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My dear science enthusiasts, hello and welcome to a new year full
of novel experiences and exciting new science magazines! To start
off, we would like to welcome all the newcomers—from all the new
writers to the new committee of our society. After the graduation of
our two former Editors-in-Chief, Laura Machado Toyos and Ahmed
Nassar, Olga Jarosinska has taken control as the new Senior Editorin-Chief, with Nicolas Scrutton as her right-hand man and Junior
Editor-in-Chief. Kieran Petrie, the new Deputy Editor, will be helping
in all aspects, from organising meetings to keeping the agenda, and
Anna-Maria Leipner will handle all things concerning our fun events,
as well as organising the news as the new News Editor!
As our previous issue explored what the future holds for us, with
potential colonisation of other planets, in this edition, we have
decided to continue this thread of thought and dig deeper into what
space is all about. Have you ever wondered why space is dark? Look
no further, as Rosslyn Wartet explains. Ahmed Nassar explores how
rockets get into space, while Kieran Petrie clears up after him by
investigating what happens to what’s left behind. Living in space
might soon become a reality—Olga Jarosinska explains what will
happen to your body, while Aleksandra Romanczuk explores what
will happen to your mind. Are we related to aliens? Laura Machado
Toyos ponders the question, while Olga Stepanova reveals if our
DNA is really that unique after all. Speaking of unique, are we really
alone in the universe? Nicolas Scrutton explains how the answer
may be closer than we expected... Meanwhile, Sam Di Risio explores
the mysteries of black holes, while Anna-Maria Leipner uncovers an
unusual star. Last but not least, Alice Rossi grapples with the realities
of teleportation.
If you enjoy the articles or the design, and feel like you might want
to give it a try yourself, Au Science Journalism would be delighted to
welcome you to join our ranks. We have space for anyone interested
in joining this experience, from budding writers to experienced
editors, to creative designers and everything in between! If you want
to join the Au Science Journalism Society, write to us on ausminfo@
gmail.com, catch us on Facebook at Au Science Magazine, or find us
on twitter at @AuScienceMag.
We hope you enjoy reading this as much as we did creating it,
Olga Jarosinska and Nicolas Scrutton
EDITING TEAM
Jamie Fozard
Davide Fraccascia
Cara Green
Alice Rossi
THANKS
Laura Machado Toyos
Ahmed Nassar
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NEWS
A new study at the University of Aberdeen will
determine if patients’ medication plays a role in
the diagnosis of arthritis. Roughly 700,000 people
in the UK live with inflammatory pain and most
manage it with painkillers, like Ibuprofen, until
they have a rheumatologist formally diagnose their
condition.
Axial spondyloarthritis, the focus of the study, is
a specific type of arthritis that affects the joints in
the pelvis and the spine. Researchers conducting
the study believe that some patients are receiving
a negative diagnosis, due to the presence of
Ibuprofen-like drugs in the patient’s system,
reducing inflammation and hiding the symptoms.
During the study, 250 patients with the condition
will stop taking their anti-inflammatory drugs for
a week and then given an MRI scan, which will
be compared to previous scans. Lead researcher,
Dr Gareth Jones, said: “The fact that it can take
up to 11 years to get a formal diagnosis of axial
spondyloarthritis is obviously a concern. There are
good drugs to help people manage the condition
but they are only available to people who get a
correct diagnosis.”
Kieran Petrie

Researchers at the University of Aberdeen have
collaborated with colleagues from the University of
Dundee to develop the Active Vertex Model (AVM),
which allows a more in depth study of cellular
movement and tissue function.
During embryonic development epithelial tissue
generation is mediated by interactions between
neighboring cells, known as cell intercalations. To
gain a greater understanding of these mechanisms
would aid in understanding tissue repair and
regeneration.
Dr Rastko Sknepnek says “Understanding the
emergence of collective behaviour of cells
in tissues is what our model is interested in
explaining (…) This behavior has hallmarks of an
active system.” An active system can be considered
similar to a mosh pit at a rock concert, wherein
everybody has their own choice in which direction
to move, but is also influenced by the movement of
everyone around them.
This analogy is often applied when studying the
development and properties of epithelial tissue.
During the next phase of the project, researchers
aim to study cell and tissue dynamics during
embryogenesis.
Anna-Maria Leipner
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A new study is to be conducted at the University of
Aberdeen, to further investigate nitric oxide (NO)
levels as a guide for asthma treatment in children.
NO, also known as endothelium-derived relaxing
factor, is a potent vasodilator within the body.
Those suffering from asthma produce greater
quantities of it, leading researchers to believe
monitoring NO levels could aid in adjusting
medication levels.
Previous research in this field has not lead to
any promising results, however Dr. Steve Turner
explains this was due to a lack of understanding of
NO level changes. He says “We’ve always known
that nitric oxide levels were important but we
didn’t know just how wide the range of levels could
be until now.”
500 children will part take in the study, half of
which will be receiving the new test and using
their symptoms to guide their levels of medication,
the other half solely relying on their symptoms
to guide their levels of medication. The study
will then compare how many asthma attacks
each group had. This study could be a new
breakthrough in how asthma is treated in children.
Anna-Maria Leipner

Scientists from the University of Aberdeen Rowett
Institute, led by Professor Lora Heisler, together
with groups form the University of Cambridge
and Michigan have discovered a new effect of
a weight loss drug. Lorcaserin, is a medication
usually prescribed for patients who want to lose
weight, as it targets brain hormones, such as proopiomelanocortin peptides, which are needed for
appetite regulation.
However, researchers have discovered that not
only do these hormones reduce the feeling of
hunger, but they also affect other parts of the
brain, responsible for controlling blood glucose
levels. Type 2 diabetes presents with increased
blood glucose levels, stemming from the body’s
inability to produce sufficient insulin, in light of a
developing insulin resistance.
As current medication for this disease only
improves symptoms, this new use for the drug
opens new fronts for treating diabetes, through
reducing blood glucose and increasing the body’s
sensitivity to insulin. As Professor Heisler said,
with diabetes being an incredibly prevalent disease
in the modern world, new treatments are greatly
needed.
Olga Jarosinska

DARK SKIES
The question of why space is so dark has
been pondered by many scientists including
Johannes Kepler and Wilhelm Olbers, two
great German astronomers and physicists.
Given the millions of stars visible in the
night sky, and the intensity with which our
own sun illuminates the solar system, the
question arises as to why these stars do not
combine to make space bright?
On Earth, our days are bright and blue as
far as the eye can see, and dark at night. It
is this variation that provides us with our
days and seasons. However, many other
areas of the universe are always in darkness.
The Earth’s blue skies are caused by the
way light from the sun scatters within our
atmosphere. On planets that are not in close
enough proximity to their stars, or do not
have an atmosphere, both night and day are
continuously black. This can often seem
counter intuitive, as the countless stars in
the universe should be enough to brighten
the night sky. However, starlight does not
combine to produce infinite light across
the universe, an idea that is presented in
Olbers’ Paradox, which aims to explain
why our expectations and experiences
regarding space light differ.
Explanations have been produced
to support Olbers’ paradox, the
main being that the universe is not
infinitely old. For instance, given
the finite speed of light and the
vast distances between stars and
galaxies, we only see the light
emitted from stars that are old
enough for that light to have
travelled across the universe.
This is still true given that
across the universe, around
4800 new stars are born
every second. If all stars
were infinitely old,
then their light would
be evenly distributed
throughout space and it
would not be dark.

Additionally, the prevailing theory is that
the universe is expanding with more distant
stars and galaxies receding faster than
nearby ones. Observations indicate that
light from especially distant galaxies must
travel both longer distances and across
constantly expanding space, which causes
the wavelength of the light to increase and to
become redder in colour, known as redshift.
When light wavelengths are redshifted they
lose energy and brightness contributing to
the darkness of space.
Interestingly, scientists theorize that over
80% of space contains dark matter, the rest
being a vacuum. Even though it cannot be
seen through telescopes, its existence is
supported by the current understanding of
gravity. For instance, galaxies are seen to
behave in ways that suggest they contain
more mass and gravity than can be estimated
by counting their stars, indicating the
presence of invisible or dark matter. Not only
are stars too distant and young to light up the
night sky, but much of the universe contains
vast quantities of dark, invisible matter.
In a nutshell, space is dark because the
universe is not infinite and is continuously
expanding and the light emitted from many
stars has not travelled far enough for long
enough to reach us and create that bright
star on our night sky. Our familiar night sky,
seen countless times, still holds so many
mysteries.
Rosslyn Watret is a graduate in MSc Applied
Marine and Fisheries Ecology

Rosslyn Watret explores
the mystery of the
night sky
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ROCKET
SCIENCE
A rocket’s takeoff often leaves us in complete
awe, making us oblivious to how such a huge
structure can lift itself off the ground and
into the sky. It is rocket science after all, so it
would be impossible to understand anyway,
wouldn’t it? Although the term rocket science
is typically used to refer to concepts that
are difficult to understand, we can distil the
anatomy and workings of a rocket down to a
few key points.
To understand the takeoff of a rocket, let’s
think back to a childhood memory we can all
relate to. Remember inflating a balloon and
letting it go before tying it up? Watching it
shoot upwards and enter a chaotic world of
spirals was one of the most fascinating things
you could do as a child. A rocket shoots up
due to the exact same reason as the balloon
does. The flow of air downwards from the
balloon allows an equal and opposite force
to push it upwards. The more air there is
and the faster this air is released, the further
and faster the balloon can go. Similarly for
rockets, a large amount of fuel is ejected
from its engine at supersonic speeds,
allowing a large thrust force to be generated.
The engine is located at the bottom of the
rocket, with the fuel tank placed just above
it so the fuel flow into the engine can be
regulated, hence controlling the thrust. In
an airless environment, such as space, it is
not possible for the fuel to combust, which
explains the presence of a second tanker
present above the engine, called the oxygen
tank.
During lift off however, lots of thrust is
needed, which may not be met solely by the
fuel ejected from the engine. Therefore, it
is very common to find propellant boosters
strapped around the rocket’s engine. These
are mainly used to assist lift-off, as they
burn out very rapidly. As they comprise an
igniter and propellant grains, they are very
comparable to a simple firework.
Smaller engines are placed at the beginning
of each of the upper segments of the rocket.
The rocket is segmented, as it would be
too heavy to carry the entire structure
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Ahmed Nassar
reveals the
secrets of
takeoff

throughout the whole journey. Although
the structure gets lighter throughout the
journey, due to loss of fuel, more mass has
to be discarded. The bottom-most segment
is dispatched at a certain point during the
journey, typically aimed at the ocean. The
second engine is ignited simultaneously with
this dispatch, propelling the remaining parts
of the rocket.
The number of segments present depends
entirely on the length of the journey; the
longer the journey the more fuel is needed
and typically, more engines and segments
would be made. By the time the last segment
is dispatched, the payload (the nose of
the rocket) continues its journey with the
existing momentum it has, until it reaches
its aimed destination. A satellite is typically
located within the payload and is to be
dispatched and put into orbit around the
Earth or the Moon.
The reason rockets don’t spiral off
chaotically, like a balloon, is due to the
precise distribution with which the fuel is
being ejected. The fuel is distributed so its
flow is equal everywhere around the exhaust,
avoiding any unbalanced forces around the
bottom of the rocket. With the streamline
shape of the rocket also aiding its stability,
the tilting of the rocket is not an issue in
modern day rocket science. However, a
rocket can be maneuvered by tilting the
engine, so the fuel is propelled at an angle.
Once the rocket is turned and set on the
correct path, the engine is returned to its
normal position, so the rocket can continue
to be propelled in a straight line.
Although the science behind rocket
development is much more complex than
portrayed here, this hasn’t slowed the human
ambition to explore the final frontier. With
this in mind, you can hopefully appreciate
the science of leaving Earth next time you
witness a takeoff!
Ahmed Nassar is a graduate in Mechanical
Engineering

Kieran Petrie explains
how orbiting junk
threatens satellites
Last year, a window of the International Space Station
was chipped by what was believed to be a small fragment
of dried paint, no larger than a few thousandths of a
millimetre, travelling at high speeds. Although this wasn’t
considered a serious problem, it was still a grim reminder
that the debris surrounding our planet is a force to be
reckoned with.
Though you’ll never see it in those photogenic pictures
of Earth that NASA takes on occasion, the pale blue dot
we call home is surrounded by a cloud of what can only
be described as a junk yard, consisting of discarded
rockets and old satellites parts. Debris of all shapes and
sizes hurls around our orbit, causing issues for both
government bodies and satellite businesses.
The real danger of space debris comes from the speed at
which it travels. In low orbit, some debris can reach up to
18,000 mph. To put that into perspective a one centimetre
object could destroy sensitive instruments aboard a
satellite and anything larger than ten centimetres could
break the satellite itself into pieces. NASA estimates there
are more than 500,000 pieces of space debris surrounding
Earth that are larger than one centimetre across, and
possibly millions of tiny pieces, too small to track.
So just how did we get to this point? After all space
exploration only began in the early 1960s. Surely, we
haven’t dumped so many objects into space? In truth, we
merely got the ball rolling. The primary cause of space
debris comes from larger discarded rocket parts and old
satellites. Many collisions occur in our lower orbit, that
in-turn generate more, smaller pieces of debris. This
phenomenon is known Kessler Syndrome, named after
Donald Kessler, an astrophysicist and NASA scientist who
first described the effect in 1978.
“It’s become self-generating,” describes a now-retired
Donald Kessler. “Every time something hits something,
the larger fragments of that collision are usually on the
order of a 100 of them that are large enough to cascade
and hit another satellite.”

SPACE
DEBRIS
A few larger crashes have occurred in our lifetime.
Back in 2009, a retired Russian satellite collided with an
active commercial satellite owned by a small American
company. This produced more than 2000
pieces of debris large enough to track and countless
smaller pieces. In 2007, China tested a missile on one of
their decommissioned weather satellites, which in turn
produced 3000 pieces of junk.
Unsurprisingly, people are looking for ways of reducing
the creation of space junk, along with cleaning up the
already existing trash. NASA and other agencies have
begun instituting measures to minimize space debris and
curtail ‘space polluters’,
including a law stating that anyone wishing to send
satellites or any other object into space must also have a
plan to bring it back down within 25 years.
However, Jer Chyi Liou, NASA’s Chief Scientist for Orbital
Debris, said only about half the world’s space missions
had any plans of bringing back their spacecraft within the
given time period, mostly due to budget constraints.
Former NASA scientist, Jerome Pearson, is helping in
designing a lightweight towing cable-like craft, the
ElectroDynamic Debris Eliminator, which would utilize
Earth’s own magnetic pull to envelope space junk in a net.
Pearson’s plan is to create an easier to manage orbiting
junkyard, that could help reduce costs by providing
materials for future missions.
“The best thing to do would be to recycle the stuff. There’s
a lot of high-grade aluminium up there,” said Pearson.
Liou believes these efforts are somewhat premature and
claims that while orbital debris is a serious problem,
we do not require active debris removal right now.
Nevertheless, he does believe that we should be looking at
creating effective ways to deal with the problem in 10-20
years.
Kessler, on the other hand, claims the issue is more
urgent than people realize and that steps must be taken to
retrieve the largest pieces of junk before more collisions
occur.
“To me, it’s not too different than the same kind of
problems that we’ve had on Earth,” he remarked. “We
just don’t pay attention to what we’re doing to the
environment. Eventually it becomes unsustainable.”
Kieran Petrie is an undergraduate in
Immunology and Pharmacology
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STAYING
ALIVE
Flying around, drinking blobs of liquid
coffee and seeing the Earth from above
surely sounds fun. Astronauts staying on the
International Space Station (ISS) experience
this on a daily basis. However, living without
gravity can negatively influence their health
and body. Before we embark on the mission
to further explore the universe and colonise
neighbouring planets, it is vital for us to
understand what exactly happens to living
cells as well as the whole human body when
in space.
There are a number of differences between
life in space and on Earth that can affect
development of organisms. The most
evident is the lack of the gravitational force.
This state of zero gravity, more accurately
termed “microgravity”, is associated with a
gravitational force of 1x10-6 g, compared to
the 1 g found on Earth, making it seem like
objects float in the air. The lack of gravity
and hence directionality, can greatly disturb
proper cell development. Additionally,
despite the shielding of the spaceship,
astronauts are exposed to ten times higher
radiation in space than on Earth, as here
we are shielded by our atmosphere. Such
radiation is extremely harmful as it enhances
the DNA mutation rate, hence increasing the
chance for cancer development.
The effect of space and lack of gravity on
cells and small organisms is analysed in labs
found on the ISS. The first part of the ISS was
sent out to orbit the Earth in 1998, but the
first crew only arrived in November 2000.
The ISS encompasses many labs, researching
topics ranging from biology to earth and
physical sciences. The labs, researching cell
development, carry out their experiments
using controlled cell culture hardware. Their
research has shown that the lack of gravity
is detrimental to many cell types as it affects
hydrostatic pressure in fluid filled vesicles
and organelle sedimentation changing
cells’ morphology, metabolism, signalling,
and movement. Lack of gravity has shown
to impair the differentiation of adult and
embryonic stem cells, preventing tissue
regeneration, which would greatly impact
the health of people traveling through space.
We already know some of the effects that
microgravity has on the human body through
tests done on astronauts who came back
from ISS. In the tested subjects, muscle
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Olga Jarosinska
describes how zero
gravity affects life
atrophy was often observed. This was due
to the lack of gravity which caused poor
maintenance of the musculoskeletal system.
Astronauts spend two hours daily exercising
to keep the proper functioning of the muscle
tissue; however, it does not always help
prevent the loss of muscle mass. The loss
of muscle strength also affects the heart, as
it does not need to pump blood up against
gravity, making it work less and lose its
strength.
Zero gravity and lack of downward pressure
on the body also affects the human skeleton
and astronauts who spent over six months
in space experienced up to 3% temporary
increase in spine length, compared to their
pre-flight length. Additionally, due to poorer
daily exercise, their bone density decreased
and, like osteoporosis on Earth, led to brittle
bones. When in space, astronauts also
experienced changes in the distribution
of bodily fluids. Due to gravity, fluids pool
in the legs; however with no gravitational
force, the fluids spread out evenly in the
body leading to astronauts having seemingly
puffier faces and thinner legs. Unfortunately,
the increase of fluid volume in the head can
exert additional pressure on the optic nerves
causing damage.
An experiment with the main intention to
elucidate the consequences of space travel
on humans was set up in 2015, where a
Russian cosmonaut Mikhail Kornienko and
an American astronaut Scott Kelly were sent
out to spend 340 days at the ISS, much longer
than a usual six month journey. Interestingly,
Scott Kelly had an identical twin brother,
Mark, who remained on Earth during the
mission, allowing to later make a comparison
between the two. Certain molecular changes
were observed in Scott Kelly compared to
his brother, such as longer telomeres—ends
of chromosomes that are associated with
ageing and altered methylation, silencing,
of certain genes, which then returned to
normal back on Earth. His gut microbiota
was also different, probably caused by
diverse diets, as it later returned to normal
when on Earth. Therefore even though we
already understand so much, we must keep
on learning and researching how to make
the flights as safe and beneficial to all as
possible, before we decide to colonise other
planets and explore outer space. It feels like
we know so much, yet still so little.
Olga Jarosinska is an undergraduate in
Molecular Biology

Aleksandra Romanczuk
reveals the psychological
challenges of spaceflight
A few centuries ago, the idea that humans would ever be
able to fly was just a fantasy. Beginning with the invention
of the hot air balloon, development of different kinds of
airplanes, and eventually spaceships—what once seemed
impossible, is now a reality. After conquering the skies,
the next obvious step was to reach out to the stars. The
exploration of space does not only involve space probes,
but also manned space flights.
Colonizing space seems a potential solution to the
problem of an increasing world population. However,
before this can happen, the living conditions, physical
and psychological challenges which astronauts will
experience in space, need to be analysed and understood.
Luckily, many physiological problems occurring as a
result of space travel have now been resolved. Blood and
urine samples are taken regularly from astronauts and
their physical health is closely monitored. However, the
psychological effects of manned space travel have not
yet been fully elucidated. For instance, it is hard for us to
imagine the amount of stress an astronaut experiences.
Any, even smallest malfunction, can have grave
consequences, such as all the people on the spacecraft
dying. In sealed off spaceships, it is also impossible to
simply go outside, breathe fresh air or call loved ones. On
shorter space missions these problems are manageable,
however on longer missions they can become major
issues, which can potentially prevent us from conquering
space.
A prime example of a situation, when astronauts could
not handle the psychological pressure was the Skylab 4
mission in 1973, where the crew became so stressed they
turned off the radio communication with the ground and
ignored NASA for a whole day.
There are several problems associated with living in
space which can increase chance of behavioural problems
and human error, potentially being very dangerous in a
risky environment of a space station. Firstly lack of sleep,
caused by the noise on the space station, low gravitational
force causing floating, and lack of day and night, can
lead to circadian rhythm malfunctions. This can result
in astronauts sleeping less than six hours a day and
feeling continuously jet-lagged. Secondly, inter-group
conflicts can arise, as astronauts coming from different
backgrounds are forced to live together in very small
spaces. Thirdly, the workload, where astronauts
are required to carry out a multitude of different
experiments under time pressure, can enhance their
psychological problems.

HEAD
SPACE
A way to examine the psychological well-being of
astronauts is to analyse their speech—their intonation and
word choice. In an experiment called ‘Mars 500’, six men
were “sent” on a 520 day long trip, locked in a windowless
module, simulating a prolonged space mission. Their
only contact with the outside world was over the internet
and by phone lines, with a delay of up to 20 minutes, to
mimic the time it takes radio waves to reach Mars from
Earth. The purpose of this experiment was to examine the
psychological and sociological effects of a long-distance
space flight. Audio recordings were used to analyse the
changes in topics of their conversations and the words
used. Out of the six, only two men adapted well to the
isolated environment, the rest however, experienced
serious problems, including severe sleep deprivation and
depression. Observed results will hopefully contribute to
the future early recognition of the psychological problems
experienced by astronauts.
In the future, the psychological problems faced by
astronauts on a mission to Mars will be much greater
than those faced by astronauts on the International Space
Station (ISS). During their six months stays, the ISS crew
receives surprise presents, fruit and vegetables, as well
as phone calls from their loved ones, and can talk to
psychologists about their problems on a regular basis.
On the flight to Mars, communication with Earth will
have a 20-30 minute delay, which will make any calls
home impossible. Relying on mission control to respond
immediately in emergency situations will also not be
feasible.
On the positive side, many astronauts report that seeing
our planet from space gives them a better appreciation of
people and the environment. This is called the “overview
effect”. Even with all the challenges to be faced, exploring
space is a necessity, as it appears that our planet cannot
withstand the continuing environmental damage and
increasingly growing population. Perhaps in a few
generations’ time, we will be going to Mars to visit our
relatives.
Aleksandra Romanczuk is an undergraduate
in Neuroscience with Psychology
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As far back as humanity remembers, we have always
looked up to the stars. The vast darkness, covered by
those far away points of light, have inspired some of our
most profound questions. Among them, the question of
life and whether we are alone in the universe. Recent
developments in astronomy and astrobiology are
helping us answer those questions.
The universe is a big place, and our search for
extraterrestrial life is limited by the capabilities of
our instruments. Massive telescopes owned by NASA
and the European Space Agency, such as the Hubble
Space Telescope, situated both in space and on Earth,
are amongst the most important tools. Looking for
life outside of Earth is no simple feat. The mere task
of locating other solar systems is difficult, while
locating extrasolar planets is even more so. Finding
signs of life at that distance is almost impossible.
Given the huge distances of space, direct observation
of life on the planet’s surface is essentially science
fiction. To get around this, astronomers observe the
planet’s atmosphere in search of biosignatures. Sara
Seager, a planetary science professor at MIT stated,
“in exoplanet research, we define biosignature gases
as gases produced by life that can accumulate in a
planetary atmosphere to levels detectable remotely by
large telescopes. We make the assumption that life uses
chemistry to capture and store energy, and that life’s
chemistry generates gaseous products.” For example,
our own Earth’s atmosphere contains large reserves
of oxygen, a characteristic that results directly
from the presence of photosynthetic life
on the surface. While other gases,
such as methane or nitrous
oxide, are produced,
oxygen remains
our best
bet

at finding signs of life. The atmospheres of planets are
studied via the transit method. As planets pass in front
of the sun, specialised telescopes are able to read the
composition of the atmosphere, and thus, signs of life.
Given the difficulty of observing different solar systems,
one might think it would be simpler to look at closer
objects, like our neighbouring planets—and that is
precisely what scientists are doing. Several scenarios
for life have arisen within our own solar system. Due to
their relative proximity, we can do much more than just
observe. We can send probes, robots, take samples.
One of the several scenarios for life on our own solar
system is the icy moon of Enceladus. Orbiting off the gas
giant, Saturn, it is its sixth largest moon. Surrounding
the moon is an icy crust, giving it it’s iconic cracked
snow-white look. However, lying just under the surface
are vast underground water reserves. It is here where
life may lie. While locked under the crust, scientists
on Earth have been able to analyse the contents of the
water by thermal vents located all over the moon. These
vents project liquid into space which has been sampled
by NASA’s Cassini spacecraft, and has been found to
contain hydrogen. The presence of hydrogen is a
huge step in the search for
life.

NICOLAS
SCRUTTON
SEARCHES
for

ALIEN LIFE
in our

SOLAR SYSTEM

According to latest research, the hydrothermal vents
in Enceladus may resemble Earth’s own deep sea
hydrothermal vents. These vents have been theorised
to have been the birthplace of life on Earth, and may
sustain microbes in the icy waters of Enceladus.
Much like Enceladus, Europa, another moon of the titan
Saturn, may provide an even better chance of finding
life. Not much larger than Earth’s moon, Europa is
also an icy world, with a global underground ocean
that reaches all the way down to the moon’s iron core.
The contact with the core could supply the oceans with
nutrients necessary for life. Europa is locked in orbit
around Saturn, meaning that one hemisphere is always
facing the planet. Images taken by NASA’s Galileo
spacecraft revealed a cracked icy surface, indicating that
the ice may have been broken by geothermal activity
underneath. This is powered by the immense tides
caused by Saturn’s gravitational pull and its effect on an
electroconductive liquid, such as a salty ocean. Similar
to its cousin, Europa also has vents which project
liquid into space. Support for further observation of
Europa has been building, and two separate approaches
have been discussed. The (relatively) simpler
approach would be similar to that of Cassini’s on
Enceladus—send a spacecraft
through

the liquid and analyse the content. However, some have
gone further to suggest lander missions similar to the
Viking missions attempted on Mars. The lander would
collect ice samples at various points in the crust, looking
for signs of life, dead or otherwise. The success of such
a mission could bring up possibilities of future attempts
to drill into the underground ocean, and search for life
in the icy depths.
Perhaps the most iconic of all our neighbours, Mars, has
long been captivating the minds of scientists and the
public alike. The potential for life on Mars has inspired
all sorts of stories, from horror to science fiction to
the little green men of conspiracy theories. Mars is a
rocky planet, similar to our own, with ice caps at its
poles. Discoveries in 2012 by NASA’s Curiosity rover of
downhill canals led to speculation on the presences of
liquid water on the planet. The streaks, while formed by
running water, were formed billions of years ago. As the
water disappeared however, so did any chance of life.
The presence of ancient running water indicated that
Mars may have been habitable sometime in it’s infancy.
Further research proposals, such as atmospheric planes
or subterranean explorers, could finally determine the
mystery of life on Mars.
The Universe is an infinitely vast space. Recent
advances in technology and breakthroughs in
understanding the origin of life have brought us a little
closer to solving that age-old question. Answers may
be found, not in some far-off star, but here, in
our own little corner of the galaxy. Are we
truly alone? If scientists around the
globe have anything to say,
not for much longer.
Nicolas Scrutton is an
undergraduate in Biology
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STRANGE
SHAPES
The genetic code is written using just four letters A, T,
G, and C, giving rise to a great diversity of life. No matter
how many millions of years of evolution two species are
separated, their genetic material is essentially made up
from the same building blocks. The discovery of DNA’s
structure in 1953 brought about a new era of molecular
biology, however at that time no one could imagine that
after just 55 years humans would be able to incorporate
artificial sequences into genetic code or even synthesise a
completely novel nucleic acid backbone. These synthetic
DNA compartments do not occur naturally in any living
organisms and hence such DNA is called XNA. This
abbreviation is derived from a Greek word “xenos” which
means alien or foreign.
A sequence of bases A, T, G, and C encodes for 20
amino acids across all living organisms. While bases
can be substituted, inserted or lost as a result of natural
mutations, the majority of the DNA remains the same.
However, in the last decade researchers have managed
to outstrip evolution and expand the four-letter genetic
code. In 2008, Rosemberg’s lab from the Scripps Research
Institute based in the US identified two synthetics bases
d5SICS and dNaM which could potentially be incorporated
into DNA. Six years later they managed to engineer them
into the E. coli plasmid and observed its replication.
The ability to store genetic information in the form of
base sequences and self-replication are the two main
events amongst others by which life is defined. Therefore
Rosemberg’s discovery would suggest a possibility
to create fully artificial life in the future. These two
tiny molecules, d5SICS and dNaM, made a giant leap
for mankind and opened new horizons for synthetic
biologists.
One might wonder why anyone would want to expand
the genetic code, if four letters are more than enough
to generate the existing complexity of life. In essence,
synthetic biologists are inspired not by science fiction, but
by the possibility of creating semi-synthetic organisms

Olga
Stepanova
uncovers what
alien DNA is like
which would be able to synthesize useful molecules. The
traditional four letter genetic code is able to generate
20 amino acids, but by adding two more letters, it can go
far beyond that. Soon after the successful incorporation
of d5SICS and dNaM synthetic bases into bacteria, the
biotech company Synthorx was founded. Synthorx creates
and improves novel therapeutics by incorporating foreign
amino acids that are synthesized by organisms with an
expanded genetic code. Due to their unique properties,
this new class of drugs has the potential to meet the needs
of patients whose diseases have no cure today.
Another approach to modify the molecule of life is to
synthesize an artificial DNA backbone. Such a backbone
consists of a different building block, other than the
naturally occurring deoxyribose sugar. Researchers
from the MCR Laboratory of Molecular Biology in
Cambridge successfully engineered six synthetic sugars
and incorporated them into DNA. However, such XNA
was unable to replicate itself since cellular machinery
lacked enzymes which would be able to recognise it.
In 2014, the same lab led by Dr Holliger synthesised
artificial XNAzymes which could catalyse simple chemical
reactions such as ligation or cleavage of RNA molecules.
These findings illustrate that DNA and RNA are not
the only molecules capable of storing and transmitting
genetic information. In addition, it suggests that there is
nothing special about our DNA, and it is just pure chance
that it formed the basis of life as we know it. Nucleic
acids are just a language in which evolution speaks and
with human help it is already evolving. The emergence
of sequencing technologies in the last century has given
us the ability to read it and now synthetic biology is
expanding the alphabet. With such technology we can
only speculate what the future holds.
Olga Stepanova is an undergraduate in
Molecular Biology
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Laura Machado
Toyos discusses the
source of life
Everyday we hear about our efforts to discover life on
other planets. But what if the evidence of alien life was
right in front of (or on top of) our noses? This is what
professor of microbiology Milton Wainwright of the
University of Sheffield claimed to have proven in 2014
in the Journal of Cosmology, after having launched a
balloon during the Perseid meteor shower the year before.
The balloon was equipped with sterile slides designed to
capture any microorganisms if present. And boy were they
present!
At 27 km above the Earth’s atmosphere, one organism got
caught in the balloon: it was ten microns in size, and as
analysis would later reveal, formed by carbon and oxygen,
confirming that it was organic and therefore not cosmic
dust. At such distance above Earth’s crust, there is little to
no chance that these organisms could have arrived in a
jet stream. They are also too heavy to reach that altitude
without a volcanic blast, which does not help elucidate
their origin any further. The final twist to the headlinemaking conclusion was that they found the mass to be in
pristine condition, which is, in fact, far more suspicious
than it would lead to believe at first: there was no pollen,
soil, grass, pollution particulates, volcanic dust… you
name it. Any kind of earthly particle you would expect to
find in a sample that originated from this planet wasn’t
there. As far as we know, there are no means of lifting
this organism from Earth that selectively discards the
Earth-derived debris that also leaves the sample intact.
Similarly, there was no cosmic dust stuck to them, so it
seems safe to say they came from an aquatic environment,
which is typical of a comet.

COMET
TAILS
As I read through his papers, I could not help but wonder
what NASA’s stance was in all of this. As I discovered,
they are (unsurprisingly) more than cautious to be seen
backing up Professor Wainwright’s claims. What is more,
not only does NASA have its own balloon science division,
but they are also increasingly carrying out experiments in
the stratosphere. They have reportedly found organisms
at similar heights, however, these have been attributed to
contaminated rockets carrying life from Earth.
One year later, Professor Wainwright again published
an article about masses of organic material being found
approximately 25 miles above the Earth, as they were
arriving from space into Earth’s stratosphere. However,
this time, it was different: besides being six times bigger
than the size limit of a particle, which can be elevated
from Earth to this height, they also stained positive for
DNA.
Moreover, the discovery of several forms of life from outer
space, indicates that life on Earth may have originated
elsewhere. This research has led the astronomical
community to believe that comets were the incipient
vehicles of life as they traversed through the solar system.
Following this line of thought, there is no reason to
believe that all present life must be a ramification from
one common ancestor at one single instance; if this theory
remained unrefuted, it could imply that the one or many
ancestors to all living organisms today could have been
inseminated by celestial bodies striking our Blue Planet.
Laura Machado Toyos is a graduate in Chemistry

Nevertheless, few were quick to agree with Professor
Wainwright about the conclusiveness of these results:
the experiments were accused of having a “flimsy”
methodology and a questionable outset—the Journal
of Cosmology itself not being void of some scandals
in the past. Moreover, Professor Wainwright has been
known to make extraordinary claims of having found
extraterrestrial life more than a few times. In 2006, he
supported a theory that 50 tonnes of alien life forms
rained down from the clouds over India, after an
inexplicable red rain fell sporadically across the country
in 2001.
But as Carl Sagan famously stated: “extraordinary claims
require extraordinary evidence.”
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DARK
A few things can happen at the end of a star’s life
cycle. Small stars like our sun might rapidly expand
as they run out of fuel, shedding their outer layers,
forming a new planetary nebula, and afterwards
shrinking down to the size of the Earth. With no fuel
left to burn, these ‘white dwarfs’ shine for trillions of
years before fading away.
For larger stars, something magnificent happens:
supernova. When huge stars run out of fuel, they
begin to collapse in on themselves. This occurs when
the nuclear fusion in the core is no longer strong
enough to repel the surface mass of the star. As these
inner layers collapse in on themselves, they become
increasingly dense. Eventually, the density and energy
increases so much that the outer layers are once
again repelled, erupting in a supernova. More energy
is emitted in this single process than in the entire
lifetime of the star.
What remains after one of the brightest occurrences
in the Universe is actually the darkest stellar object:
a black hole. Many unanswered questions in physics
surround these mysterious stellar remnants.
The core of the collapsing star had become so dense
and its gravity so strong that the atoms themselves
were crushed under the pressure. The core collapses
to a point of undefinable size, known as a singularity.
Up until a significant distance away from the
singularity, known as the event horizon, the gravity is
strong enough to pull light itself into the black hole.
This horizon gives the black hole its name.
Since even light cannot escape from the singularity,
there is physically no way to know what happens past
the event horizon. The only way one can ‘see’ a black
hole is by observing its effects on other objects in
space.
The first black holes were discovered while
measuring large radio emissions coming from the
centre of the Milky Way galaxy. Scientists observed,
over a number of years, that many large stars in the
centre of the galaxy were orbiting around a single,
hidden point at its centre. The stars were orbiting
so fast, that the diameter of the hidden object at the
center had to be larger than the orbits of the stars they
were observing.
Although it had been mathematically described years
earlier, this was the first observation of a black hole.

Eventually, it was concluded that almost
all galaxies had black holes at their
centre, making black holes a common
cosmic occurrence.
For the largest black holes—which can have
diameters similar to the Earth’s orbit around
the sun—an object falling in may not even
experience any difference when crossing the
event horizon. As it approaches the singularity,
it isn’t engulfed in darkness, rather, the view of
the outside universe gets brighter. Eventually
the universe outside of the black hole occupies
the half the view above the object, while pitch
darkness occupies half the view below the
object.
At this point, under the immense gravity,
the object will ‘spaghettify’. This is where
the difference in the strength of gravity on
different parts of the object becomes so
strong and pronounced that the object is

to relativity, as the object experiences more gravity, it
actually slows down through time. This was described
by Albert Einstein as one of the fundamental laws
of the Universe, where the speed of light is constant
everywhere, and instead time speeds up or slows
down to compensate for gravity or moving objects.
On Earth, we experience only a tiny amount of this
‘time dilation’ due to gravity and relative speed. At the
edge of a black hole, this phenomenon is taken to the
extreme.
The problem involves the difference in perspective
between the object falling past the event horizon and
the observer on the outside witnessing it. From the
object’s perspective, entering the black hole occurs
quickly. For the outside observer the object slows
down and never actually crosses the event horizon.
Eventually, the light from the object fades away until
it cannot be seen. It is still unclear as to whether the
object ever falls into the black hole for the outside
observer leadig to a variety of theories involving
quantum mechanics.

compressed into a long, thin ‘spaghetti’like shape. After this process the object
reaches the center of the black hole,
known as the singularity. Gravity is so
strong that both space and time fold inward
at an incalculable rate. It remains difficult
to even speculate about what happens at the
singularity.
One of the biggest problems in physics is the
incompatibility of the theories of quantum
mechanics and special relativity. Due to their
unusual properties, black holes occupy the
heart of this debate. At the event horizon,
causality itself is irrevocably altered. When
an object crosses the event horizon all of its
possible future locations lead it toward toward
the singularity.
However, anyone watching the object fall
into the black hole will see it slow down
as it approaches the event horizon. Due

The debate surrounding black holes continues. In
2015, gravitational waves were detected as two black
holes fell into each other. The cataclysmic merging
of these two black holes 1.3 billion light years away
emitted ten times more energy than the power
emitted by the light of every star in the universe in the
same moment. This episode confirmed Einstein’s own
prediction of gravitational waves from just 100 years
before.
Black holes are some of the most unusual and
fascinating objects in the Universe. It’s still only
speculation as to what happens in them and around
them. Are objects that fall in lost forever? Stephen
Hawking even theorised that blacks holes might lead
to parallel universes. If the quest for knowledge is
infinite, black holes may have some of the best kept
secrets.
Sam Di Risio is an undergraduate in
Geography and International Relations

SPACE

TABBY’S
TABBY’S STAR
STAR
Anna-Maria Leipner solves the
mystery of the blinking star

The Universe contains many enigmas, some of which
may never be solved. One such mystery has been
puzzling researchers for years, and is no further than
our own galaxy. KIC 8462852, aka ‘Tabby’s Star’, named
after Tabetha S. Boyajian, is an F-type main-sequence
star in the Cygnus constellation. It has proven to be an
unsolvable conundrum, due to what is known as its
blinking out phenomenon. The yellow-white dwarf star
appears to change its luminosity at random, and so far
no conclusive explanation for this has been found. The
Milky Way’s most mysterious star has so far inspired a
multitude of theories to explain its unusual dimming
patterns, ranging from astronomical phenomena to alien
megastructures.
Stars ordinarily form in high density regions of space
known as molecular clouds. These areas contain a high
percentage of hydrogen and helium, as well as traces
of other elements. Stars of varying masses differ greatly
throughout the stages of their existence and are therefore
classed by mass. Due to its mass of approximately 1.01.4M (M is a standard unit of mass used in astronomy,
equal to the mass of the sun), Tabby’s Star is classed as a
low mass star, indicating its inevitable fate of becoming
a red giant and leaving behind a planetary nebula and a
white dwarf core.
Throughout a star’s existence it will undergo significant
changes in luminosity. A star’s luminosity is the total
amount of energy that is radiated by the star in a given
unit of time. While a star is in the main sequence phase,
a time where hydrogen is fused into helium within the
star’s core, its luminosity can increase significantly.
Luminosity can also vary if objects passing by the star
or orbiting it obscure the light it is emitting. However,
neither of these are the cause for Tabby’s Star’s unnatural
blinking out phenomenon. Analysis of photographic
plates has revealed that Tabby’s Star has dimmed by
20% between 1890 and 1980. Using measurements by
the Kepler observatory, a space observatory in an earth
trailing heliocentric orbit, it has been determined that
the star dims at varying rates of speed, which cannot be
explained by natural phenomena. Tabby’s Star has also
undergone two major dips in luminosity on 5 March 2011
and 28 February 2013, both of which have left researchers
perplexed.
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The theories surrounding this ominous effect have
become progressively more outlandish as the mystery
has unfolded. One theory postulates that the star is
being orbited by a cloud of disintegrating comets,
which periodically obscure the light it is emitting. The
gravitational field from a nearby M-type red dwarf star
could have pulled the orbiting fragments further into
the system and closer to Tabby’s Star. Nevertheless,
researchers believe it unlikely that the cloud is large
enough to account for the severe dips in the star’s
luminosity.
Similarly, another theory suggests that Tabby’s Star
‘devoured’ a planet hence the energy of the dying
planet brightened up the star briefly. Once the energy
of the planet was used up, it began to dim to its original
luminosity once again, thus explaining its progressive
dimming over the past 130 years. The debris clouds
then remaining in orbit of the star could account for
the sporadic dimming of the star, by blocking the light
between the Earth and the star itself. An event of this
magnitude could have occurred no less than 200 years ago
and it is slowly becoming the most conceivable hypothesis
of the star’s unusual dimming effect.
Despite the rationality of the aforementioned theory, the
most popular and most extraordinary theory is that of
an alien megastructure surrounding the star. Associate
professor for astronomy and astrophysics at Pennsylvania
State University, Jason Wright, has suggested that a
series of objects, forming a megastructure, built by an
intelligent alien civilisation, could be orbiting the star
and temporarily blocking the light it emits from reaching
Earth. Although the likelihood of this theory being
true is very low, the star has been targeted by Search
for Extraterrestrial Intelligence (SETI) until another
explanation for its unusual dimming can be found.
What is really causing the star to blink remains a
conundrum for now and it will be for future researchers
to discover which of these theories proves true and which
will remain conjecture. Until then KIC 8462852 will
remain the Milky Way’s most mysterious star.
Anna-Maria Leipner is an undergraduate in
Neuroscience with Psychology
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TRADING

Alice Rossi
explores the
science of
teleportation

Wouldn’t it be great to skip the morning
traffic jam and sardine-box sized public
transport? Wouldn’t it be much better to
just step into a teleporter and reappear in
class or at work? Well, yes, it would. Human
teleportation has always been one of our
wildest dreams, and it seems its realisation
might one day be possible.

The only teleportation we have achieved
so far is quantum teleportation, relying
on the quantum entanglement principle.
Entanglement allows the information
encoded in one particle to be transferred
to an identical particle at a distant location,
without physically travelling the distance
between them. Two particles can become
entangled only if they are identical in all
respects but for their behaviour and origin,
such as two identical electrons with opposite
spin. For now, we have been able to entangle
only photons, atoms and electrons, but
theoretical physicists are trying to determine
a mechanism able to entangle more
complex molecules. The key contribution
of quantum entanglement to teleportation
is the possibility of one day transferring the
properties of objects, and possibly humans,
from one location to another.
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After all, we are nothing more than a huge
data set which describes the location and
state of our composing atoms. If we were
able to transfer all that information to a
location different than the one we are
standing in, then we would effectively recreate our same selves in the said location.
Easy, right? Well, not exactly. The process of
transfer is extremely delicate and could be
aborted even by a minimal disruption, giving
us no guarantee of reappearing at the other
end. Moreover, entangled particles can not
travel faster than the speed of light, so they
will be effectively teleported to some point in
the future with regards to the instant when
they were destroyed. This is not an issue for
short-distance teleportation, but it becomes
a big obstacle when trying to achieve
interplanetary travel, when the destinations
are light-years away. This matter could only
be resolved if we allow for the existence
of wormholes, which are distortions in
the space-time continuum connecting two
distant locations in space. This short cut
would allow us to travel through space
faster than the speed of light, and effectively
achieve time travel. Wormholes though, are
incredibly unstable and prone to collapse

SPACES

into black holes—so for now a big no-no
for our safety. The record for quantum
teleportation was set at around 100
kilometers by teleporting a photon through
optical fibre. This incredible achievement
doesn’t place us any closer to successful
human teleportation, but sets the premises
for the creation of a quantum internet
network. This new technology would allow
for the transfer of information to other
members connected to the network, but
it would do so in a much faster and safer
way. Quantum teleportation is incredibly
sensitive to any external disruption, so if the
information being teleported was trying to
be intercepted, the connection between the
network terminals would immediately cease,
causing the loss of said information.
There is also a less scientific and more
philosophical concern around human
teleportation. The first step in teleportation
is the determination of the state of each
atom in the organism to be teleported,
which can only be achieved through their
disintegration. In other words, you would
have to die at your present location, in order
to be reborn at your future one. Is it worth
it? Well, that’s really up to you. The “copy”
recreated at the other end of the teleporter
is suggested to be an individual identical to
yourself, including your memories, quirks,
and personality. Is that you though? It would
feel like you, act like you and think like
you, to the point that you wouldn’t even
know it’s not ‘you’, mostly because you’d be
disintegrated by then. On a similar note, if
you believe in souls, we couldn’t be certain
that these were teleported alongside the
physical body, due to our inability to detect
them and quantify them. On the one hand,
you’d have to die and risk losing your soul,
or you could save a lot of time and hustle,
an equation whose balance depends a lot on
your personal beliefs and priorities.

Leaving behind the last macabre
consideration, let’s remember that Dr Fahri,
head of the Centre for Theoretical Physics
at MIT, declared that we are much closer
to designing lightsaber weapons, so even
though human teleportation seems far from
our reach, we can at least rejoice about that.

Alice Rossi is an undergradute in MSc Medical
Sciences & Molecular Biology
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