architecture, especially from antiquity.
Fraser visited galleries and monuments,
experiencing continental cities at a slow, selfguided pace. The volumes, entitled Triennial
Travels, shed light on the remarkable extent
of the networks of expatriate Scots in Europe.
Almost every city visited by Fraser has a colony
of Scottish merchants or soldiers or a Scots
college or religious house. The collections hold
extensive descriptions of Fraser’s continental
travels and his return to Britain in the year of
the Restoration.
Another character who features is Robert
Wilson, a man of the Regency era and a Romantic
figure of the Enlightenment. He belonged to a
generation of travellers with the confidence as
linguists and explorers to undertake journeys
across even the most hostile regions of the world.
Wilson was born in Banff on the North East

coast of Aberdeenshire in 1787. On gaining his
medical degree at King’s College, Aberdeen, he
entered the service of the East India Company
and made five return trips to India, serving as a
surgeon on board ship. He made a modest fortune
from trading on his own account during these
voyages and this gave him the money to continue
travelling once he retired from his post in 1814.
His travel journals reveal his adventures on the
Grand Tour and eastwards to India in beautifully
written and richly illustrated volumes.
Wilson spent the next nine years travelling
in Europe and the Near East, possibly with the
intention of opening up new trading routes but
certainly to indulge his own well-informed
classical interests. As the first European to
explore Kurdish areas in Mesopotamia, he was
proud of his explorations and excavations, often
undertaken in Eastern dress.
During his travels, he associated with many
Scots and he made frequent journeys back to
Scotland. Wilson was an erudite scholar who
collected objects of antiquary, archaeology and
literature during the course of his travels. The
collections were so expansive and important
that they formed the foundation of what was to
become the Marischal Museum, a substantial
legacy to Aberdeen.
Scottish doctors were among the most
numerous group of professional in the
Caribbean during the 18th century. Dr Jonathan
Troup’s journal comprises hundreds of pages of
daily entries that detail his encounters with a
mysterious and perilous world that was unlike
any he had ever known. Troup was born around
1764 and studied medicine at Aberdeen and
Edinburgh before emigrating to the West Indies
in 1788, where he practised medicine until his
return to Great Britain in 1791. Troup’s journal
is a significant manuscript for understanding
slavery in the West Indies.
Moving in to the modern era, the diaries and
travel journals of Aberdonian teacher of French,
Dr. Mona MacKay are vividly personal accounts of
her journey by road, rail and motorbike in which
she documents her daily events, her thoughts on
spirituality and imaginative fictional narratives
that mark a distinctive contribution to mid 20th
century writing in Scotland.
By displaying examples from this writing,
Wanderlust offers an insight into subjects as
diverse as migration, colonialism, religion and
ethnography in a way that is as intimate as it is
exploratory ■

exhibition

Wanderlust

Special Collection Centre is part of the university of aberdeen
LibRARIES AND SPECIAL COLLECTIONS
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Travel Journals
Explorers’ Notes

27 april – 7 september 2013
gallery
the sir duncan rice library
university of aberdeen
bedford road
aberdeen, ab24 3aa
email: scc.events@abdn.ac.uk
tel: 01224 274505

.Images: Libraries, museums and special.
.collections, university of aberdeen.
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grape reads

Amazing Algae
victoria ross investigates the uses of algae

Ca

n you think of a use for algae? You
might be envisioning the green plant
littering the edges of fish tanks the
world over—but few people realise that algae are
an important part of our day-to-day lives.
A large number of unrelated plant-like
organisms that occur in fresh and salt water
and on damp soil and rocks are known as
algae. There are seven main groups of the
plant, characterised by the types of pigments
used for gaining energy from the sun through
photosynthesis, the cell-wall construction and
methods of movement.
Algae are important ecologically, as the
source of much of the earth’s oxygen but they
can have many other functions. Recent research
by the University of Wageningen claims more
than 15,000 new chemical compounds have been
discovered thanks to algae. One such compound,
brevetoxin-2, might have potential for treating

algae jam

strokes and traumatic brain injuries.
In addition, a large number of commercial
items—and up to 70% of the products in your
shopping basket according to an Arizona State
University study—are already made using
compounds extracted from these marine
organisms. These can be divided into three
main groups: agar, alginates and carrageenans.

Agar is extracted from red marine algae of
the class Rhodophyceae. It is gelatinous at room
temperature, but stronger and firmer than
gelatine itself. Agar is used as a medium for
culturing bacteria in labs because it can both
restrict and encourage growth. A more everyday
use is as a thickening agent for jellies, soups
and dairy product as a vegetarian substitute
for gelatine. Agar is also used to prevent baked
goods from drying out, for creating icing that
doesn’t stick to packaging, as a laxative, and in
the manufacture of cosmetics.
Alginate is slightly different. Known as
alginic acid, this compound rapidly absorbs
water making it a useful additive in many
dehydrated products. It is a viscous, gum-like
substance harvested from the cell walls of
marine brown algae like the Pacific kelp species
Macrocystis pyifera. Alginate is used extensively
as a stabiliser in the manufacturing of paper and
textiles, and in the process of proofing fabric
against fire and water. Alginate is also found
in various pharmaceuticals. Calcium alginate
fibres particularly can also be used as wound
dressings.
Carrageenan is found in the cell walls of
brown and red algae. Similar to Alginic acid,
it acts as a stabiliser and is added to foods to
increase viscosity. There are several types
of carrageenan whose differing structures
lend themselves to different uses. The three
that are of commercial interest are known as
iota, kappa and lambda. Their uses are based
on their varying ability to form a thick gel or
solution. These compounds are most commonly
used in dairy products, but can also be found
in condiments. They also keep toothpaste thick
enough to squeeze from the tube while allowing
it to dissolve when brushing.
Laboratory processes aren’t the only way
that algae can be broken down into gelatinous
compounds, it can also occur naturally, for
example, if an algal bloom in the sea is battered
by a strong storm. Aberdeen residents had an
up-close and personal look at this phenomenon
in September 2012, when strong winds helped
to coat Footdee in sea-foam containing marine
algae and their constituent compounds.
As you can see algae isn’t just good for prodding
on the beach; we use it every single day. When
you brush your teeth or take a shower, when
you eat your breakfast or have apple pie, you are
using products derived from algae. So the next
time you enjoy a jellied sweet, remember the
algae that made it possible ■

victoria ross is an undergradute student in marine biology
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Cuppa Science
gwen knight shows us what’s in a good brew

Fe

”
“

citrus
fruits
increase
the body’s
ability to
absorb the
antioxidants
in tea...

”

w things are more everyday in
life than tea, yet the science of tea
is something that has only recently
begun to enter public consciousness. With the
sometimes wild claims made about its benefits,
perhaps it’s about time we gained a greater
understanding of what this innocuous-looking
cup of liquid does.
To begin with, what is tea? The leaves come
from a sub-tropical plant called Camellia sinensis.
Camellia sinensis sinensis, found originally in
China, is most commonly used for green and
white tea, while Camellia sinensis assamica,
native to the Assam region of India, usually
makes black and pu’erh teas. Rooibos, fruit, and
herbal teas are not made from Camellia sinensis,
so are not strictly teas but ‘tisanes’.
Tea derives much of its taste, as well as its
health effects, from bioactive compounds known
as polyphenols. Polyphenols are found in plants,
and the type in Camellia sinensis are flavonoids;
these flavonoids are what give tea its reported
anti-oxidant, anti-viral and anti-inflammatory
properties. In theory, since all teas come from
the same plant species, the flavonoids are
present in all types of tea; however, the method
of processing effects their abundance.
White tea, in contrast to other types, is not
processed. It’s harvested before the leaf fully
opens and withers dry. Leaves of green tea are
steamed or pan-fried to prevent oxidation—the
break down of cell walls due to enzymes in the
leaf reacting with oxygen. Conversely, Oolong
and black teas are both oxidized (known as tea
fermentation) to some degree. Black tea leaves
are crushed to enhance the oxidation. Oolong tea
leaves are rolled and oxidized, but the oxidation
ranges from 8-80%. White and green teas have
high concentrations of flavonoids, specifically
catechins, which are the main active ingredient
in tea. The oxidation process means that
black and Oolong teas do not contain as many
catechins, tending instead to be richer in more
complex condensation products like theaflavins
and thearubigins.
In recent years, because of its polyphenols,
tea has been heralded as a cure-all: drinking tea,
particularly green tea, will apparently reduce

your risk of cancer, cardiovascular disease, and
obesity, and increase your longevity. But are
these claims true? The answer, unfortunately, is
possibly. Although research, particularly within
the past ten years, indicates strong associations
between tea polyphenols and a whole host of
health benefits, the evidence is not sufficient
to say that tea definitely has specific benefits.
However, current data indicate that three to four
cups of tea per day is a positive part of a healthy
diet.
Tea is also your primary—in fact, your only—
dietary source of the amino acid l-theanine.
l-theanine reduces stress and boosts cognition.
Research has shown that black tea contains
more l-theanine than green, although brewing
time has a significant effect, and at “realistic
dietary levels”, the l-theanine in black tea has a
significant effect on mental alertness.
Finally, we come to one of the more
controversial aspects of tea drinking: How do
you take it? Some people are fond of a squirt of
lemon juice with their tea; they will be pleased
to know that citrus fruits increase the body’s
ability to absorb the antioxidants in tea. Those
who take milk in their tea may be less pleased;
in 2007 a small study found that caseins (a type
of protein) in milk blocked the effect black
tea has on increasing arteries’ ability to relax
and expand. Despite doubts, five years later
most researchers agree that milk proteins can
bind with flavonoids, making it more difficult
for them to be absorbed by the body. Other
researchers, like Alan Crozier of the University
of Glasgow, remain unconvinced. He believes
that while milk proteins may slow down the
absorption process, there is no evidence that
they bind permanently and so are unlikely to
greatly interfere with absorption.
With or without milk, whether green or
black, tea remains a beverage full to the brim
with benefits beyond its flavour and comforting
warmth. As studies confirm what has been
traditional tea wisdom, particularly in Asia, for
hundreds of years, it becomes clear that tea’s
position as the world’s most popular beverage
(after water) is well-earned ■
GWEN KNIGHT IS an aberdeen graduate
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grape reads

Vintage Science

Champagne has an explosive past, but how did it get its sparkles?
jack walton mulls it over

“Co

glass-making, replacing traditionally weaker
French glass with stronger coal-fired English
glass, meant bottles could withstand the high
fermentation pressure. Conditions were ripe for
the novel drink to flourish in England. French
winemakers responded to the demand and the
foundations were laid for a mighty global luxury
industry.
Double-fermentation had a drawback.
Fermenting in bottles rather than vats, meant
dead yeast cells created a foul-tasting sediment
known as lees. The resultant cloudy drink
needed a fresh glass for every serving. This final
hurdle would be overcome by the wife of François
Clicquot, the owner of a small Champagne
production company. She was just 27 when
widowed in 1805. Contrary to conventions at
that time, she took over the business with vigour
and became renowned as the widow Clicquot—
in French, la veuve Clicquot.
She was able to eliminate the problem of
lees with an ingenious process known as
remouillage. First, bottles were stored with
their necks pointing down at a 45 degree angle.
They were then constantly turned in place, so
that the sediment would slide down the bottle
and into the neck, collecting on the underside
of the cork. The upside-down bottles would be
partially submerged in iced water treated with
common salt, so as to lower its melting point.
The sediment-rich Champagne in the
neck would freeze into an ice plug,
and each bottle would be turned
the right way up and the cork
removed. As the first part of the
ice plug to melt would be at the
interface with the glass neck,
the same pressure that
destroyed Dom Pérignon’s
stock would blow the ice
out, taking the sediment
with it.
This very technique,
is still used in sparkling
wine
production,
whether in traditional
methods as in most of
modern France, or by
mechanised apparatuses
in California known
as vlms (Very Large
Machines).
The
Champagne we drink at
celebrations has come
on a long journey,and
it was science that got it
there ■
JACK WAlton IS An undergraduate STUDENT IN Biology
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champagne
was just as
likely to
explode
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Josh Doyle

me quickly i am drinking the stars!”
According to popular myth, this was
declared by Dom Pérignon when
presented with the first sparkling Champagne.
Sadly for lovers of a great anecdote, the quote may
stem from a nineteenth century advertisement
rather than the storied monk, but the sentiment
still strikes a chord in modern admirers of the
sparkling wine. In truth, the Champagne of
Pérignon’s day was markedly different from
the beverage we know and love. The story of
the problems overcome by Champagne makers
down the centuries is one abundant with
scientific solutions as elegant as their end result.
Turning grape juice into wine requires
fermentation. Yeast is added to great vats of
crushed grapes. These microscopic fungi feed
on natural sugars, producing carbon dioxide
and alcohol. Bubbles of carbon dioxide are now
an important characteristic of Champagne. As
late as the seventeenth century, however, many
winemakers in the Champagne region saw the
bubbles as a defect, and a dangerous one at that.
Fermentation is temperature dependent and
the cold northern climate of Champagne would
often suspend the process, leaving the yeast
cells dormant. Unsuspecting vintners would
bottle the finished wine, only for fermentation to
start up again once temperatures rose. If bottled
prematurely, the renewed production of carbon
dioxide would inevitably build up pressure
with disastrous consequences. A bottle of
Champagne wine was just as likely to explode
as it was to serve as an evening refreshment.
A chain-reaction of detonating bottles could
potentially ruin an entire cellar of wine. Should
any bottles survive, they would be evocative of
modern Champagne, but at that time this was
undesirable to the French.
It was not until later in the seventeenth
century that wine from the Champagne region
came into its own, thanks to its introduction to a
nation of unexpected connoisseurs; the English.
An exiled Frenchman, Charles de SaintÉvremond, imported barrel upon barrel of this
as-yet un-bubbled wine. Once bottled in Britain,
it continued to develop bubbles, becoming the
familiar sparkling Champagne. Demand for
this exotic beverage began to spread across
Europe—even to France—as did curiosity of the
mechanisms behind its effervescence.
English naturalist and physician, Christopher
Merret, realised that adding sugar to any wine
could make it effervescent. He had successfully
established the process for sparkling wine,
méthode champenoise, as a double-fermentation
process. Simultaneous improvements in
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Have you considered a career as a Patent Attorney?

Patent Attorneys advise clients on protecting highly valuable inventions. They write precise and complex documents
which require an ability to understand a wide range of scientific and technical challenges, and also the enthusiasm and
commitment to learn to describe inventions precisely and understand relevant legislation for gaining and enforcing
patents.

No legal background required

Because of the technical nature of patents, patent attorneys require a scientific or engineering background, and no prior
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industry, looking for career change. A career as a patent attorney often appeals to those interested in science or engineering, who do not enjoy the hands-on work in labs or offshore. For more information on the profession see the Inside
Careers Guide at www.insidecareers.co.uk/professions/patent-attorneys/

Harrison Goddard Foote (HGF)

HGF is one of the largest and fastest growing, full service intellectual property firms in the uk and has a rare opportunity for a graduate to train and qualify as a Chartered Patent Attorney within its prestigious Energy Team in Aberdeen.
HGF is a progressive and lively firm with an outstanding reputation for quality of service and initiative in meeting client
needs. We achieve this by attracting and retaining the best people.

The person HGF is seeking will:

■■ Have, or be expecting to gain this year, a 2:1 or higher honours degree in a technical subject such as mechanical engineering, electrical engineering or geology; other technical degrees will be considered.
■■ Have five Highers or equivalent at grade b or above, in a diverse range of subjects.
■■ Be highly accurate, with excellent written and oral communication.
■■ Be committed to continuously learn and develop their knowledge.

Salary Package and How to Apply

HGF has a competitive salary structure plus an excellent benefits package including bonus, pension and 25 days holiday.
Email your cv with a letter stating why you want to become a Patent Attorney to: Zoe Marshall at zmarshall@hgf.com
Please state reference AbdEng(AU).
® harrison goddard foote and hgf are registered trade marks
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Domestic science

Squeaky Clean
ross hendry discovers what puts the bio in biological washing

Ha

the cotton fibres in clothes begin to degrade,
causing microfibrils to break off the main
threads. These have the effect of dulling the
appearance of the fabric. The enzyme cellulase
breaks down the main molecular component of
these microfibrils, cellulose, causing the fabric
to become brighter again. This is done without
any apparent damage to the main threads.
Cellulose is a structural carbohydrate found
in the cell walls of plants, making the enzyme,
cellulase, particularly effective against grass
stains.
A key property of all these enzymes is they work
best at the temperature of their
environment, typically around
40°C, although in more recent years
enzymes have been engineered to
work at lower temperatures. Before
the introduction of enzymes, much
higher temperatures were required
to achieve the same degree of
cleaning. Standard detergents
were less effective and the higher
temperatures helped breakdown
the dirt. However, using those
high temperatures with biological
washing powders will destroy the
enzymes, preventing them from
doing their job. Plus heating water
to 60°C takes far more energy than
heating to 30°C, making it bad for
environment to put your washing
machine on a hot cycle.
When
biological
washing
powders were first introduced
German scientist Otto Röhm first patented the many people became hypersensitive to them.
use of enzymes in 1913, extracting them from This was because the enzymes formed clumps
animal pancreases. These first enzymes were of which were released from the packet as dust
limited use for laundry because they were easily or remained on clothing after washing. To
broken down by detergents. It wasn’t until the combat this, the active enzyme is encased in a
1960s that a more useful enzyme was extracted small chemical packet about half a millimetre
from the bacterium Bacillus subtilis. This across. The enzyme is mixed with salt and sugar
enzyme could withstand higher temperatures preservatives before being coated in a waxy
and was stable in the presence of phosphates material, originally made from paraffin oil.
This prevents the enzymes from coalescing into
and other compounds used in washing powder.
Enzymes display a high degree of specificity. clumps in the packet, but still allows them to be
That is, each will only break down certain released into the water when dissolved.
So with all these benefits, why are nonmolecules. Modern detergents contain a mixture
of enzymes: proteases to digest proteins like biological washing powders still on supermarket
blood and egg; lipases for grease; and amylases shelves? Unfortunately, despite the modifications
for starchy stains. Specially engineered bacteria made since their introduction, some people still
and yeasts provide these enzymes; they are find biological washing powders irritate their
grown in giant nutrient-rich liquid vats before skin. Additionally, the enzymes degrade some
natural fabrics such as silk and wool. However
the enzymes are extracted and purified.
Some washing powders—marketed as in the majority of cases, biological washing
“brighteners”—also contain an enzyme that powders will make your clothes squeaky
rejuvenates cotton. As they are used and worn, clean ■
ve you ever stopped to think about
what makes your “bio” washing
powder so biological? The answer is
enzymes. Familiar to secondary school biology
students everywhere, enzymes are usually
thought of as part of our digestive tract, where
they help breakdown the large molecules we
eat into smaller ones our bodies can make use
of. Biological washing powders do the same
thing, they contain enzymes to help breakdown
the stains on our clothing into smaller pieces,
making it easier for the detergents to remove
them.

ROSS HENDRY IS An undergraduate STUDENT IN MEDICINE
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Crystal Clear
amy scott-murray clears up the mystery of how glass is made

Gl

“

manganese
dioxide
coule be
used to make
glass clear.

“

Illustration:
Amy Scott-Murray

ass is among the most ancient of manmade materials, yet also one of the most
technologically advanced.
Obsidian, a naturally occurring volcanic
glass, was worn as jewellery and used as
tools in Neolithic times. There’s no evidence,
however, of man-made glass for at least another
three thousand years. In Ancient Egypt and
Mesopotamia the first man-made glass was
made using silica sand and soda ash. Glass beads
were even traded as currency. Glass remained a
luxury item for millennia, though the art of its
production was a closely guarded secret.
Using silica sand and soda ash resulted in a
milky, translucent glass. A major breakthrough
happened around 100 BC with the advent of glass
blowing. The production of glass containers
became both fast and cheap. A second important
discovery, two hundred years later, was that
manganese dioxide could be used to make glass
clear. This marked the beginning of the glass
window.
Early window glass was uneven. Glass panes
were manufactured by spinning, the higher
quality glass being the thinner parts from the
outside and lower quality, thicker glass from the
centre. Because of this method it could only be
made in very small panes. Designers turned this
to their advantage by constructing huge stained
glass windows, pieced together from hundreds
of coloured fragments. Making large sheets of
perfectly smooth glass remained problematic
until the nineteenth century.
In 1959 Alastair Pilkington, the owner of a
family glassmaking business, perfected the
technique of making ‘float’ glass. Float glass is
made by pouring hot liquid glass on top of a layer
of liquid tin. This gives a perfectly smooth finish
without all the grinding and polishing which
had been needed in the past. Today, around 95%
of plate glass made worldwide comes from a
Pilkington licenced factory.
Today glass is all around us, and has a myriad

of uses, yet we rarely notice it. Here are some of
ways we use glass every day:
TV SCREEN: Plasma screens sandwich tiny
cells filled with gases between high-quality
glass layers
TOUCH SCREEN: “Gorilla Glass” is made by
exchanging sodium ions for larger potassium
ions. These larger ions are more closely pressed
together and make the glass much stronger.
STOVE WINDOW: Ceramic glass is used in
stoves and cookers. It is made from a mixture of
lithium and aluminosilicates, and can withstand
large changes of temperature.
FIBRE OPTIC: Glass fibre cables are a more
efficient way to transfer data than copper cables.
The glass is about the width of a human hair, and
coated with layers that protect it and improve its
light transmission.
WINDOWS: Low-emissivity coatings and
double-glazing with argon or krypton filling
help to reduce heat loss.
PICTURE FRAMES: Anti-reflective picture
glass is acid-etched to diffuse the light.
GLASS VASE: Lead crystal is made with lead
oxide instead of calcium. It can be worked at
cooler temperatures than normal glass, and has
a higher refractive index.
DRINKING GLASSES: Commercial or
container glass
BOTTLE: often made from recycled glass.
GLASS WOOL INSULATION: Recycled glass
is made into fibres in a similar way to candyfloss.
FISH TANK: made from plate glass sealed
with silicone
LENSES (DVD PLAYER, GLASSES): Optical
glass is made in controlled conditions and the
ingredients are closely regulated. Grinding it
into lenses is a very precise process which is
often done by hand.
JEWELLERY: Thousands of years on, many
contemporary artists and designers still make
and use glass beads in their jewellery designs ■
Amy sCOTT-mURRAY is a phd student in biology
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Bow Fiddle Rock, Moray, 8 December 2012

📷

sony a900, 16mm, f/2.8, iso 400.

Image: Kenny Muir
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Northern
Lights

kenny muir finds the aurora
in Aberdeenshire

On

28 october 2003, a powerful solar
flare
unleashed
an
enormous
magnetic cloud of gas or coronal mass
ejection (cme) towards Earth. These charged
particles were travelling almost 5 times faster
than normal, and hit the planet’s atmosphere
in less than 24 hours. The impact triggered
magnificent auroral displays throughout the
uk, and as far south as Florida in the us. This
geomagnetic storm was close to the peak of solar
cycle 23, an 11 year cycle which officially ended
in December 2008.
Solar cycle 24 is now well established, and
with solar activity ramping up towards a
predicted peak later this year, now is the perfect
time to get out if you want to witness the aurora
for yourself. Despite what you may hear, you don’t
need to travel to Iceland, Norway or Alaska to
see it. It is out there, on our doorstep, more often
than you may imagine. With a bit of preparation
(and a little luck) it is possible to see displays in
Aberdeenshire almost every month. Hopefully
this article will help you maximise your chances
of seeing and also photographing the aurora.

catching the aurora
SPACE WEATHER: Predicting auroral
activity is far from an exact science but
your chances of seeing something can
be vastly improved by keeping a track on solar
activity. I am by no means an expert in this area
but knowing how to interpret space weather can
help decide on whether to go out. cmes released
by solar flares cause the majority of good auroral
displays seen at mid-latitudes, such as Northern
Scotland.
Solar flares arise from sunspots, areas of
increased magnetism on the surface of the
sun. It is logical that the chance of a solar
flare occurring is determined by both the
number, and magnetic complexity of these
sunspots. Once a cme has occurred, provided it
is directed towards Earth, it will typically take
two–four days to hit our planet, depending on
the speed at which it leaves the sun. Predicted
times of arrival are calculated, but are often
quite inaccurate. Sometimes impact never
materialises. A pending impact will be picked up
by the ace satellite, located between earth and
the Sun, approximately an hour before a cme
hits our atmosphere.

🚀 
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Once the cme impacts our magnetosphere,
if significant, there will be deviations detected in
ground based magnetometers. Magnetometers
are the best way of gauging real time auroral
activity in your area, provided there is one
nearby. AuroraWatch UK, based at Lancaster
University conveniently run a magnetometer
not far from Aberdeen. When activity reaches
certain thresholds, amber and red alerts are
issued. Deviations below these thresholds
are often still sufficient to see the aurora in
Aberdeenshire due to its higher latitude.
The following online resources are the ones
I find most helpful: aurorawatch.lancs.ac.uk,
solarham.net, spaceweather.com, facebook.
com/groups/AuroraUK/.
TERRESTRIAL WEATHER: Clear sky is
of course essential as even the thinnest
of clouds will obscure the aurora. The
Met Office website and smartphone app gives a
useful cloud cover forecast for the following 24
hours.

☁
📅

TIME OF YEAR AND TIME OF DAY:
Autumn through to spring when the
nights are longer is the best time to
view the aurora. For a month either side of
the summer solstice the northern sky doesn’t
darken sufficiently to see anything but the
most powerful displays. The frequency of
auroral displays on average peaks around the
equinoxes for reasons not fully understood. It is
also preferable to avoid a full moon due to the
high levels of ambient light. Activity is typically
highest around midnight.
LOCATION: Getting away from light
pollution is the main objective here. It
doesn’t matter where you are provided it
is dark and your view of the northern horizon
is unobscured (as this is almost certainly where
the aurora will be). Favourite locations of mine
include Crathes, near Banchory, and Dunecht, a
few miles further North.

➢

Photographing the Aurora
Photographing the aurora requires a little
practice but can be very rewarding once
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mastered. Often weaker displays are absent to
the naked eye but visible on a long exposure,
so it is always worth taking a camera with you.
In terms of camera equipment there are some
minimum requirements.
A digital slr or mirrorless interchangeable
lens camera (such as a Micro Four Thirds or Sony
nex) is strongly advised for complete control. As
exposure times tend to be long, a sturdy tripod
is essential. Here is a brief rundown of settings I
would typically use, all in manual mode.
APERTURE: Set your lens to the largest
aperture available to let as much light in as
possible. This will keep your exposure time
down. Many lenses will go down to f3.5, but f2.8
or larger is better.
SHUTTER SPEED: Thirty seconds is a good
place to start. Any longer than this and the stars
start to trail due to rotation of the earth.
ISO / SENSITIVITY: Most modern slrs will
take good images up to at least iso 1600 and this
is a good starting point for aurora photography.
If your images are too bright then reduce to 800;
or if they are too dark, increase to 3200. It is
preferable to keep the iso as low as possible to
maximise the quality of the end result.
FOCUS: Cameras are notoriously bad at
focusing in extreme low light, so leaving your
camera in autofocus will cause problems. I
would typically switch to manual focus and set
the focus dial on the lens to infinity (∞). It is likely
that you will need to fine tune this later. Another
strategy is to lock on a bright distant target, such
as the moon or streetlights in autofocus mode,
and then switch to manual.
WHITE BALANCE: Setting to 2,500–3,000
k will give fairly realistic colours however
shooting in raw, which I would recommend,
allows you the luxury of adjusting white balance
at a later time.
REMOTE RELEASE: A cable release will help
keep your shots sharp, and allow you to take
exposures longer than 30 seconds in bulb mode.
It is also handy on cold winter nights when you
would rather stand back from the camera. Other
essentials include a torch, warm clothing and
plenty of patience ■
Send us your aurora pictures! Email us at
blog@ausm.org.uk.
Kenny Muir is a phd student in the institute of medical sciences

top left:
Waiting for the clouds
to break, 6 August
2011, 0210hrs utc.
📷 sony a900, 16mm,
30 sec., f/3.5, iso 800.

bottom left:
Kildrummy Castle,
Aberdeenshire, 22
January 2012.
📷 sony a900, 16mm,
30 sec., f/2.8, iso 800.

right:
The Perfect Storm,
Dunecht, Aberdeenshire, 11 March 2011,
0010hrs utc.
📷 sony a900, 26mm,
29 sec., f/2.8, iso
1,600.

Images: kenny muir

Global science

Predicting the
Unpredictable
zoe mckellar talks rocks and radon

Illustration:
Antek Sieczkowski

Causing
Quakes
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be made by looking at the earthquake history of
an area. For example, in areas where seismic
activity is common such as California it would
be easy to predict that a small earthquake will
happen at some point in the next few days. It
could also be assumed that a major earthquake
will hit Mexico in the next 50 years, and Britain
is unlikely to be affected by any major seismic
activity in the next few hundred years. General
predictions are useful on a long-term basis, and
are fairly straightforward. They do not, however,
help to predict seismic events in the immediate
future.
Major investments have been made in
America and Japan into computer technology
that can constantly monitor and analyse seismic
activity, recording over 150,000 earthquakes
every year. The data is processed and monitored
rthquake prediction is a risky at the Earthquake Data Centre in Boulder,
business—despite years of research, Colorado. The exact location, magnitude and
technological
advances
and depth of each seismic event can be calculated
increasingly sophisticated seismic recording, it by comparing the data recorded at different
largely consists of educated guesswork.
locations. Even with all this data it is not possible
The difficulty in accurate predictions was to accurately predict the next big tremor.
highlighted late last year, by the group of Italian
In addition to looking at historical trends it is
seismologists who were sentenced to six years also possible to investigate other phenomena to
in prison, together with an ex-government assess the likelihood of an earthquake. Unusual
official. They were found guilty of multiple animal behaviour is particularly well known as
manslaughter after the deadly 2009 earthquake a precursor, dating back to the destruction of
in L’Aquila. An earthquake measuring 6.3 on the Greek city of Helike in 373 bc . The Roman
the Richter scale, killed 308 people after several writer Claudius Aelianus, however, did not
small tremors had hit the city in the preceding write this report until some 500 years later. The
months. Prosecutors accused the defendants of evidence for this phenomenon is limited due
giving a falsely reassuring statement prior to to the difficulty in performing or repeating an
the quake; the defence maintained that major experiment.
quakes are unpredictable.
A more scientific approach involves observing
Long term and general predictions can easily the velocities of waves passing through rocks.

Ea

In

its simplest form, the
earth is made of four layers; the inner core, outer core,
mantle and crust. The crust and
top of the mantle form the hard
surface of the earth which is
made of many pieces known as
tectonic plates. These plates are
constantly moving—at about
2–12 cm each year—spreading apart, subducting below,
and moving against each other.
Most (90%) of the earthquakes

around the world occur along
faults at plate boundaries where
rocks are weaker. The edges
are not smooth and some parts
get stuck while the rest of the
plate continues to move, tension
builds up until the plates finally
move causing a sudden release
of the stored energy: an earthquake. The energy radiates outward through seismic waves.
The power of an earthquake
is measured using the Richter

scale. The scale is logarithmic
meaning each whole number
increase in magnitude represents a tenfold increase in amplitude and approximately 31
times more energy released. An
earthquake is often followed by
aftershocks and might be preceded by foreshocks, although it
is impossible to know whether
they are foreshocks until after
the main event.
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rocks prior to earthquakes. Radon, produced by
radioactive decay of trace amounts of uranium,
has short-term fluctuations as it has a short halflife (the time taken for half of the radon atoms
to decay into elements of lower atomic mass).
Such gases are released during fracturing of
rocks associated with pre-seismic stress and
spikes in concentrations of such gases have
been reported in rocks prior to major seismic
events. In the case of the L’Aquila quake it has
been suggested that a laboratory technician,
Giampaolo Giuliani, had been monitoring radon
levels and predicted a catastrophic quake. The
International Commission on Earthquake
Forecasting for Civil Protection concluded via
interviews no valid prediction of the earthquake
had been made.
The precursors to the L’Aquila quake were
apparently the large number of tremors that
occurred in the region in the preceding months.
Many more earthquake prediction methods
exist, however none are an exact science. The
accurate prediction of earthquakes remains
something of a mystery ■
zoe mckellar is an undergraduate student in geology

Mapping
Disease

the Aberdeen Maternity Neonatal Bank. This
databank has accurate details from 1950 to
present day allowing the group to examine the
trends in pregnancies and maternal health. For
example they are trying to determine whether
preterm delivery is inherited by investigating
whether mothers born prematurely will in turn
have premature babies.
Within the musculoskeletal field, the group
was involved with research on lower back pain
(lbp), investigating over 15,000 patients within
Aberdeen City and the county of Cheshire.
The study aimed to discover a number of
characteristics about lbp, such as its prevalence,
the frequency of gp consultations, and whether
en we think about medicine an management of the condition differed with age.
image of a doctor with a stethoscope The study showed the frequency of consultations
often springs to mind. Similarly, and prevalence of lbp increased with age, with
when we think about geography we may 1 in 4 people over 80 having lbp. Interestingly
immediately think about maps, a life of outdoor gps treated patients differently depending on
study, and colouring-in. Two subjects seemingly their age. Older patients were more likely to be
worlds apart are, in fact, intrinsically linked by prescribed painkillers whereas younger patients
the field of Epidemiology.
were more likely to receive physiotherapy or be
Epidemiology examines the distribution referred to specialists.
and causes of diseases within a population.
The above examples are observational studies
Discovering relationships between disease but Epidemiologists may also alter the treatment
exposure and outbreak ultimately helps doctors of a condition in order to find the optimal remedy
tackle illnesses head-on. It was epidemiological or cause, for instance the arm pain trial. This
studies that helped determine that cholera in study aims to optimise management of distal
the nineteenth century was caused by water arm pain in patients waiting for physiotherapy,
supplies, and the source of the recent cholera specifically asking if providing immediate
outbreak in Haiti. They also determined the physiotherapy treatment compared to the
causal link between lung cancer and smoking.
normal seven week waiting time reduces the
An incredibly diverse subject, Epidemiology long-term disabling effects of arm pain.
has many different specialties and a constantly
These are just a few examples of current
developing range of research methods. These research. Epidemiological studies can be very
techniques range from simple qualitative powerful in determining the reason for disease
techniques to the use of complex spatial analysis and help target the management effectively. It
and genetic coding.
is a science at the frontline of the fight against
The University of Aberdeen Epidemiology disease ■
Group has two main research areas—one in
musculoskeletal disorders and the other in
reproductive health. The reproductive health
research is mainly based on data collected from
stephen mccall is an undergraduate student in geography

stephen mccall puts
epidemiology on the map
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Antek Sieczkowski

There are two types of seismic wave: p waves
(primary or pressure) and s waves (secondary
or shear). Laboratory-based experiments have
shown that the ratio between the velocity of
these seismic waves changes when the rock is
coming close to the point of fracture. The effect
is attributed to dilatancy; as rocks in the crust
begin to fracture under tectonic strain before
an earthquake, changes in pore pressure within
the rock cause a temporary reduction in the
velocity of the p waves. In the 1970s, Russian
seismologists achieved a breakthrough when
they observed these changes within rocks in a
region that suffered a subsequent earthquake.
A successful prediction occurred in 1973 in
Blue Mountain Lake, New York. However,
such successes have not continued. The main
problem is that the time between this velocity
change and the ensuing earthquake (known
as lead time) may be months or even years. In
the case of major earthquakes the time gap can
be significant, as a greater magnitude means
greater lead time.
Further changes can be observed within

interview

Terahertz Tech

tim drysdale talks about the science of seeing
through clothes

interview by

Amy Hayward, Josh Doyle, Anna Cederlund, and Bridget Murray
Image: Tim Drysdale

Ti

m is a lecturer in electronics and
nanoscale engineering at the University of
Glasgow. He recently presented the British
Science Festival’s Isambard Kingdom Brunel
Award lecture, on the ethics and technology of
seeing through clothes. Au Magazine caught up
with Tim after his presentation.

How did you get into the field of research in
airport security?
I did my PhD in a field called terahertz technology.
It is one of ways you can see through clothes,
and the components I was designing together
with my supervisors could potentially help with
that. Later, in order to do public engagement,
we came up with the idea of an exhibition
that involved seeing through clothes to find
weapons and contraband. It seemed like an
obvious way to grab people’s attention but also to
explain what was unique about working in this
frequency range. As we drew on the resources of
our industrial contacts, part of it was on airport
security. I don’t make airport security scanners
myself but it’s turned out to be a really nice hook
to get people talking about this type of technology.
Public engagement usually involves zooming out
to look at a broader context than just your own
work. With body scanners going live around the
country at the time, it seemed an ideal time to
focus the Award lecture on what was happening
at airports. In fact, I don’t think I even actually
mentioned any of my own research.

is no known health risk with it. In fact, terahertz
systems are so low power that our main scientific
problem is making enough of it! The x-ray system
is a bit more contentious because it is not known
whether low doses of x-rays can punch above
their weight in terms of the health implications.
The problem is that when you move to x-rays,
each individual photon has a lot more energy
in them so you have the danger that even just a
single x-ray photon has the strength to knock an
electron off something important, like a strand
of dna in a cell. That could change the chemical
message encoded in the dna, with fairly obvious
health implications. That’s why there are limits
on your cumulative exposure to x-rays; the
higher the dose you accumulate over your life,
the higher the statistical chance something
has happened. But, in our everyday lives there
are a lot of other sources of larger doses of
x-rays than from airport scanners. In Aberdeen,
especially, there’s a huge increase in radiation
dosage relative to the standard background in
the rest of the uk. You’d have to fly a lot and get
scanned by the x-ray airport scanner countless
times, before you came remotely close to the
extra dosage you’re receiving now if you are
living in Aberdeen. So basically, if the x-ray dose
from these scanning systems worries you, you’d
better not eat brazil nuts, don’t visit Aberdeen or
Cornwall, and—even if you manage to bypass
the scanner—you really shouldn’t be flying at all.
You are going to get exposed to more radiation
in four minutes at altitude in a plane than in an
x-ray body scanner.

Are there health risks associated with airport How well can the scanners see?
security scanners?
Compared to a conventional photograph,

It has turned out to be a complex issue, but I’m
totally happy being scanned. There are two types
of scanners in use at airports at the moment, one
based on low doses of x-rays and the other uses
millimetre waves. The millimetre wave system
is closer to the terahertz research I did, and there
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the scanners have modest resolution because
the size of things you can see depends on the
wavelength you’re imaging them with. Anything
that’s less than a wavelength in size is often hard
to see in even the very best practical systems.
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Although theoretically the limit is a half
wavelength for a typical millimetre wave
system operating at 100 GHz, the resolution is at
best a few millimetres. You can’t see the finest
details but you can see enough to spot if there’s
a problem. For an x-ray system, you’re using
wavelengths that are even smaller than that of
the light you can see, so theoretically you could
get better resolution than not only a millimetre
wave system, but also a digital camera. It seems
like other tradeoffs have been made, because the
resolution in an x-ray body scanner doesn’t seem
vastly different, in the images that I have seen.
The images from current systems make you look
a little like a sculpture of some grey material.

visible to you. If something was amiss they would
then communicate back to a different person.
As part of our research, I once was invited
‘backstage’ as it were to see an x-ray scanner in
action at an airport. I got scanned, then went
off to see the operator and my pictures. I asked
the operator what the worst part of his job was. I
expected him to say it becomes boring looking
at thousands and thousands of naked people all
day but he just fixed me with this look, paused,
and said, “meeting the guy you just scanned.”

You mentioned knives look different from skin, in
that they reflect differently, what about other
objects?

There are other weapons out there that aren’t
If x-rays, visible light and millimetre waves are metallic—for
improvised knives made
all electromagnetic waves, why can’t we see out of plastic example
that has been taped together and
through clothes with our eyes?
sharpened. QinetiQ show a video of their system
The difference between the wavelengths
used in scanners and visible light, is in how
they interact with matter. Many materials are
seen as opaque because those materials are very
good at absorbing energy from visible photons.
But they’re often not as good at getting it out of
millimetre wave photons, which can therefore
pass undisturbed. So, millimetre-wave imagers
think our clothes are transparent, the same way
we think glass is transparent.

How close are the airport scanners to automatic
recognition of objects?
There’s a really strong research field working
on this problem, I’d say they’re pretty much
there in terms of excellent demonstrators. You
can see the same sort of technology yourself in
your own digital camera—they’ll automatically
find the faces in a scene, and pop a square box
around them on the display. I am sure that much
more remains to emerge from this field and I
await with interest! Probably the easiest way to
think of it is that organic materials, like bodies,
are curvy whereas weapons have straight lines.
That’s easy enough to program into a system.
Knives also happen to be a lot brighter than
skin; which makes sense as metals reflect more
strongly than skin. Even with ceramic knives it’s
very easy to distinguish between the blade and
flesh, since a knife always has a definite sharp
edge.
There are already automatic image
recognition systems available commercially, for
example the l3 millimetre wave body scanner.
One version of the scanner has a human looking
at the image, but the second is automated. I went
through an automated one earlier this year,
and was pretty disappointed. Not in how good
the system is, just in that I didn’t get to see the
image! It’s just got a screen that displays green
or red dependent on whether what it sees is good
or bad. It’s boring, but reassuringly private. In
the promotional video for an earlier QinetiQ
millimetre-wave system, there is also automatic
pixelisation of genital and—if you’re female—
chest regions. As you turn it cleverly pixelates
however much of the genital region is showing.
I’m pretty confident that we will only see the
systems getting more sophisticated. Even
sticking with human viewers shouldn’t be a
problem—your image is being seen off in a room
somewhere else, and that person won’t ever be
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detecting those, meaning it’s not just metal it
can see which is brilliant. You’re still going
through a metal scanner before this detector,
which means the objects we really need to see
are the non-metal ones. There are publications
from different scanner developers showing
that different systems have managed to detect
anything from ceramic knives to explosives in
the heels of shoes. They’re excellent overall in
detecting non-metallic objects. Although, no
one system does everything yet! And there is a
tradeoff to be made in selecting the operating
frequency—some frequencies give better
constrast, others better brightness. There is an
open question there on what is best.

What are the other applications of the terrahertz
system?
The list of applications of terahertz
technology is diverse because most molecules
have fundamental rotational resonances in the
terahertz range. What this means is that the
bonds of molecules are always vibrating, and the
fundamental frequency of these vibrations can
be identified in terahertz. Well, the vibrations
happen in another frequency range, the rotations
happen at terahertz frequencies.
You can tell different types of dna apart by
looking at different resonances but it’s also
really interesting for drugs. To you and I, flour,
anthrax and sugar all look fairly similar. An
envelope dusted with white powder can really
worry a post office employee; plastic explosives
are easily wrapped up in cardboard or plastic
for transport so you can’t see them with your
eyes. But by some strange fluke, things that
don’t do much in life have fairly boring terahertz
spectra. Flour, sugar, cloth and cardboard have
pretty flat spectra, whereas things that alter
your physiology or explode your body, tend to
have interesting spectra. For drugs and anthrax,
it’s possible these sorts of scanners could be
implemented to check mail, in fact they may
already be in use. Particularly in America, this
would avoid breaking postal laws while still
managing to find out what is in a suspicious
envelope. You can read individual pages inside
an envelope too, but the technology is fairly slow
still, so it’s unlikely anyone would have the time,
money or inclination to actually scan and read
your letters. In the first commercial systems
from Teraview about 10 years ago, the terahertz
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i expected
him to say
it becomes
boring
looking at
thousands
and thousands of
naked people all day.
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image was a small section of the data taken—
behind every pixel there was a full spectrum so
you got material identification and imaging at
the same time. There are cheaper systems now
that do imaging, that use only a single frequency,
but if you were looking for anthrax you’d really
want the spectrum. Although you probably
wouldn’t need the image because it would waste
time; a single point would do. This means it’s
pretty unlikely letters will actually be routinely
read with this technology!
There are a lot of health applications for
scanners too. Basal cell skin cancer, like any
cancer, contains malformed cells. There’s often
indication of cancer but just because you can
see an area doesn’t mean you have correctly
identified the middle of it. To remove this cancer
surgeons often have to take a safety-ring around
the cancer. In clinical trials, with terahertz,
you can actually tell the difference between
cancerous skin and non-cancerous skin on live
tissue. This means you can identify the whole
affected area before you remove it, and take only
what you need. In terms of medical uses we’re
just waiting for the cost of the terahertz systems
to drop just a bit further, so we can afford to put
this technology into a gp’s surgery.
One of the first things that has made money
for terahertz systems producers is looking at
the coating on pharmaceutical pills. There have
to be very specific multiple layers on pills to
control where in the body the active ingredient
is released. If you release it at the wrong place
it might not work or increase side effects. It’s
important to do quality checking, and that’s what

terahertz has been doing. I also heard another
company’s system was sold to a car manufacturer
to check for voids in the foam that is squirted in
behind car dashboards. Apparently eliminating
voids is an important part of ensuring the cabin
of the car is a safe place for the passengers in an
accident.

You can tell the difference between flour and
drugs, can you tell the difference between fake
plastic explosive and real?
I went to a conference where a guy produced a
slide showing the spectra of different explosives.
There are a couple of core ingredients that go
into plastic explosives, and there are variations
in the ratios between different producers. It is
really clear when you look at the spectra from
different explosives that some are related,
and some are very different. I’m no expert on
plastic explosives or weapons, but the guards
at Buckingham Palace certainly are. We were
invited to exhibit there back in 2006 and I was
worried my fake knives, fake drugs and fake
explosives would put noses out of joint just on
principle. So I rang up the security there and
asked if it would be alright to bring in these fake
items. I sort of felt or imagined this withering
stare down the telephone line and then I was
assured in an even tone of voice that they were
very well versed in the difference between
real and fake weapons and that there would be
absolutely no problem at all. Sure enough, all my
fake weapons and contraband made it through
security to the exhibit ■

What Lies
Beneath?

josh doyle looks at advances in
revealing masterpieces

Wh

en we think of classical antiquity,
we may think immediately of pristine
white marble, of monochromatic
perfection. Once though, the temples, and
sculptures, and friezes of Ancient Greece were
painted brilliant, gaudy reds and blues and
greens. We are told that there are paintings
that were painted originally with much brighter
hues and softer lines than we see today. The
man in Picasso’s Old Guitarist was originally an
old woman, with a cow in the top corner.
Scientific analysis of works of art can peel
back layers of paint, of varnish, of dust, and of
time. Hidden compositions are found, shadows
of pigment long since worn away can be traced,

Mock-up of Rembrandt’s An old man in military costume
with a portrait painted underneath the final work
photo: Andrea Sartorius, J. Paul Getty Trust
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forgeries spotted, and shoddy repairs unearthed.
The key to such analysis is x-rays, and pigments.
Paints are made from pigments. A pigment
absorbs specific wavelengths of light, reflecting
others, and therefore appearing a certain colour.
In the days of the old masters, of Rembrandt and
Rubens and Reni, of Van Gogh and Goya and
Gauguin, pigments were made—mainly—from
metals. Lead white contained large proportions
of lead; as for that matter did chrome yellow.
Arsenic was responsible for the emerald hues,
and mercury for vermillion.
Heinrich Diesbach created prussian blue
when attempting to find a brilliant red. Adding
dried blood to potash and iron sulphate, he
expected the solution to yield a brilliant red,
though his solution turned a twilight blue, which
he named berlin blue. It was discovered that
should this blue solution be heated with acid,
the colourless and extremely toxic, hydrocyanic
acid—named prussic acid—could be formed.
The elemental composition of pigments
affects how they interact with x-rays, and herein
lies the key to our analysis. Using x-rays to
determine the structural elements of a painting
or piece of art is no great revelation. X-rays have
been used in this way since their discovery at
the end of the nineteenth century.
A standard radiographic approach, similar
to how medical x-rays are performed, involves
placing a film on one side of the piece, and
passing x-rays through from the other. The
image is determined by the x-ray absorption of
a pigment, on its concentration and thickness.
Elements with higher atomic numbers absorb
more strongly, while lighter elements will
absorb less, giving a brighter image on the film;
lime white, manganese based umbers, and
cobalt blue then, will appear bright white on
the film. Organic, carbon-based pigments prove
the worst absorbers, while lead white—owing to
its high proportion of heavy lead—will absorb
almost all of the x-ray. An impression of works
laying beneath the surface of a masterpiece may
then be detected. This technique is not perfect,
you will get only a monochromatic image,
though this will usually prove enough to detect
forgeries and fakes.
In 2008, Van Gogh’s A Patch of Grass was
loaded at the end of a 300 m particle accelerator.
Three guards and a curator stood nervously
by as an art historian turned particle physicist
instructed his group to fire high powered x-rays,
a half millimetre in diameter, at the work. There
were no photographic films here, this was no
medical x-ray, this was x-ray fluorescence.
Synchrotron radiation based x-ray fluorescence
(xrf), to be exact.
xrf too relies on the different chemical
compositions of various pigments. When an
atom absorbs an x-ray, it becomes excited
and gives out a fluorescence. The specific
wavelength and intensity of this fluorescence
is particular to the element and amount
present. Detecting this fluorescence radiation
then allows for determination of what metals
are present and in what quantities. This, inturn, tells us what pigments have been used on
what parts of the canvas. Most importantly, the
depth of the analysis can be targeted to look at a
specific layer of the painting. Many artists would
re-use canvases, often painting multiple works

covering previous, potentially less valuable ones.
A Patch of Grass was divided into 90,000
pixels, with each pixel corresponding to a beam
of x-rays. Such an analysis could then be mapped
to show which metals were present in what
concentrations, and most importantly, where
they were located.
A paper from a group using a similar technique
claimed the cover of a recent Journal of Analytical
Atomic Spectrometry. Two synchrotron based
xrf methods were compared to a portable
machine, looking to make such techniques
more accessible to museums and galleries. The
group tested a mock up—it was thought not right
to put the actual artwork through such rigorous
testing—of Rembrandt Van Rijn’s Old Man in
Military Costume. Previous testing had revealed
that there was likely a hidden artwork beneath
the surface, and the group wanted to test various
methods to see which would be most successful
in revealing such an artwork. It was found that
the portable machine, while yielding results of
similar—though admit-ably lower—detail, took
far longer than the other methods. The benefit
here of course being that it was not necessary
to transport valuable artworks to the nearest
particle accelerator.
The industrial revolution led to an array
of new pigments available for manufacture.
Pigments for which there was no information
as to how they would stand the test of time. The
cadmium yellow used on Van Gogh’s Flowers
in a Blue Vase, is such a pigment; chemically,
cadmium sulphide. It was observed that areas
which were once yellow had turned a dull grey.
Analysis, to be published in Analytical Chemistry,
used a combination of xrf and x-ray diffraction
(xrd), a technique used to determine crystal and
molecular structures of compounds.
It was found that the cadmium in the paint
had reacted with the compounds in the varnish
to produce a dull-grey powder. A varnish
applied—ironically—to protect the work from
degradation. It is known that cadmium sulphide
can oxidise in air to produce cadmium sulphate
a white powder; this powder tends to give a light
coating to the surface of paintings, offering some
explanation for the dulling of certain artworks
over long periods. This cadmium sulphate as
it turned out however, had reacted with lead—
added to the varnish to act as a drying agent—
to produce a grey compound (lead sulphate).
This, mixed with the orange-yellow powder,
accounting for the orange-grey crust which
appeared to have covered certain areas of the
artwork.
As Koen Janssens, lead researcher of the
Flowers in a Blue Vase and co-author of the
Rembrandt study, noted the artworks hanging
the walls of galleries and museums are not fixed
objects, rather a “chemical concoction of highly
reactive species.”
Air quality in museums is often strictly
regulated, and this research will provide
valuable
information
to
curators
and
conservators on how to control air quality in the
future. Sulphates are emitted from car exhausts
and are a key component in smog, eliminating
these compounds from museum settings then
may be of great importance in preserving the
works of Rembrandt and Van Gogh, amongst
others, in the centuries to come ■
Josh Doyle IS An undergraduate STUDENT IN Chemistry
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hidden science

Bump in the night
amy hayward looks at fear of the dark

Th
Illustration:
Antek Sieczkowski

ings that go bump in the night catch
us all off-guard once in a while. Most
of the time we brush off our reactions
as a moment of foolishness, in which fear short
circuits reason, but research into these heart
pumping experiences has revealed fascinating
insights into the way we seem hard-wired when
it comes to fear.
An unfounded fear is known best as a phobia,
but just how illogical is a fear of the dark?
Ecological psychology holds that the dark,
snakes, and even heights, are all stimuli we
may be hard-wired to hold misgivings about,
simply due to their inherent danger. A seminal
paper by James Gibson in
1970, showed this by asking
people to judge distances on
horizontal and vertical planes.
Vertical distances were judged
to be significantly further
than horizontal, suggesting an
overestimation of height. This
makes sense since falling off a
cliff is dangerous, but it is really quite difficult
to fall sideways. Hence, it would appear that
our perception has evolved in such a way as to
discourage us from danger.
This discouragement can also be seen when
it comes to the fear of snakes, a behaviour
held not only by humans but also by many
animals. While some snakes have developed
colouring, warning passers-by of their nature,
animals have also developed a natural caution
around these creatures. Angry faces are also
more easily located than happy faces. This
was demonstrated in visual search tasks by
Ohman and his research team in 2012, further
suggesting stimuli linked to more risk naturally
demand more attention during perception.
Humans rely heavily on visual perception to
navigate the world, so it stands to reason that
this perception directs attention towards more
dangerous objects. We fear then, simply as a
safety mechanism.
Just how common is a fear of the dark? Living
in a world driven by technology, and electricity,
pitch-black darkness is not as common as it once
was. It seems that we remain just as scared of
the dark as ever; even as adults.
A survey carried out by the National Institute of
Mental Health (nimh) in 2012 ranked, “the dark”,
the fourth scariest thing in a sample of the us
adult population, beaten by only “death”, “public
speaking”, and “spiders”. Can you imagine
giving the eulogy at a funeral where someone
was killed by a spider—you know, one of those
big ones like they have in Australia or Brazil—
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and there’s a power cut? What a kafuffle!
Fear of the dark might be more prevalent than
current statistics suggest, with an estimated 1 in
20 people admitting to having this fear as adults.
Not only might it be more prevalent, but a recent
study published in the journal, SLEEP, revealed
who these silent sufferers may be. Research into
insomnia found that poor sleepers also tend to
be afraid of the dark; this suggests that a key
cause of insomnia may be linked to fear.
In a study at Ryerson University, Canada, it
was found that a staggering 46% of poor sleepers
were afraid of the dark, as compared to 26%
of people defined as good sleepers. This lead
researcher, Dr. Colleen Carney,
to suggest a strong relationship
between insomnia and a fear of
the dark.
Carney, who specialises in
the field of sleep and mood
disorders,
considered
the
amount of people willing to
admit to being afraid of the dark
to be suprising, especially since a fear of the
dark is most commonly associated with children.
Most staggering of all is the fact that these selfconfessed fears were also confirmed in Carney’s
study by comparng blinking patterns in both
dark and well-lit rooms in which unexpected
noises were played. When the lights were
switched off, poor sleepers were more easily
startled than good sleepers by the noises. There
were no differences between the poor and good
sleepers in the well-lit room.
What these results indicate is what ecological
psychology has held for a long time—that the
dark may naturally cause heightened anxiety.
For light sleepers with concern about the dark,
this could mean restless nights and difficulty
sleeping simply due to a heightened state of
alertness.
With a fear of the dark being so prevelant in
adults—and closely linked to poor sleeping—it
is clear more refinement of cognitive therapy
techniques are needed. Sleep after cognitive
therapy promotes retention of a reduced fear,
suggesting that sleep is a key factor in our ability
to deal with anxiety.
Although clearly linked, the causation between
sleep and fear remains somewhat of a mystery.
Do we lose sleep because we are afraid of the
dark, or are we afraid of the dark because we
cannot sleep? The jury is out.
So next time you leap out of bed, and switch
on the lights just remember that fear of the
unknown is a natural mechanism grounded in
a basic need to survive ■

...we fear
then, simply
as a safety
mechanism....
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AMY HAYWARD is an mres student in psychology
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sustainable science

How green is Green?

Are renewable energy sources really that environmentally
friendly? kirsty nutt investigates

Wi

th permission granted last year for
a £800m hydroelectric scheme in the
Highlands, new wind farms popping up
all over the place and the Scottish Government’s
commitment “to generating the equivalent
of 100% of Scotland’s own electricity demand
from renewable resources by 2020”, we cannot
escape talk of green energy. But, do we really
need renewable energy sources and how green
are they?

WHY RENEWABLES?

Intergovernmental Panel on Climate Change
(ipcc) have suggested that 450 ppm is the
threshold beyond which irreversible and
potentially catastrophic climate change will
be unavoidable. So, we need low-emission
renewable energy sources and we need them
soon. However, in 2011, renewable energy
accounted for less than 4% of uk energy
consumption.

hydroelectricity

Hydroelectricity is produced by harnessing
energy from water. As water flows downstream
it spins a turbine, which then turns a generator
rotor producing electricity. We are most familiar
with large hydroelectric plants but nowadays
hydroelectricity generation can also make
use of much smaller streams without the need
for dams. At present, hydropower provides
approximately 20% of the world’s electricity, but
has a maximum global potential of 6–12 tw so
is unlikely to increase its share of electricity
production in the future.
Hydropower is very efficient; 80-90% of the
potential energy can be converted to electricity
in contrast to only 30–50% for coal-, oil-, and gasfired power plants. It is also reliable; providing
there is water in the reservoir, electricity can be
generated. Consequently, countries with ample
is predicted to increase from 18 tw (Terawatts) resources can use it as the main energy source
because it can provide the amount of power
in 2012 to 43 tw by 2100.
Supplies of fossil fuels are finite. Reserves required to meet minimum demands. It’s also
of oil and gas that are currently economically flexible because water flow can be reduced in
viable will run out in the not too distant future. times of low demand and the water stored above
By then other reserves will be exploitable the dam for when demand increases.
However, prolonged drought could cut
as currently tapped supplies dwindle and
extraction capabilities advance. Utilising all electricity generation significantly and there are
known and predicted fossil fuel reserves might only a limited number of suitable sites for large
even meet a global energy demand akin to hydroelectric power plants. In industrialised
current levels for a few centuries. Some of these countries many of these have already been
reserves may be environmentally or morally used. By far the biggest concern though is the
troublesome though, for instance drilling impact of dam construction on the environment.
beneath the Arctic National Wildlife Refuge or Building dams and creating reservoirs can
the Amazon rainforest. The combined pressure destroy wildlife, natural habitats and human
of increasing demand, increasing prices and the homes. Dams also influence the amount and
increasing desire to be less reliant on foreign quality of water flowing downstream which can
energy—in 2011, the uk imported 36.5% of its affect aquatic and terrestrial plants and animals.
energy—makes renewable energy attractive, For example, dams can block migratory routes
for fish.
even before considering climate effects.
Furthermore, plant matter at the reservoir’s
For at least 650,000 years, the atmospheric
carbon dioxide (co2) concentration has been bottom decomposes without an oxygen supply,
between 210 and 300 ppm (parts per million). producing methane and nitrous oxide, which
Over the last 150 years, it has increased to 380 accumulate and are released as gases when
ppm and the ‘business-as-usual’ scenario the water passes through the dam. In terms of
will lead to concentrations >750 ppm. The impact on climate change, methane is 20 times
Energy demands are increasing. Not only is
the human population expected to reach ten
billion by 2100, but energy use per person is also
on the rise meaning global energy consumption
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offshore
concerns

Th

ere are additional concerns associated
with offshore wind developments, such as
changes to sediment deposition and coastal processes and the potential impacts on electrosensitive fish of electromagnetic fields around power
cables. It is also uncertain what impact noise has

on marine mammals and fish, many of which
use sound for communication. These issues will
be prohibitive to some developments, in some
locations, but they won’t prevent offshore wind
contributing to meeting future energy demands.

and nitrous oxide 300 times more harmful than
co2 . Smaller hydroelectric schemes without
dams may have far fewer negative impacts on the
environment.It seems some large hydroelectric
plants are producing far higher emissions, and
are therefore far less green, than we realised.

solar energy

“

the greatest potential
to meet our future
energy demands.

wind energy

”

Wind energy is captured by the rotation of
turbine blades and transferred to a generator
that converts it to electricity. In 2011, 0.238 tw
of wind energy was produced globally. However,
approximately 7.5 tw—half the predicted global
energy demand in 2030—could be produced
without detrimentally altering global wind
patterns.
A recurring criticism of wind turbines is that
they don’t work when it’s calm or very windy.
While it’s true that turbines require winds
between 16-60 mph for electricity generation,
a modern turbine can produce electricity 70–
85% of the time and the blades can be rotated
to maximise production. Still, wind energy is
intermittent, so it cannot be used as the main
energy source without advances in energy
storage.
Collision risk with flying animals is a
key environmental concern. High rates of
mortalities (6 million birds and 18 million bats
in Spain each year) are often quoted. However,
research in the usa found that for every 10,000
bird fatalities approximately one is due to a
collision with a wind turbine. This is far fewer
than from collisions with buildings, cars and
incidents with cats. It is true that some wind
turbines, placed in unsuitable locations (e.g.
migration hotspots for birds of prey) have been
responsible for a large and unrepresentative
number of fatalities. However, the risks to birds
can be minimised by careful assessments and
building turbines away from known breeding,
feeding and migration routes.
Advances in technology or regulation are
needed to minimise negative environmental
impacts of turbines. Some turbines use the rare
metal neodymium most of which is produced in
China with considerable environmental damage.
Nevertheless, wind energy is emission-free after
installation and turbines can produce enough
clean electricity to offset the manufacturing
emissions in less than six months. Each turbine
can also produce electricity for 20–25 years with
little maintenance. We need to be careful about
where we build wind turbines to protect wildlife
and habitats and consider public opinion, but the
future of wind power looks promising.

Solar energy is obtained by using
semiconductors: materials that partially conduct
electricity. Photovoltaic (solar) cells use a slice
of semiconducting material that is positively
charged on one side and negatively charged on
the other. When light hits the cell the energy
releases a flow of electrons, which is used to
create a flow of electricity.
In 2011, solar energy accounted for only 0.3%
(0.067 tw) of global electricity production, but
it has the greatest potential to meet our future
energy demands. The earth receives 120,000 tw
of solar radiation each year; that’s more energy
each hour than we currently use in a year and
28,000 times the projected 2100 energy demands.
The biggest shortcoming is that solar energy is
intermittent, so we need methods for storing the
energy before we can harness its full potential.
Most solar cells are also typically less than 20%
efficient, although in lab-based tests some have
reached 43.5% efficiency.
There are several different types of solar
celleach with its particular advantages. Most
modern panels (90%) use crystalline silicon cells
which produces waste silicon. Thin film cells
are also used, however they are less efficient.
Solar power produces no emissions during
electricity generation. However, solar panel
production facilities are rarely solar-powered
and there are other emissions produced during
manufacturing: sulphur hexafluroride, the
most potent greenhouse gas (22,000 times more
powerful than co2), is used as well as nitrogen
trifluoride, which is 17,000 times more powerful
than co2 . Thin-film cells also use heavy metals
such as cadmium, which can cause negative
environmental impacts. Yet ultimately, the
amount of harmful waste from solar panels is
far less than from computers, televisions and
mobile phones and overall toxic waste is 90–300
times lower than for coal power plants.
These issues may also be overcome by newly
emerging thin-film options that are still in the
research phase. These include dye-sensitized
solar cells that use titanium dioxide (currently
used in toothpaste, suncream and paint) and
organic solar cells which utilise carbon-, oxygen-,
nitrogen-, and hydrogen-based compounds.
Organic cells are currently less efficient
than silicon-based cells, but contain no toxic
materials. The production process requires less
energy and is far cheaper. Some new cells may
improve efficiency too, able to capture up to 10%
more sunlight than traditional cells.
Even with the waste involved in production
of panels, solar power produces 90% fewer
greenhouse gas emissions than fossil fuels. And
if solar energy was used to the production, some
believe, “with storage, it is feasible to go to 100
percent.” So, not only does solar energy have the
potential to power the planet, it has the potential
to become the first truly green energy source ■
kirsty nutt is a phd student in tropical ecology
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review

Colour, Charm and
Strangeness
sean mcmahon reviews Higgs Force by Nicholas Mee

Ni

cholas Mee, a software developer with a
PhD in physics from Cambridge, begins
his first foray into popular science writing
with a bang. Literally, in fact: “BANG!” in large,
bold-print capitals on the first page, followed by
a vivid description of the origin of the universe
in a “fantastically dense fireball” with “perfectly
symmetrical crystalline laws”. How did today’s
menagerie of particles and forces emerge from
this singular event? Dr. Mee laments that the
answers are usually “hidden behind a veil of …
mathematics,” which he promises to draw aside
through the following nine chapters. Along the
way, he declares, the full significance of the
recently-discovered Higgs boson, the particle
which “enable[d] the universe to evolve into a
complex and interesting place,” will be revealed.
Despite its title, however, Higgs Force is
not really about the Higgs force, which is
only discussed briefly in the final quarter of
the book. Readers hoping for a book-length
demystification of all things Higgs should look
elsewhere. Indeed, the mechanism by which the
Higgs field endows particles with mass—surely
the point where most of us come unstuck—is
relegated to a flatly-written technical appendix,
replete with calculus and complex numbers.
Thus, Mee ultimately fails to explain the titular
subject of his book without resorting to algebra.
This is all the more disappointing because he
is so lively and entertaining on his real, much
broader theme: the Standard Model, our bestguess-so-far unifying picture of fundamental
particles and forces, the “dreams that stuff is
made of”.
Mee walks us through a remarkably
compelling history of the Standard Model,
describing the series of breakthroughs leading
from the mathematical mysticism of Plato
and Pythagoras to the modern search for a
Grand Unified Theory. He successfully blends
this scientific odyssey with the lives of its
protagonists, most of whom are described in
short biographical vignettes, while colourful
anecdotes pick out the wackier and more
eccentric characters like Paul Dirac and
Richard Feynman. Symmetry and unity are
at the heart of the story. Just as electricity and
magnetism are unified in electromagnetism
(em), so electromagnetism and the weak nuclear
force (wf, one of the causes of radioactivity)
can be described as different manifestations

of a single electroweak force, and merge
together at extremely high temperatures.
In the Standard Model, the Higgs boson is
responsible for the divergence (“symmetrybreaking”) of the electroweak force into
em and the wf, which occurred as soon as
the universe had cooled sufficiently after
the Big Bang. Ultimately, the electroweak
force may itself turn out to be part of an
even more profound force, together with
gravity and the strong nuclear force that
binds protons and neutrons together in
the elements.
Mee’s style is polished but
conversational,
didactic
but
never condescending and often
quirkily
funny—one
section
on quarks is called “Beautiful
Bottoms”. Thoughtfully selected,
unpretentious quotations from
poetry and literature add warmth
and humanity to the cosmic
narrative. Digressions on the
origins of heavy elements in
stars, levitating trains, and
sundry other subjects are
amusing but feel peripheral
to the theme and probably
ought not to have escaped the
editor’s red pen (at over four
hundred pages, the book
is clearly too long). Simple
non-mathematical puzzles
are scattered throughout the
book, particularly in the earlier chapters.
These have been well chosen to reinforce key
concepts and engage the reader’s intelligence.
I did not expect to enjoy reading Higgs Force.
With its prosaic title and plain sans-serif cover
(adorned with a rather sterile pseudo-diagram),
this thick slab of slightly glossy paper looks
dispiritingly like a textbook. Both the author
and the publisher are new and untested on
the popular science market. Despite Dr. Mee’s
impressive academic credentials, he is no longer
a practising research physicist and seemed
unlikely to have kept abreast of his subject. I was
happy to be wrong: this exceptionally readable
and comprehensive history of particle physics is
better than many of its best-selling competitors.
Higgs Force may be short on Higgs but it is
certainly a force to be reckoned with ■
Sean McMahon is a PhD student in geosciences
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Au Science Crossword N. 5
ACROSS
1. A geometric object that has both size and
direction. (6)
7. Animals most active at dawn and dusk.
(11)
8/10. Particle emitted from a beta particle
and atomic nucleus proton. (5,8)
10. See 8 across (5,8)
11. Rock type formed by volcanoes. (7)
13/14. Contains Polaris (the North Star).
(4,5)
14. See 13 across. (4,5)
19. An instrument for measuring wind
speed. (10)
20. A cylindrical coil of wire
acting as a magnet when
carrying electric current. (8)
21. Submillimeter radiation,
also known as… (9)
22. A disorder in which adrenal
glands do not produce enough
steroid hormones. (8)
DOWN
2. Bats are members of which
order? (10)
3. The earliest instrument used to
measure atmospheric ozone was the
Dobson what? (17)
4. A substance that can be burned to
produce energy. (4)
5. Cambridge physicist who predicted
the existence of positrons before their
discovery. (5)
6. Determined the charge of the electron
through his oil drop experiment. (7)
9. The growth or movement of a plant in
response to an environmental stimulus.
(7)

5

6

7

8

9

10

11

12

_

13

15

16

14

17

18
19
20

21

22

12. Soil at or below 0˚c for two or more years.
(10)
15. The layer of skin on the outside of the
body. (9)
16. The form of extractive metallurgy
mainly used to produce metal from its ore.
(8)
17. “Nothing in biology makes sense except
in the light of…” (9)
18. Creator of the modern system of
biological classification. (8)

Crossword by
Bridget Murray
Solution: ausm.org.uk

Sandy gardner is a PhD student in physics
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events in aberdeen
17 April
16 March

TEDx Conference

Cafe Sci

A fishy tale
free, 7 pm, waterstones

£15/£12, 1-6 pm
little belmont cinema

13 May
27 April – 7 September

Library and Special Collections

Wanderlust

18 March

Cafe Med

Transforming surgical
care with robots

Travel Journals and Explorers’
Notes
free, gallery, sir duncan rice library,
university of aberdeen

Mr McAdam and Professor McClinton
free, 6 pm,
suttie centre cafe, forresterhill

Cafe Med

OUR AGING
SOCIETY
Professors Murray
and Whalley
free, 6 pm
suttie centre cafe,
forresterhill

29 April

Skeptics in the pub

the church and sex
20 March

Cafe Sci

FROM HEARING TO SEEING

Professor Naphy
donations, 7.30 pm
cellar 35

Professor Arash Sahraie

free, 7 pm, waterstones, union street

8 May

Cafe Sci

Oceaneering

15 April
Cafe Med

Unknown superbugs

Competition

Autism and action

Professors Gow and Brown
free, 7 pm
waterstones, union street

Dr. Cusack and Dr. Williams
free, 6 pm, suttie centre cafe

For the latest news on science events in Aberdeen:
■■University of Aberdeen public engagment website: www.abdn.ac.uk/science/
■■Au Science Blog: www.ausm.org.uk
■■Follow the Au Twitter account: @AuScienceMag…
■■…and the Au team: @amykinshay, @jo_do, @ksn_81, @hapsci, and @ginazoo
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1 March –
10 April

details on p 30

Exclusive Competition
oceaneering offers you the chance to polish your cvi

Fo

“

offering
one lucky
reader the
chance to
go on this
course for
free

”

unded in 1964, Oceaneering is a global
oilfield provider of engineered services
and products, primarily to the offshore
oil and gas industry inspection, with a focus on
deepwater applications. Through the use of its
applied technology expertise, the company also
serves defense and aerospace industries.
Oceaneering’s business offerings include
remotely operated vehicle (rov) services,
specialty oilfield subsea hardware, deepwater
intervention and manned diving services,
non-destructive testing and inspections, and
engineering and project management. Its
services and products are marketed worldwide
to oil and gas companies, government agencies,
and firms in the aerospace, marine engineering
and construction industries.
Through the use of its applied technologies,
Oceaneering helped recover the Confederate
submarine H. L. Hunley, which sank in 1864, as
well as the Titanic in 1985.
Oceaneering International Services, Eastern
Hemisphere, also focusses on the inspection
and maintenance of in-service equipment for
providers of oil and gas. The inspection of inservice equipment is a highly involved process,
it follows that Oceaneering has a high quality
training scheme for such a task.
Some time ago Oceaneering recognised that
the generic certificates of competence for visual
inspection were not appropriate for most of the
modern industry, so they devised their own
extensive training scheme for technicians.
Visual inspection is a non-destructive testing
(ndt) technique that provides a means of
detecting and examining a variety of surface
flaws, such as corrosion and contamination on
pipes and machinery.
This realisation, combined with the
conclusions drawn (from hse pani projects) that
individuals should be trained in tasks specific to
their actual operations, prompted Oceaneering
to develop their Ameican association nondestructive testing (asnt) Visual Inspection of
In-Service Equipment course. This course is
seen as an example of best practice within the
inspection industry and amongst its clients.
As proud sponsors of Au Magazine,
Oceaneering is now offering one lucky reader
the chance to go on this course for free. The
contents of this course have been devised by
subject matter experts from within Oceaneering,
major oil, gas, and power generation companies.
The course will last two and a half days, be
carried out over the summer, and will cover
the basic principles of visual inspection. It
will contain modules including perception,

environment, damage, detection and remote
equipment. All the work will be followed by a
practical session.
To enter the contest, simply send the Au
Magazine team an email at contest@ausm.org.uk
with the subject “cvi course” or use the form on
our website at ausm.org.uk/contest.
Tell us why you’d like to go on the course in
less than 300 words. It’s that simple! The last
date to enter the contest is 10 April 2013. The
top five entries will go on to meet Oceaneering
representatives for a two minute pitch, in which
the winner will be given a free place on the
course, and obtain a qualification in close visual
inspection.
The course will run at Oceaneering’s offices
in Dyce, Aberdeenshire, uk. See terms and
conditions on our website for more details ■

details
What to do

Email contest@ausm.org.uk with the subject “cvi course” or fill in our form online. Tell us in no more than 300 words
why you wish to go on the course.

What you get

Free american assoc. non-destructve
testing (asnt) cvi course and qualification from Oceaneering international
services ltd.

When to do it

Contest closes midnight on
10 April 2013.

Where to go

Visit our website at ausm.org.uk/contest
for more details about the contest and
to read our terms and conditions.

OCEANEERINg are our sponsor
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Asset Integrity
Delivered

T: 01224 758500

www.oceaneering.com/asset-integrity

