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Editors’ Note

Thank you for reading this edition of the super-curricular magazine! We are incredibly
grateful to everyone who submitted their work. A huge thank you also goes to the Year 125,
whose dedication and support have been invaluable in putting this issue together. We're
thrilled to see them stepping up to lead the magazine next year, and we know it's in great
hands. Happy reading!

Eirene and Sara

We share Eirene and Sara’s sentiments and have really enjoyed reading all of your entries!
We're proud to be part of a student community where so many of us feel passionate
enough to pursue super-curricular research in our own time.

It's such an honour to play a role in continuing the magazine. Developing, sharing, and
communicating super curricular insights intfo our favourite subjects are such important
aspects of academic growth and can make great preparation for future aspirations.

We hope you feel inspired by this edition of the DJSF super-curricular magazine!

Annie, Tina, Vivian, and Marco




The Handmaid's Reality

By Isabel Lee

Margaret Atwood said, in her promotional discussion of “The Handmaid's Tale”, that
“nothing went into it that had not happened in real life somewhere at some fime”. She was
not wrong.

In February, four Thai women were either rescued or had escaped from a human egg farm
in Georgia, which had been advertised as a surrogacy centre. Upon arrival at their all-
expenses paid ‘trip’ to Georgia, their passports were confiscated, and they were told they
were in the country illegally and couldn’t leave. They were dehumanised horrifically when
living in cramped dormitories and having both privacy and dignity stripped. They were
forced to take hormones that stimulate egg production, and their eggs were then harvested
and sold for in-vitro fertilisation. Only four out of an estimated one hundred women have
been rescued. The idea that someone could use such a well-meaning exercise, like
donating eggs to grant other women the means to have a child, as a disguise for something
so sinister, fruly reflects the sick world we live in.

“The Handmaid’s Tale” centres around a theme of controlling fertility in a totalitarian
environment but is crucially categorised as one of, if not the best, dystopian novels of its




time. Is it dystopia if, as Atwood says herself, it is all already happening? Of course, this is likely
not the only case of trafficking to harvest and sell human egg cells. The Human Rights
Research Cenftre is under no illusion that Georgia is not the only country where inhumane
instances such as this one are happening, and it is estimated that tens of thousands of
women are subject to having their bodies abused in such a way. Further themes in almost all
dystopian ‘fiction’ are that of censorship, suppression, and disguise. Eerily similarly, the horrors
of the Georgian egg farm did not make international headlines. Notably, the story has not
yet been published in either The Guardian, Observer or Telegraph, but has in The Mail, The
Sun, and The Metro. Key broadsheet newspapers have made no attempt to recognise the
severity of the threat to women’s autonomy and reproductive freedom. What extremities do
women have to face before the world recognises that “The Handmaid's Tale”, a bestselling
novel and TV show, isn't exaggerated?e

The ethics of medical tourism and the commercialisation of procedures such as IVF are
dubious, especially in developing countries, where it is exploited by the Global North. In this
instance, the women's eggs were retrieved monthly and sold elsewhere for other women to
use to have children. This raises questions not only about the treatment of women and the
ever-growing control over fertility globally, but also the concerning power dynamic and
imbalance between parents from first-world countries and the eggs they use to conceive,
that are potentially a product of modern slavery. We shouldn't need to question the motives
behind seemingly humanitarian acts. Surrogacy and IVF ought to be areas that are free of
corruption and exploitation; they ought to be so well-respected as developing procedures
that there is no room for harm to the good of them. Unfortunately, this is evidently not the
case.

“The Handmaid's Tale” is real and becomes more real every day. Education on these topics
is not merely about gaining a well-rounded perspective on other parts of the world, it's a
crystal ball to the future of the world if there is no intervention. Human egg farming in
Georgia, schooling for girls being stripped by the Taliban, the demolition of abortion rights in
the USA — we are watching dystopia in real time.




Axioms: Concrete Foundations or Procedural
Bureaucracye¢

By Tina Huang

Axioms are rules, definitions, or statements that are assumed true. They form the basis of the
formal systems of logic on which mathematics is built but are rarely mentioned. These formal
systems consist of standard notations, axioms and most importantly, ways to combine these
axioms to deduce new theorems, which is how maths advances. In Euclid’s time, axioms
were defined as being “self-evident” statements with their validity being supported by
mathematical observations.

Things which are equal to the the same thing are
equal to each other.
2. If equals be added to equals, the wholes are equal.
3. If equals be subtracted from equals, the remainders
are equal .
4. Things which coincide with one another are equal to
one another.
. The whole is greater than the part.

Euclid’'s Geometric Axioms — straight from the horse’s mouth

While mathematics developed in complexity over fime, axioms remained foundational pillars
of logical thought but have become harder to understand, sound increasingly like
mathematical red-tape and are no longer as self-evident as before, leading some
mathematicians to question their importance in the modern era.

Perhaps counter-intuitively, axioms are not uniform throughout mathematics; different fields
use different definitions and assumptions. This lack of consistency can drive people to argue
against their necessity. If axioms are the rules governing mathematics—how can they seem
so arbitrarye How can we trust these statements are tfrue when they seem to contfradict




each other? The truth is that multiple formal systems of logic can exist simultaneously; hence
there is no one set of axioms to rule them all.
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Slight "inconsistency” between the formal systems

For example, the axioms of arithmetic are not the same as the rules of group theory.
However, as terrible as it sounds, this doesn’t imply that one is incorrect, only that they
behave differently.

Even if you accept that multiple formal systems can exist simultaneously, Kurt Gédel’s 1931
Incompleteness Theorems threaten to destroy axiomatic logic. His ground-breaking theorems
prove that firstly, in every formal system, there exists at least one statement that can neither
be proven nor disproven.

Secondly, it is impossible to show that a formal system is consistent—i.e. doesn’t contradict
itself—using only the “language” of that specific formal system.




This seem:s like a massive blow to the whole of mathematics; the entire subject and all its
developed results rely on logical inferences, which now appear to be imperfect. At a
glance, it seems like we can’t prove that formal systems and axiomatic logic fruly work.
However, this is a misinterpretation. Gddel’s Incompleteness Theorems concern derivability
rather than truth—it is perfectly possible to prove these ideas and statements by using a
different formal system. This opens a whole debate about whether proof equals truth, but
that's a story for another day.

A final argument against axiomatic logic is that the axioms are impractical and do not apply
to everyday observations. For example, an axiom in Zermelo-Fraenkel set theory guarantees
the existence of an infinite set. However, the average person will never see an infinite set in
their lifetime, let alone manipulate itl Is it nonsense to apply assumptions like these that seem
so far removed from reality 2

Behind this particular argument is really a thinly veiled disdain for pure mathematics. There is
a stance that mathematical research and knowledge should be focused on tangible ideas
and objects, but should we not aim to expand our horizons beyond the familiare It is true
that pure mathematics mainly deals with “invisible” logical concepts that most people will
never come across, but is that really such a shortcoming? The most esoteric mathematical
ideas can appear in physical phenomena—both on microscopic and galactic scales. Even
if these mathematical results have no immediate applications, are we really in a place to
definitively say that these discoveries will forever be useless?

Axioms have a fundamental position within mathematics. They have been used for centuries
and will continue to be applied for many more. They allow mathematicians to face difficult,
unintuitive problems with rigour and accuracy, yielding fruitful and fruthful results. Although
mainstream mathematics generally agrees with the ideas of axiomatic logic, not everyone
will be satisfied. After all, the whole debate simply boils down to personal beliefs about what
mathematics really is: numbers, formulae and observation, or a system of logical thinking.




Algorithms: Making the World's Worst Cake

By Ben Clark

Algorithms lay the foundation of modern discrete mathematics and play a fundamental role
in our daily lives. From enabling simple tasks, like baking a cake, to executing complex
processes on advanced hardware, algorithms undoubtedly shape the way we live. But what
are they?

By definition, an algorithm is a set of step-by-step instructions to provide solutions to a
problem. In every task you do, e.g. baking a cake, you are inadvertently performing a set of
simple instructions, or an algorithm. However, baking (in computer science, at least) can be
problematic.

For example, there is more than one way to make a cake. | could, perhaps, mix every
ingredient together at once, in every possible combination, try every possible oven
temperature, even alternate whether | break the eggs or put them in whole, until | finally
(after potentially millions of years and a lot of upset chickens) manage to bake something
remotely edible. This is an example of the aptly named “brute force” algorithm — try anything
and everything until you reach the desired result.




This could be considered, by some, an inefficient method of baking a cake. Surely, after
putting a whole egg in your mixture once, you realise that probably wasn’t the intended
method? So, you never do it again. Your next attempt may not be perfect either, but you
realise the mistake and correct it. You improve your product through repetition. This is known
as an iterative algorithm; refine and repeat your instructions until, eventually, you get your
desired result — a few cakes, one extortionate energy bill, and no idea how you're going to
pay for it.

But what about the actual instructions for baking a cake? Traditionally, we follow a basic
guide that we know will work on the first attempt. For this, we have the sequential algorithm,
where instructions are executed sequentially — once through, from start to finish. Now, since
we've met the nice, baker-friendly algorithm type, let’s look at it. To simplify, assume we
already have the ingredients ready. The instructions are as follows:

1) Press the “on” button on the radio

2) Skip past all channels playing Taylor Swift

3) Adjust the volume if necessary

4) Turn the hot tap on

5) Apply soap to your hands, to kill 99.9% of bacteria
6) Put hands under the hot water running from the tap
7) Don't burn yourself

8) Turn the temperature dial on the oven to 175 °C (minimum 135 °C, maximum 180 °C)

Before progressing any further with these instructions, it should be clear that they are not
easy to follow and, though they contain some excellent advice, aren’t refined enough. For
this reason, we must remove any unnecessary detail from our algorithm; a process called
abstraction:

1) Preheat the oven to 175 °C
2) Grease the baking tin and line with baking paper
3) Mix sugar and butter in a bowl

4) Add eggs one at a time
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5) Combine flour and baking powder in a separate bowl
6) Mix all ingredients together

7) Pour the batter into the baking tin

8) Bake the cake in the oven for the required time

9) Let the cake cool

Here, our previous mess of instructions has been refined into a shorter, simpler algorithm
through abstraction.

As we've seen, there is a lot to algorithmic thinking and designing a good algorithm. While
the solution to the perfect algorithm seems trivial when baking a cake, the same cannot be
said in advanced cases, such as convolutional neural network algorithms and RSA
encryption algorithms. If you learn anything from this, never let a computer scientist cook.
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Brachycephalic Dog Breeds—What Are They, and Why
Are They So Controversial?

By Hannah Grace Smith

In February, | completed work experience at a vet clinic, and the vets | worked with
expressed their dislike of the number of people owning and breeding brachycephalic dog
breeds like pugs, bulldogs, and boxers. Brachycephalic means that these breeds are short-
nosed or flat-faced. Their muzzle is flattened or squished inwards, and their bottom jaw is
disproportionately longer than their upper jaw. This is the result of years of arfificial selection
by breeders, causing the development of these extreme features which were originally
chosen to increase the biting force in fighting dogs. However, as a result, these breeds
experience many complex health problem:s.

The most frequent issue associated with these breeds is breathing difficulties. Brachycephalic
obstructive airway syndrome (BOAS) affects a considerable proportion, including 60% of
pugs. Worryingly, 58% of short-nosed dog owners cannot recognise signs of their dog having
breathing troubles. Brachycephalic dogs have shorter muzzle bones in their skulls but tend to
have the same amount of soft tissue around their mouth, nose, and throat as non-
brachycephalic breeds. This excess soft tissue can block or narrow the airway. Most
brachycephalic dogs also have a deformed and narrowed trachea and narrowed nostrils
(stenotic nares). This causes breathing difficulties. It also makes panting more difficult, as it
releases less heat, so brachycephalic dogs are more likely to overheat, which can result in
death, particularly among older or overweight dogs. Breathing troubles also makes dogs
more susceptible to heart problems because there is a lack of oxygen in the bloodstream,
which puts more strain on the heart, therefore putting the dog at risk of secondary heart
problems.
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A Short Overview of the Pathology of Heart Failure

By Marco Horoba

Heart failure (HF or CHF) is an umbrella term describing conditions in which the heart can no
longer keep up with the amount of blood needed to be perfused around the body and thus
does not successfully fulfil its function as a pump. This can happen for several reasons. The
most common conditions that can cause HF are myocardial infarctions (also known as
‘heart attacks’ — when the vessels supplying blood to your heart become blocked, causing
heart muscle to die), valvular problems, and arrhythmias. However, heart failure is also
associated with long-term alcohol use and can develop naturally with age.

Figure 1: A diagram of the heart

Stroke volume (SV) refers to the volume of blood that leaves your heart with every heartbeat.
End-diastolic volume (EDV) is the blood volume in your ventricles before they contract.
Ejection fraction (EF) is a measure of the amount of blood that leaves your ventricles in
proportion to the volume that is in them:

Y4
EF = EDV

HF can be split up into two types: systolic (when the heart is contracting) HF (SHF) and
diastolic (when the heart is relaxed) HF (DHF). SHF occurs when the ventricles fill with an
adequate amount of blood, but when contracting, do not push enough blood out. One
reason why this may happen is due to a condition called aortic stenosis (AS). AS is a
condition where the aortic valve in the heart is too rigid and does not open fully, preventing
all the blood from leaving the heart. In response, the ventricles pump harder, which can lead
to ventricular hypertrophy (thickening of the ventricle walls) and hypertension (high blood
pressure). Likewise, SHF can also occur due to the weakening of ventricular muscle (known
as ventricular cardiomyopathy). This results in an increase in ventricular volume but a
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decrease in stroke volume because of weakened pressure exerted by the ventricles. DHF
happens when the ventricles do not fill with enough blood, but pump the blood well.
Conditions that can cause DHF include ventricular hypertrophy (thickening of the ventricular
walls), as there is decreased ventricular volume but good perfusion of the blood that does
enter them:; atrial fibrillation (AF) and hypertension.

Interestingly, only SHF results in a reduced EF. This is because in DHF, the EDV is lower, so the
SV is lower in proportion to it. In SHF, SV is lower, but the EDV stays the same, resulting in a
lower EF. HF also begins on one side of the heart, known as left-sided HF and right-sided HF.
However, one often causes the other (due to the cardiovascular system being circulatory).
This results in bi-ventricular HF.

To compensate for reduced perfusion, tissue fluid builds up in your body, and so symptoms of
HF often include fluid in the lungs (pulmonary oedema), swelling in the legs and sacrum
(lower back) that stays imprinted when pressed (pitting oedema) and distension of your
jugular vein (the largest vein in your neck). These symptoms may also be accompanied by
hypertension, arrhythmias and episodes of syncope (fainting).

Figure 2: Jugular vein distention (also known as Kussmaul's sign)

L.}

Figure 3: Pitting oedema
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The lines of treatment for HF usually depend on the type of HF and its severity. In less severe
cases, drugs such as angiotensin-converting enzyme (ACE) inhibitors (drugs that help lower
BP); angiotensin receptor blockers (ARBs); alongside R-blockers (drugs that block adrenaline
and noradrenaline receptors, allowing for more stable changes in heart rate and BP) may
be used to help reduce the strain on your heart. However, in more severe cases, such as in
patients who have secondary acute kidney problems (AKls) as a result of the reduced
cardiac output and inadequate blood flow may be given SGLT2 and renin inhibitors, as well
as diuretics to increase kidney output and reduce the amount of interstitial fluid present
(which causes the swelling). Although CHF often requires lifelong tfreatment and care, with
adequate interventions and new technology, it can be managed very well, and many with
the condition can live relatively usual lives. In very severe cases, a heart tfransplant may be
required; this, however, only usually occurs when the pathology is severe enough that
pharmaceutical treatments do not work and all other therapies have been exhausted.

Heart failure
inotropic agents, digoxin Y
!
| cardiac output -
Digoxin X
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: I Sympathetic nervous =
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X— ACE
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Figure 4: Basic pharmacotherapeutic lines of freatment for CHF
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/ombie Planets
By Jacob Rippin

When we picture a zombie, we often picture a green, sprawling mess of flesh crying out for
brains to chow down on. The eerie concept of a mutilated, cannibalistic human has
captivated the minds of literature, art, and film for centuries, yet only in the last decade did
we begin to look upwards, to find the undead where we least expected them.

Around 2 trillion galaxies inhabit the total observable universe, and close to 100 million stars
dwell in each galaxy. It should come as no surprise, then, to discover there are some planets
that exist where they shouldn’t - orbiting dead stars.

To understand why these ‘zombie planets’ are so fantastical, we must first understand how
stars die. Stars at least 10 to 20 times more massive than the Sun will collapse into a luminous
explosion known as a supernova. During supernovae, somewhere between one quindecillion
and one sexdecillion joules of energy (or about 2.5 x 10A28 megatonnes of TNT) is
discharged in every direction, annihilating everything in its path. The core of the star can
diverge at this point, becoming either a black hole or a neutron star, the densest stellar
object. These neutron stars often pulse huge beams of electromagnetic radiation from its
poles and are dubbed ‘pulsars’ if this is the case.
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A pulsar system is generally considered inhospitable, even for planets, due to the extreme
magnetic field and wild, rapid spinning. It is around pulsar B1257+12, however, that we find
three small planets: PSR B1257+12 b (Draugr), PSR B1257+12 ¢ (Poltergeist) and PSR B1257+12
d (Phobetor). The names of these planets alone serve as a warning to just how desolate and
bleak this landscape is, with Draugr being a Norse zombie-like creature and Phobetor, Greek
God of nightmares.

There are three distinct ways in which ‘zombie planets’ can occur, the rarest of which are
survivors of the supernova. Planets that fit into this category tend to be ex-gas giants, who
were stripped down to their rocky, icy core. A more undead creation of ‘zombie planets’ is
observed when the dust, gas, and rubble of planets after a supernova grows denser and
denser, accumulating enough gravity to crush together into an entirely new planet, made
from the death of its predecessors. In this scenario, it's easy to see how ‘zombie planets’
achieved their namesake.

A natural exploration of ‘zombie planets’ and stars leads to a much graver question. Our Sun
is a star like any other, so what about Earth2 What is our fate when our star dies?

Our Sun is not massive enough to supernova. Instead, the Sun will expand to a red giant, and
then explode into a planetary nebula, typically around 10,000 to 200,000 degrees, leaving
behind a roughly Earth-sized core — a white dwarf. If Earth is still around, it will have been
scorched during the Sun’s expansion to a red giant. The oceans will have boiled away
billions of years earlier. The Earth will be the closest planet to the Sun, with Mercury and
Venus long engulfed. This means we would experience the largest effects from the planetary
nebula explosion and would be demolished entirely, leaving our only hope of zombification
to the dust, gas, and gravity of space. So, while you (probably) died about 10 billion years
before this, you can sleep peacefully knowing that long after humanity fades, the dust of our
existence will drift endlessly among the stars with what was once our home.
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Oak Chess Tournament
By Megan Thompson

On Saturday 22nd February 2025, Durham Johnson students Oliver W, Henry P, James O and
Sam B competed in the national level of the Oak Chess Tournament, organised by Megan T
and Lily F.

Oliver W secured second place after defeating competitors Adam C, Zac G and Sam B, but
resigned in the final match. He was satisfied with having beaten his main rival, Sam B, in the
epic battle of round 3. Congratulations to Sam B, who defeated Harry G in round 2.
Unfortunately, Henry P and James O were eliminated early on by strong competitors, Jamie
W and William B.

The tournament was ultimately won by Gobind A, from Chigwell School in Essex, and Jack L
from Durham University Chess Society, who now progress to the international round between
the UK, the US and Poland in April. The fournament could not have succeeded without the
equipment of Mr Cook and volunteers Kian A, Reuben G and Henry P. We are already
scheming future tournaments with the partnership of Durham City Chess Club.
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